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The aim of this study was to investigate the energy system contributions to different repeated sprint protocols and also to determine sex-related differences in these contributions. Sixteen men and fourteen women team sport athletes randomly performed two cycling repeated sprint protocols with the same total duration (10 x 6 s and 6 x 10 s). Relative peak power (RPP), relative mean power (RMP), performance decrement (PD), oxygen uptake (VO2), blood lactate (LA), heart rate (HR) and ratings of perceived exertion (RPEs) were measured. The contributions of energy systems were calculated from oxygen consumption and lactate values during rest, exercise and recovery phases based on mathematical methods. Findings indicate that men had higher RPP and RMP. RPP did not differ according to protocols, while RMP was higher in the 10 x 6 s protocol. The sex effect in PD was similar; however, it was higher in the 6 x 10 s protocol. The effects of protocols on the maximum HR and LA were similar; however, the 6 x 10 s protocol resulted in higher RPEs. In both protocols women had higher ATP-PCr and men had higher glycolytic system contribution with similar oxidative system contribution. In addition, the 10 x 6 s protocol had higher ATP-PCr system contribution and the 6 x 10 s protocol had higher glycolytic system and oxidative system contributions. In conclusion, the contribution of energy systems, physiological and performance variables showed variations according to sex and different protocols.
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Introduction
Repeated sprint ability (RSA) is an important fitness component especially in team sports in recent years. RSA is widely chosen as a training and a testing method because it is similar to the movement profiles of team sport athletes (Turner and Stewart, 2013).  Previous research has primarily focused on the relative energy contribution from metabolic pathways during repeated sprint activities of various types (running, cycling or swimming) and duration ranging from 7 to 9 minutes (Baron et al., 2022; Bogdanis et al., 1996; Peyrebrune et al., 2014). Repeated sprint protocols differ in the number of sprints, as well as sprint and recovery duration during rest intervals (Ikutomo et al., 2018). The ratio between sprint and recovery time is critical in measuring performance in repeated sprint tests and generally, short recovery (≤30 s) is applied between sprints (Gharbi et al., 2015).
[bookmark: _Hlk145668644]Findings about energy metabolism during repeated sprints, which include various components in terms of physiological systems, are primarily limited to a small number of studies utilizing the muscle biopsy approach about 30 years ago (Bogdanis et al., 1996, 1998; Dawson et al., 1997). For instance, according to Gaitanos et al. (1993) Adenosine triphosphate-phosphocreatine (ATP-PCr) and glycolytic systems may contribute 55.9% and 44.1% of the energy demand, respectively,  during a 6-s cycle exercise (Gaitanos et al., 1993). Girard et al. (2011) adjusted the previous results reporting an 8% contribution of the oxidative system during a 6-s maximal cycle exercise.  Furthermore, Spencer et al. (2005) 

estimated the ATP-PCr and glycolytic contributions to be 65% and 32%, respectively (during a 3-s sprint). In contrast, Girard et al. (2011) estimated these rates to be 52% and 40% during a 3-s sprint and a 6-s sprint, respectively. The critical flaw in the approach utilized in that study was the estimation of PCr contribution during rest intervals. The time integral of oxygen consumption (VO2) was used to analyze PCr contribution because a period of 30 s was insufficient to identify the fast phase of excess post-exercise oxygen consumption (EPOC). Post-sprint VO2 may, however, represent both the resynthesis of PCr and the replenishment of oxygen stores. While the replenishment of oxygen stores during the fast phase of EPOC may account for up to 500 mL of oxygen (about 10 kJ) (Davis et al., 2014), the amount replenished in 30 s is uncertain. Given that the resynthesis of PCr stores is likely to take up the majority of the 30-s rest intervals between sprints (Bogdanis et al., 1995; Dawson et al., 1997; Gaitanos et al., 1993) utilizing the post-sprint VO2-time integral to estimate the PCr contribution appears reasonable. Furthermore, this is the most used non-invasive method available for determining the contributions of three different energy systems, and it has been used in some unique studies (Franchini et al., 2016; Ulupınar et al., 2023). Short recovery intervals, increased repetitions or increased sprint distance may result in increased oxidative system contribution during sprints, lowering performance due to reduced energy generation per unit time (Girard et al., 2011). During rest intervals in repeated-sprint exercises, the oxidative system is predicted to contribute mainly to the resynthesis of PCr stores (Dawson et al., 1997; Lopes-Silva et al., 2019). As a result, the oxidative system contributes minimally during sprints and maximally during rest intervals. 
[bookmark: _GoBack]In recent years, there has been increasing interest in sex related changes in physiological and performance characteristics. It is well documented that men have greater muscle strength and higher power output compared to women (Billaut and Smith, 2009; Soydan et al., 2018). However, research has also indicated that women have greater resistance to fatigue than men (Bishop, 2012). The proposed mechanisms for sex differences in performance and fatigue resistance might be related to differences in muscle and fat mass, muscle metabolism that might include 


hormonal regulation and substrate utilization, the discharge rate of motor units and muscle morphology (Bishop, 2012). For instance, a large proportion of type II fibers are activated during maximal sprints (Toti et al., 2013) and women have lower power output than men due to a smaller cross-sectional area (Miller et al., 1993). Moreover, exercise-related energy metabolism differs between men and women and women were found to have a lower dependency on glycogen than men while exercising at the same intensity (Oosthuyse and Bosch, 2012). In repeated sprints, men have higher power output than women (Soydan et al., 2018) and the fact that the contribution from anaerobic-based energy systems is higher in men during repeated sprints may be another reason explaining this sex difference (Fomin et al., 2012). In addition, men have higher lactate levels during repeated sprint tests and this can be explained by their higher type II muscle fiber activation levels and higher glycolytic levels (Miller et al., 1993). Another explanation for women having lower lactate levels in repeated sprints than men might be related to a lower activity level of lactate dehydrogenase and phosphofructokinase (Jeon et al., 2019). 
In team sports, performance is determined by physiological and technical skills, energy output, and efficiency. Therefore, understanding the metabolic responses in these circumstances is essential to improve targeted energy systems in training programs involving repeated-sprint protocols for both sex. Previous studies have mainly focused on performance variables, fatigue, recovery processes and sex differences during repeated sprints (Archiza et al., 2020; Bogdanis et al., 1996, 1998; Soydan et al., 2018). However, there is limited information about the contributions of energy systems during different protocols and sex differences in these contributions. Hence, this study was designed to investigate the energy system contribution to different repeated sprint protocols and also to determine sex differences in this contribution. We hypothesized that variations in the work-to-rest ratio and repeated sprint designs might result in differences in the energy system contributions and these differences might vary according to sex. 





Methods
Participants 
Thirty volunteer team sport athletes (14 women, 16 men) with no current musculoskeletal disorders and with at least three years of experience in team sports in various national leagues participated in this study. They were in the competitive season of the official national leagues (basketball: 5 men and 4 women, volleyball: 6 men and 5 women, handball: 5 men and 5 women). Participants were informed about the study's aims, procedures and possible risks, and signed written informed consent. They were also familiarized with the equipment and protocols before the testing sessions. This study was approved by the Hacettepe University Non-Interventional Clinical Researches Ethics Board (protocol code: 2019/20; date of approval: 03 September 2019) and this research abided by the guidelines of the Declaration of Helsinki.
Design 
Experimental Protocol
Participants were tested on three separate sessions with at least 48-h intervals at the same time of the day (10.00–11.00 am ± 1 h). The first session included a graded-exercise test to exhaustion for determination of VO2max. In the subsequent two sessions, participants completed either 6 x 10 s or 10 x 6 s cycle-RSA protocols with 30-s rest intervals in randomized order. 
For women participants, menstruation was not considered since it was found that repeated sprint performance was not affected by the menstrual cycle (Wiecek et al., 2016). Relative peak power (RPP), relative mean power (RMP), performance decrement (PD), VO2, heart rate (HR), blood lactate concentration (BLa) and ratings of perceived exertion (RPEs) were measured during the RSA tests. Baseline VO2 and BLa were measured before the warm-up in a stationary sitting position.
Procedures
Anthropometric Measurements
Body mass, body fat (%), fat mass (FM), and fat-free mass (FFM) were measured using a multifrequency bioelectrical impedance analyzer (Tanita MC-780, Japan), with 0.1-kg accuracy, and body height was measured to the nearest 0.1 cm 


using a portable stadiometer (Holtain, London, UK).
VO2max Test
VO2max was measured with a mobile cardiopulmonary exercise test system (Cosmed K5, Italy), which is capable of automatic gas analysis from each expiratory breath, with a ramp protocol on a cycle ergometer. Prior to each test, a sample of known gases (5.0% CO2 and 16.0% O2) was used to calibrate the portable metabolic gas analyzer. Tests were performed under standardized conditions (18–23°C and relative humidity below 70%).  A four-minute warm-up was performed with the cycling power set at 50 W and speed at 60 rpm. Afterwards, the test was started at 50 W and 80 rpm, and cycling power was increased by 25 W every minute until 200 W was reached. After reaching 200 W, power increases of 25 W occurred every 2 minutes, and the test was terminated when the speed remained below 80 rpm for more than 10 s. 
Cycling Repeated Sprint Tests 
6 x 10 s and 10 x 6 s repeated sprint tests with 30-s rest intervals (Girard et al., 2011), which included the same total test duration and a different work-rest ratio, were performed on a bicycle ergometer (894E, Monark, Vansbro, Sweden) with the load of 10% of body weight. The inertial momentum of the pedal was not taken into consideration in calculating the measured power output since it is recommended to use higher resistive loads without acceleration if there is no chance of correcting inertia (Bogdanis et al., 2008). All tests were performed after a standardized warm-up (5 x 30 s at 100 W) and were initiated with the dominant leg after 5 min of rest. Performance variables for the RSA tests were as follows: 
Peak power output (PP): the highest power output in each sprint cycle. 
Mean power output (MP): the average power output reached in each sprint cycle. 
Performance decrement (PD): the percentage of decrement in the power output was calculated with the following formula (Oliver, 2009): 
PD = 100 x (1-total peak power/ideal peak power) 
Ideal peak power: Peak power output x repetition number.

Physiological Measurements
VO2 levels were monitored at rest (10 min), during exercise, and recovery (15 min) phases in a breath-by-breath mode using a COSMED K5 (Rome, Italy) portable gas-exchange system. Before tests, the gas analyzer was calibrated by a sample of known gases (5.0% CO2 and 16.0% O2). A hand-held portable analyzer (Lactate Plus, Nova Biomedical, USA) was used to measure BLa values before (at rest) and 1, 3, 5, 7, and 10 min after the RSA tests. The HR was measured with HR monitors (Garmin, ABD) at 1-s intervals. The peak HR (HRpeak) was determined as the highest HR that the participant reached during each RSA test. The RPE was determined using a Borg scale which was shown to participants immediately after the last sprint of each RSA test. 
Determination of Energy Demand and Energy Systems Contribution 
Oxidative, glycolytic, and ATP-PCr system contributions were estimated through body weight, VO2, BLa and the fast component of EPOC. The oxidative system was calculated as VO2 during exercise minus baseline VO2 by adjusting the exercise duration (La Monica et al., 2020). To estimate the contribution of the oxidative system, the total VO2 during the exercise phase was determined by calculating the area under the curve using a trapezoidal method. During the estimation of the glycolytic system, it was assumed that the accumulation of 1 mmol∙L−1 of BLa was equivalent to 3 mL of O2 per kg of body weight (di Prampero and Ferretti, 1999). The contribution of the ATP-PCr system was calculated using the fast component of EPOC following the last sprint and the sum of the VO2-time integral during the rest intervals between the sprints (Latzel, 2018), since it is known that rest intervals between consecutive sprints are mainly devoted to replenish PCr stores (Dawson et al., 1997; Gaitanos et al., 1993). Total energy expenditure (TEE) was calculated as the sum of energy derived from oxidative, glycolytic, and ATP-PCr systems (Franchini et al., 2011). Relative energy expenditure (REE) was calculated by dividing the total energy expenditure by the duration of the protocols and oxygen demand (L) obtained from three energy systems were converted into energy equivalents assuming 20.92 kJ for each 1 liter of O2 (Gastin, 2001). The kinetics of EPOC was determined by a mono-exponential 


model using OriginPro 2019 software (OriginLab Corp., Northampton, USA). Thus, PCr contribution during the fast component of EPOC kinetics was calculated by multiplying the amplitude of the mono-exponential model by the time constant (Franchini et al., 2011).
Statistical Analysis
After completing descriptive statistics of all variables, the Shapiro-Wilk test was used for verification of data normality. Differences in body composition and VO2max test results of men and women participants were calculated using the independent samples t-test. Cohen’s d was used as effect sizes for the independent samples t-test and was classified according to Hopkins et al. (2009). The 2 x 2 (sex x protocol) mixed analysis of variance (ANOVA) with repeated measures was used to compare the variables related to different RSA protocols and sex. In addition, 2 x 3 (sex x energy system) mixed ANOVA was used for determining differences among energy system contribution according to sex in each RSA protocol with Bonferroni post hoc analysis. Partial eta square values (ƞ²) were calculated for effect size in ANOVA. ES values were considered n2p ≤ 0.01 small, n2p ≤ 0.06 medium, and n2p ≤ 0.14 large (Lakens, 2013). The data were analyzed using the Statistical Package for the Social Sciences version 21.0 (IBM Corp., Armonk, NY, USA), and significance was set at p ≤ 0.05.
Results
Descriptive characteristics of participants are given in Table 1. Significant differences were observed in all variables in favor of men, except age and experience. Men had higher absolute VO2 (L∙min−1) (p = 0.000; d = 2.26), whereas no significant difference was observed for relative VO2 (ml∙kg−1∙min−1) (p = 0.657; d = 0.16). 
Mechanical and Physiological Variables 
As can be seen in Table 2, significant sex effects were observed in RPP (F(1;28) = 67.192; p = 0.000; ƞ² = 0.706), while the protocol effect and sex x protocol interaction were not significant (p > 0.05). In terms of the significant sex effect, men had higher RPP values than women. In terms of RMP, significant sex (F(1;28) = 20.622; p = 0.000; ƞ² = 0.424) and protocol effects (F(1;28) = 265.686; p = 0.000; ƞ² = 0.905) were observed together with significant sex x protocol interaction (F(1;28) = 9.443, p = 0.005, ƞ² = 


0.252). Men had higher RMP than women. Both women and men achieved higher power values during the 10 x 6 s protocol. 
For PD, there was a significant protocol effect (F(1;28) = 104.703; p = 0.000; ƞ² = 0.789) which was due to higher PD during the 6 x 10 s protocol. Sex effect and sex x protocol interaction were not significant (p > 0.05) indicating that men and women were not different in terms of PD during different RSA protocols.  
[bookmark: _Hlk130282326]Considering physiological responses, a significant protocol effect (F(1;28) = 14.558; p = 0.001; ƞ² = 0.342) was observed for maximum blood lactate (Lamax), while sex effect and sex x protocol interaction were not significant (p > 0.05). Both men and women had higher Lamax responses after the 6 x 10 s protocol. For HRpeak, no significant sex effect, protocol effect and sex x protocol interaction were observed (p > 0.05). In addition, for the RPE, the sex effect (F(1;28) = 26.405; p = 0.000; ƞ² = 0.485) and the protocol effect (F(1;28) = 318.334; p = 0.000; ƞ² = 0.919) were significant with no significant sex x protocol interaction (p > 0.05). Women had higher RPE responses than men. 
Energy System Contributions 
[bookmark: _Hlk146043731]Regarding energy expenditure and estimated absolute energy contributions (Table 3), the sex effect was significant for ATP-PCr (F(1;28) = 14.482, p = 0.001, ƞ² = 0.341) and glycolytic systems (F(1;28) = 35.320, p = 0.000, ƞ² = 0.558), whereas there was no significant effect on the oxidative system (p > 0.05). Men had higher ATP-PCr and glycolytic system contributions than women. In addition, protocol effects on ATP-PCr (F(1;28) = 120.118, p = 0.000, ƞ² = 0.811), glycolytic (F(1;28) = 19.626, p = 0.000, ƞ² = 0.412) and oxidative systems (F(1;28) = 8.769, p = 0.006, ƞ² = 0.238) were significant. In both men and women, the contribution of ATP-PCr system was higher in the 10 x 6 s protocol, whereas glycolytic and oxidative system contributions were higher in the 6 x 10 s protocol. Sex x protocol interaction was not significant in ATP-PCr, glycolytic and oxidative systems (p > 0.05).  
For TEE and REE, sex effect (TEE: F(1;28) = 19.802, p = 0.000, ƞ² = 0.414; REE: F(1;28) = 19.815, p = 0.000, ƞ² = 0.414) and protocol effect (TEE: F(1;28) = 67.878, p = 0.000, ƞ² = 0.708; REE: F(1;28) = 54.298, p = 0.000, ƞ² = 0.660) were significant with no significant sex x protocol interaction (p > 0.05).  Men and women had higher TEE in the 10 x 6 s 


protocol, while REE was higher in the 6 x 10 s protocol. In addition, men had higher TEE and REE than women in both protocols. 
[bookmark: _Hlk146044161][bookmark: _Hlk146044258]For the estimated relative energy system contributions (Figure 1), the sex effect was significant on percentages of ATP-PCr (F(1;28) = 152.789, p = 0.008, ƞ² = 0.227) and glycolytic systems (F(1;28) = 7.230, p = 0.012, ƞ² = 0.205), whereas there was no significant effect on the percentage of the oxidative system (p > 0.05). While the percentage of ATP-PCr contribution was higher in women than men, the percentage of glycolytic system contribution was higher in men than in women. The effect of the protocol on percentages of ATP-PCr (F(1;28) = 225.215, p = 0.000, ƞ² = 0.889), glycolytic (F(1;28) = 762.407, p = 0.000, ƞ² = 0.801) and oxidative systems (F(1;28) = 40.907, p = 0.000, ƞ² = 0.594) contributions was significant. The 10 x 6 s protocol had higher contributions from the ATP-PCr and glycolytic systems, whereas the 6 x 10 s protocol had higher contributions from the oxidative systems in both men and women. Sex x protocol interaction was significant on percentages of ATP-PCr (F(1;28) = 43.224, p = 0.030, ƞ² = 0.157), and the oxidative system (F(1;28) = 4.874, p = 0.036, ƞ² = 0.148), whereas it was not significant for percentages of the glycolytic system contribution (p > 0.05). The significance of the interaction statistics for the percentage of ATP-PCr and oxidative systems indicated that the variation in the contributions of energy systems in the protocols was significantly different between the sexes.
Discussion
This study is the first to compare energy system contribution as well as physiological and performance responses to different forms of RSA according to sex. Our hypothesis that variations in the work-to-rest ratio and repeated exercise designs would affect the amount of energy contributed by the energy systems overall or during rest intervals and would differ between sex was supported by the primary results.
As expected, men achieved higher relative and absolute power output in two cycle-based repeated sprint protocols, with no sex difference in PD, while the protocol effect on PD was significant. Moreover, the 6 x 10 s protocol resulted in higher PD than the 10 x 6 s protocol in both sexes. These results are similar to those of previous studies (Billaut et al., 2003; Soydan et al., 2018). For 


instance, in a study by Billaut and Bishop (2012) (20 x 5-s sprint with 25-s passive recovery), men achieved higher power output than women. Billaut et al. (2003) also reported that women had lower power output than men in repeated sprint tests performed with maximum effort on a cycle ergometer. It was therefore not surprising to see a considerable variation in power production between men and women  (Billaut et al., 2003). Bogdanis et al. (1998) indicated that during 6- to 10-s cycling sprints, the glycolytic contribution to total ATP resynthesis was >40%, whereas the oxidative contribution was minimal. The lower glycolytic energy contribution in women compared to men during repeated sprints may result in lower anaerobic capacity in women and a more significant reduction in sprint performance in the final part of sprints. As indicated before, a large proportion of type II muscle fibers is activated 


during maximal cycle sprints (Toti et al., 2013) and a smaller cross-sectional area of type II fibers in women (Nuzzo, 2022) might be the reason why men achieved higher power values than women in both protocols. In addition, the non-significant difference in PD between men and women in both protocols is also in line with previous research. For instance, Soydan et al. (2018) also did not find any difference in PD after a 5 x 6-s cycle RSA test. It may be that the protocols used in the present study 
could not drive enough fatigue to reach significant sex difference in PD. In terms of significant protocol effect, higher PD in the 6 x 10 s protocol may be due to longer sprint time and a lower work-rest ratio in this protocol in which insufficient recovery time resulted in significant reductions in maintaining maximum performance.





Table 1. Descriptive characteristics of men and women athletes.
	Variables
	Men (n=16)
	Women (n = 14)
	p
	d

	Age (y)
	22.06 ± 2.2
	22.22 ± 2.72
	0.860
	0.06

	Experience (y)
	7.06 ± 1.61
	7,00 ± 1.3
	0.910
	0.04

	Height (cm)
	182.6 ± 3.4
	169.82 ± 2.3
	0.000
	4.4

	Body weight (kg)
	77.98 ± 11.57
	60.16 ± 5.5
	0.000
	1.97

	Body fat (%)
	11.41 ± 5.02
	20.19 ± 4.45
	0.000
	1.85

	Fat Mass (kg)
	9.27 ± 5.1
	12.2 ± 3.15
	0.070
	0.69

	Fat Free Mass (kg)
	68.71 ± 8.18
	47.96 ± 4.49
	0.000
	3.14

	Body Mass Index (kg/m2)
	23.38 ± 2.34
	20.86 ± 1.96
	0.000
	1.16

	VO2max (L∙min−1)
	3.24 ± 0.41
	2.46 ± 0.42
	0.000
	2.26

	VO2max (ml·kg−1·min−1)
	41.9 ± 4.93
	41.2 ± 4.1
	0.657
	0.16


Note. Values are means ± standard deviations


Table 2. Performance variables and physiological responses during the repeated-sprint protocols.
	 
	10 × 6 s
	6 × 10 s
	Sex effect
	Protocol effect
	Sex × Protocol Interaction

	
	Men
	Women
	Men
	Women
	
	
	

	RPP (W∙kg−1)
	14.84 ± 1.14
	11.29 ± 1.4
	14.86 ± 1.39
	11.22 ± 1.22
	F = 67.192*
	F = 0.017
	F = 0.056

	RMP (W∙kg−1)
	10.61 ± 0.83
	8.8 ± 1.16
	9.31 ±. 68
	7.92 ± 1.20
	F = 20.622*
	F = 265.686*
	F = 9.443*

	PD (%)
	30.84 ±5 .88
	27.7 ± 5.37
	41.74 ± 8.59
	40.7 ± 7.09
	F = 0.872
	F = 104.703*
	F = 0.806

	Lamax (mmol∙L−1)
	12.18 ± 2.83
	10.02 ± 1.94
	13.16 ± 2.33
	12.05 ± 2.95
	F = 3.768
	F = 14.558*
	F = 1.763

	HRpeak (bpm)
	162.54 ± 15.82
	163.06 ± 18.67
	166.01 ± 10.39
	164.91 ± 9.14
	F = 0.005
	F = 0.683
	F = 0.620

	RPE
	13.38 ± 1.2
	15.14 ± 095
	16 ± 1.1
	17.64 ± 0.5
	F = 26.405*
	F = 318.334*
	F = 0.1888


RPP = Relative Peak Power, RMP = Relative Mean Power, PD = Performance Decrement,
 Lamax = Maximal lactate, HR = Heart rate, RPE = Ratings of perceived exertion.
* p < 0.05
Note. Values are means ± standard deviations





Table 3. Metabolic energy variables during repeated-sprint protocols.
	
	10 × 6-s
	6 × 10-s
	Sex effect
	Protocol effect
	Sex × Protocol Interaction

	 
	Men
	Women
	Men
	Women
	
	
	

	ATP-PCr (kJ)
	243.09 ± 54.57
	192.55 ± 25.06
	163.94 ± 30.3
	128.94 ± 17.44
	F = 14.482*
	F = 120.118*
	F = 1.423

	[bookmark: RANGE!C10]Glycolytic (kJ)
	54.23 ± 9.53
	32.85 ± 7.72
	59.27 ± 11.38
	40.44 ± 10.95
	F = 35.320*
	F = 19.626*
	F = 0.485

	Oxidative (kJ)
	15.83 ± 12.73
	9.08 ± 7.46
	18.35 ± 10.12
	17.18 ± 6.38
	F = 1.698
	F = 8.769*
	F = 2.422

	TEE (kJ)
	313.16 ± 64.91
	237.47 ± 32.74
	241.56 ± 69.02
	186.55 ± 29.22
	F = 19.802*
	F = 67.878*
	F = 2.664

	REE (kJ.min−1)
	59.94 ± 11.8
	42.63 ± 5.95
	69.02 ± 12.37
	53.3 ± 8.35
	F = 19.815*
	F = 54.298*
	F = 0.209


TEE = Total energy expenditure; REE = Relative energy expenditure
*p < 0.05
Note. Values are means ± standard deviations
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Figure 1. Estimated relative energy system contribution in 10 × 6 s 
and 6 × 10 s (sprints only) protocols.









The effect of protocols and sex on HRmax were similar and these results were in line with the findings of previous research. For instance, Soydan et al. (2018) found no significant differences in HRmax between men and women team sport athletes after 5 x 6 s cycling RSA tests. Similarly, Kappus et al. (2015) found no significant differences between men and women following a maximal exercise bout and Fomin et al. (2012) found no significant sex differences in HRmax in trained adolescents. These findings support our HRmax findings which indicated that men and women team sport athletes experienced similar physiological strain during the different RSA protocols. The 6 x 10 s protocol resulted in higher RPE values. This may be due to the increase in sprint time rather than the work-rest ratio and the number of repetitions, as in the lactate data. Previous research reported that the protocol effect on the RPE in men and women was significant because they could not get enough psychological rest during recovery (Little and Williams, 2007). It can be said that the 6 x 10 s protocol had an additional psychological effect of 120 s less resting time and resulted in higher RPE values. 
[bookmark: _Hlk121938564]Our results indicated similar Lamax responses in men and women. Although men reached higher Lamax levels in both protocols, this difference was not statistically significant. This result is dissimilar to results regarding the sex differences in previous studies which observed higher Lamax levels in men (Soydan et al., 2018). On the other hand, men and women achieved higher Lamax in the 6 x 10 s protocol compared to the 10 x 6 s protocol. The reason for reaching higher Lamax in the 6 x 10 s protocol may be due to longer sprint time and a lower work-rest ratio. It was observed that sprints with a distance of more than 30 m or longer than 5 s induced higher blood lactate values (Little and Williams, 2007). For instance, Ulupınar et al. (2021) reported that in two different repeated sprint protocols with similar total sprint distances (10 x 40 m and 20 x 20 m), athletes showed higher lactate responses in the 10 x 40 m protocol compared to the 20 x 20 m protocol. Therefore, when other variables are kept constant, increasing sprint distance or duration or decreasing recovery time increases the lactate response to exercise (Ulupınar et al., 2021).
Cycling based RSA tests are frequently 
used to estimate the contribution of energy systems due to the convenience they provide in practice (Bogdanis et al., 1995; Dawson et al., 1997; Franchini et al., 2016; La Monica et al., 2020). In this study, the effects of sex and protocol on ATP-PCr and glycolytic system energy expenditure were significant. For the oxidative system contribution, the sex effect was similar, however, the protocol effect was significantly different. Given that the recovery of PCr stores is likely to be the primary focus of the 30-s rest intervals between sprints, the post-sprint VO2-time integral can be used to determine the contribution of PCr stores (Dawson et al., 1997). This method is presently the only non-invasive method for distinguishing between the contributions of three energy systems (Davis et al., 2014; Panissa et al., 2018; Ulupınar and Özbay, 2022). When the overall exercise duration is equalized, research indicates that VO2 during rest intervals may significantly alter energy system absolute and percentage contributions during intermittent sprint exercises (Gastin, 2001; Milioni et al., 2017). This research revealed significant differences in the impacts of the protocols on total sprint duration and the percentage of performance decrement (Table 2). In another study using a similar methodology, Ulupınar and Özbay (2022) reported that contributions of the ATP-PCr, glycolytic and oxidative energy systems were 68%, 17% and 14% following a 10 x 6 s sprint, respectively. In the present study, values of 77%, 18%, and 5% were found for men athletes and 82%, 14%, and 4% for women, respectively. It is possible that these differences might be due to different sample groups (indoor team sport vs. combat athletes) or the applied RSA test mode (Ulupınar and Özbay, 2022).
In the present study, during both repeated sprint protocols the highest energy contribution was provided by the ATP-PCr system in men and women. It is also known that work-rest periods in high-intensity and repeated exercise directly affect PCr resynthesis (Forbes et al., 2009). The study results support both a higher ATP-PCr system contribution and a lower percentage of decrement in performance during the 10 x 6 s protocol. The glycolytic system contribution was highest in the 6 x 10 s protocol in both sexes. In previous research, it was reported that the energy contribution from the glycolytic system was higher in RSA tests where the sprint time was more than 5 s (Gastin, 
2001). The short recovery time causes a decrease in the energy contribution from the ATP-PCr system, and the energy requirement necessary to maintain 

performance is provided by the glycolytic system (Girard et al., 2011; Lopes-Silva et al., 2019; Turner and Stewart, 2013). Although the number of sprints is 40% less in the 6 x 10 s protocol, the 67% (4-s) increase in the sprint time and the 44% decrease in the work:rest ratio (1:3) might explain the increase in the contribution from the glycolytic system. 
During repeated sprints, the main function of the oxidative energy system is to resynthesize PCr, remove accumulated inorganic phosphate, and oxidize lactate during short recovery times (Bogdanis et al., 1996; Dawson et al., 1997; Lopes-Silva et al., 2019). In order to maintain maximum performance, the oxidative energy system contribution must be low during sprints and high during recovery. In the present study, the increased sprint time of 67% in the 6 x 10 s protocol increased the contribution from the oxidative system; however, it caused a further decrease in performance. The reason why the oxidative contribution was lower in the present study might be due to differences in the training level or training history of athletes, as well as sprint time and the number of repetitions. In this study, the percentage of oxidative system contribution was 4.67–3.70% for men and women in the 10 x 6 s protocol and 7.31–9.13% in the 6 x 10 s protocol.
Similarly, previous studies reported that increasing sprint duration or sprint distance increases the energy contribution from the oxidative system, but causes a decrease in performance (Bishop, 2012; Girard et al., 2011). Girard et al. (2011) reported that the oxidative contribution was 8% during the first 6-s sprint and 40% during the 10th sprint (Girard et al., 2011). Other studies investigating energy metabolism during 60-s maximal exercise reported that the oxidative contribution was around 45% (Gastin, 2001). Kishali et al. (2021) reported that the 




oxidative contribution in the 6-s single sprint, 60-s single maximal exercise, and 10 x 6-s repeated sprint exercise were 5%, 29%, and 14%, respectively. 
TEE was lowest in the 6 x 10 s and highest in the 10 x 6 s protocol, and men had higher TEE than women. This sex difference was due to the lower O2 consumption of women in both protocols since it is known that energy metabolism associated with exercise varies between men and women. For instance, women often rely less on glycogen than men at similar exercise intensity (Oosthuyse and Bosch, 2012). In addition, previous studies reported that during 10 x 6-s repeated sprint tests performed by wrestlers and kickboxers, the total energy expenditure was 332 kJ and 409 kJ, respectively (Kishali et al., 2021; Ulupınar et al., 2021). Contrary to the studies mentioned above which used the same methodology, our study resulted in fewer energy demands. Team sports have lower anaerobic-based energy system contribution compared to wrestling and kickboxing which might be the reason for finding smaller energy demands.
Conclusions
The present study demonstrated that the contribution of energy pathways was different between 10 x 6 s and 6 x 10 s RSA tests in both sexes. As a result, the highest contribution from anaerobic energy systems was seen in the sprint (10 x 6 s) protocol with more repetitions and shorter duration compared to the protocol with less repetitions and longer sprint duration (6 x 10 s). The effect of sex on the energy system contributions differed for the ATP-PCr and glycolytic energy systems, while there was no sex effect for the oxidative system contribution. In conclusion, these findings can be used in team sports to improve energy systems in target during training programs for both sexes. 
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