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Abstract

Aim
The purpose of this study was to examine the effect of active warm-up duration on short-
term maximal performance assessed during Ramadan in the afternoon.

Methods

Twelve healthy active men took part in the study. The experimental design consisted of
four test sessions conducted at 5 p.m., before and during Ramadan, either with a 5-minute
or a 15-minute warm-up. The warm-up consisted in pedaling at 50% of the power output
obtained at the last stage of a submaximal multistage cycling test. During each session, the
subjects performed two vertical jump tests (squat jump and counter movement jump) for
measurement of vertical jump height followed by a 30-second Wingate test for measure-
ment of peak and mean power. Oral temperature was recorded at rest and after warming-
up. Moreover, ratings of perceived exertion were obtained immediately after the

Wingate test.

Results

Oral temperature was higher before Ramadan than during Ramadan at rest, and was higher
after the 15-minute warm-up than the 5-minute warm-up both before and during Ramadan.
In addition, vertical jump heights were not significantly different between the two warm-up
conditions before and during Ramadan, and were lower during Ramadan than before Ram-
adan after both warm-up conditions. Peak and mean power were not significantly different
between the two warm-up durations before Ramadan, but were significantly higher after the
5-minute warm-up than the 15-minute warm-up during Ramadan. Moreover, peak and
mean power were lower during Ramadan than before Ramadan after both warm-up
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conditions. Furthermore, ratings of perceived exertion were higher after the 15-minute
warm-up than the 5-minute warm-up only during Ramadan.

Conclusion

The prolonged active warm-up has no effect on vertical jump height but impairs anaerobic
power assessed during Ramadan in the afternoon.

Introduction

Ramadan is the ninth month of the lunar Islamic calendar during which Muslims are requested
to abstain from eating, drinking, and other behaviors from dawn to sunset. This fasting dura-
tion depends on the season during which Ramadan occurs and the geographical location, and
could be longer than 18 hours per day in the summer of temperate regions. Ramadan is charac-
terized by several behavioral changes especially related to the sleep-wake cycle and eating
schedule, which may affect sport performance [1]. Research dealing with the effect of Ramadan
fasting on sport performance presented inconsistent results. Some studies reported slight
decrements or no significant effect [2,3], while others found significant impairments in sport
performance during Ramadan [4-6]—sprint performance [7], vertical jump height [8], muscle
power [4,6,9], and performance during endurance exercises [7,8,10,11] were lower during
Ramadan compared to non-Ramadan periods.

The mechanisms potentially responsible for these inconsistencies are not well established
yet, even if authors speculated that they could be attributed to a diversity of factors [12,13] such
as the moment of experimental sessions. Concerning this factor, most studies reported signifi-
cant reductions in short-term maximal performance assessed during Ramadan compared to
the out-of-Ramadan control period when test sessions were conducted in the afternoon but not
in the morning [4,5,9,14]. For instance, using a 30-second Wingate test, Chtourou et al. [4] re-
ported a lower peak (PP) and mean (MP) power during Ramadan (i.e., at the second and the
fourth weeks of Ramadan) than before Ramadan in the afternoon without any significant
difference between the two testing periods in the morning. In most studies, the decrease in
short-term maximal performance during Ramadan in the afternoon was associated with a
decrease in core temperature [5,9], suggesting that the decrease in core temperature could be
responsible for decrements in exercise performance during Ramadan.

To increase core temperature, the most common method is warming-up. In this context,
Souissi et al. [15] showed that increasing warm-up duration induces an enhancement in short-
term maximal performance in the morning without any significant effect in the evening. Howev-
er, Racinais et al. [16] observed that a 12-minute active warm-up improves performance in both
times-of-day. Moreover, Taylor et al. [17] reported that the effect of a prolonged warm-up in the
afternoon for peak and mean power was unclear due to the variety of individual responses.

In the authors’ opinion, prolonging the warm-up period during Ramadan could accentuate
the hypohydration induced by daytime fasting, which may impair sport performance. Therefore,
the aim of the present study was to assess whether the increase in active warm-up duration
would affect vertical jump height, PP, and MP measured during Ramadan in the afternoon.

Materials and Methods
Participants

Twelve healthy active men (age 21.11 + 2.75 years, body mass 70.3 + 9.1 kg, height 1.73 +
0.06 m) gave written consent to participate in the study after receiving a meticulous explanation
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of the protocol. The study was approved by the Clinical Research Ethics Committee of the Na-
tional Center of Medicine and Sciences in Sport of Tunis. The elapsed time between dawn and
sunset was from 03:51 a.m. to 07:20 p.m. at the beginning and from 04:20 a.m. to 06:49 p.m. at
the end of Ramadan. During this period, the participants took their last meal (i.e., “suhur”) ap-
proximately at ~01:00 a.m. and fasted from then until sunset.

Study Design

Two weeks before the actual measurements, the subjects were familiarized with vertical jumping
and high-intensity cycling on cycle-ergometer to minimize the learning effect. The experimental
design consisted of two testing phases: two weeks before Ramadan (BR) and the end of the second
week of Ramadan (R2). During each period, the subjects randomly performed two test sessions at
the same time-of-day (05:00 p.m.) with a recovery period > 36 hours in-between: one session with
a 5-minute warm-up and another with a 15-minute warm-up. Five minutes after warming-up, the
subjects performed a squat jump (S]) test, a counter movement jump (CMJ) test, and then a 30-
second Wingate test. Ratings of perceived exertion (RPE) were recorded after the Wingate test.

Oral temperature was measured at rest and after each warm-up with a clinical thermometer
inserted sublingually for 3 minutes.

To determine the warm-up intensity, the subjects performed an incremental maximal test
on a cycle-ergometer before the beginning of the experiment. The procedure was as follows:
after 3 minutes of cycling at 50 W, the intensity of the exercise increased by 25 W every 2 min-
utes until exhaustion. The power corresponding to 50% of the power output recorded in the
last stage of the incremental test was chosen as the warm-up intensity [15].

Throughout the study, the participants were requested to avoid strenuous activities during
the 24 hours preceding each test session.

Squat Jump and Counter Movement Jump Tests

The SJ consists in a maximal vertical jump from a flexed position, while the CM] is a leg flexion
from the standing position immediately followed by a maximal vertical jump. Both tests were per-
formed with the hands on the hips. The vertical jump tests were conducted using a vertical jump
meter which records the jump height. Three trials were completed for each test, with a 2-minute
rest period between jumps, and the best ones (highest jumps) were retained for further analysis.

Wingate Test

The Wingate test was conducted on a friction-loaded cycle ergometer interfaced with a micro-
computer. This test requires pedaling for 30 s at maximal speed against a constant force related
to body mass (0.087 kg - kg ™' body mass) [18]. The test began from a rolling start against mini-
mal resistance. When a constant pedal rate of 60 rpm was achieved, the test resistance was ap-
plied and the subjects were instructed to pedal as fast as they could during 30 s. During the test,
they had to remain seated and were strongly encouraged to reach the maximal pedaling rate as
quickly as possible.

PP was measured as the highest mechanical power that is elicited in the test and MP was the
average power that is sustained throughout the 30-second period.

Ratings of Perceived Exertion

Perceived exertion is an indicator of the degree of physical strain [19]. The RPE scale used in
the present study presents 15 points ranging from 6 (very very light) to 20 (very very hard)
[20]. The higher the RPE score, the higher the rating of perceived exertion.
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Statistical Analysis

Data are presented as mean values + SD. The Shapiro-Wilk W-test for normality revealed that
the data were normally distributed. PP, MP, SJ height, CM] height, and RPE values were ana-
lyzed using a two-way analysis of variance (ANOVA) with repeated measures (2 [Period] x 2
[Warm-up]). Oral temperature data were analyzed using a three-way ANOVA with repeated
measures (2 [Period] x 2 [Warm-up] x 2 [Measure]). When appropriate, significant differences
between means were tested using the Fisher’s Least Significant Difference (LSD) test. Effect
sizes were determined using partial eta squared (n,”) to estimate the magnitude of effects. Sta-
tistical significance was established at p < 0.05.

Results
Oral Temperature

Oral temperature values measured at rest and after each warm-up, during the two testing
phases, are displayed in Fig. 1.

The period (F = 141.78,1,” = 0.93, p < 0.001), warm-up (F = 6.70,n,> = 0.38, p < 0.05), and
measure (F =201.93,1,” = 0.95, p < 0.001) effects were significant. However, the period x
warm-up x measure interaction was not significant (F = 0.006, npz =0.001, p > 0.05).

The Fisher’s LSD test showed that resting values of oral temperature were significantly
higher BR than during R2 (p < 0.001). Oral temperature increased from before to after the
5-minute (p < 0.01) and the 15-minute (p < 0.001) warm-up in the two testing periods. More-
over, oral temperature was significantly higher after the 15-minute warm-up than the 5-minute
warm-up BR (p < 0.05) and during R2 (p < 0.01).

Vertical Jump Tests

-Squat Jump Height. SJ heights measured in the four test sessions are shown in Fig. 2.

The statistical analysis showed significant main effects of period (F = 35.63,1,” = 0.77, p <
0.001) and warm-up (F = 5.18, np2 =0.32, p < 0.05). However, the period x warm-up interac-
tion was not significant (F = 0.04, 1,” = 0.01, p > 0.05).

The LSD test revealed that, in the two testing phases, there was no significant difference be-
tween the SJ heights measured after the two warm-up periods. Moreover, SJ heights were
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Figure 1. Oral temperature (°C) (mean * SD, n = 12) recorded before (BR) and during (R2) Ramadan,
before (B) and after (A) the 5-minute (5WU) and the 15-minute (15WU) warm-up. #: significant difference
in comparison with before warm-up. *: significant difference in comparison with BR. £: significant difference in
comparison with the 5-minute warm-up.

doi:10.1371/journal.pone.0116809.9001
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Figure 2. Squat jump heights (cm) (mean * SD, n = 12) measured after the 5-minute (5WU) and the 15-
minute (15WU) warm-up, before (BR) and during (R2) Ramadan. *: significant difference in comparison
with BR.

doi:10.1371/journal.pone.0116809.9002

significantly lower during R2 than BR after the 5-minute (p < 0.001) and the 15-minute (p <
0.01) warm-up.

-Counter Movement Jump Height. CMJ heights measured in the four test sessions are pre-
sented in Fig. 3.

A significant main effect of period was found (F = 20.11,7,” = 0.65, p < 0.001). However,
the warm-up effect (F = 0.42,m,” = 0.04, p > 0.05) and the period x warm-up interaction (F =
0.05,m,” = 0.01, p > 0.05) were not significant.

The LSD test revealed that, in the two testing periods, CMJ heights were not significantly
different between the two warm-up durations. Furthermore, CM] heights were significantly
lower during R2 than BR after the 5-minute and the 15-minute warm-up (p < 0.05).

Wingate Test
-Peak Power. PP determined during the 30-second Wingate test in the four test sessions are
displayed in Fig. 4.

The statistical analysis showed a significant main effect of period (F = 25.63,n,” = 0.70, p <
0.001). However, the warm-up effect (F = 2.07,1,” = 0.16, p > 0.05) and the period x warm-up
interaction (F = 4.24, np2 =0.28, p > 0.05) were not significant.
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Figure 3. Counter movement jump heights (cm) (mean * SD, n = 12) measured after the 5-minute
(5WU) and the 15-minute (15WU) warm-up, before (BR) and during (R2) Ramadan. *: significant
difference in comparison with BR.

doi:10.1371/journal.pone.0116809.g003
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Figure 4. Peak power (W « kg~') (mean * SD, n = 12) determined during the 30-second Wingate test,
after the 5-minute (5WU) and the 15-minute (15WU) warm-up, before (BR) and during (R2) Ramadan. *:
significant difference in comparison with BR. £: significant difference in comparison with the 5-minute warm-
up.

doi:10.1371/journal.pone.0116809.9004

The LSD test showed that, BR, PP was not significantly different between the two warm-up
durations. However, during R2, PP was higher after the 5-minute warm-up than the 15-minute
warm-up (p < 0.05). Moreover, PP was lower during R2 than BR after the 5-minute and the
15-minute warm-up (p < 0.001).

-Mean Power. MP determined during the 30-second Wingate test in the four test sessions
are presented in Fig. 5.

Significant main effects of period (F = 71.48, nP2 =0.87, p < 0.001) and warm-up (F = 5.48,
n,° = 0.33, p < 0.05) and a significant period x warm-up interaction (F = 6.09,1,” = 0.36, p <
0.05) were found.

The Fisher’s test showed that, BR, MP was not significantly different between the two
warm-up durations. However, during R2, MP was higher after the 5-minute warm-up than the
15-minute warm-up (p < 0.01). Furthermore, MP was higher BR than during R2 after both
warm-up periods (p < 0.001).

Ratings of Perceived Exertion

RPE scores obtained in the four test sessions are shown in Fig. 6.
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Figure 5. Mean power (W « kg~') (mean * SD, n = 12) determined during the 30-second Wingate test,
after the 5-minute (5WU) and the 15-minute (15WU) warm-up, before (BR) and during (R2) Ramadan. *:
significant difference in comparison with BR. £: significant difference in comparison with the 5-minute warm-
up.

doi:10.1371/journal.pone.0116809.g005
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Figure 6. RPE scores (mean * SD, n = 12) obtained following the 30-second Wingate test, after the 5-
minute (5WU) and the 15-minute (15WU) warm-up, before (BR) and during (R2) Ramadan. *: significant
difference in comparison with BR. £: significant difference in comparison with the 5-minute warm-up.

doi:10.1371/journal.pone.0116809.9006

The period effect was significant (F = 36.61,m,” = 0.67, p < 0.001). However, the warm-up
effect (F = 3.01, npz =0.38, p > 0.05) and the period x warm-up interaction (F = 2.57, npz =
0.16, p > 0.05) were not significant.

BR, there was no significant difference between the two warm-up durations for RPE scores.
However, during R2, RPE scores were significantly higher after the 15-minute warm-up than
the 5-minute warm-up (p < 0.05). Moreover, RPE scores were significantly higher during R2
than BR after both warm-up periods (p < 0.001).

Discussion

The present study revealed that, BR, PP and MP were not significantly different between the
two warm-up durations; however, during R2, these performance measures were higher after
the 5-minute warm-up than the 15-minute warm-up. Moreover, PP and MP were lower during
R2 than BR after both warm-up periods. In addition, S] and CM] heights were not significantly
different between the two warm-up durations in the two testing phases, and were lower during
R2 than BR after both warm-up periods.

Our results confirm those of Souissi et al. [15] and showed that oral temperature increased
after both warm-up periods, with no significant difference between the two warm-up durations
for short-term maximal performance assessed BR in the afternoon. These findings could be ex-
plained by the existence of a “ceiling” after which power does not increase even though central
temperature does [21-23]. However, our findings run counter to those of Racinais et al. [16]
who found that maximal cycling sprints’ maximal power assessed in the afternoon was higher
after the longer warm-up. The authors speculated that the beneficial effects of an active warm-
up would not be dependent only on the temperature increase [24] because decreased muscle
and joint stiffness would be caused by the breaking of the stable bonds between actin and myo-
sin filaments [25].

The findings of the present study confirm that short-term maximal performance can be
affected during the fasting month in the afternoon [5,11,14,26]. For instance, in Tunisian male
soccer players, PP and MP in a 30-second Wingate test were lower during the second and the
fourth weeks of Ramadan than BR in the afternoon [4]. It has been demonstrated that the
30-second Wingate test requires a high level of motivation to observe maximal performance
[4,27]. Therefore, the reduced performance observed during Ramadan could be due to a lower
motivation level compared to before Ramadan [28]. Moreover, Zerguini et al. [7] and
Chtourou et al. [11,29] suggested that decrements in the players’ mood and motivation would
be possible factors responsible for the reduction in sport performance during Ramadan. Fur-
thermore, as previously shown [4,11], we observed higher RPE scores during R2 compared to
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BR. The higher RPE scores suggest that Ramadan fasting may result in an increased level of fa-
tigue. Also, the higher RPE scores could be assigned to negative mood. The decline in mood
and mental activity may induce a reduction in physical performance [30,31].

During R2, we found that PP and MP were lower after the 15-minute warm-up than the
5-minute warm-up. This result could be explained by the hypohydration induced by the pro-
longed warm-up. Indeed, a long warm-up could result in a higher sweat loss rate and then may
accentuate the hypohydration induced by daytime fasting. Acute hypohydration may affect
sport performance [32], eye-hand coordination [33], and cognitive functions [33-35], and
leads to an increased perception of fatigue [36-38]. Furthermore, Judelson et al. [39] indicated
that body water loss has various effects on neuromuscular function and short-term power. In-
deed, strength, power, and high intensity endurance are limited by hypohydration [39]. The
published evidence suggests that there is a likelihood of a reduction in strength if hypohydra-
tion is induced as a result of prolonged food and fluid restriction [40,41].

Moreover, the lower power observed after the 15-minute warm-up as compared to the
5-minute warm-up could be explained by the fatigue induced by the longer warm-up that is
added to the fatigue caused by ~16 hours of fasting. Accordingly, the present study demonstrat-
ed that RPE scores were higher after the 15-minute warm-up than the 5-minute warm-up
during R2.

SJ and CMJ heights were not significantly different between the two warm-up durations
during R2. Likewise, Judelson et al. [40] found that hypohydration up to 4.8% body mass has a
little demonstrable effect on vertical jump height, peak lower-body power assessed via jump
squat, and peak lower-body force assessed via isometric back squat. They suggested that if
hypohydration fails to reduce muscle force or power, vertical jump height should increase as
total body water decreases because the jumper must move less mass.

Conclusions

The present study showed that a prolonged active warm-up has no effect on vertical jump

height but impairs anaerobic power assessed during Ramadan in the afternoon. Therefore,
there is no need to prolong the warm-up period before short-term maximal exercises per-

formed during Ramadan in the afternoon.

Acknowledgments

The authors wish to thank the volunteer participants for their valuable time and contribution.

Author Contributions

Conceived and designed the experiments: HB AA HC WB AC NS. Performed the experiments:
HB AA HC. Analyzed the data: HB AA HC WB. Contributed reagents/materials/analysis tools:
HB AA HC WB AC NS. Wrote the paper: HB AA HC WB.

References

1. Chaouachi A, Leiper JB, Chtourou H, Aziz AR, Chamari K (2012) The effects of Ramadan intermittent
fasting on athletic performance: Recommendations for the maintenance of physical fitness. J Sports
Sci 30: 53-73. doi: 10.1080/02640414.2011.624538 PMID: 22168430

2. Kirkendall DT, Leiper JB, Bartagi Z, Dvorak J, Zerguini Y (2008) The influence of Ramadan on physical
performance measures in young Muslim footballers. J Sports Sci 26: 15-27. PMID: 17852677

3. Chaouachi A, Coutts AJ, Chamari K, Wong Del P, Chaouachi M, et al. (2009) Effect of Ramadan inter-
mittent fasting on aerobic and anaerobic performance and perception of fatigue in male elite judo ath-
letes. J Strength Cond Res 23: 2702—-2709. doi: 10.1519/JSC.0b013e3181bc17fc PMID: 19910805

PLOS ONE | DOI:10.1371/journal.pone.0116809 February 3, 2015 8/10


http://dx.doi.org/10.1080/02640414.2011.624538
http://www.ncbi.nlm.nih.gov/pubmed/22168430
http://www.ncbi.nlm.nih.gov/pubmed/17852677
http://dx.doi.org/10.1519/JSC.0b013e3181bc17fc
http://www.ncbi.nlm.nih.gov/pubmed/19910805

@‘PLOS | ONE

Warm-Up Duration during Ramadan

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Chtourou H, Hammouda O, Chaouachi A, Chamari K, Souissi N (2012) The effect of time-of-day and
Ramadan fasting on anaerobic performances. Int J Sports Med 33: 142—147. doi: 10.1055/s-0031-
1286251 PMID: 22318530

Aloui A, Chaouachi A, Chtourou H, Wong DP, Haddad M, et al. (2013) Effects of Ramadan on the diur-
nal variations of repeated-sprint performance. Int J Sports Physiol Perform 8: 254-263. PMID:
22952200

Bouhlel H, Shephard RJ, Gmada N, Aouichaoui C, Peres G, et al. (2013) Effect of Ramadan obser-
vance on maximal muscular performance of trained men. Clin J Sport Med 23: 222-227. doi: 10.1097/
JSM.0b013e318275d213 PMID: 23160275

Zerguini Y, Kirkendall D, Junge A, Dvorak J (2007) Impact of Ramadan on physical performance in pro-
fessional soccer players. BrJ Sports Med 41: 398-400. PMID: 17224435

Meckel Y, Ismaeel A, Eliakim A (2008) The effect of the Ramadan fast on physical performance and di-
etary habits in adolescent soccer players. Eur J Appl Physiol 102: 651-657. PMID: 18071743

Souissi N, Souissi H, Sahli S, Tabka Z, Dogui M, et al. (2007) Effect of Ramadan on the diurnal variation
in short-term high power output. Chronobiol Int 24: 991-1007. PMID: 17994351

Chennaoui M, Desgorces F, Drogou C, Boudjemaa B, Tomaszewski A, et al. (2009) Effects of Rama-
dan fasting on physical performance and metabolic, hormonal, and inflammatory parameters in middle-
distance runners. Appl Physiol Nutr Metab 34: 587-594. doi: 10.1139/H09-014 PMID: 19767792

Chtourou H, Hammouda O, Souissi H, Chamari K, Chaouachi A, et al. (2011) The effect of Ramadan
fasting on physical performances, mood state and perceived exertion in young footballers. Asian J
Sports Med 2: 177-185. PMID: 22375237

Fellah (2010) Ramadan fasting and exercise performance. Asian J Sports Med 1: 130. PMID:
22375199

Girard O, Farooq A (2012) Effects of Ramadan fasting on repeated sprint ability in young children. Sci &
Sports 27: 237-240. doi: 10.1016/j.meatsci.2014.12.009 PMID: 25571456

Hamouda O, Chtourou H, Farjallah MA, Davenne D, Souissi N (2011) The effect of Ramadan fasting on
the diurnal variations in aerobic and anaerobic performances in Tunisian youth soccer players. Biol
Rhythm Res 43: 177-190.

Souissi N, Driss T, Chamari K, Vandewalle H, Davenne D, et al. (2010) Diurnal variation in Wingate test
performances: influence of active warm-up. Chronobiol Int 27: 640-652. doi: 10.3109/07420528.2010.
483157 PMID: 20524806

Racinais S, Blonc S, Hue O (2005) Effects of active warm-up and diurnal increase in temperature on
muscular power. Med Sci Sports Exerc 37: 2134-2139. PMID: 16331141

Taylor K, Cronin JB, Gill N, Chapman DW, Sheppard JM (2011) Warm-up affects diurnal variation in
power output. Int J Sports Med 32: 185—189. doi: 10.1055/s-0030-1268437 PMID: 21305444

Bar-Or O (1987) The Wingate anaerobic test. An update on methodology, reliability and validity. Sports
Med 4:381-394. PMID: 3324256

Borg GA (1982) Psychophysical bases of perceived exertion. Med Sci Sports Exerc 14: 377-381.
PMID: 7154893

Borg GA (1970) Perceived exertion as an indicator of somatic stress. Scand J Rehabil Med 2: 92—98.
PMID: 5523831

Racinais S, Hue O, Blonc S (2004) Time-of-day effects on anaerobic muscular power in a moderately
warm environment. Chronobiol Int 21: 485-495. PMID: 15332451

Racinais S, Blonc S, Jonville S, Hue O (2005) Time-of-day influences the environmental effects on
muscle force and contractility. Med Sci Sports Exerc 37: 256-261. PMID: 15692321

Drust B, Rasmussen P, Mohr M, Nielsen B, Nybo L (2005) Elevations in core and muscle temperature
impairs repeated sprint performance. Acta Physiol Scand 183: 181-190. PMID: 15676059

Bishop D (2003) Warm up II: Performance changes following active warm up and how to structure the
warm up. Sports Med 33: 483-498. PMID: 12762825

Wiegner AW (1987) Mechanism of thixotropic behavior at relaxed joints in the rat. J Appl Physiol 62:
1615-1621. PMID: 3597232

Rebai H, Chtourou H, Zarrouk N, Harzallah A, Kanoun |, et al. (2014) Reducing resistance training vol-
ume during Ramadan improves muscle strength and power in football players. Int J Sports Med 35:
432-437. doi: 10.1055/s-0033-1353216 PMID: 24048913

Chtourou H, Jarraya M, Aloui A, Hammouda O, Souissi N (2012) The effects of music during warm-up
on anaerobic performances of young sprinters. Sci & Sports 27: e85—e88. doi: 10.1016/j.meatsci.2014.
12.009 PMID: 25571456

PLOS ONE | DOI:10.1371/journal.pone.0116809 February 3, 2015 9/10


http://dx.doi.org/10.1055/s-0031-1286251
http://dx.doi.org/10.1055/s-0031-1286251
http://www.ncbi.nlm.nih.gov/pubmed/22318530
http://www.ncbi.nlm.nih.gov/pubmed/22952200
http://dx.doi.org/10.1097/JSM.0b013e318275d213
http://dx.doi.org/10.1097/JSM.0b013e318275d213
http://www.ncbi.nlm.nih.gov/pubmed/23160275
http://www.ncbi.nlm.nih.gov/pubmed/17224435
http://www.ncbi.nlm.nih.gov/pubmed/18071743
http://www.ncbi.nlm.nih.gov/pubmed/17994351
http://dx.doi.org/10.1139/H09-014
http://www.ncbi.nlm.nih.gov/pubmed/19767792
http://www.ncbi.nlm.nih.gov/pubmed/22375237
http://www.ncbi.nlm.nih.gov/pubmed/22375199
http://dx.doi.org/10.1016/j.meatsci.2014.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25571456
http://dx.doi.org/10.3109/07420528.2010.483157
http://dx.doi.org/10.3109/07420528.2010.483157
http://www.ncbi.nlm.nih.gov/pubmed/20524806
http://www.ncbi.nlm.nih.gov/pubmed/16331141
http://dx.doi.org/10.1055/s-0030-1268437
http://www.ncbi.nlm.nih.gov/pubmed/21305444
http://www.ncbi.nlm.nih.gov/pubmed/3324256
http://www.ncbi.nlm.nih.gov/pubmed/7154893
http://www.ncbi.nlm.nih.gov/pubmed/5523831
http://www.ncbi.nlm.nih.gov/pubmed/15332451
http://www.ncbi.nlm.nih.gov/pubmed/15692321
http://www.ncbi.nlm.nih.gov/pubmed/15676059
http://www.ncbi.nlm.nih.gov/pubmed/12762825
http://www.ncbi.nlm.nih.gov/pubmed/3597232
http://dx.doi.org/10.1055/s-0033-1353216
http://www.ncbi.nlm.nih.gov/pubmed/24048913
http://dx.doi.org/10.1016/j.meatsci.2014.12.009
http://dx.doi.org/10.1016/j.meatsci.2014.12.009
http://www.ncbi.nlm.nih.gov/pubmed/25571456

@‘PLOS | ONE

Warm-Up Duration during Ramadan

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

Waterhouse J (2010) Effects of Ramadan on physical performance: chronobiological considerations.
BrJ Sports Med 44: 509-515. doi: 10.1136/bjsm.2007.071712 PMID: 20484313

Chtourou H, Briki W, Hammouda O, Aloui A, Souissi N, et al. (2014) The effect of the time-of-day of
training during Ramadan on soccer players’ chronotype and mood states. Sport Sci Health 10: 143—
147.

Roky R, Iraki L, HajKhlifa R, Lakhdar Ghazal N, Hakkou F (2000) Daytime alertness, mood,
psychomotor performances, and oral temperature during Ramadan intermittent fasting. Ann Nutr
Metab 44:101-107. PMID: 11053895

Roky R, Houti I, Moussamih S, Qotbi S, Aadil N (2004) Physiological and chronobiological changes dur-
ing Ramadan intermittent fasting. Ann Nutr Metab 48: 296-303. PMID: 15452402

Maughan RJ, Merson SJ, Broad NP, Shirreffs SM (2004) Fluid and electrolyte intake and loss in elite
soccer players during training. Int J Sport Nutr Exerc Metab 14: 333-346. PMID: 15256693

Tian HH, Aziz AR, Png W, Wahid MF, Yeo D, et al. (2011) Effects of fasting during Ramadan month on
cognitive function in Muslim athletes. Asian J Sports Med 2: 145-153. PMID: 22375233

Rothenberg JA, Panagos A (2008) Musculoskeletal performance and hydration status. Curr Rev Mus-
culoskelet Med 1: 131-136. doi: 10.1007/s12178-008-9020-9 PMID: 19468886

Maughan RJ (2010) Fasting and sport: an introduction. Br J Sports Med 44: 473-475. doi: 10.1136/
bjsm.2010.072157 PMID: 20460260

Barr SI (1999) Effects of dehydration on exercise performance. Can J Appl Physiol 24: 164—172.
PMID: 10198142

Walsh RM, Noakes TD, Hawley JA, Dennis SC (1994) Impaired high-intensity cycling performance
time at low levels of dehydration. Int J Sports Med 15: 392-398. PMID: 8002117

Edwards AM, Mann ME, Marfell-Jones MJ, Rankin DM, Noakes TD, et al. (2007) Influence of moderate
dehydration on soccer performance: physiological responses to 45 min of outdoor match-play and the
immediate subsequent performance of sport-specific and mental concentration tests. Br J Sports Med
41:385-391. PMID: 17272311

Judelson DA, Maresh CM, Anderson JM, Armstrong LE, Casa DJ, et al. (2007) Hydration and muscular
performance: does fluid balance affect strength, power and high-intensity endurance? Sports Med 10:
907-921.

Judelson DA, Maresh CM, Farrell MJ, Yamamoto LM, Armstrong LE, et al. (2007) Effect of hydration
state on strength, power, and resistance exercise performance. Med Sci Sports Exerc 39: 1817-1824.
PMID: 17909410

Bosco JS, Terjung RL, Greenleaf JE (1968) Effects of progressive hypohydration on maximal isometric
muscular strength. J Sports Med Phys Fitness 8: 81-86. PMID: 5668687

PLOS ONE | DOI:10.1371/journal.pone.0116809 February 3, 2015 10/10


http://dx.doi.org/10.1136/bjsm.2007.071712
http://www.ncbi.nlm.nih.gov/pubmed/20484313
http://www.ncbi.nlm.nih.gov/pubmed/11053895
http://www.ncbi.nlm.nih.gov/pubmed/15452402
http://www.ncbi.nlm.nih.gov/pubmed/15256693
http://www.ncbi.nlm.nih.gov/pubmed/22375233
http://dx.doi.org/10.1007/s12178-008-9020-9
http://www.ncbi.nlm.nih.gov/pubmed/19468886
http://dx.doi.org/10.1136/bjsm.2010.072157
http://dx.doi.org/10.1136/bjsm.2010.072157
http://www.ncbi.nlm.nih.gov/pubmed/20460260
http://www.ncbi.nlm.nih.gov/pubmed/10198142
http://www.ncbi.nlm.nih.gov/pubmed/8002117
http://www.ncbi.nlm.nih.gov/pubmed/17272311
http://www.ncbi.nlm.nih.gov/pubmed/17909410
http://www.ncbi.nlm.nih.gov/pubmed/5668687


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


