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Abstract: We aimed to investigate the effects of a 25-min nap opportunity on physical performance
during the 5-m shuttle run test (5mSRT), feelings (i.e., evaluated by the feeling scale), attention
(i.e., evaluated by the digit cancellation test) and the perception of fatigue (i.e., recorded by the
rating of perceived exertion (RPE)) during Ramadan observance. Twelve physically active men
(age: 21.1 ± 3.2 yrs, height: 1.76 ± 0.05 m, body-mass: 71.2 ± 9.3 kg) voluntarily participated in five
test sessions: 15 days before Ramadan (BR), the first 10 days of Ramadan (FR), the last 10 days of
Ramadan (ER), 10 days after Ramadan (10AR) and 20 days after Ramadan (20AR). During each test
session, participants performed the digit cancellation test, a 5-min standard warm-up, the 5mSRT
(6 × 30-s with 35-s intervals-between) and the rating of perceived exertion (RPE) after no-nap (N0)
and 25-min nap opportunity (N25) conditions. Participants also completed the Pittsburgh Sleep
Quality Index (PSQI) during each period. The total distance covered during the 5mSRT did not differ
significantly before, during or after Ramadan, but was significantly greater after N25 compared to N0
at 10AR (687.5 ± 23.0 m vs. 725.6 ± 41.1 m; p = 0.018) and 20AR (698.3 ± 19.8 m vs. 742.6 ± 58.3 m;
p = 0.003). The attention scores were higher after N25 in comparison with N0 at 10AR (p = 0.04)
and 20AR (p = 0.02). RPE scores were not significantly different between N25 and N0 conditions.
Feelings scores were higher after N25 compared to N0 during both FR (p = 0.007) and 20AR (p = 0.04).
A significant deterioration of sleep quality was recorded during Ramadan (i.e., PSQI scores were
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significantly higher during and after compared to BR (p < 0.0005)). A 25-min nap opportunity was
beneficial for physical and cognitive performance after Ramadan observance; however, any effect is
insufficient to show significant beneficial impacts during Ramadan.

Keywords: fasting; sleep; exercise; fatigue; nap

1. Introduction

The optimization of the recovery process to reach the peak performance is a primary goal for
athletes, coaches and scientists [1]. It has been suggested that good-quality sleep assists the recovery
process during both training and competition [2]. However, athletes are frequently exposed to various
situations that may impair sleep–wakefulness patterns during the observance of Ramadan [3–5].

During the 29 or 30 days of Ramadan observance, healthy adult pubescent Muslims must abstain
from eating, drinking and sexual relations from sunrise to sunset [6]. This month is characterized
by perturbations on sleep patterns [3–5] in addition to disturbances of food and fluid intake [5,7,8].
Although some studies have not reported any significant changes in physical fitness level [9–11] or
cognitive function [12] during Ramadan, a decrement in physical performance has been reported in both
athletes [13–16] and physically active men [17,18]. Additionally, decreases in cognitive performance
have been reported in some groups of physically active young men [19] and athletes [20].

Previous studies have suggested that physical performance was impaired during Ramadan
because of negative effects on both physiological and cognitive functions [14,15,17,21,22]. Changes
in patterns of food and fluid intake [7] and sleep–wake behaviors [3,23] may be the principal factor
underlying the decrements of physical and cognitive performance. In one study, Ramadan observance
also negatively affected fatigue and sleep as estimated by the Hooper questionnaire in soccer players,
without any impact on perceptions of stress or muscle soreness [24]. In contrast, Boukhris et al. [19]
reported that Ramadan observance did not affect the Hooper estimation of stress, sleep, fatigue and
muscle soreness.

Clearly, the implementation of legitimate tactics that may help athletes cope with any drop in
performance and behaviors is warranted. Rebai et al. [25] suggested that two weeks of tapering (i.e.,
reducing the resistance training volume) during Ramadan limited fatigue and helped maintain the
same physical performance as before Ramadan. Several previous studies have also reported changes in
sleep–wakefulness patterns during Ramadan (e.g., a reduction in total sleep time, sleep fragmentation,
and a shift in the sleep–wake cycle) [3,26–28], so that it seems important to include a daytime nap
to counteract sleep perturbations. In support of this suggestion, Waterhouse et al. [29] found that
short-duration naps helped mitigate negative effects on cognitive and physical performance. A 30 min
of nap had a beneficial effect on 20-m sprint time after one night of sleep deprivation. Boukhris et al. [30]
and Abdessalem et al. [31] also reported that even after a normal sleep, a 25-min nap opportunity
improved performance and reduced fatigue during the 5-m shuttle run test (5mSRT). Additionally,
Hsouna et al. [32] reported that after a night of normal sleep, a 45-min nap opportunity improved
performance during the 5-jump test and increased attention. Likewise, Daaloul et al. [33] reported that
a 30-min nap enhanced cognitive outcomes, and argued that a nap opportunity was an effective tactic
to overcome the cognitive and physical deteriorations in performance caused by either sleep loss or
the fatigue induced by exhaustive training.

Surprisingly, no previous study has investigated the effect of a short-duration nap opportunity
on physical and cognitive performance during Ramadan. Therefore, the aim of the present study
was to investigate the effect of a 25-min nap opportunity on physical performance during the 5mSRT,
attention, feelings and subjective perceptions of fatigue in physically active men during Ramadan
observance. We hypothesized that a 25-min nap opportunity would improve physical and cognitive
performance and reduce perceptions of fatigue during Ramadan observance.



Int. J. Environ. Res. Public Health 2020, 17, 3135 3 of 13

2. Materials and Methods

2.1. Participants

The necessary minimum sample size was calculated a priori using the software G*power [34],
using procedures suggested by Beck [35]. Values for α were set at 0.05 and for power at 0.95. Based on
an earlier study of Herrera et al. [36] and discussions between the authors, effect sizes were estimated
at 0.46. To reach the desired power, data from at least eleven participants were needed to minimize the
risk of incurring a type 2 statistical error.

Fifteen participants were recruited. Three participants were excluded as they did not initiate
the sleep. Twelve physically active men (age: 21.1 ± 3.2 yrs, height: 1.76 ± 0.05 m, body-mass:
71.2 ± 9.3 kg) voluntarily participated in the present study. After receiving a full description of the
protocol, potential risks, and benefits, they each gave their written consent to participate in the present
study. All were non-smokers, without pathological sleep disorders, they did not consume alcohol and
did not work/study during the entire period of the investigation. They were not members of formal
sports teams, but they practiced a moderate amount of physical activity (i.e., typically fast walking and
jogging) for ≈1 h/day, 3 days/week. The usual time of exercising was 17h00, and this was not modified
in volume (i.e., ~8 km of jogging in 1 h) or timing during Ramadan. They were living at home and
received no-specific advice on methods of minimizing the effects of Ramadan observance.

The present study was conducted according to the Code of Ethics for human experimentation, the
Declaration of Helsinki [37] and the protocol was fully approved by the Research Ethics Committee
before the commencement of the assessments.

2.2. Experimental Design

The study was carried out in Tunisia when the fasting duration was ~16 h. Averages for
temperature and relative humidity were: 28 ◦C and 50% before Ramadan, 32 ◦C and 49% during the
last ten days of Ramadan, and 31 ◦C and 47% during the 20AR.

After a familiarization session, participants visited the laboratory on five separate occasions:
15 days before Ramadan (BR), the first 10 days of Ramadan (FR), the last 10 days of Ramadan (ER),
10 days after Ramadan (10AR) and 20 days after Ramadan (20AR). During each period, participants
undertook two test sessions in a random order, i.e., a no-nap opportunity (N0) and a 25 min of nap
opportunity (N25), with at least 72 h in-between. After the arrival of the participants to the laboratory,
15 min was allowed for them to become accustomed to their new place of sleep. At 13:45h, participants
were asked to be prepared for the new place and were given a 25-min of nap opportunity in dark
and quiet sleeping rooms until 14h00. From then until 17h00, participants in both during N0 and
N25 conditions spent the time in habitual activities (e.g., watching TV, playing video games), but they
undertook no physical activity. At 17h00, they completed the digit cancellation test of attention. Then,
after 5 min of a standardized warm-up consisting of two minutes of easy running followed by three
minutes of dynamic exercises performed over a 10-m distance (i.e., lateral shuffles, internal-external
hip rotations, high knees, heel kicks, straight leg marches and lunges), they responded to the feelings
scale (FS) and performed the 5mSRT (6 × 30-s with 35-s in-between) with the estimation of the rating
perceived exertion (RPE) after each repetition of the test. During each visit, they also completed the
Pittsburgh Sleep Quality Index (PSQI) and recorded the amount and type of food and fluid consumed.

2.3. The 5-m Shuttle Run Test

The test consisted of six repetitions of 30 s maximal shuttle sprints over distances of 5 m, 10 m,
15 m, and 20 m, alternatively, with intervening recovery period of 35 s. Due to these characteristics,
this exercise was considered as a test of anaerobic endurance. This exercise is widely used for physical
quality assessment and for the training program [30]. For the full description of the 5mSRT see
Boukhris et al. [30].

The following parameters were calculated:
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- Total distance (TD) (m) = Sum of distances covered during the 6 × 30-s shuttles
- Best distance (BD) (m) = The greatest distance covered during the 6 × 30-s shuttles
- Fatigue index (FI) (%) = {([(shuttle 1 + shuttle 2)/2] – [(shuttle 5 + shuttle 6)/2])/[(shuttle 1 + shuttle

2)/2]} × 100

2.4. Rating of Perceived Exertion Scale (RPE)

The RPE scale that was used ranged from “0” (very very light) to “10” (very very hard) [38].
Immediately after the completion of each 30-s repetition, participants were shown the RPE scale and
asked to assess their feeling of exertion on completion of the task. The RPE value used in the statistical
analyses was the mean score during the 5mSRT calculated as:

RPE (AU) = Σ RPE during the 5m shuttle run test/Number of repetitions

2.5. The Digit-Cancellation Test

As previously used by Hsouna et al. [32], participants performed the digit-cancellation test for
one minute, deleting target numbers (i.e., numbers composed by three grouped digits) on a sheet of
randomly arranged possibilities. As indicated in the study of Hsouna et al. [32], this test was used for
the assessment of various aspects, e.g., processing speed of information, attention focus and executive
function. The sum of the correctly deleted numbers was registered for analysis.

2.6. Feelings Scale

It is common to experience changes in mood while exercising. Some individuals find exercise
pleasurable, whereas others find it to be unpleasant [39]. The FS is an 11-point, single-item, bipolar scale
(scores of “−5” as “very strong feeling of displeasure” to “+5” as “very strong feeling of pleasure”).

2.7. Dietary Intake Analysis

Participants recorded all meals consumed throughout the experimental period, noting both the
amounts and types of food and fluid consumed. They were also interviewed by an experienced
nutritionist. Findings were analyzed using the software program Bilnut (NutrisoftBilnut: Food
Survey Program version 2.01) and the food-composition tables of the Tunisian National Institute of
Statistics (1978).

2.8. The Pittsburgh Sleep Quality Index

The subjective sleep quality was assessed using the PSQI questionnaire [40]. This comprises
19 questions, grouped into seven components: sleep duration, sleep quality, sleep latency, sleep
efficiency, sleep disturbances, the use of sleeping medications, and daytime dysfunction. The total
score of the PSQI ranges from “0” to “21”, where “0” indicates “no difficulty” and “21” indicates
“severe difficulties”.

2.9. Statistical Analyses

All statistical tests were processed using STATISTICA 10.0 Software (Stat-Soft, Maisons-Alfort,
Paris, France). Means and SE (standard errors) were calculated for each variable.

The normality of the data was assessed using the Shapiro Wilk’s test. When the distribution
of the data was normal, a two-factor ANOVA (Period × Nap) was performed for TD during the
5mSRT and the number of correct answers estimated during the digit cancellation test (attention). A
one-factor ANOVA (Period) was performed for PSQI, total energy intake and carbohydrate data. When
appropriate, significant differences between means were tested using the Bonferroni post hoc test.

When the Shapiro-Wilk test was significant (p < 0.05), the Friedman test was performed for
BD and FI recorded during the 5mSRT, the feelings scale scores, the RPE scores, and the protein
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and the lipid consumption. Effect sizes were calculated as partial eta-squared (ηp
2) for the ANOVA

analysis to determine the magnitude of the change and were assessed as: <0.2 = trivial, 0.2–0.6 = small,
0.6–1.2 = moderate, 1.2–2.0 = large, and >2.0 = very large [41]. When the data was skewed, the effect
size was estimated by Kendall’s coefficient of concordance.

Significance was accepted for all analyses at the level of p < 0.05.

3. Results

3.1. The 5-m Shuttle Run Test

Total Distance

The repeated measures ANOVA showed significant main effects of Period (F = 4.23; p = 0.005;
ηp

2 = 0.28) and Nap (F = 10.22; p = 0.008; ηp
2 = 0.48) and a significant interaction Period ×Nap (F = 3.48;

p = 0.01; ηp
2 = 0.24) (Figure 1). During N25, Bonferroni post-hoc testing revealed a significant decrease

of TD during the 5mSRT at FR compared to BR (717.9 ± 52.5 m vs. 694.8 ± 10.4 m; p = 0.008) and
20AR (735. 3 ± 15.2 vs. 694.8 ± 10.4 m; p = 0.008). There was also a significant increase of TD during
5mSRT after N25 compared to N0 at 10AR (687.5 ± 23.0 m vs. 725.6 ± 41.1 m; p = 0.018) and 20AR
(698.3 ± 19.8 m vs. 742.6 ± 58.3 m; p = 0.002).
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Figure 1. Total distance (mean ± SE) during the 5-m shuttle run test recorded 15 days before Ramadan
(BR), during the first 10 days of Ramadan (FR), the last 10 days of Ramadan (ER), 10 days after Ramadan
(10AR) and 20 days after Ramadan (20AR) after a no-nap (N0) and a 25-min of nap opportunity (N25)
conditions. +: significant difference in comparison with N0; *: significant difference in comparison
with FR for N25.

3.2. Best Distance

The Friedman test revealed a significant main effect (test = 19.35, p = 0.02, Kendall’s W = 0.18)
(Figure 2). During N0, pairwise comparisons showed that BD during the 5mSRT was significantly
lower at ER compared to 10AR (124.3 ± 5.9 m vs. 126.7 ± 5.0 m; p = 0.025) and 20AR (124.3 ± 5.9 m vs.
126.9 ± 4.8 m; p = 0.028). During N25, BD during the 5mSRT was significantly lower (i) at ER compared
to BR (128.0 ± 5.3 m vs. 135.0 ± 13.1 m; p = 0.042) and 10AR (128.0 ± 5.3 m vs. 131.1 ± 7.0 m; p = 0.028)
and at FR compared to 10AR (127.5 ± 6.7 m vs. 131.1 ± 7.0 m; p = 0.036). Additionally, there was a
significant increase of BD after N25 compared to N0 at BR (129.8 ± 10.3 m vs. 135.0 ± 12.1 m; p = 0.043)
and 10AR (126.7 ± 5.0 m vs. 131.1 ± 7.0 m; p = 0.037).
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(BR), during the first 10 days of Ramadan (FR), the last 10 days of Ramadan (ER), 10 days after Ramadan
(10AR) and 20 days after Ramadan (20AR) after a no-nap (N0) and a 25-min of nap opportunity (N25)
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3.3. Fatigue Index

The Friedman test showed a significant effect (test = 22.59, p = 0.007, Kendall’s W = 0.21) (Figure 3).
During N0, the Wilcoxon test showed a significant increase of FI during the 5mSRT at 10AR in
comparison with BR (p = 0.01) and FR (p = 0.04). The FI was significantly lower after N25 compared to
N0 at 10AR (p = 0.009) and 20AR (p = 0.04).
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3.4. Rating of Perceived Exertion

The repeated measures analysis of variance showed a significant effect of Nap (F = 8.64; p = 0.01;
ηp

2 = 0.44) (Table 1). The post-hoc test revealed a significant increase of attention after N25 in
comparison with N0 at 10AR (p = 0.04) and 20AR (p = 0.02). Additionally, after N25, the attention was
greater at 20AR compared to ER (p = 0.02).

3.5. Rating of Perceived Exertion

The Friedman test showed a significant effect on RPE scores (test = 34.46, p < 0.0005, Kendall’s
W = 0.32) (Table 1). During N0, post-hoc comparisons revealed a significant decrease of RPE scores
during BR in comparison with ER (p = 0.03), 10AR (p = 0.01) and 20AR (p = 0.002). Additionally, after
N25, there was a significant decrease of RPE scores during BR in comparison with FR (p = 0.003), ER
(p = 0.008), 10AR (p = 0.005) and 20AR (p = 0.003).

3.6. Feelings Scale

There were no significant effect on feelings scale scores after the warm-up (test = 9.95, p = 0.35,
Kendall’s W = 0.09) (Table 1). However, there was a significant effect on feelings scale scores after the
5mSRT (test = 23.46, p = 0.005, Kendall’s W = 0.22). The feelings scale scores were significantly higher
after N25 compared to N0 during FR (p = 0.007) and 20AR (p = 0.04).

3.7. Dietary Intake

No significant changes in caloric intake (F = 1.84; p = 0.13; ηp
2 = 0.14) or protein ingestion

(test = 1.77, p = 0.77, Kendall’s W = 0.03) were reported (Table 2), but there were significant changes for
carbohydrates (F = 6.40; p = 0.0003; ηp

2 = 0.37) and lipids (test = 14.15, p = 0.006, Kendall’s W = 0.29)
(Table 2). Carbohydrate intake was significantly higher during 10AR and 20AR in comparison with FR
(p = 0.006 and p = 0.007, respectively) and ER (p = 0.01 and p = 0.01, respectively). Lipid intake was
significantly higher during ER in comparison with 10AR (p = 0.009) and 20AR (p = 0.009).
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Table 1. Feeling scale, RPE and digit cancellation test scores (mean ± SE) recorded at 15 days before Ramadan (BR), during the first 10 days of Ramadan (FR), the last
10 days of Ramadan (ER), 10 days after Ramadan (10AR) and 20 days after Ramadan (20AR) after a no-nap (N0) or a 25-min of nap opportunity (N25) conditions.

PARAMETER
BR FR ER 10 AR 20 AR

N0 N25 N0 N25 N0 N25 N0 N25 N0 N25

Feeling scale (a.u) 0.33 ± 0.36 0.42 ± 0.5 −0.33 ± 0.31 0.75 ± 0.33+ −0.42 ± 0.29 0.08 ± 0.38 −0.17 ± 0.21 0.17 ± 0.21 −0.17 ± 0.21 0.33 ± 0.22+
RPE (a.u) 4.54 ± 0.21 4.83 ± 0.38 4.11 ± 0.26 3.83 ± 0.2¥ 4.07 ± 0.2# 3.68 ± 0.18¥ 3.92 ± 0.18# 3.57 ± 0.14¥ 3.70 ± 0.16#¤ 3.57 ± 0.16¥
Digit cancellation test (a.u) 65.8 ± 2.9 65.6 ± 3.3 62.2 ± 4.0 65.8 ± 3.8 62.4 ± 3.8 65 ± 3.7 61.8 ± 3.1 67.8 ± 3.3+ 64.9 ± 3.2 71.3 ± 3.8+&

+: significant difference in comparison with N0; #: Significant difference in comparison with BR for N0; ¥: Significant difference in comparison with BR for N25; ¤: Significant difference in
comparison with ER for N0; &: Significant difference in comparison with ER for N25.

Table 2. Dietary intake parameters (means ± SE) recorded 15 days before Ramadan (BR), during the first 10 days of Ramadan (FR), the last 10 days of Ramadan (ER),
10 days after Ramadan (10AR) and 20 days after Ramadan (20AR) under no-nap (N0) and 25-min nap opportunity (N25) conditions.

PARAMETER BR FR ER 10 AR 20 AR

Energy intake (kJ/d) 11,436.3 ± 632.0 11,192.2 ± 457.4 10,198.5 ± 549.4 9989.3 ± 613.8 10,355.4 ± 517.3
Carbohydrates (%) 49.5 ± 1.6 44.3 ± 2.5 44.7 ± 2.1 52.3 ± 0.7@¶ 52.3 ± 1.2@¶
Lipids (%) 35.8 ± 2.7 43.3 ± 2.1 40.9 ± 2.7 35.2 ± 1.0@ 34.8 ± 1.4@
Proteins (%) 14.7 ± 2.4 12.5 ± 0.7 12.7 ± 0.6 12.5 ± 0.7 12.9 ± 0.7

@: Significant difference in comparison with ER; ¶: Significant difference in comparison with FR.
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3.8. The PSQI Questionnaire

Statistical analysis revealed a significant effect of periods (F = 24.61; p < 0.0005; ηp
2 = 0.69) (Table 3).

The post-hoc test showed a significant deterioration of the sleep quality during Ramadan. Total PSQI
scores were significantly higher during (p < 0.0005) and after (p < 0.0005) Ramadan in comparison with
BR. The PSQI questionnaire also indicated a significant perturbation of the subjective sleep quality
(test = 13.86, p < 0.0005, Kendall’s W = 0.57) for during and after Ramadan in comparison with BR
(p = 0.007 and p = 0.01 respectively). Thus, there was a significant effect of periods on scores for
the sleep duration (test = 8.72, p = 0.01, Kendall’s W = 0.36) with higher scores during Ramadan in
comparison with BR (p = 0.04). However, no-significant difference in the latency sleep (test = 3.5,
p = 0.17, Kendall’s W = 0.14), sleep efficiency (test = 2, p = 0.36, Kendall’s W = 0.08), sleep disturbance
(test = 4, p = 0.13, Kendall’s W = 0.16) or daytime dysfunction (test = 2.92, p = 0.23, Kendall’s W = 0.12)
scores were observed.

Table 3. PSQI questionnaire parameters (mean ± SE) recorded before Ramadan (BR), during Ramadan
(DR) and after Ramadan (AR).

PSQI PARAMETER BR DR AR

Subjective sleep quality (a.u) 0.92 ± 0.17 2 ± 0.17� 1.75 ± 0.19�
Sleep latency (a.u) 0.67 ± 0.2 1 ± 0.16 0.92 ± 0.13
Sleep duration (a.u) 0.5 ± 0.21 1.17 ± 0.24� 1.08 ± 0.26
Sleep efficiency (a.u) 0.08 ± 0.07 0.17 ± 0.1 0.08 ± 0.07
Sleep disturbance (a.u) 0.5 ± 0.13 0.63 ± 0.13 0.67 ± 0.13
Daytime dysfunction (a.u) 0.33 ± 0.17 0.58 ± 0.2 0.33 ± 0.13
Global score PSQI (a.u) 3 ± 0.52• 6 ± 0.5 5 ± 0.44•

�: Significant difference in comparison with BR; •: Significant difference in comparison with DR.

4. Discussion

The purpose of the present study was to investigate the effect of a 25 min of nap opportunity on
physical performance during the 5mSRT, feelings state, attention and the perception of fatigue before,
during and after Ramadan observance in young physically active men. The main findings were that:
(i) attention, TD and FI increased significantly after N25 in comparison with N0 during 10AR and
20AR and (ii) BD was significantly higher after N25 in comparison with N0 during BR and 10AR.

Under N0, TD and FI during the 5mSRT were unaffected by Ramadan observance, supporting the
results of Boukhris et al. [11]. However, BD was significantly lower during ER compared to 10AR. This
specific finding contradicts the results of Boukhris et al. [11], and it could be explained by the fact that
in the present study sleep quality was negatively affected by Ramadan observance, which was not the
case in the study of Boukhris et al. [11]. The decreased fractional contribution of carbohydrate to the
diet was another possible contributor to the decline of BD during ER. BD (i.e., registered in all cases for
the first 30-s repetition) is possibly related to alactic or adenosine triphosphate and phosphocreatine
(ATP-PCr) capacity. The maintenance of TD during Ramadan observance could be related to the
increased total fat intake (as previously suggested by Boukhris et al. [11]); increased fat-oxidation
could retard the onset of fatigue through the sparing of muscle glycogen [42]. TD during the 5mSRT
was determined mainly by the aerobic pathway, as the total duration of this physical exercise was more
than 5 min. Additionally, in the present study, the lack of significant changes in RPE and feelings scores
during Ramadan could explain the unchanged TD, supporting the conclusion of Boukhris et al. [11].
As reported by Boukhris et al. [19], the unchanged stress, sleep, fatigue, and muscle soreness scores
during Ramadan observance further support the unchanged TD during the 5mSRT.

Many tactics have previously been suggested to reduce the negative effects of Ramadan observance
(e.g., a tapering period [25], listening to motivational music [43]). We hypothesized that a 25-min nap
opportunity might reduce perceptions of fatigue and the deterioration in physical and cognitive
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performance. Indeed, previous studies have reported that a 25-min nap opportunity benefits
performance and perception of fatigue during the 5mSRT [30,31]. To the best of the authors’ knowledge,
this is the first study investigating the effect of a nap opportunity on physical and cognitive performances
during Ramadan. Although some positive effects were observed, a statistically significant impact was
not reached for the effects of N25 on physical (i.e., performance during the 5-m shuttle run test) and
cognitive performance (i.e., digit cancelation test) during Ramadan observance. Additionally, attention
was unchanged in the present study after the N25 which could in part explain the unchanged physical
performance. It is possible that if future studies use other physical tests that have been reported to be
affected by Ramadan, e.g., repeated sprint [18], 30-s Wingate test [10,14,15], significant effect of the
N25 will be observed.

However, benefits were seen immediately after Ramadan. In the same way, previous studies
showed that napping might improve physical [29–33,44] and cognitive [32,33] performance. The
absence of a significant nap effect during Ramadan could be related to its duration or timing and/or
to the extent of sleep perturbation incurred during Ramadan. Concerning the timing of the nap,
Abdessalem et al. [31] noted that N25 at 14h00 and 15h00 improved the physical performance during
the 5mSRT in comparison with N0; however, napping at 13h00 did not. Concerning the duration of the
nap, Petit et al. [45] reported that a 20-min nap was insufficient to observe a significant effect during
the 30-s Wingate test. Additionally, after a normal night’s sleep, Boukhris et al. [30] indicated that
the improved physical performance during the 5mSRT was better after a 45 min as compared to a
25-min nap. Additionally, Hsouna et al. [32] noted that improvement in performance of the 5-jump
test was seen only when the nap duration was over 35 min. Likewise, after a sleep deprivation night,
Hammouda et al. [44] confirmed that the beneficial effects of a nap on repeated-sprint performances
were observed after a 90 min but not after a 20-min nap opportunity. A sleep duration of less than 1 h
probably provides insufficient time for the slow-wave stages of sleep to develop (i.e., period that has the
greatest recuperative value) [3]. Future studies should examine both different durations and the timing
of naps in relation to cognitive and physical performance disturbances during Ramadan observance.

On the other hand, the improvement of physical performance has been associated with a reduction
of subjective fatigue [30,46], a reduction of sleepiness [29] and an improvement in alertness [46].
Therefore, the lack of a significant improvement of attention estimated by the digit cancellation test
and a reduction of RPE after N25 during Ramadan observance could explain the unchanged physical
performance in the present study.

The major limitation of the present work was the lack of objective measurement of the night and nap
opportunity sleep (e.g., by the use of actigraphy or polysomnography). Thus, future research should
record sleep during the experimental period using actigraphy or polysomnography. Additionally, the
measurement of psychological differences between the periods of measurement could be important to
support the findings of the present study.

5. Conclusions

Twenty-five minutes of nap opportunity was beneficial for physical and cognitive performance
after Ramadan observance; however, naps of this duration were not sufficient to reach significant
differences during the month of Ramadan.

Author Contributions: Conceptualization, K.T., N.L.B. and H.C.; methodology, H.H., O.B., K.T. and H.C.; software,
H.H.; validation, H.H.; formal analysis, H.H.; investigation, H.H.; resources, N.L.B.; data curation, H.H., O.B.,
K.T. and H.C.; writing—original draft preparation, H.H., O.B., K.T. and H.C.; writing—review and editing, H.H.,
O.B., K.T., R.A., A.A., K.I., M.T., N.S., R.J.S., S.G., N.L.B. and H.C.; visualization, H.H.; supervision, K.T. and H.C.;
project administration, H.C.; funding acquisition, N.L.B. All authors have read and agree to the published version
of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank all volunteers for their participation to the present study.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Environ. Res. Public Health 2020, 17, 3135 11 of 13

References

1. Chandrasekaran, B.; Fernandes, S.; Davis, F. Science of sleep and sports performance—A scoping review.
Sci. Sports 2020, 35, 3–11. [CrossRef]

2. Nédélec, M.; Halson, S.; Abaidia, A.E.; Ahmaidi, S.; Dupont, G. Stress, sleep and recovery in elite soccer: A
critical review of the literature. Sports Med. 2015, 45, 1387–1400. [CrossRef] [PubMed]

3. Trabelsi, K.; Bragazzi, N.; Zlitni, S.; Khacharem, A.; Boukhris, O.; El-Abed, K.; Ammar, A.; Khanfir, S.;
Shephard, R.J.; Hakim, A.; et al. Observing Ramadan and sleep-wake patterns in athletes: A systematic
review, meta-analysis and meta-regression. Br. J. Sports Med. 2019, bjsports-2018. [CrossRef] [PubMed]

4. Trabelsi, K.; Shephard, R.J.; Boukhris, O.; Ammar, A.; Khanfir, S.; Hakim, A.; Bragazzi, N.L.; Chtourou, H.
Effects of Ramadan fasting on hematological indices in athletes: A systematic review. Tunis Med. 2019, 97,
1104–1113.

5. Trabelsi, K.; Chtourou, H. Teaching physical education during Ramadan observance: Practical
recommendations. Int. J. Sport Stud. Health 2019. [CrossRef]

6. Chtourou, H. Effects of Ramadan fasting on health and athletic performance. NY Omics Group Int. 2015,
6–14. [CrossRef]

7. Boukhris, O.; Trabelsi, K.; Chtourou, H. Evolution of dietary intake between before, during and after
Ramadan observance in Tunisian physically active men: A Systematic Review. Int. J. Sport Stud. Health 2018,
1, e83782. [CrossRef]

8. Aloui, A.; Baklouti, H.; Souissi, N.; Chtourou, H. Effects of Ramadan fasting on body composition in athletes:
Asystematic review. Tunis Med. 2019, 97, 10.

9. Chaouachi, A.; Coutts, A.J.; Chamari, K.; Wong, D.P.; Chaouachi, M.; Chtara, M.; Amri, M. Effect of Ramadan
intermittent fasting on aerobic and anaerobic performance and perception of fatigue in male elite judo
athletes. J. Strength Cond. Res. 2009, 23, 2702–2709. [CrossRef]

10. Karli, U.; Guvenc, A.; Aslan, A.; Hazir, T.; Acikada, C. Influence of Ramadan fasting on anaerobic performance
and recovery following short time high intensity exercise. J. Sci. Med. Sport 2007, 6, 490.

11. Boukhris, O.; Hsouna, H.; Chtourou, L.; Abdesalem, R.; BenSalem, S.; Tahri, N.; Trabelsi, K.; Stannard, S.R.;
Chtourou, H. Effect of Ramadan fasting on feelings, dietary intake, rating of perceived exertion and repeated
high intensity short-term maximal performance. Chronobiol. Int. 2019, 36, 1–10. [CrossRef] [PubMed]

12. Hsouna, H.; Abdessalem, R.; Boukhris, O.; Trabelsi, K.; Chtourou, L.; Tahri, N.; Engel, F.A.; Shephard, R.J.;
Chtourou, H. Short-term maximal performance, alertness, dietary intake, sleep pattern and mood states of
physically active young men before, during and after Ramadan observance. PLoS ONE 2019, 14, e0217851.
[CrossRef] [PubMed]

13. Zerguini, Y.; Kirkendall, D.; Junge, A.; Dvorak, J. Impact of Ramadan on physical performance in professional
soccer players. Br. J. Sports Med. 2007, 41, 398–400. [CrossRef] [PubMed]

14. Chtourou, H.; Hammouda, O.; Souissi, H.; Chamari, K.; Chaouachi, A.; Souissi, N. The effect of Ramadan
fasting on physical performances, mood state and perceived exertion in young footballers. Asian J. Sports Med.
2011, 2, 177. [CrossRef] [PubMed]

15. Chtourou, H.; Hammouda, O.; Chaouachi, A.; Chamari, K.; Souissi, N. The effect of time of-day and Ramadan
fasting on anaerobic performances. Int. J. Sports Med. 2012, 33, 142–147. [CrossRef]

16. Chtourou, H.; Trabelsi, K.; Boukhris, O.; Ammar, A.; Shephard, R.J.; Bragazzi, N.L. Effects of Ramadan
fasting on physical performances in soccer players: A systematic review. Tun Med. 2019, 97, 10.

17. Souissi, N.; Souissi, H.; Sahli, S.; Tabka, Z.; Dogui, M.; Ati, J.; Davenne, D. Effect of Ramadan on the diurnal
variation in short-term high power output. Chronobiol. Int. 2007, 24, 991–1007. [CrossRef]

18. Aloui, A.; Chaouachi, A.; Chtourou, H.; Wong, D.P.; Haddad, M.; Chamari, K.; Souissi, N. Effects of Ramadan
on the diurnal variations of repeated-sprint performance. Int. J. Sports Physiol. Perform. 2013, 8, 254–263.
[CrossRef]

19. Boukhris, O.; Trabelsi, K.; Shephard, R.J.; Hsouna, H.; Abdessalem, R.; Chtourou, L.; Ammar, A.;
Bragazzi, N.L.; Chtourou, H. Sleep Patterns, Alertness, Dietary Intake, Muscle Soreness, Fatigue, and
Mental Stress Recorded before, during and after Ramadan Observance. Sports 2019, 7, 118. [CrossRef]

20. Tian, H.H.; Aziz, A.R.; Png, W.; Wahid, M.F.; Yeo, D.; Png, A.L.C. Effects of fasting during Ramadan month
on cognitive function in Muslim athletes. Asian J. Sports Med. 2011, 2, 145. [CrossRef]

http://dx.doi.org/10.1016/j.scispo.2019.03.006
http://dx.doi.org/10.1007/s40279-015-0358-z
http://www.ncbi.nlm.nih.gov/pubmed/26206724
http://dx.doi.org/10.1136/bjsports-2018-099898
http://www.ncbi.nlm.nih.gov/pubmed/31154342
http://dx.doi.org/10.5812/intjssh.88013
http://dx.doi.org/10.4172/978-1-63278-030-0-031
http://dx.doi.org/10.5812/intjssh.83782
http://dx.doi.org/10.1519/JSC.0b013e3181bc17fc
http://dx.doi.org/10.1080/07420528.2018.1513943
http://www.ncbi.nlm.nih.gov/pubmed/30207750
http://dx.doi.org/10.1371/journal.pone.0217851
http://www.ncbi.nlm.nih.gov/pubmed/31163075
http://dx.doi.org/10.1136/bjsm.2006.032037
http://www.ncbi.nlm.nih.gov/pubmed/17224435
http://dx.doi.org/10.5812/asjsm.34757
http://www.ncbi.nlm.nih.gov/pubmed/22375237
http://dx.doi.org/10.1055/s-0031-1286251
http://dx.doi.org/10.1080/07420520701661914
http://dx.doi.org/10.1123/ijspp.8.3.254
http://dx.doi.org/10.3390/sports7050118
http://dx.doi.org/10.5812/asjsm.34753


Int. J. Environ. Res. Public Health 2020, 17, 3135 12 of 13

21. Aziz, A.; Che Muhamad, A.; Roslan, S.; Ghulam Mohamed, N.; Singh, R.; Chia, M. Poorer intermittent
sprints performance in ramadan-fasted muslim footballers despite controlling for pre-exercise dietary intake,
sleep and training load. Sports 2017, 5, 4. [CrossRef] [PubMed]

22. Bouhlel, H.; Shephard, R.J.; Gmada, N.; Aouichaoui, C.; Peres, G.; Tabka, Z.; Bouhlel, E. Effect of Ramadan
observance on maximal muscular performance of trained men. Clin. J. Sport Med. 2013, 23, 222–227.
[CrossRef] [PubMed]

23. Trabelsi, K.; Stannard, S.R.; Chtourou, H.; Moalla, W.; Ghozzi, H.; Jamoussi, K.; Hakim, A. Monitoring
athletes’ hydration status and sleep patterns during Ramadan observance: Methodological and practical
considerations. Biol. Rhythm Res. 2017, 49, 337–365. [CrossRef]

24. Baklouti, H.; Rejeb, N.; Aloui, A.; Jaafar, H.; Ammar, A.; Chtourou, H.; Girard, O.; Souissi, N. Short versus
long small-sided game training during Ramadan in soccer players. Phys. Ther. Sport. 2017, 24, 20–25.
[CrossRef] [PubMed]

25. Rebaï, H.; Chtourou, H.; Zarrouk, N.; Harzallah, A.; Kanoun, I.; Dogui, M.; Souissi, N.; Tabka, Z. Reducing
resistance training volume during Ramadan improves muscle strength and power in football players. Int. J.
Sports Med. 2014, 35, 432–437. [CrossRef]

26. Bahammam, A. Effect of fasting during Ramadan on sleep architecture, daytime sleepiness and sleep pattern.
Sleep Biol. Rhythms. 2004, 2, 135–143. [CrossRef]

27. Bahammam, A. Does Ramadan fasting affect sleep? Int. J. Sports Med. 2006, 60, 1631–1637. [CrossRef]
28. Chamari, K.; Briki, W.; Farooq, A.; Patrick, T.; Belfekih, T.; Herrera, C.P. Impact of Ramadan intermittent

fasting on cognitive function in trained cyclists: A pilot study. Biol. Sport 2016, 33, 49. [CrossRef]
29. Waterhouse, J.; Atkinson, G.; Edwards, B.; Reilly, T. The role of a short post-lunch nap in improving cognitive,

motor, and sprint performance in participants with partial sleep deprivation. J. Sports Sci. 2007, 25, 1557–1566.
[CrossRef]

30. Boukhris, O.; Abdessalem, R.; Ammar, A.; Hsouna, H.; Trabelsi, K.; Engel, F.A.; Sperlich, B.; Hill, D.W.;
Chtourou, H. Nap opportunity during the daytime affects performance and perceived exertion in 5-m shuttle
run test. Front. Physiol. 2019, 10, 779. [CrossRef]

31. Abdessalem, R.; Boukhris, O.; Hsouna, H.; Trabelsi, K.; Ammar, A.; Taheri, M.; Irandoust, K.; Hill, D.W.;
Chtourou, H. Effect of napping opportunity at different times of day on vigilance and shuttle run performance.
Chronobiol. Int. 2019, 36, 1334–1342. [CrossRef] [PubMed]

32. Hsouna, H.; Boukhris, O.; Abdessalem, R.; Trabelsi, K.; Ammar, A.; Shephard, R.J.; Chtourou, H. Effect
of different nap opportunity durations on short-term maximal performance, attention, feelings, muscle
soreness, fatigue, stress and sleep. Physiol. Behav. 2019, 211, 112673. [CrossRef] [PubMed]

33. Daaloul, H.; Souissi, N.; Davenne, D. Effects of Napping on Alertness, Cognitive, and Physical Outcomes of
Karate Athletes. Med. Sci. Sports Exerc. 2019, 51, 338–345. [CrossRef] [PubMed]

34. Faul, F.; Erdfelder, E.; Lang, A.G.; Buchner, A. G* Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef] [PubMed]

35. Beck, T.W. The importance of a priori sample size estimation in strength and conditioning research. J. Strength
Cond. Res. 2013, 27, 2323–2337. [CrossRef] [PubMed]

36. Herrera, C.P. Total sleep time in Muslim football players is reduced during Ramadan: A pilot study on
the standardized assessment of subjective sleep-wake patterns in athletes. J. Sports Sci. 2012, 30, S85–S91.
[CrossRef]

37. World Medical Association. Declaration of helsinki: Ethical principles for medical research involving human
subjects. JAMA 2013, 310, 2191–2194. [CrossRef]

38. Haddad, M.; Chaouachi, A.; Castagna, C.; Hue, O.; Wong, D.P.; Tabben, M.; Behm, D.G.; Chamari, K. Validity
and psychometric evaluation of the French version of RPE scale in young fit males when monitoring training
loads. Sci. Sports 2013, 28, 29–35. [CrossRef]

39. Hardy, C.J.; Rejeski, W.J. Not what, but how one feels: The measurement of affect during exercise. J. Sport
Exerc. Psychol. 1989, 11, 304–317. [CrossRef]

40. Suleiman, K.H.; Yates, B.C.; Berger, A.M.; Pozehl, B.; Meza, J. Translating the Pittsburgh sleep quality index
into Arabic. Western J. Nurs. Res. 2010, 32, 250–268. [CrossRef]

41. Hopkins, W. A new view of statistics: Effect magnitudes. Retrieved February 2002, 14, 2005.

http://dx.doi.org/10.3390/sports5010004
http://www.ncbi.nlm.nih.gov/pubmed/29910364
http://dx.doi.org/10.1097/JSM.0b013e318275d213
http://www.ncbi.nlm.nih.gov/pubmed/23160275
http://dx.doi.org/10.1080/09291016.2017.1368214
http://dx.doi.org/10.1016/j.ptsp.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/28171810
http://dx.doi.org/10.1055/s-0033-1353216
http://dx.doi.org/10.1111/j.1479-8425.2004.00135.x
http://dx.doi.org/10.1111/j.1742-1241.2005.00811.x
http://dx.doi.org/10.5604/20831862.1185888
http://dx.doi.org/10.1080/02640410701244983
http://dx.doi.org/10.3389/fphys.2019.00779
http://dx.doi.org/10.1080/07420528.2019.1642908
http://www.ncbi.nlm.nih.gov/pubmed/31368367
http://dx.doi.org/10.1016/j.physbeh.2019.112673
http://www.ncbi.nlm.nih.gov/pubmed/31491444
http://dx.doi.org/10.1249/MSS.0000000000001786
http://www.ncbi.nlm.nih.gov/pubmed/30239491
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://dx.doi.org/10.1519/JSC.0b013e318278eea0
http://www.ncbi.nlm.nih.gov/pubmed/23880657
http://dx.doi.org/10.1080/02640414.2012.676666
http://dx.doi.org/10.1001/jama.2013.281053
http://dx.doi.org/10.1016/j.scispo.2012.07.008
http://dx.doi.org/10.1123/jsep.11.3.304
http://dx.doi.org/10.1177/0193945909348230


Int. J. Environ. Res. Public Health 2020, 17, 3135 13 of 13

42. Horvath, P.J.; Eagen, C.K.; Fisher, N.M.; Leddy, J.J.; Pendergast, D.R. The effects of varying dietary fat
on performance and metabolism in trained male and female runners. J. Am. Coll. Nutr. 2000, 19, 52–60.
[CrossRef]

43. Aloui, A.; Briki, W.; Baklouti, H.; Chtourou, H.; Driss, T.; Chaouachi, A.; Chamari, K.; Souissi, N. Listening to
music during warming-up counteracts the negative effects of ramadan observance on short-term maximal
performance. PLoS ONE 2015, 10, e0136400. [CrossRef] [PubMed]

44. Hammouda, O.; Romdhani, M.; Chaabouni, Y.; Mahdouani, K.; Driss, T.; Souissi, N. Diurnal napping
after partial sleep deprivation affected hematological and biochemical responses during repeated sprint.
Biol. Rhythm Res. 2018, 49, 927–939. [CrossRef]

45. Petit, E.; Mougin, F.; Bourdin, H.; Tio, G.; Haffen, E. A 20-min nap in athletes changes subsequent sleep
architecture but does not alter physical performances after normal sleep or 5-h phase-advance conditions.
Eur. J. Appl. Physiol. 2014, 114, 305–315. [CrossRef] [PubMed]

46. Brooks, A.; Lack, L. A brief afternoon nap following nocturnal sleep restriction: Which nap duration is most
recuperative? Sleep 2006, 29, 831–840. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/07315724.2000.10718914
http://dx.doi.org/10.1371/journal.pone.0136400
http://www.ncbi.nlm.nih.gov/pubmed/26301508
http://dx.doi.org/10.1080/09291016.2018.1429553
http://dx.doi.org/10.1007/s00421-013-2776-7
http://www.ncbi.nlm.nih.gov/pubmed/24276580
http://dx.doi.org/10.1093/sleep/29.6.831
http://www.ncbi.nlm.nih.gov/pubmed/16796222
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	The 5-m Shuttle Run Test 
	Rating of Perceived Exertion Scale (RPE) 
	The Digit-Cancellation Test 
	Feelings Scale 
	Dietary Intake Analysis 
	The Pittsburgh Sleep Quality Index 
	Statistical Analyses 

	Results 
	The 5-m Shuttle Run Test 
	Best Distance 
	Fatigue Index 
	Rating of Perceived Exertion 
	Rating of Perceived Exertion 
	Feelings Scale 
	Dietary Intake 
	The PSQI Questionnaire 

	Discussion 
	Conclusions 
	References

