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Background: Increased physiological load combined with intermittent fasting can affect athlete overall
well-being and recovery. The objective of the present investigation was to assess the impacts of
increased game frequency, as a measure of increased physiological load, on body composition, sleep
habits, indices of well-being, recovery state and dietary intake in professional male basketball players
during Ramadan intermittent fasting (RIF).

Methods: Twenty-eight professional basketball players participated in this study and were divided into
increased-games-frequency (INCR) or normal games-frequency (NORM) groups. INCR trained four times
and completed two games per week, whereas NORM completed only one game per week. During the first
and fourth weeks of RIF, the following variables were assessed: internal-load (weekly session rating-of-
perceived-exertion [s-RPE}, heart-rate [HR]), dietary-intake, body-composition, sleep-quality (PSQI
survey), well-being indices questionnaire (sleep, fatigue, stress, delayed-onset-of-muscle-soreness
[DOMS]), and recovery state with the Total Quality Recovery (TQR) questionnaire.

Results: Bonferroni post-hoc tests revealed increased internal load after 4 weeks of RIF in INCR
compared to NORM. In addition, a significant decrease in session-average HR, sleep duration and
recovery and increased DOMS. Both groups experienced a decrease in body mass and fat mass that was
greater in INCR compared to NORM.
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Conclusion: Basketball players are significantly affected by increased game frequency (physiological
load) during Ramadan with larger decreases in sleep duration, carbohydrate intake, and recovery state
and increased DOMS; all of which could affect exercise performance and health.
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36

37 Abstract:

38 Background: Increased physiological load combined with intermittent fasting can affect athlete 

39 overall well-being and recovery. The objective of the present investigation was to assess the 

40 impacts of increased game frequency, as a measure of increased physiological load, on body 

41 composition, sleep habits, indices of well-being, recovery state and dietary intake in professional 

42 male basketball players during Ramadan intermittent fasting (RIF). 

43 Methods: Twenty-eight professional basketball players participated in this study and were divided 

44 into increased-games-frequency (INCR) or normal games-frequency (NORM) groups. INCR 

45 trained four times and completed two games per week, whereas NORM completed only one game 

46 per week. During the first and fourth weeks of RIF, the following variables were assessed: internal-

47 load (weekly session rating-of-perceived-exertion [s-RPE}, heart-rate [HR]), dietary-intake, body-

48 composition, sleep-quality (PSQI survey), well-being indices questionnaire (sleep, fatigue, stress, 

49 delayed-onset-of-muscle-soreness [DOMS]), and recovery state with the Total Quality Recovery 

50 (TQR) questionnaire.

51 Results: Bonferroni post-hoc tests revealed increased internal load after 4 weeks of RIF in INCR 

52 compared to NORM. In addition, a significant decrease in session-average HR, sleep duration and 

53 recovery and increased DOMS. Both groups experienced a decrease in body mass and fat mass 

54 that was greater in INCR compared to NORM. 

55 Conclusion: Basketball players are significantly affected by increased game frequency 

56 (physiological load) during Ramadan with larger decreases in sleep duration, carbohydrate intake, 

57 and recovery state and increased DOMS; all of which could affect exercise performance and 

58 health.
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74 INTRODUCTION

75      Basketball is a demanding team sport in which the on-court success depends on technical-

76 tactical skill as well as physiological variables such as cardiovascular fitness, speed, agility, power, 

77 and strength (O Brien et al.,2020; Petway et al.,2020; Stojanović et al., 2018). Previous studies have 

78 reported that performance measures (e.g., shooting accuracy, decision making and sports specific 

79 motor performance (Ardigò et al., 2018; Padulo., 2015., Padulo et al., 2018)) can be negatively 

80 affected by an athlete�s physiological or mental fatigue state (e.g., overtraining, congested games 

81 period or inadequate nutrition (Brini et al., 2020; Clemente et al., 2019; Edwards et al., 2018; Fox 

82 et al., 2022; García et al., 2022). In this context, several studies have monitored and quantified the 

83 physiological load (session rate of perceived exertion (s-RPE), heart rate (HR), blood lactate 

84 concentration, etc.) in basketball during training sessions and matches to manage the players� 

85 fatigue during any phase of the sports season (Fox et al., 2022 Conte et al., 2018 Fox et al., 2017; 

86 Moreno-Villanueva et al., 2022). Different circumstances could influence the s-RPE values in 

87 basketball, such as congested schedules with multiple matches played in close succession 

88 (Edwards et al., 2018), the weekly workloads encountered by players (Conte et al., 2018) and 

89 tapering strategies (Edwards et al., 2018; Fox et al., 2022; Conte et al., 2018).

90      In addition, congested game periods may coincide with special situations, such as the Ramadan 

91 intermitting fasting (RIF), which represents an added stress, especially for Muslim players who 

92 continue professional sports during RIF with no modified sports calendar (Brini et al., 2018; 

93 Kirkendall., 2008). The RIF requires that adult Muslims complete only two daily meals (before 

94 sunrise and after sunset (Zerguini et al., 2007). Additionally, the RIF is associated with significant 

95 changes in lifestyle rhythms (Nobari et al., 2022), body composition (Brini et al., 2020), sleep 

96 (Roky et al., 2004), biochemical variables (Brini et al., 2021) and physical activity level, which 

97 could influence sport performance (Brini et al., 2020; Nobari et al., 2022; Brini et al., 2020; Roky 

98 et al., 2004; Brini et al., 2021; Chaouachi et al., 2008; Memari et al., 2011). In this context, Mujika 

99 et al., (2010) suggested Muslim athletes may reduce the training load during the RIF. Recently, 

100 Brini et al. (2021) reported significantly greater decreases in body mass (4%), body fat percentage 

101 (9%), total energy intake (20%), carbohydrate intake (8%), protein intake (6%), sleep duration 

102 (29%) and sleep quality (22%) (using the Pittsburgh Sleep Quality Index (PSQI)) after 4 weeks of 

103 RIF in profession male basketball players.  Players also reported significant increases in s-RPE 

104 after RIF.  Moreover, these researchers reported that technical performances were negatively 

105 affected independent of changes in body composition, sleep habits, and s-RPE. This study had 

106 only 1 game pre week. To the best of our knowledge there are no studies which have investigated 

107 the specific impact of an increased games frequency period (more than one game per week) during 

108 the RIF, on body composition, sleep quality, wellbeing and recovery in basketball players. 

PeerJ reviewing PDF | (2023:07:87980:0:1:NEW 21 Jul 2023)

Manuscript to be reviewed



109          Therefore, the aim of this study was to examine the changes in body composition, internal 

110 load, sleep habits, well-being indices, recovery state and dietary intake with an increased game 

111 frequency (2 versus 1 game per week) during the RIF in male professional basketball players. 

112 Based on previous studies (Fox et al., 2017; Fox et al., 2022; Conte et al., 2018 Brini et al., 2020), 

113 we hypothesized that the time coincidence of RIF and an increase in basketball games would 

114 negatively affect the sleep habit, well-being indices, recovery state and dietary intake in 

115 professional male basketball players.

116 MATERIELS AND METHODS

117  Study Design 

118        A longitudinal study design was applied to assess the effects of increased game frequency 

119 during RIF on professional basketball players� body composition, dietary intake, sleep habits, well-

120 being indices and recovery state. Participants were divided into groups (an increased game 

121 frequency group [INCR, n=14] and normal game frequency group [NORM, n=14]). Overall, the 

122 study lasted five weeks and was conducted during the 2021/2022 basketball season, coinciding 

123 with the RIF (from April until May). The daily fasting length was 15�16 h (temperature: 25.3±3.4 

124 °C; relative humidity: 43.1±9.8%; training session time: between 5:00 and 6:30 p.m.; game time: 

125 between 4:00 and 6:00 p.m.). During the RIF period, INCR trained four times per week and 

126 completed two games per week (Wednesday and Saturday), whereas NORM trained five times per 

127 week and completed one game per week (Saturday). Changes in weekly internal load (sum of all 

128 daily session RPE * session durations), dietary intake, body composition, well-being indices 

129 (sleep, fatigue, stress, delayed-onset-of-muscle-soreness [DOMS]), recovery state with the Total 

130 Quality Recovery (TQR) questionnaire and sleep quality (PSQI) were investigated during the first 

131 and the fourth week of the RIF for both groups (Figure 1).

132

133 ****Please insert Figure 1 near here****

134  Participants

135        The power of the simple size was calculated using G*Power v. 3.0 software (Heinrich Heine 

136 University Düsseldorf, Düsseldorf, Germany). A total of twenty-eight basketball players 

137 competing in the Tunisian league first division volunteered to participate in this study (Table 1). 

138 For both groups, players had similar training experience (13.12±1.21 years) and weekly practice 

139 load (≈8 h). The baseline physical fitness and technical skill levels were measured (Delextrat et 

140 al., 2013) and no significant differences between groups were found. Each team included three 

141 guards, three shooting guards, three small for-wards, three forwards and two centers. The inclusion 

142 criteria for study participation were: (1) participation in at least 90% of the training sessions during 

143 the RIF period; (2) participants were fasting all over the experimental period; (3) free of injuries 

144 the two months prior to RIF (4) and not taking any supplements, medications or other drugs. All 

145 participants were informed about the purposes, benefits and risks associated with the study and 

146 provided written informed consent to participate. The investigation was approved by the local 

147 Clinical Research Ethics Committee of the Heigh Institute of Sports and Physical Education of 
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148 kef, University of Jandouba, kef, Tunisia (approval No. 4/2018) and the protocol was performed 

149 according to the Declaration of Helsinki.

150 ****Please insert Table 1 near here****

151  Procedures

152         Familiarization sessions were conducted for all participants before beginning of the 

153 experimentation. Participant were instructed to wear the same footwear and the training and testing 

154 sessions were conducted at the same time of day. All over the experimental period training duration 

155 (~90 min per session). Training sessions for INCR and NORM started with warm-up followed by 

156 basketball specific (technical/tactical drills), specific basketball movements, basketball technique 

157 fundamentals and basic defensive. (Table 2).

158

159 ****Please insert Table 2 near here****

160

161 Assessment

162  Internal Load Monitoring

163        The RPE was recorded Thirty minutes following each training session using Borg�s 10-point 

164 Likert scale according to the methods described by Foster et al. (2001). The s-RPE was calculated 

165 by multiplying the session duration (minutes) by the session RPE. The weekly load was then 

166 determined by summing the daily loads (s-RPE) for each athlete during each week.

167         Heart rate was continuously monitored throughout the training intervention using heart rate 

168 (HR) monitors (Polar Team Sport System, Polar-Electro OY, Kempele, Finland) and was recorded 

169 at five-second intervals. The relative HR for each participant was obtained from the Yo-YoIR1. 

170 The following formula was used to calculate %HRmax: [ %HRmax=(HRmean/HRmax) ×100]. 

171 Weekly HRavg was calculated by the average value for the entire week for each period.

172 Anthropometrics

173         Height was measured in cm with a precision of 0.1 cm using a portable stadiometer (Seca, 

174 Maresten, UK). Participants were weighed wearing light clothes and without shoes using an 

175 electronic balance (Soehnle Pharo 200 Analytic, Soehnle Industrial Solutions GmbH, Backnang, 

176 Germany), with a precision of 0.1 kg and the body mass index (BMI) was calculated by dividing 

177 the weight (kg) by the square of the height (m). The four site skinfolds method (biceps, triceps, 

178 sub-scapular and suprailliac skin folds) was used to determine the body fat percentage. A caliper 

179 (Harpenden caliper) was utilized during this technique. Body fat percent-age was then calculated: 

180 BF% = ((4.95/body density) −4.5) ×100 (body density=1.1631�0.0632·log of the sum of four skin 

181 folds) (Sisic et al., 2015). Anthropometric measurements were taken according to the International 

182 Society for the Advancement of Kinanthropometry (ISAK) recommendations. The same qualified 

183 technician took all these measures.
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184 Dietary Intake

185       Participants noted all meals consumed throughout the experimental period, noting and 

186 recording the amounts and types of food and fluid consumed. Additionally, they were interviewed 

187 and a nutritionist analyzed data by means of the software program Bilnut (Nutrisoft Bilnut: Food 

188 Survey Program version 2.01) and the food-composition tables of the Tunisian National Institute 

189 of Statistics (Hammouda et al., 2013).

190 The Pittsburgh Sleep Quality Index

191       The validated Arabic version of the Pittsburgh Sleep Quality Index (Suleiman et al.,2009) was 

192 used to assess subjective sleep quality during the RIF (Buysse et al.,1989). It comprised 19 

193 questions covering seven components of sleep: duration, quality, latency, efficiency, disturbances, 

194 daytime dysfunction and the use of sleeping medications. The total score ranges from 0 to 21, 

195 where �0-4� designates good sleep and �5-21� indicates poor sleep in all sleep areas. 

196 Psychometric Markers 

197       Fifteen minutes before the warm-up, each player was asked to complete ratings of well-being 

198 indices (quality of sleep, fatigue, stress and delayed onset of muscle soreness [DOMS]) 

199 considering the timeline from the last (training or match) session until the moment of the new 

200 session. Players rated each index using a scale from 1 to 7 points, where one indicated �very, very 

201 low� (fatigue, stress and DOMS) or �good� (quality of sleep) and 7 indicated �very, very high� 

202 (fatigue, stress and DOMS) or �bad� (quality of sleep) (Sampaio et al., 2009). The sum of these 

203 four scores was used to calculate the Hooper Index (HI (Ouergui et al., 2020). A higher HI score 

204 indicates a more negative state of well-being. After each player completed the well-being indices, 

205 the recovery state was evaluated using the Total Quality Recovery (TQR) scale (Selmi et al., 2018). 

206 The TQR scale ranges from 6 to 20, where 6 indicates �very, very poor re-covery� and 20 indicates 

207 �very, very good recovery.� Previous studies have used this scale as an indicator of athletes� 

208 perceived recovery (Selmi et al., 2018).

209 Statistical Analyses

210        The statistical analyses were computed using SPSS for Windows, version 20.0 (SPSS Inc., 

211 Chicago, IL, USA). The cutoff esteem was set to be p ≤ 0.05 for all measures to represent statistical 

212 significance. The normality was tested and confirmed using the Shapiro�Wilk test and data were 

213 presented as means and standard deviations (SD). Baseline values were compared using t-tests for 

214 independent samples. The variation of all measures was compared using a 2 (groups: INCR, 

215 NORM) ×2 (time: week1, week4) repeated measures ANOVA. The Bonferroni corrected post-hoc 

216 tests were performed if significant interactions were found. Additionally, effect sizes (ES) were 

217 determined from ANOVA output by converting partial eta-squared to Cohen�s d (1973). Following 

218 Hopkins et al. (2009), ES were considered trivial (<0.2), small (0.2�0.6), moderate (0.6�1.2), large 

219 (1.2�2.0) and very large (2.0�4.0). In order to examine the relationship between weekly internal 

220 load, sleep habits, dietary intakes, recovery state and well-being indices at the end of the 

221 experimental period, Pearson�s linear correlation coefficient was used. The magnitude of the 
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222 correlation was expressed as trivial: r<0.1; low: 0.1�0.3; moderate: 0.3�0.5; large: 0.5�0.7; very 

223 large: 0.7�0.9; nearly perfect > 0.9 and perfect: 1. 

224 Results

225       All over the experimentation we didn�t notice several injuries. No significant differences 

226 between groups concerning adherence (97.8% for INCR and 97.6% for NORM) and playing 

227 time per game (21.3±1.2 min for INCR and 20.8±1.9 min for NORM).

228       Changes in body composition and estimated daily dietary intake during the experimental 

229 period are presented in Table 3. Significant group x time interaction was observed for BM 

230 (p=0.006, ES=0.46, small), FM () and for BF% (p=0.025, ES=0.33, small) with INCR having a 

231 greater decrease in all these values. Bonferroni corrected post hoc tests revealed a significant 

232 decrease in BM, FM and BF% at the end of the experimental period for both groups (INCR: 3.63%, 

233 p<0.001, ES=0.24, small; NORM: 2.39%, p<0.001, ES=0.31, small); and BF% (INCR: 7.99%, 

234 p<0.001, ES=0.21, small; NORM: 2.74%, p<0.05, ES=0.18, trivial; respectively).

235

236 ****Please insert Table 3 near here****

237

238        Significant group x time interaction was observed for a greater decrease in carbohydrate intake 

239 in INCR compared to NORM (p=0.010, ES=0.44, small). Bonferroni corrected post hoc tests 

240 revealed significant decrease for the INCR (8.32%, p<0.001, ES=3.75, large).

241        In Table 4 are shown changes in quality of sleep, well-being indices, recovery state and 

242 internal load after 4 weeks of RIF. There was a significant group x time interaction for RPE 

243 (p=0.025, ES=0.33, small) with INCR have a larger increase after 4 weeks of RIF. Bonferroni 

244 corrected post hoc tests revealed significant increases for both groups in RPE (INCR: -22.63%, 

245 p<0.001, ES=0.16, trivial; NORM: -12.52%, p<0.001, ES=0.15, trivial; respectively). There was 

246 also a significant group x time interaction for HR average (p=0.002, ES=0.55, small) with INCR 

247 having a greater decrease. Bonferroni corrected post hoc tests revealed significant decrease in HR 

248 average for both groups (INCR: 1.54%, p<0.001, ES=0.25, small; NORM: 0.79%, p<0.001, 

249 ES=0.16, trivial; respectively). There were significant group x time interactions for sleep duration, 

250 TQR and DOMS (p=0.009, ES=0.41, small; p=0.039, ES=0.29, small; p=0.045, ES=0.28, small; 

251 respectively) with INCR having the greater decrease in sleep duration and TQR and greater 

252 increases in DOMS. Bonferroni corrected post hoc tests revealed significant decrease of TQR, 

253 sleep duration and a significant increase of DOMS only for INCR (26.93%, p<0.001, ES=0.48, 

254 small; 33.83%, p<0.001, ES=0.40, small; 161.17%, p<0.001, ES=0.32, small; respectively).

255 ****Please insert Table 4 near here****

256       Correlation analysis showed that BF% was negatively correlated with HR average (p=0.024, 

257 r=-0.42, large magnitude), DOMS was positively correlated with RPE (p=0.024, r=0.42, large 

258 magnitude), and sleep duration was positively correlated with percentage of changes in HR 

259 (p=0.016, r=0.45, large magnitude).
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260 Discussion

261         The current investigation aimed to assess the effects of an increased games frequency period 

262 during RIF on professional basketball players� body composition, sleep habits, well-being indices, 

263 recovery state and dietary intake. The main results showed a greater decrease in body mass, % 

264 body fat, fat mass, carbohydrate intake, sleep duration, average session HR and recovery in INCR 

265 versus NORM. INCR also had greater increases in session RPE and DOMS at the end of the 

266 experimental period compared to NORM.  In general, the combination of RIF and increased 

267 basketball games frequency period negatively affected sleep, well-being, recovery state and dietary 

268 intake in professional basketball male players.

269 Weekly Internal Load

270        The weekly load values obtained during the current study were similar to those reported in 

271 prior studies in basketball field (Fox et al., 2021; Fox et al., 2017), which were conducted during 

272 the regular competitive season period (2400 AU). However, our values were higher than observed 

273 in basketball players before and after RIF in a study by Brini et al. 2021, although in that study the 

274 players only trained 2 times per week and had no games during RIF. Concerning the s-RPE 

275 variability, our findings showed a significant increase in s-RPE scores at the end of the RIF for 

276 both groups, with a significantly higher increase in favor of INCR. This could be explained by 

277 increased muscle fatigue and damage at the end of RIF, primarily because of the congested games 

278 period. This explanation concords with previous research that reported decreased muscle power 

279 and higher RPE during RIF (Chtourou et al., 2011). The increased muscle damage due to the 

280 greater intensity of games versus practice combined with lower carbohydrate ingestion and thus 

281 possibly lower muscle glycogen levels could explain the higher RPE in the INCR group. In the 

282 same context, Leiper et al., (2008) reported that decreases in physical function can increase 

283 perceived exertion and lead to an earlier onset of fatigue and which may increase risk of injury.

284       Concerning HR average and %HRmax, the present investigation revealed a significant 

285 decrease at the end of Ramadan for both groups compared with the first week. This decrease in the 

286 HR may be justified by the accumulated muscle fatigue observed at the end of the RIF. The lower 

287 recovery state associated with a higher DOMS index resulted in more significant fatigue in the 

288 players and a lack of high-performance effort during training and games. Internal (hydration status, 

289 emotional state), environmental (temperature, humidity), technical and activity-specific factors 

290 may influence HR responses. For example, HR responses may vary due to natural variation since 

291 HR data were collected across multiple training sessions or games spanning several weeks. In the 

292 same context, Al Suwaidi et al. (2006) explained this decrease by the interaction between the fast 

293 state, catecholamine inhibition and reduced venous return which may decrease the sympathetic 

294 tone, leads to a decrease in blood pressure, HR and cardiac output.

295 Sleep Quality

296       Several investigations showed the importance of sleep as a crucial component of successful 

297 training, competition and recovery (Samuels, 2008). In this sense and following significant diurnal 

298 changes, Muslim athletes tend to prepare for RIF by several habits� changes (i.e., sleeping and 

299 eating time and frequency) (Waterhouse et al., 2009). As a result, they likely suffer from sleep loss 

PeerJ reviewing PDF | (2023:07:87980:0:1:NEW 21 Jul 2023)

Manuscript to be reviewed



300 or sleep fragmentation, which may reduce athletic performance (Waterhouse et al., 2009). The 

301 result of the present study revealed an adverse effect of the RIF only on sleep duration which 

302 supports the findings of Brini et al. (2021) in a prior study conducted with professional basketball 

303 players. The decrease in sleep duration was greater in the INCR group. In the same context, Roky 

304 et al. (2004) reported that sleep loss accumulated during RIF may disrupt the sleep�wake cycle, 

305 leading to more fatigue and reducing mental and physical performance. This information must be 

306 considered by practitioners in order to adapt their recovery strategies during RIF.

307 Body Composition and Dietary Intakes

308        Our results revealed a decrease in BM, FM and BF% for both groups recorded at the end of 

309 the RIF. Our findings are in the same line with previous studies in athletes and basketball players 

310 more specifically (Brini et al., 2020; Memari et al., 2011). In general, these variations are due to 

311 changes in lifestyle during the RIF in variables such as sleep hours, physical activities, food 

312 consumption, frequency of meals and dietary patterns for different reasons, especially for athletes 

313 who try to maintain their physical performance during this extreme and exhaustive period. In 

314 addition, the significant body mass reduction noticed at the end of the RIF in the current study may 

315 also be attributed to the decrease in fluid intake (Baklouti et al., 2017; Beltaifa et al., 2004), the 

316 decrease in glycogen-bound water stores (Chtourou et al., 2011) and the reduction in total energy 

317 and macronutrient intake. Moreover, these observed decline in body composition is attributed to a 

318 decrease in fluid intake and hypohydration with little body fat loss (Brini et al., 2020; Chaouachi 

319 et al., 2008; Memari et al., 2011). Future studies exploring the game frequency-dependent effects 

320 of RIF on body composition should strictly measure the hydration status of participants to better 

321 account for the potential confounding influence of this factor on study results.

322 Markers of Well Being

323        The most interesting findings about the wellbeing markers were the reported increase in 

324 DOMS and decrease in TQR values, which were more negatively affected in the fourth week 

325 compared with the beginning of RIF for INCR. Our results were similar to previous studies in team 

326 sports and basketball (Brini et al., 2021). Those studies reported that changes in the daily habits of 

327 players during RIF, such as rising earlier and eating a meal before sunrise, may affect them by 

328 partial sleep deprivation, which will affect the higher cognitive centers of the central nervous 

329 system, which negatively affect mental activity, which has been posited as one of the main reasons 

330 for performance decrements (Chtourou et al., 2011; Fashi et al., 2021; Smith et al., 2016). In the 

331 same context, Davis (2000) reported that fatigue might reduce muscle glycogen depletion and/or 

332 alter neurotransmitter activity that could, in turn, negatively influence cognition and motor skill 

333 performance. The lower carbohydrate intake with INCR could also have negatively affected 

334 muscle and liver glycogen stores and thus cognitive function. 

335     Finally, our investigation has some limitations especially in some parameters which were not 

336 measured such as the examination of the time-motion analysis during games, shooting accuracy. 

337 These parameters may give coaches and physical trainers more information about this critical 

338 period. Finally, future studies may produce different results by investigating the RIF under other 

339 climatic circumstances, in both sexes and with different sports.

PeerJ reviewing PDF | (2023:07:87980:0:1:NEW 21 Jul 2023)

Manuscript to be reviewed



340 Conclusions

341      Our results showed that body composition, sleep duration, carbohydrate intake, DOMS and 

342 TQR were significantly affected at the end of RIF in association with the changes in weekly 

343 internal load, specifically by adding one more game per week. Increasing carbohydrate intake, 

344 reducing training session duration or adding other recovery methods could improve sleep and 

345 reduce the increased muscle soreness experienced with increased game frequency during 

346 Ramadan. The present study�s findings should be considered by researchers and practitioners when 

347 players are experiencing congested basketball games during RIF.
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Figure 1
Experimental protocol
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Anthropometric characteristics
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1

Table 1. Anthropometric characteristics of the participating basketball players.

Groups Age (years) Height (m) BM (kg) BMI (kg.m-2)

INCR (n=14) 26.2±2.1 1.96±0.02 88.6±6.1 23.4±1.1

NORM (n=14) 25.8±2.1 1.95±0.06 88.7±6.8 23.2±1.5
8

9Data are reported as means and standard deviations. INCR: increased game frequency group; NORM: normal game frequency group; BM: body mass; BMI: body 

10mass index.
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Weekly training program
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1Table 2� Weekly training program during the experimental period for the increased game frequency group (INCR) and the normal game 
2frequency (NORM) group.

3

4

5

6

7

8

9

10

11

12

Days Training program for INCR Training program for the NORM

Monday - Warm up, 15 min

- Specific basketball fundamental training, 15 min

- Moderate strength training (Upper/Lower), 20min

- Ball drill transition training ,15 min

- Technical/Tactical training, 20 min

- Warm up, 15 min

- Specific basketball fundamental training, 25 min

- Ball drill transition training ,15 min

- Technical/Tactical training, 30 min

Tuesday - Warm up, 15 min

- Moderate intensity shooting exercises, 35 min

- Tactical training, 20 min

- Liveliness training, 10min

- Free throw shooting, 5 min

- Warm up, 15 min

- Moderate strength training (Upper/Lower), 25min 

- Heigh intensity mid-range and 3 point shot 

exercises, 15 min

- Technical/Tactical training, 30 min

Wednesday

- Match of four 10 min quarters (FIBA)

- Warm up, 15 min

- Specific basketball fundamental training, 30 min

- Ball drill transition training, 20 min

- Three point shot exercises, 20 min

Thursday - Warm up, 15 min

- Stretching (dynamic/static), 5min

- Free throw shooting, 10 min

- Moderate intensity shooting exercises, 30 min

- Technical/Tactical training, 25 min

- Warm up, 15 min

- Strength training (Lower body), 20min 

- Moderate intensity mid-range and 3 point shot 

exercises, 20 min

- Technical/Tactical training, 25 min

Friday - Warm up, 15 min

- Low intensity 3 pts shooting exercises, 30 min

- Tactical training, 20min

- Liveliness training, 10min

- Free throw shooting, 10 min

- Warm up, 15 min

- Low intensity 3 pts shooting exercises, 30 min

- Tactical training, 15min

- Liveliness training, 10min

- Free throw shooting, 10 min

Saturday - Match of four 10 min quarters (FIBA) - Match of four 10 min quarters (FIBA)

Sunday - recovery - recovery
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Body composition and estimated daily dietary intake
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2

3Table 3. Body composition and estimated daily dietary intake recorded during the first and the fourth weeks of Ramadan Intermittent 
4Fasting.

5

First week Fourth week P value (ES)Variables

INCR NORM INCR NORM Time Group Group x Time

Body mass (kg) 88.6±6.1 88.7±6.8 85.4±5.9 86.6±6.6 <0.001(0.92) 0.79(0.01) 0.01(0.46)

BMI (kg/m2) 23.4±1.1 23.2±1.5 23.3±1.1 23.3±1.5 <0.001(0.90) 0.72(0.01) 0.07(0.24)

Body fat (%) 12.1±2.3 12.3±2.5 11.1±2.0 12.0 ±2.5 <0.001(0.65) 0.28(0.09) 0.03(0.33)

FM (kg) 10.68±2.05 10.96±2.54 9.43±1.69 10.40±2.44 <0.001(0.65) 0.23(0.10) 0.016(0.37)

FFM (kg) 77.97±6.05 77.76±6.10 75.98±5.92 76.17±5.80 0.993(0.00) <0.001(0.79) 0.249(0.10)

Total energy intake (kcal) 2766.4±173.0 2811.4±92.5 2217.9±183.7 2369.3±175.4 <0.001(0.90) 0.02(0.34) 0.25(0.10)

(g) 310.7±19.8 309.3±16.9 284.3±16.0 297.1±14.9 0.002(0.54) 0.30(0.08) 0.01(0.41)Carbohydrate intake

(%) 45.1±3.6 44.0±2.6 51.6±5.6 50.4±3.9 <0.001(0.70) 0.31(0.08) 0.91(0.001)

(g) 88.2±5.0 86.5±3.9 83.4±4.7 83.0±3.8 <0.001(0.83) 0.51(0.04) 0.20(0.12)Protein intake

(%) 12.8±1.1 12.3±0.6 15.1±1.3 14.1±1.4 <0.001(0.80) 0.05(0.26) 0.36(0.06)

(g) 122.9±11.4 123.2±9.3 95.1±7.4 103.1±12.7 <0.001(0.81) 0.11(0.18) 0.07(0.10)Fat intake

(%) 40.1±4.3 39.5±2.8 38.9±4.3 39.1±3.7 0.55(0.03) 0.83(0.004) 0.60(0.02)

6

7Data are reported as means and standard deviations. INCR: increased game frequency group; NORM: normal game frequency group; BMI: body mass index; F�� 

8fat mass; FF��  fat free mass
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Measurement of the subjective quality of sleep, well-being indices, recovery state and
internal load
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1Table 4. MeaM������� of the M�s	�
���� q�
���� of M����� w����s���� indiceM� recovery M�
�� and internal load recorded d����� the firM� 
2and the fo���f w���M of R
�
�
� Intermittent FaM�����

First week Fourth week P value (ES)Variables

INCR NORM INCR NORM Time Group Group x Time

Q������ of sleep

S���� latency (min) 14.64±1.01 14.78±0.89 14.71±1.99 14.93±1.14 0.43(0.05) 0.58(0.02) 0.79(0.01)

S���� efficiency (%) 94.21±0.69 94.79±0.89 94.43±1.45 94.78±1.53 0.66(0.02) 0.13(0.16) 0.79(0.01)

S���� dd !"#$% (h) 9.78±153 9.64±1.50 7.00±1.11 8.07±0.99 <0.001(0.67) 0.12(0.18) 0.01(0.41)

Total &'$ � of PSP( 4.64±1.01 4.72±0.82 4.28±1.06 4.71±0.83 0.46(0.05) 0.35(0.0.07) 0.47(0.04)

WellW)*�+, indii*-

S���� (1./0 3.92±0.46 4.14±0.69 6.35±0.36 6.24±0.38 <0.001(0.95) 0.72(0.01) 0.14(0.16)

Fatigd� (1./0 3.86±0.44 4.27±0.64 5.65±0.58 6.04±0.78 <0.001(0.91) 0.03(0.31) 0.95(0.000)

S" �&& (1./0 3.61±1.29 4±1.03 5.88±0.51 5.72±0.61 <0.001(0.84) 0.68(0.01) 0.24(0.10)

D13S (1./0 2.20±0.60 2.53±0.59 5.25±0.83 4.77±0.53 <0.001(0.92) 0.49(0.04) 0.05(0.28)

H( 12.94±1.69 14.21±2.49 22.94±1.53 22.73±1.73 <0.001(0.95) 0.30(0.08) 0.18(0.13)

Rei45*6� state

TPT (od" of 28) 13.66±1.12 12.85±1.44 8.96±0.66 9.34±1.06 <0.001(0.91) 0.38(0.06) 0.04(0.29)

Internal load

T78 (0.9:0 5.91±0.40 5.93±0.53 7.21±0.33 6.63±0.33 <0.001(0.90) 0.02(0.34) 0.03(0.33)

; load 2359.29±112.62 2.397.85±171.51 2648.56±98.05 2565±84.65 <0.001(0.76) 0.47(0.04) 0.10(0.19)

HT average 167.45±2.30 166.22±2.56 164.86±2.11 164.90±2.60 <0.001(0.95) 0.42(0.05) 0.002(0.52)

%HT mam 83.79±1.46 83.06±1.47 82.50±1.28 82.39±1.48 <0.001(0.94) 0.40(0.05) 0.002(0.52)

3

4Data are reported as means and standard deviations. INCR: increased game frequency group; NORM: normal game frequency group.; <=> h?@AB rate; RPE: The 

5rating of perceived exertion; PSQI: sleep quality index; DOMS: delayed onset of muscle soreness; TQR: Total Quality Recovery; W load: weekly load; HI: Hooper 

6Index (sum of scores for sleep, fatigue, stress and DOMS).
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