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Abstract

During Ramadan, Muslims abstain from food and fluid intake from dawn to sunset for one 

month. These behavioural changes that accompany Ramadan may impact upon Muslim athletes 

who continue to train intensely. The aim of the present study was to evaluate the effect of 

Ramadan intermittent fasting (RIF) on the haematological, inflammatory, and immunological

measures in elite judo athletes maintaining their usual high training loads. Haematological 

markers of inflammation, hormones, and immune status were studied in 15 elite male judo 

athletes before, during, and after Ramadan. The RIF produced small but significant changes in 

inflammatory, hormonal, and immunological profiles in judo athletes. Serum C-reactive protein

increased from 2.93 ±0.26 mg·l-1 pre-Ramadan to 4.60 ±0.51 mg·l-1 at the end of Ramadan. 

Haptoglobin and antitrypsin also significantly increased at different phases during Ramadan, 

while homocysteine and pre-albumin remained relatively unchanged. Albumin decreased slightly 

by mid-Ramadan then recovered. Immunoglobulin A increased from 1.87 ±0.56 g·l-1 before 

Ramadan to 2.49 ±0.75 g·l-1 at the end, and remained high three weeks after Ramadan. There 

were no changes in the leucocyte cell counts throughout the study. The mean blood level of 

thyroid stimulating hormone, and free thyroxine significantly increased during RIF. Most of 

these changes were within the normal ranges. These results suggest that athletes who continue to 

train intensely during Ramadan are liable to experience a myriad of small fluctuations in

hormones, immunoglobulins, antioxidants, and inflammatory responses.
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Introduction

During the lunar month of Ramadan, healthy Muslim adults refrain from eating, drinking, and 

smoking during the daytime. Several studies have shown that the Ramadan intermittent fast (RIF) 

can alter the eating and sleeping patterns (for a review see Reilly and Waterhouse 2007; 

Waterhouse et al. 2008). These behavioural patterns may alter the physiological responses to 

exercise that may influence the athletes’ responses to training and subsequent exercise 

performance. At present there is relatively little information regarding the effect of the RIF on the 

physiological responses in well-trained athletes who maintain high training loads throughout

Ramadan (Bouhlel et al. 2006; Chaouachi et al. 2008; Chaouachi et al. 2009; Maughan et al. 

2008; Zerguini et al. 2008).  

Both exercise and diet can modulate the human immune and inflammatory states (Kelley 2001; 

Meksawan et al. 2004). For example, intense exercise has been shown to increase inflammatory 

response markers and depress the immune function (Kasapis and Thompson 2005; Mackinnon 

2000; Nieman 1997) whilst regular moderate intensity exercise can reduce inflammation (Albert 

et al. 2004; Ford 2002; Kasapis and Thompson 2005; Rauramaa et al. 2004) and improve 

immunocompetence (Mackinnon 2000). The negative effects of intense activity may be reduced 

by carbohydrate ingestion during exercise (Scharhag et al. 2006) or by increasing total dietary fat 

intake (Venkatraman et al. 2000). Unfortunately, for Muslim athletes, however, the intake of 

carbohydrates during exercise is prohibited if the training is completed during the daytime. 

Therefore, the combination of intense training with altered carbohydrate intake may place fasting 

Muslim athletes at greater risk of overreaching or overtraining during Ramadan (Halson et al. 

2004; Smith 2000).

For Review Purposes Only/Aux fins d'examen seulement
This is the pre-published version.



4

It is not clear if the RIF significantly alters the physiological responses of athletes who continue 

to train with high load during Ramadan. Several studies have shown that the metabolic response 

to exercise is changed during the RIF in well-trained athletes who train intensely (Bouhlel et al. 

2006; Bouhlel et al. 2008; Chaouachi et al. 2008). However, other investigators have reported no 

changes in biochemical, nutritional, subjective well-being, and performance variables in young 

male football players who followed RIF in a controlled training camp environment (Maughan  et 

al. 2008; Zerguini et al. 2008). At present however, it is unknown if these behaviour 

modifications during the RIF may influence other physiological parameters such as the 

inflammatory, hormonal, and/or immune systems.

Since athletes who participate in the RIF are unable to ingest carbohydrate during and 

immediately following daytime exercise, they may undergo altered haematological, 

inflammatory, and/or immunological responses to training. At present there are few published 

studies describing the effects of the RIF on the haematological, inflammatory, and 

immunological responses in elite athletes undertaking a high training load (Bouhlel et al. 2006; 

Chaouachi et al. 2008; Maughan et al. 2008; Zerguini et al. 2008). Therefore, the aim of this 

study was to investigate the effect of Ramadan on the haematological, inflammatory, and 

immunological markers of high-level judo athletes who maintained high training loads.

Materials and methods

Subjects

Fifteen healthy male elite judo athletes from the Tunisian national team who were maintaining 

their training schedule, volunteered to participate in the study spanning from October 2005 to 

December 2005 (Chaouachi et al. 2009). The mean and standard deviation (SD) of their age, 

body mass, and body mass index (BMI) were 18 ±1 years, 68.1 ±8.2 kg and 22.4 ±1.8 kg·m2, 
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respectively. All participants had a minimum of 8 years of competitive experience in regional 

and national tournaments, and ten of them had competed internationally. All subjects who 

underwent Ramadan fasting, were non-smokers, and did not consume alcohol. Each subject 

signed a written consent prior to participation after being informed orally and in writing about the 

experimental procedures and of the possible risks and benefits of the study. The National 

Research Ethics Committee approved the experimental protocol.

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. 

All the Judokas were regularly exercising to maintain their physical performance and maintain 

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 such as Uchikomi (the same technique practiced repeatedly, such as throw down, 

push down and hook down) and Randori (free-style sparring) (Pulkkinen 2001). Some additional 

cardiovascular and resistance training were incorporated within these sessions. Training heart

rate was measured for 10 of the judokas using a portable monitor (Polar Electro, Kempele, 

Finland) during a typical week of training in the Ramadan. The mean heart rate of the judokas 

during training was 131 ±16 beats· min-1 with a mean peak heart rate of 180 ±12 beats· min-1. 

These values are comparable to the mean and peak heart rates reported during specific judo 

training sessions in previous studies (Houvenaeghela et al. 2005; Yaegaki et al. 2007), which 

reflect the high exercise intensity of the overall training regimen.
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Experimental design

The aim of this study was to determine if the biological markers of inflammatory, and 

immunological status would be altered during RIF in elite judo athletes who were undertaking

their usual high training load. The global training load was estimated using a subjective feeling 

assessment based on the post-training rating of perceived exertion (RPE) of each session and the 

length of time spent on training on each session (Chaouachi et al. 2008; Foster et al. 2001). The 

mean weekly training-load at baseline, during, and after Ramadan were 2095, 2102, and 2119 

AU (arbitrary units), respectively (Chaouachi et al. 2008; Chaouachi et al. 2009). The mean 

weekly training loads in this study are similar to inseason training loads reported for professional 

Italian soccer players, professional Australian football and rugby league players and professional 

Tunisian soccer players (Coutts et al. 2008). However, the loads reported are less than 

overreached rugby league players (Coutts et al. 2007a; Coutts et al. 2007b) and overreached 

triathletes (Coutts et al. 2007c; Coutts et al. 2007d; Rietjens et al. 2005).

To assess the population validity of the session-RPE method in this study, association between 

session-RPE and training heart rate (HR) was examined. The session-RPE responses were 

compared to an objective HR-based method, described by Edwards (1993), assumed as the 

criterion validity (Impellizzeri et al. 2004). The HR and subjective perception of effort as 

session-RPE were assessed in 10 players (see above for details). Significant relationships were 

observed between individual session-RPE and all individual HR-based Training Load (TL) (r 

values from 0.76 to 0.86; P<0.001). Additionally a significant correlation was observed between 

collective session-RPE and collective Edwards’ training load (r = 0.88; p<0.002).

Subjects reported to the laboratory on five separate occasions. The first test session (T1) was 

performed 4 or 5 days before Ramadan. The second (T2) was performed in the first week (7th
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day, D7), the third (T3) was performed in the middle of Ramadan (days 15-16) and the fourth

(T4) was performed at the end (days 28-29). The fifth test session (T5) was performed three 

weeks following Ramadan. At each phase of the study, fasting venous blood samples were 

collected in the morning, between 8:00 and 10:00 from an antecubital vein. During Ramadan, for 

the pre-blood sampling days, subjects ate dinner no later than 1:00 to ensure that there was at 

least 9 hours of fasting before the morning sampling (Chaouachi et al. 2008). A 5 ml blood 

sample was collected into a plain vacutainer and 2 ml of blood was immediately transferred into 

tubes containing EDTA anticoagulant. This aliquot of blood was used for determining cell 

counts, the remainder of the blood in the plain tube was allowed to stand at room temperature to 

clot. After clotting, serum was prepared by centrifugation at 1500 g for 10 min at 4°C, collected 

and stored at – 20°C until subsequent analysis.

Subjects were instructed to avoid the consumption of caffeine and intense physical activity in the 

24 h prior to sampling. To avoid potential confounding effects of prior exercise on blood 

circulating biochemical and haematological parameters, coaches were asked to ensure that their 

judokas were given only light training within the 24-h period before they undertook the 

laboratory measurements (Leiper et al. 2008). During the study, subjects were asked to abstain 

from eating and drinking according to the religious recommendations. The hours for the fasting 

period in this study were from 04:57 to 18:09 h at the beginning of Ramadan and from 05:19 to 

17:33 h at the end of Ramadan. 

Biological measures

A range of hormones (leptin, thyroid stimulating hormone (TSH) and free thyroxine (FT4), and 

cortisol), inflammatory markers (pre-albumin, albumin, transferrin, antitrypsin, haptoglobin, 

homocystine, C-reactive protein (CRP)), immune function markers (immunoglobulin A (IgA), 

immunoglobulin G (IgG), immunoglobulin M (IgM), total leucocytes, neutrophils, lymphocytes, 
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and monocytes) and antioxidant markers (vitamin A, vitamin E) were assayed by the staff of an

ISO Quality Certified biochemistry laboratory.

Serum leptin concentrations were measured by radioimmunology methods (AxSYM System, 

Abbott Laboratories, Abbottpark, IL, USA) using the appropriate kit (Linco Research, St. 

Charles, USA). Thyroid stimulating hormone (TSH) and free thyroxine (FT4) were assessed by 

the respective immunoenzymatic method with an Axsym analyser (Abbott Laboratories, Abott 

Park, IL, USA). Serum homocysteine was assessed by a fluorescent polarizing immunoassay 

method using commercial kits on an Abott-Axsym analyser (Abbott Laboratories, Abbott Park, 

IL, USA). Serum inflammatory (pre-abumin, transferrin, alpha 1-antitrypsin, haptoglobin, C-

reactive protein (CRP); immunoglobulins, urea and creatinine concentrations were determined on 

a Konelab 20i automated analyzer (Thermo Electron Corp, Oy, Vantaa, Finland) using the 

respective kits (Konelab, Vataa, Finland). Total haptoglobin, leukocyte, neutrophil and 

lymphocyte counts were measured using an automated analyser (an automatic cell counter) 

(MS9-Melet Schloesing Laboratoires, Osny, France) according to the manufacturer instructions. 

Finally, vitamin A and E were assessed by high-pressure liquid chromatography (HPLC) as 

described by Driskell et al. (1982). 

Total score of fatigue

To assess changes in fatigue, each athlete answered an abbreviated-questionnaire (8-items) 

pertaining to fatigue (Chatard et al. 2003). This questionnaire has been demonstrated to be as 

effective as other physiological (heart rate variability (Atlaoui et al. 2007; Chatard et al. 2003), 

biochemical/immunological and hormonal tests (i.e. 24-h urinary cortisone levels, 24-h urinary 

cortisol and 24-h urinary cortisol/cortisone ratio and adrenaline/noradrenaline ratio (Atlaoui et al. 

2004; Atlaoui et al. 2007)) for assessing fatigue. The total fatigue score (TFS) requires 
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participants had to rate their perceptions of training, sleep, leg-pain, infection, concentration, 

efficacy, anxiety, irritability, and general stress using a seven point likert scale ranging 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. We have previously 

reported the changes in TSF for this group (Chaouachi et al. 2009). 

Statistical analyses

All data are expressed as mean ± SD. Friedman’s two-way ANOVA for repeated measures was 

used to determine the differences between the phases of the study, with each subject serving as 

his own control. When a significant χ2 value was achieved, appropriate Wilcoxon post-hoc test 

procedures were used to locate the difference between T1 (pre-Ramadan measures) and T2-T5; 

global α-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. Pearson product moment correlation coefficients 

with linear regression analysis were calculated to determine whether there was a significant 

relationship between session-RPE and the HR-based training loads. Statistical analysis was 

performed using the SPSS/PC Statistical Package for the Social Science (version 13).

Results

Biological measures

The results showed that serum levels of albumin significantly decreased in the middle of 

Ramadan and that pre-albumin significantly decreased during the post-Ramadan period. The 

blood level of transferrin did not vary during Ramadan but significantly increased three weeks 

post-Ramadan (table I). 
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Blood CRP levels significantly increased in the middle (25.3%) and at the end (57.0%) of 

Ramadan, and returned to baseline value post-Ramadan. Alpha-1 antitrypsin increased at the start 

of Ramadan, returned to baseline levels in the middle, then significantly rose again at the end of 

Ramadan, where it remained for at least three weeks after Ramadan. Haptoglobin also 

significantly increased at the beginning and the middle of Ramadan but returned to the baseline 

values by the end of Ramadan (table I). The increase in these markers during the RIF did not 

reach the upper limit of the normal range (table I). There was no statistical difference in mean 

levels of homocysteine in comparison with the baseline value.

Serum levels of IgA and IgG increased significantly during Ramadan and had not returned to the 

baseline levels three weeks after Ramadan. The serum IgG concentrations, which fluctuated 

during Ramadan, slightly exceeded the normal range for healthy individuals in the post-Ramadan 

period. The mean serum level of IgM was elevated at the beginning of the fasting period, 

decreased in the middle and had returned to baseline levels by the end of the RIF. Circulating 

leucoctye numbers remained essentially unchanged throughout the study period, and all appeared 

to be within the normal range for healthy individuals. 

INSERT TABLE I ABOUT HERE

The serum level of TSH had significantly increased by the end of Ramadan, but returned to 

baseline levels in the three weeks after Ramadan. The circulating concentration of FT4 increased

slightly in the early part of Ramadan, but then returned to baseline levels. Serum levels of

cortisol significantly decreased during the RIF and remained below baseline levels for at least 
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three weeks after Ramadan. The circulating leptin concentration did not appear to vary during the 

study (table II).

Serum vitamin A levels had increased significantly by the end of Ramadan and they tended to 

rise further in the immediate post-Ramadan period. Three weeks after Ramadan mean circulating 

levels of vitamin A were slightly higher than the normal range. Serum vitamin E concentrations 

were lower at the end of Ramadan than at baseline, but had recovered within three weeks 

following Ramadan (table II).

INSERT TABLE II ABOUT HERE

Total score of fatigue

The TSF (mean ±SD) was significantly increased in the middle (T3 - 19 ±5) and at the end of 

Ramadan (T4 - 16±4) in comparison with the control period (T1- 12 ±3) (p = 0.001). The TSF 

returned to baseline levels by the third week after Ramadan (T5- 12±2; (Chaouachi et al. 2009)). 

Discussion

The main findings from this study were that the combination of the RIF and a high training load 

in well-trained judo athletes increased fatigue levels and caused small alterations in many 

biochemical variables. Specifically, the blood levels of prealbumin and vitamin E were relatively 

stable throughout Ramadan and albumin concentration increase only at the mid-point of 

Ramadan, CRP, IgA, IgG, and antitrypsin levels were all increased at some phases of Ramadan. 

The circulating levels of cortisol were lower within the first week of the RIF and remained at 

these levels throughout the remainder of the study period. Although some of the measured acute 

phase protein and immunoglobulin levels altered during the RIF, immune cell numbers remained 
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relatively stable. These results suggest that athletes continuing to complete high training loads

during Ramadan are likely to experience a myriad of small biochemical adjustments leading to 

alterations in the hormonal, immune and antioxidant systems. Despite this, there was not clear 

evidence to suggest a major increase in physiological stress or chronic systemic inflammation.

Judo is a dynamic, physically demanding combat sport that incorporates a variety of throwing 

and choking manoeuvres, which makes full use of the entire body. The brief and intense efforts 

sustained during judo fights may lead to tissue trauma and injury (Perrot et al. 2000). A

limitation of this study is that we did not directly measure tissue damage in the judokas. 

However, there are studies that have shown that tissue damage occurs during intensive training 

similar to that completed in this study (Mochida et al. 2007; Umeda et al. 2008). It is possible 

that this training-related tissue trauma might be involved in the changes in the small changes 

observed in the inflammatory and immune measures (Smith 2004).

Previous research has shown that tissue trauma that occurs during intense physical training can 

lead to systemic inflammation and fatigue (Smith 2000). During the initial stages of the 

inflammation response, the liver produces large quantities of acute phase proteins (e.g. C-reactive 

protein, haptoglobin, alpha 1-antitrypsin, pre-albumin, and transferrin) as the primary mechanism 

for regulating the inflammatory process. Associated with the increase in the positive acute phase 

proteins, is a concomitant decrease in negative acute phase proteins (e.g. albumin) (Smith 2000). 

In accordance with this previous research, the present results showed that several of the positive 

acute phase proteins (i.e. CRP, alpha-1 antitrypsin and haptoglobin) increased during RIF. 

Additionally, there was a significant concomitant decrease in the albumin levels in the middle of 

Ramadan. These results contrast with recent research reporting that the RIF has positive effects 

on the inflammatory status of the body in healthy sedentary volunteers (Aksungar et al. 2007). 
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The difference between these studies may be the influence of the intense judo training completed 

in this study. Collectively, the findings of the present study suggest that judo athletes who 

undertake high training loads during RIF might endure an increased systemic inflammatory 

response and fatigue levels; however, these changes do not appear to be at levels that have been 

implicated in situations of severe tissue trauma such as overtraining (Smith 2000). 

On the basis of the measures from this study, however, it is not possible to clearly differentiate

between the effects of the physical exercise and that from the restricted daytime water and food 

intake. Indeed, the changes in plasma volume in this group of judokas during Ramadan did not 

follow the same variations as the acute phase proteins and immunoglobulins (Chaouachi et al. 

2008). Therefore, it is unlikely that the changes in plasma volume are responsible for the 

observations in the present study. Moreover, because the subjects were fasted for at least 9 h 

prior to being bled on each occasion throughout the study, they would have been acutely 

hypohydrated at the time of sampling.  However, the anthropometric measurements taken in this 

study also indicate that the judokas were hypohydrated by about 200 ml and 570 ml at the mid 

and end of Ramadan, respectively (Chaouachi et al. 2008). These small losses in body water are 

also unlikely to noticeably affect the circulating concentrations of the measured proteins.

Chronic systemic inflammation has also been implicated in compromising the immune system 

(Smith 2004). Several authors have reported that the immune system of athletes can be 

compromised during periods of intensified training (Foster 1998; Halson et al. 2003) or when 

there is insufficient food and fluid intake (Venkatraman and Pendergast 2002). Several of the 

immune markers taken in this study followed a pattern similar to that of the CRP and other 

positive acute phase proteins. Both the IgA, and IgG levels were elevated during the Ramadan 

period with a higher value after the end of fasting compared with the beginning of the RIF. 
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However, these changes were relatively small and not mirrored by the IgM concentrations. The 

fact that the immunoglobin isotypes in this study did not respond in a similar manner could be 

explained by a possible switching of immunoglobulin isotypes from IgM to IgG, which has 

previously been reported following ultra-endurance marathon (Coffman et al. 1993; McKune et 

al. 2005), with IgM changes occurring before that of IgG. These immune changes may be related 

to an inflammatory response that occurs with tissue trauma associated with the intense physical 

training and RIF. However, given the relatively small and inconsistent variations in the acute 

phase reactants in the judokas in the present study, it is unlikely that there was marked increase in 

tissue trauma associated with the RIF. It is nevertheless possible that the transient changes in the 

markers of inflammatory response seen in the present study may be the result of tissue trauma 

produced several days before the relevant blood sample was collected.

It is well known that the total leucocyte count increases in the few hours after maximal exercise 

(Nieman 1997). Specifically, neutrophils are active within the first 24 h after intense exercise and 

thereafter monocytes move-in to provide macrophage activity. However, in agreement with other 

research that showed no changes in leucocytes in college judokas during weight loss induced 

through energy restriction (Kowatari et al. 2001), the elite judo athletes in the present study also 

demonstrated no changes in the numbers of either the total of different types of leucocytes during 

RIF. In the present study, the leucocytes were not measured immediately after training, which 

may explain the absence of significant changes found in these variables. The present results are 

similar to other studies on overreaching in rugby league players that have shown that numbers or 

percentages of leucocytes are not significantly changed following intense training periods (Coutts 

et al. 2007b). Nonetheless, the present results suggest that the combination of a high training load

with the RIF does not significantly affect blood leucocytes counts 24 h after exercise in elite judo 

athletes.
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It has been suggested that the effect of intensified training periods on the inflammatory and the 

immune function could be mediated by cortisol (DeRijk et al. 1997). In the present study the 

blood cortisol levels decreased rather than increased when tested during Ramadan. The main 

reason for this is likely to be the timing of the blood sampling, as the normal phase shift in 

cortisol secretion during Ramadan results in lower circulating levels in the morning than outwith

the Ramadan period (al-Hadramy et al. 1988; Reilly and Waterhouse 2007). Other studies have 

reported that cortisol increased at 15:00 h and at night time compared with that collected at the 

same times while not following Ramadan (al-Hadramy et al. 1988; Fedail et al. 1982). Therefore 

it is possible that the cortisol levels of the judokas in this study may have increased later in the 

day. However, since all blood samples were collected at the same time of day after at least 9 h of 

fasting and several hours of sleep, comparisons at each stage of this study are possibly more 

pertinent. Indeed, the protocol used in the present study probably gives a better comparison 

between parameters as the measures were made at the same time of day following similar 

lifestyle and behavioural patterns (i.e. exercise, eating times and sleep). Despite this, the present 

study cannot clarify whether cortisol levels in the previous 24 h influenced the small changes that 

were observed in some of the immune responses. Future studies should correct biological 

variable for circadian rhythms to allow for appropriate examination of the relationships between 

cortisol, inflammatory and immune responses during RIF. 

In accordance with previous research on healthy adults observing Ramadan, we discovered 

elevated TSH (Sajid et al. 1991) and FT4 (Fedail et al. 1982) during the RIF. However, both of 

these changes appeared to be transient and remained within the normal healthy range. It appears 

that these hormonal changes may be related to the metabolic adjustments made with the 

alteration of food and fluid intake along with the continued high training loads during the RIF. 
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Reduced vitamin E at the end of the RIF suggests that there may have been a training-induced 

down-regulation of the antioxidant system (Finaud et al. 2006b); however, dietary changes 

cannot be discounted. This has also been reported in team sport athletes and triathletes following 

periods of intensified training or competition schedules. A deficiency in vitamin E has previously 

been associated with increased oxidative stress, fatigue and reduced endurance performance 

(Coombes et al. 2002; Finaud et al. 2006a; Finaud et al. 2006b) and also with periods of 

intensified training and competition in elite rugby players (Finaud et al. 2006b). In contrast, the 

elevated Vitamin A during the RIF suggests an up-regulation in retinol for the judo athletes in 

this study. There is not a clear explanation for the increases in plasma vitamin A during the RIF 

in the present study; however, dietary changes cannot be discounted. Previous studies have 

shown that increased dietary vitamin A over a 35-day period increased plasma vitamin A levels 

in elite basketball players (Schroder et al. 2001). 

The health and wellbeing of athletes is important in optimizing training and performance. 

Therefore, the stability of the immune system and inflammatory process is therefore crucial for 

elite athletes especially during periods of increased physical or psychological stress (Smith 

2000). The differences between biochemical and immunological parameters in blood samples 

observed before and during Ramadan fasting must be carefully interpreted. Indeed, it is well 

established that small variations in circulating haematological and biochemical levels in athletes, 

that may not be considered clinically relevant and fall into normal values described for the 

general healthy population (Banfi et al. 2006), may still signal physiological stress. The changes 

in biochemical parameters in the present study show a trend towards an elevated inflammatory 

response but a stable immune system response. However, the present results do not provide clear 
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evidence to confirm that the judokas were showing signs of overreaching/overtraining or

suffering chronic systemic inflammation. 

In summary, the present results indicate that experienced Muslim athletes who continue to 

undertake high training loads during Ramadan are likely to experience slightly higher levels of 

fatigue and a cascade of small biochemical adjustments including hormonal, immunoglobulin 

and antioxidant system changes, and an elevated inflammatory response. It appears that that 

Muslim athletes who are experienced in training throughout Ramadan can adopt coping strategies 

that allow them to prepare for competition during a month of intermittent fasting (Zerguini et al. 

2008). Coaches, sport scientists, and nutritionists of athletes who undergo Ramadan fasting 

should, however, be aware of the potential impact of the RIF on fatigue, the immune system and 

athletic performance, and ought to carefully periodize the training and monitor the dietary intake 

and fatigue levels of their athletes.
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Table I. Blood levels (mean ± SD) of inflammatory and immunological parameters before, during and after Ramadan.

Significantly different from the pre-Ramadan phase (p<0.05)*, (p<0.01)†

Parameters Units

Pre 

Ramadan

T1

Start 

Ramadan

T2

Mid 

Ramadan

T3

End 

Ramadan

T4

Following 

Ramadan

T5

Normal 

Range

Acute Phase Proteins

Pre-Albumin g·l-1 0.27±0.05 0.27±0.07 0.26±0.05 0.29±0.05 0.20±0.08 * 0.2-0.4

Albumin g·l-1 46.2±1.5 47.0±1.8 45.0±1.5 * 47.6±3.7 49.2±4.6 35-52

Transferrin g·l-1 2.69±0.27 2.77±0.38 2.58±0.28 2.88±0.42 3.44±0.49 * 2.0-3.6

Alpha-1 

Antitrypsin
g·l-1 1.36±0.10 1.55±0.21† 1.38±0.14 1.49±0.20 * 1.69±0.19 † 0.9-2.0

Haptoglobin g·l-1 0.77±0.48 1.09±0.6 * 1.15±0.38 * 1.01±0.46 0.88±0.44 0.3-2.0

Homocysteine µmol·l-1 10.72±1.78 11.77±2.49 11.56±2.03 11.8±3.09 11.37±1.46 8-12

C-reactive protein mg·l-1 2.93±0.26 3.40±0.83 3.67±0.49 * 4.60±0.51† 2.53±1.06 0-10

Immune Measures

IgA g·l-1 1.87±0.56 1.98±0.54 † 2.02±0.58 † 2.40±0.7 † 2.49±0.75 † 0.7-4

IgG g·l-1 13.54±2.75 14.48±2.63 * 13.82±2.63 15.53±3.18 * 17.42±3.84 * 7-16

IgM g·l-1 1.19±0.39 1.35±0.42 * 0.95±0.42 * 1.27±0.45 1.65±0.65 0.4-2.3

Total leucocytes 109·l-1 6.29±1.70 6.51±1.81 6.06±1.23 6.87±1.85 6.32±1.46 4-10

Neutrophils 109·l-1 3.46±1.46 3.86±1.65 3.19±0.94 3.87±1.47 3.48±1.17 2-6

Lymphocytes 109·l-1 2.53±0.53 2.39±0.40 2.55±0.35 2.66±0.45 2.53±0.52 1.5-7.0

Monocytes 109·l-1 0.20±0.09 0.16±0.05 0.19±0.05 0.21±0.11 0.19±0.09 0.1-1.5
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Table II. Mean (±SD) blood levels of hormonal and antioxidant markers.

Parameters Units

Pre 

Ramadan

T1

Start 

Ramadan

T2

Mid 

Ramadan

T3

End 

Ramadan

T4

Following 

Ramadan

T5

Normal 

Range

Hormones

Leptin ng·ml-1 1.61±0.46 1.87±0.53 1.84±0.83 1.69±0.53 1.45±0.32 1.4-9.8

TSH mUI·-l 1.64±0.57 1.67±0.5 1.34±0.69 2.12±0.89 * 1.65±0.46 0.12-3.4

FT4 ng·l-1 0.98±0.13 1.05±0.16 * 1.06±0.17 1.00±0.16 0.97±0.13 7.0-18.5

Cortisol mg·dl-1 13.4±2.2 9.0±1.9 * 9.3±2.3 * 10.3±2.1 * 10.6±2.6 * 5-30

Vitamins

Vitamin A mg·l-1 0.44±0.07 0.46±0.09 0.49±0.09 0.62±0.18 † 0.76±0.27 † 0.35-0.70

Vitamin E mg·l-1 10.1±1.6 11.0±2.9 9.1±1.3 7.6±2.0 † 9.8±2.2 5-15

Significantly different from the pre-Ramadan phase (p<0.05)*, (p<0.01)†
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