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Abstract: Ramadan observance is characterized by several changes in behaviors, such as food and
sleep, which could affect physical and cognitive performance. The aim of the present study was to
investigate the effects of a 35-min nap (N35) opportunity on physical performance during the 5-m
shuttle run test (5mSRT); attention; feelings; mood states; and perceptual measures of stress, fatigue,
and muscle soreness during Ramadan observance. Fourteen physically active men (22 + 3 years,
177 £ 4 cm, 76 + 5 kg) were tested after a no-nap condition (NO), N35 15 days before Ramadan
(BR), the last 10 days of Ramadan (DR), and 20 days after Ramadan (AR). Measures included the
digit cancellation test (attention estimation), the profile of mood state (POMS), and the Hooper
questionnaires. After a 5-min standard warm-up, participants performed the 5mSRT (6 x 30 s with
35 s in between; best distance (BD), total distance (TD), and fatigue index (FI) were recorded), along
with the rating of perceived exertion (RPE) after each test repetition. After the 5mSRT test, participants
responded to the feeling scale (FS). The results showed that TD and FI during the 5mSRT were not
affected by Ramadan observance. However, BD was significantly lower than DR compared to AR
after NO (A = —4.3 = 1.3%; p < 0.01) and N35 (A = =2.6 = 1.0%; p < 0.05). After NO, attention decreased
significantly at DR in comparison with BR (p < 0.05) and AR (p < 0.001). BD and TD improved after
N35 compared to NO at BR (A = +4.4 + 2.1%, p < 0.05 for BD and A = +4.8 = 1.6%, p < 0.01 for TD),
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DR (A =+7.1+2.2%,p <0.05for BD and A = +5.1 + 1.6%, p < 0.01 for TD), and AR (A = +5.5 + 1.5%,
p <0.01 for BD and A = +5.2 + 1.2%, p < 0.001 for TD). A significant increase in attention was observed
after N35 in comparison with NO at DR (p < 0.01) and AR (p < 0.01). However, no changes were found
for the perception of mood states, stress, sleep, muscle soreness, and the FI during the 5mSRT. Also,
N35 was better than NO for RPE at DR (p < 0.05), feelings at AR (p < 0.05), and fatigue estimation
at AR (p < 0.01). A 35-min nap opportunity may have beneficial effects on physical and cognitive
performances before, during, and after Ramadan.

Keywords: performance; exercise; fasting; psychological; siesta

1. Introduction

Intermittent fasting is an obligation for healthy pubescent Muslims during the month of Ramadan
(observance lasting between 29 and 30 days) [1]. During this month, it is prohibited for Muslims to eat,
drink, smoke, or have sexual intercourse from dawn to sunset (fasting period) [2]. As a result, these
obligations reduce diurnal and increase nocturnal social activities in mainly Muslims countries [3].

Changes in eating schedules as well as other activities (i.e., late prayer (Iaraweeh)) have considerable
effects on sleep [4-7] and food/fluid intakes [8,9]. Other changes may also be observed during this
month [10,11]. For example, Chtourou et al. [3] reported changes in mood states and participant
chronotype during the month of Ramadan. With these changes, there is the possibility of negative
effects on physical [12-15] and cognitive [11] performances during this month.

Boukhris et al. [11] reported a significant decrease in sleep efficiency and duration during and
after Ramadan compared to before the fasting month. Similarly, perception of sleep quality was
reported to be lower during compared to before Ramadan [16]. In this context, it has been reported
that light-sleep stage duration increases significantly during Ramadan. This may be attributed to
an increase in the number of awakenings, reflecting increased nighttime metabolism due to the
late Souhour meal (last meal before starting the day fast) [17]; it may also be attributed to increased
food-seeking behaviors. Additionally, Zerguini et al. [18] suggested that poor sleep quality during
Ramadan could be explained by the accommodation of late evening food intake. This reduction in
sleep duration may impede physical performance as studies report that sleep reduction has negative
impacts on cognitive [19,20] and physical [21,22] performance. As adequate sleep (quantity and quality)
is important for maximizing cognitive and physical performance as well as physical recovery [23],
recent studies suggest that the inclusion of a short nap during the daytime (i.e., between 13 h and
15 h) may help overcome these detrimental effects in performance. Previously, beneficial effects of
a 30-min nap on 20-m sprint times have been reported [24]. When repeated sprint exercise was
completed after a bout of sleep deprivation, Hammouda et al. [25] reported positive effects from
20-min and 90-min nap opportunities. The nap-related beneficial effects also exist after a night of
normal sleep (25-min nap [26,27] and 45-min nap [28]). For example, during the 5-m shuttle run test
(5mSRT), Boukhris et al. [26] and Abdessalem et al. [27] reported that a 25-min nap enhanced physical
performance. In this way, Hammouda et al. [25] suggested that a nap opportunity could represent a
full sleep cycle, which contains slow wave sleep (SWS) and rapid eye movement (REM) sleep stages.
SWS is a known recovery period for daily metabolism. Thus, Boukhris et al. [26] reported that the
beneficial effect of nap on physical performance could be explained by an improvement of alertness
and reduction of sleepiness and fatigue. As the effects of Ramadan on sleep may represent a series of
sleep abnormalities, the inclusion of a nap after sleep during this period may be beneficial for physical
and cognitive performance.

Therefore, the aim of the present study was to investigate the effects of a 35-min nap before,
during, and after Ramadan on physical and cognitive performance in physically active men. In a
recent study, Hsouna et al. [29] showed that 25-min of nap opportunity had no significant effect on
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the 5mSRT performance and attention before and during Ramadan; a significant positive effect was
reported only after Ramadan. The authors suggested that longer nap duration is required to elicit a
significant effect on performance during Ramadan. Previous studies evaluating the effects of different
nap durations (i.e., 25 min, 35 min, and 45 min) on physical and cognitive performance showed a more
beneficial effect of nap of 35 min and 45 min durations compared to 25 min [26,28]. Therefore, we
hypothesized that 35-min of nap opportunity before and during Ramadan would improve performance
in both categories. We also collected mood states, subjective perception of stress, muscle soreness,
fatigue, and sleep quality. We hypothesized that the 35-min nap opportunity would overcome the
previously reported negative impacts of Ramadan on mood states [3] and sleep quality [16]. Finally, as
Boukhris et al. [11] reported that the reductions in sleep duration during Ramadan were still present
after the fasting month, we hypothesized that a 35-min nap would also be beneficial after Ramadan.

2. Materials and Methods

2.1. Participants

A minimum of eleven participants was required for inclusion in the present study. This sample
size was calculated using the software G*power (version 3.1.9.2; Kiel University, Kiel, Germany, o« = 0.05
and power = 0.95) and based on the effect size (= 0.46) shown by Herrera et al. [30]. Due to potential
dropout, twenty participants were recruited. Five participants were excluded from the data analysis as
they did not complete all required sessions (n = 3) or failed to initiate sleep (n = 2). After introducing
the study and obtaining their written consent, fourteen physically active males (age: 22 + 3 years,
height: 177 + 4 cm, body-mass: 76 + 5 kg) participated in the present study. The participants were
recruited by advertising in classes and posting notices on bulletin boards. They did not have any
pathological disorders, and they regularly performed fast walking and jogging at 3 X 1-h sessions/week
in the late afternoon during the study. The study was conducted according to the Declaration of
Helsinki and was fully approved by the local ethics committee (CPP: 0098/2018).

2.2. Experimental Design

All participants were familiarized to the protocol and tests of the present study. They then
participated randomly in two testing sessions: a no-nap opportunity (NO) and a 35-min nap opportunity
(N35). Each testing session occurred during three separate occasions: 15 days before Ramadan (BR),
the last 10 days of Ramadan (DR), and 20 days after Ramadan (AR). At least 72 h was required between
successive testing sessions. During each condition, participants came to the laboratory for a period of
time between 13h45 and 18h30. For the nap, participants were allotted 15 min to be accustomed to
the new place of sleep in the sleep laboratory. Following the 15 min acclimation period, participants
completed the 35-min nap in dark and quiet sleep rooms. After N35 and during NO, participants
did not engage in physical activity but were allowed to perform leisure activities such as watching
TV, playing video games, etc. in a comfortable armchair. At 17h00, participants completed the digit
cancellation test (assessment of attention), 5-min of standardized warm-up, and the 5mSRT (6 x 30 s
with 35 s in between). The digit cancellation test consists of deleting target numbers (i.e., numbers
composed by three grouped digits) on a sheet of randomly arranged possibilities; the sum of correct
responses was recorded for analysis.

During BR, DR, and AR (after the nap conditions), after the end of the 5mSRT, the Hooper
questionnaire was used to estimate sleep, stress, fatigue, and muscle soreness using subjective scales
ranging from “1” (very low or good) to “7” (very high or bad) [31]. During the same period, before
the 5mSRT at 16h45, the profile of mood states (POMS) questionnaire was used to evaluate seven
states (i.e., tension, depression, anger, vigor, fatigue, confusion, and interpersonal relationships), where
participants respond to 65 adjectives on a scale ranging from “0” (not at all) to “4” (extreme) [32].

Rating of perceived exertion (RPE) was estimated after each repetition of the 5mSRT on a scale
ranging from “0” (very light) to “10” (very hard) [33]. The mean score during the 5mSRT was calculated
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for analysis. Feelings (FS) scores were recorded after the 5mSRT on a scale ranging from “—5" (feeling
very displeased) to “+5” (feeling pleasure) by responding to the question: “How are you feeling, and
how good or bad did you feel?” [34].

During BR, DR, and AR, participants were instructed to record estimated quantities of all food
and beverages consumed for ten days during each period of physical testing. The amount and type of
food and fluid consumed were calculated using the software program Bilnut (Nutrisoft Bilnut: Food
Survey Program version 2.01) and the food-composition tables of the Tunisian National Institute of
Statistics (1978) by an expert nutritionist after interviewing all participants.

Furthermore, participants were allowed to bring their own food and drink and consume ad libitum.

Sleep duration, sleep quality, sleep latency, sleep efficiency, sleep disturbances, the use of sleeping
medications, and daytime dysfunction were estimated using the Pittsburgh Sleep Quality Index (PSQI),
containing 19 questions [35]. The total score of the PSQI ranged from “0” (no difficulty)” to “21” (severe
difficulties).

The collection of the digit cancelation test, POMS, and PSQI data took place in the laboratory,
while the 5mSRT, RPE, and FS data collection took place on a sport field.

During the study, participants fasted for ~15-16 h per day. During BR, DR, and AR, the temperature
and relative humidity were respectively 28 °C and 50%, 32 °C and 49%, and 31 °C and 47%.

2.3. The 5-m Shuttle Run Test

As described by Boukhris et al. [36], participants were required to cover the maximal distance
during shuttle sprints of 5 m, 10 m, 15 m, 20 m, etc, until the end of 30 s. This task was performed three
times with 35 s of recovery in between.

During the test, the following parameters were calculated:

e  Total distance (TD) = Sum of distances in meter covered during the 6 x 30-s shuttles
e  Best distance (BD) = The higher distance in meter realized during the 6 x 30-s shuttles
e  Fatigue index (FI):

FI (%) = (((shuttle 1 + shuttle 2) — (shuttle 5 + shuttle 6))/(shuttle 1 + shuttle 2)) X 100 (1)

2.4. Statistical Analyse

Data were presented as mean + standard deviation (SD) and analyzed using STATISTICA 12.0
Software (Stat-Soft, Maisons-Alfort, Paris, France). Normality of the distribution was confirmed using
Shapiro Wilk’s test. TD, PSQI, carbohydrates, and lipids data were normally distributed. A two-factor
ANOVA (period X nap) was performed for TD, and a one-factor ANOVA (period) was performed for
PSQI, carbohydrates, and lipids data. Post hoc comparisons were completed using the Bonferroni
test; effect sizes were calculated as partial eta-squared (np2). However, when the normality was not
confirmed, a Friedman test was performed [37] for BD, FI, attention, FS, RPE, calorie and protein
intake, Hooper indices, and POMS parameters; effect sizes were estimated by Kendall’s coefficient of
concordance [38]. When significant, pairwise comparisons were also conducted using a Wilcoxon test.
Significance was accepted for all analyses at the level of p < 0.05. Due to the high number of dependent
variables, only significant differences are reported.

3. Results
3.1. The 5-m Shuttle Run Test

3.1.1. Total Distance

The repeated measures ANOVA revealed a significant main effect of nap (F = 19.29; p < 0.001;
np2 = 0.59) (Figure 1). The Bonferroni post hoc test revealed a significant increase of TD after N35
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compared with NO at BR (A = +4.8 £ 1.6%; p < 0.01), DR (A = +5.1 + 1.6%; p < 0.01), and AR
(A=+52+1.2%; p <0.001).
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Figure 1. Total distance (mean + SD) during the 5-m shuttle run test recorded before (BR), during (DR),
and after (AR) Ramadan after no-nap (NO) and 35-min nap (N35) opportunities. * Significant difference
in comparison with NO.

3.1.2. Best Distance

The Friedman test revealed a significant main effect (test = 22.76, p < 0.001, Kendall’s W = 0.32)
(Figure 2). Pairwise comparisons demonstrated a significant increase of BD after N35 when compared
with NO at BR (A = +4.4 £ 2.1%; p < 0.05), DR (A = +7.1 + 2.2%; p < 0.05), and AR (A = +5.5 + 1.5%;
p < 0.01). However, BD was lower at DR in comparison with AR in NO (A = +4.3 + 1.3%; p < 0.01) and
N35 (A = +2.6 + 1.0%; p < 0.05).
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Figure 2. Best distance (mean + SD) during the 5-m shuttle run test recorded before (BR), during (DR),
and after (AR) Ramadan after no-nap (NO) and 35-min nap (N35) opportunities. * Significant difference
in comparison with NO; # significant difference in comparison with DR.
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3.1.3. Fatigue Index
The Friedman test did not show any significant main effect (test =9.72, p > 0.05, Kendall’s W = 0.13)
(Figure 3).
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Figure 3. The fatigue index (mean + SD) during the 5-m shuttle run test recorded before (BR), during
(DR), and after (AR) Ramadan after no-nap (NO) and 35-min nap (N35) opportunities.

3.2. Attention Scores Recorded by the Digit Cancellation Test

Attention scores are presented in Table 1.

Table 1. Feelings, rating of perceived exertion (RPE), and attention scores (mean + SD) recorded before,
during, and after Ramadan after no-nap (NO) and 35-min nap (N35) opportunities.

Before Ramadan During Ramadan After Ramadan
Parameters
NO N35 NO N35 NO N35

Feelings 071+036  121+037 —-021+023° 007+045%%  029+024  1.07+021*
Score (a.u)
Rpéic)ore 459 +028%  422+0.18  432+031% 381+£022%  3.92+0.30 3.73+0.19
Attention ) oy 050 67.64+278  61.14+306°F  67.07+286% 65864273 7529 +317°%
Score (a.u)

* Significant difference in comparison with NO; @ significant difference in comparison with before Ramadan; and #
significant difference in comparison with after Ramadan.

The Friedman test revealed a significant main effect (test = 35.49, p < 0.001, Kendall’s W = 0.5).
The Wilcoxon post hoc test showed that attention scores were significantly lower after NO at DR in
comparison with BR (p < 0.05) and AR (p < 0.01). After N35, attention scores were higher at AR in
comparison with BR (p < 0.01). However, pairwise comparisons revealed a significant increase in
attention after N35 in comparison with NO at DR (p < 0.01) and AR (p < 0.01) (Table 1).

3.3. Rating of Perceived Exertion Scores

RPE scores are presented in Table 1. The Friedman test revealed a significant main effect
(test = 22.84, p < 0.001, Kendall’s W = 0.32). Pairwise comparisons revealed a significant decrease of
RPE scores recorded after NO at AR when compared with BR (p < 0.01) and DR (p < 0.01). Also, RPE
scores were significantly lower after N35 in comparison with NO at DR (p < 0.05) (Table 1).
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3.4. Feelings Scale

Feelings scores are presented in Table 1. The Friedman test revealed a significant main effect
(test = 19.68, p < 0.01, Kendall’'s W = 0.28). The Wilcoxon post hoc test showed that feelings scores
significantly decreased at DR in comparison with BR after NO (p < 0.05) and after N35 (p < 0.05).
After N35, feelings scores were significantly higher at AR than DR (p < 0.05). Feelings scores were
significantly higher at AR after N35 in comparison with NO (p < 0.05) (Table 1).

3.5. Dietary Intake

No significant effect of periods on calories intake (test = 1.41; p > 0.05; Kendall's W = 0.05),
proteins (test = 0.12, p > 0.05, Kendall’s W = 0.004) and lipids (F = 2.4; P > 0.05; np2 = 0.15) was
reported. However, statistical analyses revealed a significant effect for carbohydrates (F = 5.02; p < 0.05;
np? = 0.27) (Table 2), wherein carbohydrates were significantly higher during AR in comparison
with DR.

Table 2. Dietary intake parameters (mean + SD) recorded before, during, and after Ramadan.

Parameters Before Ramadan During Ramadan After Ramadan
Energy Intake (Kcal/]) 2696 + 142 2439 + 113 2410 + 145
Carbohydrates (%) 50.5 +1.80 45.86 £ 2.03 5251 +1.15%
Lipids (%) 35.07 +2.43 40 +2.34 34.71 £1.27
Proteins (%) 14 +£2.13 12.64 + 0.59 13 £ 0.63

* Significant difference in comparison with during Ramadan.

3.6. The PSQI Questionnaire

PSQI parameters are presented in Table 3.

Table 3. Pittsburgh Sleep Quality Index (PSQI) parameters (mean + SD) recorded before, during, and
after Ramadan.

Parameters Before Ramadan During Ramadan After Ramadan

Sleep Quality (a.u) 0.86 + 0.23 193 +0.20* 1.57 £0.23*
Sleep Latency (min) 15.36 + 1.92 17.57 £ 2.38 17.43 + 1.70
Sleep Duration (h) 8 +0.48 6.79 £ 045 * 7.21 £0.42
Sleep Efficiency (%) 95.18 + 2.36 93.65 + 2.09 95.24 +1.83
Sleep Disturbances (a.u) 0.57 +£0.14 0.79 £0.15 0.64 +£0.13
Daytime Dysfunction (a.u) 0.21 £0.11 0.79+£021* 0.29 +£0.13

Total PSQI Scores (a.u) 3.07 £0.65 6.07 £0.68 * 4.64 + 0.56 **

* Significant difference in comparison with before Ramadan; # significant difference in comparison with
during Ramadan.

No significant effect was reported for sleep latency (test = 2.07, p > 0.05, Kendall’s W = 0.07), sleep
efficiency (test = 3.5, p > 0.05, Kendall’'s W = 0.12), or sleep disturbances (test = 4.66, p > 0.05, Kendall’s
W =0.16) (Table 3).

3.6.1. Sleep Quality

A significant effect was reported (test = 14.97, p < 0.0005, Kendall’s W = 0.53). The sleep quality
scores increased significantly at DR (p < 0.01) and AR (p < 0.05) in comparison with BR.
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3.6.2. Sleep Duration

There was a significant effect (test = 8.21, p < 0.05, Kendall’s W = 0.29) with decrease in sleep
duration DR in comparison with BR (p < 0.05).

3.6.3. Daytime Dysfunction

There was a significant effect (test = 8.43, p < 0.05, Kendall’'s W = 0.3) with higher sleep dysfunction
scores DR in comparison with BR (p < 0.05).

3.6.4. Total PSQI Scores

The statistical analysis revealed a significant effect (F = 18.59; p < 0.001; np2 = 0.59). Total PSQI
scores were significantly higher in DR (p < 0.001) and AR (p < 0.05) in comparison with BR.

3.7. Hooper Questionnaire Indices

Sleep, stress, fatigue, and muscle soreness scores are presented in Table 4.

Table 4. Sleep, stress, fatigue, and muscle soreness scores (mean + SD) recorded before, during, and
after Ramadan after no-nap (NO) and 35-min nap (N35) opportunities.

Before Ramadan During Ramadan After Ramadan
Parameters
NO N35 NO N35 NoO N35
Sleep (a.u) 386+047 343+031 450+045 4.07+0.40 443 £0.31 4.00 £0.21
Stress (a.u) 343+033 3.07+038 250+£037 3.00+042 271+0.37 2.36 +£0.31
Fatigue (a.u) 393+030 4.00+030 393+047 3.79+037 457+027* 3.64+0.13"%

Muscle Soreness (a.u) 336 040 3.14+033 293+0.34 257+0.25 3.21+£0.26 2.86 +0.29

* Significant difference in comparison with before Ramadan; # significant difference with NO.

No significant period was reported for sleep (test = 7.96, p > 0.05, Kendall’s W = 0.11), stress
(test =10.23, p > 0.05, Kendall’s W = 0.14), or muscle soreness (test = 7.68, p > 0.05, Kendall’'s W = 0.10)
(Table 4).

For the fatigue scores, the Friedman test revealed a significant main effect (test = 11.74, p < 0.05,
Kendall’s W = 0.16). Pairwise comparisons revealed significant increases in fatigue scores for AR
compared with BR (p < 0.05) after NO. At AR, the fatigue scores were significantly lower after N35
compared to NO (p < 0.01).

3.8. The Profile of Mood State

The Friedman test did not show any significant effect on total mood scores (test = 3.34, p > 0.05,
Kendall’'s W = 0.04), tension (test = 3.78, p > 0.05, Kendall’'s W = 0.05), anger (test = 4.69, p > 0.05,
Kendall’'s W = 0.06), confusion (test = 0.77, p > 0.05, Kendall’s W = 0.01), depression (test = 7.74,
p > 0.05, Kendall’'s W = 0.11), fatigue (test = 9.62, p > 0.05, Kendall’'s W = 0.13), and vigor (test = 9.04,
p > 0.05, Kendall’s W = 0.12) (Table 5).
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Table 5. Profile of mood state (POMS) parameters (mean + SD) recorded before (BR), during (DR), and
after (AR) Ramadan after no-nap (N0O) and 35-min nap (N35) opportunities.

Parameters Before Ramadan During Ramadan After Ramadan

No N35 No N35 No N35
Total Mood Scores (a.u) 2321+9.02 1650+845 21.21+936  17.07+882  2421+7.99 1550 +4.93
Tension (a.u) 9.57 £1.76 8.86 £ 1.56 9.57 £1.66 7.86 + 1.62 9.14 £ 1.37 793 £1.21
Anger (a.u) 11.37 +2.58 9.07 £1.91 9.43 +2.59 8.57 £ 2.38 9.64 +£1.95 7.93 £ 1.62
Confusion (a.u) 6.86 +1.14 6.36 +1.45 6.57 +1.13 6.21 +1.13 7+1.11 6.79 +1.05
Depression (a.u) 8.07 +2.42 7.64 +2.39 6.79 £2.73 6.79 £2.94 9+248 771 +£1.70
Fatigue (a.u) 6.71 £ 1.56 4.93 +1.30 6 +1.62 471 £1.47 6.43 +1.47 3.79 £ 0.85
Vigor (a.u) 1936 £1.78 2036 +1.64 17.14+204 17.07 +1.64 17 £1.82 16.07 + 2.07

4. Discussion

The purpose of this study was to investigate the effects of a 35-min nap on physical performance
during the 5mSRT; attention; feelings; mood states; and the perception of stress, muscle soreness,
and fatigue before, during and after Ramadan observance in young physically active men. The main
findings of the present study were as follows: (i) TD and BD significantly improved after N35 in
comparison with NO at BR, DR, and AR and (ii) attention was significantly higher after N35 in
comparison with NO at DR and AR.

During NO, findings revealed that TD and FI were not affected by Ramadan observance; this
supports the results of Boukhris et al. [36], who reported that TD and FI during the 5SmSRT were
not significantly affected by the fasting period. As previously suggested by Boukhris et al. [36], the
maintained TD during Ramadan observance could be related to the unchanged total fat intake during
Ramadan. In fact, fat oxidation could assist endurance performance by mitigating the onset of fatigue
via the sparing of muscle glycogen [39]. Additionally, Chtourou et al. [12] suggested that perturbation
in mood states is one of the main reasons for impeded performance during Ramadan. Supporting
our findings, mood state parameters, stress, sleep, and muscle soreness were unaffected by Ramadan,
which may have assisted the unchanged TD and FI.

However, in contradiction with the results of Boukhris et al. [36], this study demonstrated
that BD was significantly lower in DR compared to AR (120.87 m + 2.89 m vs. 125.8 m + 2.1 m).
This result is in agreement with those of Chtourou et al. [12], who reported that performances during
repeated cycling exercise and the Wingate test were affected by Ramadan fasting in young footballers.
Chtourou et al. [12] explained this impairment by the fact that fatigue was higher in DR compared to
BR. Similarly, RPE scores recorded after the 5SmSRT were significantly increased in DR in comparison
with AR. Also, feelings scores recorded after the 5mSRT were lower in DR than BR. Thus, the increased
perception of fatigue and the reduced feelings state could explain high performance attainment in DR.
This contradiction between the present results and those of Boukhris et al. [36] could be explained
by the fact that sleep scores in the present study were negatively affected by Ramadan observance.
Thus, worse sleep impacted the ability to perform at the highest intensity during the 5mSRT. Also, BD
(i.e., registered in all cases for the first 30-s repetition) is possibly related to alactic energy usage or
adenosine triphosphate and phosphocreatine (ATP-PCr) capacity. The decreased fractional contribution
of carbohydrate may also explain the decline of BD during DR.

Attention estimated by the digit cancellation test was significantly lower at DR in comparison with
BR and AR; this supports the results of Boukhris et al. [11], who reported that Ramadan observance had
an adverse effect on attention. Also, supporting previous literature [4,5,11], the impaired sleep reported in
DR could be related to a decrement in cognitive performance, such as an attention task. Indeed, there was
a significant increase in total scores on the PSQI and the subjective sleep quality scores DR in comparison
with BR, with a significant decrease of sleep duration in DR compared to BR. In addition, although total
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PSQI scores were higher at AR in comparison with BR, it does not indicate poor sleep quality. In fact,
PSQI scores reported during Ramadan (PSQI scores = 4.64) were above 5 [40].

It was hypothesized that a 35-min nap may be beneficial for all measured parameters both outside
and during Ramadan. This hypothesis was partially confirmed. Although no changes have been
reported for the perception of mood states, stress, sleep, muscle soreness, and the FI during the
5mSRT, BD and HD were better after N35 compared to NO at BR, DR, and AR. Additionally, the other
parameters reached significance (N35 better than NO) only in some periods of study: attention at DR
and AR, RPE at DR, feelings at AR, and fatigue estimation at AR. In contradiction, Hsouna et al. [29]
did not report a significant effect of the 25-min nap opportunity on physical performance during
the 5mSRT and attention. However, in support of the speculation of the study of Hsouna et al. [28],
increasing the nap opportunity to 35 min allowed for significant positive effects on cognitive and
short-term repetitive maximal performances. The benefits observed only after a 35-min nap and not
after a 25-min nap could be related to increased inclusion of slow-wave sleep, known as a recovery
period for daily metabolism [26]. Previous studies, out of Ramadan, have reported that a 35-min nap
opportunity is beneficial for performance improvement and perception of fatigue reduction during the
5mSRT [26]. To the best of the authors’ knowledge, this is the first study investigating the effect of a nap
opportunity during Ramadan observance on physical and cognitive performance. Although positive
effects have been observed on physical performance (i.e., increase of TD and BD after N35 in the all
experimental sessions) and cognitive performance (i.e., improvement of attention after N35 at DR
and AR), previous studies show that napping might improve physical [24-28,41] and cognitive [28,41]
performance. The non significant effect of the nap opportunity on some parameters may be related
to duration. It is possible that, if the nap time was increased, significant differences may have been
observed for a majority of the dependent variables. For example, with lower duration, Petit et al. [42]
reported that a 20-min nap did not improve performance during the 30-s Wingate test after normal or
5-h phase advanced sleep. In this context, Hammouda et al. [25] concluded that better improvement
in physical performance was recorded after the longer nap duration (i.e., after a 90-min compared to
20-min nap opportunity). Boukhris et al. [26] reported that, compared to 25 min and 35 min, 45 min is
a better duration for improving the 5SmSRT performance. Additionally, Hsouna et al. [28] concluded
that the beneficial effect of a nap after a normal sleep night on the 5jump test performance exists when
the nap duration was over 35 min. It has been reported that the improvement of physical performance
is associated with a reduction of subjective fatigue [26,43], feelings scores [28], and an improvement in
alertness [43]. These findings are, partially, in agreement with the results of the present study, which
confirmed a decrease of RPE scores after N35 at DR, an improvement of attention, and the estimated
fatigue at AR.

Although the present study presented important practical recommendations, some limitations
exist. First, the present study lacks an objective measurement of the night and the nap sleep (e.g., by
the use of actigraphy or polysomnography). Future studies should utilize registration of the previous
night’s sleep and the nap during the experimental period. In addition, a specific sleep scale relating
to quality of sleep during the nap should be used for future studies. Moreover, due to a technical
issue, the current study lacks control of the luminosity level during the sleeping period; this drawback
should be avoided in future studies. In addition, to confirm the results of the present study, further
studies should compare different nap durations outside and during Ramadan.

5. Conclusions

The results revealed that TD and FI during the 5SmSRT were not affected by Ramadan observance.
However, BD was significantly lower in DR compared to AR after NO and N35. During NO condition,
attention decreased significantly in DR in comparison with BR and AR. BD and TD were better after
N35 compared to NO at BR, DR, and AR. A significant increase of attention after N35 in comparison
with NO at DR and AR was observed. However, no changes have been reported for the perception of
mood states, stress, sleep, muscle soreness, and FI during the 5mSRT. Additionally, N35 was better than
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NO for attention at DR and AR, RPE at DR, feelings at AR, and fatigue estimation at AR. We suggested
that further increases of the nap duration during Ramadan would allow for significant effects of the
nap in all parameters before, during, and after the fasting month.

Therefore, coaches and athletes should plan some periods of 35-min daytime naps during Ramadan
observance to overcome any sleep loss and/or to improve physical and cognitive performances.
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