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ABSTRACT  
There has been an exponential rise in the development and professionalism of female football, 

which has led to an increase in scientific research. However, there still remains a large disparity 

to male football and alarmingly, much of the current research has been replicated from male 

football ignoring the inherent physical and physiological differences between genders. One 

such physiological phenomena is the menstrual cycle. The menstrual cycle is a common and 

regular occurrence for females, whereby, monthly fluctuating hormones work in synergy and 

cause alterations in physiology and potentially physical performance. Though these 

physiological and physical changes have been well documented, there remains a paucity of 

research investigating the effects of the menstrual cycle on physical performance in team sports 

and particularly football. Accordingly, the aims of this thesis were three-fold 1) to investigate 

football-specific physical and physiological characteristics of the female footballer, 2) to 

determine the potential effects of the menstrual cycle on isolated measures of football-specific 

performance, and 3) to observe whether the menstrual cycle modulates changes in physical 

performance during competitive match-play. 

 

To facilitate aim one, 36 sub-elite female footballers provided blood samples and completed a 

battery of isolated physical tests of football-specific performance (countermovement jump, 

3x30m sprint, 4x5m change of direction and the Yo-Yo intermittent endurance test level 2) at 

three timepoints throughout the season. To fulfil aim two, nine sub-elite females completed the 

same series of physical tests as aim one (except the Yo-Yo intermittent endurance test level 1 

was used) during two specifically chosen phases of the menstrual cycle (follicular phase, days 

5-7; luteal phase, days 21-22). Finally, to accomplish aim three, 15 elite female footballers were 

observed during a 4-month period throughout a total of 76 match observations, during the main 

phases of the menstrual cycle (36 in follicular phase and 40 in luteal phase). 

 

There was an observed change in physical performance across the season. Peak performance 

was observed following the preseason period, however, reductions in physical performance 

were observed as the season continued. Inversely, blood-borne parameters (e.g. creatine kinase) 

were elevated when performance was at its highest level, whilst decreasing as the season 

continued. The results of study two suggested there was an observed reduction in maximal 

endurance performance during the luteal phase, with a 14% reduction in meters covered during 
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the Yo-Yo intermittent endurance test level 1 compared to the follicular phase. However, no 

changes were observed in sprinting, agility, or countermovement jump performance. The 

findings of study three indicated that during competitive match-play there was an observed 

difference in high intensity distance covered across the menstrual cycle; with 12% greater 

distance covered during the luteal phase. However, this difference was smaller than the match-

to-match variation (coefficient of variation = 39.5%). There were no observed differences 

between phases across all other competitive physical performance metrics. On the individual 

level, differences between phases were only systematically observable in one player.  

The findings of this thesis provide further insight into the physical profile of the female 

footballer and is the first to consider female specific physiology as a factor that could potentially 

alter physical performance. The current studies indicate that isolated sport-specific physical 

performance fluctuates throughout the season, nevertheless, when assessing or monitoring 

endurance performance, it would appear advantageous to keep the phase of the menstrual cycle 

(when possible) consistent or at least documented. However, these observed effects were not 

so prominent during competition. Therefore, the menstrual cycle, does not seem do play a major 

contributing factor to variations in physical performance during matches and interventions are 

not particularly necessary. The current studies provide implications for the design and micro 

management of training, monitoring and the assessment of the female footballer, whilst 

affirming that the menstrual cycle should not be perceived as a mitigating factor for changes in 

physical performance. Finally, this thesis has also provided further evidence of the complexity 

when assessing the menstrual cycle alongside aspects of physical activity and overall 

performance. 
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1.0 INTRODUCTION 

Association football (often referred to as Soccer), is a multifaceted sport, requiring players to 

have high levels of physical, technical and tactical abilities [1, 2]. Even though technical and 

tactical abilities are of grave importance, enhanced physical capacities are often identified as 

an important determinant of football performance [3-7]. The physical profile of a football 

match is regularly characterised as a self-modulated, multi-directional, and intermittent based 

activity; whereby, multiple high intensity (HI) bouts (running and sprinting) are interspersed 

with, periods of low intensity (walking, jogging), active, and passive recovery [8-11]. During 

a 90-minute match, previous time motion analysis and global positioning systems (GPS) have 

been used to record a total distance (TD) of approximately 10-12km, with the majority of this 

distance covered at low (LI) and moderate (MI) intensities, irrespective of gender [3, 4, 7, 11-

19]. It could therefore be suggested that football is predominantly an aerobic sport in nature 

with anaerobic contributions in the form of HI actions interspersing these low intensity and 

passive periods [2, 4, 20, 21]. These periods of HI activity have been attributed to the most 

decisive actions during competitive football matches [2, 17, 22], thus suggesting that successful 

performance in football is largely dependent on a players ability to reproduce bouts of HI 

exercise and reduce the onset of fatigue [2, 20, 21, 23, 24]. However, the ability to do so may 

be influenced by other factors, such as gender [7], competitive standard [12] or level of fitness 

[4]. The knowledge of the activity profile and gross demands of the activity profile provide 

some overview of the demands of the sport; however, this needs to be considered in relation to 

the physical responses and the sporadic and contextual specific nature of match-play. 

 

The all-inclusive understanding of the physical and technical demands of football provides the 

basis for effective scientific support [10, 19, 25], informing practitioners of physical 
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development requirements [2, 19, 25, 26] and preparing players for ‘worst case’ scenarios; 

whereby, optimal strategies can be implemented to maintain peak performance [14, 25, 27]. As 

seen in the ergonomic model for the analysis of football from Reilly, [25] (Figure 1), the 

demands of match-play are integral prior to optimising a players physical profile. At present, 

the vast majority of this research has been conducted in male footballers [7, 28]. Unlike other 

sports (e.g. Tennis), male and female football is played under the same rule constraints and 

with the same equipment. Thus, there is often a belief that the physical response, requirements, 

and demands are the same for both genders. Research has suggested that the relative 

physiological loading is similar and that the energy systems are also similarly taxed in both 

genders [2, 7, 28]. However, it has been suggested that female players cover considerably less 

HI distance than male footballers [2, 7, 28]. Although this information could be considered to 

provide information regarding the physical demands of female match-play, there is a lack of 

specificity in the data collection and in the considerations of the female footballer, potentially 

underestimating the ‘true’ demands and physical requirements. 

 

Although there is a plethora of information about the physical capacities and match demands 

of male football, there is a clear disparity in the amount of research that exists for the female 

footballer [7]. Over the last decade, the interest, funding, participation, and professionalism of 

the female game has exponentially increased [28, 29]. This can be observed through an increase 

of 34 % of females participating in football rising to 29 million from 2000 to 2011 [29]. 

Moreover, the World Cup in Canada (2015) resulted in a new total attendance record for a 

FIFA competition. Additionally, there was an increase of over 33% in viewership of the 

Women’s World Cup in Canada, than the 2011 FIFA Women’s World Cup held in Germany 

[30]. Furthermore, as of 2020, UEFA will increase funding for all its 55-member associations 

by 50% [31]. Collectively, this has driven the professionalism within the female game, with 
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players at the highest level now becoming employed on a professional or semi-professional 

basis [28, 31]. Consequently, elite players are now facing an increase in match exposures, 

alongside, a concurrent increase in training loads and volumes [28]. These players are therefore 

exposed to increasingly greater and ever-changing physical demands and, as such, 

comprehensive descriptions of the physical capacities and match demands of the female 

footballer is needed to enable coaches and sports science support staff to identify the current 

demands placed on players during match-play, and apply this data to training and testing 

procedures. 

 

Figure 1 An ergonomics model for the analysis of football (recreated from Reilly, [25]). 

 

While there has been progress in female football, and the research conducted, greater 

investigations are required that consider all elements specific to this population [28]. For 
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example, information of the performance profiles of high-level players are uncommon with the 

majority of studies focusing on a single physical characteristic or performance testing during 

one measurement time-point [32-36]. This data provides a lack of information how fitness 

capacities interact, and are affected by continued exposure to competition and training. 

Moreover, during investigations of match physical performance, research practices are often 

directly adopted from male football [14, 37, 38], thus reducing specificity and highlights a 

potential ignorance to demands specific to the female athlete. Therefore, this information may 

not be representative to the female population. Examples of this can be observed when 

comparing genders directly. Bradley et al. [7] observed that males cover greater TD and HI 

distance during competitive match-play compared to females. Albeit that absolute differences 

exist, the manner of data collected was somewhat flawed, as the study utilised male orientated 

speed thresholds during match-play when comparing the movement profiles between genders. 

This method does not consider inherent physical differences between genders, as females are 

often not able to achieve the same speed thresholds was their gender counterparts [37]. The use 

of arbitrary speed thresholds adopted from male football could therefore misinterpret the 

activity demands of female football match-play and, in turn, underestimate the amount of HI 

actions, during match-play [37]. However, these practices are not uncommon, thus owing to a 

need for additional literature within female football to improve population specific practices 

[14]. It is somewhat disappointing that although it is widely accepted that there are differences 

between genders in terms of physical [7, 39-41], physiological [39, 41-44], and 

endocrinological parameters [39, 45], this is often ignored within female football and research. 

 

When investigating the female footballer, gender specific physiology is rarely considered [28]. 

Specifically, females encounter from the age of menarche (~13 years of age [46]) until 

menopause (~50 years of age [46]), a monthly interplay of hormones which rise and fall in 
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synergy, known as the menstrual cycle. Throughout the menstrual cycle, hormones fluctuate 

with the sole purpose of enabling conception. The main hormonal protagonists’ oestrogen and 

progesterone, rise and fall throughout the menstrual cycle, signifying the different phases 

(Figure 2). When concentrations of oestrogen and progesterone are low, this is referred to as 

the early follicular phase (EFP), whilst an independent rise of oestrogen signifies the late 

follicular phase (LFP). After ovulation, both hormones (oestrogen and progesterone) are 

elevated, this is typically known as the luteal phase (LP). These hormones have been previously 

attributed to effecting metabolic, thermoregulatory, cardiovascular, and respiratory systems 

[39, 47-49]. Thus, in turn, potentially influencing football specific performance.  

Figure 2 A schematic representation of the change in female sex hormones (oestrogen, progesterone, luteinizing 

hormone and follicular stimulating hormone) over an average 28-day menstrual cycle. Recreated from reference 

values provided by Stricker et al. [50]. Note: Solid black line = Oestrogen; Solid grey line = Progesterone; Dotted 

grey line = Luteinizing hormone; Dashed grey line = Follicular stimulating hormone.   

Therefore, it is not unreasonable to speculate that the cyclical endogenous hormonal variations 

throughout the menstrual cycle might influence physical performance in female football 
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players. However, several factors cause a difficulty when monitoring and evaluating the 

menstrual cycle and its synergistic hormones in this population. Issues such as between player 

differences in cycle length, and the regularity of testing required to accurately assess menstrual 

cycle phase (MCP). These reasons amongst others could possibly explain why females are 

underrepresented within research [51-53] however, as with the developments in the female 

game in relation to numbers and finances, advancements have also occurred in scientific 

practice, thus reducing the argument of difficulty in measurements when advancing this area 

of research. 

 

Currently, there are limited studies describing whether the menstrual cycle influences physical 

performance in team sport athletes, specifically football [51]. It is, however, important to 

interpret meaningful changes in physical capacities and performance, to inform practitioners 

of the current success of their training programs and to understand the ‘true’ physical demands 

of match play. Currently, during these processes the physiological responses that are potentially 

influenced by the variations in endocrine hormones that fluctuate during the menstrual cycle 

[45] are inherently ignored. Therefore, owing that female players train, are tested, and compete 

throughout their menstrual cycle, the possible effects on physical capacities and performance 

should be investigated. 

 

In summary, although there is an exponential increase in popularity, participation, and 

scientific endeavour within female football, yet there remains a large disparity in research 

between male and female players. As such, more research is warranted in terms of quantifying 

the physical attributes of the female footballer to provide sport scientists and practitioners 

greater specificity for the creation of training plans and monitoring practices.  Additionally, 

there is an absence within the current literature addressing specific female physiology and its 
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potential effects on a players’ physical performance. More specifically, whether the menstrual 

cycle and its associated hormones (oestrogen and progesterone) could potentially influence the 

physical capabilities of the female footballer. Consequently, research is essential to determine 

whether this regular occurrence may affect physical performance so that practitioners may 

monitor MCP during future practice. Consequently, this information could be used when 

interpreting what is a meaningful change or potential variation based on cycle phase, or to 

subsequently inform decisions which could be used in player selection or appropriately 

managing their players. 
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2.0 

REVIEW OF LITERATURE  
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2.1 PHYSICAL & PHYSIOLOGICAL PROFILE OF THE FEMALE FOOTBALLER 

Irrespective of gender, a professional football match comprises of 90 minutes, split into two 

45-minute halves, with the main purpose to outscore the opposition and win the match. During 

this time, players perform an interaction of multiple dynamic physical activities, which in turn 

results in an array of different physiological responses [2, 28]. Within a match, players are 

required to tax various physiological systems, but generally due to the relative contribution of 

low intensity activity and passive recovery, football might be considered an aerobic sport [2]. 

However, the aerobic component is interspersed with many instances of HI actions and utility 

movements, including high speed running (HSR), sprints, jumping, accelerations and 

decelerations in combination with technical actions such as shooting, passing, heading and 

tackling [1]. In female football, the physical activity profile has been found to change every 4s 

with approximately 1400 changes in activity per match [4, 13]. In order to prepare players for 

the physical nature of competitive football, the general physical demands of the game needs to 

be explored so that training can be modelled in a systematic and pragmatic manner (Figure 1, 

Chapter 1) [25]. As has been identified in male football, this is an ongoing process, whereby, 

continued re-evaluation is required to identify developments in the physical demands and 

newly developed styles of play [10]. Developments can also be identified when evaluating the 

current level of female football [28], with the relationship between the physical development 

of the game corresponding with the continued growth in the professionalism and physical 

abilities of female footballer [29].  The elements of football remain the same for both genders, 

although there are differences in how they are performed during match play, potentially leading 

to different physiological responses [7, 28]. Therefore, understanding the physical and 

physiological profile of the female footballer is important, especially for subsequent tailoring 

of training, recovery, and injury prevention strategies for the specific population [25]. 

Moreover, As the popularity of female football and the subsequent financial input increases, 
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this should in turn result in an improvement in training and match-play monitoring via the 

adoption of access to (access to more sophisticated measured such as GPS). This in turn should 

start to improve the understanding of female specific responses to football match-play.  During 

match-play there is a complex interplay of different physical actions, which all need to be 

appropriately conditioned for so that players are prepared to perform to their maximal abilities 

in a repeated fashion over the course of the season.  The complex and sporadic nature of football 

match-play coupled with physical function specific to the female athlete makes it inherently 

difficult to monitor the responses to match-play and training; however, by advancing in our 

knowledge it should be possible to increase our specificity in relation to our conditioning 

programmes [54]. To begin to understand the specific demands associated with female football 

we initially need to consider the activity profile of female match-play, thereafter the response 

to this specific activity profile can be considered. 

 

2.1.1 Notational analyses of female football match-play  

Within the scientific literature, TD is the most common metric measured when observing the 

physical demands of match-play; this could be due to the relative ease of measurement and that 

it is not dependant on the calculation of different speed zones. The earliest information to note 

on the distances covered during female football match-play was unpublished data from Ekblom 

and Aginger [55]. The authors identified that in a cohort of seven Swedish national league 

players, they performed on average 8.5 ± 2.2km. More contemporary research has observed an 

increase in TD of ~17%, suggesting that the female footballer covers approximately 10km per 

match, regardless of playing standard (Table 1; range 9.32 to 10.44km) [4, 7, 12-14, 24, 56-

66].  
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Table 1 Match physical demands for elite female football players. Data expressed as means ± standard deviation (adapted from Datson et al. [28]) 

References Year 
Subject 
number 
(n) 

Competition 
level 

Nationality/ 
region 

TD (km) 
Number 
of activity 
changes 

Number 
HI bouts 

HI running 
(km) 

VHI 
running 
(km) 

Sprint 
distance (m) 

Number of 
Sprint bouts 

Method of 
data capture 

Andersson et al. 

[12] 
2010 

17 

 

17 

International 

 

Domestic 

Scandinavia 

9.90 ± 1.80 

 

9.70 ± 1.40 

1641 ± 41 

 

1593 ± 30  

187 ± 15e 

 

168 ± 12e 

1.53 ± 0.10e 

 

1.33 ± 0.90e 

 

256 ± 57g 

 

221 ± 45g 

 Video tape 

Andersson et al. 

[56] 
2008 21 

Highest 

division 
Scandinavia 9.90   1.15e    Video tape 

Datson et al. 

[14] 
2017 107 International Europe 10.37 ± 0.95   2.52 ± 0.58c 0.78 ± 0.25f 168 ± 82g  

Semi 

Automated 

camera 

Gabbett and 

Mulvey [24] 
2008 

13 

 

13 

 

13 

vs. male youth  

 

National 

 

International  

Australia 

9.32 ± 0.84 

 

9.70 ± 0.48 

 

9.97 ± 1.14 

  

1.86 ± 0.48a 

 

2.01 ± 0.30a 

 

2.46 ± 0.49a 

   Video tape 

Hewitt et al. 

[61] 
2008 15 International Australia 9.14 ± 1.03   0.62 ± 0.11d   280 ± 80f GPS 



13 
 

Krustrup et al. 

[4] 
2005 14 

Highest 

division 
Danish 10.30 1459 125e 1.31e  160g 26g Video tape 

Krustrup et al. 

[67] 
2008 12 

International 

 

Domestic 

Scandinavia 

10.0 ± 0.5 

 

9.70 ± 0.60 

  

1.60 ± 0.40e 

 

1.40 ± 0.40e 

   Video tape 

Mohr et al.  

[13] 
2008 

19 

 

 

15 

Highest 

division 

 

Domestic 

USA 

 

 

Scandinavia 

10.33 ± 0.15 

 

 

10.44 ± 0.15 

1379 ± 34 

 

 

1326 ± 24 

154 ± 7e 

 

 

125 ± 7e 

1.68 ± 0.09e 

 

 

1.30 ± 0.10e 

 

460 ± 20g 

 

 

380 ± 50g 

30 ± 2g 

 

 

26 ± 1g 

Video tape 

Ramos et al. 

[68] 
2017 17 International Brazilian 10.11 ± 0.87   0.76 ± 0.17d  

307 ± 

119f 
 GPS 

Ramos et al. 

[66] 
2019 21 International Brazilian 9.72 ± 0.48   1.24 ± 0.95b 0.70 ± 0.07d 304 ± 54f  GPS 

Trewin et al. 

[62] 
2017 45 International Canadian 9.72 ± 0.90  62 ± 20d 0.93 ± 0.35d   20 ± 9f GPS 

Note: GPS – Global positioning system, HI = High intensity, TD = Total distance, VHI = Very high intensity. 

 a – Descriptive definition, b – >12 km.h-1, c – >14 km.h-1, d – >16 km.h-1, e – >18 km.h-1, f – >20 km.h-1, g – >25 km.h-1 
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When considering that match-play is completed over a 90 min time-frame, and considering the 

TD of ~10 km [2],  then the average velocity is 6 km·hr-1. This in turn suggests the 

predominantly aerobic demands associated with football match-play and highlights that the 

majority of TD is conducted at LI. However, if we only consider the gross demands of the 

activity profile in relation to TD, we will considerably underestimate the demands of match-

play. As further identified in table 1, and previously alluded to, female football match-play 

comprises of sporadic and a highly intermittent activity profile which equates to a change in 

activity approximately every 4 seconds. As part of these changes in activity the aforementioned 

periods of LI are interspersed with acute periods of HI. 

 

It is for this reason that HI actions are often quantified in contemporary literature, especially 

when considering that the ability to cover a greater distance at HI has been shown to be a useful 

measure of physical match performance,  training status [4], and competition standard [12, 13] 

in female football. Therefore, understanding the incidence and distances covered at HI are 

important when conditioning a player, preparing them for peak performance, and to model 

subsequent training [54]. In early research, HI distance in female football was not often 

measured in the literature [55] , however, owing to the advances in technology, studies 

investigating female international footballers have identified HI activity (>18km.h-1) ranging 

from 1.5 to 1.7km [12, 13, 57]. However, Trewin et al. [62] observed that players covered 

930m during 154 individual match observations when using a speed threshold of >4.58m.s-1 

(>16.5km.h-1). Datson et al. [14] found that the amount of distance during  high speed running 

(HSR) (19.8 to 25.1km.h-1), total HSR distance (>14.4km.h-1) and total very high-speed running 

(VHSR) (19.8km.h-1) were 608m, 2.52km and 776m, respectively (Table 1).   
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It is apparent that it is often hard to determine HI distances across female football, due to the 

differences in terminology (Table 1), in speed definitions, and due to the thresholds used to 

determine the instance of HI activity. The frequency of HI actions is approximately 5-fold 

greater than sprinting [38]. Which evokes large physiological stress due to the repeated bouts 

of anaerobic based activity [21].  One method to potentially quantify the anaerobic demands of 

match play and assist training prescription is to simply quantify the instances of high-intensity 

actions per match. There is however some equivocal literature associated with quantifying HI 

actions with previous literature suggesting 31 ± 19 [69], 62 ± 20 [62], and 169 ± 49 [14] HI 

running bouts during female match-play. These large differences in metrics could be related to 

the standard of match-play or could be indicative of the methods and thresholds that are used 

to record such data. Nevertheless, it is suggested that elite female players can cover up to 1.9 

bouts of HI activity per minute of match-play.  

 

Sprinting activity has also been previously proposed to precede crucial moments during 

matches, such as the movements required to win the ball, avoid opposition players or a goal 

scoring opportunity [2, 22, 70]. Moreover, a player’s ability to reproduce repeated sprinting 

bouts throughout a match has been further described as a key physical performance indicator 

[69, 71-73]. In female football, a comprehensive understanding of sprinting performance is still 

lacking, potentially due to a current lack of consensus on female speed thresholds [33]. Much 

of the current research conducted utilises male based thresholds to quantify a sprint, meaning 

that female players are required to reach speeds of greater than 25.1 km·h-1 before it is classified 

as a sprint [74]. However, as can be observed in table 1, the current research suggests that 

females cover approximately 334m (range: 160 to 615m) per match [12-14, 57, 58, 62, 66, 69, 

75]. Whilst, the number of sprints throughout a match are on average 23 ± 6 (range: 19 to 33) 

[13, 57, 75] accompanied by an average sprinting time of 2.4s per sprint [75]. Sprinting 
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distances have further been described as a discriminating factor between levels of competition, 

as demonstrated by Krustrup et al. [57], with elite levelled players performing 24% greater 

distances than sub elite players (460 ± 20m vs. 380 ± 50m; d = 2.2). During match-play, sprints 

are most commonly performed at less than 10m and are both explosive and leading in nature.  

 

It has been previously proposed that one’s ability to quickly recover and maintain maximal 

performance during multiple sprinting bouts, is an important aspect of football performance 

[76, 77]. Moreover, understanding highly physically demanding elements of match-play can 

help in training prescription to manage “worst-case” scenarios and potentially reduce injury 

risk [38, 78, 79]. Current data identifying sequences of repeated sprint performance during 

female match-play is limited [38, 69, 80]. Gabbett et al. [69] previously suggested that 

sequences with two sprints occur ~5 times per match with an average recovery of 10s between 

the two bouts. However, more recent studies from Nakamura et al. [80] and Datson et al. [38] 

have observed that the incidence of a two-sprint sequence only occurs 2.5 ± 2.2 and 1.0 ± 1.1 

times, respectively. The incidence of repeated sprint sequences in female football does not 

appear to occur often [38, 80, 81]. 

 

The notational demands of female match-play have recently been afforded additional attention 

and, as such, researchers now possess an increased understanding of these demands to allow 

for appropriate conditioning practices to be designed and implemented. It should however be 

considered that the notational match demands and associated variability between literature may 

be related to a number of contextual factors.  
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2.1.2 Contextual considerations 

Global values of physical performance have been extensively researched [28], however, to 

assess physical performance with greater accuracy and certainty, it is essential to understand 

other facets that might affect the physical demands and performance of match-play [3, 17, 62]. 

This means that factors such as the ‘natural’ variation in match running parameters and certain 

contextual variables during match-play need to be considered [65, 82].  

 

Between matches, due to the developments and characteristics of the match itself, variations in 

running distances are common. However, to identify whether these changes are ‘meaningful’ 

and to provide greater information to the players and practitioners, longitudinal repeated 

measures of match running metrics provide a general recommendation for what could be 

considered as ‘natural’ match-to-match variation in physical performance. Typically, this is 

expressed using the coefficient of variation (CV) as a percentage. Previous information on male 

footballers suggest that variations in running performance increases with greater running 

speeds [3, 83]. Currently, there are few studies that have identified the match-to-match 

variability in match physical performance in female footballers. Nevertheless, one study from 

Trewin et al. [62] extensively assessed the variations in match running metrics over a five-year 

period in a cohort of international female footballers. In support of previous findings in male 

footballers, variation in match-to-match performance increases with intensity. However, this 

variation is more pronounced in female footballers. The variation in TD is 6.4% [CI 5.8, 7.1], 

with HSR and the number of sprints varying between 33% [CI 30, 36] and 53% [CI 48, 59], 

respectively. Therefore, using metrics of HSR and sprinting to assess female physical 

performance might be [28] difficult due to this large natural variation. However, large 

variations in performance are “part and parcel” of the game, restricted to not only circadian 
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variations in physical performance [84], but also contextual variables (e.g. playing location, 

level of opposition) within a match causing performance differences [85].  

 

It has been previously demonstrated that training status is a key protagonist of physical 

performance in female football, with the differences in physical capacity leading to variations 

in physical output [4]. Unlike in male football, female players complete greater running and HI 

running distances in relation to the level of competition [12, 13]. For example, Andersson et 

al. [12] identified that HI (1.53 ± 0.1km vs. 1.33 ± 0.9km) and sprinting distance (256 ± 57m 

vs. 221 ± 45m) was significantly greater during international versus domestic levelled football 

matches. Current research in male football has suggested that factors such as match status (win, 

lose, draw), location (home vs. away), level of opposition (top, middle, bottom of the league 

standings), and current score line have impacted physical performance metrics [86-89], yet this 

has not been extensively investigated in female football. One study from Vescovi and 

Falenchuk [82] investigated the effects of match location (home vs. away), type of turf (natural 

grass vs. artificial) and match outcome (win, lose, draw) on match physical performance across 

28 outfield footballers. It was identified that there were no differences in physical performance 

between home and away matches. However, MI (12.1–16.0 km.h−1) running (20.0±1.0 m 

min−1 vs. 16.4±0.9 m min−1) and HI (16.1– 20.0 km.h−1) running (8.6±0.4 m min−1 and 

7.3±0.4 m min−1) was significantly greater on artificial turf than natural grass. During the 

various match outcomes, only relative sprint distance was greater during losses in comparison 

to draws (4.3±0.4 m.min−1 and 3.4±0.3 m.min−1).  

 

A further study from Trewin et al. [65], investigated the effect of certain situational (match 

outcome, opposition ranking, and congested schedules) and environmental (altitude and 
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temperature) factors that might influence physical performance. The findings suggested that, 

when drawing, playing a lower opponent resulted in a moderate increase in HI running (ES = 

0.89). Whereas, winning against higher ranked opponents led to a moderately higher TD (ES 

= 0.75) in comparison to drawing. When investigating the environmental factors, the number 

of accelerations increased whilst there was a decrease in TD during altitude (>500m), the 

authors suggested this could be due to the potential decrease in partial pressure of oxygen, 

meaning that accelerations are easier (less resistance), whilst the reduced TD may be owing to 

allow for recovery between acceleration efforts. Generally, performance parameters were 

worse during higher temperatures (mean, 26.5°C), as increasing temperature leads to an 

increase in core and muscle temperatures and can alter substrate metabolism [90].  

 

An additional contextual factor to consider when attempting to quantify the notational demands 

of match-play is that of playing position.  It is well understood that within a football team there 

are various playing positions which require different tactical considerations and therefore, 

potentially differences in physical differences in physical output [1, 3, 7, 17, 91, 92]. The 

evaluation of each individual playing position is imperative to ensure specificity in training and 

the selection of players accordingly [28].  

 

Where previous literature has considered differences in the notational demands between 

playing positions, current findings are somewhat equivocal. Certain research has identified 

differences between playing position [13, 14, 24, 61], whilst other studies have not identified 

a difference [7, 58, 62, 66]. The lack of consistency in research findings might be due to 

variations in methodology, including but not limited to differences in playing standards, and 

differences data acquisition procedures. 
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Of the current studies that have suggested differences between playing position, these often use 

three categories to quantify the different playing positions. Current observations demonstrate 

that midfielders (MID) cover approximately 10% greater TD per game than defenders (DEF) 

and forwards (FWD) [24, 61]. This has also been observed in HI distances covered, owing to 

the tactical demands of a game, DEF have been observed to perform less HI distances than 

MID and FWD (1.26 ± 0.11 km, 1.65 ± 0.11 and 1.63 ± 0.10 km, respectively), whilst these 

distances have been observed to be similar between MID and FWD [13]. Moreover, FWD have 

been observed to perform 17% and 37% greater amount of sprints per game than both MID 

and DEF, respectively [13]. However, there are differences in the demands due to specific roles 

within these positions [17]. For example, DEF could be further sub categorised as wide 

defenders (WD) and central defenders (CD) of which the demands vastly differ. A recent study 

from Datson et al. [14] evaluated the match physical demands of competitive international 

match play using five positional categories (CD, WD, central midfielders (CM), WM and 

FWD). The findings suggested that TD covered was significantly greater for CM (11 km) 

compared to all other playing positions (CD, 9.5km; WD, 10.3km; FWD, 10.3km) except WM 

(10.6km).  

 

Datson et al. [14] further observed that CD covered the least distance at higher intensities 

compared to all other positions (ES 1.6–2.4). Moreover, CD also covered significantly less 

sprinting distance compared to all other positions, with FWD in absolute values covering the 

greatest distance (CD, 111 ± 42m; WD, 163 ± 79m; CM, 170 ± 69m; WM, 220 ± 116m; FWD, 

221 ± 53m).  
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Owing to this information, practitioners should consider the effect of various different match 

conditions and how this might potentially influence physical performance outputs, with future 

research aiming to further investigate the interaction between contextual factors [65] and the 

female specific response to match-play and performance [28, 65]. In addition to understanding 

the notational analysis of female match-play, researchers and practitioners alike need to 

consider the physical response to these demands and consider these in context to the physical 

capacity of the players.  

 

2.1.3 Physical responses and capacity of female footballers 

As previously discussed, football match-play comprises a predominant aerobic contribution, 

thus suggesting the need to ensure appropriate aerobic conditioning. Moreover, appropriate 

aerobic conditioning has been suggested to promote recovery during football-based activity 

[4]. Therefore, it appears that a high oxygen uptake capacity (V̇O2max) is potentially related to 

a greater consumption and subsequent supply of oxygen, alongside a greater metabolic 

efficiency which may help delay the onset of fatigue [93].  The measurement of V̇O2max during 

match-play is impractical and prohibited and, as such, heart rate (HR) measurements may be 

used to predict the level of energy expenditure via the HR - V̇O2 relationship. Although the 

HR-V̇O2 relationship may over estimate energy expenditure during football match-play due to 

changes in HR occurring in isolation to changes in V̇O2, a number of previous studies have 

supported that the HR-V̇O2 relationship is valid method of predicting energy expenditure 

during intermittent exercise, with various HR indices (average (HRaverage), peak (HRpeak), max 

(HRmax)) being utilised as suitable and valid alternative to V̇O2 [94]. A study from Krustrup et 

al. [4] monitored HR in 14 female football players during competitive matches. The results 

indicated that HRaverage and HRpeak was 167 bpm (152-186 bpm) and 186 bpm (171-205), 
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respectively. These values were equivalent to 87% and 97% of HRmax. These findings have 

also been identified in similar studies investigating match HRs in female footballers [12, 59, 

67, 95]. These data would therefore suggest that during competitive match play, players 

experience moments of near maximal exertion, thus suggesting that although the activity 

profile is predominantly aerobic in nature, the intermittent and sporadic activity profile, and 

the interspersing HI activities also elicit a high anaerobic demand. This is further emphasised 

when considering Mohr et al. [59] suggested that the average oxygen consumption during 

competitive match play is 80 ± 1% of V̇O2max. Whilst, Krustrup et al. [4] has estimated that the 

average and peak oxygen consumption during match-play is 77% and 96% of V̇O2max, again 

demonstrating that competitive football is highly physically and physiologically demanding. 

 

To directly determine the aerobic capacity of the female football, several studies have 

conducted V̇O2max measurements [4, 24, 33, 59, 67, 96-102]. The aforementioned studies have 

identified that V̇O2max values range between 47.0 to 57.6 mL.kg-1, which is not too dissimilar 

to that of male football players (55 to 75 mL.kg-1) [2], suggesting that female players  have a 

good level of aerobic conditioning. Interestingly, even though the professionalism and 

increased sport science support is more apparent in modern female football, V̇O2max values 

appear to have remained consistent over time [28, 33, 55]. As such, the ability to train V̇O2max 

per se may be limited in relation to its effects on match-performance; however, improvements 

in a player’s ability to work at a higher percentage of this maximum level may be important. 

 

However, dissimilar to TD during match play, research has suggested that aerobic capacity is 

linked to competitive standard. Haugen et al. [33] found that senior national-team players (3.58 

± 0.37 L) had a 4.6% higher V̇O2max than first-division players (3.25 ± 0.30 L; p = 0.042, d = 
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0.4), 13.1% higher than second-division players (3.08 ± 0.35 L; p < 0.001, d = 1.2). Such 

findings have been generally found across the current literature [4, 59, 102]. When considering 

the normalisation methods of V̇O2max in relation to an individual’s body mass, the observation 

of playing standard specific differences may be due to anthropometric differences.  

 

The anthropometry of female footballers has been reported to be similar to that of other female 

team sports, with previous literature identifying that on average 20–27 years old, with a height 

of 1.61–1.70 m, weighing 57–65 kg, and, with a body fat percentage of 14.6–20.1 % and lean 

muscle mass of 45.7 ± 3.9 kg [28]. The anthropometry of female players, as with their male 

counterparts, has been shown to be specific to playing position [103] due to the specific 

demands and potential considerations associated with talent ID, playing standard [104, 105], 

and phase of the season when these measures are recorded [96, 106].  

 

Although V̇O2max is considered the criterion measure of aerobic capacity, it remains 

questionable whether this measure and the methods to collect this information (often maximal 

incremental running tests) are specific to football activity [5, 107]. As such, “football-specific” 

field tests have been created and utilised to assess sport-specific aerobic performance. One 

example, and one of the most commonly investigated in research is the Yo-Yo intermittent test 

(YYIT); which can be further segregated into the Yo-Yo intermittent recovery test level 1 

(YYIRT1) and 2 (YYIRT2), and the Yo-Yo intermittent endurance test levels 1 (YYIET1) and 

2 (YYIET2). From the testing protocols it has been concluded that the variations of the YYIET 

is more aerobic related, whereas the YYIRT is aerobic-anaerobic related.  
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The YYIET2 appears to be a reliable measure and has been previously suggested to provide an 

indication of match-specific physical capacity of the female football player [34]. Large 

correlations were observed between YYIET2 performance and, the TD (r = 0.55; p < 0.05) and 

HI (r = 0.70; p < 0.01) running covered during competitive female football matches [34]. 

Within the literature, values for elite players during the YYIET range between 1265 ± 133 m 

to 1774 ± 532m (Table 2). In a study from Bradley et al. [34] YYIET2 performance was found 

to differ between competitive level, with elite players   covering greater distance (1774 ± 532m) 

compared to elite youth, domestic and sub-elite level football players (1490 ± 447m, 1261 ± 

449m and 994 ± 373m, respectively). This information could, therefore, provide guidelines for 

the expected fitness level of athletes to compete at various competitive standards, albeit from 

one instance and may not be representative as to changes across the season. 

 

As previously alluded to, the most decisive actions during match-play rely on high anaerobic-

energy turnover. One method to quantify the anaerobic response during match-play, is through 

blood lactate (BLa) measurements [2]. One study from Krustrup et al. [67] suggested that mean 

BLa concentration was significantly higher after the first half compared to the second half (5.1 

± 0.5 mmol.L vs. 2.7 ± 0.4 mmol.L). Due to the constraints of competitive football, it is 

extremely difficult to obtain samples during matches, therefore, measurements are only 

possible during the half time or following the match. Thus, BLa concentrations rather reflect 

the activity pattern in the minutes prior to the collected sample instead of the demand during 

the complete half or match., which potentially means that the anaerobic demands of match-

play are underestimated.  Likewise, as is the case with a lot of female football literature, there 

is a paucity of research evaluating the anaerobic responses to match-play. Although it could be 

speculated that this response is similar across genders, additional research specific to female 
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players is required to better inform our understanding of the anaerobic responses to match-play 

and subsequent management of the conditioning and monitoring practices female footballers.    

 

When considering the decisive actions associated with anaerobic-energy turnover, it is 

imperative that the anaerobic capacity of female players is appropriately tested and conditioned 

to aid match performance. The use of the YYIR1 has been suggested to provide a good 

indication of physical match performance among female players due to its close relationship to 

the amount of HI distance covered during match play [4]. Meaning that the implementation of 

the YYIRT1 could provide information supporting the training process, talent identification 

and player selection [108]. As such, YYIRT1 performance has been quantified during few 

investigations. Senior domestic levelled players from Denmark, Spain, Germany and Tunisia 

were found to complete 1379m (range, 600–1960 m), 1224 ± 255m, 1051 ± 399m and 902 ± 

405m, respectively [36, 108, 109] (Table 2).  

 

Diversely, the YYIRT2 has been previously validated solely against the demands of male 

match-play [108], and has been suggested to determine an individual’s ability to recover from 

repeated exercise with a high contribution from the anaerobic system. Female match-play has 

been observed to be conducted at a lesser proportion of HI action as their gender counterpart 

[7], thus, the use of the YYIRT2 is rarely performed with female football players. It should be 

considered that perhaps the YYIRT2 is too physically demanding for female footballers, due 

to the high starting speed and relatively quick increasing of running speeds. 
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Table 2 Football-specific physical performance test results, from high-levelled female football players. Data expressed as means ± standard deviation.  

References Year 
Subject 
number (n) 

Competition level 
Nationality/ 
region 

YYIRT (m) YYIET (m) 10m sprint (s) 20m sprint (s) CMJ (cm) 

Andersson et al.  

[99] 
2008 17 

 

Highest division 

 

Scandinavian    3.18 ± 0.03 30.5 ± 1.2 

Bradley et al.  

[34] 
2014 

92 

46 

42 

19 

National 

Highest division 

U20 national 

Lowest division 

European  

1774 ± 532c 

1261 ± 449c 

1490 ± 447c 

994 ±373c 

   

Can et al.  

[110] 
2004 17 Highest division Turkey     34.48 ± 7.11 

Castagna and 

Castellini   

[32] 

2013 21 

National 

U19 national 

U17 national 

Italian     

31.6 ± 4.8 

34.3 ± 3.9 

29 ± 2.1 

Emmonds et al.  

[111] 
2019 10 Highest division England   1.87 ± 0.06  3.21 ± 0.07 31 ± 0.40 

Hoare and Warr  

[112] 
2000 17 U19 national Australia   2.01 ± 0.08 3.47 ± 0.14  
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Krustrup et al. 

 [4] 
2005 14 Highest division Danish 1379a     

Krustrup et al.  

[57] 
2008 12 National Scandinavian     35.0 ± 1.0 

Krustrup et al.  

[67] 
2010 23 Highest division Danish  1212 ± 90c   35.0 ± 1.0 

Mara et al. 

[113] 
2015 17 Highest division Australia 450 ± 118b     

McFarland et al. 

[114]  
2016 16 Collegiate USA   1.92 ± 0.31  41.85 ± 4.98 

Mujika et al.  

[36] 
2009 

17 

 

17 

Highest division 

 

Second division 

Spanish 

1224 ± 255a 

 

826 ± 160a 

   

32.6 ± 3.7 

 

 

Sedano et al.  

[104] 
2009 100 Highest division Spanish     26.1 ± 4.8 

Taylor et al.  

[115] 
2013 19 U15 national England    3.56 ± 0.22  
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Tumility. 

[116] 
2000 20 National  Australian   1.91 ± 0.04 3.26 ± 0.06  51.0 ± 5.0 

Vescovi and 

McGuigan.  

[117] 

2008 51 Collegiate USA     40.9 ± 5.5 

Vescovi et al.  

[118] 
2011 113 Collegiate USA     42.0 ± 5.0  

Vescovi  

[119] 
2012 140 Highest division USA   18.3 ± 0.9 21.6 ± 0.8  

Note: YYIRT – Yo-Yo intermittent recovery test, YYIET – Yo-Yo intermittent endurance test, CMJ – Countermovement jump.  

 a –YYIRT1, b – YYIRT2, c – YYIET2.  
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Although the varying YYIT’s have been created under the premise that they replicate the 

physical demands of match-play and that they have been shown to be correlated with some 

aspects of match activity (e.g. HI running distance); there are still limitations to the test and its 

design. While it has been created to mimic the intermittent nature of football, the set distance 

of 20m is relatively arbitrary and the test is still incremental in nature removing a players use 

of self-paced running to ensure peak performance can be maintained [120]. As such, this limits 

the physical representation of the test. Moreover, the current investigations are often completed 

during one-time measurements; such that the fitness level and current conditioning are only 

representative to the timepoint of measurement within the season.  Thus, careful consideration 

whilst interpreting and evaluating the physical capacity using such tests in relation to the 

demands competitive match play is required and should be used to supplement in-game 

measures and help inform practitioners during the training process. 

 

Owing to the potential limitations of some field-based measures to assess physical capacity of 

players, practitioners and researchers alike utilise methods to acutely assess maximal sprint and 

lower limb force generation through methods such as, but not limited to, sprint timing activities 

and jump performance measures.  There has been considerable research quantifying the 

sprinting abilities of the female football during maximal field testing. However, across the 

research there is a lack of consistent testing protocols (e.g. sprinting distance, stationary vs. 

flying start) and equipment used. During competitive match-play the average sprint distance 

has been previously described as ~19m [18], with the majority of these sprinting distances 

between 10 to 20m [121]. Therefore, during investigations, linear sprinting tests are typically 

performance over a 10 to 20m distance. Current results suggest that females when measured 

over a 10m sprint, require on average 1.94s (Min/Max:  2.31 ± 0.25s to 1.67 ± 0.07s) (Table 2) 

[35, 112, 116, 122-124], this translates to approximately 18.56 km.h-1 (Min/Max:  15.58 to 21.56 
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km.h-1). Whilst measurements conducted over 15 and 20m have provided average sprinting 

times of 2.38 s and 3.5 s, which represents sprinting speeds of 22.68 km.h-1 and 20.52 km.h-1, 

respectively [36] (Table 2).  Alarmingly, as can be observed during maximal sprint testing 

across the varying distances, players may often not be able to reach the predefined threshold 

used in some of the previous literature [125], which may potentially underestimate the sprinting 

demands during match-play. This information suggests that the use of female specific 

thresholds, which as of yet has not be conclusively determined should be determined and 

implemented. Moreover, another option would be to implement individualised speed 

thresholds, to add specificity to the data and to reduce the chance of an underestimation of 

activity [37]. 

 

It should also be considered majority of the research associated with maximal sprint testing 

utilises a stationary start. Therefore, when measuring maximal sprinting performance using 

distances such as 10m (although mimics closer to sprinting distances during a match), the 

acceleration phase often takes several meters to complete, thus limiting the maximal sprinting 

speeds. Therefore, to ensure that maximal sprinting speeds can be confirmed, practitioners often 

measure sprinting performance ≥30m. The limited number of studies assessing 30m sprinting 

time has suggested that 30m-sprinting performance ranges from 4.81 s (22.45 km.h-1) to 5.06 s 

(21.34 km.h-1) [67, 124, 126]. Whilst, research has suggested that players sprinting time was on 

average 5.6s and 5.9s over 40m and 40yd, respectively [35, 117, 127, 128]. 

 

Although sprinting distance within match play has been a discriminating factor between levels 

of competition, there is a paucity of research to comparing sprint test performance across 

differing levels of competition. Of the limited research, Haugen et al. [35] identified that over 

40m, national-team players were 5% faster than second-division players (p < .001, d = 1.1) and 
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first-division players were 3% faster than second-division players (p = .040, d = 0.7). Therefore, 

more research is required to identify differences between competitive standards, so that 

information could be used for talent identification and selection purposes. 

 

The use of repeated sprint ability (RSA) testing has been previously conducted to test a player’s 

ability to repeat these HI actions and quantify the rate of fatigue between and throughout the 

bouts [101]. As such, training interventions could be designed to help prepare players to tolerate 

the “worst case scenario” during match play. Currently, there is a paucity in research assessing 

RSA ability during field testing. One study from Gabbett [101] assessed 19 elite female players 

during 6 x 20-m maximal effort sprints on a 15-second recovery cycle.  Time to complete the 

protocol was found to be 20.9 ± 0.5s for national players, whilst state players took 23.3 ± 0.4s. 

These results give a basic insight into the differences between competitive standards during 

RSA testing. As such, future research should look to further investigate the RSA ability of the 

female footballer to help create a greater overall understanding of the physical capabilities of 

this population. This should be conducted whilst concurrently acknowledging its limitations 

during match-play and adjusting the testing accordingly. 

 

In addition to maximal sprint testing, it is also common practice for measures of lower limb 

strength and power to be performed to assess fatigue induced changes and to quantify training 

ad recovery needs of players. It is widely accepted that strength and power are important 

elements of a footballer’s physical repertoire has been demonstrated in male football [2, 28, 

129, 130]. Many fundamental technical actions require a minimal level of strength and power, 

such as tackling, duels, jumping and shooting [35, 130]. Moreover, previous research has 

suggested that there is a significant relationship between team success and average jump height 

and leg extension power, thus suggesting that strength is an important component for 
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performance [28, 129]. However, at present there is an underwhelming lack of information 

describing the technical abilities of the female footballer within match-play. Moreover, there is 

a paucity of research describing the relationship between measures of strength, technical 

proficiency and the potential link to success. Of the current literature one study from Bradley 

et al. [7] investigated technical events during elite level female football matches. This study 

measured the percentage of successful passes, individual time spent in possession of the ball, 

number of balls lost, mean number of ball touches for each possession, and the percentage of 

total duels won (heading and ground duels). Although this study provides a descriptive 

overview of physically inciting events, there is no information regarding physical requirements 

or demands of such actions. Therefore, future studies should aim to quantify the physical 

demands of technical actions during match-play, such research could provide greater 

information to describe the holistic physical demands of competitive female football. 

 

Nevertheless, strength is considered an important aspect of physical performance and protective 

of potential injury. Therefore, it is an essential element of the female footballers training cycle 

[28]. Measuring jumping performance has been shown to be a valid, time-efficient and 

relatively easy measure of lower-limb strength and power [129, 131]. Moreover, jumping 

performance has been demonstrated to correlate largely with maximal squatting strength in 

football players [132]. The most commonly used jump in the literature is the CMJ. This is 

primarily due to CMJ needing less technical ability than other forms of jumps [104]. Moreover, 

CMJ has been suggested to greater reflect the physical skills executed within football [28, 104]. 

Subsequently, the current findings suggest that elite female footballers CMJ performance is on 

average 34.5 ± 6.2cm (range: 26.1 to 51.0cm) (Table 2) [32, 35, 36, 57, 67, 99, 101, 104, 110, 

117, 128]. Moreover, though greater physicality has been regularly linked with superior 

physical performance within female footballer players, studies from England [105] and Spain 
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[104] have suggested that there are no differences in CMJ performance between competitive 

standards.  

 

2.1.4 Physical & physiological profile of the female footballer summary 

In summary, owing to the large amount of TD (~10km) and the high aerobic energy contribution 

it might be suggested that female football players require a good level of endurance, which also 

has been highlighted to benefit recovery between HI bouts. In terms of activities performed at 

these HI’s, the current research demonstrates large variations in performance, potentially due 

to different methodologies used to collect the data, alongside different speed thresholds used to 

quantify activity at higher intensities. Although it has been expressed that females require a 

different set of speed thresholds, the majority of research still uses male based thresholds which 

might not reflect the true demands of female match-play. Moreover, as expressed previously by 

Bradley and Vescovi, [37] it would be beneficial to use individualised speed thresholds, which 

could accurately assess group and individual changes in performance. Finally, there has been 

extensive research to quantify the physical and physiological demands of match-play, however, 

much of the research has taken a “one-size-fits-all” approach and has simply reproduced 

methodologies from male football and utilised them on a different population. As such, female 

specific physiology and physicality have often been ignored, therefore, understanding the “true” 

demands and requirements of female footballer to maintain “top-level” match-play still requires 

greater scientific rigour. 
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2.2 FEMALE SPECIFIC PHYSIOLOGY (MENSTRUAL CYCLE) 

A recent review entitled “Where are all the female participants in sports and exercise medicine 

research”, established that there is a large discrepancy in research conducted on female 

participants, with only 4 to 13% of articles including female participants [53]. When females 

are included into performance science research, female hormone fluctuations are often not 

considered or the testing occurs during the EFP, when hormone levels are low to minimise the 

effects (Figure 2, Chapter 1) [51, 133]. During a women’s reproductive life-span, they are 

constantly exposed to an ever-fluctuating concentration of hormones. These endocrinological 

changes manifest themselves for essentially half of a female’s lifetime. The key hormones have 

been associated with regulating and altering an array of physiological responses (Figure 3).  

 

Figure 3 Components of physical performance that may be affected by fluctuations in endogenous hormones 

during the menstrual cycle (recreated from Lebrun et al. [49]). 
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For example, oestrogen has been previously demonstrated to influence the cardiovascular 

system, substrate metabolism, and even cognition [42]. Whilst, progesterone, has been 

suggested to affect thermoregulation, ventilation, and, to a lesser degree, the mode and usage 

of fuel for energy production [42]. Therefore, female athletes regularly encounter time-points 

where potentially, peak athletic performance might be compromised. Interestingly, though the 

participation and professionalism of female sports continually increases, the scientific 

understanding of the unique nature of female physiology across the reproductive lifespan and 

performance has not kept pace.  

 

2.2.1 Physiology of the menstrual cycle 

From the age of menarche (~11-13 years of age) up until the age of menopause (~50 years of 

age) females experience a circa mensal biological rhythm known as the menstrual cycle [46]. 

This cycle, occurs monthly in response to the interactions of hormones produced by the 

hypothalamus, pituitary, and ovaries (Figure 4). The menstrual cycle can be divided into two 

key phases: 1) the follicular phase (FP), and 2) LP, which are separated by ovulation. However, 

further sub phases can be well-defined and are often describable through a predictable pattern 

of hormonal changes (Table 3) [50, 134, 135], with oestrogen and progesterone being the most 

dominant of the hormones (Figure 2, Chapter 1). The length of the menstrual cycle is 

determined by the number of days between the first days of menses (menstrual bleeding) in one 

cycle to the onset of menses of the succeeding cycle. The median duration has been previously 

described as 28 days, with most cycle lengths ranging between 21 to 35 days [134]. Cycles 

below or exceeding this range are classed as polymenorrhagia and oligomenorrhea, respectively 

[134]. The variability of lengths during the menstrual cycle are typically due to fluctuations in 

the FP, with the LP remaining relatively consistent, with a duration of 14 days [52, 134, 136]. 
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Figure 4 The hypothalamic-pituitary-ovarian axis (recreated from Reilly, Atkinson & Waterhouse [45]).           

Note: CNS = Central Nervous System; GnRH = Gonadotrophin Releasing Hormone; FSH = Follicle Stimulating 

Hormone; LH = Luteinizing Hormone 

 

The FP begins from the first day of menses, which characteristically lasts for 4-5 days with a 

typical blood loss of approximately 30 mL [134, 137]. During the EFP, both oestrogen and 

progesterone are low. Following, this period follicles grow under the influence of follicular 

stimulating hormone. Oestrogen is secreted from the cells that surround this follicle and 

gradually increases, inducing the secretion of luteinizing hormone. As oestrogen levels increase 

further, reaching its peak concentration around days 9-13, a surge of luteinizing hormone is 

discharged, alongside a steep decrease in oestrogen and approximately one day later ovulation 

occurs. This signifies the ovulatory phase. A phase which has been suggested to occur 3- 5 days 

around ovulation [134, 135]. During these phases, the endometrial (the inner walls of the uterus) 

thickens in preparation for conception.  
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Table 3  Menstrual cycle phase terminology with corresponding days of the menstrual cycle, where possible accompanied by an indication of corresponding hormone 

concentrations of oestrogen and progesterone [135]. 
 

Terminology with corresponding hormone concentrations 
 

Terminology including a range of hormone concentrations 

Menstrual cycle phase 

(days of menstrual cycle*) 

Oestrogen 

concentration 

Progesterone 

concentration 

 
Menstrual cycle phase (days of menstrual cycle*) 

Early-follicular (2-7) Low Low 
 Follicular (1-13) 

Pre-ovulatory (1-13) 

Mid-follicular phase (12-18) 

Ovulatory (3-5 around ovulation) 

Ovulation (14) 

Luteal (15-28) 

Post-ovulatory (15-28) 

Late-follicular (9-13) High Low 
 

Mid-luteal (18-24) High High 

 

Note: * = Based on a 28-day average cycle 
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Once ovulation has occurred (the matured follicle releasing an ovum), a temporary endocrine 

structure remains (corpus luteum), which is responsible for producing relatively high-levels of 

progesterone and the increase of progesterone denotes the start of the LP. Increasing levels of 

progesterone are then produced with a primary role to support the endometrium so that it can 

house an embryo, which can create the placenta. Peak progesterone concentrations occur around 

days 21-22, alongside an elevation in oestrogen. However, if conception does not occur, the 

progesterone secretion from the corpus luteum concludes during the late luteal phase (LLP), 

with coincident decreasing levels of oestrogen. The endometrium is no longer supported and it 

sheds off and constitutes menstrual bleeding. Finally, follicular stimulating hormones secretion 

augments and the cycle begins once again. 

 

Based off the ratios between oestrogen and progesterone, three key phases can be identified: 

(1) low oestrogen and low progesterone signifying the EFP, (2) high oestrogen and low 

progesterone levels during the LFP and ovulation, and (3) high oestrogen and high progesterone 

levels which are present during the LP [135]. These phases are further and clearly defined in 

table 3. 

 

2.2.2 Effects of menstrual cycle phase on performance 

Peak athletic performance is composed of anatomic, physiologic, metabolic, biomechanical, 

and psychologic elements, which have all been suggested to be affected by various aspects of 

the menstrual cycle (Figure 3). The relative contribution of each of these elements varies, 

depending on the type of sport. As mentioned throughout chapter 2, football and the female 

footballer requires superior physical capacities to perform at the highest levels. However, the 

menstrual cycle and its fluctuating hormones have been suggested to affect these capacities and 
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therefore, may impact peak footballing performance; at present there is an overwhelming lack 

of research investigating the effects of female-specific physiology on football performance.  

 

2.2.2.1 Effect of menstrual cycle phase on aerobic performance 

Aerobic performance can be crudely defined as performing physical activities that are 

sufficiently supported by aerobic metabolism and that can be performed for extended periods 

of time. Several determinants of aerobic performance have been suggested to be affected by 

oestrogen and progesterone oscillations throughout the menstrual cycle [47, 135]. These 

hormones interact and affect physiological and metabolic mechanisms [133, 138], examples 

include alterations in substrate availability and metabolism, core body temperature and 

respiratory function [39, 47]. 

 

V̇O2max is the gold standard physiological indicator of aerobic capacity, thus, research has 

predominantly investigated the effects of the MCP on V̇O2max. Few studies have identified 

significant effects due to certain MCP. One study from Lebrun et al. [39] investigated 16 trained 

females during a maximal incremental treadmill test until exhaustion during the FP and LP. 

They observed a significant decrease during the LP in absolute V̇O2max (-2%), as well as relative 

V̇O2max (-2%). The authors further stated that there were substantial differences in relative 

V̇O2max of up to 4 ml.kg.min-1 between the phases. Potentially, these differences were linked to 

the observed changes in core body temperature using basal body charting (BBT), which 

coincides with increases in progesterone during the LP (approximately 0.3-0.5°C at rest). Such 

a change may have related to increased cardiovascular strain due to a rise in HR, high skin 

temperature and skin blood flow [160, 161]. As a result, this may have affected HR responses, 

which directly influences factors such as the fick equation for oxygen consumption. However, 
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the majority of research using maximal incremental tests to exhaustion to assess V̇O2max across 

the menstrual cycle, yielded no differences between MCP  [139-146]. However, V̇O2max is often 

less modifiable than other facets of performance, for example, time to exhaustion.  

 

Aerobic performance can often be indirectly determined by means of performance testing (such 

as time to exhaustion tests) rather than physiological measures [147]. When investigating the 

effects of MCP on time to exhaustion testing, the results are equivocal. Jurkowski et al. [144] 

reported that there was an increase in time to exhaustion from 1.57 ± 0.32 min in the FP to 2.97 

± 0.63 min in the LP during cycle ergometer testing. Jurkowski and colleagues [144] attributed 

this partly due to changes in substrate metabolism, demonstrated by significantly decreased 

levels of BLa accumulation at exhaustion during the LP (FP, 8.12 ± 0.9 mmol/l; LP, 6.76 ± 0.6 

nmol/l), meaning that there was delay in the occurrence of exercise intensity at the lactate 

threshold. As seen previously (Chapter 2), these BLa values are similar to that during 

competitive football, therefore, it could be assumed that this potential alteration in substrate 

utilisation could impact physical performance during football activity. However, Lebrun et al. 

[39] found that running time to exhaustion at 90% V̇O2max was not significantly different 

between the FP (735.8 ± 58.8 s) and the LP (769.3 ± 64.1 s). These findings are similar to 

McCracken et al. [148] who also investigated time to exhaustion during treadmill running at 

90% V̇O2max in nine eumenorrheic females comparing similar time frames (mid follicular phase 

(MFP), 32.5 ± 0.5 min vs. MLP, 32.4 ± 0.5min; p>0.05). Although not directly associated with 

football, the intensities of the activities performed are similar as during football match-play. 

Therefore, as the gross demands across these tasks are somewhat similar, this could suggest 

that physical performance in footballers could be compromised in relation to the menstrual 

cycle. 
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Another form of aerobic performance measure includes time trial performance, whereby the 

end point is fixed and the time to achieve this set target is measured. In nature this activity type 

is less associated with football as the aim is to complete a certain constraint as quickly as 

possible. However, both exercise types are self-paced, whereby the effects of the menstrual 

cycle might lead to differences in how the exercise is performed. One study from Campbell et 

al. [149] investigated eight endurance trained women during the FP and the LP, completing a 4 

kJ.kg body weight time trial as quickly as possible. The results suggested that time trial 

performance was greatest during the FP with the work completed 13% quicker compared to the 

LP. The authors attributed this to the changes in substrates used for fuel, with the percent 

contribution from carbohydrates being greater in the FP. That being said, Oosthuyse et al. [150] 

when investigating three periods on the menstrual cycle, (EFP, LFP, LP) identified a trend for 

a faster finishing time in a cycling time trial in the LFP (73% of the subjects showed an 

improvement during this phase of ~5.2 ± 2.9%). Which could be credited to the substrate effects 

of oestrogen and carbohydrate usage which coincides with the pre-ovulatory surge. However, 

McLay et al. [151] found no significant difference in 16km cycling finishing time (MF 26.05 ± 

1.10 min, ML 26.23 ± 1.33 min; P = 0.370). Similar findings have been found during a 2000m 

rowing ergometer time trial, whereby, no significant difference was found between MCP [152, 

153].  

 

The aforementioned literature appears to suggest that any effect of the menstrual cycle appears 

to be specific to the mode of exercise and the intensity at which it is performed. As such, any 

effect in female football will be specific to the unique demands of the sport. As previously 

described, in addition to the aerobic component there is an anaerobic emphasis, therefore, 

knowledge of how the anaerobic exercise is affected by different stages of the menstrual cycle 

warrants further investigation. 
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2.2.2.2 Effect of menstrual cycle phase on anaerobic performance 

Anaerobic performance can be simply described as maximal all-out activities which primarily 

taxes the adenosine triphosphate (ATP) phosphocreatine (PCr) system and anaerobic glycolysis 

which lasts for several seconds to approximately two minutes [154]. The hormones related to 

the menstrual cycle have been suggested to affect certain metabolic parameters [133], which in 

turn may lead to alterations in peak anaerobic performance. For instance, it has been previously 

documented that PCr recovery rates are greater in eumenorrheic athletes when compared to 

their amenorrhoeic counterparts following plantar flexion exercises in endurance athletes [155]. 

Therefore, it could be speculated that the hormones encompassed within a female’s menstrual 

cycle may alter anaerobic energy processes, potentially leading to alterations in performance. 

As such, research has investigated the effects of the menstrual cycle on varying types of 

anaerobic performance, including, power output, sprinting performance and jumping 

performance. Presently, the majority of research has suggested that anaerobic performance is 

not affected by MCP, however, certain studies albeit sometimes with a lack of standardised and 

sound methodologies have identified significant differences between phases.  

 

Anaerobic power (also known as power output) and anaerobic capacity are common measures 

of anaerobic performance. Several studies have attempted to investigate the changes in these 

parameters across the menstrual cycle. Much of the current research has demonstrated no 

differences in anaerobic power or capacity in relation to MCP [156-163]. Specifically, one 

study from Giacomoni et al. [156] observed no differences in maximal cycling power between 

EFP, MFP and LFP. However, the authors suggested that the presence or absence of 

premenstrual syndrome (PMS) symptoms might play a role in power output. This finding could 

be relevant when assessing physical fitness in women suffering from PMS. 
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Although the vast majority of research has not identified a phase-based difference in anaerobic 

power and capacity, one study from Masterson [164] conducted a Wingate anaerobic power test 

during the EFP and MLP. Results suggested that anaerobic power (FP, 532.35 ± 88.77 watts 

vs. LP, 566.06 ± 86.75 watts) and capacity (FP, 355.7 ± 52.02 watts vs. LP, 393.67 ± 56.44 

watts) was significantly greater during the LP. Although the study had some positive elements, 

such as the counterbalanced design (eliminating sequencing or learning effects) and had 

relatively large sample size (in comparison to previous research, n = 32), the lack of hormonal 

documentation and clear definition of phases means these findings are difficult to interpret.  

 

Currently, there are few studies that have investigated the potential effects of the menstrual 

cycle on repeated sprinting (all-out effort of approximately 30 s or less) performance. Of those 

that have investigated these differences, the findings in the research are equivocal. Earlier 

research suggested that single swimming sprint and repeated cycling sprint performance is 

greater during the FP [165, 166]. Whereas, more recent research has either suggested that no 

differences are apparent between MCP [157, 167, 168] or that greater performance exists during 

the LP [169]. Middleton and Wenger [169], found a significant enhancement in average 6-s 

work over 10 maximal sprints on a cycle ergometer in the LP. Although the authors found only 

small average differences, the improvement during the LP was exhibited in every subject. 

Moreover, if these results were translated into running time, this difference in work would 

translate to approximately one-meter difference in a six second sprint, which in terms of 

performance is a relatively large difference. 

 

In the limited number of studies that directly measure sprint running performance across the 

menstrual cycle, the current literature suggests that there is no difference between MCP [109, 

167, 168]. For example, a recent study from Tsampoukos and colleagues, [168] investigated 



44 
 

sprinting performance and recovery during two 30s all-out sprints during the FP, LFP and the 

LP. Contrary to Middleton and Wenger [169], the latter did not observed any difference in 

sprinting performance. One explanation for the potential differences could be the number of 

sprints performed and the potential physiological response. Tsampoukos et al. [168] only 

compared performance during two sprints, whereas Middleton and Wenger [169] assessed the 

performance of 10. Previous research has indicated a greater inflammatory response during the 

FP in response to prolonged bouts of running [170], which may explain the difference. 

 

An early investigation from Davies et al. [171], suggested that standing jump performance was 

superior during the EFP compared to the LFP and MLP.  Whereas, a more recent study from 

Thompson et al. [172], assessed CMJ and bilateral hopping performance in 12 active females. 

Although there were no differences in hopping performance across the menstrual cycle, the 

results suggested that females are potentially prone to performance decrements as demonstrated 

by a significantly lower flight time during the CMJ within the EFP in comparison to the LFP 

(EFP, 421.0 ± 35.6 m.s-1 vs. 408.8 ± 31.8 m.s-1; p = 0.025, d = 0.36). 

 

In contrast to the above research, the majority of research could not identify any difference in 

jumping performance due to MCP. For example, Giacomini et al. [156] demonstrated that in 

17 females, indices of the SJ (contact time, jump height) and multi-jump (maximal jump power, 

total contact time, total flight time) performance did not differ across three identified phases of 

the menstrual cycle. Similar findings have also been observed during a five-jump testing and 

one-legged hop for distance [109, 173, 174].   

 



45 
 

Collectively, it is important to understand the potential effect of the menstrual cycle on 

measures that are commonly used within football testing (jumps and sprints). Although such 

measures provide a means of quantifying performance, a similar outcome can be achieved in 

different physical states, as such, by a manipulation of technique. Thus, influences of the 

menstrual cycle on strength performance is oftentimes performed using more controlled 

measures, which may provide a clearer insight into the “true” effects of the menstrual cycle on 

strength indices. 

 

2.2.2.3 Effect of menstrual cycle phase on strength  

Strength can be simply defined as the ability to apply force under a specified set of movement 

constraints [175]. Owing to the fact that hormonal signals play a role in anabolic and catabolic 

processes in the muscle tissue, it is unsurprising that the fluctuations in female hormones may 

have an effect on muscle properties and strength. With membrane oestrogen receptors located 

within all skeletal muscle, it could be speculated that oestrogen may affect muscle force 

production.  For example, oestrogen has been known to cause steep increases intracellular 

calcium concentrations [176, 177], This may potentially enhance actin and myosin binding due 

to the potential increase in calcium mobilisation and the presence of oestrogen receptors in 

skeletal muscle [178], thus, evoking a change in the generation of muscle force [179, 180]. 

However, at present there is a lack of research confirming this potential mechanism. Oestrogen 

has also been suggested to influence central nervous system functioning [181]. Specifically, it 

has been shown to bind to receptor sites that reduce the release of gamma-aminobutyric acid, a 

neurotransmitter whose principal role is reducing neuronal excitability throughout the nervous 

system [182]. Moreover, oestrogen has been shown to promote glutamate releasing neuron 

receptors, which further cause an excitatory effect [182]. Contrastingly, progesterone has been 

suggested to inhibit the central nervous system by enhancing the role of gamma-aminobutyric 
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acid [183], therefore, the ratio between oestrogen and progesterone might be most suggestive 

to identify individuals who may have differences in strength status. Furthermore, progesterone 

is known to have a thermogenic response on the body, whereby this increased body temperature 

may positively affect nerve conductivity [184] and antagonist co-contraction [185], potentially 

enhancing explosive strength-based tasks. Based off these potential mechanisms, it is not 

inconceivable that the hormones and the specific MCP may affect strength status during athletic 

activity.    

 

While the above mechanisms may suggest timepoints where strength is affected by female 

sexual hormones, present research does not reach a consensus on these or whether strength is 

affected due to MCP in general. Studies have identified improved muscle strength when 

oestrogen is elevated [186-188], whilst other research has suggested greater performance when 

the oestrogen concentration is low [171] or at medium concentration [189]. Furthermore, 

research has often identified no difference in strength across the menstrual cycle [135].  

 

Early studies using simple handgrip measures of strength, demonstrated significantly greater 

performances during different stages of the menstrual cycle. Wirth and Lohman [189]  

demonstrated that grip strength was greater in the MFP when compared to the LP. Whereas, 

Davies and colleagues [171] identified significantly greater handgrip strength in the EFP.  Any 

strength response will be specific to the measure of contraction (isometric, eccentric, 

concentric). As such when considering the force velocity profile of muscular contractions, 

strength assessments should also be conducted across a range of angular velocities during 

different contraction types.  
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Consequently, more recent research has attempted to assess the effect of MCP on more 

sophisticated measures of strength. Bambaeichi et al. [188] investigated peak isometric and 

isokinetic force of the knee extensors and flexors across five stages of the menstrual cycle. 

There was no effect of MCP on isokinetic peak torque of the knee extensors or maximal 

isometric contraction of the knee extensors. However, peak torque of knee extensors was found 

to differ significantly, with 4.9% greater torque during ovulation compared to EFP. Moreover, 

significantly greater torque was apparent during the MLP than the EFP (5.1%) and the MFP 

(6.7%). Maximal voluntary isometric contraction of knee flexors also displayed a significant 

variation between phases, with significantly higher values observed during ovulation in 

comparison to MFP (7.0%) and MLP (11.3%). Taken collectively, these findings tend to 

suggest that strength may be superior when oestrogen concentrations are elevated, which could 

have implications on sporting performance and training periodisation (Figure 2, Chapter 1). 

Although the previous literature was not conducted in female footballers, the considerations of 

the effects of menstrual cycle on thigh musculature (interplay of extensors and flexors) has 

implications for injury risk in female football players [190]. 

 

Similarly, Ekenros et al. [173] identified a 4.3% increase in knee extensor strength during the 

LP in comparison to the EFP. In addition, a study from Gordon et al. [191] investigated the 

maximal isokinetic strength of the knee flexors and extensors during four stages of the 

menstrual cycle. Results suggested that knee extensor strength was significantly greater (2.9%) 

during the MLP when compared to EFP. Further information supporting the presence of 

elevated oestrogen concentrations affecting strength measures.  

 

Conversely, Tenan and colleagues [192] compared the maximal strength of the knee extensor 

muscles during EFP, LFP, ovulatory, MLP and LLP. All maximal voluntary contractions were 
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similar between the EFP, LFP, ovulatory and LLP. However, there were significant reductions 

in strength during the MLP, when compared to the other three measurement points, specifically, 

there was a 23% reduction from ovulation to the MLP. Tennan et al. [192] suggested that 

strength was lower when progesterone is at its theoretical peak, and recovers as progesterone 

decreases in the LLP. Therefore, it was suggested that changes in strength may have an inverse 

relationship with progesterone.       

 

However, there is a vast body of literature that has found no difference in isolated strength 

indices across the menstrual cycle. This has been found in peak torque of the knee extensor and 

flexor MVC [39, 174, 193-195]. Or in measures of maximal isometric quadriceps strength, 

fatiguability and electrically stimulated contractile properties, as well as handgrip strength [173, 

174, 196-199]. 

 

There have also been several studies to investigate indices of ‘functional’ strength, where 

multiple muscle groups are incorporated to generate force (e.g. bench press). Rodrigues et al. 

[200] assessed maximal strength during the leg press exercise during EFP, MFP and LLP. There 

was a significant increase in strength of 8% in the EFP when compared to LLP. Moreover, 

maximal strength produced post-menstruation was 5% and 11% greater than during 

menstruation and pre-menstruation periods, respectively. Conversely, Arazi et al. [158] found 

no significant differences in leg press performance across the menstrual cycle. There were also 

no significant effects of menstrual cycle found during bench press [158], squatting [201] or 

maximal lifting [202] performance. Again, although these methods lack specificity, as a similar 

output can be achieved using various muscle recruitment strategies. Such measures of assessing 

compound exercises, increases ecological validity and might be closer related to football type 

activities.  
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2.2.2.4 Effect of menstrual cycle phase on sport-specific performance 

As mentioned previously, athletic performance is a product of an array of factors (Figure 3) 

[49]. However, at present that vast majority of the literature investigates one specific component 

of fitness. Therefore, understanding how the menstrual cycle and its accompanying hormones 

affects different aspects of performance is important for individual and team sport athletes.  

 

Currently, few studies have investigated the direct effects of the menstrual cycle on sport-

specific performance (Table 4). Early studies from Brooks-Gunn et al. [203] and Fomin et al. 

[204] investigated the effects of MCP on swimming and skiing performance, respectively. 

Swimming times were found to be fastest during the EFP and slowest during the LLP with a 

mean difference of 1.32 s [203]. Whereas, race times during a 5 km ski race and a 12.5km race 

on ski rollers were quicker in the LFP and ELP compared to the EFP, MFP and MLP [204]. 

Although differences in sport specific activity has been found previously, this may not translate 

to football as the demands of the sports differ. For example, swimming in comparison is 

relatively short in its duration and activates primarily the upper-body, which are both 

contrasting to football-based activity.  

 

More recently, investigations have assessed sport specific performance across the menstrual 

cycle using physical performance testing. Vaiksaar et al. [153] found no effect of menstrual 

cycle on an array of rowing-specific endurance parameters. Whilst, De Souza and colleagues 

[142] assessed female runners during maximal and sub-maximal treadmill running at 80% of 

V̇O2max. There was no observed effect of cycle phase on aerobic parameters or time to 

exhaustion. Although football is played at a similar intensity, this activity type and 

characteristics does not represent typical football activity and therefore, the response may differ.  
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Table 4 The effect of menstrual cycle phase on sport specific performance. 

Study Subjects Sport Cycle phases 

investigated 

Performance test Outcome measures Findings 

Brooks-Gunn et al. 

[203] 

6  Swimming EFP vs. MFP vs. LLP  100 yd freestyle, 100 yd 

best event 

Time to completion (s) ↑ 50m time during EFP 

↓ 50m time during LLP 

 

Fomin et al. 

[204] 

 

164 Skiing EFP vs. MFP vs. LFP 

vs. ELP vs. MLP 

5 km ski race, 12.5km 

race on ski rollers 

Time to completion (s) ↑ performance during 

LFP and ELP 

 

de Souza et al. 

[142] 

8  Running EFP vs. MLP Maximal and sub-

maximal treadmill run 

@ 80% V̇O2max 

Time to fatigue, RPE 

 

No effect of menstrual 

cycle 

Vaiksaar et al. 

[153] 

15  Rowing FP vs. LP Step wise incremental 

rowing test 

PO, HR 

 

No effect of cycle phase 
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Štefanovský et al. 

[159] 

8  Judo MFP vs LLP SJFT 

 

# of throwsa,b, SJFT 

index 

 

↑ number of throws in 

first period during LLP 

Tounsi et al. 

[109] 

11  Football EFP vs. LFP vs. LP  5JT, RSSA, YYIRT1 Jump height, RSSA, 

YYIRT1 

No effect of cycle phase 

Note: EFP = Early Follicular Phase, MFP = Mid Follicular Phase, LFP = Late Follicular Phase, ELP = Early Luteal Phase, MLP = Mid Luteal Phase, LLP = Late Luteal 

Phase, SJFT = Special Judo Fitness Test, 5JT = 5 Jump Test, RSSA = Repeated Shuttle Sprint Ability, YYIRT1 = Yo-Yo Intermittent Recovery Test Level 1, ↑ = Greater 

Performance, ↓ = Reduced Performance 
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Most recently, Štefanovský et al. [159] conducted a Judo specific fitness test (JSFT) on a 

sample of eight female Judokas. Results suggested that there were significantly greater number 

of mean throws during the LP (5.88 ± 0.35) in comparison to the FP (5.38 ± 0.52), during the 

first of three throwing cycles (each 15s long). Such a finding might have implications on acute 

changes in sport specific football tasks (e.g. jumping, shooting, change of direction), albeit 

only being short lived. The authors suggested that improved performance in LP could be a 

result of potentially higher levels of ATP and PCr stores, which have been previously linked 

with oestrogen concentration [205]. The findings should be interpreted with caution as cycles 

were only based off a menstrual cycle calendars; without confirmation of hormones, ovulation, 

clearly defined phases or an assessment of prior “physiologically normal” cycles 

 

In team-sports, players require multiple physical capabilities for peak performance. Owing to 

the potentially diverse effects of the menstrual cycle and its hormones, different elements of 

performance may be influenced over varying time-points across the menstrual cycle. One 

previous study has investigated the effects of MCP on commonly conducted football-related 

performance testing. Tounsi et al. [109] assessed lower limb explosive power (five-jump test 

(5JT), repeated sprint shuttle ability (RSSA), and aerobic performance in 11 high-level 

Tunisian football players, during the EFP, LFP and MLP. They found no significant differences 

across the three phases in YYIRT1 distance, absolute height in the 5JT or mean time during 

six 40-m shuttle sprints interspersed with 20s recovery. The results suggest that MCP does not 

influence isolated measures of football specific physical performance. However, these 

responses could be specific to the stage of the season where the measurement was undertaken. 

Moreover, although considered high-level in their population, this might not reflect the elite 

level globally and these results might not translate to higher-levelled athletes who may have 

greater training status and capacities. 
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Taken collectively, there is limited research investigating the potential effects of the menstrual 

cycle on sport-specific performance. However, as depicted in figure 5, within the literature and 

due to the potential accompanying physiological effects, there are timeframes which may be 

interpreted as potential epochs for differences in performance. As such, future research should 

aim to further explore the topic area and conduct reproducibility studies to confirm the previous 

findings. Moreover, due to the vast majority of research conducted during isolated testing 

related to components of the sports, future research should aim to explore the effects of the 

menstrual cycle alongside competitive performance in sports.  

 

As shown in the current section, the majority of literature related to athletic performance across 

the menstrual cycle is often not considered in relation to sport specific tasks or simulations of 

the sport itself. Moreover, this is often conducted in a one-off measurement during a rested 

state. Likewise, in sports where it has been conducted in the field, the outcomes are easily 

quantifiable (e.g. race time). However, with recent advances in technology, performance 

benefits within football matches can be quantified using micro technologies to assess acute 

changes in physical performance. As such, future research should further reproduce the 

findings during isolated testing in football players. Moreover, whether the findings are 

translatable to match-play, not only acutely but longitudinally. 
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Figure 5 Interpretation of the potential differences in physical performance variables across the menstrual cycle.                                                               

Note: FP = follicular phase; LP = luteal phase; O = ovulation; EFP = early follicular phase; MFP = mid-follicular phase; LFP = late follicular phase; ELP = early follicular 

phase; MLP = mid-luteal phase; LLP = late luteal phase; ↑ = better performance; ↓ = worse performance; ↔ = indifferent performance, lack of supporting literature or 

findings too equivocal. 
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2.2.3 Methodological considerations of menstrual cycle research 

Current research investigating the effects of menstrual cycle on physical performance has 

demonstrated largely equivocal findings. Moreover, much of the research can be difficult to 

interpret due inconsistencies or limited by methodological flaws. For example, in the only 

previous study conducted in female football players, Tounsi et al. [109] did not test ovulation 

and therefore, the inclusion of potentially non-physiologically ‘normal’ cycles may have been 

included into analysis. Furthermore, the days of measurement during the LFP were based solely 

from an average 28-day cycle and therefore, may not have been accurate for every individual 

[135]. Finally, terminology and measurement timepoint was misleading; the later study 

suggests that LFP testing was performed between days 7-9 thus missing the apt time for peak 

oestrogen concentration (Figure 2, Chapter 1) and potentially a misrepresentative measurement 

time-point. Such inconsistencies can be seen across the literature, certain studies have not 

confirmed physiologically “normal” menstrual cycle through ovulation testing [156, 158, 159, 

164, 171, 188, 192, 194, 197, 200], confirmation of phases via hormonal concentrations [150, 

158, 159, 164, 197, 200, 201] or poorly defined MCP [150, 164, 169, 171, 186, 187, 200, 206].  

 

These limitations may lead to the equivocal findings, as well as causing difficulty in 

interpreting the findings. Moreover, due to the differing methodologies this also increases the 

difficulties when comparing the results of previous research [39, 48, 52, 135]. Due to the 

multifaceted nature of the female menstrual cycle and the differences between and within 

individuals, it is often difficult to use a “one size fits all” approach to conduct menstrual cycle 

research. However, when possible, there are certain approaches researchers should consider to 

ensure meaningful and robust conclusions, such as the correct verification of MCPs, ensuring 

only individuals with known physiological cycles are included into analysis, and that the time 
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points within the menstrual cycle are clearly and logically defined. Previous researchers have 

attempted to create a consensus explaining “best practice” when including the menstrual cycle 

into research (Figure 6) [52]. 

 

Figure 6 Flow chart of the methodological steps recommended to verify regular ovulatory menstrual cycle phases 

(adapted from Janse de Jonge et al. [52]). 

 

There are different time points across the menstrual cycle, which might be consequential to 

performance, often these are related to the interaction of sex hormones and their secondary 

responses [49] . In older studies, the MCP were separated into premenstrual and menstrual [45, 

203]. These phases included emotional and physical discomfort which is associated with the 
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PMS and can occur during menstruation, in particular during the first one to two days where 

bleeding is heavier. PMS has been previously described as the presence of certain emotional 

or physical symptoms which occur over consecutive menstrual cycles and occurs five days 

prior to menstruation [207]. The symptoms of the premenstrual and menses include but are not 

limited to: breast swelling and tenderness, fatigue, bloating, lack of energy, appetite changes, 

sleep problems, decreased concentration, and irritability. These factors if severe or in 

combination could easily be inherent to reduce maximal performance. However, a limitation 

of such a method is the lack of hormonal information which has been linked to physiological 

changes that are secondary effects potentially altering performance. Moreover, such a phase 

determination does not exclude the inclusion of non-physiological ‘normal’ cycles. Therefore, 

more recent research has adopted an approach which divides different MCP based on hormonal 

concentrations (Table 3). This approach compares the time points throughout the menstrual 

cycle where the magnitude of the differences or ratio in hormones significantly differ, 

potentially where the largest changes of function might occur [135]. With studies being 

separated into two (FP and LP), three (FP, ovarian, LP or EFP, LFP and MLP), and even up to 

five (EFP, LFP, ovarian, MLP, LLP) phases [135]. 

 

Across research there has been an array of different methods to ensure that measurements are 

being conducted within the correct predetermined phase and that cycles are physiologically 

‘normal’, including the use of menstrual cycle calendars, BBT charting, urinary analysis and 

hormone analysis [52]. Earlier studies used solely menstruation calendars when estimating 

phases of the menstrual cycle, this approach is conducted by participants identifying the onset 

of menses (day 1) up until the beginning of the next onset of menses. This provides a guideline 

for the typical length of the menstrual cycle, owing that there is often more variation in the 

length of the FP, whereas the duration of the LP is generally fixed [52, 136], repeated measures 
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of calendars counted back retrospectively can provide sufficient information to determine 

phases [135]. However, this method is limited as you cannot accurately predict ovulation and 

potentially studies may include individuals with nonovulatory cycles or those who may have 

luteal phase deficiency (LPD). Moreover, when separating the findings into more than two 

phases is difficult to do using this method independent of any other modality, therefore, the use 

of such method in isolation would not be recommended.  

 

A more physiological measure is the use of BBT [52]. This involves participants to provide 

their body temperature before they get out of bed. The daily body temperature is then monitored 

over a certain time period as after ovulation body temperature rises by ~0.3°C due to the 

increase in progesterone [208]. Therefore, this method can provide information on FP and LP 

length and provide an estimation of ovulation [52]. However, it has been previously 

documented that females who have ovulated may not necessarily show this increase in 

temperature [209]. Therefore, the “gold standard” method to measure the correct MCP is the 

use of hormone measurements [52]. This often requires participants to provide a blood or saliva 

sample and is measured for the direct concentrations of oestrogen and progesterone. This 

provides an objective indication of where the females are in relation to MCP (Table 3). 

Furthermore, this method provides valuable information when determining the relationship 

between the changes in hormonal concentration and performance. 

 

To ensure that only ovulatory cycles are included into analysis and that correct timing can be 

calculated for the LP measurement, it is recommended to include ovulation testing. This is 

often conducted via urinary analysis, whereby, participants urinate onto a device which will 

provide a positive result when the surge of LH is apparent. This positive result indicates with 
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95% confidence that within the next 24 hours ovulation will occur [210]. Once ovulation can 

be confirmed, accurate measurement time points can be created for the LP.    

 

In summary, based from different methods of cycle verification there is sometimes the potential 

to include nonphysiologically ‘normal’ cycles into analysis, and to measure during an 

incorrectly predicted timepoint. Therefore, for the cross-comparison between studies, a stricter 

method of verification should be conducted. Although following a consensus as described by 

Janse de Jonge et al. [52] and depicted in figure 6 would help to limit the variation in 

methodologies, there is still discussion as to the accuracy of these recommendations. For 

example, it is recommended to conduct LFP testing “as close to the luteinizing hormones surge 

as possible”, however, this timepoint may in fact be too late to detect the peak concentration 

of oestrogen (Figure 2, Chapter 1). Therefore, future research should clearly identify and 

explain each step taken when measuring and identifying the menstrual cycle within research. 

 

2.2.4 Basic overview of hormonal contraceptive use in sports 

Although the use of hormonal contraceptives will not be investigated within the bounds of this 

thesis, it is still important to highlight some factors that might influence potential research. 

Hormonal contraceptives are exogenous steroid hormones that are used to inhibit ovulation and 

prevent pregnancy [211-213]. The prevalence of hormonal contraceptive across the use has 

been suggested to be approximately 77% across five major European countries (France, 

Germany, Italy, Spain, United Kingdom), of the different forms of contraception, the most 

common delivery system was observed to be oral contraceptive pills (OCP; ~30%) [214]. In 

comparison to controls, the prevalence of OCP use has been suggested to be greater in elite 

athletes and has been documented to be approximately 40% [215]. In a study from Sundgot-
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Borgen and Torstveit [216], the use of OCP was observed across different sporting types 

(football, handball and endurance based sports), the prevalence of OCP use was shown to be 

less common in football players (~36%) than in handball (43.9%) and in endurance athletes 

(38.2%) (Table 5), however, this value was still observed to be greater than non-active controls 

(27.8%). There are several suggested benefits from using hormonal contraceptives. For 

example, reducing the symptoms of dysmenorrhea (painful periods) and shifting the pattern of 

the menstrual cycle, by self-determining when bleeding will occur. Such actions could be 

considered advantageous for elite athletes due to their regular schedules of physical training 

and competition [213, 217]. Within the athletic population, research have confirmed that many 

athletes use hormonal contraception to manipulate the timing of the menstrual cycle, a recent 

study from Schaumberg et al. [217] has suggested that over 70% of athletes have used OCP to 

deliberately change their rhythm, whilst approximately 50% of athletes have used OCP to 

manipulate their cycles for a specific sporting competition.  

 

Table 5 Characteristics of the total population of athletes (adapted from Sundgot-Borgen and Torstveit [216]). 

mean (SD) Football Handball Endurance Controls 
 (n= 69) (n = 60) (n = 115) (n = 607) 

Age (years) 19.6 (4.1) 19.9 (3.1) 22.3 (6.3) 27.3 (7.9) 

BMI (kg/m2) 21.5 (1.6) 22.5 (2.0) 20.5 (1.8) 23.3 (4.2) 

Training (h/week) 12.3 (3.7) 15.8 (4.2) 13.1 (4.5) - 

Eating disorders* 5.9%† 22.4% 25.7% 21.1% 

Current use of contraceptives 35.8% 43.9% 38.2% 27.8% 

Current menstrual dysfunction‡ 9.3% 18.8% 27.9% 15.2% 

Stress fractures 13.6% 23.2% 13.4% 12.4% 

Note: BMI = Body Mass Index, * = Self-reported, † = Football significantly different from the other groups 

(p<0.05), ‡ = oral contraceptives were excluded. 
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Whilst research conducted on the effect of OCP on athletic performance is limited, the findings 

which have been observed are often equivocal. Physiologically, numerous studies have 

suggested that OCP use reduces V̇O2max [218, 219], potentially due to changes in activation of 

the sympathetic nervous system [219, 220] or to mechanisms at the level of the muscle (e.g. 

muscle blood flow, lactate removal, fiber-type recruitment, and mitochondrial respiration) 

[219]. However, studies conducted in athletes, suggest that V̇O2max is not affected by OCP use 

[153, 221]. During performance testing, V̇O2max has also been observed to be influenced during 

both incremental running and submaximal cycling tests, yet, it was not observed to affect 

performance [218, 219]. Moreover, in eight female rowers during a one-hour rowing ergometer 

test, there was no influence of monophasic OCP use on any of the exercise performance 

parameters [153]. These findings have been similarly found in swimming [222], and during 

isolated performance tests [223, 224]. When identifying changes in strength within the OCP 

cycle or in comparison to eumenorrheic females, the majority of the research has suggested 

that OCP use does not significantly affect strength parameters [173, 187, 224-226].  

 

Therefore, knowing that a large population of athletes use contraception, this may limit 

potential recruitment of athletes for menstrual cycle research, moreover, as OCP use is ever-

present, increased research should investigate the effects of its usage on performance. 

 

2.2.5 Female specific physiology (menstrual cycle) summary 

Taken collectively, the research would tend to suggest that the menstrual cycle does not overly 

affect physical abilities. However, the vast majority of the research has been conducted in 

recreational populations and not during sport specific performance. That being said, several 

studies have suggested that certain stages of the menstrual cycle might be a mitigating factor 
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for peak performance. These equivocal findings could be due to the current lack of uniformity 

between studies, utilising the same MCP verifications and terminologies. In team sports there 

is an interaction of many different components of fitness and the current research inclines to 

assess the effects of MCP and its synergistic hormones on independent modalities of fitness. 

Consequently, it has been expressed in the literature there is still an underrepresentation of 

female team sport athletes in the menstrual cycle research [51, 53], including female football. 

Thus, the effects of the menstrual cycle on football-specific performance has not been 

extensively explored and requires further investigation to help lead scientific led practice to 

ensure the continued development of the sport.   
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2.3 RESEARCH AIMS AND OBJECTIVES 

Taken collectively, the current synthesis of literature led to the series of studies presented in 

this thesis and were designed to specifically explore the following: 

 

1. Study one may have implications for the longitudinal monitoring of the physical 

capacities and physiological responses of the female footballer, and to better understand 

the physical and physiological profile throughout the season. The aim of the study was 

two-fold; to observe the changes in physical performance and fitness-relevant blood-

borne variables of non-professional female footballers using repeated measures within 

a football season. The specific objectives of this study were: 

• To further assess the physical capacity of the modern female football player  

• Longitudinally assess physical and physiological responses at different 

timepoints throughout a season 

• Quantify changes in a player’s capacity without consideration of female specific 

physiological implications. 

 

2. Study two has potential implications for improving the physical performance testing of 

female football players, by incorporating female specific physiology into their 

monitoring practice. The aim of study two was to determine whether MCP influences 

a series of football related physical performance parameters in a high-levelled football 

specific population. The specific objective of the study was: 

• To assess changes in physical capacities during “football-specific” performance 

tests with consideration for female specific physiology. 
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3. Study three could have implications for player management strategies, and the 

monitoring of match-load during the competitive season, in relation to female specific 

physiology. The aim of study three was to investigate whether MCP affects the match 

physical performances using GPS monitoring in elite female football players. The 

specific objective of the aforementioned study was: 

• To quantify the match activity profile during the FP and LP of female 

footballers longitudinally, considering female specific physiology as a 

mitigating factor for changes in physical output.  
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3.0 

CHANGES IN PHYSICAL 

FITNESS AND BLOOD-BORNE 

PARAMETERS OVER ONE 

SEASON IN NON-PROFESSIONAL 

FEMALE FOOTBALLERS 
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3.1 INTRODUCTION  

The number of female footballers continues to expand, suggested by record numbers of players 

being registered. Of these players, the non-professional footballer encompasses a large volume 

of the overall community. There seems to exists a relationship between training status (levels 

of fitness), competitive standard and physical performance [4, 12]. However, comprehensive 

information describing the physical capacities across an array of competitive standards in 

female football is still lacking. Though the capacities of the non-professional player have been 

highlighted in single bouts of testing, it remains relatively unknown whether changes in 

physical fitness occur over the course of a season. Moreover, continued physical exposure 

through training and matches, may affect certain blood-borne parameters, such as iron levels, 

which in turn may affect the physical performance and/or health status of a player. Therefore, 

coaches and practitioners at the non-elite level (who might not have the opportunity for 

extensive monitoring) may use this information to help training and create a frame work for 

testing and monitoring the female footballer. Therefore, the aim was to observe the changes in 

physical performance and fitness-relevant blood-borne variables of non-professional female 

footballers using repeated measures within a football season. 

 

3.2 METHODS 

3.2.1 Study Design 

The study utilised an observational longitudinal design. Whereby, the players underwent a 

series of physical tests and provided blood samples on the following three time points across 

the season; pre-season (early August) (M1), beginning of the competitive season (early 

October) (M2) and end of season (late May/early June) (M3). The pre-season period consisted 

of 8-weeks training, three times per week. All M2 measurements were conducted within four 
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weeks from the first official game, during this period players trained three times a week and 

had one official match. Finally, M3 was conducted during the final three weeks of the 22-game 

season. 

 

3.2.2 Subjects  

Thirty-six non-professional female footballers (19 ± 2 y, 164 ± 5 cm, 80 ± 8 kg) competing in 

the second Frauen Bundesliga, Germany, participated in the study. Only outfield players were 

considered for the final analysis and participated in all testing periods over the season. 

Participants were fully informed of all experimental procedures before giving their informed 

consent to participate. If players were younger than 18 years of age, parental consent was 

obtained. The current study was conducted in accordance with the declaration of Helsinki and 

approved by the local ethics committee (Aerztekammer des Saarlandes, approval number 

130/14). 

 

3.2.3 Study Procedures  

Prior to data collected, players were familiarised with the protocol of each physical test. The 

physical testing battery was conducted in the present order and included (after appropriate 

warm-up): CMJ for the analysis of lower limb strength. Characteristics of the CMJ were 

determined using a force platform (Quattro Jump, Type 9290AD, Kistler Instrument AG, 

Winterthur, Switzerland) and analysed using professional motion analysis software 

(Contemplas Bewegungsanalyse, Contemplas Gmbh, Kempten, Germany). Jump height was 

determined as the centre of mass displacement, calculated from the recorded force and body 

mass. The mean of the best three jumps was used for the subsequent analyses. 3 x 30 m to 

measure sprinting capabilities. Splits were set at 5 m, 10 m and 30 m and measured by infra-
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red single beamed light gates (Brower Timing System, Utah, USA), with a standard error of 

measurement of 0.03 s [227]. Players had two mins of recovery and then repeated the test for 

three trials, with the mean of all three 30 m sprints used for analysis. 4 x 5 m change of direction 

(COD) test was performed, similarly to that described by Sporis et al. [228]. At the start and 

finish, light gates (Brower Timing System, Utah, USA) were erected and used to assess total 

time to complete the course. Three trials were conducted with two minutes of passive recovery 

interspersed, the mean of all three trials was used for analysis. Finally, the YYIET2 was 

conducted to measure sport-specific endurance capacity. The test was performed outdoors on 

artificial turf similarly described by Bangsbo et al. [107]. Total distance of completed shuttles 

was recorded as the test result. HR (≥ 220 – age (years)) and record of perceived exertion (RPE) 

were used as objective criteria of exhaustion [229] to be included into final analysis. Prior to 

the physical tests at all three time points over the season, venous blood sampling was obtained 

from the antecubital vein, following 10-15 min of rest in the supine position. Blood samples 

were transported immediately to the laboratory for appropriate procedures. Serum tubes were 

centrifuged at 4000 revolutions per min for 5 min, aliquoted and then stored frozen at -80°C 

within 2 h of sampling. CK, urea and C-Reactive Proteins were measured using a Unicel 

DxC600 synchron clinical system (Beckmann Coulter GmbH, Krefeld, Germany). 

Erythrocytes and Haemoglobin was determined automatically by an ACT 5 Diff AL 

(Beckmann Coul-ter GmbH, Krefeld, Germany). Ferritin was analysed using an Access 2 

Immunoassay system (Beckmann Coulter GmbH, Krefeld, Germany). Data were collected in 

the early evening (prior to and during normal training sessions). All measures were conducted 

outside on artificial turf under neutral weather conditions. If weather was deemed unsuitable 

or at risk of influencing results, or players’ welfare, (e.g. any form of rain) the test was either 

cancelled or if possible, re-scheduled. 
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3.2.4 Statistical Analysis 

The mean ± SD were calculated for each of the three time points across the season. Cohens d 

ES were calculated with 90% CI and interpreted as; trivial (<0.2), small (>0.2-0.6), moderate 

(>0.6 – 1.2), large (>1.2 – 2.0), very large (>2.0) [230]. 

 

3.3 RESULTS  

All physical and blood-borne variables over the three measurement timepoints can be observed 

in tables 1 and 2, respectively. The course and magnitude of the change can be observed in 

figures 1 and 2 for physical and blood-borne variables, respectively. 

 

Figure 7 Changes in physical performance variables over the course of the season. Data expressed as Cohens d 

effect sizes and 90% confidence intervals.  Note: CMJ = Counter movement jump; COD = Change of direction; 

YYIET2 = Yo-Yo intermittent endurance test level 2. M1 = Pre-season, M2 = In-season, M3 = End of season. 
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Figure 8 Changes in blood-borne parameters over the course of the season. Data expressed as Cohens d effect 

sizes and 90% confidence intervals.  Note: M1 = Pre-season, M2 = In-season, M3 = End of season. 

 

3.4 DISCUSSION  

The primary objective of the study was to describe the changes in physical performance within 

a season of non-professional female footballers. Among the main findings of the study were 

that small improvements in YYIET2 distance, 30 m sprint time, and COD completion time 

from pre-season to the start of the competitive season. However, as the season progressed 

YYIET2 performance declined again, whereas the other physical parameters remained stable 

across the season. The secondary aim of the study was to detect changes in selected 

haematological variables. Results indicated that there were moderate to small changes in CK, 

Ferritin and Erythrocytes from M1 to M2 with a considerable number of players showing 

indications for iron deficiency. The results of the current study are in line with previous 

observations [96, 231]. 
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Physical performance was observed to increase during pre-seasonal period, which is often 

designed to increase physical capacities for the upcoming season whilst, small decreases in 

physical performance was apparent as the season progressed. Moreover, there are large inter-

individual differences at each time point and intra-individually over the course of the season 

(illustrated in figure 9). There are several factors which might cause these changes in physical 

performance. Oftentimes non-professional female football teams have an inability to 

Table 6 Physical variables and the within season changes across all timepoints.  Data is represented as means ± 

standard deviations. 

Variable M1 M2 M3 

CMJ (cm) 31.3 ± 3.1 31.6 ± 3.0 32.0 ± 3.5 

0-30 m sprint (s) 4.8 ± 0.2 4.7 ± 0.1 4.8 ± 0.1 

COD (s) 6.0 ± 0.3 5.9 ± 0.3 5.9 ± 0.3 

YYIET2 (m) 752.2 ± 233.2 873.3 ± 251.99 779.7 ± 234.1 

Note: CMJ = Counter movement jump; COD = Change of direction; YYIET2 = Yo-Yo intermittent endurance 

test level 2. T1 = Pre-season, T2 = In-season, T3 = End of season.  

 

 

Table 7 Blood variables and the within season changes across all timepoints.  Data is presented as means ± 

standard deviations.  

Variable M1 M2 M3 

Creatine kinase (U/L) 194.3 ± 87.7 256.5 ± 118.2 205.7 ± 118.8 

Urea (mg/dl) 29.4 ± 6.2 28.4 ± 9.0 29.1 ± 6.0 

Erythrocytes (Mio/μ) 4.5 ± 0.2 4.4 ± 0.3 4.5 ± 0.2 

Ferritin (ng/ml) 32.5 ± 14.9 26.7 ± 13.6 30.4 ± 14.8 

Haemoglobin (g/dl) 13.6 ± 1.3 13.7 ± 1.0 13.5 ± 0.9 

C-Reactive Protein (mg/l) 1.2 ± 2.9 0.9 ± 1.6 1.0 ± 1.6 

Note: M1 = Pre-season, M2 = In-season, M3 = End of season.  
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effectively monitor training, with financial constraints, suboptimal education level of 

coach/practitioners and limited availability of staff leading to such insufficiencies.  

 

Figure 9 Group and individual changes in Yo-Yo intermittent endurance level 2 (YYIET2) across the season. 

Note: M1 = Pre-season, M2 = In-season, M3 = End of season 

 

As such, inadequate training stimulus might be imposed upon the players or a monotonous 

training routine, which loses its ability to maintain a peak level of physical performance [232]. 

Relatively low values for CK (indicator of microdamage to muscle fibres) and urea (indicator 

for metabolic load) seem to be in favour of this interpretation. This neglect on physical loading 

could in part, be due to the shift in focus towards the tactical element and preparation for games. 

Moreover, due to playing weekly matches, alongside other obligations (work, studies) this may 

possess an issue to ensure that satisfactory levels of physical load can be transferred onto the 

player to maintain physical performance. Recent monitoring frameworks suggest that a lack of 
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loading may not only affect physiological parameters, but potentially leads to a lack in 

biomechanical load which may in turn increase injury risk [233]. As such, it could be 

recommended that basic testing, with limited “necessary” equipment (such as YYIT) is 

implemented more regularly to help respond to the needs-analysis for effective training in non-

professional populations. The current selection of blood-borne markers has been suggested to 

provide an overview of the physical state of a footballer [234]. When evaluating, it is 

imperative to understand the magnitude of the change and understand what is beyond a 

‘normal’ change. Therefore, these findings can provide a larger pool of information for baseline 

and within-season changes for the non-professional female footballer. It should be noted, that 

large variations within and between individuals are observed, even when experiencing a similar 

training stimulus [235]. As such, when possible, consistent testing of each individual is 

warranted to ensure the physical state can be maintained throughout the season. Interestingly, 

on the group level the results indicated that there were small (d = 0.38) changes in ferritin from 

M1 to M2. Reduced levels of ferritin have been linked to negatively affecting physical 

performance [236] and health of the female population. This proposes the need for more 

consistent monitoring to identify those that are at potential risk and thus one can effectively 

intervene by giving dietary advice or supplement iron. These findings are similar to that of 28 

elite-female footballers, whereby 57% were iron deficient and 29% had iron deficiency 

anaemia in the run up to the FIFA Women’s World Cup [237] signifying that individualised 

monitoring is important. Therefore, future research should further investigate whether the 

female footballer is exposed to an increased risk of reduced iron storage and explore whether 

there is an effect on subsequent performance. 
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Figure 10 Group and individual changes in Ferritin concentrations across the season.       

Note: M1 = Pre-season, M2 = In-season, M3 = End of season. 

 

3.5 PRACTICAL APPLICATIONS  

• The results suggest that practitioners may target increasing the physical capacities during 

the pre-season period and then possibly slightly neglect them as other priorities such as, 

match preparation may be determined as “more important”. Therefore, a detraining effect 

may occur which could potentially affect peak performance during match play.  

• It might be advisable for practitioners to assess the physical capacities of the players 

throughout the season (at multiple time points) and manipulate training plans accordingly, 

to maintain peak physical condition.  

• The results indicate that it would be worthwhile in future research to assess the ferritin 

levels (as well as a full blood count to detect possible iron deficiency anaemia) of the female 
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footballer on a more rigorous routine to identify those at potential risk and to help to create 

a consensus on appropriate courses of action. 

 

3.6 LIMITATIONS 

• The current study only involved one team which has a certain player pool and one method 

of training. However, this study represents the first to repeatedly monitor physical and 

haematological parameters in non-professional female footballers and could provide an 

insight into the possible challenges with this population.  

• Low number of testing time points, without mid-season measurement timepoint.  

• Female specific physiological changes, i. e. the menstrual cycle, were not considered 

during the current study which has been previously observed to affect maximal 

performance [238]. 
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4.0 

THE EFFECTS OF MENSTRUAL 

CYCLE PHASE ON PHYSICAL 

PERFORMANCE IN FEMALE 

FOOTBALL PLAYERS   
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4.1 INTRODUCTION 

The professionalism and interest in female football has rapidly increased over the last decade, 

which has led to an exponential rise in research within many realms of the game. Despite the 

increasing amount of scientific work surrounding female football, gender-specific aspects of 

physiology, particularly the menstrual cycle and its effects on the physical performance has 

been unaccounted for and remains fundamentally unknown [28, 51]. The menstrual cycle 

encompasses two main phases, the FP and the LP. The FP can split further into two sub phases; 

the EFP, which is characterised with low concentrations of both the key hormones oestrogen 

and progesterone; and the LFP where oestrogen is high independently from progesterone. The 

LP is typified by high concentrations of both oestrogen and progesterone. These two main 

phases are separated by a steep surge in luteinizing hormone triggering ovulation. These 

cyclical changes are said to be often predictable whilst spanning over the reproductive years 

[48] . 

 

Besides from reproductive function, female sex hormones are further known to affect 

numerous cardiovascular, respiratory, thermoregulatory and metabolic parameters. This may 

plausibly be expected to have implications on exercise physiology, for example via fluid 

retention, changes in body temperature, and energy metabolism [47]. Currently, much of the 

research has investigated these effects on endurance performance, and the results thus far have 

been highly equivocal [139, 140, 142, 144, 149, 239-242]. The differing results of the studies 

to date may be due to methodological differences. Inconsistent time points within the menstrual 

cycle when performance had been assessed, the method of assessment (varying performance 

tests), the verification of cycle phases and/or assessment of physiological cycles, could be 

factors for the varied findings. 
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Currently, to the authors knowledge only three studies have evaluated the effect of MCP on 

intermittent activity and related performance [167, 169, 243]. Two of the three studies indicated 

no differences between phase. However, Middleton and Wenger [169] found a significant 

enhancement in power output during ten, six second maximal sprints on a cycle ergometer in 

the LP. Although the authors found only small average differences in power output, the 

improvement during the LP was exhibited in every subject. Moreover, if these results were 

translated into running time, this difference in work would translate to approximately one-

meter difference in a six second sprint, which in terms of football, could make the difference 

in reaching the ball at important stages in a match. However, throughout these studies, the 

population sample was primarily healthy active females and not those of a highly competitive 

level and studies were not related to football. 

 

The current study aims to determine whether MCP influences a series of football related 

physical performance parameters in a high-levelled football specific population. Based on the 

above considerations, the designs involve a strict protocol for the assessment of physiological 

cycles and distinct timing of performed tests in relation to MCP.  

 

4.2 METHODS 

4.2.1 Subjects 

Thirty-five high-level female football players agreed to participate in the study. Formal sample 

size calculations were not performed, all players of the local second league female football 

team who fulfilled the inclusion criteria were enrolled for the study.  The inclusion criteria for 
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participation in the study were: 1) the absence from any form of contraception (OCP, 

implanted, injected, IUD, patches), 2) regular cycle of physiological length (24 – 35 days [39]), 

3) free from any illness or disease which could affect performance and/or health, 4) not 

suffering from an injury which would affect their performance, 5) participated in competitive 

football for a minimum of five years. A further inclusion criterion was that the testing must be 

completed over the 24 – 35-day cycle (reducing the influence of confounding variables 

associated with time, including but not limited to: humidity, ambient temperature and stage in 

the season). Therefore, nine participants (age: 18.6 ± 3.8 y, height: 161.2 ± 6.6 cm, weight: 

EFP 59.1 ± 7.7 kg, mid LP 58.8 ± 7.5 kg) were suitable for analysis; the flow of the participants 

is represented in figure 11. These players all competed in the second women’s league (2nd 

Frauen-Bundesliga), Germany. The players were fully informed of all experimental procedures 

before giving their written informed consent to participate. If players were younger than 18 

years of age, parental written consent was obtained. The current study was conducted in 

accordance with the declaration of Helsinki and approved by the local ethics committee 

(Aerztekammer des Saarlandes, approval number 130/14).  

 

4.2.2 Study design 

The observational design implemented in this study investigated the differences in physical 

performance parameters during two distinct phases of the menstrual cycle. The participants 

completed a battery of physical tests, measuring several components of football specific 

physical performance capacity. These included; lower limb power, sprinting capability and 

endurance capacity [2]. The participants did not conduct any vigorous exercise on the days of 

testing and the training the day before testing days remained consistent; training comprised of 

low/moderate aerobic training for 30-45 minutes followed by 30 minutes of strength training. 
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The tests were conducted during two time points, representative of the EFP and MLP, 

respectively (EFP days 5-7 and MLP days 21-22 [135]), where hormonal concentrations differ 

greatest between the two time points (Figure 2, Chapter 1) [45, 135]. Data was collected in the 

early evening (during their normal training session), and training time was kept consistent for 

the duration of the study. Testing sessions were conducted during the second half of the season 

for over an 8-week period (March - May). All measures were conducted outside on artificial 

turf under similar weather conditions. If weather was deemed unsuitable and at risk of 

influencing results, and or to players’ welfare, (e. g. any form of rain) the test was either 

cancelled or if possible re-scheduled.  

 

 

 

 

 

 

 

 

 

 

 

Figure 11 Details of the participants’ timeline throughout the study. 

 

35 players consented to 
participate in the study 

24 analysed for 
physiological cycle 
length (24-35 days) 

18 began testing 

6 had non-physiological 
cycle lengths 

11 using contraception 

10 completed both 
testing sessions 

8 unable to complete 
testing in one complete 

cycle 

1 retrospective cycle 
phase was inaccurate 

9 players for final 
analysis 
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4.2.3 Determination of menstrual phase 

Twice a month, participants completed a menstruation diary, which included: date of menses, 

length of menses, and severity of blood flow and discomfort. This information was recorded 

for a minimum of 6 months, for a valid characterisation of an individual’s menstrual cycle 

[135]. From retrospective analysis, (counting back from previous menses, from month to 

month, indicating the length of the cycle) the next cycle phase was then prospectively 

determined [135] and time-point was calculated. For final confirmation of LP sampling time, 

the participants completed menstruation diaries during the course of testing. Consequently, one 

player dropped out due to LP sampling time being incorrect (Figure 11). Furthermore, serum 

oestrogen and progesterone were used to verify physiological reproductive function and verify 

timing of tests with respect to the cycle phases[135]. 

 

4.2.4 Outcome measures 

The following panel of established tests for components of football specific physical 

performance capacities were applied and conducted in this order (Figure 12): 1) Jump height 

during a CMJ (five trials, mean of the best three) was implemented as an indicator of lower-

limb power [244], 2) 30 m (recording set at 5, 10 and 30 m) sprint time was employed as a 

parameters of sprint capability (fastest of three trials) [245], 3) running distance in the YYIET1 

was used as a measure of football-specific endurance capacity [6].  
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Figure 12 Timeline of the testing protocol. 

 

4.2.4.1 Counter movement jump 

Characteristics of the CMJ were determined using a force platform (Quattro Jump, Type 

9290AD, Kistler Instrument AG, Winterthur, Switzerland) and analysed using professional 

motion analysis software (Contemplas Bewegungsanalyse, Contemplas Gmbh, Kempten, 

Germany). Jump height was determined as the centre of mass displacement, calculated from 

the recorded force and body mass. The CMJ began from an upright position, making a 

downward movement to a knee angle of approximately 90° and simultaneously beginning to 

push-off, whilst hands are placed upon their hips, with a rest period of 30 s between efforts.   

 

4.2.4.2 3x30m sprints  

Players were asked to stand with their toe behind a white line (touchline of the football pitch), 

and ran maximally straight ahead for 30m. 30 m sprint recording times at 5 m, 10 m and 30 m 

was employed and measured by light gates and a hand-held monitor (Brower Timing System, 

Utah, USA). Once a sprint was completed the players had 2 mins of recovery and then repeated 

the test following the same procedure for all three trials.  

 

Warm up CMJ 3 x 30 m Sprints YYIET 5 x 4 m COD 

Blood collection and 
Anthropometery 

45 mins 15 mins 15 mins 
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4.2.4.3 Yo-Yo Intermittent Endurance Test Level one 

The test was performed outdoors on artificial turf similarly described by Bangsbo et al. [107]. 

Concisely, the test consisted of repeated 2 x 20 m runs with an 180° turn in between at a 

progressively increasing speed controlled by audio beeps. Between each running bout, the 

players had a 5 s rest period, during the active break in the form of a 2.5 m walk. Termination 

of the test occurred when a player had twice failed to reach the finish line, in time. Total 

distance of completed shuttles was recorded as the test result. All players had been familiarised 

with the test procedures previously. HR was measured before the warm-up period (rest) and 

was continuously measured using commercial heart rate monitors (Polar, Kempele, Finland) 

until exercise cessation (HRpeak). BLa was collected in 25µl samples of capillary blood, 

withdrawn from the earlobe and were subsequently measured using an enzymatic method 

(Super GL, Rolf Grenier, Biochemica, Flacht, Germany). BLa was collected prior to exercise 

(rest value), then further collected immediately after, 1 min, 3 min and 5 min post-test. HR (≥ 

220 – age (years)),  BLa concentration (≥ 8 mmol/l) and RPE were used as an objective criteria 

of exhaustion[229].  

 

4.2.4.4 Blood collection 

Venous blood samples were collected on the day of testing prior to any form of activity. These 

samples were obtained from the anti-cubital vein by a standard protocol, following 10-15 min 

of seated rest. The participants did not perform any vigorous exercise on the day of blood 

sampling. Blood samples were transported immediately to the laboratory for appropriate 

procedures. Serum tubes were centrifuged at 4000 revolutions per min for 5 min, aliquoted and 

then stored frozen at -80°C within 2 h of sampling. Hormones were measured in an accredited 

medical laboratory. Oestrogen was measured using an Estradiol II electrochemiluminescence 
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immunoassay ECLIA (IBL International GMBH, Hamburg, Germany) with intra- and inter-

assay coefficients of 4.13 - 6.81% and 6.72 - 9.39%, respectively. Progesterone was measured 

using a 17-OH-Progesterone enzyme immunoassay ELISA (IBL International GMBH, 

Hamburg, Germany) with intra- and inter-assay coefficients of 2.8 - 4.9% and 5.8 - 9.2%, 

respectively. 

 

4.2.5 Statistical Analysis 

Data analysis was conducted using the statistical software package SPSS v.21 (SPSS Inc., 

Chicago, IL, USA). All data were normally distributed (Kolmogorov-Smirnov) and expressed 

as means ± SD. Students paired t-tests were conducted to determine the difference in mean 

response between phases for all variables. The magnitude of the mean differences between 

phases were expressed as ES [246]. The extent of the ES are classified as follows: trivial (<0.2), 

small (>0.2-0.6), moderate (>0.6 – 1.2), large (>1.2 – 2.0), very large (>2.0), based on updated 

guidelines from Batterham and Hopkins [247]. Magnitude-based differences (MBD) were 

conducted to determine the possible benefit, in terms of beneficial or harmful effects, of the 

MCP. This approach represents a contemporary method of data analysis that uses confidence 

intervals to calculate the probability that a difference is practically meaningful. For assessing 

the difference in team performance smallest worthwhile change was set at Cohen effect size of 

0.2 [247]. When clear interpretation was possible, a qualitative descriptor was assigned to the 

following quantitative chances of performance effect: 0.5% to 5%, very unlikely; 5% to 25%, 

unlikely; 25% to 75%, possibly; 75% to 95%, likely; 95% to 99.5%, very likely; and >99.5%, 

most likely [247].  
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4.3 RESULTS 

The participants’ body mass and sum of four skin folds were not significantly different between 

MCP (Table 8). Oestrogen and progesterone levels of the players were significantly higher in 

the MLP compared to the EFP. 

 

In YYIET1 performance, MBD intimated the qualitative inference that there was a possibly 

harmful effect for maximal performance in the LP, whereas, all other performance variables 

were found to be unclear. Moreover, the ES for the YYIET1 was small to moderate, whereas 

all other variables were trivial (Table 9). For all performance variables, there were no 

significant differences revealed, although a trend towards significance was observed in the 

YYIET1 between phases (p = 0.07) (Figure 13). There was a likely beneficial inference for HR 

pre-values tending towards the EFP, whereas the HR post values were deemed unclear. RPE 

was also deemed unclear. Lactate values were inferred to be unclear pre-and 1 min post the 

Table 8 Anthropometric and hormone characteristics of females involved in the study. Comparison 

between follicular and luteal phase.  
Variable  Follicular Phase Luteal Phase 

 Means ± SD Means ± SD Means ± SD 

Age (y) 19 ± 4   

Height (cm) 161.3 ± 6.6   

Body mass (kg)  59.1 ± 7.7 58.8 ± 7.5 

Body fat (%)  17.7 ± 2.5 17.8 ± 2.2 

Oestrogen (pg/ml)  26.8 ± 22.1 109.8 ± 55.6* 

Progesterone (nmol/l)  2.2 ± 0.6 6.5 ± 2.0* 

Note: Body fat calculated by the sum of four skinfolds (biceps, triceps, subscapular, suprailiac). 

Note: * = significant difference between phases, P < 0.05. 
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Yo-Yo test. However, at 3- and 5-min post, the MBDs suggested that it was very likely harmful 

during the early FP, where lactate values were higher. The ES for all variables ranged from 

trivial to moderate (Table 10). There were significant differences between phases for HR prior 

to exercise and lactate values at minutes 1 and 3 post YYIET1 (p = 0.04, p = 0.01 and p = 0.03, 

respectively). For HR post, lactate pre-and lactate 1 min post YYIET1 and RPE there were no 

significant differences observed (p > 0.05). 

 

Figure 13 Mean meters of completion during the Yo-Yo intermittent endurance test level one (YYIET1) during the 

two phases of the menstrual cycle. The data for each individual has been superimposed onto each group mean. 

Note: FP = Early follicular phase; LP = Mid luteal phase.   
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Table 9 Performance outcomes for all parameters measured during the follicular phase and luteal phase. Results expressed as means ± standard deviations, statistical 

significance, effect sizes and magnitude-based differences. 

Variables EFP MLP P ES % Chance +/trivial/- Qualitative Inference 

0-5m (s) 1.1 ± 0.1 1.1 ± 0.1 1.00 0.00 50/0/50 Unclear 

0-10m (s) 1.9 ± 0.1 1.9 ± 0.1 0.25 0.18 10/7/83 Unclear 

0-30m (s) 4.7 ± 0.1 4.7 ± 0.1 0.96 0.00 48/0/52 Unclear 

CMJ (cm) 29.0 ± 3.9 29.6 ± 3.0 0.33 0.16 8/24/68 Unclear 

YYIET1 (m) 3289 ± 801 2822 ± 896 0.07 0.56 0/61/39 Possibly harmful 

Note: EFP = Early follicular Phase, MLP = Mid luteal Phase, ES = Effects Size 
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Table 10 Internal load measures during the follicular phase and luteal phase. Results expressed as means ± standard deviations, statistical significance, effect sizes and 

magnitude-based differences. 

Variables EFP MLP P ES % Chance +/trivial/- Qualitative Inference 

HR Pre (bpm) 97 ± 16 105 ± 12 0.04 0.45 91/9/0 Likely beneficial 

HR post (bpm) 194 ± 4 193 ± 5 0.90 0.05 27/37/36 Unclear 

RPE (AU) 18.7 ± 0.7 18.6 ± 0.9 0.76 0.14 23/31/46 Unclear 

Lactate pre (mmol L-1) 2.3 ± 0.8 2.1 ± 0.8 0.65 0.21 17/25/58 Unclear 

Lactate 1min post (mmol L-1) 9.3 ± 1.4 8.6 ± 0.7 0.20 0.41 6/28/66 Unclear 

Lactate 3min post (mmol L-1) 8.8 ± 2.2 7.6 ± 1.6 0.01 0.75 0/1/99 Very likely harmful 

Lactate 5min post (mmol L-1) 8.7 ± 2.2 6.9 ± 1.9 0.03 0.93 1/4/95 Very likely harmful 

Note: EFP = Early follicular Phase, MLP = Mid luteal Phase, ES = Effects Size, HR = Heart rate, RPE = Record of perceived exertion. 
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4.4 DISCUSSION 

The purpose of the study was to investigate whether MCP influences different facets of physical 

performance in a group of high-level football players. The main finding of the study suggested 

that YYIET1 performance was affected during the LP of the menstrual cycle. However, in all 

other aspect of measured performance were not different between phases. 

 

To the authors knowledge this is the first study to investigate the effects of MCP on different 

sport specific physical parameters in female football players. In the nine players, MCP appeared 

to have an effect on maximal endurance capabilities, as demonstrated through the YYIET. It 

has been suggested that physical performance in elite female football is highly related to their 

trained status and maximal capacities [4], therefore, it may be postulated that the maintenance 

of these high levels throughout the entire cycle is important for success. In 78% of our 

population, a reduction of meters completed was observed in the MLP (Figure 13). The results 

of the current study are in line with the extensive work of Lebrun et al. [39]. Lebrun and 

colleagues used a cohort of 16 trained athletes (age 27.6 ± 3.8 y, height 167.9 ± 5.3 cm, mass 

59.6 ± 6.7 kg, V̇O2max 53.7 ± 0.9 ml.kg-1.min-1), who participated in a variety of sports including 

running, cycling, triathlon, squash, cross-country skiing, ultimate frisbee and rowing. This 

study contained a strict phase confirmation comparable to our trial. Through the use of a 

progressive and continuous treadmill running test, the results indicated that maximal endurance 

capacity was reduced in the LP. 

 

Differences in endurance performance during various phases of the menstrual cycle have been 

postulated to be due to differences in heat regulation, substrate availability, and metabolism 

[140]. It is well documented that a female’s BBT can differ between phases in the region of 
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0.3-0.5°C [135]. This elevation in temperature has been attributed to the surge of progesterone 

exhibited during the LP. The associated increase in body temperature has been suggested to 

limit prolonged exercise capabilities and increase cardiovascular strain [135]. This has been 

seen in previous studies, presenting higher V̇O2 values, accompanied with higher heart rates 

and RPE values during exercise at given percentages of V̇O2max [248-250]. Although BBT was 

not measured in the present study, cardiovascular strain may have been present in our study and 

thus could influence performance. Conversely, it has been shown in previous studies, that 

exercise time to exhaustion is improved during the LP. This has been speculated that the role 

oestrogen plays on enhanced lipid metabolism, with spared glycogen and usually a supressed 

lactate response to exercise in the LP [133] . As seen in the present study, significant differences 

were found in BLa concentration between phases at 3- and 5-min post exercise. Therefore, there 

is the potential that the energy pathways may have been taxed differently between phase, for 

example it has been implicated previously that during the LP there is a lower contribution of 

anaerobic glycolysis and hence reduced BLa values [133] . A conclusive statement about this, 

however, is beyond the current scope of this study and perhaps requires deeper investigation 

with more sophisticated methodology (e. g. indirect calorimetry). Moreover, the present data, 

however, did not indicate any differences in lactate production at rest or at maximal BLa 

concentration, which was similarly found in female rowers completing a one-hour row at 70% 

V̇O2max [251].  

 

It is important to consider the specific type of sports to validly assess if and how MCP 

potentially affects physical performance. However, in football (which is intermittent in nature), 

there is a special challenge to evaluate sport-specific physical performance, this is due to the 

current difficulty to establish valid and reliable tests sensitive to the sport, unlike in endurance 

sports. The YYIET1 has been suggested to replicate physical patterns in female football [252], 
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however, factors such as motivation have been suggested to cause differing results when being 

assessed at multiple time points, however, the exhaustion criteria were achieved in all players. 

In the present study, a reduction during the LP was observed in the clear majority of the players, 

with similar HRmax, BLa and RPE values. Therefore, it can be postulated that although maximal 

effort was elicited in both phases, there was an observed reduction in maximal performance 

during the LP.  

 

Sprinting performance in the present study did not differ between cycle phases at either split or 

full 30 m distance (Table 9). The absence of the menstrual cycle affecting sprinting performance 

in the present study concurs with previously published literature [168]. It had, however, been 

suggested previously that sprinting performance may differ between phases. An improvement 

in sprinting performance being attributed to the increase in BBT during the LP [253]. However, 

a study from Somboonwong and colleagues [253] suggested that, although BBT was 

significantly greater in the LP, sprinting performance over 40-yd (36.6m) was not affected. 

Unlike the present study, Somboonwong et al. [253] only measured 40-yd sprinting time and 

did not investigate differing split times or acceleration. From the present study’s results, it could 

be postulated that MCP does not influence sprinting ability at many various aspects of 

acceleration and velocities. This was seen as 5 m, 10 m and 30 m sprint time was not affected 

by MCP. In football, a players’ ability to perform multiple HI actions and sprinting ability has 

been considered to be more important for overall performance than endurance capacity [23], 

therefore, the understanding that MCP does not affect sprinting behaviour is important for 

players and practitioners. This being said, in the present study and in the work from 

Somboonwong et al. [253] sprinting performance was measured from singular sprints and not 

RSA. RSA is another facet of football which has been suggested to be important for football 

performance. The only study to assess a repeated sprint and the effects of MCP, was conducted 



 92 

by Tsampoukos et al. [168]. In the aforementioned study, eight females conducted two 30 s 

sprints with a 2 min passive recovery in between; the results indicated no effect of MCP on 

repeated sprint performance. However, this study, only employed sport science participants, 

not those of a sport specific population and, furthermore, only completed two sprints. Therefore, 

for future research, due to the lack of understanding and studies conducted in football, the 

investigation of MCP on RSA is warranted. 

 

The menstrual cycle has been suggested to alter motor control and muscular strength. However, 

similarly to the present study Janse de Jonge et al. [254] found no differences between phases 

in 19 normally menstruating females for any strength parameter, including maximal isometric 

quadriceps strength with superimposed electrical stimulation, isokinetic knee flexion, and 

handgrip strength. It has been previously proposed that oestrogen, may have a strengthening 

action on skeletal muscle [186], although the mechanisms of this effect has not become clear. 

During the present study, the time points of measurements, were at minimal oestrogen (EFP) 

and when both progesterone and oestrogen were elevated (MLP). Therefore, it can be 

speculated that the levels of oestrogen were not elevated enough to cause such an effect during 

EFP. Moreover, the antagonistic effect of progesterone, may have restricted the effects of 

oestrogen on muscular strength during LP [255]. Altogether, the current results suggest that 

CMJ was not affected by cycle phase, however, due to the assumptions of the effect of oestrogen 

on strength, future investigations should target other time points within the menstrual cycle, 

where oestrogewn is independently elevated, i.e. in the rise prior to ovulation.   

 

A limitation to the current study is that it did not deploy a randomised counter balanced design, 

whereby all participants first completed the testing in the EFP followed by the MLP, this was 

due to the current method of MCP determination. Although the participants were well 
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accustomed to this form of testing, confounding factors that may influence the current findings 

need to be considered. As recommended in previous literature, solely conducting menstruation 

calendars does not provide all relevant information regarding MCP [256]. Therefore, hormone 

values of oestrogen and progesterone were measured. However, concentrations were found to 

be lower than those previously described in the general population. In regards to research a 

progesterone limit has been recommended conservatively at 16 nmol/L [135]. It must be noted, 

that unfortunately at present reference values for athletic populations have yet to be defined and 

are not available. Furthermore, although the levels were not at the expected magnitude, changes 

in hormone values were observed; thus, the associated change in phase could be verified (Table 

8). Moreover, the current data have been taken from the EFP and the MLP; the associated 

hormones also differ just before ovulation in the LFP, where oestrogen is elevated without a 

pronounced presence of progesterone. Therefore, the independent effects of oestrogen have not 

been assessed where these results could also differ. Finally, although the subject number is in 

the range of previous studies [167, 169, 243], the results may not accurately represent a wider 

female football population.  

 

4.5 CONCLUSION 

The current study indicates that there is potentially a reduction in maximal endurance 

performance during the LP of the menstrual cycle. However, this reduction in performance was 

not observed for jumping and sprint performance. Therefore, due to the findings of the current 

study, practitioners should keep MCP constant when completing routine physical assessments 

with their players, to ensure that changes in performance are consistent with the outcome and 

not due to the effects of the menstrual cycle. Alternatively, the cycle phase should at least be 

recorded and taken into account when interpreting the results.  
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MENSTRUAL CYCLE PHASE AND 
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5.1 INTRODUCTION 

An exponential increase in women’s soccer participation has resulted in a plethora of research 

focussing on the characteristics of female match-play [28]. However, studies in female soccer 

have generally replicated research practices conducted on male players, thus lacking sex 

specificity. It is well established that females exhibit hormonal and physiological differences 

and thus it is surprising that these are not reflected in the research thus far [51, 53, 257]. 

Arguably one of the most important factors when conducting research with female athletes is 

the potential influence that the menstrual cycle may have on athletic performance. A recent 

study from Bruinvels and colleagues (2016) [51] reported that 41.7% of exercising women 

believe that the menstrual cycle negatively affects training and performance. However, at 

present there is a paucity of investigations that explain these effects or to what magnitude the 

menstrual cycle affects physical performance. As such, there has been an increased interest and 

outcry for research to evaluate the possible effects of the menstrual cycle across various sports 

[258]. 

 

The menstrual cycle is a vital biological rhythm that occurs monthly from ~13 years of age 

[259]. This can be separated into specific MCP that are based on the magnitude of respective 

hormones. The FP is defined as the onset of menses until ovulation. This phase can be divided 

into early FP (both key hormones oestrogen and progesterone are minimal) and mid FP (an 

increased concentration of oestrogen with a low concentration of progesterone). Typically, the 

LP is associated with an elevation of both oestrogen and progesterone; therefore, progesterone 

is often measured to confirm the transition between the FP to the LP [135]. These hormones 

interact and affect physiological and metabolic mechanisms [49]. For example, substrate 

availability and metabolism have appeared to be affected across the menstrual cycle [47], with 
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increased rates of glycogen depletion observed during the FP [149, 260]. In view of previous 

literature suggesting that muscle glycogen is likely the prominent substrate for energy 

production in soccer [261], and the link to reductions in HI distance [17, 20]; it could be 

suggested that the changes in substrate metabolism could relate to changes in physical 

performance.  

 

Due to the potential alterations in female physiology over the menstrual cycle, it could be 

assumed that this may lead to changes in physical abilities of soccer players. At present, 

research related to the effects of MCP on physical performance are equivocal [47]. For 

example, studies have suggested there is a decrement in aerobic capacity and exercise 

performance during the LP [39, 149]. Nevertheless, one study found an overall improvement 

of 13% in time trial performance during the FP in a population of eight healthy (24 ± 2 yr), 

endurance-trained women [169]. In terms of sprinting performance, a study investigating six 

physically active young women demonstrated greater average power output over a series of ten 

intermittent sprints during the LP [169]. However, Tsampoukos., et al. (2010) [168] found no 

significant differences between MCPs during two 30 s sprints in 14 highly active sports science 

students. It should be noted that there were apparent limitations to certain research 

methodologies - for example, each study had limited samples sizes across varying populations; 

although, the populations were all of similar maturity and were classed as healthy, the athletic 

standard ranged from physical active and sport science students, to trained individuals. 

Moreover, certain studies have not measured ovulation [169, 262] and based the timing of 

measurement from a 28-day cycle and/or did not consider fluctuations in individuals cycle 

lengths [169]. 
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Two recent studies in female soccer players explored the impact of MCP using isolated 

physical performance tests [238, 255]. Dos Santos Andrade and colleagues [255] found that 

female soccer players had a lower hamstring-to-quadriceps peak torque strength ratio during 

the FP. This reduced strength ratio may have implications on certain technical performance 

parameters, such as shooting [263] and has been previously linked to a greater risk of sustaining 

a lower limb injury [264]. Moreover, endurance performance was influenced by MCP as 

evidenced by a reduced YYIET performance in the LP [238]. Although apparent differences 

exist in these isolated tests, there are no studies which have assessed the influence of MCP on 

physical performance during match-play. Based on the results of discrete physical performance 

tests, MCP may influence match physical performance.  

 

With recent changes in FIFA regulations, the use of GPS technology is now increasingly 

common and offers a method of quantifying physical loading [265]. There is a plethora of 

studies on the physical match demands of elite male players using GPS technology but limited 

research exists for females. The scant literature on female players typically uses absolute 

locomotion thresholds adopted for male players, thus raising pertinent questions about the 

application of such data. Likewise, a recent criticism of absolute locomotion categories used in 

male soccer is that they often underestimate HI locomotion. Whereby, individual differences 

in maximum locomotion capacity relative to the arbitrary thresholds (which commonly defines 

HI actions) are not considered, which could potentially be further exaggerated in female players 

who have been previously shown to possess lower physical capacities [37]. Thus, the utilisation 

of individualised thresholds (IND) could be beneficial for more accurate measurements of HI 

actions in soccer [37, 266].  Thus, the purpose of the study was to investigate whether MCP 

affects the match physical performances using IND GPS monitoring in elite female soccer 

players.     
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5.2 METHODS 

5.2.1 Study design 

The observational design aimed to investigate the differences in match physical performance 

due to MCP (FP v LP). Matches were assessed over a four-month period during the 2015/16 

competitive season (February – May 2016). Match physical performance was assessed via GPS 

devices for players participating in a minimum of 75 min during at least two matches in each 

MCP 

 

5.2.2 Participants  

Eighty-three elite female soccer players from the first (n=68) and second (n=15) German league 

initially agreed to participate in the study. However, after applying strict inclusion criteria, 15 

players remained for final analysis (Figure 14; 23 ± 4 yr, 1.69 ± 0.8 m, 64.3 ± 8.2 kg). The 

inclusion criteria consisted of: 1) having a regular cycle of physiological length (24 -35 days 

[39], 2) free from use of contraceptives, 3) having ovulatory cycles, 4) hormonal change 

(progesterone) being of sufficient concentration to confirm LP in at least one menstrual cycle 

[135], 5) having played in the same playing position and played a minimum of 75 min in at 

least two matches during each phase. The players were fully informed of all procedures and 

provided written informed consent to participate. The current study was conducted in 

accordance with the declaration of Helsinki and approved by a local ethics committee. 
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Figure 14 Flow diagram detailing the participant’s timeline throughout the study 

 

5.2.3 Study Procedures 

5.2.3.1 Verification of Menstrual Cycle Phases 

All players were initially assessed to establish physiologically ‘normal’ menstrual cycle (cycle 

length of 24 -35 days; presence of ovulation; significant change in progesterone). Players 

provided information via email regarding their onset of menses. Once confirmed, players were 

scheduled for FP blood sample (days 3-5). Once this sample was collected, players were 
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instructed from day 11 (post menses), to urinate on the provided ovulation test strips (Cyclotest, 

UEBE Medical GmbH, Wertheim, Germany). Ovulation was confirmed by the player and then 

corroborated by the primary investigator via photo image (test line being of the same shade or 

darker than the control line). Ovulation testing was conducted until either a positive ovulation 

test was found or until day 17. Ovulation tests detect the luteinizing hormone surge, allowing 

an accurate prediction of ovulation with a confidence of up to 95% [135]. Regular menstruating 

women have been observed to have intermittent anovulatory cycles [267], therefore, if a player 

did not receive a positive ovulation test, the FP blood sampling and ovulation testing were 

conducted a second time for verification. When confirmed, 7 days post ovulation the LP blood 

sample was collected. A minimum limit of 1.83 ng/ml for progesterone was accepted as a 

change from FP to LP (Analysis spectrum and reference values, Saarland University Clinic). 

All blood samples were collected via an anti-cubital vein by a standard protocol, following 10-

15 min of supine rest. The players did not perform any vigorous exercise on the day of blood 

sampling. Blood samples were transported to the laboratory for appropriate procedures. Serum 

tubes were centrifuged at 4000 revolutions per min for 5 min, aliquoted and then stored at -

80°C within 2 h of sampling. Oestrogen was measured using an Estradiol II 

electrochemiluminescence immunoassay ECLIA (IBL International GMBH, Hamburg, 

Germany) with intra- and inter-assay coefficients of 4.13–6.81% and 6.72–9.39%, respectively. 

Progesterone was measured using a 17-OH-Progesterone enzyme immunoassay (IBL 

International GMBH, Hamburg, Germany) with intra- and inter-assay coefficients of ~3-5% 

and 6-9%, respectively. These initial cycles were verified through ovulation testing and the 

determination of oestrogen and progesterone concentrations via venous blood sampling in 

addition to the continuous use of menstruation diaries [135]. The continuous blood collection 

after every match and/or every cycle phase throughout the whole period of data collection 

would not have been accepted by players and coaches. Additionally, teams were spanned across 
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the whole of Germany thus, obtaining regular venous blood samples would have been 

logistically difficult. 

 

5.2.3.2 Match Physical Performance 

Match physical performance was quantified using 5Hz GPS devices (Tracktics TT01, Hofheim, 

Germany) which has been previously found to be reliable, with a CV of 2.0% (CL 1.3; 5.9) for 

TD covered and test-retest differences in velocity within limits of agreement (0.08 - 0.55 m.s-

1; own unpublished observation). Bradley & Vescovi [37], suggest that an IND approach may 

provide a more representative indicator of a female players’ physical match exertion. Thus, 

players activities were split into four intensity zones using an IND approach, based on Hunter 

et al., [268]. These were determined individually using: <lactate threshold speed (LTS), LTS-

maximal aerobic speed (MAS), MAS-29% anaerobic speed reserve (ASR) and >30% ASR. 

LTS, MAS, and ASR were determined during an incremental field-based lactate test and a 30-

m sprinting test, whereby the average velocity during the final 10 m of the test was used as the 

maximal sprinting speed (MSS). The ASR was calculated as the difference between MAS and 

MSS [268].  

 

The range of IND thresholds were: low intensity (Zone 1; <13.20 ± 0.71 km.h-1), HI (Zone 2; 

13.20 ± 0.71 – 16.69 ± 1.09 km.h-1), VHI (Zone 3; 16.69 ± 1.09 – 19.94 ± 0.88 km.h-1) and 

sprinting (Zone 4; >19.94 ± 0.88 km.h-1). The number of HI runs and sprints were also recorded 

based on a minimum dwell time of 0.6 s. VHI bouts were calculated from the instance where 

the velocity reached the threshold for Zone 3, until the instance where the velocity was below 

this threshold. The measures of physical match-play were expressed in meters per minute 

(m.min-1) [269]. Throughout the study period, players were contacted twice per week to 
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establish their onset of menses. When confirmed, cycle length for the month could be 

established. Subsequently, cycle phases (FP = day 1 to 14, LP = day 15 to 28; example based 

off an average 28-day cycle) were calculated retrospectively [135]. This was considered using 

the physiologically ‘normal’ cycle which was used as the criterion cycle. Meaning that based 

off this cycle the “normal” cycle length of each player was determined. Then after data 

collection we retrospectively analysed which of the two phases (based off retrospective 

counting from previous onset of menses) the match was played FP (days 1-14; based on an 

average 28-day cycle) or their LP (days 15-28; based on an average 28-day cycle)). If the length 

of the cycle was different to that of the ‘criterion’ cycle, any changes were manipulated from 

the FP, as it has been previously documented that the length of the FP is more variable than the 

LP [134].  

 

5.2.4 Statistical Analysis 

All data are reported as means ± standard deviation (SD). Prior to analysis, data were analysed 

for normality using the Kolmogorov-Smirnov test. All statistical methods were conducted 

using the statistical software package SPSS v.25 (SPSS Inc., Chicago, IL, USA). The change 

in hormone concentration between FP and LP was assessed using a paired samples t-test. 

Pearson product-moment correlation was used to explore the relation between changes in 

hormone concentration and performance from the FP to LP. The magnitude of the correlation 

effect statistic were: <0.1 trivial, ≥0.1 small, ≥0.3 moderate, ≥0.5 large [247]. To determine 

differences in physical match performance between the FP and LP, a mixed linear model was 

conducted. MCP was included as the fixed effect, whilst the players’ identity, phase-by-subject 

ID interaction and the residual error were random effects. An α-level of P ≤ 0.05 indicated 

significance.  Furthermore, the change in physical performance with 95% confidence intervals 
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(CI) was calculated and the magnitudes of the changes were expressed as Cohen’s d effect sizes 

using the following scale: <0.2 trivial, ≥0.2 small, ≥0.6 moderate, ≥1.2 large [247]. For 

individual analysis, percentage (%) change between phases were calculated and compared to 

the physical categories coefficient of variation (CV).   

 

5.3 RESULTS 

5.3.1 Hormone Changes 

Players hormonal concentrations were found to be greater in the LP compared to the FP 

(oestrogen: FP, 52.5 ± 37.3 pg.mL-1 vs. LP, 189.6 ± 64.0 pg.mL-1,  p<0.01, d=2.6;. 

progesterone: FP, 0.4 ± 0.3 ng.mL-1 vs. LP, 6.4 ± 3.9 ng.mL-1, p <0.01, d=2.2). There were 

large ranges in hormonal concentrations in both phases (FP: oestrogen: 19.0-158.0 pg.mL-1, 

progesterone: 0.2-1.0 ng.mL-1 vs. LP: oestrogen: 82.0-280.0 pg.mL-1, progesterone: 1.9-15.7 

ng.mL-1). Moreover, there were large minimum and maximum changes (∆) in hormone 

concentration on the individual level from FP to LP (min: oestrogen∆: 39.0 pg.mL-1, 

progesterone∆: 1.4 ng.mL-1; max: oestrogen∆: 261.0 pg.mL-1, progesterone∆: 15.4 ng.mL-1). 

 

5.3.2 Differences in Match Physical Performance Metrics 

Overall, a total of 76 individual match observations (ranging between four matches to seven 

matches per player, 36 in FP and 40 in LP) were recorded. The discrepancies between the 

number of matches played between players were either due to not starting in same playing 

position, or not completing the minimum 75 min for inclusion. All match physical performance 

metrics are presented in Table 11. The distance covered per min within Zone 3 was greater in 

the LP than the FP (p = 0.02, d = 0.41), with a between-subject SD of 61.2% and within subject-

SD of 38.8%, however, the distances covered in Zones 1, 2 and 4 did not differ (p = 0.29-0.36, 
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d = -0.08-0.12). With between subject-SD ranging from 52.3-62.2%, within subject-SD 

ranging from 29.6-47.7% and true between subject-SD ranging from 0.4-8.4%. Furthermore, 

TD covered was not different between FP and LP (p = 0.53; d = 0.08), with a between subject-

SD of 33.6% and within subject-SD of 66.4% observed. HI and sprinting bouts were not 

different between FP and LP (p = 0.09-0.241; d = 0.20-0.22). The between subject-SD was 

60.1% and 51.9%, the within subject-SD was 32.6% and 47.3% and the true between subject-

SD was 7.3% and 0.8%, respectively. 

 

5.3.3 Relationships between Hormone Concentrations and Physical Performance 

No significant correlations were observed (p > 0.05). Only oestrogen∆ and Zone 1, and 

progesterone∆ and Zone 1 and Zone 2 showed a moderate correlation (r = -0.32, r = 0.34 and r 

= -0.32, respectively). Whereas values were small (r = 0.12 – r = 0.29) to trivial (r = -0.03 to r 

= 0.08) for all other variables. 

 

5.3.4 Individual Effects of MCP on Match Physical Performance 

On an individual basis, there was large match-to-match variability in physical performance 

metrics in general (CV for Zone 1-4 = 7.0-56.0%), and in relation to MCP (Figure 16). One 

player (#8, Figure 15) systematically performed more distance during the LP in all metrics 

(TD: +14.0%, Zone 1: +6.6%, Zone 2: +39.8%, Zone 3: +199.7%, Zone 4: +82.9%). All 

individual changes in performance between FP and LP compared to the match-to-match 

variability are presented in Figure 16.  
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Table 11 In match performance outcomes for each physical category, during the follicular phase and luteal phase. Results expressed as means ± SD 

Variables FP LP 
∆ in mean 

(95% CI) 
P ES 

Total distance (m.min-1) 103.00 ± 7.69 103.89 ± 6.84  -0.89 (-3.90 to 2.10) 0.53 0.08 

Zone 1 (m.min-1) 82.03 ± 7.47 81.65 ± 5.73 0.38 (-0.48 to 1.20) 0.36 -0.08 

Zone 2 (m.min-1) 11.41 ± 3.40 11.61 ± 3.27 -0.20 (-0.59 to 0.19) 0.29 -0.03 

Zone 3 (m.min-1) 5.90 ± 2.16 6.64 ± 2.72 -0.74 (-1.30 to -0.14) 0.02 0.41 

Zone 4 (m.min-1) 3.73 ± 2.38 3.99 ± 2.03 -0.26 (-0.79 to 0.27) 0.31 0.12 

High intensity bouts (#) 150 ± 29 156 ± 29 -6 (-13.1 to 1.10) 0.09 0.22 

Sprinting bouts (#) 23 ± 13 25 ± 12 -2 (-5.50 to 1.50) 0.24 0.20 

Note: FP = Follicular phase, LP = Luteal phase, ∆ = Change, CI = Confidence interval, ES = Effect size. 
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Figure 15 Individual variability plots for each participant in each speed zone in both the follicular and the luteal phase using individualised (IND) thresholds.                                 

Note: Circles = follicular phase, Triangles = luteal phase
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Figure 16 Individual changes in physical performance using individualised (IND) thresholds, expressed as percentages, between the follicular phase and the luteal phase in 

comparison to the speed zones coefficient of variation (CV).                                                                                                                                                                               

Note: Hashtag = improved performance during follicular phase; Star = improved performance during luteal phase; Dotted line = coefficient of variation.
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5.4 DISCUSSION 

The findings of this study suggest that VHI running distance covered per minute was 

significantly greater during the LP in this population of elite female soccer players. However, 

all other variables were not found to be different between MCPs. Nevertheless, due to the 

intricacies of the menstrual cycle, multifaceted nature of soccer and the logistical problems 

which currently lie within female soccer, these findings are difficult to interpret. Furthermore, 

this study exemplifies the complexities and difficulties of considering the menstrual cycle as a 

factor, when assessing competitive physical match performance in elite female soccer players. 

 

Physical demands imposed upon a player, have been shown to be modulated by several 

contextual factors [83, 88, 270]. For example, match location, opposition standard and current 

score line. The current results indicate a large level of match variation (Zone 3, CV=39.5%). 

This variation is similar to that of previous research, with Trewin et al., [62] demonstrating 

match-to-match variations of 33% in high speed running distances across 55 international 

soccer matches. In terms of practical implications, the potential effects of MCP on physical 

performance appears to be difficult to interpret with such values of match-to-match variability 

within competitive match play. Therefore, important decisions based off of specific MCPs, for 

example player selection, appear unfounded.      

 

Although in our fifteen elite female players, MCP was suggested to have an influence on 

distance covered in Zone 3, with 0.74 m.min-1 more distance covered in the LP. It remains 

difficult to draw any concrete conclusions from the current data. For example, there were only 

two players which completed greater high-intensity distances during the LP (Figure 16). 

However, as mentioned previously, there was large match-to-match variation within this 
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locomotive category, which may have been more indicative of the differences between 

menstrual phases. Typically, existing literature suggests that MCP does not affect anaerobic 

performance [47]. However, when differences have been observed, the greatest HI 

performances generally occur in the LP [164, 169]. Middleton and Wenger [169] observed 

enhanced power output during repeated bouts of cycling in a non-elite population. Whilst 

Masterson [164], concluded that anaerobic capacity, peak power and level of fatigue during a 

Wingate Test were all superior in the LP in 32 active females. Although the competitive 

standard and exercise modalities were not comparable, energy production and metabolic 

function during these tasks can be similar. It has been previously suggested that oestrogen and 

its relationship with progesterone, potentially alters the metabolic pathways and manipulate the 

sources of energy during exercise and could be a potential source for a change in performance 

[133].  As demonstrated in male soccer, creatine-phosphate utilization and glycolysis are 

frequently high, as evidenced by reductions of muscle creatine-phosphate and glycogen, as 

well as high concentrations of blood and muscle lactate after intense periods of match play 

[271, 272]. As such, owing to the fact that female footballers complete similar movement 

patterns, it could be assumed that such substrates are essential for the female game. While this 

potential mechanism might explain a latent source of difference between phases, it is beyond 

the scope of the current study to conclusively address such a finding. To ensure accurate 

measurements of cycle phase and relate to the specific effects of each hormone, sampling is 

required prior to each match. Such an invasive measure would not be logistically possible (with 

current lack of sport science support staff) or financially viable to incorporate into the daily 

practice.  

 

A large contribution to the TD covered within a soccer match requires activity conducted at 

lower intensities and for extended periods of time [2, 273]. It has been suggested that there is 
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a relationship between overall physical performance and fitness status in female players [4]. 

Recent evidence indicates endurance capacity of female players may be compromised during 

the LP [238]. However, soccer match-play is understood to be self-pacing [274, 275], whereby, 

players will self-moderate their fluctuating activity profiles to ensure optimal performance can 

be maintained. As such, owing that female soccer players train and compete throughout each 

stage of the menstrual cycle over the course of the season, they may have adapted personal 

strategies to cope with such demands.    

 

As previously stated, the hormones related to each MCP have been suggested to affect different 

aspects of athletic performance [49] . There was no or a small relationship between the degree 

of change in hormone (both oestrogen and progesterone) concentration and physical 

performance (oestrogen, r=-0.29; progesterone, r=0.05). Furthermore, there were no large or 

meaningful relationships between oestrogen or progesterone and any other of the physical 

parameters. Consequently, these findings would suggest that the hormones evaluated in the 

current study were not related to any changes in performance. Other confounding factors that 

are often attributed to the menstrual cycle, such as bleeding-associated pain or feelings of 

discomfort which do not appear to be due to abnormal concentrations, but the symptoms 

triggered by fluctuations of such hormones [276] should be monitored and considered as they 

may also lead to changes in physical performance [156]. 

 

When observing individual responses, it was shown that one player (#8) demonstrated a 

consistent systematic difference in physical performance between the FP and LP (Figure 15). 

Furthermore, these changes in performance were observed to be greater than the CV (%) for 

each of the zones (Figure 16). Currently, it would be difficult to make recommendations based 
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on these findings, due to the prevailing lack of studies and inconsistencies in methodologies 

which have investigated individual effects of MCP on sport-specific performance. Currently 

there are no guidelines regarding those athletes who may be more susceptible to physical 

performance changes. Furthermore, though suggestions such as player rotation or change in 

personal tactics could be an option, it is of increased difficulty in elite female soccer to make 

such recommendations. Restrictions, due to an initial inability to distinguish those at risk or a 

lack of depth in squad may limit the efficacy of such ideas.  

    

Further analyses of individual responses indicate that ten demonstrated a consistent pattern of 

difference in physical performance. This difference occurs during at least one of the measured 

outcomes in relation to the FP or LP (Figure 15). Of these individuals, seven players exhibited 

larger changes in performance compared to the match-to-match variability as demonstrated 

through the CV. Interestingly, of these seven players, two players elicited these improved 

performances during the FP. As described in previous research, the magnitude of the effect of 

MCP on the changes in physical performance varies substantially between individuals [262], 

which although cannot conclude that this was specifically due to MCP, it does additionally 

demonstrates the difficulty to assess the menstrual cycle alongside competitive match 

performance. 

 

Due to the highly-applied nature of the current study, there were apparent (and unavoidable) 

limitations to the study design; however, they shed a light on the complexity of trying to address 

the menstrual cycle in relation to match-performance. Though the study held some strict criteria 

for inclusion, the determination of hormone concentrations and verification of ovulation was 

conducted only once during the present study. It is known that women with physiological 
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‘normal’ cycles and accompanying menstruation, still sometimes encounter anovulatory cycles 

[135] and hormone concentrations have been noted to not only differ greatly between 

participants but also within a subject over several menstrual cycles [49] . These factors may 

have caused greater variability which was not accounted for in the present study. However, due 

to the elite level of our sample, extensive blood sampling (e. g. after each match) and monthly 

ovulation testing was not feasible.  

 

Additionally, MCP was only separated into two phases (FP and LP), due to the nature of the 

secretion of hormones these phases may ignore certain physiological differences due to 

increased or supressed hormone concentrations associated with different times of the cycle, for 

example low levels of both oestrogen and progesterone during menses [135]. Owing to the 

timing of the matches (which was not subject to study-related changes) and the chosen method 

of cycle calculation, the individual (sub-)phases could not be precisely determined and 

therefore, were not segregated. This method does however, provide an overview between the 

pre- and post-ovulatory phases; which (when being tracked by players without ability to assess 

hormones or specific phases) can produce basic information for the players and coaches.  

However, based on our method of analysis (counting retrospectively across multiple cycles, 

based on each individual player’s average cycle length), 19, 8 and 9 matches were played 

during the early, mid and late FP, respectively. Whilst, 13, 21 and 6 matches were played during 

the early, mid and late LP, respectively. 

 

In the current study, although there were strict inclusion criteria, the concentration of 

progesterone to confirm the LP was less conservative than previous studies [52]. However, at 

present reference values for athletic populations have yet to be defined and are not available. 

Moreover, with strict criteria you may remove those who otherwise were physiologically 
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“normal”. Therefore, with the confirmation of ovulation and a significant change in hormone 

values, the associated change in phase could be verified.  

 

Although initially large subject numbers were recruited, a further limitation is the low sample 

size analysed in this study. However, within professional environments these sample sizes are 

common, specifically in this type of research there are various issues that may increase drop-

out rates. As can be observed in figure 14, the drop-out rate from the originally recruited 

participants in the current study was 82%. Primarily, this was influenced by those using a form 

of contraception. In soccer, previous reports have suggested that approximately 36% of players 

use oral contraception [216]. Similarly, in the current study ~35% of the original population 

were excluded due to using a form of contraception. This limits potential sample sizes during 

such investigations. A further factor that contributed to this high drop-out rate was the 

confirmation of cycle phases. Blood sampling was required to be conducted at very specific 

timepoints (to accurately account for the changes in oestrogen and progesterone). Twenty-one 

participants were lost due to incomplete blood sampling (Figure 14). In the current study it was 

difficult to complete both blood samples at the specific timeframes. The most common factor 

was due to other time commitments (e.g. jobs, university classes) meaning samples were unable 

to be completed within one cycle, at the predefined time periods. This is often why in previous 

research female participants are tested solely in the EFP of their menstrual cycle, to minimise 

the possible impacts that hormones may have on study outcomes [133]; thus reducing the 

difficulty of measurements.  

 

Surprisingly, there were a large proportion of players who had non-physiologically “normal” 

menstrual cycles (ten from 33). In a previous sample of 44 female soccer players only four 

individuals were shown to have menstrual dysfunctions [216]. The issues surrounding normal 
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menstrual function provide additional sources of consideration for research and within practice. 

Nonetheless, it should be acknowledged that elite female players were used in the study and 

observed throughout an extended time during the season.  

 

In addition, the observational design of the study limits the possibilities to understand causal 

factors for the alterations in physical performance, which would be interesting in future 

research.  Taken collectively, such information illustrates the difficulties in conducting such 

research and the potential implementation into daily practise.  

 

5.5 CONCLUSION 

This study adds to the growing body of research investigating the effects of MCP on sport 

specific physical performance. The current results suggest that MCP does not contribute largely 

to the changes in physical performance, in comparison to the potential effects of individual and 

match variation. Therefore, interventions or other methods of adaptation do not seem necessary 

on a group level. Inter-individual variability in response may potentially call for sport scientists 

and other practitioners to consider MCP when assessing performance among those individuals 

who have been identified as "responders". However, owing to the multifaceted nature of soccer 

and the difficulties of monitoring the menstrual cycle in relation to match performance, caution 

must be implemented when interpreting these findings. Nevertheless, this study exemplifies 

the complexities when attempting to conduct such research. Future research should attempt to 

reproduce the current findings; using larger sample sizes, spanning across multiple seasons, or 

using more controllable measures, such as match simulations. This increased volume of 

information would help support these initial findings and could be used to further inform 

practise and support the progression of female soccer players. 
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6.1 DISCUSSION INTRODUCTION 

The series of investigations within this thesis were designed to investigate the potential 

fluctuations in physical performance of the female footballer, with special reference to female 

specific physiology, in particular the menstrual cycle. The current studies were conducted in 

both a controlled (Chapters, 3 & 4) and ecologically valid (Chapter, 5) environments, which 

aimed to provide a comprehensive overview of the different settings, which are specific and 

translatable to practice when performing physical testing and assessment of match-specific 

performance in this population. Specifically, the aims of this thesis were to: (1) Identify 

variations in physical and surrogate markers of performance across the competitive season 

during football-specific isolated testing; (2) To determine whether these physical capabilities 

are affected due to two specific phases of the menstrual cycle, where theoretically the largest 

differences in hormones are apparent (EFP vs. MLP); (3) To observe whether physical match 

performance was influenced between the FP and LP of the menstrual cycle. Thus, the following 

chapter will initially aim to reiterate the conclusions of the experimental studies and then collate 

the discussion points pertinent to the current thesis. 

 

6.1.1 Study 1 – Changes in physical fitness and blood-borne parameters over one season 

in non-professional female footballers 

Physical parameters including YYIET2 distance, 30m sprint time and COD were found to 

improve from pre-season to the first weeks of the competitive season (ES, 0.3 to 0.5). Whereas, 

these improvements were seen to decline towards the end of the season in YYIET2 

performance. These data suggest that endurance training might have been negated throughout 

the season to maintain performance, moreover, suggests that practitioners of female football 

teams might not be able to monitor training effectively. Secondary findings, demonstrated that 

relatively low values for CK (indicator of microdamage to muscle fibres) and urea (indicator 
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for metabolic load) were apparent, further confirming that inadequate training stimulus might 

have been imposed onto the players. Finally, changes in ferritin concentration was 

demonstrated, which might have direct consequences to physical performance. Importantly, the 

findings suggested that there are certain individuals who were below the “normal” reference 

ranges, thus, regular monitoring of iron status in female footballers is required.    

 

6.1.2 Study 2 – The effects of menstrual cycle phase on physical performance in female 

football players 

The results suggested that there was no significant effect of MCP on any of the isolated tests of 

physical performance (YYIET1, 30m sprint, CMJ). However, there was a trend to significance, 

with a decrease in YYIET1 distance, suggesting that maximal aerobic performance during the 

MLP (~14%, p = 0.07, ES = 0.56) was possibly compromised. As such, it is potentially 

important to consider and keep consistent the MCP when measuring endurance capacity in 

female football players during football-specific endurance testing.  

 

6.1.3 Study 3 - Menstrual cycle phase and elite female football match-play: influence on 

various physical performance outputs 

Overall, the findings suggest that the menstrual cycle does not contribute largely to the changes 

in physical performance. Although not directly measured, other factors such as game-to-game 

variation, appear to be more influential. The data suggested that only zone 3 (13.4-18.9 – 17.4-

21.6 km.h-1) was significantly affected by MCP (FP vs. LP: -0.74m/min, p = 0.02, ES = 0.41). 

However, these values should be interpreted with caution as only 13% of the population 

demonstrated this change greater than the CV (game-to-game variation). Consequently, the 

inter-individual variability in response may potentially call for sport scientists and other 
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practitioners to consider MCP when assessing performance among those individuals who have 

been identified as ‘responders. However, taken collectively, the incorporation of the menstrual 

cycle into assessing match performance appears limited due to the complex nature of both the 

sport and female physiology.   

 

6.2 GENERAL DISCUSSION 

Physical fitness has been determined as a prerequisite to high-levelled footballing ability [2, 8, 

16, 28, 129]. Due to the diligent work of previous researchers, a large volume of research has 

been conducted describing the general physical capacities of the female footballer [28]. 

However, less information has been provided relating to the potential changes in physical 

capacities over course of the season. There are instances where players face potential barriers 

to maintain peak physical capabilities. Such as during periods of recovering from injury, 

changes in training loads, amount of competitive playing time amongst others [277]. Therefore, 

conducting regular assessments of the physical capacities may provide practitioners and 

coaches with invaluable information on the current status of their pre-planned training program 

or whether adaptation is needed [277, 278]. Although, this is oftentimes more difficult in female 

football, due to the financial constraints within the sport, meaning there is a current lack in 

number and in competency of support staff. 

 

Conventionally, the target of the pre-season is to prepare and condition the footballer for the 

demands of the upcoming season. These adaptations have attributed to the high and low 

intensity aerobic focused training performed during traditional pre-seasons [96, 279]. The 

results of the first study are in line with previous literature which observes that there are 

improvements in physical capabilities from preseason to the beginning of the season. The 
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results of chapter 3 showed an increase of approximately 16% for endurance performance from 

the preseason until the beginning of the season.  A similar change in YYIET2 performance has 

been observed previously, with Bradley et al. [34] observing a 13% improvement within the 

season (1767 ± 539 m) compared with the preseason (1564 ± 504 m). However, this finding 

was not replicated in a population of elite Australian female footballers using the YYIRT2 

[113].which  could be explained due to the different nature of the tests, whereby, the YYIRT2 

contains a higher anaerobic component with greater accompanying speeds and may be too 

intense for the population. Interestingly, Mara et al. [113] suggested that potentially the pre-

season period did not provide the desired stimulus, highlighting the importance of the pre-

season as the key developmental phase of conditioning and within the season there should be 

greater focus on maintaining performance.  

 

A similar trend was observed across all physical parameters throughout this study. This could 

suggest that there was a large devotion to the development of these parameters during the pre-

season; however, the physical loading was neglected throughout the season to maintain this 

performance. Previous research has suggested that inadequate training stimulus and 

monotonous training regimes may lead to an inability to maintain peak levels of performance 

[113, 280]. In the current study, there was no information provided to indicate the training 

program and periodisation used by the coaches. However, load is oftentimes measured using 

internal measurements [281-283]. These can be particularly attractive because of their obvious 

objectivity, high accuracy and precision, with the minimal interference with the training process 

[235]. Measures such as RPE, HR and surrogate blood markers have all been previously used 

to describe the physical responses to football activity [281-285]. Chapter 3 used blood-borne 

markers to support the physical responses during these measurement time points. It has been 

previously demonstrated that CK is related to acceleration-based load in team sport athletes 



 120 

[286, 287], signifying that CK can describe the physical load during exercise based on the 

accumulation of tissue trauma as a direct indicator of muscle damage [235, 288]. The findings 

of the study suggest that inadequate training stimulus might have been imposed upon the players 

throughout the season, due to the relatively low CK and urea (a marker of protein breakdown) 

concentrations were observed. A recent framework has highlighted that insufficient training 

may eliminate the performance benefits of previous training programs, thus, players should be 

adequately exposed physically through appropriate loading and periodisation of their activities 

to achieve the desired adaptations and maintain peak physical performance [233]. The data 

associated with chapter 3, therefore has potential implications for the design and micro 

management of training and schedules. Whereby, practitioners and coaches should maintain a 

good-level of training stimulus after the pre-season, to avoid unsatisfactory stimulus and the 

reduction in peak performance benefits.  

 

Physical capacities were shown to fluctuate across the season, this is often attributed to 

insufficient or incorrect periodisation of training and load management. However, in females 

there are large changes in hormones which occur regularly throughout the menstrual cycle; each 

of which have been suggested to alter varying physiological, metabolic and thermoregulatory 

factors, among others [39, 47, 48]. Yet, when conducting physical performance testing, this 

facet is often ignored. Thus, the aim of study chapter 4 was to quantify whether two specific 

phases of the menstrual cycle (with opposing hormonal profiles) elicited different physical 

performance profiles. 

 

To evaluate the potential differences in physical performance profiles across the menstrual 

cycle, a series of “football-specific” components (YYIET, CMJ, 30m-sprint, COD) were 

measured during two distinguishable phases. The first in the EFP, where both oestrogen and 
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progesterone concentrations are minimal and the second within the MLP, where both 

aforementioned hormones are elevated (Figure 2, Chapter 1). It was observed that CMJ and 

30m sprint performance was not different between MCP’s. However, maximum endurance 

performance (YYIET1 distance) was diminished during the mid LP. Such findings could 

question the sensitivity of such measures, e.g. CMJ, whereby similar performance might be 

maintained by changes in technique rather than changes in strength due to MCP. On the other 

hand, this may also indicate that activity type was potentially affected due to MCP; with 

physical actions over a longer duration affected greater than acute actions, which have a greater 

emphasis on power. As such, this could have implications during prolonged performance, such 

as during match-play, or during physical assessment and monitoring of female footballers.  

 

Although there was no significant difference in YYIET1 performance between phases (P = 

0.07), there was a moderate effect size (Cohen’s d = 0.56) which could indicate a potential 

difference between cycle phases, especially due to the low sample size (n = 8). The current 

study is one of two investigations that have attempted to observe the effect of the menstrual 

cycle of football performance. Tousni et al. [109] suggested that there was no difference in 

YYIRT1 performance between the EFP (905.45 ± 386.69) and MLP (894.55 ±305.30). The 

contrasting findings between the two studies could potentially be due to the different YYIT 

protocols deployed. While both the YYIET1 and YYIRT1 have been classified to assess the 

endurance capacity of the footballer [289], the duration and intensity differs. The intermittent 

nature of the YYIT taxes both the aerobic and anaerobic energy system, but the relative 

contribution of each system differs. With a larger anaerobic component within the YYIRT 

compared to the YYIET; as such, this could be indicative as to why the findings differ. 

Nevertheless, the findings of the current study suggest that it is advantageous to keep MCP 

consistent when measuring maximum aerobic performance, minimising potential sources of 
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variation. Moreover, due to the potential effect of the menstrual cycle during prolonged activity, 

this may have consequences during match-play, as football is often considered an aerobic sport. 

 

Accordingly, due to the findings of chapter 4 and the potential effect of the menstrual cycle on 

maximal aerobic performance, it would appear imperative to observe whether certain phases of 

the menstrual cycle could affect physical match performance. Activity types during a 90 minute 

match, such as TD and HI distance have often been described as important indicators of physical 

match performance [290], which both rely on the training status (level of physical capacity) of 

the female football player [4]. Therefore, the aim of chapter 5 was to determine whether there 

are differences in various physical performance outputs between the FP and the LP of the 

menstrual cycle during competitive match-play. 

 

Currently, this is the first study that has attempted to identify differences in physical 

performance between MCP during competitive football match-play. Interestingly, the results of 

chapter 5 suggested that there was significantly greater distance covered per minute whilst 

performing VHI running (13.4-18.9 – 17.4-21.6 km.h-1) during the LP than the FP (6.64 ± 2.72 

m.min vs. 5.90 ± 2.16 m.min, p = 0.02, d = 0.41). As can be observed in chapter 2, typically, 

anaerobic and repeated HI performance has not been observed to be affected based on MCP. 

That being said, research that has identified a difference noted greater performance during the 

LP [164, 169]. For example, Middleton and Wenger [26] observed an enhancement in power 

output during ten, six second maximal sprints on a cycle ergometer. Although the authors found 

only small average differences in power output, the improvement during the LP was exhibited 

in every subject. Conversely, in the current study only four players consistently performed 

greater distances at this intensity during the LP, with only two of those demonstrating a larger 

difference in performance than the inherent match-to-match variation measured during the 
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current study (CV = 39.5%).   However, it must be noted that the results from Middleton and 

Wenger [26] was conducted during isolated testing, not accounting for additional movement 

activities and contextual additions that come with match-play. Furthermore, the absolute 

number of sprints conducted in the aforementioned study (ten) was over 50% less than 

conducted during match-play. Although the relative findings might indicate that VHI actions 

are affected by MCP, due to the contrasting methodologies it is difficult conclusively compare 

the findings. 

 

As mentioned previously, two players demonstrated a greater distance covered during VHI, 

however, only one player demonstrated a consistent systematic difference in all physical 

performance outputs between MCPs (Figure 15, Chapter 5). This finding would suggest that 

there is an inherent between- and within- subject response to the potential effects of MCP on 

physical performance. Consequently, identifying those individuals who may be at greater risk 

of changes in physical output, could be advantageous for practitioners. 

 

When identifying the differences in physical outputs between the FP and the LP, there appears 

to be little effect. Physical demands imposed upon a player, have been shown to be modulated 

by several contextual factors, such as, match location, opposition standard and current score 

line [83, 88, 270, 291].  The current results demonstrated large match-to-match variations (CV= 

7.0-56.0%), in the measured running metrics, which were much greater than that observed 

previously in an elite international female team (1.7 – 9.4%) [62]. These large differences could 

be due to the specific philosophies of each team, or could be due to the individualised nature of 

the speed thresholds. Unlike the vast majority of the research in female football, the current 

study personalised the speed thresholds during physical tests based on the model from previous 

research [268] . This provides the current study with greater accuracy in terms of identifying 
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fluctuations and changes in running performance, be it due to the standard constraints and 

variations of football or other specific confounding factors such as the menstrual cycle. In terms 

of practical implications, the potential effects of MCP on physical performance appear to be 

less influential than the match-to-match variability within match play. Therefore, important 

decisions based off MCP in terms of player selection, or adaptations to training in the run up to 

competitive matches appear in the most part unnecessary.   

 

In addition, this research has also identified the complexity of assessing the menstrual cycle 

alongside physical performance in female football (Chapter 5). What is already described in 

previous literature are several factors that can add to the difficulty of assessing physical 

performance during match-play, such as level of opponents or variation of playing position [86-

89]. However, when attempting to include the menstrual cycle, there are several problematic 

factors which become apparent; such as the use of contraceptives, within- and between- subject 

variation of the menstrual cycle (magnitude of hormones, length of cycle, severity of 

symptoms), inclusion of anovulatory or otherwise irregular cycles (e.g. LPD, endometriosis). 

Consequently, study 3 (Chapter 5) highlights the difficulties when attempting to include the 

menstrual cycle into scientific research (Figure 14, Chapter 5) and subsequent possible 

implementation into daily practice. 

  

6.3 DIRECTIONS FOR FUTURE RESEARCH 

Whilst synthesising the current literature and conducting the present research, there were some 

clear areas of potential research that appear to be warranted. Although there is a reasonable 

amount of literature describing the physical profile of the female football, it gives the 

impression that there is sound knowledge on the topic. However, there is a current lack of 
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position specific information. It was identified in chapter 3 that players are exposed to variations 

in physical capacities throughout the season, however, it has not yet been established whether 

this occurs generally across all playing positions. It has been previously shown that the amount 

of load varies across playing position in training [54] and during competitive match-play [270], 

as such those positions who are exposed to these greater levels may not have such a change in 

physical capabilities and as a result, a greater training stress (top ups) could be applied to certain 

positions similarly to that of unused substitutes and squad players [292]. Consequently, future 

research should try to identify whether these changes in physical capacities differ across playing 

position and whether this is directly related to the amount of training and match load. 

 

Interestingly, the data from chapter 3 identified that certain players demonstrated a potentially 

reduced iron status and that this should be further monitored. It would be of interest to determine 

whether continued application of training and match load is related to changes in a player’s iron 

status and how this could be potentially avoided or supplemented. As such, this change in iron 

status could also be linked to changes in peak physical performance and subsequently warrants 

further research.    

 

The current studies in chapter 4 and 5 are the first to observe the potential effects of the 

menstrual cycle on football-related physical performance, therefore, many potential avenues of 

future research are needed to fully understand how female specific physiology might impact 

football performance. In chapter 4, it was documented that there was a potential trend for a 

reduction in endurance performance during the LP. However, the current phases used during 

this study were EFP (both oestrogen and progesterone low concentration) and the MLP (both 

oestrogen and progesterone elevated concentration). Therefore, it is not sure whether 

synergistic interaction of oestrogen and progesterone may have led to the potential change, or 
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whether, it was the effects of oestrogen. During the menstrual cycle, there is a timepoint where 

oestrogen is independently elevated (LFP) and therefore, future research could investigate 

whether football-specific endurance capacity is reduced during each of the three main phases 

of the menstrual cycle (Table 3, Chapter 2). Moreover, a greater investigation into the responses 

in those with a skewed oestrogen/progesterone ratio, could also shed a light on certain 

responders; this could potential suggest whether there is a large imbalance between the 

protagonist and agonist leading to a change in performance. Additionally, in general, there is a 

current lack of research investigating the effects of the menstrual cycle on sport-specific 

physical capacities, thus, future research should aim to reproduce the current findings to provide 

a clear consensus on the effect, and if possible within a larger cohort with stricter MCP 

verification (addition of ovulation testing). 

 

Similarly, chapter 5 is the first study attempting to observe whether MCP impacts physical 

performance during match-specific scenarios. The current information suggests that there are 

potentially those who may have a greater individual response to others. However, this requires 

further reproducibility studies, potentially with greater subject number and a closer (case study 

like) investigation into how those who are suggested as “responders” react throughout the 

season. Currently, due to the design (as explained in chapter 5) it was difficult to segregate the 

phases into their specific timepoints within the menstrual cycle, therefore, it would be of interest 

to identify whether the different specific phase may affect physical performance. This could be 

conducted using football-simulations to provide a more controlled environment, where testing 

could be easier to organise [293]. However, one benefit of the current study is that it was 

conducted in a highly ecologically valid setting, as such, it could be conducted over a shorter 

time frame (two months) where players and coaches might be more accepting of more regular 

but limited testing.    
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Chapter 5 identified that variations in physical performance are more likely due to general 

match-to-match variability and contextual variables, however, residual fatigue could also play 

a role as performance has been previously observed to remain reduced 96 hours preceding a 

competitive match [99]. Due to the physiological changes owing to the hormones of the 

menstrual cycle, it would be of interest for future research to identify whether different phases 

(with relative hormones) alter the pathways for recovery, meaning that subsequent recovery 

time course and modalities can be potentially tailored to the menstrual cycle.     

 

Finally, the physical component is only one element of football performance. There is a current 

lack of research comprehensively describing the technical performance of female football 

players. Moreover, due to the supposed changes in coordination across the menstrual cycle [39], 

it would be of interest in future research to determine the effects of the menstrual cycle on 

technical proficiency. Understanding first the overall technical competencies and the potential 

changes in such performance could help practitioners and coaches to maximise technical 

abilities and maintain peak match performance.     

  

6.4 CONCLUSION 

Collectively, the current thesis provides further insight into the physical profile of the female 

footballer and is the first to consider female specific physiology as a factor that could potentially 

limit performance. The present findings highlighted that variations in physical performance 

exist across the season, and that specific MCP may influence isolated endurance performance 

testing. Thus, when monitoring and assessing a female footballers’ capacities to evaluate 

adaptations to training, MCP should remain consistent, if possible. However, such changes in 

physical performance was not observed during competitive match-play. The results suggest that 
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MCP, even though it might play a slight role, is not a major contributing factor to variations in 

physical performance, it has been observed to be extremely difficult to assess performance 

alongside the menstrual cycle during competition. As such, other factors including match-to-

match variation and other contextual factors might be more influential. Nevertheless, it still 

could be advantageous to identify those who potentially demonstrate a “response” to the 

fluctuations in performance during certain MCP, so that appropriate actions can be made to 

support peak performance.   



 129 

7.0  

REFERENCES  



 130 

REFERENCES 

 

1. Bloomfield J, Polman R, O'Donoghue P. Physical demands of different positions in FA 

Premier League soccer. J Sports Sci Med. 2007;6(1):63-70. 

2. Stolen T, Chamari K, Castagna C, Wisloff U. Physiology of soccer: an update. Sports 

Med. 2005;35(6):501-36. 

3. Rampinini E, Coutts AJ, Castagna C, Sassi R, Impellizzeri FM. Variation in top level 

soccer match performance. Int J Sports Med. 2007;28(12):1018-24. 

4. Krustrup P, Mohr M, Ellingsgaard H, Bangsbo J. Physical demands during an elite 

female soccer game: importance of training status. Med Sci Sports Exerc. 

2005;37(7):1242-8. 

5. Krustrup P, Mohr M, Amstrup T, Rysgaard T, Johansen J, Steensberg A, et al. The Yo-

Yo Intermittent Recovery Test: physiological response, reliability, and validity. Med 

Sci Sports Exerc. 2003;35(4):697-705. 

6. Bradley PS, Mohr M, Bendiksen M, Randers MB, Flindt M, Barnes C, et al. Sub-

maximal and maximal Yo-Yo intermittent endurance test level 2: heart rate response, 

reproducibility and application to elite soccer. Eur J Appl Physiol. 2011;111(6):969-78. 

7. Bradley PS, Dellal A, Mohr M, Castellano J, Wilkie A. Gender differences in match 

performance characteristics of soccer players competing in the UEFA Champions 

League. Hum Mov Sci. 2014;33:159-71. 

8. Bangsbo J. The physiology of soccer--with special reference to intense intermittent 

exercise. Acta Physiol Scand Suppl. 1994;619:1-155. 

9. Aughey RJ, Varley MC. Acceleration profiles in elite Australian soccer. Int J Sports 

Med. 2013;34(3):282. 

10. Bush M, Barnes C, Archer DT, Hogg B, Bradley PS. Evolution of match performance 

parameters for various playing positions in the English Premier League. Hum Mov Sci. 

2015;39:1-11. 

11. Bradley PS, Sheldon W, Wooster B, Olsen P, Boanas P, Krustrup P. High-intensity 

running in English FA Premier League soccer matches. J Sports Sci. 2009;27(2):159-

68. 



 131 

12. Andersson HA, Randers MB, Heiner-Moller A, Krustrup P, Mohr M. Elite female 

soccer players perform more high-intensity running when playing in international games 

compared with domestic league games. J Strength Cond Res. 2010;24(4):912-9. 

13. Mohr M, Krustrup P, Andersson H, Kirkendal D, Bangsbo J. Match activities of elite 

women soccer players at different performance levels. J Strength Cond Res. 

2008;22(2):341-9. 

14. Datson N, Drust B, Weston M, Jarman IH, Lisboa PJ, Gregson W. Match Physical 

Performance of Elite Female Soccer Players during International Competition. J 

Strength Cond Res. 2017;31(9):2379-87. 

15. Scott D, Haigh J, Lovell R. Physical characteristics and match performances in women’s 

international versus domestic-level football players: a 2-year, league-wide study. 

Science and Medicine in Football. 2020;4(3):1-5. 

16. Bangsbo J, Norregaard L, Thorso F. Activity profile of competition soccer. Can J Sport 

Sci. 1991;16(2):110-6. 

17. Mohr M, Krustrup P, Bangsbo J. Match performance of high-standard soccer players 

with special reference to development of fatigue. J Sports Sci. 2003;21(7):519-28. 

18. Di Salvo V, Baron R, Tschan H, Calderon Montero FJ, Bachl N, Pigozzi F. Performance 

characteristics according to playing position in elite soccer. Int J Sports Med. 

2007;28(3):222-7. 

19. Barnes C, Archer DT, Hogg B, Bush M, Bradley PS. The evolution of physical and 

technical performance parameters in the English Premier League. Int J Sports Med. 

2014;35(13):1095-100. 

20. Krustrup P, Mohr M, Steensberg A, Bencke J, Kjaer M, Bangsbo J. Muscle and blood 

metabolites during a soccer game: implications for sprint performance. Med Sci Sports 

Exerc. 2006;38(6):1165-74. 

21. Bangsbo J. Energy demands in competitive soccer. J Sports Sci. 1994;12 Spec No:S5-

S12. 

22. Faude O, Koch T, Meyer T. Straight sprinting is the most frequent action in goal 

situations in professional football. J Sports Sci. 2012;30(7):625-31. 



 132 

23. Di Salvo V, Gregson W, Atkinson G, Tordoff P, Drust B. Analysis of high intensity 

activity in Premier League soccer. Int J Sports Med. 2009;30(3):205-12. 

24. Gabbett TJ, Mulvey MJ. Time-motion analysis of small-sided training games and 

competition in elite women soccer players. J Strength Cond Res. 2008;22(2):543-52. 

25. Reilly T. An ergonomics model of the soccer training process. J Sports Sci. 

2005;23(6):561-72. 

26. Buchheit M, Simpson MB, Al Haddad H, Bourdon PC, Mendez-Villanueva A. 

Monitoring changes in physical performance with heart rate measures in young soccer 

players. Eur J Appl Physiol. 2012;112(2):711-23. 

27. Di Mascio M, Bradley PS. Evaluation of the most intense high-intensity running period 

in English FA premier league soccer matches. J Strength Cond Res. 2013;27(4):909-15. 

28. Datson N, Hulton A, Andersson H, Lewis T, Weston M, Drust B, et al. Applied 

physiology of female soccer: an update. Sports Med. 2014;44(9):1225-40. 

29. Fahmy M. Increase particiption and competitions. In: 5th FIFA women's football 

symposium. 2011. Available from: 

http://www.fifa.com/mm/document/footballdevelopment/women/01/51//64/presentatio

n_increaseparticipation_e.pdf. 

30. Fédération Internationale de Football Association. Key figures from the FIFA Women’s 

World Cup Canada 2015™. 2015. Available from: 

https://www.fifa.com/womensworldcup/news/key-figures-from-the-fifa-women-s-

world-cup-canada-2015tm-2661648. 

31. The Union of European Football Associations. UEFA's commitment to developing 

women's football. 2019. Available from: 

https://www.uefa.com/insideuefa/news/newsid=2616073. 

32. Castagna C, Castellini E. Vertical jump performance in Italian male and female national 

team soccer players. J Strength Cond Res. 2013;27(4):1156-61. 

33. Haugen TA, Tonnessen E, Hem E, Leirstein S, Seiler S. VO2max characteristics of elite 

female soccer players, 1989-2007. Int J Sports Physiol Perform. 2014;9(3):515-21. 



 133 

34. Bradley PS, Bendiksen M, Dellal A, Mohr M, Wilkie A, Datson N, et al. The application 

of the Yo-Yo Intermittent Endurance Level 2 Test to elite female soccer populations. 

Scand J Med Sci Spor. 2014;24(1):43-54. 

35. Haugen TA, Tonnessen E, Seiler S. Speed and countermovement-jump characteristics 

of elite female soccer players, 1995-2010. Int J Sport Physiol. 2012;7(4):340-9. 

36. Mujika I, Santisteban J, Impellizzeri FM, Castagna C. Fitness determinants of success 

in men's and women's football. J Sport Sci. 2009;27(2):107-14. 

37. Bradley PS, Vescovi JD. Velocity Thresholds for Women's Soccer Matches: Sex 

specificity dictates high-speed-running and sprinting thresholds-Female Athletes in 

Motion (FAiM). Int J Sport Physiol. 2015;10(1):112-6. 

38. Datson N, Drust B, Weston M, Gregson W. Repeated high-speed running in elite female 

soccer players during international competition. Science and Medicine in Football. 

2019;3(2):150-6. 

39. Lebrun CM, Mckenzie DC, Prior JC, Taunton JE. Effects of Menstrual-Cycle Phase on 

Athletic Performance. Med Sci Sport Exer. 1995;27(3):437-44. 

40. Cheuvront SN, Carter R, DeRuisseau KC, Moffatt RJ. Running performance differences 

between men and women - An update. Sports Med. 2005;35(12):1017-24. 

41. Shephard RJ. Exercise and training in women, Part I: Influence of gender on exercise 

and training responses. Can J Appl Physiol. 2000;25(1):19-34. 

42. Lewis DA, Kamon E, Hodgson JL. Physiological differences between genders: 

implications for sports conditioning. Sports Med. 1986;3(5):357-69. 

43. Tarnopolsky LJ, Macdougall JD, Atkinson SA, Tarnopolsky MA, Sutton JR. Gender 

differences in substrate for endurance exercise. J Appl Physiol. 1990;68(1):302-8. 

44. Maldonado-Martin S, Mujika I, Padilla S. Physiological variables to use in the gender 

comparison in highly trained runners. J Sport Med Phys Fit. 2004;44(1):8-14. 

45. Reilly T. The menstrual cycle and human performance: An overview. Biol Rhythm Res. 

2000;31(1):29-40. 

46. Thomas F, Renaud F, Benefice E, De Meeus T, Guegan JF. International variability of 

ages at menarche and menopause: Patterns and main determinants. Hum Biol. 

2001;73(2):271-90. 



 134 

47. Constantini NW, Dubnov G, Lebrun CM. The menstrual cycle and sport performance. 

Clin Sports Med. 2005;24(2):e51-82, xiii-xiv. 

48. Frankovich RJ, Lebrun CM. Menstrual cycle, contraception, and performance. Clin 

Sport Med. 2000;19(2):251-71. 

49. Lebrun C, Joyce SM, Constantini N. Effects of Female Reproductive Hormones on 

Sports Performance. In: Constantini N, Hackney AC, editors. Endocrinology of Physical 

Activity and Sport. New York: Springer; 2013. p. 281-322. 

50. Stricker R, Eberhart R, Chevailler MC, Quinn FA, Bischof P, Stricker R. Establishment 

of detailed reference values for luteinizing hormone, follicle stimulating hormone, 

estradiol, and progesterone during different phases of the menstrual cycle on the Abbott 

ARCHITECT analyzer. Clin Chem Lab Med. 2006;44(7):883-7. 

51. Bruinvels G, Burden RJ, McGregor AJ, Ackerman KE, Dooley M, Richards T, et al. 

Sport, exercise and the menstrual cycle: where is the research? Br J Sports Med. 

2017;51(6):487-8. 

52. Janse de Jonge XAK, Thompson B, Han A. Methodological recommendations for 

menstrual cycle research in sports and exercise. Med Sci Sports Exerc. 

2019;51(12):2610-7. 

53. Costello JT, Bieuzen F, Bleakley CM. Where are all the female participants in Sports 

and Exercise Medicine research? Eur J Sport Sci. 2014;14(8):847-51. 

54. Ade J, Fitzpatrick J, Bradley PS. High-intensity efforts in elite soccer matches and 

associated movement patterns, technical skills and tactical actions. Information for 

position-specific training drills. J Sports Sci. 2016;34(24):2205-14. 

55. Davis JA, Brewer J. Applied physiology of female soccer players. Sports Med. 

1993;16(3):180-9. 

56. Andersson H, Ekblom B, Krustrup P. Elite football on artificial turf versus natural grass: 

movement patterns, technical standards, and player impressions. J Sports Sci. 

2008;26(2):113-22. 

 

 



 135 

57. Krustrup P, Andersson H, Mohr M, Randers MB. Match activities and fatigue 

development of elite female soccer players at different levels of competition. In: Reilly 

T, Korkusuz F, editors. Science and Football VI. New York: Routledge; 2008. p. 205-

11. 

58. Mara JK, Thompson KG, Pumpa KL, Morgan S. Quantifying the high-speed running 

and sprinting profiles of elite female soccer players during competitive matches using 

an optical player tracking system. J Strength Cond Res. 2017;31(6):1500-8. 

59. Mohr M, Ellingsgaard H, Andersson H, Bangsbo J, Krustrup P. Physical demands in 

high-level female soccer—applications of fitness tests to evaluate match performance. J 

Sports Sci. 2004;22(6):552-3. 

60. Buchheit M, Allen A, Poon TK, Modonutti M, Gregson W, Di Salvo V. Integrating 

different tracking systems in football: multiple camera semi-automatic system, local 

position measurement and GPS technologies. J Sports Sci. 2014;32(20):1844-57. 

61. Hewitt A, Withers R, Lyons K. Match analyses of australian international female soccer 

players using an athlete tracking device. In: Reilly T, Korkusuz F, editors. Science and 

Football VI. New York: Routledge; 2008. p. 224-8. 

62. Trewin J, Meylan C, Varley MC, Cronin J. The match-to-match variation of match-

running in elite female soccer. J Sci Med Sport. 2018;21(2):196-201. 

63. Martínez-Lagunas V, Niessen M, Hartmann U. GPS performance analysis of women’s 

soccer competitive matches of the second and fourth German leagues. In: Favero T, 

Drust B, Dawson B, editors. International Research in Science and Soccer II. New York: 

Routledge; 2015. p. 93-103. 

64. Vescovi JD, Favero TG. Motion characteristics of women's college soccer matches: 

Female Athletes in Motion (FAiM) study. Int J Sports Physiol Perform. 2014;9(3):405-

14. 

65. Trewin J, Meylan C, Varley MC, Cronin J, Ling D. Effect of match factors on the 

running performance of elite female soccer players. J Strength Cond Res. 

2018;32(7):2002-9. 

66. Ramos GP, Datson N, Mahseredjian F, Lopes TR, Coimbra CC, Prado LS, et al. Activity 

profile of training and matches in Brazilian Olympic female soccer team. Science and 

Medicine in Football. 2019;3(3):231-7. 



 136 

67. Krustrup P, Zebis M, Jensen JM, Mohr M. Game-induced fatigue patterns in elite female 

soccer. J Strength Cond Res. 2010;24(2):437-41. 

68. Ramos GP, Nakamura FY, Penna EM, Wilke CF, Pereira LA, Loturco I, et al. Activity 

profiles in U17, U20, and senior women's Brazilian national soccer teams during 

international competitions: are there meaningful differences? J Strength Cond Res. 

2017;33(12):3414-22. 

69. Gabbett TJ, Wiig H, Spencer M. Repeated High-Intensity Running and Sprinting in Elite 

Women's Soccer Competition. Int J Sport Physiol. 2013;8(2):130-8. 

70. Taylor J, Macpherson T, Spears I, Weston M. The effects of repeated-sprint training on 

field-based fitness measures: a meta-analysis of controlled and non-controlled trials. 

Sports Med. 2015;45(6):881-91. 

71. Rampinini E, Bishop D, Marcora SM, Bravo DF, Sassi R, Impellizzeri FM. Validity of 

simple field tests as indicators of match-related physical performance in top-level 

professional soccer players. Int J Sports Med. 2007;28(3):228-35. 

72. Impellizzeri FM, Rampinini E, Castagna C, Bishop D, Bravo DF, Tibaudi A, et al. 

Validity of a repeated-sprint test for football. Int J Sports Med. 2008;29(11):899-905. 

73. Rampinini E, Sassi A, Morelli A, Mazzoni S, Fanchini M, Coutts AJ. Repeated-sprint 

ability in professional and amateur soccer players. Appl Physiol Nutr Me. 

2009;34(6):1048-54. 

74. Datson N, Drust B, Weston M, Jarman IH, Lisboa PJ, Gregson W. Match physical 

performance of elite female soccer players during international competition. J Strength 

Cond Res. 2017;31(9):2379-87. 

75. Vescovi JD. Sprint profile of professional female soccer players during competitive 

matches: Female Athletes in Motion (FAiM) study. J Sport Sci. 2012;30(12):1259-65. 

76. Wragg CB, Maxwell NS, Doust JH. Evaluation of the reliability and validity of a soccer-

specific field test of repeated sprint ability. Eur J Appl Physiol. 2000;83(1):77-8. 

77. Psotta R, Blahus P, Cochrane DJ, Martin AJ. The assessment of an intermittent high 

intensity running test. J Sport Med Phys Fit. 2005;45(3):248-56. 

78. Dawson B. Repeated-sprint ability: where are we? Int J Sports Physiol Perform. 

2012;7(3):285-9. 



 137 

79. Carling C, Gall FL, Reilly TP. Effects of physical efforts on injury in elite soccer. Int J 

Sports Med. 2010;31(3):180-5. 

80. Nakamura FY, Pereira LA, Loturco I, Rosseti M, Moura FA, Bradley PS. Repeated-

sprint sequences during female soccer matches using fixed and individual speed 

thresholds. J Strength Cond Res. 2017;31(7):1802-10 

81. Schimpchen J, Skorski S, Nopp S, Meyer T. Are "classical" tests of repeated-sprint 

ability in football externally valid? A new approach to determine in-game sprinting 

behaviour in elite football players. J Sport Sci. 2016;34(6):519-26. 

82. Vescovi JD, Falenchuk O. Contextual factors on physical demands in professional 

women's soccer: Female Athletes in Motion study. Eur J Sport Sci. 2019;19(2):141-6. 

83. Gregson W, Drust B, Atkinson G, Salvo VD. Match-to-match variability of high-speed 

activities in Premier League soccer. Int J Sports Med. 2010;31(4):237-42. 

84. Atkinson G, Reilly T. Circadian variation in sports performance. Sports Med. 

1996;21(4):292-312. 

85. Paul DJ, Bradley PS, Nassis GP. Factors affecting match running performance of elite 

soccer players: shedding some light on the complexity. Int J Sport Physiol. 

2015;10(4):516-9. 

86. Gomez MA, Gomez-Lopez M, Lago C, Sampaio J. Effects of game location and final 

outcome on game-related statistics in each zone of the pitch in professional football. Eur 

J Sport Sci. 2012;12(5):393-8. 

87. Lago-Penas C, Lago-Ballesteros J. Game location and team quality effects on 

performance profiles in professional soccer. J Sports Sci Med. 2011;10(3):465-71. 

88. Castellano J, Blanco-Villasenor A, Alvarez D. Contextual variables and time-motion 

analysis in soccer. Int J Sports Med. 2011;32(6):415-21. 

89. Lago-Penas C, Casais L, Dominguez E, Sampaio J. The effects of situational variables 

on distance covered at various speeds in elite soccer. Eur J Sport Sci. 2010;10(2):103-

9. 

90. Hargreaves M. Physiological limits to exercise performance in the heat. J Sci Med Sport. 

2008;11(1):66-71. 



 138 

91. Dellal A, Wong D, Moalla W, Chamari K. Physical and technical activity of soccer 

players in the French First League - with special reference to their playing position. Int 

Sportmed J. 2010;11(2):278-90. 

92. Bradley PS, Di Mascio M, Peart D, Olsen P, Sheldon B. High-Intensity Activity Profiles 

of elite soccer players at different performance levels. J Strength Cond Res. 

2010;24(9):2343-51. 

93. Stone NM, Kilding AE. Aerobic conditioning for team sport athletes. Sports Med. 

2009;39(8):615-42. 

94. Dellal A, da Silva CD, Hill-Haas S, Wong del P, Natali AJ, De Lima JR, et al. Heart 

rate monitoring in soccer: interest and limits during competitive match play and training, 

practical application. J Strength Cond Res. 2012;26(10):2890-906. 

95. Souglis AG, Papapanagiotou A, Bogdanis GC, Travlos AK, Apostolidis NG, Geladas 

ND. Comparison of inflammatory responses to a soccer match between elite male and 

female players. J Strength Cond Res. 2015;29(5):1227-33. 

96. Caldwell BP, Peters DM. Seasonal variation in physiological fitness of a 

semiprofessional soccer team. J Strength Cond Res. 2009;23(5):1370-7. 

97. Ingebrigtsen J, Dillern T, Shalfawi SAI. Aerobic capacities and anthropometric 

characteristics of elite female soccer players. J Strength Cond Res. 2011;25(12):3352-

7. 

98. Andersson H, Karlsen A, Blomhoff R, Raastad T, Kadi F. Plasma antioxidant responses 

and oxidative stress following a soccer game in elite female players. Scand J Med Sci 

Sports. 2010;20(4):600-8. 

99. Andersson H, Raastad T, Nilsson J, Paulsen G, Garthe I, Kadi F. Neuromuscular fatigue 

and recovery in elite female soccer: Effects of active recovery. Med Sci Sport Exer. 

2008;40(2):372-80. 

100. Bunc V, Psotta R. Functional characteristics of elite Czech female soccer players. J 

Sport Sci. 2004;22(6):528. 

101. Gabbett TJ. The development of a test of repeated-sprint ability for elite women's soccer 

players. J Strength Cond Res. 2010;24(5):1191-4. 



 139 

102. Davis J, Brewer J. Physiological characteristics of an international female soccer squad. 

J Sport Sci. 1992;10:142-3. 

103. Reilly T, Bangsbo J, Franks A. Anthropometric and physiological predispositions for 

elite soccer. J Sport Sci. 2000;18(9):669-83 

104. Sedano S, Vaeyens R, Philippaerts RM, Redondo JC, Cuadrado G. Anthropometric and 

anaerobic fitness profile of elite and non-elite female soccer players. J Sports Med Phys 

Fitness. 2009;49(4):387-94. 

105. Todd M, Scott D, Chisnall P. Fitness characteristics of English female soccer players: 

An analysis by position and playing standard. In: Spinks W, Reilly T, Murphy A, 

editors. Science and Football IV. New York: Routledge; 2002. p. 374-81. 

106. Peart AN, Nicks CR, Mangum M, Tyo BM. Evaluation of seasonal changes in fitness, 

anthropometrics, and body composition in collegiate division II female soccer players. 

J Strength Cond Res. 2018;32(7):2010-7. 

107. Bangsbo J, Iaia FM, Krustrup P. The Yo-Yo intermittent recovery test: a useful tool for 

evaluation of physical performance in intermittent sports. Sports Med. 2008;38(1):37-

51. 

108. Martinez-Lagunas V, Hartmann U. Validity of the Yo-Yo Intermittent Recovery Test 

Level 1 for direct measurement or indirect estimation of maximal oxygen uptake in 

female soccer players. Int J Sport Physiol. 2014;9(5):825-31. 

109. Tounsi M, Jaafar H, Aloui A, Souissi N. Soccer-related performance in eumenorrheic 

Tunisian high-level soccer players: effects of menstrual cycle phase and moment of day. 

J Sports Med Phys Fitness. 2018;58(4):497-502. 

110. Can F, Yilmaz I, Erden Z. Morphological characteristics and performance variables of 

women soccer players. J Strength Cond Res. 2004;18(3):480-5. 

111. Emmonds S, Nicholson G, Begg C, Jones B, Bissas A. Importance of physical qualities 

for speed and change of direction ability in elite female soccer players. J Strength Cond 

Res. 2019;33(6):1669-77. 

112. Hoare DG, Warr CR. Talent identification and women's soccer: An Australian 

experience. J Sport Sci. 2000;18(9):751-8. 



 140 

113. Mara JK, Thompson KG, Pumpa KL, Ball NB. Periodization and physical performance 

in elite female soccer players. Int J Sport Physiol. 2015;10(5):664-9. 

114. McFarland IT, Dawes JJ, Elder CL, Lockie RG. Relationship of two vertical jumping 

tests to sprint and change of direction speed among male and female collegiate soccer 

players. Sports. 2016;4(1):11. 

115. Taylor J, Portas MD, Wright MD, Hurst C, Weston M. Within-season variation of 

fitness in elite youth female soccer players. J Athl Enhanc. 2013;1(2):1-5. 

116. Tumilty D. Protocols for the physiological assessment of male and female soccer 

players. In: Gore CJ, editor. Physiological tests for elite athletes. Champaign: Human 

Kinetics; 2000. p. 356-62. 

117. Vescovi JD, McGuigan MR. Relationships between sprinting, agility, and jump ability 

in female athletes. J Sport Sci. 2008;26(1):97-107. 

118. Vescovi JD, Rupf R, Brown TD, Marques MC. Physical performance characteristics of 

high-level female soccer players 12-21 years of age. Scand J Med Sci Sports. 

2011;21(5):670-8. 

119. Vescovi JD. Sprint speed characteristics of high-level American female soccer players: 

Female Athletes in Motion (FAiM) study. J Sci Med Sport. 2012;15(5):474-8. 

120. Bradley PS, Noakes TD. Match running performance fluctuations in elite soccer: 

Indicative of fatigue, pacing or situational influences? J Sport Sci. 2013;31(15):1627-

38. 

121. Andrzejewski M, Chmura J, Pluta B, Strzelczyk R, Kasprzak A. Analysis of sprinting 

activities of professional soccer players. J Strength Cond Res. 2013;27(8):2134-40. 

122. McCurdy KW, Walker JL, Langford GA, Kutz MR, Guerrero JM, McMillan J. The 

relationship between kinematic determinants of jump and sprint performance in division 

I women soccer players. J Strength Cond Res. 2010;24(12):3200-8. 

123. Gabbett TJ, Carius J, Mulvey M. Does Improved decision-making ability reduce the 

physiological demands of game-based activities in field sport athletes? J Strength Cond 

Res. 2008;22(6):2027-35. 



 141 

124. Oberacker LM, Davis SE, Haff GG, Witmer CA, Moir GL. The Yo-Yo IR2 Test: 

physiological response, reliability, and application to elite soccer. J Strength Cond Res. 

2012;26(10):2734-40. 

125. Park LAF, Scott D, Lovell R. Velocity zone classification in elite women’s football: 

where do we draw the lines? Science and Medicine in Football. 2018;3(1):21-8. 

126. Sayers AL, Farley RS, Fuller DK, Jubenville CB, Caputo JL. The Effect of Static 

Stretching on Phases of Sprint Performance in Elite Soccer Players. J Strength Cond 

Res. 2008;22(5):1416-21. 

127. Nesser TW, Huxel KC, Tincher JL, Okada T. The relationship between core stability 

and performance in division I football players. J Strength Cond Res. 2008;22(6):1750-

4. 

128. Vescovi JD, Brown TD, Murray TM. Positional characteristics of physical performance 

in division I college female soccer players. J Sport Med Phys Fit. 2006;46(2):221-6. 

129. Arnason A, Sigurdsson SB, Gudmundsson A, Holme I, Engebretsen L, Bahr R. Physical 

fitness, injuries, and team performance in soccer. Med Sci Sport Exer. 2004;36(2):278-

85. 

130. Hoff J, Helgerud J. Endurance and strength training for soccer players - Physiological 

considerations. Sports Med. 2004;34(3):165-80. 

131. Pardos-Mainer E, Casajus JM, Gonzalo-Skok O. Reliability and sensitivity of jumping, 

linear sprinting and change of direction ability tests in adolescent female football 

players. Science and Medicine in Football. 2019;3(3):183-90. 

132. Wisloff U, Castagna C, Helgerud J, Jones R, Hoff J. Strong correlation of maximal squat 

strength with sprint performance and vertical jump height in elite soccer players. Brit J 

Sport Med. 2004;38(3):285-8. 

133. Oosthuyse T, Bosch AN. The effect of the menstrual cycle on exercise metabolism: 

implications for exercise performance in eumenorrhoeic women. Sports Med. 

2010;40(3):207-27. 

134. Reed BG, Carr BR. The normal menstrual cycle and the control of ovulation. In: 

Feingold KR, Anawalt B, Boyce A, Chrousos G, Dungan K, Grossman A, et al., editors. 

Endotext. South Dartmouth (MA); 2000. 



 142 

135. Janse de Jonge XAK. Effects of the menstrual cycle on exercise performance. Sports 

Med. 2003;33(11):833-51. 

136. Sherman BM, Korenman SG. Hormonal characteristics of human menstrual-cycle 

throughout reproductive life. J Clin Invest. 1975;55(4):699-706. 

137. Hallberg L, Hogdahl AM, Nilsson L, Rybo G. Menstrual blood loss: a population study 

- variation at different ages and attempts to define normality. Acta Obstet Gyn Scan. 

1966;45(3):320-. 

138. Oosthuyse T, Bosch AN. Oestrogen's regulation of fat metabolism during exercise and 

gender specific effects. Curr Opin Pharmacol. 2012;12(3):363-71. 

139. Bemben DA, Salm PC, Salm AJ. Ventilatory and blood lactate responses to maximal 

treadmill exercise during the menstrual cycle. J Sports Med Phys Fitness. 

1995;35(4):257-62. 

140. Beidleman BA, Rock PB, Muza SR, Fulco CS, Forte VA, Jr., Cymerman A. Exercise 

VE and physical performance at altitude are not affected by menstrual cycle phase. J 

Appl Physiol (1985). 1999;86(5):1519-26. 

141. Dean TM, Perreault L, Mazzeo RS, Horton TJ. No effect of menstrual cycle phase on 

lactate threshold. J Appl Physiol. 2003;95(6):2537-43. 

142. de Souza MJ, Maguire MS, Rubin KR, Maresh CM. Effects of menstrual phase and 

amenorrhea on exercise performance in runners. Med Sci Sport Exer. 1990;22(5):575-

80. 

143. Dombovy ML, Bonekat HW, Williams TJ, Staats BA. Exercise performance and 

ventilatory response in the menstrual-cycle. Med Sci Sport Exer. 1987;19(2):111-7. 

144. Jurkowski JE, Jones NL, Toews CJ, Sutton JR. Effects of menstrual cycle on blood 

lactate, O2 delivery, and performance during exercise. J Appl Physiol Respir Environ 

Exerc Physiol. 1981;51(6):1493-9. 

145. Redman LM, Scroop GC, Norman RJ. Impact of menstrual cycle phase on the exercise 

status of young, sedentary women. Eur J Appl Physiol. 2003;90(5-6):505-13. 

146. Smekal G, Von Duvillard SP, Frigo P, Tegelhofer T, Pokan R, Hofmann P, et al. 

Menstrual cycle: no effect on exercise cardiorespiratory variables or blood lactate 

concentration. Med Sci Sport Exer. 2007;39(7):1098-106. 



 143 

147. Currell K, Jeukendrup AE. Validity, reliability and sensitivity of measures of sporting 

performance. Sports Med. 2008;38(4):297-316. 

148. McCracken M, Ainsworth B, Hackney AC. Effects of the menstrual cycle phase on the 

blood lactate responses to exercise. Eur J Appl Physiol Occup Physiol. 1994;69(2):174-

5. 

149. Campbell SE, Angus DJ, Febbraio MA. Glucose kinetics and exercise performance 

during phases of the menstrual cycle: effect of glucose ingestion. Am J Physiol 

Endocrinol Metab. 2001;281(4):817-25. 

150. Oosthuyse T, Bosch AN, Jackson S. Cycling time trial performance during different 

phases of the menstrual cycle. Eur J Appl Physiol. 2005;94(3):268-76. 

151. McLay RT, Thomson CD, Williams SM, Rehrer NJ. Carbohydrate loading and female 

endurance athletes: effect of menstrual-cycle phase. Int J Sport Nutr Exerc Metab. 

2007;17(2):189-205. 

152. Forsyth JJ, Reilly T. The effect of menstrual cycle on 2000-m rowing ergometry 

performance. Eur J Sport Sci. 2008;8(6):351-7. 

153. Vaiksaar S, Jurimae J, Maestu J, Purge P, Kalytka S, Shakhlina L, et al. No effect of 

menstrual cycle phase and oral contraceptive use on endurance performance in rowers. 

J Strength Cond Res. 2011;25(6):1571-8. 

154. Gastin PB. Quantification of anaerobic capacity. Scand J Med Sci Spor. 1994;4:91-112. 

155. Harber VJ, Petersen SR, Chilibeck PD. Thyroid hormone concentrations and muscle 

metabolism in amenorrheic and eumenorrheic athletes. Can J Appl Physiol. 

1998;23(3):293-306. 

156. Giacomoni M, Bernard T, Gavarry O, Altare S, Falgairette G. Influence of the menstrual 

cycle phase and menstrual symptoms on maximal anaerobic performance. Med Sci 

Sports Exerc. 2000;32(2):486-92. 

157. Bushman B, Masterson G, Nelsen J. Anaerobic power performance and the menstrual 

cycle: eumenorrheic and oral contraceptive users. J Sports Med Phys Fitness. 

2006;46(1):132-7. 



 144 

158. Arazi H, Nasiri S, Eghbali E. Is there a difference toward strength, muscular endurance, 

anaerobic power and hormonal changes between the three phases of the menstrual cycle 

of active girls? Apunts. Medicina de l'Esport. 2019;54(202):65-72. 

159. Stefanovsky M, Peterova A, Vanderka M, Lengvarsky L. Influence of selected phases 

of the menstrual cycle on performance in Special judo fitness test and Wingate test. Acta 

Gymnica. 2016;46(3):136-42. 

160. Lebrun CM. Effect of the different phases of the menstrual-cycle and oral-

contraceptives on athletic performance. Sports Med. 1993;16(6):400-30. 

161. de Bruyn-Prevost P, Masset C, Sturbois X. Physiological-response from 18-25 years 

women to aerobic and anaerobic physical-fitness tests at different periods during the 

menstrual-cycle. J Sport Med Phys Fit. 1984;24(2):144-8. 

162. Doolittle TL, Engebretsen J. Performance variations during the menstrual cycle. J Sports 

Med Phys Fitness. 1972;12(1):54-8. 

163. Miskec C, Potteiger A, Nau K, Zebas C. Do varying environment and menstrual cycle 

conditions affect anaerobic power output in female athletes. J Strength Cond Res. 

1997;11(4):219-33. 

164. Masterson G. The impact of menstrual phases on anaerobic power performance in 

collegiate women. J Strength Cond Res. 1999;13(4):325-9. 

165. Bale P, Davies J. The effects of menstruation on performance of swimmers. J Sci Med 

Sport. 1985;17:19-22. 

166. Parish HC, Jakeman PM. The effects of menstruation upon repeated maximal sprint 

performance. J Sport Sci Med. 1987;1:78. 

167. Sunderland C, Nevill M. Effect of the menstrual cycle on performance of intermittent, 

high-intensity shuttle running in a hot environment. Eur J Appl Physiol. 2003;88(4):345-

52. 

168. Tsampoukos A, Peckham EA, James R, Nevill ME. Effect of menstrual cycle phase on 

sprinting performance. Eur J Appl Physiol. 2010;109(4):659-67. 

169. Middleton LE, Wenger HA. Effects of menstrual phase on performance and recovery in 

intense intermittent activity. Eur J Appl Physiol. 2006;96(1):53-8. 



 145 

170. Hackney AC, Kallman AL, Aggon E. Female sex hormones and the recovery from 

exercise: Menstrual cycle phase affects responses. Biomed Hum Kinet. 2019;11(1):87-

9. 

171. Davies BN, Elford JC, Jamieson KF. Variations in performance in simple muscle tests 

at different phases of the menstrual cycle. J Sports Med Phys Fitness. 1991;31(4):532-

7. 

172. Thompson B, Sculley D, Hands D, Janse de Jonge XAK. The acute effect of the 

menstrual cycle and oral contraceptive cycle on responses to a resistance training 

session. J Sports Sci Med. 2019;22:31-2. 

173. Ekenros L, Hirschberg A, Heijne A, C. F. Oral contraceptives do not affect muscle 

strength and hop performance in active women. Clin J Sport Med. 2013;23(3):202-7. 

174. Fridén C, Hirschberg A, Saartok T. Muscle strength and endurance do not significantly 

vary across 3 phases of the menstrual cycle in moderately active premenopausal women. 

Clin J Sport Med. 2003;13(4):238-41. 

175. Goodwin JE, Cleather DJ. The biomechanical principles underpinning strength and 

conditioning. In: Jeffreys I, Moody J, editors. Strength and Conditioning for Sports 

Performance. New York: Routledge; 2016. p. 36-66. 

176. Kim YY, Kim H, Ku SY, Suh CS, Kim SH, Choi YM, et al. Effects of estrogen on 

intracellular calcium-related T-lymphocyte function. Tissue Eng Regen Med. 

2016;13(3):270-3. 

177. Younglai EV, Wu YJ, Kwan TK, Kwan CY. Non-genomic action of estradiol and 

progesterone on cytosolic calcium concentrations in primary cultures of human 

granulosa-lutein cells. Hum Reprod. 2005;20(9):2383-90. 

178. Wiik A, Ekman M, Morgan G, Johansson O, Jansson E, Esbjornsson M. Oestrogen 

receptor beta is present in both muscle fibres and endothelial cells within human skeletal 

muscle tissue. Histochem Cell Biol. 2005;124(2):161-5. 

179. Szentgyorgyi AG. Calcium Regulation of Muscle-Contraction. Biophys J. 

1975;15(7):707-23 



 146 

180. Dent JR, Fletcher DK, McGuigan MR. Evidence for a non-genomic action of 

testosterone in skeletal muscle which may improve athletic performance: implications 

for the female athlete. J Sports Sci Med. 2012;11(3):363-70. 

181. Stoffel-Wagner B. Neurosteroid metabolism in the human brain. Eur J Endocrinol. 

2001;145(6):669-79. 

182. Smith SS, Woolley CS. Cellular and molecular effects of steroid hormones on CNS 

excitability. Cleve Clin J Med. 2004;71 Suppl 2:S4-S10. 

183. Callachan H, Cottrell GA, Hather NY, Lambert JJ, Nooney JM, Peters JA. Modulation 

of the GABAA receptor by progesterone metabolites. Proc R Soc Lond B Biol Sci. 

1987;231(1264):359-69. 

184. Franssen H, Wieneke GH. Nerve conduction and temperature: necessary warming time. 

Muscle Nerve. 1994;17(3):336-44. 

185. Oksa J, Rintamaki H, Makinen T, Hassi J, Rusko H. Cooling-induced changes in 

muscular performance and EMG activity of agonist and antagonist muscles. Aviat Space 

Environ Med. 1995;66(1):26-31. 

186. Phillips SK, Sanderson AG, Birch K, Bruce SA, Woledge RC. Changes in maximal 

voluntary force of human adductor pollicis muscle during the menstrual cycle. J Physiol. 

1996;496:551-7. 

187. Sarwar R, Niclos BB, Rutherford OM. Changes in muscle strength, relaxation rate and 

fatiguability during the human menstrual cycle. J Physiol. 1996;493:267-72. 

188. Bambaeichi E, Reilly T, Cable NT, Giacomoni M. The isolated and combined effects 

of menstrual cycle phase and time-of-day on muscle strength of eumenorrheic females. 

Chronobiol Int. 2004;21(4):645-60. 

189. Wirth JC, Lohman TG. The relationship of static muscle function to use of oral-

contraceptives. Med Sci Sport Exer. 1982;14(1):16-20. 

190. Eustace SJ, Page RM, Greig M. Isokinetic strength differences between elite senior and 

youth female soccer players identifies training requirements. Phys Ther Sport. 

2019;39:45-51. 



 147 

191. Gordon D, Hughes F, Young K, Scruton A, Keiller D, Caddy O, et al. The effects of 

menstrual cycle phase on the development of peak torque under isokinetic conditions. 

Isokinet Exerc Sci. 2013;21(4):285-91. 

192. Tenan MS, Hackney AC, Griffin L. Maximal force and tremor changes across the 

menstrual cycle. Eur J Appl Physiol. 2016;116(1):153-60. 

193. DiBrezzo R, Fort IL, Brown B. Relationships among strength, endurance, weight and 

body fat during three phases of the menstrual cycle. J Sports Med Phys Fitness. 

1991;1:89-94. 

194. Hertel J, Williams NI, Olmsted-Kramer LC, Leidy HJ, Putukian M. Neuromuscular 

performance and knee laxity do not change across the menstrual cycle in female athletes. 

Knee Surg Sports Traumatol Arthrosc. 2006;14:817-22. 

195. Abt JP, Sell TC, Laudner KG, McCrory JL, Loucks TL, Berga SL, et al. Neuromuscular 

and biomechanical characteristics do not vary across the menstrual cycle. Knee Surg 

Sports Traumatol Arthrosc. 2007;15:901-7. 

196. Janse de Jonge XAK, Boot CR, Thom JM, Ruell PA, Thompson MW. The influence of 

menstrual cycle phase on skeletal muscle contractile characteristics in humans. J 

Physiol. 2001;530(1):161-6. 

197. Nicolay CW, Kenney JL, Lucki NC. Grip strength and endurance throughout the 

menstrual cycle in eumenorrheic and women using oral contraceptives. Int J Ind 

Ergonom. 2008;38(2):211-21. 

198. Elliott KJ, Cable NT, Reilly T, Diver MJ. Effect of menstrual cycle phase on the 

concentration of bioavailable 17-beta oestradiol and testosterone and muscle strength. 

Clin Sci (Lond). 2003;105(6):663-9. 

199. Montgomery MM, Shultz SJ. Isometric knee-extension and knee-flexion torque 

production during early follicular and postovulatory phases in recreationally active 

women. J Athl Train. 2010;45(6):586-93. 

200. Rodrigues P, de Azevedo Correia M, Wharton L. Effect of menstrual cycle on muscle 

strength. J Exerc Physiol Online. 2019;22(5):89-97. 



 148 

201. Romero-Moraleda B, Del Coso J, Gutierrez-Hellin J, Ruiz-Moreno C, Grgic J, Lara B. 

The influence of the menstrual cycle on muscle strength and power performance. J Hum 

Kinet. 2019;68(1):123-33. 

202. Birch K, Reilly T. The diurnal rhythm in isometric muscular performance differs with 

eumenorrheic menstrual cycle phase. Chronobiol Int. 2002;19(4):731-42. 

203. Brooks-Gunn J, Gargiulo JM, Warren MP. The effect of cycle phase on the adolescent 

swimmers. Phys Sportsmed. 1986;14(3):182-92. 

204. Fomin SK, Pivovarova VI, Voronova V. Changes in the special working capacity and 

mental stability of well- trained woman skiers at various phases of the biological cycle. 

Sports Train Med Rehabil. 1989;1:89-92. 

205. Shivaji S, Devi LG, Ahmad MB, Sundaram CS. 31P NMR study of phosphorus 

containing metabolites in the uterus of hamster: changes during the estrous cycle and 

the effect of hormonal manipulation. J Steroid Biochem Mol Biol. 1995;52(6):587-94 

206. Jurkowski JE. Hormonal and physiological responses to exercise in relation to the 

menstrual cycle. Can J Appl Sport Sci. 1982;7(2):85-9. 

207. Czajkowska M, Drosdzol-Cop A, Galazka I, Naworska B, Skrzypulec-Plinta V. 

Menstrual cycle and the prevalence of premenstrual syndrome/premenstrual dysphoric 

disorder in adolescent athletes. J Pediatr Adolesc Gynecol. 2015;28(6):492-8. 

208. Horvath SM, Drinkwater BL. Thermoregulation and the menstrual-cycle. Aviat Space 

Envir Md. 1982;53(8):790-4. 

209. Bauman JE. Basal body temperature: unreliable method of ovulation detection. Fertil 

Steril. 1981;36(6):729-33. 

210. Miller PB, Soules MR. The usefulness of a urinary LH kit for ovulation prediction 

during menstrual cycles of normal women. Obstet Gynecol. 1996;87(1):13-7. 

211. Rivera R, Yacobson I, Grimes D. The mechanism of action of hormonal contraceptives 

and intrauterine contraceptive devices. Am J Obstet Gynecol. 1999;181(5 Pt 1):1263-9 

212. Christin-Maitre S. History of oral contraceptive drugs and their use worldwide. Best 

Pract Res Cl En. 2013;27(1):3-12. 

213. Burrows M, Peters CE. The influence of oral contraceptives on athletic performance in 

female athletes. Sports Med. 2007;37(7):557-74. 



 149 

214. Skouby SO. Contraceptive use and behavior in the 21st century: a comprehensive study 

across five European countries. Eur J Contracep Repr. 2004;9(2):57-68. 

215. Torstveit MK, Sundgot-Borgen J. The female athlete triad: Are elite athletes at increased 

risk? Med Sci Sport Exer. 2005;37(2):184-93. 

216. Sundgot-Borgen J, Torstveit MK. The female football player, disordered eating, 

menstrual function and bone health. Brit J Sport Med. 2007;41:68-72. 

217. Schaumberg MA, Emmerton LM, Jenkins DG, Burton NW, Janse de Jonge XAK, 

Skinner TL. Oral contraceptive use for manipulation of menstruation in young, 

physically-active women. Int J Sports Physiol Perform. 2017;13(1):82-7. 

218. Bryner RW, Toffle RC, Ullrich IH, Yeater RA. Effect of low dose oral contraceptives 

on exercise performance. Brit J Sport Med. 1996;30(1):36-40. 

219. Joyce S, Sabapathy S, Bulmer A, Minahan C. Effect of long-term oral contraceptive use 

on determinants of endurance performance. J Strength Cond Res. 2013;27(7):1891-6. 

220. Casazza GA, Suh SH, Miller BF, Navazio FM, Brooks GA. Effects of oral 

contraceptives on peak exercise capacity. J Appl Physiol. 2002;93(5):1698-702. 

221. Rebelo AC, Zuttin RS, Verlengia R, Cesar Mde C, de Sa MF, da Silva E. Effect of low-

dose combined oral contraceptive on aerobic capacity and anaerobic threshold level in 

active and sedentary young women. Contraception. 2010;81(4):309-15. 

222. Rechichi C, Dawson B. Oral contraceptive cycle phase does not affect 200-M swim time 

trial performance. J Strength Cond Res. 2012;26(4):961-7. 

223. Rechichi C, Dawson B. Effect of oral contraceptive cycle phase on performance in team 

sport players. J Sci Med Sport. 2009;12(1):190-5. 

224. Rickenlund A, Carlstrom K, Ekblom B, Brismar TB, von Schoultz B, Hirschberg AL. 

Effects of oral contraceptives on body composition and physical performance in female 

athletes. J Clin Endocr Metab. 2004;89(9):4364-70. 

225. Elliott KJ, Cable NT, Reilly T. Does oral contraceptive use affect maximum force 

production in women? Brit J Sport Med. 2005;39(1):15-9. 

226. Peters C, Burrows M. Androgenicity of the progestin in oral contraceptives does not 

affect maximal leg strength. Contraception. 2006;74(6):487-91. 



 150 

227. Haugen T, Buchheit M. Sprint running performance monitoring: methodological and 

practical considerations. Sports Med. 2016;46(5):641-56 

228. Sporis G, Jukic I, Milanovic L, Vucetic V. Reliability and factorial validity of agility 

tests for soccer players. J Strength Cond Res. 2010;24(3):679-86. 

229. Duncan GE, Howley ET, Johnson BN. Applicability of VO2max criteria: discontinuous 

versus continuous protocols. Med Sci Sports Exerc. 1997;29(2):273-8. 

230. Cohen J. A power primer. Psychol Bull. 1992;112(1):155-9. 

231. Kalapotharakos VI, Ziogas G, Tokmakidis SP. Seasonal aerobic performance variations 

in elite soccer players. J Strength Cond Res. 2011;25(6):1502-7. 

232. Morgans R, Orme P, Anderson L, Drust B. Principles and practices of training for 

soccer. J Sport Health Sci. 2014;3(4):251-7. 

233. Vanrenterghem J, Nedergaard NJ, Robinson MA, Drust B. Training load monitoring in 

team sports: a novel framework separating physiological and biomechanical load-

adaptation pathways. Sports Med. 2017;47(11):2135-42. 

234. Meister S, Faude O, Ammann T, Schnittker R, Meyer T. Indicators for high physical 

strain and overload in elite football players. Scand J Med Sci Spor. 2013;23(2):156-63. 

235. Julian R, Meyer T, Fullagar HHK, Skorski S, Pfeiffer M, Kellmann M, et al. Individual 

patterns in blood-borne indicators of fatigue: trait or chance. J Strength Cond Res. 

2017;31(3):608-19. 

236. Alaunyte I, Stojceska V, Plunkett A. Iron and the female athlete: a review of dietary 

treatment methods for improving iron status and exercise performance. J Int Soc Sport 

Nutr. 2015;12(38):2-7. 

237. Landahl G, Borjesson M, Rodjer S, Jacobsson S. Iron deficiency and anemia in top 

athletes - how to use the transferrin receptor. Med Sci Sport Exer. 2005;37:S146. 

238. Julian R, Hecksteden A, Fullagar HHK, Meyer T. The effects of menstrual cycle phase 

on physical performance in female soccer players. Plos One. 2017;12(3). e0173951. 

239. Bailey SP, Zacher CM, Mittleman KD. Effect of menstrual cycle phase on carbohydrate 

supplementation during prolonged exercise to fatigue. J Appl Physiol (1985). 

2000;88(2):690-7. 



 151 

240. Janse de Jonge XAK, Thompson MW, Chuter VH, Silk LN, Thom JM. Exercise 

performance over the menstrual cycle in temperate and hot, humid conditions. Med Sci 

Sports Exerc. 2012;44(11):2190-8. 

241. Hackney AC, Muoio D, Meyer WR. The Effect of sex steroid hormones on substrate 

oxidation during prolonged submaximal exercise in women. Jpn J Physiol. 

2000;50(5):489-94. 

242. Nicklas BJ, Hackney AC, Sharp RL. The menstrual cycle and exercise: performance, 

muscle glycogen, and substrate responses. Int J Sports Med. 1989;10(4):264-9. 

243. Lynch NJ, Nimmo MA. Effects of menstrual cycle phase and oral contraceptive use on 

intermittent exercise. Eur J Appl Physiol Occup Physiol. 1998;78(6):565-72. 

244. Svensson M, Drust B. Testing soccer players. J Sports Sci. 2005 Jun;23(6):601-18. 

245. Turner A, Walker S, Stembridge M, Coneyworth P, Reed G, Birdsey L, et al. A testing 

battery for the assessment of fitness in soccer players. Strength Cond J. 2011;33(5):29-

39. 

246. Cohen J. Statistical Power Analysis for the Behavioral-Sciences. Percept Motor Skill. 

1988;67(3):1007-16. 

247. Batterham AM, Hopkins WG. Making meaningful inferences about magnitudes. Int J 

Sports Physiol Perform. 2006;1(1):50-7. 

248. Williams TJ, Krahenbuhl GS. Menstrual cycle phase and running economy. Med Sci 

Sports Exerc. 1997;29(12):1609-18. 

249. Pivarnik JM, Marichal CJ, Spillman T, Morrow JR, Jr. Menstrual cycle phase affects 

temperature regulation during endurance exercise. J Appl Physiol (1985). 

1992;72(2):543-8. 

250. Hessemer V, Bruck K. Influence of menstrual cycle on thermoregulatory, metabolic, 

and heart rate responses to exercise at night. J Appl Physiol (1985). 1985;59(6):1911-7. 

251. Vaiksaar S, Jurimae J, Maestu J, Purge P, Kalytka S, Shakhlina L, et al. No effect of 

menstrual cycle phase on fuel oxidation during exercise in rowers. Eur J Appl Physiol. 

2011;111(6):1027-34. 



 152 

252. Bradley PS, Bendiksen M, Dellal A, Mohr M, Wilkie A, Datson N, et al. The application 

of the Yo-Yo intermittent endurance level 2 test to elite female soccer populations. 

Scand J Med Sci Sports. 2014;24(1):43-54. 

253. Somboonwong J, Chutimakul L, Sanguanrungsirikul S. Core temperature changes and 

sprint performance of elite female soccer players after a 15-minute warm-up in a hot-

humid environment. J Strength Cond Res. 2015;29(1):262-9. 

254. Janse de Jonge XAK, Boot CRL, Thom JM, Ruell PA, Thompson MW. The influence 

of menstrual cycle phase on skeletal muscle contractile characteristics in humans. J 

Physiol-London. 2001;530(1):161-6. 

255. Dos Santos Andrade M, Mascarin NC, Foster R, Vancini RL, de Lira Barbosa CA. Is 

muscular strength balance influenced by menstrual cycle in female soccer players? J 

Sports Med Phys Fitness. 2016;57(6):859-64. 

256. Wideman L, Montgomery MM, Levine BJ, Beynnon BD, Shultz SJ. The Accuracy of 

Standardized Methods for Assigning Menstrual Cycle Phase in Young Women. Med 

Sci Sport Exer. 2010;42(5):341-2. 

257. Mujika I, Taipale RS. Sport science on women, women in sport science. Int J Sports 

Physiol Perform. 2019;14(8):1013-4. 

258. Bruinvels G, Burden R, Brown N, Richards T, Pedlar C. The prevalence and impact of 

heavy menstrual bleeding (Menorrhagia) in elite and non-elite athletes. PLoS One. 

2016;11(2):e0149881. 

259. Ozbar N, Kayapinar FC, Karacabey K, Ozmerdivenli R. The effect of menstruation on 

sports women's performance. Stud Ethno-Med. 2016;10(2):216-20. 

260. Hackney AC. Influence of oestrogen on muscle glycogen utilization during exercise. 

Acta Physiol Scand. 1999;167(3):273-4. 

261. Nedelec M, McCall A, Carling C, Legall F, Berthoin S, Dupont G. Recovery in soccer: 

part I - post-match fatigue and time course of recovery. Sports Med. 2012;42(12):997-

1015. 

262. Lebrun CM. The effect of the phase of the menstrual-cycle and the birth-control pill on 

athletic performance. Clin Sport Med. 1994;13(2):419-41. 



 153 

263. Kellis E, Katis A. The relationship between isokinetic knee extension and flexion 

strength with soccer kick kinematics: an electromyographic evaluation. J Sports Med 

Phys Fitness. 2007;47(4):385-94. 

264. Hewett TE, Myer GD, Zazulak BT. Hamstrings to quadriceps peak torque ratios diverge 

between sexes with increasing isokinetic angular velocity. J Sci Med Sport. 

2008;11(5):452-9. 

265. Akenhead R, Nassis GP. Training load and player monitoring in high-level football: 

current practice and perceptions. Int J Sport Physiol. 2016;11(5):587-93. 

266. Lovell R, Abt G. Individualization of time-motion analysis: a case-cohort example. Int 

J Sports Physiol Perform. 2013;8(4):456-8. 

267. Prior JC, Naess M, Langhammer A, Forsmo S. Ovulation prevalence in women with 

spontaneous normal-length menstrual cycles - A Population-Based Cohort from 

HUNT3, Norway. PLoS One. 2015;10(8):e0134473. 

268. Hunter F, Bray J, Towlson C, Smith M, Barrett S, Madden J, et al. Individualisation of 

time-motion analysis: a method comparison and case report series. Int J Sports Med. 

2015;36(1):41-8. 

269. Carling C, Le Gall F, Dupont G. Are physical performance and injury risk in a 

professional soccer team in match-play affected over a prolonged period of fixture 

congestion? Int J Sports Med. 2012;33(1):36-42. 

270. Barrett S, McLaren S, Spears I, Ward P, Weston M. The influence of playing position 

and contextual factors on soccer players' match differential ratings of perceived 

exertion: a preliminary investigation. Sports (Basel). 2018 Feb;6(1):13. 

271. Bangsbo J, Iaia FM, Krustrup P. Metabolic response and fatigue in soccer. Int J Sports 

Physiol Perform. 2007;2(2):111-27. 

272. Mohr M, Krustrup P, Bangsbo J. Fatigue in soccer: a brief review. J Sports Sci. 

2005;23(6):593-9 

273. Sarmento H, Marcelino R, Anguera MT, CampaniCo J, Matos N, LeitAo JC. Match 

analysis in football: a systematic review. J Sports Sci. 2014;32(20):1831-43. 

274. Waldron M, Highton J. Fatigue and pacing in high-intensity intermittent team sport: an 

update. Sports Med. 2014;44(12):1645-58. 



 154 

275. Bradley PS, Noakes TD. Match running performance fluctuations in elite soccer: 

indicative of fatigue, pacing or situational influences? J Sports Sci. 2013;31(15):1627-

38. 

276. Yonkers KA, O'Brien PM, Eriksson E. Premenstrual syndrome. Lancet. 

2008;371(9619):1200-10. 

277. Meckel Y, Doron O, Eliakim E, Eliakim A. Seasonal variations in physical fitness and 

performance indices of elite soccer players. Sports (Basel). 2018 Feb 13;6(1):14. 

278. Eliakim E, Doron O, Meckel Y, Nemet D, Eliakim A. Pre-season fitness level and injury 

rate in professional soccer - a prospective study. Sports Med Int Open. 2018;2(3): E84-

E90. 

279. Helgerud J, Engen LC, Wisloff U, Hoff J. Aerobic endurance training improves soccer 

performance. Med Sci Sports Exerc. 2001;33(11):1925-31. 

280. Malone JJ, Di Michele R, Morgans R, Burgess D, Morton JP, Drust B. Seasonal 

training-load quantification in elite English premier league soccer players. Int J Sports 

Physiol Perform. 2015;10(4):489-97. 

281. Eniseler N. Heart rate and blood lactate concentrations as predictors of physiological 

load on elite soccer players during various soccer training activities. J Strength Cond 

Res. 2005;19(4):799-804. 

282. Wong DP, Carling C, Chaouachi A, Dellal A, Castagna C, Chamari K, et al. Estimation 

of oxygen uptake from heart rate and ratings of perceived exertion in young soccer 

players. J Strength Cond Res. 2011;25(7):1983-8. 

283. Akubat I, Barrett S, Abt G. Integrating the internal and external training loads in soccer. 

Int J Sport Physiol. 2014;9(3):457-62. 

284. Hughes JD, Denton K, Lloyd RS, Oliver JL, De Ste Croix M. The impact of soccer 

match play on the muscle damage response in youth female athletes. Int J Sports Med. 

2018;39(5):343-8. 

285. Impellizzeri FM, Rampinini E, Coutts AJ, Sassi A, Marcora SM. Use of RPE-based 

training load in soccer. Med Sci Sport Exer. 2004;36(6):1042-7. 



 155 

286. Bresciani G, Cuevas MJ, Garatachea N, Molinero O, Almar M, De Paz JA, et al. 

Monitoring biological and psychological measures throughout an entire season in male 

handball players. Eur J Sport Sci. 2010;10(6):377-84. 

287. Young WB, Hepner J, Robbins DW. Movement demands in Australian rules football as 

indicators of muscle damage. J Strength Cond Res. 2012;26(2):492-6. 

288. Howatson G, Milak A. Exercise-induced muscle damage following a bout of sport 

specific repeated sprints. J Strength Cond Res. 2009;23(8):2419-24. 

289. Schmitz B, Pfeifer C, Kreitz K, Borowski M, Faldum A, Brand SM. The Yo-Yo 

Intermittent Tests: a systematic review and structured compendium of test results. Front 

Physiol. 20185;9:870. 

290. Carling C, Bloomfield J, Nelsen L, Reilly T. The role of motion analysis in elite soccer: 

contemporary performance measurement techniques and work rate data. Sports Med. 

2008;38(10):839-62. 

291. Fernandez-Navarro J, Fradua L, Zubillaga A, McRobert AP. Influence of contextual 

variables on styles of play in soccer. Int J Perf Anal Spor. 2018;18(3):423-36. 

292. Carling C, Espie V, Le Gall F, Bloomfield J, Jullien H. Work-rate of substitutes in elite 

soccer: a preliminary study. J Sci Med Sport. 2010;13(2):253-5. 

293. Page RM, Marrin K, Brogden CM, Greig M. Biomechanical and physiological response 

to a Contemporary Soccer Match-Play Simulation. J Strength Cond Res. 

2015;29(10):2860-6. 

 

 

 

 



 156 

8.0 

CURRICULUM VITAE 

 

 

 

 

 

 
 

 

 

 



 157 

The curriculum vitae was removed from the electronic version of the doctoral thesis for reasons 

of data protection. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 158 

The curriculum vitae was removed from the electronic version of the doctoral thesis for reasons 

of data protection. 

 

 

 

 

 

 

 

 

 



 159 

9.0 

APPENDICIES 



Physical fitness and blood-borne parameters in non-professional female footballers.

Changes in physical fitness and blood-borne
parameters over one season in non-professional
female footballers.
Ross Julian 1, Sabrina Skorski 1 , Jan Schimpchen 1 , Anne Hecksteden 1 , Tim Meyer 1

1Institute of Sports and Preventive Medicine, Saarland University, Saarbrücken, Germany

Women | Soccer | Blood | Fitness

Headline

The number of female footballers continues to expand, sug-
gested by record numbers of players being registered. Of

these players, the non-professional footballer encompasses a
large volume of the overall community. There seems to exists
a relationship between training status (levels of fitness), com-
petitive standard and physical performance (1, 2). However,
comprehensive information describing the physical capacities
across an array of competitive standards in female football is
still lacking. Though the capacities of the non-professional
player have been highlighted in single bouts of testing, it re-
mains relatively unknown whether changes in physical fitness
occur over the course of a season. Moreover, continued physi-
cal exposure through training and matches, may affect certain
blood-borne parameters, such as iron levels, which in turn
may affect the physical performance and/or health status of a
player. Therefore, coaches and practitioners at the non-elite
level (who might not have the opportunity for extensive mon-
itoring) may use this information to help training and create
a frame work for testing and monitoring the female footballer.

Aim of the paper
The aim was to observe the changes in physical performance
and fitness-relevant blood-borne variables of non-professional
female footballers using repeated measures within a football
season.

Methods
Design. The study utilised an observational longitudinal de-
sign. Whereby, the players underwent a series of physical tests
and provided blood samples on the following three time points
across the season; pre-season (early August) (M1), beginning
of the competitive season (early October) (M2) and end of
season (late May/early June) (M3). The pre-season period
consisted of 8-weeks training, three times per week. All M2
measurements were conducted within four weeks from the first
official game, during this period players trained three times a
week and had one official match. Finally, M3 was conducted
during the final three weeks of the 22-game season.

Subjects. Thirty-six non-professional female footballers (19 ±
2 y, 164 ± 5 cm, 80 ± 8 kg) competing in the second Frauen-
Bundesliga, Germany, participated in the study. Only outfield
players were considered for the final analysis and participated
in all testing periods over the season. Participants were fully
informed of all experimental procedures before giving their in-
formed consent to participate. If players were younger than 18
years of age, parental consent was obtained. The current study
was conducted in accordance with the declaration of Helsinki
and approved by the local ethics committee (Aerztekammer
des Saarlandes, approval number 130/14).

Methodology. Prior to data collected, players were familiarised 
with the protocol of each physical test. The physical testing 
battery was conducted in the present order and included (after 
appropriate warm-up):

Counter movement jump (CMJ) for the analysis of lower 
limb strength. Characteristics of the CMJ were determined 
using a force platform (Quattro Jump, Type 9290AD, Kistler 
Instrument AG, Winterthur, Switzerland) and analysed us-
ing professional motion analysis software (Contemplas Be-
wegungsanalyse, Contemplas Gmbh, Kempten, Germany). 
Jump height was determined as the centre of mass displace-
ment, calculated from the recorded force and body mass. The 
mean of the best three jumps was used for the subsequent 
analyses.

3 x 30 m to measure sprinting capabilities. Splits were set at 
5 m, 10 m and 30 m and measured by infra-red single beamed 
light gates (Brower Timing System, Utah, USA), with a stan-
dard error of measurement of 0.03 s (3). Players had two mins 
of recovery and then repeated the test for three trials, with 
the mean of all three 30 m sprints used for analysis.

4 x 5 m change of direction (COD) test was performed, 
similarly to that described by Sporis et al (4). At the start and 
finish, light gates (Brower Timing System, Utah, USA) were 
erected and used to assess total time to complete the course. 
Three trials were conducted with two minutes of passive 
recovery interspersed, the mean of all three trials was used for 
analysis.

Finally, the Yo-Yo Intermittent Endurance Test level 2 
(YYIET2) was conducted to measure sport-specific endurance 
capacity. The test was performed outdoors on artificial turf 
similarly described by Bangsbo et al (5). Total distance of 
completed shuttles was recorded as the test result. HR (≥ 220 – 
age (years)) and RPE were used as objective criteria of 
exhaustion (6) to be included into final analysis.

Prior to the physical tests at all three time points over the 
season, venous blood sampling was obtained from the antecu-
bital vein, following 10-15 min of rest in the supine position. 
Blood samples were transported immediately to the laboratory 
for appropriate procedures. Serum tubes were centrifuged at 
4000 revolutions per min for 5 min, aliquoted and then stored 
frozen at -80°C within 2 h of sampling. Creatine kinase (CK), 
urea and C-Reactive Proteins were measured using a Unicel 
DxC600 synchron clinical system (Beckmann Coulter GmbH, 
Krefeld, Germany). Erythrocytes and Haemoglobin was deter-
mined automatically by an ACT 5 Diff AL (Beckmann Coul-ter 
GmbH, Krefeld, Germany). Ferritin was analysed using an 
Access 2 Immunoassay system (Beckmann Coulter GmbH, 
Krefeld, Germany).

Data were collected in the early evening (prior to and dur-ing 
normal training sessions). All measures were conducted outside 
on artificial turf under neutral weather conditions. If weather 
was deemed unsuitable or at risk of influencing re-sults, or 
players’ welfare, (e.g. any form of rain) the test was either 
cancelled or if possible, re-scheduled.
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Fig. 1.

Fig. 2.

Statistical analysis. The mean ± SD were calculated for each
of the three time points across the season. Cohens d effect
sizes (ES) were calculated with 90% confidence intervals (CI)
and interpreted as; trivial (<0.2), small (>0.2-0.6), moderate
(>0.6 – 1.2), large (>1.2 – 2.0), very large (>2.0) (7).

Results
All physical and blood-borne variables over the three mea-
surement timepoints can be observed in tables 1 and 2, re-
spectively. The course and magnitude of the change can be
observed in figures 1 and 2 for physical and blood-borne vari-
ables, respectively.

Discussion
The primary objective of the study was to describe the changes
in physical performance within a season of non-professional fe-

male footballers. Among the main findings of the study were 
that small improvements in YYIET2 distance, 30 m sprint 
time, and COD completion time from pre-season to the start 
of the competitive season. However, as the season progressed 
YYIET2 performance declined again, whereas the other phys-
ical parameters remained stable across the season. The sec-
ondary aim of the study was to detect changes in selected 
haematological variables. Results indicated that there were 
moderate to small changes in CK, Ferritin and Erythrocytes 
from M1 to M2 with a considerable number of players showing 
indications for iron deficiency.

The results of the current study are in line with previous 
observations (8, 9). Physical performance was observed to in-
crease during pre-seasonal period, which is often designed to 
increase physical capacities for the upcoming season whilst, 
small decreases in physical performance were apparent as the 
season progressed. Moreover, there are large inter-individual 
differences at each time point and intra-individually over the 
course of the season (illustrated in figure 3). There are several
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Table 1. Physical variables and the within season changes across all timepoints. Data is represented as means ± standard
deviations.

Variable M1 M2 M3

CMJ (cm) 31.3 ± 3.1 31.6 ± 3.0 32.0 ± 3.5
0-30 m sprint (s) 4.8 ± 0.2 4.7 ± 0.1 4.8 ± 0.1
COD (s) 6.0 ± 0.3 5.9 ± 0.3 5.9 ± 0.3
YYIET2 (m) 752.2 ± 233.2 873.3 ± 251.99 779.7 ± 234.1

Note: CMJ = Counter movement jump; COD = Change of direction; YYIET2 = Yo-Yo intermittent
endurance test level 2. M1 = Pre-season, M2 = In-season, M3 = End of season.

Table 2. Blood variables and the within season changes across all timepoints. Data is presented as means ± standard
deviations.

Variable M1 M2 M3

Creatine kinase (U/L) 194.3 ± 87.7 256.5 ± 118.2 205.7 ± 118.8
Urea (mg/dl) 29.4 ± 6.2 28.4 ± 9.0 29.1 ± 6.0
Erythrocytes (Mio/µ) 4.5 ± 0.2 4.4 ± 0.3 4.5 ± 0.2
Ferritin (ng/ml) 32.5 ± 14.9 26.7 ± 13.6 30.4 ± 14.8
Haemoglobin (g/dl) 13.6 ± 1.3 13.7 ± 1.0 13.5 ± 0.9
C-Reactive Protein (mg/l) 1.2 ± 2.9 0.9 ± 1.6 1.0 ± 1.6

Note: M1 = Pre-season, M2 = In-season, M3 = End of season.

factors which might cause these changes in physical perfor-
mance. Oftentimes non-professional female soccer teams have
an inability to effectively monitor training, with financial con-
straints, suboptimal education level of coach/practitioners and
limited availability of staff leading to such insufficiencies. As
such, inadequate training stimulus might be imposed upon the
players or a monotonous training routine, which loses its abil-
ity to maintain a peak level of physical performance (10). Rel-
atively low values for CK (indicator of microdamage to muscle
fibres) and urea (indicator for metabolic load) seem to be in
favour of this interpretation. This neglect on physical loading
could in part, be due to the shift in focus towards the tactical
element and preparation for games. Moreover, due to playing
weekly matches, alongside other obligations (work, studies)
this may possess an issue to ensure that satisfactory levels of
physical load can be transferred onto the player to maintain
physical performance. Recent monitoring frameworks suggest
that a lack of loading may not only affect physiological pa-
rameters, but potentially leads to a lack in biomechanical load
which may in turn increase injury risk (11). As such, it could

Fig. 3.

be recommended that basic testing, with limited “necessary”
equipment (such as Yo-Yo testing) is implemented more regu-
larly to help respond to the needs-analysis for effective training
in non-professional populations.

The current selection of blood-borne markers has been sug-
gested to provide an overview of the physical state of a foot-
baller (12). When evaluating, it is imperative to understand
the magnitude of the change and understand what is beyond a
‘normal’ change. Therefore, these findings can provide a larger
pool of information for baseline and within-season changes for
the non-professional female footballer. It should be noted,
that large variations within and between individuals are ob-
served, even when experiencing a similar training stimulus
(13). As such, when possible, consistent testing of each indi-
vidual is warranted to ensure the physical state can be main-
tained throughout the season.

Interestingly, on the group level the results indicated that
there were small (d = 0.38) changes in ferritin from M1 to
M2. Reduced levels of ferritin have been linked to negatively

Fig. 4.
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affecting physical performance (14) and health of the female
athlete (15). However, this tendency was not observed in the
raw values of change in this population. On the group level,
the findings suggest that mean values were not beyond the
standardised “normal” ranges of ferritin (22 – 120 ng/ml),
however, there was a relevant number of players (n = 17%)
with suboptimal values albeit without over anaemia (Figure
4). This proposes the need for more consistent monitoring to
identify those that are at potential risk and thus one can effec-
tively intervene by giving dietary advice or supplement iron.
These findings are similar to that of 28 elite-female footballers,
whereby 57% were iron deficient and 29% had iron deficiency
anaemia in the run up to the FIFA Women’s World Cup (16)
signifying that individualised monitoring is important. There-
fore, future research should further investigate whether the fe-
male footballer is exposed to an increased risk of reduced iron
storage and explore whether there is an effect on subsequent
performance.

Practical Applications
• The results suggest that practitioners may target increas-

ing the physical capacities during the pre-season period and
then possibly slightly neglect them as other priorities such
as, match preparation may be determined as “more impor-
tant”. Therefore, a detraining effect may occur which could
potentially affect peak performance during match play.

• It might be advisable for practitioners to assess the physical
capacities of the players throughout the season (at multiple
time points) and manipulate training plans accordingly, to
maintain peak physical condition.

• The results indicate that it would be worthwhile in future
research to assess the ferritin levels (as well as a full blood
count to detect possible iron deficiency anaemia) of the fe-
male footballer on a more rigorous routine to identify those
at potential risk and to help to create a consensus on ap-
propriate courses of action.

Limitations
• The current study only involved one team which has a cer-

tain player pool and one method of training. However, this
study represents the first to repeatedly monitor physical
and haematological parameters in non-professional female
footballers and could provide an insight into the possible
challenges with this population.

• Low number of testing time points, without mid-season
measurement timepoint.

• Female specific physiological changes, i. e. the menstrual
cycle, were not considered during the current study which
has been previously observed to affect maximal perfor-
mance (17).
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Abstract

Background

Female soccer has grown extensively in recent years, however differences in gender-specific

physiology have rarely been considered. The female reproductive hormones which rise and

fall throughout the menstrual cycle, are known to affect numerous cardiovascular, respiratory,

thermoregulatory and metabolic parameters, which in turn, may have implications on exercise

physiology and soccer performance. Therefore, the main aim of the present study was to

investigate potential effects of menstrual cycle phase on performance in soccer specific tests.

Methods

Nine sub elite female soccer players, all of whom have menstrual cycles of physiological

length; performed a series of physical performance tests (Yo-Yo Intermittent endurance test

(Yo-Yo IET), counter movement jump (CMJ) and 3x30 m sprints). These were conducted at

distinct time points during two main phases of the menstrual cycle (early follicular phase

(FP) and mid luteal phase (LP)) where hormones contrasted at their greatest magnitude.

Results

Yo-Yo IET performance was considerably lower during the mid LP (2833±896 m) as com-

pared to the early FP (3288±800 m). A trend towards significance was observed (p = 0.07)

and the magnitude based inferences suggested probabilities of 0/61/39 for superiority/

equality/inferiority of performance during the mid LP, leading to the inference of a possibly

harmful effect. For CMJ (early FP, 20.0±3.9 cm; mid LP 29.6±3.0 cm, p = 0.33) and sprint

(early FP, 4.7±0.1 s; mid LP, 4.7±0.1 s, p = 0.96) performances the results were unclear (8/

24/68, 48/0/52, respectively).

Conclusion

The results of this study are in support of a reduction in maximal endurance performance

during the mid LP of the menstrual cycle. However, the same effect was not observed for
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jumping and sprint performance. Therefore, consideration of cycle phase when monitoring a

player’s endurance capacity may be worthwhile.

Introduction

The professionalism and interest in female soccer has rapidly increased over the last decade,

which has led to an expediential rise in research within many realms of the game. Despite the

increasing amount of scientific work surrounding female soccer, gender-specific aspects of

physiology, particularly the menstrual cycle and its effects on the physical performance, has

been unaccounted for and remains fundamentally unknown[1, 2]. The menstrual cycle

encompasses two main phases, the follicular phase (FP) and the luteal phase (LP). The follicu-

lar phase can split further into two sub phases; the early FP, which is characterised with low

concentrations of both the key hormones oestrogen and progesterone; and the mid FP where

oestrogen is high independently from progesterone. The LP is typified by high concentrations

of both oestrogen and progesterone. These two main phases are separated by a steep surge in

luteinizing hormone triggering ovulation. These cyclical changes are said to be often predict-

able whilst spanning over the reproductive years[3].

Besides from reproductive function female sex hormones are further known to affect

numerous cardiovascular, respiratory, thermoregulatory and metabolic parameters. Which

may plausibly be expected to have implications on exercise physiology, for example via fluid

retention, changes in body temperature, and energy metabolism[4]. Currently, much of the

research has investigated these effects on endurance performance, and the results thus far have

been highly equivocal[5–14]. The differing results of the studies to date, may be due to meth-

odological differences. Inconsistent time points within the menstrual cycle when performance

had been assessed, the method of assessment (varying performance tests), the verification of

cycle phases and/or assessment of physiological cycles, could be factors for the varied findings.

Currently, to the authors knowledge only three studies have evaluated the effect of men-

strual phase on intermittent activity and related performance[15–17]. Two of the three studies

indicated no differences between cycle phase. However, Middleton and Wenger[15] found a

significant enhancement in power output during ten, six second maximal sprints on a cycle

ergometer in the LP. Although the authors found only small average differences in power out-

put, the improvement during the LP was exhibited in every subject. Moreover, if these results

were translated into running time, this difference in work would translate to approximately

one-meter difference in a six second sprint, which in terms of soccer, could make the differ-

ence in reaching the ball at important stages in a match. However, throughout these studies,

the population sample was primarily healthy active females and not those of a high competitive

level and studies were not related to soccer.

The current study aims to determine whether menstrual cycle phase influences a series of

soccer related physical performance parameters in a high levelled soccer specific population.

Based on the above considerations, the designs involve a strict protocol for the assessment of

physiological cycles and distinct timing of performed tests in relation to cycle phases.

Materials and methods

Subjects

Thirty-five high-level female soccer players agreed to participate in the study. Formal sample

size calculations were not performed, all players of the local second league female football team

Menstrual cycle phase and physical performance in soccer
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who fulfilled the inclusion criteria were enrolled for the study. The inclusion criteria for partic-

ipation in the study were: 1) the absence from any form of contraception (oral, implanted,

injected, intrauterine devices, patches), 2) regular cycle of physiological length (24–35 days

[8]), 3) free from any illness or disease which could affect performance and/or health, 4) not

suffering from an injury which would affect their performance, 5) participated in competitive

soccer for a minimum of five years. A further inclusion criteria was that the testing must be com-

pleted over the 24–35 day cycle (reducing the influence of confounding variables including but

not limited to: humidity, ambient temperature). Therefore, nine participants (age: 18.6 ± 3.8 y,

height: 161.2 ± 6.6 cm, weight: early FP 59.1 ± 7.7 kg, mid LP 58.8 ± 7.5 kg) were suitable for

analysis; the flow of the participants is represented in Fig 1. These players all competed in the sec-

ond women’s league (2nd Frauen-Bundesliga), Germany. The players were fully informed of all

experimental procedures before giving their written informed consent to participate. If players

were younger than 18 years of age, parental written consent was obtained. The current study was

conducted in accordance with the declaration of Helsinki and approved by the local ethics com-

mittee (Aerztekammer des Saarlandes, approval number 130/14).

Study design

The observational design implemented in this study investigated the differences in physical per-

formance parameters during two distinct phases of the menstrual cycle. The participants com-

pleted a battery of physical tests, measuring several components of soccer specific physical

performance capacity. These included; lower limb power, sprinting capability and endurance

capacity[18]. The participants did not conduct any vigorous exercise on the days of testing and

the training the day before testing days remained consistent; training comprised of low/moderate

aerobic training for 30–45 minutes followed by 30 minutes of strength training. The tests were

conducted during two time points, representative of the early follicular and mid luteal phases,

respectively (early FP days 5–7 and mid LP days 21–22[19]), where hormonal concentrations dif-

fer greatest between the two time points[19, 20]. Data was collected in the early evening (during

their normal training session), and training time was kept consistent for the duration of the

study. Testing sessions were conducted during the second half of the season for over an 8-week

period (March—May). All measures were conducted outside on artificial turf under similar

weather conditions. If weather was deemed unsuitable and at risk of influencing results, and or to

players’ welfare, (e. g. any form of rain) the test was either cancelled or if possible re-scheduled.

Determination of menstrual phase

Twice a month participants completed a menstruation diary, which included: date of menses,

length of menses, and severity of blood flow and discomfort. This information was recorded for

a minimum of 6 months, for a valid characterisation of an individual’s menstrual cycle[19].

From retrospective analysis, (counting back from previous menses, from month to month, indi-

cating the length of the cycle) the next cycle phase was then prospectively determined[19] and

time-point was calculated. For final confirmation of LP sampling time, the participants com-

pleted menstruation diaries during the course of testing. Consequently, one player dropped out

due to LP sampling time being incorrect (Fig 2). Furthermore, serum oestrogen and progester-

one were used to verify physiological reproductive function and verify timing of tests with

respect to the cycle phases[19].

Outcome measures

The following panel of established tests for components of soccer specific physical perfor-

mance capacities were applied and conducted in this order (Fig 2): 1) Jump height during a
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counter movement jump (five trials, mean of the best three) was implemented as an indicator

of lower-limb power[21], 2) 30 m (recording set at 5, 10 and 30 m) sprint time was employed

as a parameters of sprint capability (fastest of three trials)[22], 3) running distance in the Yo-

Yo IET was used as a measure of football-specific endurance capacity[23].

Counter movement jump (CMJ). Characteristics of the CMJ were determined using a

force platform (Quattro Jump, Type 9290AD, Kistler Instrument AG, Winterthur, Switzer-

land) and analysed using professional motion analysis software (Contemplas Bewegungsana-

lyse, Contemplas Gmbh, Kempten, Germany). Jump height was determined as the centre of

mass displacement, calculated from the recorded force and body mass. The CMJ began from

an upright position, making a downward movement to a knee angle of approximately 90˚ and

simultaneously beginning to push-off, whilst hands are placed upon their hips, with a rest

period of 30 s between efforts.

3x30m sprints. Players were asked to stand with their toe behind a white line (touchline

of the soccer pitch), and ran maximally straight ahead for 30m. 30 m sprint recording times at

5 m, 10 m and 30 m was employed and measured by light gates and a hand-held monitor

(Brower Timing System, Utah, USA). Once a sprint was completed the players had 2 mins of

recovery and then repeated the test following the same procedure for all three trials.

Yo-Yo Intermittent endurance test (Yo-Yo IET). The test was performed outdoors on

artificial turf similarly described by Bangsbo et al[24]. Concisely, the test consisted of repeated

2 x 20 m runs with an 180˚ turn in between at a progressively increasing speed controlled by

audio beeps. Between each running bout, the players had a 5 s rest period, during the active

break in the form of a 2.5 m walk. Termination of the test occurred when a player had twice

failed to reach the finish line, in time. Total distance of completed shuttles was recorded as the

test result. All players had been familiarised with the test procedures previously. HR was mea-

sured before the warm-up period (rest) and was continuously measured using commercial

heart rate monitors (Polar, Kempele, Finland) until exercise cessation (HRpeak). Blood lactate

(BLa) was collected in 25μl samples of capillary blood, withdrawn from the earlobe and were

subsequently measured using an enzymatic method (Super GL, Rolf Grenier, Biochemica,

Flacht, Germany). BLa was collected prior to exercise (rest value), then further collected imme-

diately after, 1 min, 3 min and 5 min post-test. HR (� 220 –age (years)), BLa concentration

(� 8 mmol/l) and RPE were used as an objective criteria of exhaustion[25].

Blood collection. Venous blood samples were collected on the day of testing prior to any

form of activity. These samples were obtained from the anti-cubital vein by a standard proto-

col, following 10–15 min of seated rest. The participants did not perform any vigorous exercise

on the day of blood sampling. Blood samples were transported immediately to the laboratory

for appropriate procedures. Serum tubes were centrifuged at 4000 revolutions per min for 5

Fig 1. Details of the participants’ timeline throughout the study.

https://doi.org/10.1371/journal.pone.0173951.g001

Fig 2. Timeline of the testing protocol.

https://doi.org/10.1371/journal.pone.0173951.g002
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min, aliquoted and then stored frozen at -80˚C within 2 h of sampling. Hormones were mea-

sured in an accredited medical laboratory. Oestrogen was measured using an Estradiol II elec-

trochemiluminescence immunoassay ECLIA (IBL International GMBH, Hamburg, Germany)

with intra- and inter-assay coefficients of 4.13–6.81% and 6.72–9.39%, respectively. Progester-

one was measured using a 17-OH-Progesterone enzyme immunoassay ELISA (IBL Interna-

tional GMBH, Hamburg, Germany) with intra- and inter-assay coefficients of 2.8–4.9% and

5.8–9.2%, respectively.

Statistics

Data analysis was conducted using the statistical software package SPSS v.21 (SPSS Inc., Chi-

cago, IL, USA). All data were normally distributed (Kolmogorov-Smirnov) and expressed as

means ± standard deviations (SD). Students paired t-tests were conducted to determine the dif-

ference in mean response between phases for all variables. The magnitude of the mean differ-

ences between phases were expressed as effect sizes (ES) [26]. The extent of the ES are classified

as follows: trivial (<0.2), small (>0.2–0.6), moderate (>0.6–1.2), large (>1.2–2.0), very large

(>2.0), based on updated guidelines from Batterham and Hopkins[27]. Magnitude-based infer-

ences (MBI) were conducted to determine the possible benefit, in terms of beneficial or harmful

effects, of the cycle phase. This approach represents a contemporary method of data analysis

that uses confidence intervals to calculate the probability that a difference is practically mean-

ingful. For assessing the difference in team performance smallest worthwhile change was set at

Cohen effect size of 0.2[27]. When clear interpretation was possible, a qualitative descriptor was

assigned to the following quantitative chances of performance effect: 0.5% to 5%, very unlikely;

5% to 25%, unlikely; 25% to 75%, possibly; 75% to 95%, likely; 95% to 99.5%, very likely; and

>99.5%, most likely[27].

Results

The participants body mass and sum of four skin folds were not significantly different between

menstrual phases (Table 1). Oestrogen and progesterone levels of the players were significantly

higher in the mid LP compared to the early FP.

In Yo-Yo IET performance, MBI intimated the qualitative inference that there was a possi-

bly harmful effect for maximal performance in the LP, whereas, all other performance variables

were found to be unclear. Moreover, the ES for the Yo-Yo IET was small to moderate, whereas

all other variables were trivial (Table 2). For all performance variables, there were no signifi-

cant differences revealed, although a trend towards significance was observed in the Yo-Yo

IET between phases (p = 0.07) (Fig 3).

Table 1. Anthropometric and hormone characteristics of females involved in the study. Comparison between Follicular and Luteal phase.

Variable Follicular Phase Luteal Phase

Means ± SD Means ± SD Means ± SD

Age (y) 19 ± 4

Height (cm) 161.3 ± 6.6

Body mass (kg) 59.1 ± 7.7 58.8 ± 7.5

Body fat (%) 17.7 ± 2.5 17.8 ± 2.2

Oestrogen (pg/ml) 26.8 ± 22.1 109.8 ± 55.6*

Progesterone (nmol/l) 2.2 ± 0.6 6.5 ± 2.0*

Note: Body fat calculated by the sum of four skinfolds (biceps, triceps, subscapular, suprailiac).

* indicates a significant difference from early FP to LP P < 0.05.

https://doi.org/10.1371/journal.pone.0173951.t001
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There was a likely beneficial inference for HR pre values tending towards the early FP, whereas

the HR post values were deemed unclear. RPE was also deemed unclear. Lactate values were

inferred to be unclear pre-and 1 min post the Yo-Yo test. However, at 3 and 5 min post, the MBIs

suggested that it was very likely harmful during the early FP, where lactate values were higher.

The effect sizes for all variables ranged from trivial to moderate (Table 3). There were significant

differences between phases for HR prior to exercise and lactate values at minutes 1 and 3 post

Yo-Yo test (p = 0.04, p = 0.01 and p = 0.03, respectively). For HR post, lactate pre-and lactate 1

min post Yo-Yo test and RPE there were no significant differences observed (p> 0.05).

Discussion

The purpose of the study was to investigate whether menstrual cycle phase influences different

facets of physical performance in a group of high level soccer players. The main finding of the

Table 2. Performance outcomes for all parameters measured during the follicular phase and luteal phase. Results expressed as means ± standard

deviations, statistical significance, effect sizes and magnitude based inferences.

Variables FP LP P ES % Chance +/trivial/- Qualitative Inference

0-5m (s) 1.1 ± 0.1 1.1 ± 0.1 1.00 0.00 50/0/50 Unclear

0-10m (s) 1.9 ± 0.1 1.9 ± 0.1 0.25 0.18 10/7/83 Unclear

0-30m (s) 4.7 ± 0.1 4.7 ± 0.1 0.96 0.00 48/0/52 Unclear

CMJ (cm) 29.0 ± 3.9 29.6 ± 3.0 0.33 0.16 8/24/68 Unclear

Yo-Yo IET (m) 3289 ± 801 2822 ± 896 0.07 0.56 0/61/39 Possibly harmful

Note: FP = Early follicular Phase; LP = Mid luteal Phase; ES = Effects Size; MBI = Magnitude Based Inference.

https://doi.org/10.1371/journal.pone.0173951.t002

Fig 3. Mean meters of completion during the Yo-Yo IET during the two phases of the menstrual cycle. The data for each individual has been

superimposed onto each group mean. The menstrual phases are abbreviated as FP (early follicular phase) and LP (mid luteal phase).

https://doi.org/10.1371/journal.pone.0173951.g003
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study suggested that Yo-Yo IET performance was affected during the LP of the menstrual

cycle. However, in all other aspect of measured performance were not different between

phases.

To the authors knowledge this is the first study to investigate the effects of menstrual cycle

phase on different sport specific physical parameters in female soccer players. In the nine play-

ers, menstrual cycle phase appeared to have an effect on maximal endurance capabilities, as

demonstrated through the Yo-Yo IET. It has been suggested that physical performance in elite

female soccer is highly related to their trained status and maximal capacities[28], therefore, it

may be postulated that the maintenance of these high levels throughout the entire cycle is

important for success. In 78% of our population, a reduction of meters completed was observed

in the mid LP (Fig 3). The results of the current study are in line with the extensive work of

Lebrun et al[8]. Lebrun and colleagues used a cohort of 16 trained athletes (age 27.6 ± 3.8 y,

height 167.9 ± 5.3 cm, mass 59.6 ± 6.7 kg, VO2max 53.7 ± 0.9 ml.kg-1.min-1), who participated in

a variety of sports including running, cycling, triathlon, squash, cross-country skiing, ultimate

frisbee and rowing. This study contained a strict phase confirmation comparable to our trial.

Through the use of a progressive and continuous treadmill running test, the results indicated

that maximal endurance capacity was reduced in the LP.

Differences in endurance performance during various phases of the menstrual cycle have

been postulated to be due to differences in heat regulation, substrate availability, and metabo-

lism[6]. It is well documented that a female’s basal body temperature can differ between phases

in the region of 0.3–0.5˚C[19]. This elevation in temperature has been attributed to the surge

of progesterone exhibited during the LP. The associated increase in body temperature has

been suggested to limit prolonged exercise capabilities and increase cardiovascular strain[19].

This has been seen in previous studies, presenting higher VO2 values, accompanied with

higher heart rates and RPE values during exercise at given percentages of VO2max[29–31].

Although basal body temperature was not measured in the present study, cardiovascular strain

may have been present in our study and thus could influence performance. Conversely, it has

been shown in previous studies, that exercise time to exhaustion is improved during the LP.

This has been speculated that the role oestrogen plays on enhanced lipid metabolism, with

spared glycogen and usually a supressed lactate response to exercise in the LP[32]. As seen in

the present study, significant differences were found in lactate concentration between phases

at 3 and 5 min post exercise. Therefore, there is the potential that the energy pathways may

have been taxed differently between phase, for example it has been implicated previously that

during the LP there is a lower contribution of anaerobic glycolysis and hence reduced La

Table 3. Internal load measures during the follicular phase and luteal phase. Results expressed as means ± standard deviations, statistical significance,

effect sizes and magnitude based inferences.

Variables FP LP P ES % Chance +/trivial/- Qualitative Inference

HR Pre (bpm) 97 ± 16 105 ± 12 0.04 0.45 91/9/0 Likely beneficial

HR post (bpm) 194 ± 4 193 ± 5 0.90 0.05 27/37/36 Unclear

RPE (AU) 18.7 ± 0.7 18.6 ± 0.9 0.76 0.14 23/31/46 Unclear

Lactate pre (mmol L-1) 2.3 ± 0.8 2.1 ± 0.8 0.65 0.21 17/25/58 Unclear

Lactate 1min post (mmol L-1) 9.3 ± 1.4 8.6 ± 0.7 0.20 0.41 6/28/66 Unclear

Lactate 3min post (mmol L-1) 8.8 ± 2.2 7.6 ± 1.6 0.01 0.75 0/1/99 Very likely harmful

Lactate 5min post (mmol L-1) 8.7 ± 2.2 6.9 ± 1.9 0.03 0.93 1/4/95 Very likely harmful

Note: FP = Early follicular Phase; LP = Mid luteal Phase; ES = Effects Size; MBI = Magnitude Based Inference; HR = Heart rate; RPE = Record of perceived

exertion.

https://doi.org/10.1371/journal.pone.0173951.t003
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values[32]. A conclusive statement about this, however, is beyond the current scope of this

study and perhaps requires deeper investigation with more sophisticated methodology (e. g.

indirect calorimetry). Moreover, the present data, however, did not indicate any differences in

lactate production at rest or at maximal lactate concentration, which was similarly found in

female rowers completing a one-hour row at 70% VO2max[33].

It is important to consider the specific type of sports to validly assess if and how menstrual

cycle phase potentially affects physical performance. However, in soccer (which is intermittent

in nature), there is a special challenge to evaluate sport-specific physical performance, this is

due to the current difficulty to establish valid and reliable tests sensitive to the sport, unlike in

endurance sports. The Yo-Yo IET has been suggested to replicate physical patterns in female

soccer[34] well, however, factors such as motivation have been suggested to cause differing

results when being assessed at multiple time points, however, the exhaustion criteria was

achieved in all players. In the present study, a reduction during the LP was observed in the

clear majority of the players, with similar maximal HR, La and RPE values. Therefore, it can be

postulated that although maximal effort was elicited in both phases, there was an observed

reduction in maximal performance during the LP.

Sprinting performance in the present study did not differ between cycle phases at either

split or full 30 m distance (Table 2). The absence of the menstrual cycle affecting sprinting per-

formance in the present study concurs with previously published literature[35]. It had, how-

ever, been suggested previously that sprinting performance may differ between phases. An

improvement in sprinting performance being attributed to the increase in basal body tempera-

ture during the LP[36]. However, a study from Somboonwong and colleagues[36] suggested

that, although basal body temperature was significantly greater in the LP, sprinting perfor-

mance over 40-yd (36.6m) was not affected. Unlike the present study, Somboonwong et al.,

[36] only measured 40-yd sprinting time and did not investigate differing split times or accel-

eration. From the present study’s results, it could be postulated that cycle phase does not influ-

ence sprinting ability at many various aspects of acceleration and velocities. This was seen as 5

m, 10 m and 30 m sprint time was not affected by cycle phase. In soccer, a players’ ability to

perform multiple high intensity actions and sprinting ability has been considered to be more

important for overall performance than endurance capacity [37], therefore, the understanding

that menstrual cycle phase does not affect sprinting behaviour is important for players and

practitioners. This being said, in the present study and in the work from Somboonwong et al.,

sprinting performance was measured from singular sprints and not repeated sprint ability

(RSA). RSA is another facet of soccer which has been suggested to be important for soccer per-

formance. The only study to assess a repeated sprint and the effects of menstrual cycle phase,

was conducted by Tsampoukos et al (2010). In the aforementioned study, eight females con-

ducted two 30 s sprints with a 2 min passive recovery in between; the results indicated no effect

of menstrual cycle phase on repeated sprint performance. However, this study, only employed

sport science participants, not those of a sport specific population and, furthermore, only com-

pleted two sprints. Therefore, for future research, due to the lack of understanding and studies

conducted in soccer, the investigation of menstrual cycle phase on RSA is warranted.

The menstrual cycle has been suggested to alter motor control and muscular strength.

However, similarly to the present study de Jonge et al.,[38] found no differences between

phases in 19 normally menstruating females for any strength parameter, including maximal

isometric quadriceps strength with superimposed electrical stimulation, isokinetic knee flex-

ion, and handgrip strength. It has been previously proposed that oestrogen, may have a

strengthening action on skeletal muscle[39], although the mechanisms of this effect has not

become clear. During the present study, the time points of measurements, were at minimal

oestrogen (early FP) and when both progesterone and oestrogen were elevated (mid LP).
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Therefore, it can be speculated that the levels of oestrogen were not elevated enough to cause

such an effect during early FP. Moreover, the antagonistic effect of progesterone, may have

restricted the effects of oestrogen on muscular strength during LP[40]. Altogether, the cur-

rent results suggest that CMJ was not effected by cycle phase, however, due to the assump-

tions of the effect of oestrogen on strength, future investigations should target other time

points within the menstrual cycle, where oestrogen is independently elevated, i.e. in the rise

prior to ovulation.

A limitation to the current study is that it did not deploy a randomised counter balanced

design, whereby all participants first completed the testing in the early FP followed by the mid

LP, this was due to the current method of cycle phase determination. Although the participants

were well accustomed to this form of testing, confounding factors that may influence the cur-

rent findings need to be considered. As recommended in previous literature, solely conducting

menstruation calendars does not provide all relevant information regarding menstrual cycle

phase[41]. Therefore, hormone values of oestrogen and progesterone were measured. How-

ever, concentrations were found to be lower than those previously described in the general

population. In regards to research a progesterone limit has been recommended conservatively

at 16 nmol/L[19]. It must be noted, that unfortunately at present reference values for athletic

populations have yet to be defined and are not available. Furthermore, although the levels were

not at the expected magnitude, changes in hormone values were observed; thus, the associated

change in phase could be verified (Table 2). Moreover, the current data have been taken from

the early FP and the mid LP; the associated hormones also differ just before ovulation in the

late LP, where oestrogen is elevated without a pronounced presence of progesterone. There-

fore, the independent effects of oestrogen have not been assessed where these results could also

differ. Finally, although the subject number is in the range of previous studies[15–17], the

results may not accurately represent a wider female soccer population.

Conclusion

The current study indicates that there is potentially a reduction in maximal endurance per-

formance during the LP of the menstrual cycle. However, this reduction in performance

was not observed for jumping and sprint performance. Therefore, due to the findings of the

current study, practitioners should keep menstrual cycle phase constant when completing

routine physical assessments with their players, to ensure that changes in performance are

consistent with the outcome and not due to the effects of the menstrual cycle. Alternatively,

the cycle phase should at least be recorded and taken into account when interpreting the

results.

Supporting information

S1 Data Set. Full data set including: Anthropometrics, football specific physical perfor-
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(PDF)
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