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Executive Summary 

Despite the widespread use of oral contraceptives by the female athletic population, limited 

information exists regarding the influence of oral contraceptive (OC) usage on the exercise 

responses of women. Anecdotally, female athletes have manipulated their menstrual cycle 

with hormonal agents in the belief that they can optimise performance by aligning 

competition with a specific cycle phase. Therefore, the studies comprising this thesis aim to 

provide female athletes, coaches and sport scientists with practical knowledge regarding 

how physiological and performance measures may be affected by the variation in hormones 

associated with a monophasic OC cycle.  

 

Each study involved the assessment of a variety of physiological and performance 

parameters at three phases of a monophasic OC cycle; during the OC consumption phase 

(CONS), early in the OC withdrawal phase (WITH1) and late in the OC withdrawal phase 

(WITH2). The aim of the first study (Chapter 3) was to investigate whether aerobic 

endurance was affected by the acute hormonal changes of an OC cycle. A 1 h cycling 

protocol was used as the assessment tool, based on the established reliability of the test. At 

the three time points of the OC cycle, 13 female cyclists/triathletes (mean peak VO2 = 53.0 

+ 5.6 ml•kg
–1

•min
–1

) underwent measures of power output, heart rate, ventilation (VE), 

oxygen consumption (VO2), respiratory exchange ratio (RER), rating of perceived exertion 

(RPE), blood lactate, blood glucose and resting endogenous serum oestradiol and 

progesterone. The results showed no significant difference between OC phase for mean 

power output, heart rate, oxygen consumption, RER, RPE and blood glucose concentration 

(p > 0.05). Mean ventilation (by 3.4 and 5.7 L•min
–1

) and VE/VO2 (by 1.0 and 2.0) values 

were significantly higher during CONS compared to WITH1 and WITH2 respectively, 



vi 

 

 

whilst mean blood lactate values were also greater (by 1.2 mmol•L
–1

) during CONS 

compared to WITH1 only (p < 0.05). In addition resting serum oestradiol levels were 

greater during WITH2 compared to CONS (p < 0.05). This study demonstrates that despite 

variation in some physiological variables, including a ventilatory inefficiency during 

CONS, there is no resultant impact on endurance performance for trained female athletes 

during different phases of the OC cycle.  

 

Study two (Chapter 4) sought to investigate whether team sport performance variables are 

affected by acute hormonal fluctuation within an OC cycle. Ten female team sport athletes 

completed a battery of tests to assess anaerobic power, reactive strength and repeat sprint 

ability during CONS, WITH1 and WITH2. Tests included drop jumps (30 cm and 45 cm 

heights), a counter movement jump, a 10 s cycle sprint test and a 5×6 s repeated sprint 

cycle test. The results showed no significant difference between phases for the counter 

movement jump and cycle tests. However, reactive strength measured from the 30 cm drop 

height was significantly lower during WITH2 (162 ± 38 cm•s
–1

) compared to both CONS 

(177 ± 44 cm•s
–1

) and WITH1 (178 ± 40 cm•s
–1

) (p < 0.05). Reactive strength measured 

from the 45 cm drop height was significantly higher in CONS (178 ± 48 cm•s
–1

) compared 

to both WITH1 and WITH2 (161 ± 39 cm•s
–1

 and 158 ± 29 cm•s
–1

, respectively) (p < 0.05). 

This study revealed reactive strength as the only performance parameter to vary 

significantly throughout an OC cycle, possibly due to the action of hormones on 

neuromuscular timing and the stretch-shortening cycle. 

 

Study three (Chapter 5) focussed on high intensity exercise performance, with six 

competitive swimmers and water polo players completing a 200 m swimming time trial 
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during CONS, WITH1 and WITH2. The 200 m swim time was the performance measure, 

with split times and stroke rate recorded each 50 m and heart rate, blood lactate, glucose 

and pH measured following the time trial. No significant difference was observed between 

phases for 200 m swim time, mean stroke rate, peak heart rate or blood glucose (p>0.05). 

Mean peak blood lactate was significantly lower during WITH2 (9.9 + 3.0
 
mmol

.
L

-1
) 

compared to CONS (12.5 + 3.0
 
mmol

.
L

-1
) and mean pH higher during WITH2 (7.183 + 

0.111) compared to CONS (7.144 + 0.092). Similar to the results of study one, the findings 

demonstrate variation in physiological variables, including blood lactate and pH, but no 

resultant impact on high intensity exercise performance for trained swimmers during 

different phases of the OC cycle. The reduction in mean peak blood lactate level during the 

withdrawal phase may be due to an increase in fluid retention, plasma volume and cellular 

alkalosis.  

 

The fourth study (Chapter 6) is the final study that collates and analyses the data common 

to the first three studies, primarily anthropometrical variables, endogenous hormone 

profiles and menstrual symptoms. Twenty seven female athletes from a variety of sports 

completed an anthropometric assessment, menstrual symptom questionnaire and blood test 

(to assess endogenous hormone concentration) during CONS, WITH1 and WITH2. 

Inferential statistics emphasising precision of estimation, showed an approximate 27% 

chance that skinfold measures would be greater during both WITH1 and WITH2 compared 

to CONS. Menstrual symptoms were significantly higher during WITH1 compared to both 

CONS and WITH2 (p<0.05). Serum oestradiol levels were significantly greater during 

WITH2 compared to both WITH1 and CONS (p<0.05) but there was no difference in 

serum progesterone levels. Therefore, during a single OC cycle there may be variation in 
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skinfold sum, menstrual symptoms and endogenous oestradiol levels. These factors may 

have the greatest influence on athletic performance early in the withdrawal phase when 

skinfold sum could be elevated and menstrual symptoms more prevalent. 

 

The findings of this thesis add to the limited existing literature relating to the effect of OC 

cycle phase on the exercise responses of athletic women. Following the investigation of a 

range of performance parameters, it was concluded that OC cycle phase had no impact on 

endurance, power, repeated sprint or high intensity exercise performance, whilst the only 

performance measure affected by OC cycle phase was reactive strength. The knowledge 

provided should help female athletes make informed decisions as to whether or not to 

manipulate their OC cycle for optimised performance and also educate coaches and sport 

scientists as to which physiological variables vary with OC cycle phase and thus may need 

to be considered when reporting test or research results. 
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Introduction 
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1.0 Introduction 

The prevalence of oral contraceptive (OC) use in female athletes has increased with the 

introduction of lower dose preparations [1]. The combined monophasic OC contains a 

constant dose of oestradiol and progestogen and is predominantly used amongst athletes, as 

it allows easy cycle manipulation for competition or travel. To date, very limited research 

has examined the impact of OC use on exercise performance, particularly the effect of 

acute hormonal fluctuation within an OC cycle. The OC acts to suppress endogenous 

oestrogen and progesterone levels, thus acute hormonal change occurs during the 

withdrawal phase of a single cycle, when the exogenous dosage is ceased [2]. Throughout 

this thesis the term „progestogen‟ (any natural or synthetic substance having a 

progestational effect) will be used to refer to the dosage of exogenous progesterone 

contained in the OC. Whilst the term „progesterone‟ will be used in reference to 

endogenous hormone levels. 

 

Previous research has focused on the physiological differences between OC users and non-

users, or responses before and then during OC use. The lack of within-OC cycle research 

compounds the largely inconclusive findings of the existing literature, as it remains unclear 

whether differences resulting from OC intervention are a result of the intervention itself or 

the biological variation existing within an OC cycle.  

 

1.1 Statement of the problem 

Currently, OC cycle manipulation to optimize elite female athletic performance is based on 

a paucity of scientific evidence. Very few, well conducted trials have examined whether 
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OC cycle phase influences athletic performance, and only a fraction of this research has 

been targeted at athletic populations. Therefore, research needs to be conducted to 

determine whether variation in physiology and exercise performance occurs in trained 

athletes, as a result of acute hormonal fluctuation throughout an OC cycle.  

 

1.2 Aims 

The aim of this thesis was to ascertain the impact of hormonal change (both exogenous and 

endogenous) throughout an OC cycle, on physiological variables and exercise performance. 

Collectively the studies assessed the impact of three distinct OC cycle phases on a range of 

parameters important for elite female athletes. The four original studies specifically 

assessed: 

1. Endurance performance  

2. Power, reactive strength and repeated sprint performance 

3. High intensity exercise performance 

4. Anthropometric variables, endogenous blood measures and menstrual symptoms 

The compiled results will aim to educate a range of athletes as to the impact of OC cycle 

phase on performance parameters applicable to their sport. 

 

1.3 Organisation and structure of the thesis 

This thesis is organised as a series of chapters, based on manuscripts submitted for 

publication in peer-reviewed scientific journals. Following this introductory chapter is the 

Review of Literature (Chapter 2). Published as a review article, it evaluates the current 

literature on the physiology of exercise and athletic performance during the OC cycle. 

Subsequently, there are four original investigations (Chapters 3 to 6) which address specific 
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performance parameters and associated physiological variables, throughout an OC cycle. 

The Summary and Conclusions (Chapter 7) section integrates the thesis findings and 

presents conclusions, implications and directions for future research. 

 

 

1.4 Significance of the study 

This study is significant because it aims to fill a large gap in the limited volume of literature 

currently published in the area. To date the majority of literature has focussed on the 

comparison between OC use and non use and the impact on athletic performance. Very few 

researchers have examined within OC cycle effects and a fraction of these have targeted 

elite performance. The findings of this research are directly applicable to all elite female 

athletes currently taking a monophasic OC. The outcomes should assist these athletes to 

make informed decisions about the effect of OC cycle phase on athletic performance and 

whether it is appropriate to manipulate the cycle to coincide with major competition. It will 

also further inform coaches and scientists about whether to control for and consider OC 

cycle phase with respect to research and the interpretation of routine test results. 

 

1.5 References 

1. Bennell K, White S, Crossley K. The oral contraceptive pill: a revolution for 

sportswomen? Br. J. Sports Med. 33: 231-238, 1999. 

2. Fotherby, K. Bioavailability of orally administered sex steroids used in oral 

contraception and hormone replacement therapy. Contraception. 54: 59-69, 1996. 
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CHAPTER 2 

Review of Literature 

 

(The review article based on this chapter is titled “Athletic Performance and 

the Oral Contraceptive” and is published in the International Journal of Sports 

Physiology and Performance, 2009; 4; 151-162) 
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2.0 Abstract 

Some reports suggest variation in physiological responses and athletic performance, for 

female athletes at specific phases of the menstrual cycle. However, inconsistent findings are 

common due to the inappropriate verification of menstrual cycle phase, small subject 

numbers, high intra- and inter-individual variability in oestrogen and progesterone 

concentration, and the pulsatile secretion of these hormones. Therefore, the oral 

contraceptive (OC) cycle may provide a more stable environment in which to evaluate the 

acute effect of reproductive hormones on physiological variables and exercise performance. 

To date, most of the OC research has compared differences between OC use and non-use, 

and few researchers have examined within-cycle effects of the OC. It is also apparent that 

OC use is becoming far more prevalent in athletes; hence the effect of the different 

exogenous and endogenous hormonal profiles on athletic performance should be 

investigated. Research to date identifies potential for variation in aerobic performance, 

anaerobic capacity, anaerobic power and reactive strength throughout an OC cycle. The 

purpose of this review is to present and evaluate the current literature on the physiology of 

exercise and athletic performance during the OC cycle. 

 

Keywords: Female, athletes, hormones, menstrual cycle 
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2.1 Background 

The modern combination oral contraceptive (OC) comes in a variety of types and 

formulations that contain various concentrations of synthetic oestrogen and progestogen. 

These agents typically contain one type of synthetic oestrogen, ethinyl oestradiol (EO) and 

the progestogen component can be present in up to eight different forms. The different 

progestogen derivatives have unique biological properties, which relate to their respective 

potencies and relative binding affinity (RBA) [1]. The potency of progestogen largely 

depends on its ability to bind to the progestogen receptor, while its androgenicity is 

determined by the capacity to bind to androgenic receptors. High potency progestogens 

have a greater RBA to the progestogen receptor and therefore exert the progestational 

effects necessary for contraception with a smaller dose. Progestogens that have a high 

androgenic RBA are known to produce undesirable side effects that counteract the positive 

effects of oestrogen [1]. The variation in exogenous steroid profiles between the OC 

preparations should be considered when evaluating the effects of contraceptives, given that 

the potency, androgenicity and ratio of hormones may influence the impact of OC cycle 

phase on athletic performance. 

 

It is apparent that OC use is becoming more prevalent in athletes. Prior et al. [2] in the early 

1980s reported only 5 to 12% of athletic women were using an OC. In the late 1990s 

Brynhildsen et al. [3] reported that 47% of female team sport athletes used an OC agent. 

Unpublished survey results (Rechichi, 2000), found that in 89 athletes from 11 different 

sports (mean age 24 years, ranging from state to international level), 55% were taking an 

OC and of these athletes 78% took a monophasic preparation and 22% a triphasic 
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preparation. More recently, an unpublished survey of 68 athletes from 15 different sports 

(Rechichi, 2008) reported increased OC use, with 83% of elite level athletes (mean age 25 

years) taking an OC (98% monophasic and 2% triphasic). 

 

Despite the widespread use of OC agents among athletes, few researchers have examined 

the effect of acute hormonal fluctuation within an OC cycle on the exercise responses of 

women. Most of the literature has focused on assessing the physiological differences 

between OC users and nonusers, or responses before and then during OC use. The lack of 

within-OC cycle research compounds the largely inconclusive findings of the existing 

literature on OC use and athletic performance. It is unclear whether differences resulting 

from OC intervention are a result of the intervention itself or the biological variation 

existing within an OC cycle. The purpose of this review is to present and evaluate the 

research on variations in physiology and performance associated with the acute hormonal 

fluctuation within an OC cycle. The authors acknowledge the existence of other types of 

OC agents (e.g., depo provera, progestogen only and biphasic combinations), but given 

limited use of these formulations by athletes, this review will focus on monophasic and 

triphasic preparations. 

 

2.2 Hormonal profiles of oral contraceptive users 

Oral contraceptive use generally involves a dose of oestrogen and progestogen over 21 d 

(OC consumption phase), followed by 7 d of placebo (OC withdrawal phase). The dosage 

of EO in the monophasic pill is constant and averages 0.03 mg/d (different brands range 

from 0.02 to 0.05 mg/d), while in the triphasic preparations, the dosage may vary or remain 
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constant, usually between 0.03 and 0.04 mg/d [4]. For both monophasic and triphasic 

preparations the type of progestogen, dosage, potency and androgenicity can vary between 

brands. A summary of the steroid hormone concentration of commonly used OC brands 

was detailed by Burrows et al. [5]. The primary role of the combined pill is the inhibition of 

pituitary gonadotrophin secretion, which in turn prevents ovulation and subsequent 

pregnancy [6]. Serum levels of EO peak approximately 1 h after ingestion fall rapidly for 

the following 6 h and then decline slowly. Approximately 24 h after ingestion, 33% of EO 

remains in circulation compared with about 20 to 25% of progestogens. However, EO is 

detectable for up to 2 d after discontinuation, while some progestogens are detectable for up 

to 5 d [7]. Therefore, early in the withdrawal phase both endogenous oestrogen and 

progesterone continue to be suppressed, but later in the withdrawal phase endogenous 

oestrogen levels may rise while progesterone levels stay suppressed [8]. Given the different 

half lives of the exogenous steroids and variable impact on the endogenous hormones, 

researchers should consider the withdrawal phase as a transient hormonal profile. Typical 

exogenous steroid doses and endogenous hormone profiles over the course of a single OC 

cycle are presented in Figure 2.1. [7,8]. 

 

2.3 Oral contraceptive use and exercise performance  

2.3.1 Aerobic exercise 

A significant reduction (5% to 15%) in peak oxygen uptake (VO2) is associated with OC 

use in active or trained women [9-12]. Monophasic OC use has also been associated with  
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Figure 2.1: Cyclical variation of serum endogenous hormones, and dosage of exogenous 

hormones throughout a 28 day oral contraceptive cycle for general (a) monophasic and (b) 

triphasic preparations. Oral contraceptive consumption and withdrawal phases are 

indicated. 

 

a) Monophasic preparation 

 

 

 

 

 

 

 

OC Consumption phase 

Exogenous progestogen 

Exogenous progestogen  

Withdrawal 
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Figure 2.1: Cyclical variation of serum endogenous hormones, and dosage of exogenous 

hormones throughout a 28 day oral contraceptive cycle for general (a) monophasic and (b) 

triphasic preparations. Oral contraceptive consumption and withdrawal phases are 

indicated. 

 

b) Triphasic preparation 
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increased oxygen consumption for standardized workloads [13]. During these studies 

physiological and performance capacities were assessed before and during OC treatment. 

Within OC cycle variation in ventilatory measures, VO2 and substrate metabolism has the 

potential to affect aerobic performance. 

 

2.3.1.1 Ventilatory measures 

Elevated progesterone levels can increase respiratory drive via a centrally modulated 

response that includes increased chemo sensitivity to hypoxia and hypercapnia [14]. Two 

studies have reported increased ventilation (VE) and/or VE/VO2 during the OC consumption 

phase when progestogen levels are highest. Rechichi et al. [8] assessed 13 well-trained 

cyclists, who performed a 1-h cycle endurance test three times throughout a monophasic 

OC cycle, once during OC consumption and twice in the withdrawal phase. Despite no 

difference in performance, mean VE (~7%) and VE/VO2 (~5%) were significantly higher 

during OC consumption, compared with both withdrawal phases. It is unclear whether 

exercise of greater duration would elicit greater fatigue and diminished performance. Reilly 

et al. [15] also reported an increased VE/VO2 (~8%) during the OC consumption phase 

(compared with the withdrawal phase), for trained runners performing a treadmill test to 

exhaustion at 70% VO2max (~55 min). However, the raised VE/VO2 was only present after 

30 min of exercise and the authors did not report a difference in VE, or time to exhaustion 

between the two OC phases. Some caution should be exercised when interpreting these 

results, as the study sample was small (n = 4). It is possible that the ventilatory variation 

between the OC phases is dependent upon exercise duration and intensity, given that 
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Giacomoni et al. [16] found no substantial difference in ventilation measures throughout a 

monophasic OC cycle. Their research was conducted on 10 untrained participants, 

performing three sets of 4-min submaximal exercise bouts on a treadmill during the OC 

consumption and OC withdrawal phase. Variation in ventilatory findings across the three 

studies may also relate to the different types of monophasic OC agents used. OC agents 

containing the third generation progestogens (desogestrel and gestodene) might not have 

the same effect on ventilatory function as natural progesterone or the earlier progestogen 

formulations [16]. Another explanation is that the fitness level of the participants could 

account for the difference in the findings. Two further studies conducted on untrained 

subjects did not observe substantial differences in ventilatory measures throughout an OC 

cycle [17,18]. However, the relevance of these findings is somewhat limited because 

performance was tested when the synthetic hormone intake was similar (OC consumption 

phase), as opposed to making a comparison between the OC consumption and OC 

withdrawal phases, when there is a greater contrast in hormone levels. Further research is 

necessary to clarify whether the various types of OC agents, generate different ventilatory 

responses throughout an OC cycle and whether training status is also an influence. 

 

2.3.1.2 Oxygen consumption 

The only research to have demonstrated variation in exercising oxygen consumption (VO2) 

throughout an OC cycle, was conducted by Giacomoni et al. [16] on 10 untrained 

participants using a monophasic OC. Submaximal VO2 was 3.0% to 5.8% lower in the OC 

consumption phase compared with the OC withdrawal phase, across three submaximal 

treadmill exercise bouts. There was no evidence of substantial heart rate, ventilatory or 
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substrate differences throughout the OC cycle, so the authors attributed the improved 

running economy during the OC consumption phase to biomechanical factors. Although 

oestrogen can affect the composition and architecture of many human tissues including 

muscle fibres, ligaments and tendons as well as neuromuscular control and force 

transmission pathways [19,20], there is no evidence to support the assertion that an acute 

increase in sex steroids improves running mechanics. In contrast to the findings of 

Giacomoni et al. [16], research conducted on untrained [17,21,22] and trained [8,15] 

monophasic users, untrained triphasic users [10], and both monophasic and triphasic OC 

users [18] did not demonstrate any substantial difference in VO2 throughout the OC cycle. 

However, the findings of some studies are limited [17,18,22], because testing was 

conducted at two times when progestogen intake was similar (during OC consumption). 

Overall the findings are unclear and further research is necessary to determine whether 

variation in VO2 and running economy exists throughout an OC cycle and the mechanisms 

involved. Research is also required to determine the effects of triphasic preparations on 

physiological response and performance. 

 

2.3.1.3 Substrate metabolism 

Endogenous sex hormones may have secondary effects on substrate metabolism. Oestrogen 

has been linked to increased lipid and reduced carbohydrate oxidation during exercise, 

primarily due to altered secretion rates of lipolytic and glucoregulatory hormones such as 

growth hormone (GH), insulin and glucagon [23]. Progesterone is reported to oppose the 

lipolytic effects of oestrogen [23-25]. The synthetic hormones found in OC agents also 

appear to alter fat and carbohydrate metabolism, glucose flux and insulin sensitivity [26-
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29]. Research on metabolism and performance throughout an OC cycle is sparse. During 

the OC consumption phase when oestrogen levels are high, it is possible that the potential 

glycogen sparing effect would enhance sustained athletic performance. In contrast, 

Rechichi et al. [8] found no significant variation in 1-h cycling performance in trained 

athletes taking a monophasic OC: blood lactate values were higher during OC consumption 

than the withdrawal phases. In support, Redman et al. [31] also found higher post exercise 

lactate concentrations during OC consumption, for five triphasic OC users completing an 

anaerobic capacity test. Lynch et al. [30] also studied five untrained women completing an 

intermittent exercise protocol to exhaustion: peak blood lactate concentration was higher 

during the first week compared with the second week of OC use. Unfortunately there was 

no assessment in the withdrawal phase and given the subjects were taking a monophasic 

OC, the expected hormonal milieu would have been very similar between tests. The 

variation in results was more likely the result of an order effect. Further research [24] 

reported no variation in blood lactate between OC consumption and withdrawal. Overall 

the existing data pertaining to OC use and aerobic exercise reject the hypothesis generated 

by previous menstrual cycle and substrate metabolism research; and does not support 

glycogen sparing during the OC consumption phase, nor does it suggest any direct link 

within an OC cycle between acute hormone variation and blood lactate concentration. High 

levels of oestrogen have been linked to increased serum GH levels and large doses of 

progestogen to decreased serum GH levels [32]. However, some authors have found no 

significant difference in GH response to exercise throughout an OC cycle [29,32], 

suggesting that the OC hormones counterbalance each other to maintain homeostasis of GH 

levels. Bonen et al. [27] demonstrated an increased GH concentration during OC 

consumption in seven monophasic OC users, but the GH response had little metabolic 
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significance. There was no concomitant increase in glucose, lactate, glycerol, cortisol, 

glucose or free fatty acid (FFA) concentration in this study. In addition, the GH difference 

was only apparent during lower intensity exercise (40% vs. 85% VO2max). Bernades et al. 

[24] supported the impact of exogenous OC steroids on GH, following the assessment of 

seven women taking either a triphasic or monophasic OC combination. For both continuous 

(60% VO2max) and intermittent exercise (>80% VO2max) GH response was greater (94% 

and 250% respectively) during OC consumption versus OC withdrawal. The authors 

proposed that exercise performance could be enhanced during OC consumption when GH 

levels are elevated. However, a clear link between GH and performance is yet to be 

established and no research to date has assessed performance in conjunction with GH 

levels, throughout the OC cycle. Based on current findings, variations in GH levels during 

an OC cycle do not appear to exert significant effects on substrate metabolism during 

higher intensity exercise. 

 

2.3.2 Conclusions and recommendations 

There is little evidence to suggest that acute hormonal fluctuation throughout an OC cycle 

significantly affects aerobic performance. Differences in ventilation, oxygen consumption 

and substrate metabolism between studies appear to relate to variations in the types of OC 

used and the dosage of progestogen administered. The majority of within-cycle aerobic 

exercise research has been conducted on monophasic OC use, and studies on triphasic 

formulations are needed to complement these data. Additional observational and 

randomized controlled trials on relationships between OC use and exercise responses are 

required before definitive clinical guidelines for athletes and coaches can be developed. 
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2.4 Anaerobic exercise 

Research into anaerobic performance throughout either a menstrual or an OC cycle is 

scarce. Potential mechanisms underpinning variation in anaerobic performance throughout 

an OC cycle include the effects of ethinyl oestradiol (EO) and progestogen on substrate 

metabolism, buffering capacity, strength and neuromuscular function. 

 

2.4.1 Anaerobic capacity 

There is growing recognition that oestrogen and progesterone have important roles in 

regulating substrate metabolism during exercise [23]. Oestrogen acts to increase lipid and 

reduce carbohydrate oxidation during exercise. These effects imply that anaerobic capacity 

would be enhanced during OC withdrawal when circulating levels of the sex hormones are 

lowest and carbohydrate metabolism is up regulated. Falls in progesterone levels have been 

linked with increased aldosterone activity (as progesterone is an antagonist at the 

aldosterone receptor site) [33]. When progestogen is lowered during OC withdrawal the 

increased circulating aldosterone could potentially increase fluid and electrolyte retention, 

buffering and anaerobic capacity. 

 

Anaerobic capacity can be defined as the maximal amount of ATP resynthesised via 

anaerobic metabolism during a specific bout of short-duration exercise [34]. To our 

knowledge, only Redman et al. [31] has reported a significant difference in anaerobic 

capacity during an OC cycle. Performance during a 1000-m rowing time trial was 

significantly better during withdrawal compared with OC consumption (226.5 ± 1.3 s vs. 
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230.6 ± 1.4 s), when exogenous EO and progestogen levels were lowest. This finding was 

associated with increased glucose and reduced plasma triglyceride concentrations during 

exercise. The difference in anaerobic capacity was attributed to the secondary cellular 

effects of EO and progestogen on substrate utilization and buffering capacity. In contrast, 

De Bruyn-Prevost et al. [21] did not find any significant difference in performance time 

throughout an OC cycle, for seven untrained subjects who maintained a fixed intensity 

cycling load for as long as possible. The training status of the subjects, protocol type, mode 

of exercise, possibly the OC type used (not specified [21]) and the protocol length 

(approximately 228 s [31] vs. 31 s [21]) differed between these two studies. It is possible 

that the duration of activity is a significant factor in determining whether the OC cycle 

phase has a substantial effect on anaerobic performance. With a shorter test, there is less 

reliance on glycogen and lipid utilization and possibly less opportunity for exogenous 

steroids to exert their influence. In addition, the results of the latter study [21] should be 

interpreted with caution because the test was performed immediately after an aerobic test to 

exhaustion. For a valid assessment of anaerobic capacity, it is important that the 

participant‟s present in a rested state. Further research is warranted to clarify whether 

anaerobic capacity is altered substantially during the OC cycle and the mechanisms 

involved. If the fluctuation in aldosterone influences buffering capacity and subsequent 

anaerobic performance, future research should make assessments in the OC consumption 

phase and twice during OC withdrawal, given the progesterone/aldosterone ratio varies 

throughout the withdrawal phase [33]. 
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2.4.2 Anaerobic power 

Only one study has demonstrated substantial variation in anaerobic power throughout an 

OC cycle [31]. Redman et al. [31] found that for five trained triphasic OC users, anaerobic 

power (assessed during a 10-s all-out row), was greatest during the withdrawal phase 

compared with the OC consumption phase. No mechanism for the difference in anaerobic 

power was proposed. At present there is no evidence to suggest that muscle phosphate 

stores or utilization are affected by oestrogen or progesterone levels. This claim is 

supported by three independent studies on 10 monophasic users [35,36] and 17 users 

(taking a combination of monophasic and triphasic preparations) [37], who found no 

significant difference in anaerobic power throughout an OC cycle, based on tests of cycling 

power, jumping power, and stair climbing performance. Despite no difference in anaerobic 

power, Rechichi et al. [35] reported substantial variation in reactive strength throughout an 

OC cycle in trained athletes. Previous research has indicated that reactive strength and the 

stretch-shortening cycle are determinants of sprinting and jumping performance [38]. A 

drop jump was used to assess reactive strength and performance was significantly worse, 

late in the OC withdrawal phase (compared with the OC consumption phase) when 

exogenous EO and progestogen have cleared, but endogenous oestrogen levels have started 

to rise. Oestrogen receptors are present in skeletal muscle, which may provide a plausible 

tissue-based mechanism for influencing neuromuscular control and force transmission 

pathways [19]. Rechichi et al. [35] suggested that endogenous oestrogen may have had a 

negative impact on neuromuscular timing and muscle activation time, which in turn 

affected performance late in the withdrawal phase. Given that performance was best during 

OC consumption when exogenous oestrogen is highest, EO contained in OC agents might 

not influence muscle receptors in the same way as endogenous oestrogen. An alternative 
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proposition was that the increased level of progestogen during OC consumption, affects the 

interaction of oestrogen and the neuromuscular pathway. Further research is warranted to 

determine how the reproductive hormones influence the stretch shortening cycle and 

whether the ratio of these hormones (endogenous and/or exogenous) influences the impact 

of the OC cycle phase on neuromuscular athletic performance. Variation in findings within 

the withdrawal phase, reinforce the need for future research to consider the withdrawal 

phase in two distinct parts. 

 

2.4.3 Strength 

Fluctuations in isometric strength throughout a regular menstrual cycle have been attributed 

to oestrogen exerting a positive effect on skeletal muscle function, and progesterone 

inhibiting the effects of oestrogen [39]. Petrofsky et al. [40] reported that muscle 

temperature varied throughout a menstrual cycle and suggested that higher levels of 

progesterone were associated with an increased core muscle temperature. This outcome 

may result in a limiting temperature being reached earlier during exercise, therefore 

reducing muscular endurance. These researchers neglected to measure hormone 

concentrations, making it difficult to confirm a relationship between hormone levels and 

strength. The data pertaining to the effect of OC use on muscular strength and performance 

is minimal and inconclusive. Currently we are aware of only five studies that have 

examined muscular strength throughout an OC cycle. Two studies [40,41] demonstrated no 

substantial difference in maximal handgrip strength or endurance throughout an OC cycle. 

Unfortunately, Petrofsky et al. [40] only used three subjects who were taking an older 

monophasic OC formulation and Wirth et al. [41] did not appropriately define testing times 
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to enable within OC cycle analysis. It appears that the subjects were tested twice during the 

OC consumption phase, making the results difficult to interpret. Other research that 

compared OC consumption and withdrawal phases [42-44] also failed to demonstrate any 

difference in maximal force generating capacity within a monophasic OC cycle. The 

research by Elliot et al. [42] was a well controlled study on 14 monophasic OC users that 

showed neither maximal dynamic and isometric leg strength, nor isometric strength of the 

first dorsal interosseus muscle, varied between OC phases. In agreement, Sarwar et al. [43] 

showed no within OC cycle variation for handgrip strength and also isometric quadriceps 

strength in monophasic users. Finally, Peters et al. [44] who has conducted the only study 

on trained athletes assessed maximal leg isokinetic extension and flexion in 12 monophasic 

OC users and demonstrated no difference in maximal strength throughout the OC cycle. 

More research is necessary to clearly determine the effects of OC cycle phase on anaerobic 

performance. To date, research has indicated potential for variation in anaerobic capacity 

and reactive strength. Despite previous speculation that the sex hormones may affect 

muscular strength, it appears that the modern OC formulations do not provide enough 

androgenic influence to substantially alter muscular strength and anaerobic power 

throughout an OC cycle [5]. Future research should focus on the mechanisms affecting 

anaerobic capacity and reactive strength during the OC cycle. 

 

2.5 Repeated high intensity or intermittent performance measures 

Most team sports require participants to repeatedly produce high intensity efforts (with 

variable recovery intervals) throughout a game, making it important for team sport players 

to develop repeated sprint ability [5]. To date we are only aware of three studies that have 
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examined this type of performance throughout an OC cycle. Rechichi et al. [35] found no 

significant difference between OC phases for total work completed, work or power 

decrement during a 5 x 6 s repeated sprint ability cycle ergometer test. Two other studies 

led by Lynch [22,30] showed no difference in performance time on a final run to 

exhaustion, following five intermittent high intensity 20 s runs at two time points of an OC 

cycle. Unfortunately, both tests were conducted at times when the exogenous hormone 

intake was similar (during OC consumption), making it difficult to draw any conclusion on 

within OC cycle effects on intermittent performance. In summary, two of the three studies 

are inconclusive, while the other suggests that repeated sprint activity is not affected by the 

phase of the OC cycle [35]. However this finding is based on only monophasic OC use and 

further research is necessary to support these findings. 

 

2.6 Conclusions and recommendations for future research 

The purpose of this review was to evaluate research pertaining to variation in athletic 

performance, associated with acute hormonal fluctuations experienced throughout an OC 

cycle. The examination of physiology and performance within an OC cycle is novel to this 

review and indicate potential for variation in: (i) aerobic performance, based on altered 

ventilatory responses; (ii) anaerobic capacity, based on substrate metabolism and buffering 

capacity mechanisms; (iii) anaerobic power; (iv) reactive strength. However, the results of 

the small number of research studies to date are conflicting. Investigators disagree on the 

effects and mechanisms involved in physiology and performance at different phases of the 

OC cycle. The variation in experimental findings between studies is most likely the result 

of: (i) the use of different types of OC agents (monophasic vs. triphasic); (ii) different OC 
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formulations (particularly varied concentration, androgenicity, and potency of the 

progestogen component); (iii) varied definitions of the OC phases; (iv) small sample sizes; 

(v) variation in the training status of the subjects; and (vi) the different exercise protocols 

employed. Future research needs to address these issues and examine the effects of 

extended OC consumption; including the use of monophasic oral contraceptives by athletes 

to manipulate their cycle to avoid menstruation. 
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CHAPTER 3 

Oral contraceptive phase has no 

effect on endurance test 

 

(The paper based on this chapter is published in the International Journal of 

Sports Medicine, 2008; 29: 277-281) 
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3.0 Abstract 

Thirteen female cyclists/triathletes (mean peak VO2 = 53.0 + 5.6 ml•kg
–1

•min
–1

) using a 

monophasic oral contraceptive (OC) performed an endurance test (1 h cycle) at three time 

points of an OC cycle. Testing times were during the OC consumption phase (CONS), 

early in the OC withdrawal phase (WITH1) and late in the OC withdrawal phase (WITH2). 

Resting endogenous serum oestradiol and progesterone concentrations were measured. 

Power output, heart rate (HR), ventilation (VE), oxygen consumption (VO2), respiratory 

exchange ratio (RER), rating of perceived exertion (RPE), blood lactate and blood glucose 

were measured throughout the 1-h test. Serum oestradiol levels were greater during WITH2 

compared to the CONS (p < 0.05). No significant differences were present between the 

testing times for mean power output (172–173 watts), HR (163–166 bpm), VO2 (41.3–41.7 

ml•kg
–1

•min
–1

), RER (0.93–0.94), RPE (14.5–14.8) and blood glucose concentration (5.3–

5.5 mmol•L
–1

) (p > 0.05). Greater mean VE (by 3.4 and 5.7 L•min
–1

) and VE/VO2 (by 1.0 

and 2.0) values were measured during CONS compared to WITH1 and WITH2 

respectively and blood lactate values (by 1.2 mmol•L
–1

) compared to WITH1 only (p < 

0.05). Despite variation in some physiological variables, there was no difference in 

endurance performance throughout an OC cycle in endurance trained female athletes. 

 

Keywords:  Menstrual cycle, cycling, ventilation, lactate, oxygen consumption. 
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3.1 Introduction 

A number of physiological variables are reported to vary with fluctuations in female 

reproductive hormones seen throughout a menstrual cycle [17]. However, many findings 

remain largely inconclusive, probably due to the high intra- and inter-individual variability 

in oestrogen and progesterone concentration, in conjunction with the pulsatile nature of the 

secretion of these hormones [16]. For this reason, the oral contraceptive (OC) cycle may 

provide a more stable environment to evaluate the acute effect of reproductive hormones on 

physiological variables and exercise performance in women. Despite the widespread use of 

OC agents by female athletes [8], contraceptive users have not been included in the 

majority of menstrual cycle research and limited information exists regarding the influence 

of OC usage on the exercise responses of women. The majority of the literature has 

investigated sub-maximal aerobic exercise and has typically been performed on non-

athletes [3,9,14]. Predominantly, the physiological differences between OC users and non-

users, or pre and post-contraceptive treatment have been researched [1,5,18,20,24], with 

little data pertaining to variation within an OC cycle. The exogenous hormones contained in 

an OC act to suppress endogenous oestrogen and progesterone levels. Therefore acute 

hormonal change occurs during a cycle when active OC use is ceased (the withdrawal 

phase), circulating exogenous hormone levels decline and endogenous hormone production 

may vary. Exogenous hormones can bind to different receptors to that of endogenous 

hormones and therefore may have different physiological effects [13]. Of the researchers 

that have investigated aerobic exercise parameters within an OC cycle, most have found no 

variation as a result of acute hormonal change [7,14,19]. However, these findings may be 

limited because tests were conducted at two times when the exogenous hormone intake was 

similar (during OC consumption), as opposed to comparing between consumption and 
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withdrawal phases, when there is a greater contrast in hormone levels. Further limitations 

of the existing OC research include small subject numbers, large variation in the timing of 

test days and the types of contraceptives used. 

 

In some studies the use of an OC has been associated with decreases in VO2max, ranging 

from 5 to 15%, following two to four months of OC use in both untrained subjects and 

trained athletes [10,18,24]. In addition, substrate metabolism has been found to vary with 

OC use. Most researchers suggest that there is a slight reduction in carbohydrate 

metabolism during sub-maximal aerobic exercise with OC use, primarily due to a decreased 

dependence on glycogen and altered secretion rates of gluco-regulatory hormones 

[1,3,5,11,20]. Some researchers have also reported increases in fat metabolism during 

exercise with OC use [5,9,15,22], whilst others demonstrated no difference [1,24]. It is 

possible that the variation in test protocols, including exercise mode, duration and intensity 

has influenced these findings, as well as the use of different contraceptive agents. For 

example, in one of the earlier studies [5] subjects used OC formulations that contained 50 

μg of oestrogen, unlike the modern day combinations that contain 20–30 μg of oestrogen. 

Recent research [11] has demonstrated that oestrogen and progesterone have opposing 

actions on substrate metabolism. The findings suggest that the ratio of these hormones 

(endogenous and/or exogenous) may be important in determining the impact of menstrual 

cycle or OC phase on athletic performance. The purpose of this study was to examine 

whether endurance performance is affected by acute hormonal fluctuation within an OC 

cycle, in trained female athletes taking monophasic contraceptive agents. The data should 

assist female athletes in making more informed decisions about the role of OC agents in 

manipulating the menstrual cycle, with a view to optimizing performance. The study should 
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also determine whether it is necessary to consider OC cycle phase for routine and research 

based scientific testing. We hypothesized that endurance performance would be optimal 

during the consumption phase of the OC cycle, as a result of a shift in substrate metabolism 

toward increased fat metabolism, and reduction in glycogen depletion and blood lactate 

accumulation. 

 

3.2 Methods 

Thirteen trained (mean ± SD peak VO2 = 53.0 ± 5.6ml•kg
–1

•min
–1

, range 47.5–58.2 ml•kg
–1 

•min
–1

) female cyclists or triathletes taking a monophasic OC participated in the study. 

Participant characteristics including age, formulation of OC ingested, time taking OC, 

training history and average weekly training volume are presented in Table 3.1. All 

participants were informed of the purpose of the study, the risks and responsibilities of 

participation and were required to give their written consent. The Human Research Ethics 

Committee of the University of Western Australia approved the research. 

 

3.2.1 Experimental overview 

Each participant attended a familiarization session, followed by an incremental test to 

determine both peak VO2 and lactate threshold (this test was randomized for cycle phase). 

Approximately 4-7 days later, the first of three endurance performance tests were 

completed. A common monophasic OC consists of 21 active pills containing a constant 

concentration of oestradiol and progestogen, and seven inactive/sugar pills. The three test 

days were selected to represent the varied hormonal profiles seen within a normal  



 

 

 

Table 3.1: Individual characteristics of participants (n = 13).    

              

Participant 

Number 

Age 

(y) Oral Contraceptive Formulation 

Months 

Taking OC 

 Years Cycling 

Experience 

Average Training 

(km/week) 

1 19 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 18 2.0 150 

2 32 35 mcg ethinyl oestradiol 2000 mcg cyproterone acetate 60 5.0 200 

3 30 35 mcg ethinyl oestradiol 1 mg norethisterone 36 3.0 200 

4 28 20 mcg ethinyl oestradiol 100 mcg levonorgestrel 6 5.0 250 

5 31 35 mcg ethinyl oestradiol 500 mcg norethisterone 96 5.5 200 

6 35 30 mcg ethinyl oestradiol 150 mcg desogestrel 24 3.0 200 

7 43 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 96 1.5 150 

8 39 35 mcg ethinyl oestradiol 500 mcg norethisterone 60 3.0 200 

9 31 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 120 2.0 150 

10 27 30 mcg ethinyl oestradiol 3 mg drospirenone 6 4.0 250 

11 43 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 36 0.5 100 

12 43 20 mcg ethinyl oestradiol 100 mcg levonorgestrel 60 1.5 170 

13 36 30 mcg ethinyl oestradiol 150 mcg desogestrel 84 2.5 400 

Mean 34   54 3.0 202 

SD 7     37 1.5 73 
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monophasic OC cycle, as outlined below: 

 

CONS – between days 13 and 17 of active OC consumption 

WITH1 – early in the withdrawal phase, 2–3 days post active pill cessation 

WITH2 – late in the withdrawal phase, 6–7 days post active pill cessation 

 

Test order was balanced with respect to cycle phase and test time was standardized between 

6:00 and 7:00 a.m. for each participant (with the exception of one participant who 

performed all tests at 6:00 a.m.). Over the testing period participants were asked to 

maintain a regular and constant volume/intensity of training and were also asked to 

standardize and record their dietary intake in the 24 hours prior to each test. Dietary intakes 

were checked to confirm that a minimum amount of carbohydrate was consumed (5g/kg of 

body mass) in the 24 h prior to testing. Body mass and skinfold thickness at seven different 

sites (triceps, subscapular, biceps, supraspinale, abdominal, anterior thigh and medial calf), 

were assessed prior to all endurance performance tests [21]. All cycling tests were 

performed on a calibrated wind-braked cycle ergometer (Evolution, Evolution Performance 

Cycles, Newtown, Victoria, Australia), interfaced to a computer with specifically designed 

software (Cycle Ergometer Data Acquisition and Analysis, Western Australian Institute of 

Sport), in controlled environmental conditions. 

 

3.2.2 Assessment of peak oxygen uptake and lactate threshold 

The test commenced at an initial exercise intensity of 50 watts and subsequent 25 watt 

increments were applied every 3 minutes until volitional fatigue. Fingertip capillary blood 

(~5μl) was sampled in the last 30 seconds of each work bout and blood lactate measured 
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immediately using a Lactate Pro (Arkray Factory Inc., Shiga, Japan). The lactate threshold 

was determined as the power output at which the lactate increase, compared with the 

previous power output, was greater than or equal to 1 mmol•L
–1

. 

 

3.2.3 Assessment of endurance performance 

Following a standardized warm-up, endurance performance was assessed by the calculated 

mean power output (watts) produced by the participant during a 1 h cycle test. The cyclists 

were instructed to produce the greatest power output possible throughout the test. For the 

initial eight minutes of exercise, power output was preset at the individual‟s lactate 

threshold (determined from the results of the incremental test) and thereafter the subject 

was free to alter pedal force, gears and cadence. Participants were provided with constant 

visual feedback of power output, pedal cadence, heart rate and elapsed time. Detailed 

methodology for the test was previously described by Bishop [4]. In addition, each 

participant was permitted to ingest water during the test, at two intervals between 20-25 

minutes and 40-45 minutes. 

 

3.2.4 Oxygen consumption 

Throughout the test participants were fitted with a breathing valve (which was removed to 

permit ingestion of fluids between 20-25 min and 40-45 min). Expired air was analysed for 

oxygen and carbon dioxide concentrations using Ametek gas analysers (SOV S-3A and 

COV CD3A respectively, Pittsburgh, PA, USA) and ventilation was measured using a 

turbine ventilometer (Morgan, Model 096, Kent, England). All equipment was calibrated 

pre and post-test in accordance with „national laboratory standards‟ requirements. Every 
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30s oxygen consumption (VO2), ventilation (VE), and ventilatory equivalent for oxygen 

consumption (VE/VO2) were calculated and averaged. 

 

3.2.5 Heart rate and ratings of perceived exertion 

Prior to the test, participants were fitted with a heart rate monitor (Polar Vantage NV, Polar 

Electro Oy, Kempele, Finland) and data continuously collected and stored for later analysis. 

In addition, every 5 minutes participants were asked to numerically rate the perceived 

intensity of exercise (RPE), on a Borg scale of numbers from 6-20 [6]. 

 

3.2.6 Capillary blood samples 

Prior to commencement and every 10 minutes during the test, separate fingertip capillary 

blood samples (~90 μl) were collected in heparinised clinitubes for immediate blood lactate 

and blood gas analysis (ABLTM 700 Series, Radiometer Medical A/S, Copenhagen, 

Denmark). 

 

3.2.7 Endogenous hormones 

Twenty minutes prior to the commencement of warm-up, a resting blood sample (~ 8ml) 

was collected, via routine venepuncture of an antecubital vein. Blood samples were 

centrifuged, stored in a freezer and later analysed for endogenous serum hormones 

oestradiol and progesterone (Path West, Laboratory Medicine, WA), using a one-step 

chemiluminescent competitive immunoassay (% CV – oestradiol 4.7, progesterone 5.6). 
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3.2.8 Statistics 

Descriptive statistics (mean ± SD) were used to characterize the data. Preliminary 

ANOVAs were conducted to assess whether there was any time variation in endurance 

performance between the OC phases. This was achieved by comparing the mean power 

output in watts (W) for each 10 minute segment of the three tests. No time variation was 

found for endurance performance, so the mean 60 minute data (50 minutes for oxygen 

consumption data) for all other measured variables were analysed using a one way within-

subjects repeated measures ANOVA, to determine any difference between the OC phases. 

For results that obtained or approached statistical significance (p < 0.10), planned 

comparisons were tested between particular phases of the repeated measures design 

(Statistica Version 5, ‟97 edition). For all tests statistical significance was preset at p < 0.05 

and where significant differences are reported, these are the only phase differences. 

 

3.3 Results 

For the endurance performance test, the mean, standard deviation and range of results for 

measured variables, during each OC phase are presented in Table 3.2. There was no 

significant difference in mean power output, body composition, heart rate, VO2, blood 

glucose or RER between the OC phases (p > 0.05). Mean ventilation and mean VE/VO2 

were significantly higher during the CONS (68.9 ± 10.4 L•min
–1

 and 27.0 ± 3.8) compared 

to both the WITH1 (65.5 ± 9.7 L•min
–1

 and 26.0 ± 3.0) and WITH2 (63.3 ± 8.8 L•min
–1

 

and 25.0 ± 3.0) (p = 0.001). Mean blood lactate was higher in the CONS (6.2 ± 2.7 

mmol•L
–1

) compared to WITH1 (5.1 ± 1.9 mmol•L
–1

) (p < 0.05). Similarly mean rating of 

perceived exertion (RPE) was also higher in the CONS (14.8 ± 1.0) compared to WITH1 

(14.5 ± 1.0) (p < 0.05). Despite the statistical significance, it is unlikely that the RPE 
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Table 3.2: Mean 
+
 SD and range of dependent variables during the performance tests at 

different times of the OC cycle. 

VARIABLE WITH1 WITH2 CONS 

Mean body mass (kg) 

 

61.6 
+ 

6.8 

(54.2 – 76.0) 

61.5 
+ 

6.9 

(53.1 – 76.0) 

61.6 
+ 

6.7 

(54.1 – 76.3) 

Mean sum of skinfolds (mm) 

 

78.5 
+ 

26.2 

(37.1 – 109.7) 

80.4 
+ 

28.7 

(37.1 – 116.5) 

80.2 
+ 

29.0 

(37.3 – 109.7) 

Mean serum oestradiol (pmol
.
L

-1
) 

 

87 
+ 

70 

(40 – 270) 

179 
+ 

180
 а,b 

(40 – 680) 

71
+ 

36 

(40 – 130) 

Mean serum progesterone (nmol
.
L

-1
) 

 

3.2 
+ 

0.4 

(3.0 – 4.0) 

3.1 
+ 

0.3 

(3.0 – 4.0) 

3.2 
+ 

0.4 

(3.0 – 4.0) 

Mean power output (W) 

 

172.6 
+ 

24.4 

(158 – 232) 

172.5 
+ 

24.5 

(155 - 237) 

171.8 
+ 

25.5 

(156 - 239) 

Mean heart rate (bpm) 

 

163 
+ 

11 

(142 – 184) 

164 
+ 

11 

(138 - 182) 

166 
+ 

11 

(139 - 178) 

% peak heart rate 

 

87 
+ 

4 

(79 - 94) 

88 
+ 

3 

(80 - 93) 

89 
+ 

2 

(85 - 93) 

Mean RPE 

 

14.5 
+ 

1.0 
а
 

(12.4 – 15.8) 

14.5 
+ 

1.0 

(12.7 – 15.5) 

14.8 
+ 

1.0 

(12.9 – 16.3) 

Mean VE (L
.
min

-1
) 

 

65.5 
+ 

9.7 
а 

(51.3 – 85.3) 

63.3 
+ 

8.8 
а 

(52.2 – 81.8) 

68.9 
+ 

10.4 

(55.9 – 87.3) 

Mean VO2 (mL
.
kg

-1.
min

-1
) 

 

41.3 
+ 

5.5 

(33.6 – 47.9) 

41.4 
+ 

5.3 

(35.9 – 47.1) 

41.7 
+ 

5.6 

(34.9 – 48.9) 

% peak VO2 

 

77.8 
+ 

4.7 

(70.7 – 84.9) 

77.9 
+ 

4.1 

(72.9 – 82.7) 

78.5 
+ 

4.5 

(73.4 – 84.8) 

Mean VE/VO2 

 

26.0 
+ 

3.0 
а 

(22.6 – 30.5) 

25.0 
+ 

3.0 
а 

(21.5 – 31.5) 

27.0 
+ 

3.8 

(22.8 – 32.9) 

Mean blood lactate (mmol
.
L

-1
) 

 

5.1 
+ 

1.9 
а 

(2.7 – 8.7) 

5.6 
+ 

2.2 

(2.3 – 9.3) 

6.2 
+ 

2.7 

(2.3 – 9.8) 

Mean blood glucose (mmol
.
L

-1
) 

 

5.5 
+ 

0.8 

(4.6 – 7.2) 

5.5 
+ 

0.9 

(3.9 – 6.9) 

5.3 
+ 

1.2 

(3.7 – 7.4) 

Mean RER 

 

0.93 
+ 

0.02 

(0.90 – 0.96) 

0.94 
+ 

0.02 

(0.88 – 0.97) 

0.94 
+ 

0.02 

(0.90 – 0.97) 
 

а 
significantly different to CONS (p<0.05) 

b 
significantly different to WITH1 (p<0.05) 
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variation would have physiological relevance, as ratings are usually expressed in whole 

numbers and the measured difference was within 1 unit. Endogenous hormonal analysis 

determined that there was no difference in progesterone concentration between OC cycle 

phase (p > 0.05). In contrast, serum oestradiol did vary between OC cycle phase with 

planned comparisons detecting that values were significantly higher in WITH2 (179 ± 190 

pmol•L
–1

) compared to WITH1 (87 ± 74 pmol•L
–1

) and CONS (71 ± 36 pmol•L
–1

) (p < 

0.05). 

 

3.4 Discussion 

The main purpose of this study was to determine whether endurance performance is 

affected by the acute hormonal variation seen within a monophasic OC cycle. Although the 

test selected was not sport specific, it was used because of its proven reliability (ICC 0.97, 

CV 2.7%, SEM 3.4 W), whilst providing a valid reflection of endurance performance, as 

opposed to “time to exhaustion tests”, which may be more valid for the assessment of 

endurance capacity [4]. The results demonstrated that mean power output (W) during the 1 

h cycling performance test, was not influenced by the phase of the OC cycle (CONS 171.8 

± 25.5 W, WITH1 172.6 ± 24.4 W, WITH2 172.5 ± 24.5 W), with mean differences within 

the established coefficient of variation for the test. We hypothesized that endurance 

performance would be optimal during CONS, as a result of a shift in substrate metabolism 

toward increased fat metabolism and reduction in glycogen depletion and blood lactate 

accumulation. This shift may have potentially suppressed fatigue and enabled the athlete to 

sustain a higher power output during the test. In contrast to previous findings [1,20] and our 

hypothesis, the results from the current study showed that mean blood lactate was higher in 

CONS (6.2 ± 2.7 mmol•L
–1

) compared to WITH1 (5.1 ± 1.9 mmol•L
–1

, p < 0.05). No other 
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researchers have reported variation in lactate concentration throughout an OC cycle, 

although some studies have demonstrated no difference [3,5]. Despite the statistical 

difference, the physiological significance of 1 mmol•L
–1

 blood lactate change (between 5 

and 6 mmol•L
–1

) is likely to be relatively small and may be within the typical error of 

measurement for this variable. It should also be acknowledged that whilst the measure of 

endurance performance used here has been deemed reliable [4], the reliability of blood 

lactate measures throughout the test has not been previously assessed.  Given there was no 

corresponding difference in RER or blood glucose concentrations, within the parameters of 

the study it is difficult to attribute the variation in the lactate result to shifts in substrate 

metabolism. 

 

In further contrast to the hypothesis, the change in blood lactate had no apparent effect 

upon fatigue or the athlete‟s ability to sustain power output throughout the performance 

test. Despite no difference in endurance performance, some physiological parameters were 

not constant during the OC cycle. Mean ventilation was significantly higher during CONS 

(68.9 ± 10.4 L•min
–1

) compared to both WITH1 and WITH2 (65.5 ± 9.7 and 63.3 ± 8.8 

L•min
–1

 respectively, p < 0.05). Similarly, mean VE/VO2 was greater during CONS (27.0 ± 

3.8) compared to both withdrawal phases (26.0 ± 3.0 and 25.0 ± 3.0, p < 0.05). These 

results support previous findings that implicate progesterone as a factor causing an increase 

in respiratory drive. The effects of progesterone are thought to be centrally modulated and 

include increased chemo sensitivity to hypoxia and hypercapnia [12]. An increased 

ventilatory response and elevated VE/VO2 during the luteal phase of a regular menstrual 

cycle (when progesterone levels are elevated), has been confirmed during submaximal 

aerobic exercise in some studies [2,23,25]. Previous OC research has reported no 
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ventilatory differences within cycle [7,14,19]. However, the findings of these researchers 

are limited because testing was conducted at two times when the synthetic hormone intake 

was similar (during OC consumption), as opposed to comparing between consumption and 

withdrawal phases, when there is a greater contrast in hormone levels. Despite having no 

impact on the performance outcome, during CONS (when exogenous progestogen levels 

are high) there was a significant ventilatory inefficiency during the 1 h performance test. It 

remains unknown whether during a test or event of greater duration and/or intensity, the 

increased ventilatory cost during the CONS would result in undue respiratory fatigue and 

diminished performance. 

 

During the study endogenous hormone levels were assessed to quantify a more complete 

reproductive hormonal profile for each participant. This was based on previous findings 

[11] that suggest the ratio of oestrogen and progesterone (endogenous and/or exogenous) 

may be relevant in determining the impact of menstrual cycle or OC phase on athletic 

performance. The OC acts to suppress endogenous hormones, therefore during CONS the 

production is inhibited. Exogenous oestrogen (ethinyl oestradiol) is detectable for up to two 

days after discontinuation of the contraceptive, whilst some exogenous progestogens are 

detectable for up to 5 days [13]. Hence, during WITH1 both oestrogen and progesterone 

continue to be suppressed, but in WITH2 endogenous progesterone remained suppressed 

whilst endogenous oestrogen increased significantly. The large standard deviation in 

endogenous oestrogen during the withdrawal phases reflects the variation in individual 

response to OC withdrawal. The significant increase in endogenous oestrogen from WITH1 

(87.3 ± 73.6 pmol•L
–1

) to WITH2 (178.6 ± 189.9 pmol•L
–1

, p < 0.05) may support the 

assessment of the withdrawal phase during two distinct phases in future research. 
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3.5 Conclusion 

Overall, there was no change in endurance performance (1 h cycle) throughout an OC cycle 

in endurance trained female athletes. Therefore, female athletes taking a monophasic OC do 

not need to be concerned about the timing of their cycle with regards to optimised 

endurance performance and competition. Despite this finding, the cyclical variation in VE, 

VE/VO2 and blood lactate should be considered when interpreting physiological test results. 
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CHAPTER 4 

Effect of oral contraceptive cycle phase 

on performance in team sport players 

 

 

(The paper based on this chapter is published in the Journal of Science and 

Medicine in Sport, 2009; 12; 190-195) 



49 

 

 

4.0 Abstract 

The purpose of this study was to examine whether common team sport performance 

variables (anaerobic power, reactive strength and repeat sprint ability) are affected by acute 

hormonal fluctuation within a monophasic oral contraceptive (OC) cycle. Ten female team 

sport athletes completed performance tests at three time points of a single OC cycle, during 

the consumption phase (CONS), early (WITH1) and late in the withdrawal phase (WITH2). 

Tests included drop jumps (30 cm and 45 cm heights), a counter movement jump, a 10 s 

cycle sprint test and a 5×6 s repeated sprint cycle test. Resting endogenous serum oestradiol 

and progesterone concentrations were also measured. No significant differences were 

observed between phases for the counter movement jump and cycle tests (total work and 

peak power). Reactive strength measured from the 30 cm drop height was significantly 

lower during WITH2 (162 ± 38 cm•s
–1

) compared to both CONS (177 ± 44 cm•s
–1

) and 

WITH1 (178 ± 40 cm•s
–1

) (p < 0.05). Reactive strength measured from the 45 cm drop 

height was significantly higher in CONS (178 ± 48 cm•s
–1

) compared to both WITH1 and 

WITH2 (161 ± 39 cm•s
–1

 and 158 ± 29 cm•s
–1

, respectively) (p < 0.05). Serum oestradiol 

levels were greater during WITH2 compared to both WITH1 and CONS (p < 0.05) but 

there was no difference in serum progesterone levels. The results demonstrate that for 

female team sport athletes, only reactive strength varied significantly throughout an OC 

cycle, possibly due to the action of hormones on neuromuscular timing and the stretch-

shortening cycle. 

 

Keywords:  Oral contraceptives, sports, oestrogens, progestogens, muscle strength. 
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4.1 Introduction 

Oral contraceptive (OC) use by female athletes is widespread [1], but few researchers have 

investigated whether the hormonal fluctuation occurring within an OC cycle effect‟s 

athletic performance. The exogenous hormones contained in an OC suppress endogenous 

oestrogen and progesterone levels therefore serum concentration of active hormones should 

be directly related to OC dosage [2]. Redman and Weatherby [3] investigated the 

relationship between exogenous hormone concentration and anaerobic performance within 

an OC cycle. They assessed anaerobic power and capacity during maximal rowing 

ergometer efforts, in five well-trained rowers taking a triphasic OC. Tests were 

administered at time points corresponding with the highest and lowest oestrogen and 

progestogen levels (OC consumption and withdrawal phases, respectively), and showed 

that anaerobic power and capacity performance was significantly better during OC 

withdrawal. In contrast, other studies [4,5] reported no significant differences in anaerobic 

performance throughout an OC cycle. The purpose of this study was to examine whether 

common team sport performance variables are affected by acute hormonal fluctuation 

within an OC cycle, in trained female athletes. At present it is unclear whether differences 

resulting post OC intervention are a result of the intervention itself or the common variation 

within an OC cycle. The data should assist female athletes to make informed decisions 

about the effect of OC cycle phase on anaerobic power and single and repeated short sprint 

performance. 
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4.2 Methods 

Ten team sport athletes taking a monophasic OC participated in the study. Characteristics, 

including age, OC formulation, time taking OC and representative status are presented in 

Table 4.1. All participants were informed of the purpose of the study, the risks of 

participation and each gave their written consent, after prior approval from the University 

of Western Australia ethics committee. 

 

4.2.1 Experimental overview 

A familiarization session was conducted with each participant. Approximately 4-7 days 

later the first of three performance test protocols were completed. A monophasic OC 

consists of 21 active pills containing a constant concentration of oestradiol and 

progestogen, and seven inactive sugar pills. The three test days were selected to represent 

the varied hormonal profiles seen within a normal monophasic OC cycle, as outlined 

below: 

CONS: between days 13 and 17 of active OC consumption 

WITH1: early in the withdrawal phase, 2-3 days post active pill cessation 

WITH2: late in the withdrawal phase, 6-7 days post-active pill cessation 

 

Test order was balanced with respect to OC cycle phase and test times were standardised. 

Over the testing period participants maintained a regular training regime and abstained 

from strenuous exercise in the 24 h prior to each test session. Participants also standardised 

their carbohydrate intake and recorded their dietary intake 24 h prior to each test. Dietary 

intakes confirmed that a minimum amount of carbohydrate was consumed in the 24 h prior 

to testing (5 g/kg of body mass). 



 

 

 

 

Table 4.1: Individual characteristics of participants (n = 10).    

              

Participant 

Number 

Age 

(y) Oral Contraceptive Formulation 

Years 

Taking OC Sport 

Representative 

Status 

1 23 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 2 Water polo National 

2 26 35 mcg ethinyl oestradiol 2000 mcg cyproterone acetate 5 Beach Sprinting State 

3 23 30 mcg ethinyl oestradiol 3 mg drospirenone 1 Hockey First Division 

4 21 35 mcg ethinyl oestradiol 2000 mcg cyproterone acetate 4 Basketball State 

5 30 30 mcg ethinyl oestradiol 3 mg drospirenone 13 Basketball State 

6 21 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 1 Hockey National 

7 21 35 mcg ethinyl oestradiol 2000 mcg cyproterone acetate 3 Hockey State 

8 19 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 1 Water polo State 

9 19 35 mcg ethinyl oestradiol 500 mcg norethisterone 1 Netball State 

10 32 30 mcg ethinyl oestradiol 150 mcg levonorgestrel 2 Water polo National 

Median 22   2   

Range 19-32   1-13   
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4.2.2 Test protocol 

A resting venous blood sample (~8 ml) was collected, then centrifuged, stored in a freezer 

and later analysed for endogenous serum hormones oestradiol and progesterone (Path West, 

Laboratory Medicine, WA), using a one-step chemiluminescent competitive immunoassay 

(% CV oestradiol 4.7, progesterone 5.6). In addition, body mass (± 0.05 kg, A&D, 

Australia) and sum of skinfold thickness (mm) at seven different sites were assessed with 

Harpenden skinfold callipers [6]. Following a standardised warm up, each participant 

performed a counter movement jump, without the aid of an arm swing, to assess explosive 

power. The test was performed using a contact mat system connected to a computer 

interface (Swift Performance Equipment, Australia). Take off stance was self-selected and 

no foot movement was permitted prior to the execution of the jump. Approximately 5 min 

later, drop jump tests (30 cm and 45 cm box heights) were conducted to assess reactive 

strength ability. Participants stepped off each box with a straight leg, keeping hands on hips 

and then jumped for maximum height with minimum ground contact time. Jump height and 

ground contact time were assessed by a contact mat system (as described previously) and a 

reactive strength index was calculated by dividing jump height by contact time (cm•s
–1

). 

For all jump tests participants were permitted 4-5 trials (with approximately 60 s recovery 

between trials) and the best result was used for analysis. After 5 min recovery, a 10 s 

maximal effort test on a calibrated, wind-braked front access ergometer (Repco, Australia) 

was performed. The ergometer was interfaced to a computer with software (Cycle 

Ergometer Data Acquisition and Analysis, CEDAA, Western Australian Institute of Sport) 

that assessed total work (J•kg
–1

) and peak power (W•kg
–1

). Following 10 min recovery, the 

participant completed a test of repeated sprint ability, using the same equipment as for the 
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10 s test. Participants performed 5×6 s sprints, each separated by 24 s recovery, in which 

they turned the pedals at a self-selected pace or rested completely. Total work (J•kg
–1

), 

work and power decrement (%) were calculated, with the method previously described by 

Fitzsimons et al. [7]. 

 

4.2.3 Statistical analysis 

Descriptive statistics (mean ± SD) were used to characterize the data. Performance 

parameters were analysed using a one-way within-subjects repeated measures analysis of 

variance (RMANOVA) to determine any difference between the OC cycle phases. For 

RMANOVA results that obtained statistical significance, planned comparisons were tested 

between particular phases of the repeated measures design. For all tests, significance was 

preset at p < 0.05. To make inferences about population values relating to performance 

measures throughout an OC cycle, the uncertainty in the effect was expressed as 90% 

confidence limits and as possibilities that the true value of the effect represents substantial 

change (harm or benefit). If the confidence interval spanned the thresholds for positive and 

negative change, the effect was deemed unclear. All performance measures were log 

transformed prior to analysis to reduce non-uniformity of error and to express effects as 

percent changes [8]. The smallest clinically or practically important performance change 

was set at 3.5%, slightly above the percent typical error for each variable [9,10]. 

 

4.3 Results 

For all performance tests, the mean and range for measured variables during each OC phase 

are presented in Table 4.2. No significant difference was observed between OC phase for 

body composition, counter movement jump, 10 s peak power or total work, repeated sprint  
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Table 4.2: Mean and range of dependent variables during the performance tests, at 

different times of the OC cycle. 

VARIABLE WITH1 WITH2 CONS 

Mean body mass (kg) 

 

Mean sum of skinfolds (mm) 

 

Mean serum oestradiol (pmol
.
L

-1
) 

 

Mean serum progesterone (nmol
.
L

-1
) 

 

Counter movement jump (cm) 

 

63.8  

(49.5 – 78.5) 

81.2  

(55.1 – 96.1) 

46  

(40 – 80) 

2.0  

(1.0 – 3.0) 

32.6  

(25.9 – 39.7) 

63.5  

(49.4 – 77.6) 

81.3  

(54.2 – 94.1) 

89 
а,b 

(40 – 150) 

2.0  

(1.0 – 3.0) 

32.2  

(27.8 – 39.3) 

63.7  

(48.8 – 78.6) 

80.9  

(56.4 – 96.7) 

44  

(40 – 60) 

2.0  

(1.0 – 3.0) 

32.5  

(26.6 – 36.8) 

Reactive strength 30 cm box (cm
.
s

-1
) 

 

178  

(130 – 234) 

162 
а,b

 

(111 - 237) 

177  

(135 - 267) 

Reactive strength 45 cm box (cm
.
s

-1
) 

 

161 
а
 

(116 - 223) 

158 
а
 

(117 - 209) 

178  

(130 - 281) 

10 s bike peak power (W
.
kg

-1
) 

 

14.0  

(10.6 – 15.7) 

14.2  

(11.2 – 17.1) 

14.0  

(10.8 – 17.0) 

10 s bike total work (J
.
kg

-1
) 

 

112.6 
 

(84.7 – 128.0) 

113.9 
 

(87.9 – 141.1) 

112.7 
 

(84.5 – 142.8) 

5 x 6 s total work  (J
.
kg

-1
) 

 

292.9  

(225.9 – 333.2) 

300.4  

(233.3 – 352.9) 

295.1  

(225.6 – 339.4) 

5 x 6 s work decrement  (%) 

 

8.8 
 

(4.7 – 13.4) 

8.5 
 

(5.5 – 15.1) 

8.1  

(3.6 – 11.7) 

5 x 6 s power decrement  (%) 

 

8.3 
 

(3.2 – 12.3) 

7.0  

(3.2 – 11.3) 

7.0  

(3.9 – 9.5) 

 

а 
significantly different to CONS (p<0.05) 

b 
significantly different to WITH1 (p<0.05) 

 

CONS - between days 13 and 17 of active OC consumption 

WITH1 - early in the OC withdrawal phase, 2-3 days post active pill cessation 

WITH2 - late in the OC withdrawal phase, 6-7 days post active pill cessation 
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total work and percent decrement (work or power) (p > 0.05). Mean reactive strength 

measured from the 30 cm drop height was significantly lower during WITH2 (162 ± 38 

cm•s
–1

) compared to both CONS (177 ± 44 cm•s
–1

) and WITH1 (178 ± 40 cm•s
–1

) (p < 

0.05). In addition, mean reactive strength measured from the 45 cm drop height was 

significantly higher in CONS (178 ± 48 cm•s
–1

) compared to both WITH1 and WITH2 

(161 ± 39 cm•s
–1 

and 158 ± 29 cm•s
–1

, respectively) (p < 0.05). There was no difference in 

progesterone concentration between OC cycle phases. In contrast, serum oestradiol did vary 

between phase, as values were significantly higher in WITH2 (89 ± 41 pmol•L
–1

) compared 

to WITH1 and CONS (46 ± 14 and 44 ± 7 pmol•L
–1 

respectively) (p < 0.05). Inferential 

statistics, describing the effect of each OC cycle phase on performance parameters and 

emphasising precision of estimation rather than null-hypothesis testing [11], allows the 

practical importance of the findings to be determined. Consistent with the RMANOVA 

results, harm or decrement in drop jump performance was deemed very likely in WITH1 

compared to CONS (45 cm drop height) and likely in WITH2 compared to CONS (30 and 

45 cm drop height) and WITH1 (30 cm drop height). These results are presented in Table 

4.3. For all other variables the practical importance of the variation between OC phases was 

trivial, therefore a full description of these results has been omitted.   

 

4.4 Discussion 

The main finding was the variation in reactive strength observed during an OC cycle in 

trained athletes taking a monophasic OC. No other performance parameters showed any 

significant or practically important differences. The drop jump has been widely used to 

assess leg extensor muscle function and reactive strength under stretch shortening cycle 

conditions [12]. The task involves rebounding vertically, immediately after landing from a  



 

 

 

Table 4.3: Inferential statistics describing the effect of oral contraceptive cycle phase on drop jump (reactive strength) performance. 

Performance measure 

and OC cycle phase 

Mean 

change (%) 

90% confidence limits 

(lower, upper %) 

Chances that the effect is substantially 
a 

 Beneficial (%)    Trivial (%)    Harmful (%)  

Practical 

Assessment 

 

Drop jump (30 cm box) 

WITH1 compared to CONS 0.5 -6.3, 7.7 23 

 

 

60 17 Unclear 

WITH2 compared to CONS -8.4 -13.4, -3.0 0 6 94 Harm likely 

WITH2 compared to WITH1 -8.8 -14.8, -2.4 0 8 92 Harm likely 

       

Drop jump (45 cm box)       

WITH1 compared to CONS -9.0 -12.9, -5.0 0 2 98 Harm very likely 

WITH2 compared to CONS -10.0 -16.8, -2.6 0 7 93 Harm likely 

WITH2 compared to WITH1 -1.1 -7.8, 6.1 13 59 28 Unclear 

       
 

a 
substantial is an absolute change of 3.5% for all jump and bike tests (see methods section) 

Note: 
 
if chance of benefit and harm both >5% true effect assessed as unclear (could be beneficial or harmful). Otherwise, chances of benefit 

or harm were assessed as follows <1% almost certainly not, 1-5% very unlikely, 5-25% unlikely, 25-75% possible, 75-95% likely, 95-99% 

very likely, >99% almost certain. Where both potential harm and benefit are unlikely the assessment is reported as trivial. 



58 

 

 

predetermined drop height. The importance of the stretch-shortening cycle in sprinting 

and jumping performance has been previously reported [13]. In this study, reactive 

strength measured from the 30 cm drop height was significantly lower (8-9%) during 

WITH2 compared to both CONS and WITH1 (p < 0.05), with the practical importance 

of this change assessed as 92-94% likely. From the 45 cm drop height, reactive strength 

was significantly lower in WITH1 (~ 9%) and WITH2 (~ 10%) compared to CONS (p < 

0.05), with the practical importance of these changes assessed as 98% and 93% likely. 

In summary, drop jump performance was worst from both drop heights during WITH2 

(late in the OC withdrawal phase) when exogenous oestrogen and progestogen have 

cleared, but endogenous oestrogen levels have started to rise. Oestrogen receptors have 

been found in skeletal muscle, thereby providing a plausible tissue-based mechanism 

for influencing neuromuscular control and force transmission pathways [14]. To date, 

the exact influence of oestrogen receptors in skeletal muscle on tissue function has not 

been completely described. Menstrual cycle research by Dedrick et al. [15] suggests 

different neuromuscular control patterns are utilised during drop jumps when oestrogen 

levels vary. When oestrogen levels were high the semitendinosus muscle showed onset 

delays relative to ground contact during a drop jump from a 50 cm drop height. There 

were also muscle timing differences between gluteus maximus and semitendinosus, 

suggesting a different co-contractive behaviour between the two muscles and a possible 

shift in neuromuscular control patterns with varied hormonal status. Further research 

has linked increased endogenous oestrogen levels to reduced musculotendinous 

stiffness. This can result in greater reliance on the reflexive response from the 

contractile components of the muscle due to a decreased contribution from passive 

elastic structures, which also increases electromechanical delay [16]. In the current 

study reactive strength was consistently lower during WITH2 (both drop heights). 

Possibly, endogenous oestrogen had a negative impact on neuromuscular timing and 
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muscle activation time, which in turn affected performance. However, it is then difficult 

to explain why reactive strength performance is best during CONS (when exogenous 

oestrogen levels are high). It may be that exogenous oestrogen (contained in the OC) 

does not influence muscle receptors in the same way as endogenous oestrogen 

(produced by the body). Alternatively, it is possible that the increased level of 

progestogen during CONS, affects the interaction of oestrogen and the neuromuscular 

pathway. Whether the ratio of these hormones (endogenous and/or exogenous) is 

important in determining the impact of menstrual cycle or OC phase on neuromuscular 

athletic performance is currently unknown. Oestrogen has been reported to affect the 

composition and architecture of many other human structures, including being a 

predisposing factor in the incidence of anterior cruciate ligament (ACL) injuries 

[17,18]. Oral contraceptive use diminished the significant association between ACL 

injury and menstrual cycle phase, supporting the notion that exogenous oestrogen and 

progesterone may have different effects upon musculoskeletal structures, when 

compared to endogenous hormones. Within the parameters of this study it is difficult to 

clarify why reactive strength was significantly higher in WITH1 (compared to WITH2) 

from the 30 cm (but not 45 cm) drop height. As drop height increases, reactive strength 

scores usually decrease [12]. The greater downward deceleration and ground reaction 

forces from higher drop heights require the athlete to tolerate higher stretch loads. 

Possibly, the ratios of hormones present during WITH1 have different effects with 

varied stretch loads, but this postulation requires further investigation. The effects of 

OC use on muscular strength and performance are currently inconclusive. Two studies 

[19,20] have found reduced hand grip muscular endurance with OC use, whilst further 

research [21,22] did not demonstrate any difference in maximal force generating 

capacity within an OC cycle. Unfortunately, the aforementioned studies have not 

assessed athletic populations or dynamic performance tests. In this study, changes in 
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neuromuscular control patterns most likely explain the differences in reactive strength 

performance. If hormone fluctuations throughout the OC cycle were affecting muscular 

strength and power, variation in the other tests of anaerobic power would have been 

expected. Our results demonstrated that anaerobic power assessed using a counter 

movement jump and a sprint cycle test, was not influenced by phase of the OC cycle. A 

number of studies [4,5] have also reported no significant difference in anaerobic 

performance tests (maximal cycling power, jumping power, vertical jump tests, stair 

climbing tests) throughout an OC cycle. However, in contrast, Redman and Weatherby 

[3] observed an improvement in anaerobic power in a 10 s rowing ergometer sprint, 

during the withdrawal phase compared to the OC consumption phase. They proposed no 

mechanism for the difference in anaerobic power and currently there is no evidence to 

suggest that muscle phosphate stores or utilisation are affected by oestrogen or 

progestogen levels. Using only five participants was a major limitation of this study, 

which also differed from the current study by their use of aerobically trained athletes 

taking a triphasic OC, assessed in two OC cycle phases compared to our use of team 

sport players using a monophasic OC preparation, assessed during three OC cycle 

phases.  

 

Most team sports require participants to repeatedly produce high intensity efforts (with 

varied recovery intervals) throughout a game. Therefore, repeated sprint ability has been 

identified as an important fitness component for team sport players [7]. In this study 

there was no significant difference between OC phase for total work completed, work or 

power decrement on a 5×6 s cycle ergometer test. To our knowledge, no other repeated 

sprint performance research has been conducted throughout an OC cycle, although one 

study has assessed intermittent high intensity exercise performance [23]. These authors 

showed no difference in performance time on a final run to exhaustion, following five 
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intermittent high intensity 20 s runs at two time points of an OC cycle. Unfortunately, 

the interpretation of these findings may be limited because both tests were conducted at 

times when the exogenous hormone intake was similar (during OC consumption), as 

opposed to comparing between OC consumption and withdrawal (as in the current 

study), when there is a greater contrast in hormone levels.  

 

Endogenous hormone levels were assessed to establish a more complete reproductive 

hormonal profile for each participant. The OC acts to suppress endogenous hormones 

therefore during OC consumption, production should be inhibited. Exogenous oestrogen 

is detectable for up to 2 days after discontinuation of the OC, whilst some exogenous 

progestogens are detectable for up to 5 days [2]. Hence, during WITH1 both 

endogenous hormones continue to be suppressed, but in WITH2 progesterone remained 

suppressed whilst endogenous oestrogen increased significantly. The significant 

increase in endogenous oestrogen from WITH1 (46 ± 14 pmol•L
–1

) to WITH2 (89 ± 41 

pmol•L
–1

, p < 0.05) suggests that the hormonal profile does vary within the withdrawal 

phase and should be considered in future research. 

 

In summary, for team sport athletes using a monophasic OC, the only anaerobic 

performance parameter that differed throughout an OC cycle was reactive strength. It 

was speculated that increased endogenous oestrogen levels measured in WITH2 may 

have a negative effect on neuromuscular timing, muscle activation and performance. 

However, we were unable to explain why reactive strength performance was best during 

CONS (when exogenous oestrogen levels are high). Further research is necessary to 

understand whether exogenous sex hormones act in the same way as endogenous 

hormones. Also whether the ratio of these hormones (endogenous and/or exogenous), is 
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important in understanding the potential impact of OC phase on neuromuscular athletic 

performance. 

 

4.5 Practical implications 

• Elite female athletes who take a monophasic oral contraceptive agent should consider 

the phase of their oral contraceptive cycle with a view to optimising their performance 

during important competitions. 

• Athletes that rely heavily upon the stretch shortening cycle (such as jumpers, sprinters) 

may benefit from competing during the oral contraceptive consumption phase. 
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CHAPTER 5 

Oral contraceptive cycle phase does 

not affect 200 m swim time trial 

performance 

 

(The paper based on this chapter has been accepted for publication in the 

Journal of Strength and Conditioning and is currently in press, July 2011) 
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5.0 Abstract 

The purpose of this study was to examine whether swimming performance was affected 

by acute hormonal fluctuation within a monophasic oral contraceptive (OC) cycle. Six 

competitive swimmers and water polo players completed a 200 m time trial at three 

time points of a single OC cycle: during the consumption phase (CONS), early 

(WITH1) and late in the withdrawal phase (WITH2). Split times and stroke rate were 

recorded during the time trial and heart rate, blood lactate, glucose and pH were 

measured following each performance test. Resting endogenous serum oestradiol and 

progesterone concentrations were also assessed. No significant differences were 

observed between phases for body composition, 200 m swim time, mean stroke rate, 

peak heart rate or blood glucose (p>0.05). Mean peak blood lactate was significantly 

lower during WITH2 (9.9 + 3.0
 
mmol

.
L

-1
) compared to CONS (12.5 + 3.0

 
mmol

.
L

-1
) 

and mean pH higher during WITH2 (7.183 + 0.111) compared to CONS (7.144 + 

0.092). Serum oestradiol levels were significantly greater during WITH2 compared to 

WITH1 and CONS, but there was no difference in serum progesterone levels. These 

results demonstrate that for monophasic OC users, cycle phase does not impact 200 m 

swimming performance. There was a reduction in blood lactate and an increase in pH 

during the withdrawal phase, possibly due to an increase in fluid retention, plasma 

volume and cellular alkalosis. Therefore, female 200 m swimmers taking a monophasic 

OC need not be concerned by the phase of their cycle with regards to competition and 

optimizing performance. However, coaches and scientists should exercise caution when 

interpreting blood lactate results obtained from swimming tests and consider controlling 

for cycle phase for athletes taking an OC. 

 

Keywords: Female, lactate, hormones, anaerobic, aquatic. 
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5.1 Introduction 

The use of oral contraceptive (OC) agents is widespread, yet there is no current 

consensus as to whether the hormonal fluctuation associated with specific phases of the 

OC cycle affects swimming performance. The combined monophasic OC contains a 

constant dose of the exogenous hormones, ethinyl oestradiol (EO) and progestogen, and 

is the preparation predominantly used amongst athletes as it allows easy menstrual cycle 

manipulation for competition or travel. The hormones are commonly taken for 21 days 

(OC consumption phase), followed by 7 days of placebo/sugar tablets. Exogenous EO 

and progestogen (family of natural and synthetic hormones that have progestational 

effects) act to suppress endogenous estrogen and progesterone production (8). Therefore 

during a single cycle, acute hormonal change occurs when active OC use is ceased (the 

withdrawal phase), circulating exogenous hormone levels decline and endogenous 

hormone production varies (8).  

 

Prior work has suggested that oestrogen alters the regulation of substrate metabolism 

during exercise by increasing lipid and reducing carbohydrate oxidation (1). Therefore, 

high intensity exercise performance may be enhanced during OC withdrawal when 

circulating levels of oestrogen are lowest and carbohydrate metabolism is up-regulated. 

High intensity exercise performance may also be improved during the withdrawal phase 

as a result of a reduction in progestogen levels, which has been linked with increased 

aldosterone activity (as progestogen is an antagonist at the aldosterone receptor site). 

Consequently, when progestogen is lowered during OC withdrawal, the increased 

circulating aldosterone could potentially increase fluid and electrolyte retention, H+ 

buffering and anaerobic capacity (10). Anaerobic capacity refers to the maximal amount 

of ATP resynthesised via anaerobic metabolism during a specific bout of short-duration 
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exercise (11) and is an important performance parameter for swimmers and water polo 

players who compete and test over distances ranging from 100 to 400 m.  

 

Only one previous study (20) has investigated variation in sustained high intensity 

performance or anaerobic capacity throughout an OC cycle. The authors determined that 

for five well trained rowers taking a triphasic OC,  performance during a 1000 m 

rowing time trial was significantly better during OC withdrawal compared to OC 

consumption (226.5 ± 1.3 s vs. 230.6 ± 1.4 s), when exogenous EO and progestogen 

levels were lowest. This finding was attributed to the secondary cellular effects of EO 

and progestogen on substrate utilization and buffering capacity. 

 

 Earlier research has examined swimming performance throughout a menstrual cycle (2, 

4) however, to the best of our knowledge no data exists concerning the impact of the 

OC cycle. Hence, the present study was designed to examine whether 200 m swimming 

performance and associated measures of heart rate, blood lactate, pH and blood glucose 

were affected by the acute hormonal fluctuation of a monophasic OC cycle. It was 

hypothesized that swimming performance would be optimal during OC withdrawal 

when circulating exogenous hormones are reduced, potentially facilitating carbohydrate 

metabolism and improved buffering and anaerobic capacity. Whilst this study replicates 

a test of brief, high intensity exercise performance, it differs from previous research (20) 

in exercise mode, use of a monophasic versus a triphasic OC preparation and the 

assessment of three OC cycle phases versus two. The results should assist female 

swimmers and coaches make informed decisions about the effect of OC cycle phase on 

swimming performance and whether it is necessary to manipulate the cycle to coincide 
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with major competition. It will also educate coaches and scientists as to whether they 

should control for OC cycle phase with respect to routine physiological testing. 

 

5.2 Methods 

5.2.1 Experimental approach to the problem 

We quantified whether 200 m swimming time trial performance would be affected at 

three different phases of the monophasic OC cycle. Test order was randomized and 

counter balanced and testing times were standardized for each participant. This distance 

was selected because successful performance has a heavy reliance on anaerobic 

capacity, a variable that can potentially be affected by the hormones contained in a 

monophasic OC. In addition, this distance has been commonly used in elite testing 

protocols, and subjects were familiar with the pacing strategies involved (9). Split times 

and stroke rates were analysed to confirm pacing strategy used for each test. Other 

physiological variables, including heart rate, blood lactate, pH and blood glucose were 

also assessed. These parameters reflect sustained high intensity performance and are 

often reported during routine testing to assess adaptation to training. It was therefore 

important to determine whether they fluctuate between OC cycle phase. 

 

A monophasic OC cycle consists of 21 active pills containing a constant concentration 

of estradiol and progestogen, and seven inactive/sugar pills. Three test times were 

selected to represent the varied hormonal profiles seen within a normal monophasic OC 

cycle. This included one test between days 17 and 21 of the active OC consumption 

phase (CONS), when circulating levels of exogenous hormones are high. The two 

remaining tests were during the OC withdrawal phase when exogenous hormone intake 

ceases, 2-3 days post active pill cessation (WITH1) and 6-7 days post active pill 

cessation (WITH2). Two withdrawal phases were selected due to the exogenous steroids 
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having different half lives and therefore variable impact on the endogenous hormones 

throughout the withdrawal phase (19).  

 

5.2.2 Subjects 

All subjects consented to participate in the experiment after being informed of the 

purpose and protocol of the study and each provided written informed consent. The 

study was approved by the ethics committee of the University of Western Australia. Six 

competitive swimmers and water polo players taking a monophasic OC (30 μg EO, 150 

μg levonorgestrel), were familiarized with test procedures and participated in the study. 

Characteristics including age, sport, representative status, preferred stroke and time 

taking OC are presented in Table 1. All subjects were at the end of a general preparatory 

training phase and were completing between seven and ten training sessions per week. 

During the testing period, subjects were required to maintain a regular diet and training 

regime, and were to avoid sustained high intensity activity in the 48 hours prior to 

testing. Before each test, the participants completed a three day food diary, a weekly 

training monitor and a health questionnaire to ensure that dietary intake and hydration 

status were appropriate and consistent. Dietary intakes confirmed that a minimum 

amount of carbohydrate was consumed in the 24 h prior to testing (5 g/kg of body mass).  

 

5.2.3 Procedures 

Subjects reported to the laboratory prior to each performance test, completed the 

aforementioned food diary, training history and health questionnaire and provided a 

resting venous blood sample (~8 ml). This blood sample was immediately centrifuged, 

stored in a freezer and later analysed for endogenous serum hormones oestradiol and 

progesterone (Path West, Laboratory Medicine, WA), using a one-step 

chemiluminescent competitive immunoassay (% CV - oestradiol 4.7, progesterone 5.6).   
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Table 5.1: Individual characteristics of subjects (n = 6). 

Subject 

Number 

Age 

(y) 

Time Using 

OC (y) Sport 

Representative 

Status 

Preferred 

Stroke 

1 19 1 Swimming State Backstroke 

2 25 2 Swimming National Freestyle 

3 21 4 Swimming State Backstroke 

4 26 9 Water Polo National League Freestyle 

5 29 1 Water Polo National League Freestyle 

6 35 6 Water Polo National League Freestyle 

Mean 26 4    

SD 6 3    
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In addition, body mass (
+ 

0.05 kg, A&D, Australia) and sum of skinfold thickness (mm) 

at seven different sites were assessed using Harpenden skinfold callipers (17).  

 

All performance tests were completed in a ten lane, 50 m swimming pool with water 

temperature maintained at 27.0 ± 0.4°C (Challenge Stadium, Perth, Australia). Prior to 

each time trial, swimmers completed a standardized individual warm up (1000 -1500 m) 

and commenced the 200 m time trial within approximately five minutes. Swimmers 

completed the test in their preferred competition stroke and were given no instruction 

with regards to pacing, but were simply asked to swim the fastest 200 m time possible. 

During the time trial, split times and stroke rates were recorded each 50 m. Immediately 

after the time trial, heart rate was assessed using a specific swimming polar heart rate 

monitor (Polar Vantage NV, Polar Electro Oy, Finland) and at one and three minute 

intervals post test, two capillary blood samples were taken from a hyperaemic earlobe. A 

5 μl blood sample was immediately analysed for blood lactate using a Lactate Pro 

(Shiga, Japan) and a 90 μl blood sample was collected in a heparinised tube, capped and 

placed on ice for subsequent blood pH analysis (ABL
TM 

700 Series, Radiometer Medical 

A/S, Copenhagen, Denmark). For all blood measures, the peak results from the two 

samples (one and three minute post test) were used in further analysis. 

 

5.2.4 Statistical analyses 

A prospective statistical power analysis was determined using PASS 2008 software 

(NCSS, LLC, Kaysville, UT, USA). On the basis of a desired power > 0.80, with alpha 

and beta errors set at 0.05 and 0.20 respectively, the sample size of 6 subjects was 

acceptable based on the repeated measures design. Descriptive statistics (mean ± SD) 

were used to characterize the data. Performance parameters were analysed using a one-

way within-subjects repeated measures analysis of variance (RMANOVA) to determine 
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any difference between the OC cycle phases. For results that obtained statistical 

significance, planned comparisons were tested between particular phases of the repeated 

measures design (Statistica Version 5, ‟97 edition). For all tests the statistical 

significance was preset at p < 0.05 and where significant differences are reported, these 

are the only phase differences.  

 

In addition to traditional statistics, inferential statistics were used to determine the 

practical importance of the findings. These statistics describe the effect of each OC 

cycle phase on dependent variables and emphasize the precision of estimation rather 

than null-hypothesis testing (12). The uncertainty in the effect was expressed as 90% 

confidence limits and as possibilities that the true value of the effect represents 

substantial change (harm or benefit). If the confidence interval spanned the thresholds 

for positive and negative change, the effect was deemed unclear. All measures were log 

transformed prior to analysis to reduce non-uniformity of error and to express effects as 

percent changes. The smallest clinically or practically important performance change 

was set at the percent typical error for each variable (0.7% for the 200m time trial). 

 

5.3 Results 

Individual subject results for primary variables are presented in Figure 5.1. The mean 

and standard deviation for measured variables, during each OC phase are documented in 

Table 5.2. No significant difference was observed between OC phases for 200 m swim  
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Figure 5.1: Individual results for primary variables (solid line) and group average 

(dotted line) at three phases of the OC cycle.  
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Table 5.2: Mean + SD of dependent variables at different phases of the OC cycle. 

 

VARIABLE CONS WITH1 WITH2 

Body mass (kg) 

 

Sum of skinfolds (mm) 

 

Serum oestradiol (pmol
.
L

-1
) 

 

Serum progesterone (nmol
.
L

-1
) 

68.7 + 8.9 

 

101.2 + 9.9 

 

47 + 12  

 

1.7 + 1.0 

 

68.7 + 9.1 

 

102.4 + 9.2 

 

47 + 12
 

 

1.7 + 1.0  

 

 

68.6 + 9.1 

 

102.6 + 7.6 

 

80 + 13 
а,b

 

 

1.7 + 1.0 

 

200m swim time (s) 

 

143.4 + 4.1  

 

143.2 + 3.6 

 

142.9 + 3.8 

 

Stroke rate (strokes/min) 

 

45.5 + 4.6 

 

44.6 + 5.3 

 

44.8 + 4.5 

 

Peak heart rate (beats
.
min

-1
) 

 

180 + 3 

 

180 + 3 

 

180 + 4 

 

Peak blood lactate (mmol
.
L

-1
) 

 

12.5 + 3.0
 

 

12.0 + 2.9
 

 

9.9 + 2.7
 а 

 

Peak blood glucose (mmol
.
L

-1
) 

 

6.5 + 1.5 

 

6.8 + 1.5 

 

6.6 + 1.3 

 

Blood pH 

 

7.144 + 0.092
 

 

7.154 + 0.089
 

 

7.183 + 0.111
а 

 

 

а 
significantly different to CONS (p<0.05) 

b 
significantly different to WITH1 (p<0.05) 

 

CONS - between days 17 and 21 of active OC consumption 

WITH1 - early in the OC withdrawal phase, 2-3 days post active pill cessation 

WITH2 - late in the OC withdrawal phase, 6-7 days post active pill cessation 

  



 

 

 

Table 5.3: Inferential statistics describing the effect of OC cycle phase on post test, peak blood lactate and pH. 

 

OC cycle phase comparison 

Mean % 

change 

90% confidence limits 

(lower, upper %) 

Chances that the effect is substantially 
a 

Increased (%)    Trivial (%)    Decreased (%)  

Practical  

Assessment 

 

Blood Lactate 

WITH1 compared to CONS 12.9 -15.3, 8.0 5 

 

 

64 31 Trivial 

WITH2 compared to CONS 17.4 -33.1, -7.8 1 4 95 Decrease VL 

WITH2 compared to WITH1 17.8 -30.3, -3.3 1 9 90 Decrease likely 

       

pH       

WITH1 compared to CONS 0.4 -0.2, 0.5 20 77 3 Trivial 

WITH2 compared to CONS 0.3 0.2, 0.9 89 11 0 Increase likely 

WITH2 compared to WITH1 0.4 -7.8, 6.1 70 29 1 Increase possible 

       
a 
substantial is an absolute change greater than the % typical error for each test 

b 
if chance of benefit and harm both >5% true effect assessed as unclear (could be beneficial or harmful). Otherwise, chances of benefit or harm were 

assessed as follows <1% almost certainly not, 1-5% very unlikely, 5-25% unlikely, 25-75% possible, 75-95% likely, 95-99% very likely (VL), >99% 

almost certain. Where both potential harm and benefit are unlikely the assessment is reported as trivial. 

CONS - between days 17 and 21 of active OC consumption 

WITH1 - early in the OC withdrawal phase, 2-3 days post active pill cessation 

WITH2 - late in the OC withdrawal phase, 6-7 days post active pill cessation 
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time, mean stroke rate, peak heart rate, blood glucose and body composition (p>0.05). Mean 

peak blood lactate was significantly lower during WITH2 (9.9 + 3.0
 
mmol

.
L

-1
) compared to 

CONS (12.5 + 3.0
 
mmol

.
L

-1
) and mean pH higher during WITH2 (7.183 + 0.111) compared 

to CONS (7.144 + 0.092). There was no difference in endogenous progesterone 

concentration between OC cycle phases, whilst serum oestradiol was significantly higher in 

WITH2 (80 
+ 

13
 
pmol

.
L

-1
) compared to WITH1 and CONS (47 

+ 
12 and 47 

+ 
12 pmol

.
L

-1 

respectively) (p<0.05). 

 

In contrast to our hypothesis, the results demonstrated no significant difference in 200 m 

swimming time trial performance throughout the OC cycle. This finding is supported by the 

inferential statistics, which found the practical importance of the variation between OC 

phases to be trivial. Consistent with the RMANOVA results, a reduction in peak blood 

lactate was deemed „very likely‟ in WITH2 compared to CONS and in addition „likely‟ in 

WITH2 compared to WITH1. Higher pH values were also deemed „likely‟ in WITH2 

compared to CONS. These results are presented in Table 3. For all other measures, the 

practical importance of the variation between OC phases was trivial and a full description of 

these results has been omitted. 

 

5.4 Discussion 

The aim of the current study was to determine whether 200 m swimming performance was 

affected by the acute hormonal fluctuation of a monophasic OC cycle. We hypothesized 

that swimming performance would be optimal during OC withdrawal, when circulating 

exogenous hormones are lowered, due to the facilitation of carbohydrate metabolism and 

potentially improved buffering and anaerobic capacity. The results refuted this hypothesis 
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and there was no significant clinical or practical difference in 200 m time trial performance 

between the three phases of the OC cycle. Despite no difference in performance, there was 

a reduction in peak blood lactate in the withdrawal phase (when progestogen is lowest) and 

an increase in pH at the end of the withdrawal phase compared to during OC consumption. 

 

Previous research has confirmed that varied levels of oestrogen can alter acute exercise 

metabolism (3, 5). An increased concentration of oestrogen is specifically linked to 

inhibited gluconeogensis and glycogenolysis, resulting in glycogen sparing and increased 

lipid availability and utilization (5, 14). Our research found no difference in blood glucose 

between OC phases and blood lactate was greater during OC consumption when oestrogen 

levels are highest. Given that blood lactate is a by-product of carbohydrate metabolism, our 

findings do not support glycogen sparing as a result of increased oestrogen. It is possible 

that the duration and the intensity of exercise activity is a significant factor in determining 

whether OC cycle phase has an impact on high intensity exercise performance. The 

majority of support for altered substrate metabolism due to hormonal effects refers to 

aerobic or submaximal exercise (1). With a shorter, more intense performance test there 

may be less opportunity (time) for exogenous steroids to exert their influence on substrate 

metabolism, alternatively the demands of higher intensity exercise may override any 

hormonal effects (6). 

 

Given our blood lactate findings do not support the secondary cellular effects of oestrogen 

on substrate utilization during exercise, the difference in blood lactate between OC phases, 

is likely to be the result of something other than altered substrate metabolism. Prior studies 

have reported that changes in anaerobic capacity may be due to a variation in buffering 
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capacity, attributed to the secondary effects of progestogen (20). A fall in progestogen level 

is associated with increased aldosterone activity because progesterone is an antagonist at 

the aldosterone receptor site (13). Thus, when progestogen is significantly lowered during 

OC withdrawal, the increased circulating aldosterone could potentially increase fluid and 

electrolyte retention and improve plasma volume maintenance (10). Increased plasma 

volume may translate to cellular alkalosis and improved buffering capacity. Lactate 

concentration is known to be affected by changes in plasma volume (21). In our study, an 

increase in plasma volume due to diminished progestogen levels may have resulted in a 

reduced peak blood lactate level that does not necessarily reflect the glycolytic activity 

involved. The higher mean pH values during WITH2 (7.183 + 0.111) compared to CONS 

(7.144 + 0.092), also support the likelihood of cellular alkalosis during OC withdrawal.  

 

Despite the potential for increased buffering capacity, there was no resultant improvement 

in 200 m swimming performance during the withdrawal phase. Prior studies (7, 15, 16) 

have also reported no difference in high intensity exercise performance throughout the OC 

cycle, but the results are difficult to compare because of differences in OC type used, mode 

of exercise, training status of subjects and the definition of OC cycle phases. Redman et al. 

(20) conducted the only research to have reported a significant difference in high intensity 

exercise performance during an OC cycle. They determined that performance during a 1000 

m rowing time trial was significantly better during OC withdrawal compared to 

consumption (226.5 ± 1.3 s vs. 230.6 ± 1.4 s), when exogenous EO and progestogen levels 

were lowest. The most distinct difference between the Redman et al. (20) research and the 

others is the mean test duration, approximately 228 s (20) versus 143 s (current study), 33 s 

(15), 31 s (7) and repeated 20 s efforts (16). This may suggest that for shorter duration, 
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higher intensity tests, there may be insufficient time for exogenous steroids to exert an 

influence on substrate metabolism or buffering capacity.  

 

The lactate finding in this study is supported by previous research (18) on endurance 

performance and OC cycle phase, which reported a significantly higher mean blood lactate 

during CONS (6.2 ± 2.7 mmol
.
L

–1
), compared to WITH1 (5.1 ± 1.9 mmol

.
L

–1
). Altered 

substrate metabolism could not be substantiated and because of the unlikely physiological 

significance of a 1 mmol
.
L

–1
 blood lactate change, the finding was dismissed or 

unexplained. Protocol length has been discussed, but other major differences between the 

current study and that of Redman et al. (20) was the assessment of three OC phases as 

opposed to two, and the use of a monophasic OC versus triphasic. Earlier research has 

reported that exogenous hormones contained in the OC, have different half lives and 

variable impact on the endogenous hormones during the withdrawal phase (19). In the 

current study, endogenous oestradiol was significantly higher in WITH2 (80 
+ 

13
 
pmol

.
L

-1
) 

compared to WITH1 and CONS (47 
+ 

12 and 47 
+ 

12 pmol
.
L

-1 
respectively), whilst Redman 

et al. (20) reported no difference between OC consumption and withdrawal (60 
+ 

10
 
pmol

.
L

-1 

and 60 
+ 

8
 
pmol

.
L

-1 
respectively). Therefore, the difference in anaerobic performance and 

blood lactate findings between studies may in part be due to the difference in withdrawal 

phase definition. It is also possible that the OC types (monophasic versus triphasic) 

containing different exogenous hormone concentrations exert variable suppression effects 

on the endogenous hormones, and therefore total hormone levels (endogenous and 

exogenous) and subsequent performance.  
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In conclusion, the present study shows that for monophasic OC users, OC cycle phase does 

not impact 200 m swimming performance. However, there was a reduction in mean peak 

blood lactate during the withdrawal phase and an increased pH late in the withdrawal 

phase, possibly due to an increase in fluid retention, plasma volume and cellular alkalosis. 

These results challenge previous findings and speculation pertaining to substrate 

metabolism and high intensity exercise performance. Further research is necessary to 

determine the effect of protocol duration, OC type, the total of exogenous and endogenous 

hormones and ratio of these hormones on high intensity exercise performance.  

 

5.5 Practical applications 

The results of this study suggest that female 200 m swimmers taking a monophasic OC 

need not be concerned by the phase of their cycle with regards to competition and 

optimizing performance. Given there is no impact on performance, female swimmers may 

or may not manipulate their cycle according to their individual preference. The assessment 

of blood lactate is common during routine training sessions and testing protocols for elite 

swimmers and water polo players. Coaches and scientists have commonly used peak lactate 

results and lactate curves to evaluate athlete condition and adaptation to training. Based on 

the findings of this study, we recommend that coaches and scientists exercise caution when 

interpreting blood lactate results obtained from swimming tests and consider controlling for 

cycle phase for athletes taking an OC. 
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CHAPTER 6 

Variation in menstrual symptoms and 

anthropometry throughout an oral 

contraceptive cycle 

 

(The paper based on this chapter is published in the New Zealand Journal of 

Sports Medicine, 2011; 38(1); 26-29)  
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6.0 Abstract 

The purpose of this study was to determine whether common anthropometric variables and 

menstrual symptoms are affected by the acute hormonal fluctuations within an oral 

contraceptive cycle. Twenty seven female athletes (monophasic oral contraceptive users) 

from a variety of sports completed an anthropometric assessment, menstrual symptom 

questionnaire and blood test (to assess endogenous hormone concentration) at three time 

points of a single cycle. Measures coincided with the oral contraceptive consumption phase 

(CONS) as well as early (WITH1) and late in the withdrawal phase (WITH2). Null-

hypothesis testing revealed no significant difference between cycle phases (CONS, WITH1 

and WITH2) for mass (63.1, 63.1 and 62.9 kg respectively) or skinfold sum (83.0, 84.3, and 

84.3 mm respectively). However, inferential statistics emphasising precision of estimation, 

showed an approximate 27% chance that skinfold measures would be greater during both 

WITH1 and WITH2 compared to CONS. Menstrual symptoms were significantly higher 

during WITH1 compared to both CONS and WITH2 (p<0.05). Serum oestradiol levels 

were significantly greater during WITH2 compared to both WITH1 and CONS (p<0.05) 

but there was no difference in serum progesterone levels. Therefore, during a single oral 

contraceptive cycle there may be variation in skinfold sum, menstrual symptoms and 

endogenous oestradiol levels. These factors may have the potential to influence female 

athletic performance, particularly early in the withdrawal phase when skinfold sum may be 

elevated and menstrual symptoms more prevalent. 

 

Keywords: Hormones, sports, female, athlete, body composition. 



89 

 

 

6.1 Introduction 

Research suggests that oral contraceptive (OC) use is becoming more prevalent in the 

athletic population, possibly due to the availability of lower dose OC formulations and 

changes to the progestogen component, which has been linked to unwanted side effects [2]. 

Preliminary research prior to this study, involved the survey of 68 elite Australian athletes 

(mean age 25 years, ranging from state to international level) from fifteen different sports, 

to determine the prevalence of OC use, type of OC used and reason/s for usage. Results 

indicated that 83% of the athletes were taking an OC and of those, 98% took a monophasic 

and only 2% a triphasic formulation. There are several reasons why a female athlete may 

choose to use an OC. The following reasons were provided by the surveyed group of 

athletes: contraception (75%), cycle regularity (43%), for control of menstrual symptoms 

(34%), cycle manipulation (32%) and other (4%).  

 

Despite the widespread use of OC agents among athletes, few researchers have examined 

the effect of acute hormonal fluctuations within an OC cycle. Predominantly, the literature 

has focused on assessing differences between OC users and nonusers, or responses pre and 

post OC use. The research pertaining to body composition and OC use is inconclusive and 

findings vary based on the activity level of the participants, the type of OC administered, as 

well as the potency and androgenicity of the progestogen component of the OC [4]. Falls in 

progesterone levels have been linked with increased aldosterone activity (due to 

progesterone being an antagonist at the aldosterone receptor site) therefore, when 

progestogen is lowered during OC withdrawal, the increased circulating aldosterone could 

potentially increase fluid and electrolyte retention [8].  
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The dosage of oestrogen and progestogen in a monophasic pill is constant for 21 days and 

is followed by 7 days of placebo. It is currently unclear whether the acute hormonal 

fluctuation within a single monophasic OC cycle has the potential to influence 

anthropometric variables. Without this information the inconclusive findings of the existing 

literature on OC use are further confounded, as it remains unclear whether differences 

resulting from OC intervention are a result of the intervention itself, or the biological 

variation that exists within an OC cycle. The purpose of this study was to determine 

whether anthropometric measures, menstrual symptoms and endogenous hormone profiles 

are affected by the acute hormonal fluctuation associated with the different phases of the 

monophasic OC cycle.  

 

6.2 Methods 

6.2.1 Experimental overview 

Twenty seven competitive athletes (mean age 28 y) from a variety of sports including 

triathlon, cycling, swimming, water polo, hockey, netball and basketball were assessed to 

determine whether specific measures varied throughout a single OC cycle. Each participant 

had been taking a monophasic OC for a minimum of 6 months prior to the commencement 

of the study (mean time taking OC was 48 months). Following approval from the 

University of Western Australia ethics committee, all participants were informed of the 

purpose of the study, the risks of participation and each gave their written consent.   
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During the testing period, athletes were required to maintain a regular diet and training 

regime. Prior to each test, the participants completed a three day food diary, a weekly 

training monitor and a health questionnaire to ensure that dietary intake and training load 

were consistent. Test order was balanced and test times were standardised for each 

participant. The three test days were selected to represent the varied hormonal profiles seen 

within a normal monophasic OC cycle. This included one test between days 13 and 21 of 

the active OC consumption phase (CONS) and two tests during the OC withdrawal phase, 

2-3 days post active pill cessation (WITH1) and 6-7 days post active pill cessation 

(WITH2). 

 

6.2.2 Test protocol 

A resting venous blood sample (~8 ml) was collected, then centrifuged, stored in a freezer 

and later analysed for endogenous serum hormones oestradiol and progesterone (Path West, 

Laboratory Medicine, WA), using a one-step chemiluminescent competitive immunoassay 

(% CV - oestradiol 4.7, progesterone 5.6). Athletes then completed a menstrual symptom 

questionnaire which required them to rate the presence and severity (0 - none, 1 - mild, 2 - 

moderate, 3 - severe) of eight common menstrual symptoms (abdominal pain, back pain, 

bloating, breast tenderness, cramps, headache, leg heaviness and nausea) producing a 

maximal possible score of 24. In addition, body mass (+ 0.05 kg, A&D, Australia) and sum 

of skinfold thickness (mm) at seven different sites were assessed with Harpenden skinfold 

callipers, by a Level 2 accredited anthropometrist (International Society for the 

Advancement of Kinanthropometry, ISAK) [14].  
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Descriptive statistics (mean ± SD) were used to characterize the data. All parameters were 

analysed using a one-way within-subjects repeated measures ANOVA to determine any 

difference between OC cycle phases, with statistical significance preset at p < 0.05. To 

make inferences about skinfold sum throughout an OC cycle, the uncertainty in the effect 

was expressed as 90% confidence limits and as possibilities that the true value of the effect 

represents substantial change. Scores were log transformed prior to analysis to reduce non-

uniformity of error and to express effects as percent changes [9]. The smallest clinically or 

practically important performance change was set at 2%, slightly above the percent typical 

error for this variable (established by the anthropometrist during ISAK accreditation).  

 

6.3 Results 

The mean and range for measured variables during each OC phase are presented in Table 1. 

No significant difference was observed between phases for mass (kg) or skinfold sum (mm) 

based on ANOVA results. However, inferential statistics emphasising precision of 

estimation, determined an approximate 27% chance that skinfold measures would be 

greater during both withdrawal phases compared to during CONS. Precision of estimation 

statistics are presented in Table 2. Menstrual symptoms (although minimal, as greatest 

possible score is 24), were significantly higher during WITH1 (2.5 + 2.2) compared to both 

CONS and WITH2 (0.9 +
 
1.1 and 1.3 +1.6 respectively, p<0.05). There was no difference 

in progesterone concentration between OC cycle phases, but serum oestradiol did vary, 

with values significantly higher in WITH2 (121 +
 
105

 
pmol

.
L

-1
) compared to WITH1 and 

CONS (66 +
 
54 and 58 +

 
28 pmol

.
L

-1 
respectively, p<0.05). 
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Table 6.1: Mean and range of dependent variables at different phases of the OC cycle. 

 

VARIABLE CONS WITH1 WITH2 

Mean body mass (kg) 

 

Mean sum of skinfolds (mm) 

 

Menstrual symptoms 

 

Mean serum oestradiol (pmol
.
L

-1
) 

 

Mean serum progesterone (nmol
.
L

-1
) 

 

63.1  

(48.8 – 78.6) 

83.0 

(37.3 – 121.6) 

0.9
 b
 

(0 – 3.5) 

58
 c
 

(40 – 120) 

2.5 

(1.0 – 4.0) 

63.1  

(49.5 – 78.5) 

84.3 

(37.1 – 132.6) 

2.5 
а,c 

(0 – 10) 

67
 c
 

(40 – 270) 

2.5 

(1.0 – 4.0) 

62.9 

(49.4 – 77.6) 

84.3  

(37.1 – 131.4) 

1.3
 b

 

(0 – 5) 

121
 а,b

 

(40 – 480) 

2.4 

(1.0 – 4.0) 

 

а 
significantly different to CONS (p<0.05) 

b 
significantly different to WITH1 (p<0.05)  

c 
significantly different to WITH2 (p<0.05) 

 



 

 

Table 6.2: Inferential statistics describing the effect of oral contraceptive (OC) cycle phase on skinfold sum. 

 

OC cycle 

phase 

comparison 

Mean  

change  

(%) 

90% confidence 

limits  

(lower, upper %) 

Chances that the effect is substantially 
a 

 Beneficial (%)    Trivial (%)    Harmful (%)  

Practical  

Assessment 

 

 

With1 V CONS 1.3 -0.5, 3.2 0 

 

 

73 27 

Harm 

possible 

 

 

With2 V CONS 1.4 -0.4, 3.1 0 

 

 

73 27 

 

Harm 

possible 

 

 

With2 V With1 0 -1.2, 1.3 0.5 

 

 

99 0.5 No effect 
 

a 
substantial is an absolute change of >2% for skinfold sum (see methods section). 

 

Key: If chance of benefit and harm both >5% true effect assessed as unclear (could be beneficial or harmful). Otherwise, chances of benefit 

or harm were assessed as follows <1% almost certainly not, 1-5% very unlikely, 5-25% unlikely, 25-75% possible, 75-95% likely, 95-99% 

very likely, >99% almost certain. Where both potential harm and benefit are unlikely the assessment is reported as trivial. 
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6.4 Discussion 

In the early 1980‟s the incidence of OC usage by athletic women was reported between 5 to 

12% [16], up to 46% [1] and during the late 1990‟s a reported 47% of female team sport 

athletes used an OC agent [3]. Preliminary survey results from this study suggest that OC 

use is becoming more prevalent in the modern day athletic population and the most 

common preparation of choice is the monophasic treatment. The primary role of the 

monophasic OC pill is the suppression of the hypothalamic-pituitary system (including the 

endogenous production of oestrogen and progesterone), which prevents the mid-cycle surge 

of gonadotrophins, inhibiting ovulation and subsequent pregnancy [7]. The serum level of 

the synthetic oestrogen component, ethinyl oestradiol (EO), peaks approximately 1 h after 

ingestion, then concentrations fall rapidly for six hours and decline slowly thereafter. 

Approximately 24 h after ingestion, 33% of EO remains in circulation compared with about 

20 to 25% of synthetic progestogen. However, EO is detectable for up to two days after 

discontinuation, while some progestogens are detectable for up to five days [6]. The current 

data supports earlier research [17,18] and demonstrates that early in the withdrawal phase 

(WITH1) both endogenous oestrogen and progesterone continue to be suppressed, whilst 

later in the withdrawal phase (WITH2) endogenous oestrogen levels rise significantly. The 

large standard deviation of the endogenous oestrogen level indicates that there is substantial 

individual variation in these measures and we recommend that researchers consider the 

withdrawal phase of the OC cycle as a transient hormonal profile.  

 

Premenstrual symptoms are estimated to affect up to 40% of women of reproductive age, 

not taking an OC [5] and generally present several days prior to the menstrual period. 
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Symptoms commonly include dull aching in the abdominal and lower back region, 

tenderness of breasts, feelings of heaviness and headaches [1]. Oral contraceptives are 

commonly prescribed to relieve the symptoms of dysmenorrhoea [5]. Beneficial effects 

were found by Bale et al. [1] who reported that physical education students taking an OC 

suffered fewer premenstrual symptoms and to a lesser degree than their non pill taking 

counterparts. In support, we found symptoms were significantly greater during WITH1 

(immediately pre menstruation) compared to WITH2 (end of menstruation) and CONS 

(whilst taking the active OC). Despite a significant increase during WITH1, the average 

score was only 2.5 out of a possible 24, which suggests that the monophasic OC effectively 

reduces the incidence and severity of menstrual symptoms in an athletic population.   

 

Fluid retention and bloating have been associated with the premenstrual phase of the 

regular menstrual cycle [12] and as a side effect of monophasic OC use [20]. A fall in 

progesterone level is associated with increased aldosterone activity, because progesterone is 

an antagonist at the aldosterone receptor site [11]. Thus, when progestogen is lowered 

during the pre-menstrual phase of the menstrual cycle or during OC withdrawal, the 

increased circulating aldosterone could potentially increase fluid and electrolyte retention 

[8], subsequently affecting anthropometric measures, including body mass and skinfold 

thickness throughout an OC cycle. Previous research has shown increases in sum of 

skinfolds and/or body mass in the initial cycles following OC commencement [13,15] and 

others have demonstrated an increase over a 4-6 month treatment period [10,21]. Research 

to date [17,18,19] has shown no significant difference in anthropometric variables, as a 

result of the acute fluctuation of exogenous and endogenous hormones within a single OC 

cycle. However, the findings of these studies may be limited by small participant numbers 
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and the use of null hypothesis statistics which may not have the sensitivity to detect 

relevant differences. In the current research, traditional null-hypothesis testing revealed no 

significant difference between phases for mass or skinfold sum. However, inferential 

statistics which emphasise precision of estimation, determined an approximate 27% chance 

that skinfold measures would be greater during both withdrawal phases compared to during 

CONS. This suggests that the cessation of progestogen ingestion during the OC withdrawal 

phase may increase fluid retention and skinfold thickness during this time. We therefore 

recommend that OC cycle phase be considered when interpreting skinfold results. Further 

research is necessary to determine whether the variables assessed in this research have the 

potential to influence female athletic performance.  
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CHAPTER 7 

Summary and Conclusions 

 



102 

 

 

7.0 Summary 

This thesis has described the effect of monophasic OC cycle phase on a variety of 

physiological and performance parameters in competitive female athletes. The impact of 

hormonal change (both exogenous and endogenous) during three distinct OC cycle phases, 

was evaluated through four original investigations. The first study (chapter 3) assessed the 

impact of cycle phase on endurance performance, the second study (chapter 4) investigated 

power, reactive strength and repeated sprint performance, the third study (chapter 5) high 

intensity exercise performance and the final study (chapter 6) evaluated anthropometric 

variables, endogenous hormone profiles and menstrual symptoms. The outcomes will assist 

female athletes regarding the impact of OC cycle phase on athletic performance and enable 

them to make more informed decisions regarding cycle manipulation and major 

competition. In addition, coaches and scientists will be more aware of which physiological 

variables are subject to fluctuation throughout an OC cycle, which may assist in data 

interpretation and research design.  

 

7.1 Synthesis of results and conclusions 

The acute hormonal fluctuation during three distinct phases of the monophasic OC cycle, 

namely during OC consumption, then early and late in the withdrawal phase (CONS, 

WITH1 and WITH2 respectively), had a significant impact on the following variables: 

VE/VO2, ventilation, blood lactate, reactive strength, pH, skinfold sum, endogenous 

oestradiol and menstrual symptoms.  

 

Ventilation and VE/VO2 were both significantly increased during CONS. This finding 

supports previous research that has implicated progesterone as a factor causing an increase 
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in respiratory drive. Previous research has suggested that there may be a shift in substrate 

metabolism during CONS toward increased fat usage, glycogen sparing and a reduction in 

blood lactate accumulation, when oestradiol levels are highest. This finding was refuted by 

our research, with blood lactate concentration being significantly higher during CONS. 

This finding was evident during both the endurance performance test (chapter 3) and 

following the high intensity exercise performance test (chapter 5). Initially, the 

physiological significance of a 1 mmol
.
L

-1
 blood lactate increase during CONS (chapter 3) 

was considered relatively small and possibly a simple reflection of the typical error of 

measurement for this variable. However, the finding was supported following the high 

intensity exercise performance test (chapter 5) when a larger blood lactate increase, 

(approximately 2.6 mmol
.
L

-1
) was reported during CONS. The previous research that 

demonstrated altered substrate metabolism due to hormonal effects pertains to submaximal 

or lower intensity exercise. The findings of this thesis suggest that the intensity of activity 

is significant in determining whether OC cycle phase has an impact on substrate 

metabolism, with the demands of higher intensity exercise potentially overriding any 

hormonal effects. Following study 3 (chapter 5) it was concluded that variation in blood 

lactate concentration may be the result of a plasma volume shift as opposed to altered 

substrate metabolism. A reduction in progestogen level during OC withdrawal is linked to 

increased plasma volume and potential cellular alkalosis. This concept was supported in 

chapter 5, with higher mean pH values reported during WITH2, following high intensity 

exercise performance.  

 

Despite variation in the above parameters, there was no impact on endurance performance 

(1 h cycling time trial) or high intensity exercise performance (200 m swimming time trial). 
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The only performance measure affected by OC cycle phase was reactive strength (chapter 

4) measured via a drop jump. This task involves rebounding vertically, immediately after 

landing from a predetermined drop height, testing leg extensor muscle function and reactive 

strength under stretch shortening cycle conditions. Reactive strength was significantly 

lower during WITH2 possibly due to endogenous oestradiol having a negative impact on 

neuromuscular timing and muscle activation time. Results from the same study showed that 

OC cycle phase did not affect explosive power (counter movement jump and 10 s cycle) or 

repeated sprint performance (5 x 6 s cycle). 

 

Anthropometrical variables, endogenous hormone profiles and menstrual symptoms were 

evaluated in each of the original studies (chapters 3, 4 and 5). This data was collated and 

analysed and the results demonstrated an approximate 27% chance that skinfold sum would 

be greater during OC withdrawal compared to CONS. Menstrual symptoms were 

significantly higher (although minimal in degree) during WITH1 and serum oestradiol 

levels significantly greater during WITH2. Throughout a single OC cycle, there was no 

significant change in body mass or serum progesterone levels.  

 

7.2 Implications 

The practical implications resulting from the findings of this thesis suggest that female 

athletes taking a monophasic OC do not need to be concerned about the timing of their 

cycle with regards to optimised endurance, power, sustained high intensity exercise and 

repeated sprint performance and competition. However, athletes that rely heavily upon the 

stretch shortening cycle (such as jumpers, sprinters) may benefit from competing during the 

OC consumption phase. 
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Also, it is recommended that coaches and scientists be aware of the common physiological 

variables that may fluctuate with OC cycle phase (VE/VO2, ventilation, blood lactate, pH 

and skinfold sum) and consider this variation when interpreting test and research results.   

 

7.3 Limitations 

Although the findings of this thesis have useful implications there were limitations that 

should be considered. The main limitation was the small sample size of the studies. 

Although each study was significantly powered because of the repeated measures design, 

an increased sample size is desirable. It is extremely difficult to get large numbers when 

working with elite athletic populations and the study requires them to standardise their 

training over a 4-6 week period. Also, the results of this study pertain to one single OC 

cycle and do not consider repeated cycles or extended OC consumption, where an athlete 

may extend the consumption phase for multiple weeks. This research only considered one 

type (monophasic) of OC treatment and in some of the studies, the OC contained different 

formulations of oestradiol and progestogen. Throughout the study the „dosage‟ of 

exogenous hormones was used to explain the results, however the serum levels of these 

hormones were not actually measured. A specific limitation in chapter 6 was whether the 

methodology provided enough sensitivity to detect small intra-individual variations in body 

composition. 
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7.4 Directions for Future Research 

 

Future research should aim to address the limitations outlined in this thesis and determine: 

• The individual and interactive impact of endogenous and exogenous sex hormones, 

on reactive strength activity and neuromuscular athletic performance. 

• Whether protocol intensity and/or duration mediate the impact of hormonal 

fluctuation on substrate metabolism, during sustained high intensity exercise 

performance.  

• If an extended period of OC consumption (beyond the regular 21 d) affects 

physiological variables as per the findings of this thesis and whether these findings 

are reliable over 2-3 OC cycles. 

• Whether more sophisticated body composition assessment tools (ie DEXA) provide 

more sensitivity and potentially different anthropometric results. 

The work reported in this thesis has direct applications for female athletes taking a 

monophasic OC and for coaches and scientists working with these athletes. There is clearly 

a large scope for future research to improve the understanding of the influence of sex 

hormones on physiological parameters. Further investigation will be necessary in the future 

as different OC formulations and products become available. 

  



107 

 

 

 

 

 

 

 

 

Appendix A 

Raw Data 

 



108 

 

 

Chapter 3 

Participant VO2 (ml.kg.min
-1

) 

 

Participant ml.kg.min
-1

 

1 50.0 

2 57.7 

3 49.2 

4 57.4 

5 57.0 

6 58.1 

7 47.5 

8 58.3 

9 50.4 

10 57.4 

11 41.0 

12 57.2 

13 47.6 

Mean 53.0 

SD 5.6 
 

 

   

 

Participant body mass (kg) and OC cycle phase 

 

Participant  Cons With1 With2 

1 60.6 60.3 60.2 

2 54.3 54.6 53.1 

3 65.9 66.8 65.9 

4 54.1 54.2 54.4 

5 61.7 60.9 60.8 

6 70.6 69.2 70.3 

7 66.2 67.6 66.8 

8 56.5 56.0 56.1 

9 58.9 58.7 57.8 

10 56.0 55.8 56.4 

11 63.6 64.8 65.1 

12 56.6 55.5 56.0 

13 76.3 76.0 76.0 

Mean 61.6 61.6 61.5 

SD 6.7 6.8 6.9 
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Participant skinfold sum (mm) and OC cycle phase 

 

Participant Cons With1 With2 

1 99.4 89.4 96.5 

2 37.3 37.1 37.1 

3 86.3 90.1 88.1 

4 80.7 79.9 77.5 

5 49.3 50.9 52.2 

6 73.8 68.6 78.3 

7 108.4 109.7 108.4 

8 52.5 57.6 56.7 

9 75.5 73.0 69.5 

10 86.2 87.1 88.2 

11 131.4 121.6 132.6 

12 44.8 45.4 44.2 

13 117.2 109.5 116.5 

Mean 80.2 78.5 80.4 

SD 29.0 26.2 28.7 

 

 

Participant serum oestradiol (pmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 130 130 140 

2 120 130 160 

3 110 160 310 

4 73 73 75 

5 93 270 680 

6 40 40 85 

7 40 40 50 

8 40 40 270 

9 40 40 40 

10 40 40 40 

11 50 40 140 

12 40 40 40 

13 105 90 300 

Mean 71 87 179 

SD 36 70 180 
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Participant serum progesterone (nmol.L
-1

) and OC cycle phase 

 

Participant  Cons With1 With2 

1 3 3 3 

2 4 4 4 

3 4 4 3 

4 3 3 3 

5 3 3 3 

6 3 3 3 

7 3 3 3 

8 3 3 3 

9 3 3 3 

10 3 3 3 

11 3 3 3 

12 3 3 3 

13 3 3 3 

Mean 3.2 3.2 3.1 

SD 0.4 0.4 0.3 

 

 

Participant power output (watts) and OC cycle phase 

 

Participant Cons With1 With2 

1 156 158 162 

2 167 168 167 

3 157 168 155 

4 177 172 170 

5 182 186 172 

6 239 232 237 

7 148 159 159 

8 192 186 197 

9 169 167 168 

10 168 170 170 

11 132 121 132 

12 172 183 184 

13 175 173 169 

Mean 172 173 172 

SD 25 24 24 
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Participant heart rate (beats.min
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 167 159 167 

2 139 142 138 

3 153 156 145 

4 171 171 167 

5 165 165 162 

6 155 154 161 

7 174 155 172 

8 173 165 169 

9 171 171 169 

10 178 184 182 

11 165 161 161 

12 169 166 165 

13 175 173 169 

Mean 166 163 164 

SD 11 11 11 

 

 

Participant RPE and OC cycle phase 

 

Participant Cons With1 With2 

1 15.4 15.3 15.5 

2 15.2 15.0 15.4 

3 13.2 13.3 13.0 

4 15.2 14.2 15.4 

5 14.9 14.7 14.6 

6 14.1 14.6 14.6 

7 14.0 13.5 14.2 

8 15.8 15.3 15.4 

9 12.9 12.4 12.7 

10 15.7 15.6 15.5 

11 15.1 13.8 13.1 

12 15.2 14.8 14.2 

13 16.3 15.8 15.4 

Mean 14.8 14.5 14.5 

SD 1.0 1.0 1.0 

 



112 

 

 

Participant ventilation (L.min
-1

) and OC cycle phase 

 

Participant  Cons With1 With2 

1 64.2 58.4 60.5 

2 61.3 65.4 59.1 

3 55.9 62.4 53.0 

4 87.3 79.4 75.5 

5 68.6 61.9 60.3 

6 82.8 77.5 81.8 

7 73.4 62.7 66.8 

8 76.1 68.6 60.5 

9 55.7 51.3 52.2 

10 60.8 59.7 60.5 

11 68.2 60.1 60.8 

12 61.4 58.9 57.9 

13 80.6 85.3 73.9 

Mean 68.9 65.5 63.3 

SD 10.4 9.7 8.8 

 

 

Participant VE/VO2 and OC cycle phase 

 

Participant Cons With1 With2 

1 26.2 23.6 24.6 

2 25.6 26.4 24.5 

3 23.4 23.6 22.0 

4 32.9 30.5 29.9 

5 26.1 23.8 23.7 

6 26.1 24.7 26.0 

7 31.2 27.4 26.9 

8 27.2 26.7 23.8 

9 22.8 22.6 21.5 

10 25.2 25.8 24.4 

11 35.0 32.4 31.5 

12 22.9 22.6 21.6 

13 26.3 27.6 24.8 

Mean 27.0 26.0 25.0 

SD 3.8 3.0 3.0 
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Participant VO2 (ml.kg.min
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 40.2 40.8 40.6 

2 43.9 45.4 44.9 

3 36.1 39.5 35.9 

4 48.9 47.9 47.0 

5 42.4 42.5 41.6 

6 44.7 45.2 45.3 

7 34.9 33.6 36.0 

8 49.4 45.9 47.0 

9 41.1 38.8 41.7 

10 43.0 41.2 42.8 

11 30.2 28.5 29.4 

12 47.3 46.9 47.1 

13 39.8 40.4 38.6 

Mean 41.7 41.3 41.4 

SD 5.6 5.5 5.3 

 

 

Participant % peak VO2 and OC cycle phase 

 

Participant Cons With1 With2 

1 80.5 81.5 81.1 

2 76.1 78.6 77.9 

3 73.4 80.3 72.9 

4 85.1 83.4 82.0 

5 74.3 74.5 72.9 

6 76.9 77.8 78.0 

7 73.6 70.7 74.1 

8 84.8 78.8 81.2 

9 81.6 77.1 82.7 

10 74.9 71.8 74.5 

11 73.8 70.7 71.6 

12 82.6 82.0 82.4 

13 83.6 84.9 81.0 

Mean 78.5 77.8 77.9 

SD 4.6 4.7 4.1 
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Participant blood lactate (mmol
.
L

-1
) and OC cycle phase 

 

Participant Cons With1 With2 

1 3.1 2.7 3.2 

2 2.3 3.5 2.4 

3 2.4 3.1 2.3 

4 8.6 8.7 6.7 

5 7.3 5.5 6.9 

6 5.7 3.8 6.7 

7 9.1 5.8 7.2 

8 5.3 4.0 6.0 

9 9.8 6.5 9.3 

10 3.6 3.9 3.8 

11 8.4 4.8 7.2 

12 6.9 5.1 3.9 

13 8.3 8.4 7.0 

Mean 6.2 5.1 5.6 

SD 2.7 1.9 2.2 

 

 

Participant blood glucose (mmol
.
L

-1
) and OC cycle phase 

 

Participant Cons With1 With2 

1 4.4 4.6 4.4 

2 4.0 4.9 4.6 

3 4.0 4.9 4.8 

4 6.1 6.0 5.6 

5 5.8 5.1 5.2 

6 6.2 5.5 6.7 

7 3.9 5.5 5.8 

8 3.7 5.1 5.2 

9 5.5 6.0 6.4 

10 6.6 6.5 6.2 

11 6.0 4.8 5.5 

12 5.7 5.5 3.9 

13 7.4 7.2 6.9 

Mean 5.3 5.5 5.5 

SD 1.2 0.8 0.9 
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Participant RER and OC cycle phase 

 

Participant Cons With1 With2 

1 0.95 0.91 0.95 

2 0.94 0.95 0.92 

3 0.90 0.90 0.88 

4 0.93 0.92 0.94 

5 0.96 0.93 0.95 

6 0.94 0.90 0.95 

7 0.96 0.94 0.94 

8 0.90 0.93 0.93 

9 0.96 0.95 0.95 

10 0.91 0.94 0.94 

11 0.97 0.94 0.97 

12 0.96 0.96 0.95 

13 0.94 0.93 0.91 

Mean 0.94 0.93 0.94 

SD 0.02 0.02 0.02 

 

Chapter 4 

Participant body mass (kg) and OC cycle phase 

 

Participant Cons With1 With2 

1 67.2 67.2 65.9 

2 58.2 58.9 58.4 

3 48.8 49.5 49.4 

4 67.6 67.6 67.6 

5 60.2 60.8 60.9 

6 65.0 63.1 64.1 

7 61.5 62.2 61.9 

8 67.6 67.2 67.1 

9 78.6 78.5 77.6 

10 62.7 62.7 62.4 

Mean 63.7 63.8 63.5 

SD 7.7 7.4 7.2 
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Participant skinfold sum (mm) and OC cycle phase 

 

Participant Cons With1 With2 

1 84.5 86.0 88.2 

2 82.4 88.0 88.9 

3 56.4 55.1 54.2 

4 71.5 67.3 69.5 

5 88.7 85.1 86.2 

6 96.7 96.1 94.1 

7 73.0 77.1 75.9 

8 84.3 85.3 82.4 

9 90.8 91.1 92.1 

10 80.2 81.3 81.6 

Mean 80.9 81.2 81.3 

SD 11.5 12.1 12.1 

 

 

 

Participant serum oestradiol (pmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 40 40 71 

2 40 40 40 

3 40 40 50 

4 40 40 100 

5 40 40 100 

6 60 80 70 

7 50 50 140 

8 40 40 40 

9 50 50 130 

10 40 40 150 

Mean 44 46 89 

SD 7 13 41 
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Participant serum progesterone (nmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 3.0 3.0 3.0 

2 3.0 3.0 3.0 

3 1.0 1.0 1.0 

4 3.0 3.0 3.0 

5 3.0 3.0 3.0 

6 1.0 1.0 1.0 

7 1.0 1.0 1.0 

8 1.0 1.0 1.0 

9 3.0 3.0 3.0 

10 1.0 1.0 1.0 

Mean 2.0 2.0 2.0 

SD 1.1 1.1 1.1 

 

 

Participant counter movement jump (cm) and OC cycle phase 

 

Participant Cons With1 With2 

1 32.1 32.6 31.5 

2 36.8 39.7 39.3 

3 32.8 32.4 32.8 

4 34.1 33.7 33.2 

5 29.9 30.7 28.7 

6 32.9 31.1 32.3 

7 31.4 31.9 31.8 

8 26.6 25.9 27.8 

9 35.2 34.1 31.3 

10 33.5 33.7 33.7 

Mean 32.5 32.6 32.2 

SD 2.8 3.4 3.1 
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Participant drop jump performance (30 cm height) and OC cycle phase 

 

a) Jump height (cm) 

 

Participant Cons With1 With2 

1 23.2 24.5 22 

2 31.4 36.3 34.2 

3 31.1 31.3 30.9 

4 29.3 30.3 28.6 

5 27.7 29.9 27.2 

6 34.7 31.6 29.6 

7 21.3 24.8 24.2 

8 20.7 24.5 24.1 

9 28.7 29 27.8 

10 25.5 27.2 23.1 

Mean 27.4 28.9 27.2 

SD 4.6 3.8 3.8 

 

 

 

 

b) Contact time (s) 

 

Participant Cons With1 With2 

1 0.169 0.189 0.172 

2 0.139 0.162 0.170 

3 0.148 0.158 0.174 

4 0.178 0.185 0.193 

5 0.156 0.131 0.152 

6 0.130 0.135 0.126 

7 0.144 0.167 0.145 

8 0.153 0.151 0.195 

9 0.173 0.184 0.183 

10 0.179 0.221 0.209 

Mean 0.157 0.168 0.172 

SD 0.017 0.027 0.025 
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c) Reactive strength 

 

Participant Cons With1 With2 

1 137 130 128 

2 226 224 201 

3 210 198 178 

4 165 164 148 

5 177 228 179 

6 267 234 237 

7 148 149 167 

8 135 162 123 

9 166 157 152 

10 142 131 111 

Mean 177 178 162 

SD 44 40 38 

 

 

Participant drop jump performance (45 cm height) and OC cycle phase 

 

a) Jump height (cm) 

 

Participant Cons With1 With2 

1 23.2 19.4 21.9 

2 31.3 35.5 35.0 

3 27.7 30.3 27.9 

4 26.4 25.3 28.4 

5 26.4 29.7 25.5 

6 34.3 28.8 29.9 

7 22.5 25.3 25.5 

8 26.7 24.0 25.5 

9 30.1 28.3 28.1 

10 28.1 24.1 21.9 

Mean 27.7 27.1 27.0 

SD 3.6 4.4 3.9 

 

 



120 

 

 

 

 

b) Contact time (s) 

 

Participant Cons With1 With2 

1 0.179 0.168 0.188 

2 0.135 0.159 0.182 

3 0.140 0.169 0.193 

4 0.184 0.192 0.190 

5 0.142 0.168 0.149 

6 0.122 0.131 0.143 

7 0.145 0.156 0.158 

8 0.190 0.194 0.169 

9 0.170 0.176 0.169 

10 0.207 0.200 0.185 

Mean 0.161 0.171 0.173 

SD 0.028 0.021 0.018 

 

 

c) Reactive strength 

 

Participant Cons With1 With2 

1 130 116 117 

2 232 223 192 

3 198 179 143 

4 143 132 149 

5 186 177 171 

6 281 220 209 

7 155 162 161 

8 141 123 151 

9 178 161 166 

10 136 120 119 

Mean 178 161 158 

SD 49 39 29 
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Participant 10 s bike ergometer performance and OC cycle phase 

 

a) Work (J.kg
-1

) 

 

Participant Cons With1 With2 

1 107.2 107.6 100.0 

2 142.8 125.1 141.1 

3 127.9 128.0 124.6 

4 121.5 122.5 124.5 

5 114.9 115.3 114.5 

6 108.1 110.6 113.7 

7 114.3 117.7 116.3 

8 106.6 109.0 109.2 

9 84.5 84.7 87.9 

10 99.1 105.8 107.5 

Mean 112.7 112.6 113.9 

SD 15.9 12.4 14.6 

 

 

b) Power (W.kg
-1

) 

 

Participant Cons With1 With2 

1 13.4 13.7 12.9 

2 17.0 15.6 17.1 

3 16.1 15.7 15.4 

4 15.0 15.3 15.2 

5 13.6 13.9 13.9 

6 13.7 13.9 14.0 

7 14.4 14.6 15.0 

8 13.4 13.8 13.5 

9 10.8 10.6 11.2 

10 12.6 13.0 13.6 

Mean 14.0 14.0 14.2 

SD 1.8 1.5 1.6 
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c) Time to peak power (s) 

 

Participant Cons With1 With2 

1 3.1 2.8 3.4 

2 4.3 5.4 4.2 

3 3.6 3.0 2.6 

4 3.8 2.8 2.8 

5 4.6 2.6 3.3 

6 2.2 3.3 2.2 

7 3.7 3.5 3.3 

8 2.9 2.4 2.6 

9 3.7 2.4 3.8 

10 4.6 3.5 3.7 

Mean 3.7 3.2 3.2 

SD 0.8 0.9 0.6 

 

 

Participant 5 x 6 s bike ergometer performance and OC cycle phase 

 

a) Total work (J.kg
-1

) 

 

Participant Cons With1 With2 

1 273.7 277.8 276.3 

2 339.4 311.3 352.9 

3 326.7 304.1 310.2 

4 322.6 333.2 324.9 

5 283.2 293.3 301.4 

6 298.4 284.1 292.6 

7 316.1 310.8 316.4 

8 286.8 300.1 307.9 

9 225.6 225.9 233.3 

10 278.4 288.3 288.1 

Mean 295.1 292.9 300.4 

SD 33.2 28.4 31.7 
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b) Work decrement (%) 

 

Participant Cons With1 With2 

1 4.9 11.1 10.9 

2 11.1 6.6 9.1 

3 11.7 13.4 15.1 

4 10.2 11.2 8.1 

5 8.5 8.4 5.5 

6 7.5 12.5 6.9 

7 6.3 8.8 7.6 

8 9.8 4.7 7.6 

9 7.4 6.4 8.1 

10 3.6 5.4 6.4 

Mean 8.1 8.8 8.5 

SD 2.7 3.1 2.7 

 

 

 

c) Power decrement (%) 

 

Participant Cons With1 With2 

1 6.8 11.2 6.9 

2 8.4 8.8 8.5 

3 9.5 12.3 11.3 

4 7.6 6.3 8.7 

5 8.0 8.7 5.1 

6 5.6 9.5 4.0 

7 5.0 7.7 8.3 

8 8.2 9.0 3.2 

9 7.1 6.0 5.7 

10 3.9 3.2 8.8 

Mean 7.0 8.3 7.0 

SD 1.7 2.6 2.5 
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Chapter 5 

Participant body mass (kg) and OC cycle phase 

 

Participant Cons With1 With2 

1 64.9 65.4 65.9 

2 59.7 59.4 59.2 

3 70.3 70.6 69.7 

4 69.5 68.9 69.0 

5 85 85.3 85.4 

6 62.7 62.7 62.4 

Mean 68.7 68.7 68.6 

SD 8.9 9.1 9.1 

 

 

 

 

 

 

 

 

Participant sum of skinfolds (mm) and OC cycle phase 

 

 

Participant Cons With1 With2 

1 98.7 97.3 99.0 

2 107.2 104.5 105.1 

3 104.2 109.5 106.8 

4 104.8 101.0 105.6 

5 109.7 113.9 110.1 

6 82.4 88.0 88.9 

Mean 101.2 102.4 102.6 

SD 9.9 9.2 7.6 
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Participant serum oestradiol (pmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 70 70 70 

2 50 40 80 

3 40 50 90 

4 40 40 70 

5 40 40 70 

6 40 40 100 

Mean 47 47 80 

SD 12 12 13 

 

 

 

Participant serum progesterone (nmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 1.0 1.0 1.0 

2 1.0 1.0 1.0 

3 1.0 1.0 1.0 

4 3.0 3.0 3.0 

5 1.0 1.0 1.0 

6 3.0 3.0 3.0 

Mean 1.7 1.7 1.7 

SD 1.0 1.0 1.0 
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Participant swimming results and OC cycle phase 

a) 50 m split time (s) 

 

Participant Cons With1 With2 

1 32.5 32.5 32.7 

2 31.9 31.8 32.2 

3 31.8 32.2 31.2 

4 31.7 31.9 32.5 

5 32.7 32.8 32.4 

6 31.7 31.2 31.3 

Mean 32.1 32.1 32.0 

SD 0.4 0.6 0.6 

 

 

b) 100 m split time (s) 

 

Participant Cons With1 With2 

1 67.9 68.1 68.4 

2 66.6 66.7 67.0 

3 68.8 69.1 68.6 

4 68.1 68.5 69.6 

5 70.3 69.9 69.4 

6 68.4 67.7 67.9 

Mean 68.4 68.3 68.5 

SD 1.2 1.1 1.0 

 

 

c) 150 m split time (s) 

 

Participant Cons With1 With2 

1 105.7 106.2 105.7 

2 102.1 102.1 102.1 

3 105.4 106.7 104.5 

4 106.6 106.9 108.1 

5 109.7 108.5 108.3 

6 107.2 106.0 105.7 

Mean 106.1 106.1 105.7 

SD 2.5 2.1 2.3 
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d) 200 m time trial result (s) 

 

Participant Cons With1 With2 

1 142.0 142.7 142.3 

2 136.9 136.4 136.4 

3 141.7 143.8 141.6 

4 145.3 145.3 146.8 

5 148.4 146.6 146.3 

6 145.9 144.1 143.9 

Mean 143.4 143.2 142.9 

SD 4.0 3.6 3.8 

 

 

 

Participant average stroke rate and OC cycle phase 

 

Participant Cons With1 With2 

1 39 39 39 

2 51 52 50 

3 42 39 41 

4 48 48 47 

5 45 43 44 

6 48 48 49 

Mean 46 45 45 

SD 5 5 4 

 

 

Participant average heart rate (beats.min
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 179 179 181 

2 185 185 184 

3 177 176 173 

4 178 180 180 

5 180 180 182 

6 182 181 182 

Mean 180 180 180 

SD 3 3 4 
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Participant peak blood lactate (mmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 15.6 15.3 8.8 

2 9.9 10.3 7.8 

3 9.6 7.3 6.8 

4 14.3 13.3 12.7 

5 10.0 11.8 9.7 

6 15.7 14.1 13.6 

Mean 12.5 12.0 9.9 

SD 3.0 2.9 2.7 

 

 

 

Participant peak blood glucose (mmol.L
-1

) and OC cycle phase 

 

Participant Cons With1 With2 

1 9.3 9.7 8.0 

2 6.7 6.9 7.8 

3 6.5 6.6 7.4 

4 6.1 5.4 5.2 

5 5.0 6.4 5.2 

6 5.3 5.8 6.0 

Mean 6.5 6.8 6.6 

SD 1.5 1.5 1.3 

 

 

Participant peak pH and OC cycle phase 

 

Participant Cons With1 With2 

1 7.151 7.186 7.201 

2 7.263 7.234 7.320 

3 7.242 7.258 7.287 

4 7.045 7.070 7.061 

5 7.064 7.035 7.055 

6 7.100 7.141 7.173 

Mean 7.144 7.154 7.183 

SD 0.092 0.089 0.111 

 



129 

 

 

Chapter 6 

Participant body mass (kg) and OC cycle phase 

 

Participant  Cons With1 With2 

1 60.6 60.3 60.2 

2 54.3 54.6 53.1 

3 65.9 66.8 65.9 

4 54.1 54.2 54.4 

5 61.7 60.9 60.8 

6 70.6 69.2 70.3 

7 66.2 67.6 66.8 

8 56.5 56.0 56.1 

9 58.9 58.7 57.8 

10 56.0 55.8 56.4 

11 63.6 64.8 65.1 

12 56.6 55.5 56.0 

13 76.3 76.0 76.0 

14 67.2 67.2 65.9 

15 58.2 58.9 58.4 

16 48.8 49.5 49.4 

17 67.6 67.6 67.6 

18 60.2 60.8 60.9 

19 65.0 63.1 64.1 

20 61.5 62.2 61.9 

21 67.6 67.2 67.1 

22 78.6 78.5 77.6 

23 62.7 62.7 62.4 

24 64.9 65.4 65.9 

25 59.7 59.4 59.2 

26 70.3 70.6 69.5 

27 69.5 68.9 69.0 

Mean 63.1 63.1 62.9 

SD 6.8 6.8 6.7 
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Participant sum of skinfolds (mm) and OC cycle phase 

 

Participant  Cons With1 With2 

1 89.4 99.4 96.5 

2 37.3 37.1 37.1 

3 86.3 90.1 88.1 

4 80.7 79.9 77.5 

5 49.3 50.9 52.2 

6 73.8 68.6 78.3 

7 108.4 109.7 108.4 

8 52.5 57.6 56.7 

9 75.5 73.0 69.5 

10 86.2 87.1 88.2 

11 121.6 132.6 131.4 

12 44.8 45.4 44.2 

13 109.5 117.2 116.5 

14 84.5 86.0 88.2 

15 82.4 88.0 88.9 

16 56.4 55.1 54.2 

17 71.5 67.3 69.5 

18 88.7 85.1 86.2 

19 96.7 96.1 94.1 

20 73.0 77.1 75.9 

21 84.3 85.3 82.4 

22 90.8 91.1 92.1 

23 81.3 83.0 82.2 

24 98.7 97.3 99.0 

25 107.2 104.5 105.1 

26 104.2 109.5 106.8 

27 104.8 101.0 105.6 

Mean 83.0 84.3 84.3 

SD 21.2 22.5 22.3 
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Participant serum oestradiol (pmol.L
-1

) and OC cycle phase 

Participant  Cons With1 With2 

1 130 130 140 

2 120 130 160 

3 110 160 310 

4 73 73 75 

5 93 270 480 

6 40 40 85 

7 40 50 50 

8 40 40 270 

9 40 40 40 

10 40 40 40 

11 50 40 140 

12 40 40 40 

13 105 90 300 

14 40 40 71 

15 40 40 40 

16 40 40 50 

17 40 40 100 

18 40 40 100 

19 60 80 70 

20 50 50 140 

21 40 40 40 

22 50 50 80 

23 40 40 150 

24 70 70 70 

25 50 40 80 

26 40 50 90 

27 40 40 70 

Mean 58 67 122 

SD 28 52 105 
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Participant serum progesterone (nmol.L
-1

) and OC cycle phase 

 

Participant  Cons With1 With2 

1 3.0 3.0 3.0 

2 4.0 4.0 4.0 

3 4.0 4.0 3.0 

4 3.0 3.0 3.0 

5 3.0 3.0 3.0 

6 4.0 4.0 4.0 

7 3.0 3.0 3.0 

8 1.0 1.0 1.0 

9 3.0 3.0 3.0 

10 3.0 3.0 3.0 

11 3.0 3.0 3.0 

12 3.0 3.0 3.0 

13 3.0 3.0 3.0 

14 3.0 3.0 3.0 

15 3.0 3.0 3.0 

16 1.0 1.0 1.0 

17 3.0 3.0 3.0 

18 3.0 3.0 3.0 

19 1.0 1.0 1.0 

20 1.0 1.0 1.0 

21 1.0 1.0 1.0 

22 4.0 4.0 3.0 

23 1.0 1.0 1.0 

24 1.0 1.0 1.0 

25 1.0 1.0 1.0 

26 1.0 1.0 1.0 

27 3.0 3.0 3.0 

Mean 2.5 2.5 2.4 

SD 1.1 1.1 1.0 
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Participant menstrual symptoms and OC cycle phase 

Participant  Cons With1 With2 

1 1.0 2.0 2.0 

2 0.0 0.0 0.0 

3 0.0 3.0 2.0 

4 0.0 2.0 0.0 

5 1.0 1.0 4.0 

6 0.0 2.0 1.0 

7 0.0 1.0 0.0 

8 3.0 3.0 0.0 

9 0.0 2.0 0.0 

10 3.5 3.5 4.0 

11 2.0 2.0 3.0 

12 0.0 2.0 0.0 

13 1.0 0.0 1.0 

14 0.0 0.0 0.0 

15 1.0 3.0 5.0 

16 2.0 2.0 0.0 

17 1.0 7.0 1.0 

18 0.0 2.0 0.0 

19 3.5 5.0 3.0 

20 1.0 3.0 1.0 

21 2.0 0.0 0.0 

22 2.0 10.0 2.5 

23 0.0 4.0 2.0 

24 0.0 4.0 4.0 

25 0.0 0.0 0.0 

26 0.0 2.0 0.0 

27 1.0 1.0 0.0 

Mean 0.9 2.5 1.3 

SD 1.1 2.2 1.6 

 

 


