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Abstract

The aim of the present study was to evaluate the influence of the Ramadan intermittent fast
(RIF) on aerobic and anaerobic exercise performance in elite judo athletes (Judokas)
maintaining their usual training loads. Physical performance tests (squat jump (SJ),
countermovement jump (CMJ), 30-s repeated jump, 30-m sprint, and the multistage fitness
test) and fatigue scores were measured in 15 elite Judokas on four occasions: before (T1), at
the beginning (T2), the end (T3) and three-weeks after Ramadan. Results showed that 30-m
sprint performance, multistage shuttle run test, SJ, and CMJ did not change during Ramadan.
However, average power during the 30-s repeated jump test was slightly lower at the end of
Ramadan (22.4 £2.3 W/kg; P<0.05) than before Ramadan (23.4 £2.3 W/kg). There was a
minor reduction of 1.3 kg in body mass and an increase in total fatigue scores (T2, 19 £5; T3,
16 £4; both P<0.05) during Ramadan, in comparison with the control period (T1, 12 £3).
These results show that the RIF has little effect on aerobic performance and on very short
duration sprinting and jumping test performance in elite Judokas. Additionally, experienced
athletes can maintain both sufficient energy intake and normal training loads during the RIF.
The slight reduction in the 30-s jump test may be associated with reduced central drive and
body mass. Collectively, these results suggest that the RIF has little effect on the performance
of experienced Judokas, but Muslim athletes who train during the RIF should carefully
periodize their training load, and monitor their food intake and fatigue levels to avoid

performance decrements.
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INTRODUCTION

Ramadan is a fundamental rule of Islam and commands that healthy adult Muslims
must refrain from eating, drinking, smoking and sexual relations from sunrise to sunset during
the month of Ramadan. Although there are no restrictions on the quantity or type of food that
can be consumed during the night with the Ramadan-Intermittent-Fast (RIF), several
behavioural changes, such as the number and timing of daily meals and a reduction in
sleeping hours, are observed (20, 31). However, previous studies have shown that the RIF can
influence substrate availability and utilization (4, 13) and induce acute diurnal dehydration
(25). Collectively these changes may cause physiological and psychological perturbations that
can have detrimental effects on sports performance. At present, however, there are few studies
that have investigated the effects of RIF on the health and performance of highly trained

athletes undertaking arduous training regimes (4, 7, 23, 29, 34).

Judo is a sport characterized by brief bouts of high intensity, intermittent exercise that
requires energy provision through both aerobic and anaerobic pathways (11). Previous studies
have shown that well developed aerobic and anaerobic power are important factors in judo
(11, 12), and that both of these capacities are influenced by diet and substrate availability (28).
A common difficulty for elite athletes living in Muslim countries is that training and
competition are often scheduled during Ramadan, which may affect their diet and substrate
availability. Indeed, there is a general perception among athletes, coaches and physicians that
athletes undergoing Ramadan fasting have difficulty in maintaining their training loads, body
mass and physical work capacity. Although previous research has shown that experimental
fasting prior to exercise reduces time to fatigue in humans (26), at present it is unknown if the

RIF has the same negative affects on physical performance in elite judo athletes (Judokas).
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Therefore, a big study was undertaken to evaluate the influence of RIF on maximal
exercise performance, perception of fatigue, circulating lipid profile markers, inflammatory
and immunological profile markers and body composition during Ramadan in elite Judokas
undertaking their usual training loads. The aim of the present paper is to report on the exercise

performance and perception of fatigue parameters of that study.

METHODS

Approach to the Problem

There is limited information on the influence of the RIF on physiological and
performance changes in the applied sports training setting. Therefore, the present study was
designed to determine whether the RIF would affect exercise performance compared with the
levels measured before, and after Ramadan in a selected group of male elite Judoka who were
maintaining their training loads. To achieve this, a semi-longitudinal study with repeated
measures design was used to determine the change in aerobic and anaerobic performance tests
and perception of fatigue on four separate occasions. The performance tests used in this study
were selected because they are common tests for evaluating Judo athletes and provide a
comprehensive evaluation of physical performance of Judo athletes. In accordance with recent
research (23, 29), it was hypothesized that the RIF would be associated with reduced aerobic

power but not anaerobic performance.

Subjects
Fifteen healthy male elite judo athletes belonging to the Tunisian junior national judo
team, volunteered to participate in this study, which took place from October to December

2005. All participants had a minimum of 8-y of competitive experience in regional and
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national tournaments, and 10 of them had competed at international level (international
tournaments, Arabic, Maghreb, African championship and world junior championships).
Their skill level according to the Japanese grade system was black belt of various ranks (dan).
Subjects represented various weight classes: six competed in the under-60 kg class (U-60),
five in the U-66, two in the U-73, and two in the U-81. At the time of the study, these athletes
were among the best Judokas of their age and weight category in Tunisia based on their
achievements and performance in national and/or international championships and most of
them had won medals at prior competition events. All subjects followed Islam devoutly, were
non-smokers and did not consume alcohol. The mean and standard deviation (SD) for their
age, body mass (BM), and body mass index (BMI) were 18 £1 yrs, 68.13 £8.24 kg and 22.4

+1.8 kgem, respectively.

At the time of the study, all Judokas trained and lived together at the Tunisian High
School Sports Centre, Tunis, where the best national level athletes are accommodated in
training camps for their individual sports prior to competition. All the Judokas were regularly
exercising to maintain their physical performance and body mass by undertaking their usual
training loads, supervised by their coaches, and were preparing for the up-coming national
and international competitions. Both the training volume and intensity were relatively high;
the weekly training program included 9 training sessions averaging a total of 17 hours (6
days/week and >2 hours/day). Their regular judo training consisted mainly of a repetitive
series of short and intense exercises involving various components within a judo session; judo
specific interval training, technique and/or situation specific drills, Randori (free-style
sparring; (30)). Some additional cardiovascular training and fundamental resistance training

were incorporated within these sessions.



Thisisthe pre-published version.

Prior to commencing the study, all subjects were informed about the experimental
procedures, the possible risks and benefits of the study without being informed of its detailed
aims to ensure that participants gave equal effort in all the tests. Each subject signed a written
informed consent prior to participation. The experimental protocol was approved by the

University Research Ethic Committee of the Faculty of Sciences, Tunis.

Procedures

Subjects reported to the laboratory on four separate occasions (T1, T2, T3, and T4).
The first study session (T1) was performed 4-5 days before Ramadan. The second (T2), and
third (T3) sessions were performed in the middle (days 15-16) and the end (days 28-29) of
Ramadan, respectively. The fourth study session (T4) was performed three weeks following

Ramadan.

Every study session was conducted over two days. On the morning of the first day,
anthropometric and fatigue measures were taken and a venous blood sample was collected for
the determination of haematological parameters (7). Later that afternoon between 14:00 to
16:00 h, each subject completed muscle strength and power tests. On the second day, between
14:00 to 16:00 h, subjects completed a maximal 30-m sprint and a maximal endurance
running test. During the Ramadan phase of the study, subjects abstained from eating and
drinking according to the religious recommendations. Other than on the first day on each of
the study testing sessions when fasting was from 01:00 h, the period of fasting was from

04:57 - 18:09 h at the beginning of Ramadan to 05:19 - 17:33 h at the end of Ramadan.

Study measures
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Subjects reported to the laboratory at 08:00 h after an overnight rest of 9-12 h. Blood
samples were collected from the seated athletes at least 10-h following their last meal, and at
least 24-h after their last training session. During Ramadan, subjects ate before 01:00 h in
order that they would be at least 9-h fasted before the morning blood sample collection. The
anthropometric variables of height, body mass (BM) and skinfold thickness were measured,
and percentage body fat content, and fat free mass were calculated. The anthropometric and

hematological methodologies and values have been previously reported in an associated paper

().

Physical performance measures

All the subjects were familiar with the testing methods used in the study as they were
routinely performed as standard scientific follow-up testing during the season. To avoid the
influence of changes in circadian rhythms that have previously been reported during Ramadan
(31), all tests were conducted at the same time of day (between 14:00 to 16:00 h), and in the

same order under standard environmental conditions (26 £2°C and 75 +4% relative humidity).

The performance measures used in this study were selected as they are common tests
of anaerobic power and capacity, and aerobic power. Anaerobic power was assessed using a
squat jump (SJ), a countermovement jump (CMJ) and a 30-s repeated jump test followed by a
maximal sprint test. Aerobic power was assessed by the multistage fitness test (MSFT) (24).
The order of the tests was always: 1) SJ, CMJ and 30-s repeated jump test on the first day;

and, 2) maximal sprint and MSFT on the second day.

Jump tests
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The SJ, CMJ and the 30-s repeated jumps tests were assessed on a Quattro Jump
portable force plate (Kistler Instrument AG, Switzerland, at a sampling rate of 500 Hz). The
subjects completed three maximal vertical SJ and CMJ following previously described
methods (6). Jumps were measured in triplicate with a 2-min rest period between jumps and

the greatest jump height and associated peak-power was used for analysis.

30-s repeated jump-test: The repeated jump test was used to assess anaerobic capacity (3) by
performing successive maximal jumps (CMJ) on the force-platform for a period of 30-s (9).
Jump height and mechanical work were calculated for each jump during the test. The
cumulative flight time and the number of jumps performed formed the basis for the

calculations of mechanical power.

Maximal 30-m sprint test

After a standardized 10-min warm-up that included low intensity running, several
acceleration runs, and dynamic stretching, the subjects undertook a sprint running test
consisting of three maximal sprints of 30-m, timed using electronic photo-cells (Brower
Timing, USA). Times for 5-m and 10-m splits were also taken. All sprint tests were
conducted on the same indoor synthetic track with a 3-min active recovery (walking) in-

between. The fastest 30-m time was selected for analysis.

Multistage Fitness Test (MSFT)
The MSFT was performed 10-min after the sprint tests on the same indoor 20-m track
according to the methods described by Léger and Gadoury (24). Maximal aerobic velocity

(VWO2max, km/h) was taken as the velocity of the final successfully completed shuttle.
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Maximal oxygen uptake (VO2max) Was estimated from the appropriate regression equation

(24).

Physiological measures

Heart rate (HR) was recorded at 5-s intervals using heart rate monitors (S810™, Polar,
Kempele, Finland) during the MSFT. HRmax was taken as the highest HR achieved during
the MSFT. Blood lactate concentration was measured 3-min following the 30-s repeated jump
test and the MSFT. Blood samples (20 uL) were collected from the subject’s earlobe using
capillary tubes, and blood-lactate analysis was performed by enzymatic procedures

(Microzym-L; SGI).

Total score of fatigue

Subjects answered a fatigue abbreviated-questionnaire (8-items)(8). The eight
questions focused on the perception of training, sleep, leg-pain, infection, concentration,
efficacy, anxiety, irritability, and general stress and were assessed on a seven point likert scale
from very, very good (1 point) to very, very bad (7 points). The responses to the questions
were summed to obtain the total score of fatigue (TSF). A lower TSF represented a good

perception of well-being and a higher score represented an increased perception of fatigue.

Dietary intake

Energy-intake and fluid consumption were assessed at baseline (pre-Ramadan) during
a pre-fasting control week, through, and after Ramadan, by using a 24-h recall method (5),
which was completed by interview with an experienced dietician. Dietary records were
analyzed for energy-intake using a customized Microsoft Access Database that estimated the

subject’s food intake according to the food composition-tables published by the National

10
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Institute of Statistics (Tunisia). The macro- and micro-nutrient dietary estimates of the

subjects have been previously reported in an associated paper (7).

Training load

To determine whether the subjects’ global training load remained consistent through
the study, the session-RPE training score was taken following each session. About 30-min
after training-sessions subjects were asked to rate the global intensity of the entire workout
session using the category ratio-10 RPE scale according to the methods described by Foster et
al. (16). A daily training load was created by multiplying the training duration (minutes) by
the session-RPE. The weekly training load was determined by summing the daily training

loads for each athlete during each week.

Statistical analyses

All data are expressed as mean £SD. A Friedman’s two-way ANOVA for repeated
measures was used to determine the differences between the study phases, with each subject
serving as their own control (4, 7, 15, 30, 34). When a significant 2 value was achieved,
appropriate Wilcoxon post-hoc test procedures were used to locate the difference between T1
(pre-Ramadan measures) and T2-T4; global a-level control was enforced with the Bonferroni
principle: a global 0.05 alpha level was thus distributed evenly among the k individual
comparisons to be done, so that each comparison was tested against a 0.05/k probability level.
According to Sale (32) reproducibility analyses were performed using the method error (ME),
calculated as the standard deviation of the mean difference (SDmd) between test 1 and 2
divided by the square root of the number of tests performed (N n): ME = SDma x (N n ). The
coefficient of variation (CV), which quantifies the variation between each measurement as a

percentage of the joined mean ((X:mean+Xomean) x % ), was calculated from ME as follows:

11
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CV=MEx[(X1imean+Xzmean) x % ] ™.
These calculations were carried out for all outcome measures supplied by the test. The
intra-class correlation coefficient (ICC) was also calculated for the same measures.
Significance was set at the p<0.05 level. Statistical analysis was performed using the SPSS

Statistical-Package for Social-Science (version 13).

RESULTS

A consistent training load was maintained throughout the study period. The mean
weekly training-load at baseline, during and after Ramadan were 2095, 2102, and 2119 AU
(arbitrary units), respectively. Mean body mass was slightly reduced (1.8%; p < 0.01) by the
end of Ramadan due mainly to a 0.65 + 0.68 kg decrease in body fat (p < 0.05). Mean energy
intake (12.9MJ/d) remained similar throughout the study as did the macronutrient constituents

of the diet (7).

Performance, physiological and fatigue parameters

Sprint performance remained similar throughout the study (Table 1), with no
differences being detected between test sessions for the 30-m sprint times, or for the 5-m or
10-m split times. The estimated values for VVO2 max and VO2 max, determined from the MSFT
level reached by the subjects, and HRmax reached during the MSFT were also relatively
unchanged throughout the study (Table 1). Lactate levels in the circulation approximately 3

min after finishing the MSFT were essentially the same at each of the test sessions (Table 1).

The subjective total score of fatigue throughout the study was reasonably low (Table

1), however, it was higher in the middle and end of Ramadan (T2 and T3) in comparison with

12
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the pre-Ramadan period (TO) (p = 0.001). The TSF returned to baseline levels by the third

week after Ramadan.

Insert table 1 about here

The 30-s repeated jumps test performance had decreased slightly by the end of RIF in
comparison with the pre-Ramadan session (p = 0.005), but recovered during the period after
Ramadan (Fig. 1 and Table 2). The performance parameters in the other jump tests did not
significantly change during RIF (Table 2). As expected, blood lactate levels determined 3-min
after the 30-s repeat jump test, were lower than the corresponding lactate concentrations
following the MSFT (p = 0.005). There was a tendency for the circulating lactate levels to be
lower following the repeated jump test during Ramadan than either before or after Ramadan,

but no significant differences could be detected (Table 2).

Insert table 2 about here

Insert figure 1 about here

The test-retest interclass correlation coefficient and the reliability coefficient for all physical

tests are presented in table 3.

Insert table 3 about here

DISCUSSION

The aim of this investigation was to examine the effect of the RIF on the aerobic and

anaerobic performances in elite judo athletes who were maintaining their normal training load.

13
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The present results demonstrated that the RIF did not adversely affect the overall aerobic and
anaerobic performance of the Judokas undertaking intensive physical training. However, there
was a reduction in body mass, body fat (7), and the 30-s jump-test performance, and an
increased perception of fatigue during Ramadan. These findings support the assumption that
the metabolic challenges induced by RIF, combined with intense exercise training has little

appreciable effect on the performance of experienced athletes.

The session-RPE method has been shown to be a valid measure of internal training
load in a variety of exercise modes (16, 21). Moreover, previous studies have used RPE to
monitor exercise intensity during competition in elite judo athletes (33). The Judokas in the
present study maintained a high training load during the period of the study (~2100 AU
arbitrary unit) in order to sustain competitive fithess and muscle mass. The weekly training
load measured in this study was similar to the training loads reported during the in-season
period in Italian soccer players (~1900 AU; (21)), but lower than the loads observed in

overreached rugby league players (10).

The main finding of the present study was that there were no significant changes in
aerobic performance during the RIF despite a 1.8% reduction in mean body mass (7).
However, there was a significant decrease in the 30-s jump test performance, but not for any
other anaerobic test measures during the RIF. A recent study found no significant loss of body
mass, aerobic performance or lactate clearance rates in power-trained athletes during
Ramadan (23). In contrast with the present results and those of Karli et al. (23), other studies
have shown a reduction in both hand-grip strength and 30-s isometric rowing performance
associated with a 5% body mass loss following a seven-day, self-regulated food and fluid

restriction in national-level Judokas (12, 14). A possible explanation for the differences in the

14
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performance test results between the present study and those of these previous studies is the
disparity in body mass losses between the investigations. Additionally, the dietary
modifications in the previous studies were deliberately regulated to ensure inadequate energy
intake (12, 14); while, in the present study, there were no restrictions on either the quantity or
type of food that could be consumed between the daily fasts. There was no reduction in the
estimated daily energy intake during the RIF (13.1 +2.0 MJ-d!) compared with that before
Ramadan (12.5 +1.2 MJ-d}) in our athletes (7). Furthermore, it is unlikely that any of the
subjects were chronically hypohydrated during the study, as estimated mean fluid intake was
similar before, during and after Ramadan, and was in excess of 3 L-d* (7). Acute dehydration
would of course have occurred throughout the hours of daylight each day of Ramadan. It may
therefore be significant, that the 30-s repeated jump test was the last test carried out in the late
afternoon on the days when fast was broken at 01:00 h, and it was the only test where

performance decrements were noted during Ramadan.

The estimated energy-intake during the present study was similar to the average base-
line data reported for elite judo athletes (12, 14, 15). Additionally, there was a slight, but
significant reduction in calculated body fat (0.65 £0.68 kg) without observable changes in the
daily energy intake during RIF (7). These findings are in agreement with recent research
examining elite rugby players during Ramadan (4) and suggests that there may be an
increased utilization of fat during Ramadan. It is possible that the increased fat-oxidation
during RIF may assist endurance performance by delaying the onset of fatigue through the
sparing of muscle glycogen (18). Previous studies have also shown that fasting prior to
exercise may result in greater mobilization of liver glycogen, increased gluconeogenesis and

increased use of free fatty acids for fuel during exercise (13, 17, 26). It is possible that these

15
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metabolic adjustments during fasting may defend against a reduction in performance by

maintaining sufficient blood glucose for intense aerobic muscular activity.

The present results demonstrated that the month long repeated 12-13 h daily fasts
during the Ramadan-month did not alter most performance measures. These findings agree
with some previous studies that have reported no influence of short-term fasting on maximal
exercise performance (19, 23, 27). For example, McMurray et al. (27) found that VO2zmax was
not affected by a negative energy balance following a seven-day fast. In contrast, others have
reported that 24-hr fasting can result in a reduction of VOamax, increased metabolic acidosis
and a shorter time to exhaustion (17). It is difficult to make direct comparisons between the
present results and previous studies because these earlier studies failed to provide detailed
information on total energy and macronutrient intake. Additionally, the daily-fast in the
current study (12-13 h) was shorter than these previous studies (~24-h), and therefore it is
possible that the duration of the fast period may explain the differences in the results between
these investigations. However, two other studies, one involving Algerian professional soccer
players and the other players in an Israeli youth soccer team, found that the Ramadan fast was
associated with measurable decreases in physical performance (29, 34). In contrast to the
present study, the soccer players in both these previous studies reported a decrease in the
quality or quantity of their training during Ramadan, which may be the main reason for the

measured decrements in performance.

In the present study, both single-effort jump tests (SJ and CMJ) and multiple-effort
jump test (30-s repeated jump test) were used to assess anaerobic performance. As expected,
we observed no significant influence of RIF on SJ and CMJ performances. However, we did

observe a small but significant decrease in the 30-s repeated jump test performance at the end

16
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of Ramadan. The lack of change in the single-effort maximal jump tests was expected, and
agree with previous research (19, 23) that demonstrated no significant reductions in brief,
maximal-effort jump tests with either Ramadan or short-term fasting. The significant decrease
in the 30-s repeated-jump test during RIF in the present study agrees with the findings of
Filaire et al. (14) who reported that 7-d of food-restriction decreased the mean power output
in 30-s repeated jump test in elite Judokas. The explanation for the decreased repeated jump
test performance in the latter study was that the body mass loss and lower carbohydrate intake
caused reductions in muscle buffering capacity during intense muscular contractions (14). In
the present study, however, there was no change in the total carbohydrate intake and only a
moderate loss of body mass during the RIF (7). Therefore the physiological mechanisms
underlying the decreased 30-s repeated jump test performance in this study remain unknown.
Additionally, there was no significant change in peak blood lactate concentration, suggesting
that anaerobic glycolysis was not significantly influenced. As a result, we suggest that future
studies examine muscle carbohydrate content and its relationship to glycolytic metabolism
and performance during the RIF in high-level athletes.

It is well established that hypohydration can reduce physical performance (2).
Although previous research has also suggested that chronic dehydration is unlikely during
Ramadan, it is probable that moderate levels of hypohydration develop throughout the hours
of daylight during RIF, especially in warm weather (20, 25). It is likely that some of the body
mass loss observed during RIF in the present study can be attributed to acute body water loss.
Indeed, a significant 4.4 +6.9 % decrease in plasma volume was detected at the end of
Ramadan (7), which may support this suggestion. However, it is more likely that it is the
combined effects of a changed diet quality, reduction in meal frequency and repeated daily

dehydration whilst maintaining the same training schedule throughout the study period that

17
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are responsible for the slightly reduced 30-s repeated jump performance and psychological

changes observed in the present study.

The increased perception of fatigue reported during RIF is in agreement with previous
research that reported an increased sensation of fatigue associated with a hypocaloric dietary
intake during three-days of Ramadan in 750 sedentary Muslims (22). Others have also
reported increased perception of fatigue during exercise and at rest, in conjunction with
reduced running performance and a lower dietary carbohydrate intake during an 11-day
period of intensified-training (1). Although the link between the increased perception of
fatigue at rest and reduced 30-s repeated jump test performance in the present study is not
clear, it is possible that decreased central drive secondary to increased perception of fatigue

may be involved in the poorer 30-s repeated jump test performance.

The results of the present study demonstrated that RIF had little effect on performance
during maximal aerobic and anaerobic tests in elite judo athletes. Nevertheless, the RIF did
elicit a reduction in the 30-s repeated jump test performance and increased the athlete’s
perception of fatigue at the end of the Ramadan-month. More research in this area is required
to understand the mechanisms and energy pathways that allow athletes to maintain their
performance capacities during Ramadan. For example, the ability of athletes to perform
repeated-effort activities warrants further investigation. For athletes who are trying to reduce
their body mass slightly, while trying to maintain their muscle mass and athletic performance,
an intermittent fasting model similar to that of the RIF might be more effective than an
extended period of restricted-energy intake. Further studies are also required to determine the

length of time performance can be sustained over such periods of intermittent fasting.

18
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PRACTICAL APPLICATIONS

The present findings show that experienced athletes who participate in Ramadan can
maintain both sufficient energy intake and normal training loads during the RIF. However, it
does seem that Muslim athletes may be at risk of losing body mass and increased feelings of
fatigue during the RIF if diet and recovery are not carefully adjusted. These are important
considerations for coaches of Judokas, especially since these athletes compete in division set
by body mass. It is also suggested that coaches should carefully plan training loads during the
RIF to avoid maladaptive training. It is common practice for judo coaches to reduce training
demands during the RIF, in the belief that this will allow their athletes to cope better with the
training whilst following their religious demands. The present results suggest that high-level
judo athletes can cope with normal training loads during the RIF, but that this may increase an
athlete’s sensation of fatigue, which can be an early sign of overreaching. Therefore we
suggest that careful periodization of training, diet and recovery may be important factors that
coaches should consider when training Muslim athletes during the RIF. Another practical
application of the present results is that for athletes who are trying to reduce their body mass
slightly, but maintain their muscle mass and athletic performance, an intermittent-fasting
model, similar to that of the RIF, might be more effective than an extended period on an
energy-restricted diet. Further studies are also required to determine for how long

performance can be sustained over such periods of fasting.

19
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