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Abstract
Purpose Recent investigations have established that the ingestion of a moderate dose of caffeine (3–6 mg kg−1) can increase 
exercise and sports performance in women. However, it is unknown whether the ergogenicity of caffeine is similar during 
all phases of the menstrual cycle. The aim of this investigation was to determine the ergogenic effects of caffeine in three 
phases of the menstrual cycle.
Methods Thirteen well-trained eumenorrheic triathletes (age = 31 ± 6 years; body mass = 58.6 ± 7.8 kg) participated in a 
double-blind, cross-over, randomised experimental trial. In the (1) early follicular (EF); (2) preovulation (PO); (3) and mid 
luteal (ML) phases, participants either ingested a placebo (cellulose) or 3 mg kg−1 of caffeine in an opaque and unidentifiable 
capsule. After a 60-min wait for substance absorption, participants performed an incremental maximal cycle ergometer test 
until volitional fatigue (25 W/min) to assess peak aerobic cycling power (Wmax).
Results In comparison to the placebo, caffeine increased Wmax in the EF (4.13 ± 0.69 vs. 4.24 ± 0.71 W  kg−1, Δ = 2.7 ± 3.3%, 
P = 0.01), in the PO (4.14 ± 0.70 vs. 4.27 ± 0.73 W  kg−1, Δ = 3.3 ± 5.0%; P = 0.03) and in the ML (4.15 ± 0.69 vs. 
4.29 ± 0.67 W  kg−1, Δ = 3.6 ± 5.1%; P = 0.01) phases. The magnitude of the caffeine ergogenic effect was similar during all 
of the menstrual cycle phases (P = 0.85).
Conclusion Caffeine increased peak aerobic cycling power in the early follicular, preovulatory, and mid luteal phases. Thus, 
the ingestion of 3 mg of caffeine per kg of body mass might be considered an ergogenic aid for eumenorrheic women during 
all three phases of the menstrual cycle.

Keywords Ergogenicity · Stimulant · Exercise · Women · Sex · Physical activity

Introduction

Current knowledge about the ergogenic effect of acute caf-
feine intake (3–6 mg of caffeine per kg of body mass) has 
been established by systematic reviews and meta-analysis 
investigations that primarily used male athlete populations 

[1–6]. In fact, a recent umbrella review that included 21 
meta-analyses on the effects of caffeine on exercise perfor-
mance reported that the prevalence of investigations with 
only male samples was from 72 to 100% [7]. This informa-
tion has led to the inclusion of caffeine in the International 
Olympic Committee consensus on dietary supplements as 
one of the few substances with an adequate level of support 
to improve exercise and sport performance [8], although the 
information about the ergogenicity of caffeine in women is 
scarcer than in men [9].

A number of recent investigations, using women as study 
samples, have also found that the ingestion of a moderate 
dose of caffeine produces increased muscle strength [10, 
11] and enhanced sports performance in cycling [12], soccer 
[13], rugby [14], and volleyball [15]. It has also been found 
that caffeine might have a similar effect in men and women 
in cycling [16, 17] basketball [18], endurance running [19], 
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badminton [20], and tennis [21]. Moreover, the course of 
tolerance to the ergogenic effect of caffeine—when the sub-
stance is ingested for 20 days—seems independent of sex 
[22]. The current body of research has led to the notion that 
women might experience a comparable ergogenic response 
to caffeine to men [16, 23] but the interrelationship between 
the ergogenicity of caffeine and the menstrual cycle has not 
been thoroughly investigated.

In most of the previously mentioned investigations with 
women included as study samples, the ergogenic effect of 
caffeine was measured in a placebo-controlled experiment 
where trials of caffeine and a placebo were performed within 
a specific phase of the menstrual cycle. Participants were 
often tested in the follicular phase of their menstrual cycle 
likely to minimise the possible impacts of oestradiol and 
progesterone on the study outcomes [24]. In other investi-
gations, the association of the ergogenicity of caffeine with 
the menstrual cycle was not examined or included in the 
manuscript. Interestingly, previous investigations suggest 
that the ergogenic effect of caffeine can be modulated by 
variations in female sex hormones during the menstrual 
cycle and thus, its ergogenic effect might vary during the 
follicular, ovulatory and luteal phases. The pharmacokinet-
ics of acute caffeine intake (6 mg/kg or 300 mg) is similar in 
the follicular, ovulatory and luteal phases [25–27] in eumen-
orrheic women. It is also worth mentioning that the differ-
ences in serum caffeine concentration during the menstrual 
cycle found in some investigations are mainly the result of 
different caffeine intakes rather than differences in caffeine 
metabolism [28]. However, oral contraceptives may also 
interfere with caffeine metabolism and excretion [29] due 
to the intake of ethinylestradiol. Specifically, ethinylestradiol 
induces inhibitory activity of CYP1A2, an enzyme respon-
sible for N-demethylation of caffeine [30]. Lastly it has been 
found that caffeine (2 mg/kg) produces greater changes in 
cardiovascular [31], mood, and subjective variables in the 
follicular phase than in the luteal phase [32, 33]. Though 
informative, it is worth noting that these latter investigations 
were carried out with non-trained adolescents.

With this background of knowledge, it is difficult to deter-
mine whether the ergogenicity of caffeine is present during 
all phases of the menstrual cycle. Therefore, the main aim 
of this study was to examine the ergogenic effect of caf-
feine ingestion during three different phases of the menstrual 
cycle in eumenorrheic females that had not used oral con-
traceptives. We hypothesised that women would receive a 
higher ergogenic effect from caffeine during the follicular 
phase compared to the effects found in the preovulatory and 
mid-luteal phases.

Methods

Participants

Thirteen well-trained women volunteered to par-
ticipate in this investigation (age = 31 ± 6  year; body 
mass = 58.6 ± 7.8  kg; body height = 1.66 ± 0.06  m, 
body fatness = 14.5 ± 6.5%; maximal oxygen uptake 
(VO2max) = 48.1 ± 7.3 mL  kg−1  min−1). All of the partici-
pants were competitive triathletes and fulfilled the follow-
ing inclusion criteria: (a) age between 18 and 40 years; 
(b) consistent triathlon training (including running, 
cycling and swimming practice) of ~ 2 h day−1, at least 
5 days week−1 for the previous 2 months; (c) low caffeine 
consumption (i.e., < 50 mg of caffeine per day in the pre-
vious 3 months), as defined by Goncalves et al. [34]; (d) 
regular duration of their menstrual cycle for the previ-
ous 4 months. Participants were excluded if they reported 
(a) any type of injury within the previous 6 months; (b) 
a positive smoking status; (c) medication usage within 
the previous month; (d) a previous history of cardiopul-
monary diseases, (e) oral contraceptive use; (f) allergy 
to caffeine; (g) any type of menstrual disorders such as 
dysmenorrhea, amenorrhea, or strong symptoms associ-
ated with pre-menstrual syndrome. This information was 
obtained from a pre-participation screening that included 
a medical and training history as well as a food frequency 
questionnaire. One week before the start of the experi-
mental protocol, participants were fully informed of the 
associated procedures and risks. Participants also signed 
an informed, written consent form to participate in the 
investigation. The study was approved by the Camilo José 
Cela University Research Ethics Committee. All research 
protocols were in accordance with the latest version of the 
Declaration of Helsinki.

Experimental design

A double-blind, placebo-controlled cross-over experi-
mental design was used in this investigation and thus, 
participants acted as their own controls. Each participant 
completed two experimental trials in each of the follow-
ing three phases of the menstrual cycle: (1) early follicu-
lar phase (EF); (2) preovulation phase (PO); and (3) mid 
luteal phase (ML), for a total of six identical experimental 
trials (Fig. 1). During each menstrual cycle phase, every 
participant ingested an opaque and unidentifiable capsule 
containing either caffeine (3 mg  kg−1; 100% purity, Bulk 
Powders, United Kingdom) or a placebo (e.g., cellulose; 
100% purity, Guinama, Spain) before undergoing a set of 
performance measurements. The order of the substances 
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within each phase of the menstrual cycle was randomised 
and they were separated by at least 48  h to allow for 
physical recovery, testing reproducibility, and substance 
elimination. The first phase of the investigated menstrual 
cycle was randomly assigned, and a similar number of 
participants started in EF (5 participants), PO (4 partici-
pants) and ML (4 participants). An alphanumeric code 
was assigned to each trial by a person independent of the 
study. This was done to double-blind the participants and 
researchers to the trial order and substances. Menstrual 
cycle phase identification was conducted according to the 
methodological considerations proposed by Janse de Jonge 
[35].

Standardisation

Once the participants had fulfilled the inclusion/exclusion 
criteria—about 2 weeks before the onset of experimental 
trials—they were specifically informed about the neces-
sity of refraining from all sources of caffeine (coffee, tea, 
chocolate, energy drinks, etc.) until the experiment was 
completed. They were also encouraged to avoid nutritional 
supplements and to maintain their training routines and a 
stable state of physical fitness during the experiment. Com-
pliance with these recommendations was certified by self-
report questionnaires.

At this time, participants underwent a routine screen-
ing to ensure that they were in good health and suitable 
for the experiment. Participants also performed 2 days 
of pre-experimental trials to familiarise themselves with 

the testing, research procedures, and research personnel 
involved in the experiment. During this period, partici-
pants were nude weighed to properly calculate caffeine 
dosage. The day before each trial, participants performed 
light, standardised training and a self-selected precompeti-
tive diet/fluid routine was kept. Fluid and diet guidelines 
were given to assure carbohydrate availability [36] and 
euhydration [37] in all experimental trials. Subjects were 
also required to refrain from consuming alcohol and to 
maintain a sleeping pattern with at least 8 h of sleep the 
day before each trial. Moreover, participants were encour-
aged to consume their habitual pre-competition meal 3 h 
before the start of testing and replicated this before each 
experimental trial. These standardisations were written 
in a personal journal and were repeated thoroughly for 
the remaining trials. Data on fluid, diet and exercise were 
analysed afterwards to ensure that participants fulfilled 
all the recommendations given. Ambient temperature 
and humidity were recorded at the beginning and end of 
each trial using a digital temperature and humidity moni-
tor (OH1001, OH Haus, Spain). The average environ-
mental conditions during the tests were kept constant at 
21.0 ± 0.8 °C for air temperature and 42 ± 5% for relative 
humidity [38]. During performance testing, standardised 
encouragement and feedback were given to the partici-
pants in all trials by the same researcher who was blinded 
to the treatments. The seat and handlebar positions on the 
cycle ergometer were obtained during the familiarisation 
trials and replicated for each individual in all trials.

Fig. 1  Experimental design of the investigation. This image repre-
sents the protocol followed by one triathlete with a 28-day menstrual 
cycle. Caffeine (3  mg  kg−1) or a placebo was administered in three 
different phases of the menstrual cycle: early follicular, preovulatory 
and mid-luteal. Exercise performance assessment included a graded 
exercise test on a cycle ergometer to volitional fatigue, 60 min after 

assigned capsule was ingested. After participants recorded the regu-
larity and length of their menstrual cycle for 4  months, they then 
measured their basal tympanic temperature, body mass, and increases 
in luteinising hormone—with urine test strips—to determine the 
onset of each menstrual cycle phase
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Menstrual cycle phase

Regularity and duration of the menstrual cycle were moni-
tored in each participant for 4 months before the onset of the 
investigation through a mobile application  (Mycalendar®, 
Period-tracker, US). With this application, participants com-
pleted a menstruation diary that included: menstrual dates, 
menstrual duration, and level of discomfort during the previ-
ous days leading up to menstrual activity. Menstrual cycle 
duration was individually assessed, and the average was 
27 ± 2 days (from 24 to 31 days). During the familiarisa-
tion trials, participants were instructed to measure their own 
basal tympanic temperature (model HDT8208C, Nursal Ear 
Thermometer, China) every morning immediately after wak-
ing up. In addition, participants were supplied with reactive 
test strips (One Step Ovulation LH Test Strip; CVS Corpo-
ration, US) to assess any increases in luteinising hormone 
(LH) in the first morning urine sample. Finally, participants 
were provided with a digital scale (BT200, Daga, Spain) to 
obtain nude body mass (Fig. 1). The EF was determined by 
identifying the beginning of menses. It was also confirmed 
by previous dates of menstrual activity and menstrual cycle 
durations. The first EF trial was performed the day after the 
first signs of bleeding, and the second trial was performed 
48 h later. The PO was identified by a positive LH test strip 
result. Tympanic temperature increases of at least 0.3 °C, 
body mass changes of at least 0.5%, and the information 
provided by the period-tracker application also helped in 
identifying the PO phase. The first PO trials were performed 
the day after a positive result on the LH test strip. The sec-
ond PO trial was conducted 48 h later. The first trial ML 
was performed in the days equivalent to 70% and 75% of the 
individual menstrual cycle length (i.e., 20th to 22th from the 
first day of the menstrual cycle for a 28-day cycle; [35]) All 
these protocols helped to align the participants’ cycles so, 
despite different cycle lengths, participants performed the 
testing in the same cycle phases [28].

Experimental protocol

In all experimental trials, participants completed the same 
research procedures, as follows: on the day of each trial, 
they arrived at the laboratory (10.00 am) in a fed state (~ 3 h 
after their last meal) and 2 h after ingesting 7 mL/kg of 
water. Upon arrival at the laboratory, they were weighed, and 
body fat percentage was estimated by bioelectrical imped-
ance (B-418, Tanita, Japan). After this, the assigned experi-
mental capsule was provided in an unidentifiable bag and 
immediately ingested with 150 mL of water. Participants 
then dressed in a T-shirt, cycling shorts, and cleated shoes, 
and a heart rate belt (Wearlink, Polar, Finland) was attached 
to their chests. After that, they rested in a supine position for 
45 min to allow the experimental substance to be absorbed. 

Resting heart rate and systolic and diastolic blood pressure 
(M6 Comfort, Omron, Japan) were measured three times 
during the last 5 min of the resting period. An average of the 
three blood pressure measurements was used for analysis.

Exactly 60 min after capsule ingestion, participants per-
formed a standardised warm-up that included 15 min on a 
cycle ergometer (SNT Medical, Cardgirus, Spain) at 50 W. 
Participants then completed a ramp exercise test on the cycle 
ergometer, which comprised 25 W increments every minute 
until volitional fatigue, as previously described [22]. Ped-
alling frequency was individually-chosen (between 75 and 
90 rpm) but maintained during the whole graded exercise 
test and replicated in all experimental trials. Expired gases 
were collected with a stationary breath-by-breath device 
(Metalyzer 3B, Cortex, Germany) during the test to calcu-
late oxygen uptake (VO2) and carbon dioxide production 
(VCO2), among other respiratory variables. At each work-
load, gas exchange data were averaged every 15 s, and the 
last 15 s of each stage was used as a representative value of 
the workload. One minute after the end of the graded test, a 
fingertip blood sample was obtained to analyse blood lactate 
concentration (Lactate Pro 2, Arkay, Japan). In this test, peak 
cycling power (Wmax) was recorded as the exercise load on 
the cycle ergometer when the participants abruptly stopped 
pedalling or when their pedalling frequency was lower 
than 50 rpm. VO2max was defined as the highest VO2 value 
obtained during the test. VO2max was considered valid when 
participants rated their perceived exertion to be higher than 
19 on the Borg scale, the VO2 difference between the last two 
consecutive workloads was less than 0.10 L  min−1, respira-
tory exchange ratio was higher than 1.10 and heart rate was 
higher than 80% of the age-adjusted estimate of maximal 
heart rate [39]. Certified calibration gases (16.0%  O2; 5.0% 
 CO2, Cortex, Germany) and a 3-L syringe were used to cali-
brate the gas analyser and the flowmeter before each trial. 
At the end of the ramp test, participants were asked about 
their self-perceived endurance (1–10 arbitrary units, [a.u.]) 
[40] and exertion (6–20 a.u., Borg’s scale). These protocols 
were repeated after 48 h in each of the three menstrual cycle 
phases. At the end of this protocol, participants continued 
pedalling at 50 W for 10 min. After that they performed a 
15-s Wingate test. The results of the Wingate test have not 
been included in this manuscript for clarity and they will be 
presented in a further paper.

Statistical analysis

Data were collected as previously indicated and the results 
of each test were blindly introduced into the statistical pack-
age SPSS v 20.0 for later analysis. Normality was tested 
for each variable with the Shapiro–Wilk test. All included 
variables in this investigation presented a normal distri-
bution (P > 0.05) and parametric statistics were used to 
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determine the ergogenicity of caffeine. Differences between 
the caffeine vs. placebo protocols were determined by two-
way analysis of variance (substance × day of ingestion) 
with repeated measures. After a significant F test (Geis-
ser–Greenhouse correction for the assumption of sphericity), 
differences between means were identified using Tukey’s 
HSD post hoc. As the objective of this investigation was to 
identify the ergogenic effect of caffeine in each phase of the 
menstrual cycle, only placebo-caffeine comparisons within 
the same phase were identified. The results are presented 
as group average ± standard deviation, with percentage of 
change with caffeine over placebo (Δ). Cohen’s effect size 
(d) was calculated in all statistically significant pairwise 
comparisons. The criteria to interpret the magnitude of effect 
size were: ≤ 0.2 trivial, > 0.2 to 0.6 small, > 0.6 to 1.2 moder-
ate, > 1.2 to 2.0 large, > 2.0 very large [41]. The differences 
in the frequency of the participants who correctly identified 
the order of the trials in each phase was analysed with cross-
tab and Chi square tests, including adjusted standardised 
residuals. The significance level was set at P < 0.05.

Results

The order of the trials was correctly guessed by 38.5% of the 
participants in EF, 61.5% in PO and 53.8% in ML. There was 
no difference in the frequency of correct identification of the 
placebo-caffeine trials amongst the menstrual cycle phases 
(P = 0.49). No participant reported any serious adverse side 
effects during or after each testing session. Table 1 depicts 
resting heart rate, systolic blood pressure, diastolic blood 
pressure, and mean arterial blood pressure differences 
between the caffeine and placebo trials. Caffeine did not 
affect resting heart rate in any phase of the menstrual cycle. 
In EF, caffeine increased diastolic and mean arterial blood 
pressure (both P < 0.05); in PO, caffeine increased systolic, 
diastolic, and mean arterial blood pressure (all at P < 0.05); 
and in ML, caffeine increased systolic, diastolic, and mean 
arterial blood pressure (all at P < 0.05).

In comparison to the placebo, caffeine intake increased 
Wmax in EF (4.13 ± 0.69 vs. 4.24 ± 0.71  W  kg−1, 

Δ = 2.7 ± 3.3%, d = 0.2; P = 0.01), in PO (4.14 ± 0.70 vs. 
4.27 ± 0.73 W  kg−1, Δ = 3.3 ± 5.0%, d = 0.2; P = 0.03) and 
in ML (4.15 ± 0.69 vs. 4.29 ± 0.67 W  kg−1, Δ = 3.6 ± 5.1%, 
d = 0.2; P = 0.01). The magnitude of the ergogenic effect 
of caffeine was similar during all of the menstrual cycle 
phases (P = 0.85). In EF and ML, three participants did not 
increase their Wmax in response to caffeine; in PO, two 
participants did not increase Wmax in response to caffeine 
either (Fig. 2).

Caffeine also increased VO2max in EF (47.5 ± 7.5 vs. 
49.6 ± 7.6 mL  kg−1  min−1, Δ = 4.5 ± 5.7%, d = 0.3; P = 0.01). 
However, caffeine was ineffective at increasing VO2max in 
PO (48.2 ± 7.4 ~ 49.2 ± 8.4 mL  kg−1  min−1, Δ = 2.1 ± 6.0%, 
d = 0.1; P = 0.17) and in ML (49.0 ± 7.3 ~49.7 ± 7.0 mL  kg−1 
 min−1, Δ = 1.7 ± 4.7%, d = 0.1; P = 0.27). Nevertheless, the 
magnitude of the ergogenic effect of caffeine was similar 
during all the menstrual cycle phases (P = 0.35). In EF, one 
participant did not increase VO2max with caffeine; in PO, 
three participants did not increase VO2max with caffeine; in 
ML, two participants did not increase VO2max with caffeine 
(Fig. 3).

In comparison to the placebo, acute caffeine intake 
increased peak heart rate in PO (P = 0.05) and ML (P = 0.05, 
Table 2), with no caffeine-induced effect on EF. Caffeine 
also increased peak pulmonary ventilation in EF (P < 0.01) 
and ML (P < 0.01), with no statistically significant effect in 
PO (P = 0.22). The caffeine-induced increase in peak ven-
tilation was the result of increased tidal volume (P < 0.05 
in all three phases) because peak respiratory rate remained 
unchanged with caffeine (Table 2).

At the end of the graded exercise test, blood lactate con-
centration after the graded exercise was higher with caffeine 
than the placebo in EF (P = 0.03) and ML (P = 0.01). Caf-
feine did not produce any changes in self-perceived exer-
tion, measured with the Borg’s scale, in any of the men-
strual cycle phases where < 19 a.u. values were recorded in 
all tests. Similarly, caffeine did not change self-perception 
of endurance during the graded exercise test in any of the 
menstrual cycle phases (Table 2).

Figure 4 depicts the individual changes in Wmax due to 
the ingestion of caffeine. Except for participants number 

Table 1  Resting heart rate and blood pressure variables with the administration of 3 mg kg−1 of caffeine or a placebo in three different phases of 
the menstrual cycle

*Caffeine different from placebo within the same menstrual cycle phase at P < 0.05

Variable (units) Early follicular Preovulatory Mid luteal

Placebo Caffeine d Placebo Caffeine d Placebo Caffeine d

Heart rate (bpm) 58 ± 8 56 ± 10 − 0.3 58 ± 10 57 ± 13 − 0.1 59 ± 11 58 ± 13 −0.1
Systolic blood pressure (mmHg) 108.9 ± 5.9 111.2 ± 8.6 0.4 108.9 ± 8.1 114.8 ± 7.0* 0.7 109.0 ± 6.2 111.4 ± 6.3* 0 .4
Diastolic blood pressure (mmHg) 66.2 ± 5.3 68.2 ± 4.5* 0.4 63.0 ± 7.2 68.8 ± 4.2* 0.8 64.2 ± 5.0 67.5 ± 3.8* 0.6
Mean arterial blood pressure (mmHg) 80.4 ± 4.8 82.5 ± 4.8* 0.4 78.3 ± 6.9 84.1 ± 4.6* 0.9 79.1 ± 4.9 82.1 ± 4.0* 0.6
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2 and 11, all triathletes increased Wmax in response to 
caffeine in at least two phases of their menstrual cycle. In 
addition, 7 participants increased Wmax in all three phases 
of their menstrual cycle.

Discussion

The current body of knowledge indicates that women might 
experience a comparable ergogenic response to caffeine as 
men [16, 23]. However, no research has been conducted to 

Fig. 2  Peak cycling power (Wmax) during a maximal graded exercise 
test with the administration of 3 mg  kg−1 of caffeine or a placebo in 
the early follicular (a), preovulatory (b) and mid luteal (c) phases of 
the menstrual cycle. The columns represent the group’s average and 
the whiskers represent 1 standard deviation. The solid lines represent 
individual responses for participants with increased Wmax between 
caffeine administration and the placebo. The dashed lines represent 
individual responses in individuals that decreased Wmax as a result 
of caffeine ingestion. (*) Caffeine different from placebo within the 
same menstrual cycle phase at P < 0.05

Fig. 3  Maximal oxygen uptake (VO2max) during a maximal graded 
exercise test with the administration of 3  mg  kg−1 of caffeine or a 
placebo in the early follicular (a), preovulatory (b) and mid luteal 
(c) phases of the menstrual cycle. The columns represent the group’s 
average and the whiskers represent 1 standard deviation. The solid 
lines represent individual responses for participants with increased 
VO2max between caffeine administration and the placebo. The dashed 
lines represent individual responses in individuals that decreased 
VO2max as a result of caffeine ingestion. (*) Caffeine different from 
placebo within the same menstrual cycle phase at P < 0.05
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determine whether the ergogenic effect of caffeine is pre-
sent throughout the menstrual cycle. The aim of the current 
study was to assess the ergogenic effects of 3 mg  kg−1 of 
caffeine on peak aerobic cycling power during three dif-
ferent phases of the menstrual cycle (EF, PO and ML) in 
well-trained triathletes. The following main outcomes arose 
from the study: (a) in comparison to the ingestion of a pla-
cebo, caffeine increased Wmax in EF, PO and ML while the 
magnitude of the ergogenic effect was small and compara-
ble among phases (b) acute caffeine intake also increased 
VO2max in EF, but this effect was not present in PO and ML; 
(c) other responses to caffeine also included increased peak 
heart rate in PO and ML, peak pulmonary ventilation in EF 
and ML, and increased post-exercise blood lactate concen-
tration in EF and ML; (d) the ergogenic response to caffeine 
showed a high interindividual variability with one triathlete 
who did not obtain benefits from acute caffeine intake in 
any of the menstrual cycle phases. All of this information 
points to caffeine being considered as a potential ergogenic 
aid for women during all three phases of the menstrual cycle. 

However, measuring individual response to a moderate dose 
of caffeine should be conducted before caffeine is recom-
mended as a substance to increase performance in a female 
athlete.

During the menstrual cycle, serum concentrations of vari-
ous female steroid hormones fluctuate. However, the effects 
on muscle performance or endurance capacity are limited 
[42]. The concentration changes in female sex hormones 
might also interfere with the physiological effects of caf-
feine because the activity of the human cytochrome P450 
CYP1A2, the enzyme responsible for caffeine metabolism, 
might be partially inhibited by female sex hormones [41], 
mainly oestradiol [30]. The experimental design used in 
the current investigation is novel with respect to previous 
research because it is the only study that considers menstrual 
cycle phases to determine the ergogenic effect of caffeine. 
Previous investigations have measured the effect of caffeine 
on women’s performance in a myriad of exercise and sports 
situations [10–15], but the procedures only included one pla-
cebo-caffeine comparison during one phase of the menstrual 

Table 2  Peak values for heart rate, gas exchange data, and blood lactate concentration and subjective feelings of exertion and endurance during a 
maximal ramp exercise test with the administration of 3 mg  kg−1 of caffeine or a placebo in three different phases of the menstrual cycle

*Caffeine different from placebo within the same menstrual cycle phase at P < 0.05. a.u. = arbitrary units

Variable (units) Early follicular Preovulatory Mid luteal

Placebo Caffeine d Placebo Caffeine d Placebo Caffeine d

Peak heart rate (bpm) 173 ± 12 175 ± 10 0.2 173 ± 14 176 ± 12* 0.2 173 ± 14 176 ± 10* 0.3
Peak pulmonary ventilation (L  min−1) 107.7 ± 21.1 114.1 ± 23.6* 0.3 108.7 ± 18.9 114.6 ± 21.2 0.2 108.1 ± 17.8 115.9 ± 20.9* 0.4
Peak respiratory rate (L  min−1) 50.9 ± 6.2 52.9 ± 6.4 0.3 52.3 ± 4.7 51.3 ± 5.9 -0.2 51.6 ± 5.6 52.1 ± 5.5 0.1
Peak tidal volume (L  min−1) 2.2 ± 0.4 2.3 ± 0.4* 0.1 2.1 ± 0.4 2.3 ± 0.4* 0.3 2.2 ± 0.4 2.3 ± 0.4* 0.3
Blood lactate concentration (mmol  L−1) 9.8 ± 2.0 11.2 ± 2.5* 0.6 10.9 ± 2.7 11.6 ± 3.0 0.2 10.1 ± 3.8 12.2 ± 2.6* 0.8
Borg’s scale (a.u) 19.0 ± 0.7 19.1 ± 0.6 0.2 19.1 ± 0.8 19.0 ± 0.7 -0.1 19.1 ± 0.6 19.2 ± 0.7 0.2
Perceived endurance (a.u) 8.4 ± 1.2 8.8 ± 0.9 0.4 8.5 ± 1.0 8.6 ± 1.0 0.1 8.1 ± 1.6 8.7 ± 0.9 0.4

Fig. 4  Individual responses for 
the percentage change with the 
administration of 3 mg  kg−1 of 
caffeine relative to placebo in 
peak cycling power (Wmax) 
in the different phases of the 
menstrual cycle
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cycle. Although the effect of the menstrual cycle on VO2max, 
peak heart rate [43], peak ventilation, and blood lactate [44] 
in eumenorrheic women is almost negligible, the possibility 
of interference between caffeine ergogenicity and menstrual 
cycle phases still exists.

Although the fluctuations of serum caffeine concentra-
tion have been measured at up to 8 different points in the 
menstrual cycle [28], this research focused on three dif-
ferent phases that coincide with three main events of the 
menstrual cycle: menses (i.e., early follicular), peak serum 
oestrogen concentration (i.e., preovulatory), and peak serum 
progesterone concentration (i.e., mid-luteal; [35]). Interest-
ingly, caffeine metabolism and excretion seem similar during 
these three phases in eumenorrheic women [26]. Caffeine 
produced a positive effect on Wmax in all three phases of 
the menstrual cycle, while the effect size and percentage 
of change in aerobic cycling power was similar during the 
menstrual cycle (Fig. 1). This might indicate that in eumen-
orrheic women that have not undergone oral contraceptive 
treatments, caffeine is ergogenic, irrespective of the men-
strual cycle phase. More research is needed to measure this 
effect in women undergoing oral contraceptive treatment.

The response similarities to acute caffeine intake during 
the menstrual cycle were not only evident in Wmax, but also 
in other variables as well. Before exercise, caffeine produced 
a comparable effect on systolic, diastolic, and mean arte-
rial blood pressure in EL, PO and ML (Table 1) while also 
minimally affecting resting heart rate. Caffeine increased 
VO2max in EF while it induced a non-significant, but equiva-
lent change of ~ 2% in PO and ML. It is likely that the inter-
individual variation in the response to caffeine intake [45] 
prevented the obtaining of significant differences in VO2max 
in PO and ML (Fig. 2). The magnitude of changes induced 
by caffeine on exercise heart rate, gas exchange variables, 
and post-exercise blood lactate concentration was similar. 
However, the effect of caffeine was not statistically signifi-
cant in all phases of the menstrual cycle. Finally, caffeine 
did not affect perceived exertion or endurance in any of the 
phases. The similarities in these caffeine-induced changes 
strongly suggest that the physiological effects of acute caf-
feine intake are independent of the menstrual cycle phase. 
This investigation disputes the idea that the menstrual cycle 
interferes with the pharmacological effect of caffeine, at 
least during exercise [29].

The necessity of analysing individual exercise responses 
to caffeine has been recently suggested [45], especially since 
a number of investigations have shown that some individuals 
do not obtain ergogenic effects after acute caffeine intake 
[20, 46, 47]. These individuals have been categorised as 
non-responders to the ergogenic effects of caffeine [48] and 
the causes for this lack of a positive physical response to 
caffeine have been mainly associated with genetics, caf-
feine tolerance, or inappropriate caffeine dosage [45]. It has 

been suggested that multiple caffeine-placebo comparisons 
must be performed, with the same dose of caffeine, to cor-
rectly identify a caffeine non-responder [49]. This stands in 
contrast with the protocols of previous investigations [20, 
46, 47]. Following this suggestion, we have created Fig. 4 
that depicts individual ergogenic responses to caffeine dur-
ing the three phases of the menstrual cycle. This individual 
analysis reveals that participant #2 did not increase Wmax 
in response to caffeine in any of the phases investigated, 
while participant #11 only obtained an increase in Wmax 
during EL. With this information, participant #2 might 
be categorised as a non-responder to caffeine, but a more 
complete analysis indicates that this participant obtained 
an ~ 18.3% increase in mean arterial blood pressure (as an 
average of the changes in the three menstrual cycle phases), 
a ~ 2.4% increase in VO2max, and a ~ 16.7% increase in 
peak pulmonary ventilation. Despite the lack of effect on 
Wmax, it might be incorrect to classify participant #2 as 
a caffeine non-responder. The concept of non-response to 
caffeine should be revisited with a more complete analysis 
of all resting and exercise responses to caffeine along with 
the use of more than one caffeine-placebo comparison. In 
either case, this investigation adds new data to confirm that 
the ergogenic response to caffeine has great interindividual 
variability while the menstrual cycle is not a contributor to 
this variability in women.

Aside from its strengths, the current investigation presents 
some limitations. First, there was no measure of the serum 
concentration of female steroid hormones to confirm that 
the trials were performed in the specified phase. However, 
the monitoring of menstrual cycle duration for 4 months, 
the use of a period tracker application, and measurements 
of tympanic temperature, urine LH upsurge, and body mass 
helped to identify the phases of the menstrual cycle. Second, 
the relatively small sample size may have limited the abil-
ity to detect statistically significant differences in some of 
the investigated variables. Third, although the experiment 
was controlled by a placebo, double-blinded, and the order 
of trials and the menstrual cycle phases was randomised, 
participants were aware of their menstrual cycle under inves-
tigation. This could have biased some of the investigation 
results. In addition, only verbal confirmation was obtained 
to assess the fulfilment of pre-experimental hydration and 
nutritional standardizations, while physiological measures 
might have helped to confirm the correct hydration status 
and the dietary intake before the experimental trials. Finally, 
the study sample was limited to eumenorrheic women with 
minor symptoms associated with the pre-menstrual syn-
drome. Thus, the outcomes of this investigation are only 
applicable to women that share these characteristics. Despite 
these limitations, the authors believe that this experiment 
contributes to current knowledge about the ergogenic effects 
of caffeine during different phases of the menstrual cycle.



2533European Journal of Nutrition (2020) 59:2525–2534 

1 3

In summary, acute intake of 3 mg of caffeine per kg of 
body mass was effective at increasing peak cycling power 
during a graded exercise test in the early follicular, preovula-
tory, and mid luteal phases of the menstrual cycle. Caffeine 
intake was also accompanied by other positive changes dur-
ing exercise, such as increased VO2max, increased peak heart 
rate, and pulmonary ventilation—even though these changes 
were not statistically significant in all phases investigated. 
The similar responses to caffeine in all three phases suggest 
that caffeine had a comparable ergogenic effect throughout 
the entire menstrual cycle. However, further investigations 
are necessary to determine if the ergogenic effect of caf-
feine on muscle performance and on anaerobic performance 
is comparable among the different phases of the menstrual 
cycle. In addition, to investigate the ergogenic effect of caf-
feine on athletes taking oral contraceptives and those that 
experience amenorrhea, dysmenorrhea, and/or other symp-
toms associated with pre-menstrual syndrome is essential, as 
a considerable prevalence of these disorders has been found 
in athletes [50].
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