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Abstract  
To elucidate the fluid regulation in different menstrual cycle 
phases during exercise. Sex hormones affect fluid regulation in 
different ways. Moreover, the renin angiotensin-aldosterone sys-
tem is activated in the luteal phase in rest. However, there are 
limited studies on fluid regulation affected by such hormone ex-
cretion in the menstrual cycle during exercise, especially during 
a light walking exercise. A non-invasive method using urine sam-
ples to determine menstrual cycle phases was used, and the fol-
licular and luteal phases were successfully confirmed in 10 par-
ticipants (age, 21 ± 1 years; body mass index, 20.5 ± 2.1 kg/m2). 
The experimental exercise sessions consisted of 5-min standing 
and 15-min walking at 2 km/h on 15% slope (approximately 8.3°) 
on a treadmill. Each participant carried a backpack weighing 5% 
of her own weight, and performed three sessions of walking ex-
ercise. Urine aldosterone excretion was significantly higher in the 
luteal than in the follicular phase before and after walking (p < 
0.05). Urinary excretion of aldosterone was five times higher in 
the luteal than in the follicular phase before and after walking ex-
ercise. Heart rates during walking, after rest, and after recovery 
were all significantly higher in the luteal than in the follicular 
phase (p < 0.05). The participants’ ratings of perceived exertion 
during the first and third session of walking in the luteal phase 
was not higher than that at the follicular phase. The results of our 
study suggested that increased activity of the renin-angiotensin-
aldosterone system in the luteal phase of the menstrual cycle 
might be further activated during exercise. This may increase the 
circulatory load, which is reflected as increased heart rate. These 
results suggested that premenopausal women may better take 
into account a possibility of an increased circulatory load in 
the luteal phase even when they perform light exercise. 
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Introduction 
 
Fluid regulation in different phases of menstrual cycle in 
women (Blum et al., 2014; Sawai et al., 2018), especially 
during exercise, has not been fully elucidated. In the luteal 
phase of the menstrual cycle, increased secretion of pro-
gesterone, results in elevation of the core body temperature 
by 0.2–0.5°C (Hayashi et al., 2012; Kolka and Stephenson, 
1997; Lei et al., 2017). Such elevation of the body temper-
ature in the luteal phase may cause increased sweating dur-
ing exercise. The results of previous studies, however, are 
inconsistent regarding whether the sweat volume during 
exercise in the luteal phase increases or not. Some studies 
reported increases in the sweat volume during exercise in 
the luteal phase (Janse et al., 2012; Lee et al., 2014; Garcia 
et al., 2006), but the opposite has also been reported        

(Kuwahara et al., 2005). However, several studies reported 
no change in the sweat volume irrespective of the men-
strual cycle phase when performing an exercise (Janse et 
al., 2012; Lei et al., 2017). Sex hormones affect fluid reg-
ulation in different ways. Estrogen induces secretion of ar-
ginine vasopressin (AVP); therefore, AVP secretion varies 
during the menstrual cycle, depending on the estrogen se-
cretion (Stachenfeld et al., 2001; Stachenfeld, 2014). The 
renin-angiotensin-aldosterone system (RAA) is activated 
in the luteal phase; therefore, it is possible to cause body 
fluid accumulation (Rosenfeld et al., 2008; Janowsky et al., 
1973). Studies have also reported that sodium and water 
reabsorption is enhanced when estrogen and progesterone 
are presented together (Stachenfeld and Taylor, 2005; 
Stachenfeld, 2008). Further, studies on fluid regulation that 
have been affected by such hormone excretion in the men-
strual cycle during exercise have been scarcely reported.  

Previous studies investigating fluid regulation dur-
ing the menstrual cycle utilized the blood levels of sex hor-
mones for the determination of the follicular and luteal 
phases of the menstrual cycle, and in some cases, hormone 
administration was used (Stachenfeld, 2014). To elucidate 
fluid regulation in different menstrual cycle phases during 
exercise, we adopted a non-invasive method using urine 
samples to determine the phases of the menstrual cycle.  

In our study, the participants performed walking ex-
ercise, which simulated hiking. Hiking has gained in-
creased popularity and is considered a cost-effective exer-
cise activity, which is beneficial for health (Mitten et al., 
2018). Nevertheless, very few studies have evaluated the 
effect of menstrual cycle on body fluid regulation during 
walking on a slope while carrying a backpack, such as hik-
ing. According to a reported work, women may present 
greater impact acceleration compared to men when walk-
ing with backpack (Lucas-Cuevas et al., 2013). We 
adopted 15% slope to simulate hiking and it was reported 
that energy cost and ventilation increase significantly at 
15% than at 0% slope grade (Stephane and Nicolas, 2008). 
We used intermittent exercise to avoid overwork and dehy-
dration because the participants were not familiar with ex-
ercise. After a total of 45 min walk in our experiment, the 
height reaches 217 m. 

Here, we report that the aldosterone excretion was 
increased in the luteal than in the follicular phase during 
non-exercise condition and it was further increased after 
walking exercise. Such hormone changes may have af-
fected the circulatory load because the heart rate is signifi-
cantly higher in the luteal than in the follicular phase during 
walking exercise. Our results may have implications for the 
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exercise intensity in the luteal phase. Further, the efficiency 
of the urine luteinizing hormone (LH) test as a marker for 
estimating menstrual phase was highlighted, as this test 
could provide important information to women to adjust 
exercise intensity when being in the menstrual phase. 

 
Methods 
 
Participants 
Fourteen healthy women (age range, 20–24 years) with 
regular menstrual cycles (Bull et al., 2019) voluntarily par-
ticipated in this study. They were confirmed to have no car-
diovascular and endocrine disease, and absence of using 
any medication that could interfere with the experimental 
procedure. Moreover, they did not have oral contraceptives 
for at least 1 year. None of the participants used to exercise 
(exercise more than 30 min, three times a week) and 
smoke. All of them provided written informed consent to 
participate. This study was approved by the Human Re-
search Ethics Committee of our institution (no. 150007). In 
addition, this study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki. 
 
Procedure 
The basal body temperature was measured with the basal 
thermometer (MC-52LC : OMRON HEALTHCARE Co., 
Ltd, Kyoto, Japan) in the supine position every morning for 
2–3 months. The participants were instructed to measure 
their temperature under the tongue immediately after wak-
ing up before changing posture, and practiced how to meas-
ure the basal body temperature before participating in the 
experiment. 

The day of ovulation was estimated by the detection 
of urinary LH using the Doe test LHa (ROHTO Pharma-
ceutical Co. Ltd., Osaka, Japan). Urine was tested every 
morning from the 10th day after the beginning of the last 
menstruation until positive results were obtained. In this 
study, the follicular phase of the menstrual cycle started 
from the 2nd day after the end of the last menstruation to 2 
days before a positive urine LH test was detected and the 
luteal phase started from the 3rd day after the positive urine 
LH test, to 2 days before the beginning of the next men-
struation.  

The experimental sessions of walking exercise were 
performed by each participant in the follicular and luteal 
phases. The order of the first menstrual cycle phase was 
randomized for each participant and counterbalanced to 
minimize any habituation effects during the experiment 
(seven and seven participants started in the follicular and 
in the luteal phase, respectively; Figure 1). 

Alcohol and caffeine intake were not allowed after  

22:00 on the day before experiment. The participants were 
not allowed to perform rigorous exercise on the day before 
experiment and the experiment day. The experimental ses-
sions started at 9:00 and ended at 16:00, and each partici-
pant was measured at the same hour of the follicular and 
luteal phase. Eating and drinking were not allowed from 2 
h before the start of the experiment. Each participant uri-
nated and, then, ingested 200 ml of water at 1 h before the 
experiment. The participants urinated again just before the 
start of the experiment, and the urine samples were col-
lected for examination. After urination, the body weight 
was measured at 50 g accuracy using BC-309 (Tanita 
Corp., Tokyo, Japan) with the participants wearing only 
underwear to avoid possible influence of the weight of 
clothing on the measured weight. The experimental ses-
sions comprised of 5 min of standing and, then, 15 min of 
walking at 2 km/h on 15% slope (approximately 8.3°) on a 
treadmill (MM5050SE: Fitness Apollo Japan Corporation, 
Tokyo, Japan), with each participant carried a backpack 
weighing 5% of her own weight (set in 100-g increments), 
which was the recommended weight from the perspective 
of posture and muscle activation (Yi-Lang and Ying-
Cen,2018). Moreover, the walking speed was carefully se-
lected prior to the study start by the research team to be  
safely measured. 

After a 5-min rest, the same walking exercise was 
performed. Then, the participants took a 5-min rest, and the 
same walking exercise was performed again. In total, three 
sessions of walking exercise were completed by each indi-
vidual. The participants were allowed to drink water freely 
during the rest periods. Urine was collected 30 min after 
the last walk. A pulse monitor (A300: Polar Japan, Tokyo, 
Japan) was attached to each participant’s chest to monitor 
the heart rate every 1 min during the experiment. Blood 
pressure was measured with an automatic sphygmoma-
nometer (CH-550: Citizen, Tokyo, Japan) that was placed 
on the participants’ arms before the start of experiment and 
after each walking exercise. 

The wet bulb globe temperature (WBGT), tempera-
ture, and humidity in the measurement room were adjusted 
with a humidifier and an air conditioner to keep them con-
stant during the experiments, and they were monitored with 
a heatstroke index monitor (AD-5695: A & D Company, 
Tokyo, Japan). 

An incremental 15-point Borg scale (Borg, 1970) 
was used to determine the participants’ ratings of perceived 
exertion (RPE). RPE was measured before walking, every 
1 min during walking, and after the end of walking. The 
visual analog scale (VAS) with a 100-mm line was used to 
evaluate fatigue and thirst: 0 mm corresponds to no percep-
tion and 100 mm to worst perception. 

 
 

 
 

    Figure 1. Estimation for menstrual phases. The periods in which the experiment was avoided are shaded in the figure.  
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The urine volume was measured immediately after 
urine collection, and urine pH was measured using in vitro 
diagnostic tools (Certification number 
21500AMZ00525000: Samwa Kagaku Kenkyusho 
Co.,Ltd, Aichi, Japan) in our laboratory. Part of the urine 
was divided into two parts (refrigerated and frozen) and, 
then sent to the measurement laboratory (Falco biosystems 
Ltd, Kyoto, Tokyo). The refrigerated urine samples were 
used to measure urine osmolality (freezing point measure-
ment method) and sodium content (electrode method). The 
frozen samples were used for the measurement of aldoste-
rone levels (radioimmunoassay method). 

Water intake volume was determined by measuring 
the weight of the water bottle using the cooking scale (KW-
320: Tanita Corp., Tokyo, Japan) after each resting period. 
The sweat volume was estimated using the following for-
mula: 
 

Sweat volume (g) = Weight before walking (g) – 
Weight after walking (g) + Water intake volume (g) 
 

Statistical analysis 
The measurement data are expressed as means ± standard 
deviation. Analyses were performed with SPSS version 25 
(IBM Corp., Armonk, NY, USA). The effect size calcula-
tions were performed using Microsoft Excel (Microsoft, 
Redmond, WA, USA). 

The distribution of each variable was checked for 
normality using the Shapiro-Wilk test. When the data were 
normally distributed (basal body temperature, WBGT, 
temperature, humidity, sweat volume, water intake, body 
weight, urine volume, urine pH, urine osmolarity and urine 
sodium excretion), a paired sample t test was used. In the 
case where the data were not normally distributed (BMI 
and urine aldosterone), the Wilcoxon signed rank test was 
used. Two-way analysis of variance (ANOVA) for re-
peated measures (phase × time) was used to compare the 
heart rate, blood pressure, RPE, and perception of fatigue 
and thirst. The level of statistical significance was set at p 
< 0.05 or p < 0.01, and the effect size was added when sig-
nificant difference was found. The effect size of t test and 
the Wilcoxon signed rank test was calculated using r 
changing Cohen’s D, while the corresponding of two-way 
ANOVA for repeated was calculated using η2 (Cohen, 
1988 ; Lakens, 2013). A post hoc power analysis was per-
formed using G* power 3.1.7.9 (Heine-Universität, Düs-
seldorf, Germany).  

 
Results 
 
For one participant, no positive urine LH result was ob-
tained until the next menstruation cycle, and the basal body 
temperature did not show two phases. One participant re-
tracted the consent after the measurement in one phase. For 
two participants, walking experiment was performed 
within 24 h of the positive urine LH test or the start of men-
struation. Thus, the results of the walking exercise from 
these four participants were not used. Six and four partici-
pants were first  measured  in the follicular and the luteal  
phase, respectively. 

The basal body temperature was elevated in each 
participant on the days after the positive LH urine test 
(compared to pre-test measurements 36.30 ± 0.39°C vs. 
36.74 ± 0.38°C; p < 0.01; r = 0.81), suggesting that the pos-
itive test corresponded to ovulation. Therefore, it was 
shown that the urine LH test could be used for estimation 
of the follicular and luteal phases of the menstrual cycle. 
The demographic characteristics of these participants are 
shown in Table 1. 
 
Table 1. Demographic characteristics of the participants (n = 
10), sweat volume, and water intake during walking in the fol-
licular and luteal phases. Data are means ± standard devia-
tion. 
 Follicular phase Luteal phase p value
Age (years) 21 ± 1 (20 - 25) 
Height (m) 1.615 ± 0.08 (1.51 – 1.72) 
BMI (kg/m2) 20.5 ± 2.1 20.5 ± 2.2 0.476 
Sweat volume (g) 234 ± 52 241 ± 45 0.563 
Water intake (g) 388 ± 120 356 ± 96 0.362 
The BMI of the participants ranged in the follicular and the luteal phases 
from 18.7 kg/m2 to 25.8 kg/m2, and from 18.7 kg/m2 to 26.1 kg/m2, re-
spectively. BMI, body mass index. 
 

The environmental conditions were not signifi-
cantly different between the follicular and luteal phases. 
Room temperature, humidity, and WBGT readings in the 
follicular and luteal phases were 26.4 ± 1.7°C and 26.5 ± 
0.9°C (p = 0.891), 51.2 ± 6.0% and 50.7 ± 4.1% (p = 
0.871), and 21.9 ± 0.9°C and 21.4 ± 0.8°C (p = 0.250), re-
spectively. 

Body weight significantly increased after walking 
in the follicular and luteal phases respectively (p < 0.01) 
(Table 2). No significant difference was found in the body 
weight between the follicular and luteal phases. Sweat and 
water intake volumes during exercise did not differ signif-
icantly between the follicular and luteal phases (Table 1). 
Urine volume was larger after than before walking, but the 
difference was significant only for the follicular phase (p < 
0.05) (Table 2). Urine volume before walking was signifi-
cantly larger in the luteal than in the follicular phase (p < 
0.01) (Table 2). Urine pH before walking did not differ sig-
nificantly from that after walking in both follicular and lu-
teal phases (Table 2). Urine sodium excretion was higher 
in the luteal than in the follicular phase before and after 
walking, but the difference was statistically significant 
only before walking (p < 0.05) (Table 2). 

Urine aldosterone excretion was significantly 
higher in the luteal than in the follicular phase before and 
after walking respectively (p < 0.05, r = 0.512; p < 0.05, r 
= 0.558) (Figure 2). Aldosterone excretion significantly in-
creased after walking in the follicular and luteal phases (p 
< 0.01, r = 0.604; p < 0.01, r = 0.627) (Figure 2). 

Heart rates during walking, after rest, and after re-
covery (30 min after walking) were all significantly higher 
in the luteal than in the follicular phase (F = 15.73, p < 0.01, 
η2 = 0.052 ; F = 17.36, p < 0.01, η2 = 0.057 ; F = 11.85, p 
< 0.01, η2 = 0.040, respectively) during walking, after rest, 
and after recovery, respectively, two-way repeated 
measures  ANOVA),  and   no   association  was   detected 
between the menstrual cycle phase and time (Figure 3). A 
post hoc power analysis was performed for the analyses of 

 
 
 
 



Nose et al. 

 
 

 
 
 

559

 

Table 2. Body weight, urine volume, and chemical properties before and after walking in the follicular and the luteal phases. The data are 
means ± standard deviation (n = 10).                                                                       

 Follicular phase Luteal phase 
Follicular phase vs  

Luteal phase 

  Before 
walking 

After 
Walking 

Before vs After
p Value 

(effect size) 

Before 
walking 

After 
walking 

Before vs After 
p Value 

(effect size) 

Before 
p Value 

(effect size) 

After 
p Value 

(effect size) 
 Body weight 52.80 ± 6.01 52.95 ± 6.01‡ 0.003 (0.81) 52.91 ± 6.28 53.02 ± 6.25‡ 0.003 (0.80) 0.687 (0.14) 0.795 (0.09) 
 Urine volume  
 (ml/h)  

25.6 ± 14.6 67.2 ± 55.1‡ 0.017 (0.70) 59.0 ± 24.1 † 62.3 ± 36.7 0.148 (0.47) 0.002 (0.83) 0.753 (0.11) 

 Urine pH 6.0 ± 1.1 5.9 ± 0.7 0.662 (0.15) 6.6 ± 1.0 6.0 ± 0.7 0.111 (0.51) 0.119 (0.50) 0.662 (0.15) 

 Urine osmolarity  
 (mOsm/L) 

894 ± 155 737 ± 303 0.130 (0.49) 730  ± 155 † 715 ± 217 0.782 (0.09) 0.047 (0.61) 0.822 (0.08) 

 Urine sodium     
 excretion(mEq/h) 

3.9 ± 2.2 4.8 ± 3.2 0.403 (0.28) 9.3 ± 5.7 † 6.5 ± 4.8 0.177 (0.44) 0.019 (0.69) 0.240 (0.39) 

† p < 0.05 between follicular and luteal phases. ‡ p < 0.05 between before and after walking.  
  

urine aldosterone and heart rate and the results showed that 
these analyses were sufficiently powered (i.e. the power 
was larger than 80% at the significance level of <0.05 for 
each analysis). 
 

 
 

 
 

 
 

Figure 2. Urine aldosterone excretion before and after walk-
ing in the luteal and follicular phases. The values are presented as 
means ± standard deviation (n = 10). * p < 0.05, ** p < 0.01. 

 
 

Neither systolic nor diastolic blood pressure dif-
fered significantly between the follicular and luteal phases, 
and no interaction was detected between the phase and time 
effects in the systolic and diastolic blood pressures respec-
tively (p = 0.978, p = 0.578)  (Figure 4).  

Although RPE during the first and third walking 
sessions  did not differ significantly between the follicular 
and luteal phases, RPE during the second walking session 
was significantly higher in the luteal than the correspond-
ing in the follicular phase (p = 0.626, F = 4.461, p < 0.05 
and η2 = 0.013, p = 0.610) (Figure 5). No association was 
detected between the menstrual cycle phases and time ef-
fects during walking. No significant difference was ob-
served between the perceptions of thirst (100-mm VAS) in 
the follicular and luteal phases (p = 0.097) (Figure 6). 

 
 

 
 

 
 

 
 

Figure 3. Heart rates during walking and after rest in the fol-
licular and luteal phases. The values are presented as means ± stand-
ard deviation (n = 10).  bpm, beats per min. ** p < 0.01. Three walking 
sessions, each lasting 15 min, were performed with a 5-min rest between 
them. Heart rate was measured every 1 min during walking and after each 
rest period. The heart rates during walking, after rest, and after recovery 
(30 min after the third walking session) in the luteal phase were all signif-
icantly higher than the values in the follicular phase, as revealed by the 
two-way ANOVA for repeated measures. 

 
 

 

 
 
 

Figure 4. Systolic and diastolic blood pressures before and af-
ter walking. The values are presented as means ± standard deviation (n 
= 10). Three walking sessions, each lasting 15 min, were completed with 
5-min rest between walking sessions. Blood pressure did not differ be-
tween the follicular and luteal phases. 
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Figure 5. RPE during walking in the follicular and luteal 
phases. The values are presented as means ± standard deviation (n = 10). 
Three walking sessions, each lasting 15 min, were completed with 5-min 
rest between walking sessions. RPE during the second walking session in 
the luteal phase was significantly higher than that in the follicular phase, 
as analyzed by the two-way ANOVA for repeated measures. RPE, ratings 
of perceived exertion. * p < 0.05. 
 

 
 

 
 
 

Figure 6. Feeling of thirst (as measured by 100-mm VAS) dur-
ing walking. The values are presented as means ± standard deviation (n 
= 10).  No significant difference was observed. VAS, visual analog scale. 
 
Discussion 
 
This study evaluated the circulatory and hormonal changes 
that occur with respect to fluid regulation in the luteal and 
follicular phases of the menstrual cycle during walking ex-
ercise that simulates mountain hike. Under resting condi-
tions, the plasma concentration and urinary excretion of al-
dosterone have been reported to be higher in the luteal than 
in the follicular phase (Castagna et al., 2011; Davis et al., 
2017; Stachenfeld et al., 1999; Szmuilowicz et al., 2006). 
This study obtained similar results for urine. Further, we 
showed that urinary excretion of aldosterone increased af-
ter walking exercise that simulated mountain hike in the 
follicular and luteal phases. Urinary excretion of aldoste-
rone after exercise in the luteal phase was five times higher 
than the value before walking in the follicular phase, sug-
gesting that the fluid load on the circulatory system is in-
creased in the luteal phase especially during exercise. This 
may be supported by the present observation that the heart 
rate during exercise was higher in the luteal than in the     
follicular phase. Although the present findings were          

obtained under the condition of free water intake, increased 
heart rate during walking exercise with water intake re-
striction has been reported (Nose et al., 2017). Previous 
studies have also reported higher heart rates during rest and 
exercise in the luteal than in the follicular phase (Ba-
layssac-Siransy et al., 2014; Barba-Moreno et al., 2019; 
Fukuoka et al., 2002; Gordon and Girdler, 2014). In con-
trast, some researchers (Hackney et al., 2019; Hayashi et 
al., 2012; Kuwahara et al., 2005; Vaiksaar et al., 2011) re-
ported that the heart rate did not differ between the follicu-
lar and luteal phases. 

Although exposure to estrogen and progesterone 
has been reported to result in increased circulating plasma 
volume (Stachenfeld and Taylor, 2005), its effect on over-
all body water balance was minimal in healthy young 
women (Stachenfeld, 2008; Wenner and Stachenfeld, 
2012). Therefore, the increased heart rate in the luteal 
phase could not be attributed solely to the plasma volume 
increase. Elevation of the body temperature in the luteal 
phase may also be related to the increase in the heart rate 
in the luteal phase. 

Blood pressure was not higher during rest or exer-
cise in the luteal than in the follicular phase, although in-
creased secretion of aldosterone in the luteal phase, espe-
cially after exercise, was observed. As systemic vascular 
resistance is lower in the luteal than in the follicular phase 
(Gordon and Girdler, 2014), effects of RAA on blood pres-
sure may have decreased. Likewise, previous studies re-
ported no change in blood pressure in the luteal phase de-
spite the increased aldosterone levels in blood and urine 
(Szmuilowicz et al., 2006; Davis et al., 2017; Fu et al., 
2010). Our results showed no elevation in blood pressure 
from the resting value during exercise in the luteal phase. 

A higher level of RPE, which is a subjective index 
of exertion, was observed in the luteal compared with the 
corresponding in the follicular phase only in the second 
session of walking exercise. Interestingly, higher RPE lev-
els in the luteal phase have been previously reported (Janse 
et al., 2012; Pivarnik et al., 1992). RPE is affected by the 
increased heart rate and body temperature during aerobic 
exercise (Willmott et al., 2018). The reason for the higher 
RPE only during the second session of walking in this 
study is not clear, as the heart rate in the second session did 
not differ from the corresponding in the first and third ses-
sions of walking. 

We speculated that the urine volume in the luteal 
phase would decrease due to RAA activity. However, a 
previous study (Fong and Kretsch, 1993) reported that the 
urine volume was higher in the luteal than in the follicular 
phase due to dietary factors. Here, there was no strict con-
trol of food content and volume intake on the night before 
the experiment. Thus, it is possible that the urine volume 
was higher in luteal than in the follicular phase before 
walking because of meal content. Urine volume after walk-
ing was not significantly different between the two phases. 
Our results did not clarify the relationship between renin 
activity and urine volume. 

Although it was expected that sweat volume would 
be higher in the luteal than in the follicular phase during 
walking because of the higher body temperature in this 
phase, no significant difference in sweat volume during   
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exercise between follicular and luteal phases was observed. 
Previous studies have reported conflicting results regard-
ing sweat volume during exercise in the luteal phase (Gar-
cia et al., 2006; Janse et al., 2012; Kuwahara et al., 2005; 
Lee et al., 2014; Lei et al., 2017). A study reported no dif-
ference in the water volume taken throughout the menstrual 
cycle (Fong and Kretsch, 1993). As estrogens suppress 
thirst (Somponpum, 2007), we did not perform any exper-
iment during the 2 days before and after ovulation, when 
estrogen excretion rapidly increased. In our study, this may 
be related to the finding that there was no difference in the 
level of thirst and the volume of water taken between the 
luteal and follicular phases. Moreover, low exercise inten-
sity, such as 1-h walking, may not have affected the fluid 
balance in the luteal or in the follicular phase. 

This study had several limitations. First, the direct 
RAA activation and the effects of sex hormones on RAA 
could not be evaluated because blood levels of renin, al-
dosterone, and sex hormones were not measured. There-
fore, urine aldosterone levels may have been affected by 
the urine volume, especially in the comparison of the al-
dosterone levels between follicular and luteal phases be-
fore exercise because urine volume was significantly 
higher in the luteal phase than in the follicular phase before 
exercise. Second, as the participants were young women 
aged 20–21 years, our results may not be generalized to 
women of other ages. Third, the number of participants was 
limited, and only light-intensity exercise was performed in 
this study; we hypothesized that exercise of greater inten-
sity, which would result in profuse sweating, could give 
different results. Finally, water intake and diet were not se-
verely controlled before experiment. Lack of strict control 
of water intake and diet may have confounded the study 
results including urine volume and content. The study sub-
jects, however, did not change their diet habits during the 
study period. 

As circulatory load might be increased in the luteal 
phase, further studies that use different exercise intensities, 
taking into account the menstrual cycle phases are re-
quired. The urine LH test might be used as a marker to es-
timate the menstrual phase, and a useful tool for women to 
adjust exercise intensity. 
 
Conclusion 
 
To conclude increased RAA activation in the luteal phase 
of the menstrual cycle may be further induced during exer-
cise. This may result to increased circulatory load, which 
is reflected as increased heart rate. However, such in-
creases in the circulatory load may not be recognized by an 
individual. 
 
Acknowledgements  
We are grateful for the support of Shoko Nakayama and Nozomi Matsu-
moto in making measurements and the cooperation of the volunteer par-
ticipants. This work was supported by the Japanese Society for Promotion 
of Science KAKENHI Grant Number JP26870771. The experiment com-
plies with the current laws of the country in which they were performed. 
The authors have no conflict of interest to declare. 

 
 

References  
 
Balayssac-Siransy, E., Ouattara S, Adoubi, A., Kouame, C., Hauhouot-

Attoungbre, M. L., Dah, C. and Bogui, P. (2014) Influence of 
high ovarian hormones on QT interval duration in young African 
women. Physiological Reports 2, e00263. 

Barba-Moreno, L., Cupeiro, R., Romero-Parra, N., Janse de Jonge, X. A. 
K. and Peinado, A. B. (2019) Cardiorespiratory responses to en-
durance exercise over the menstrual cycle and with oral contra-
ceptive use. Journal of Strength & Conditioning Research in 
press. 

Blum, C. A., Mirza, U., Chrisut-Crine, M., Mueller, B., Achindler, C. and 
Puder, J. J. (2014) Copeptin levels remain unchanged during the 
menstrual cycle. Plos One 9, e98240. 

Borg, G. (1970) Perceived exertion as an indicator of somatic stress. Scan-
dinavian Journal of Rehabilitation Medicine 2, 92-98. 

Bull, J. R., Rowland, S. P., Scherwitzi, E. B., Scherwizl, R., Danielsson, 
K. G. and Harper, J. (2019) Real-world menstrual cycle charac-
teristics of more than 600,000 menstrual cycles. NPJ Digital 
Medicine 2, 83. 

Castagna, A., Olivieri, O., Milli, A., Dal Bosco, M., Timperio, A.M., 
Zolla, L., Gunasekaran, M., Raffaelli, R., Pizzolo, F. and Cec-
coni, D. (2011) Female urinary proteomics: new insight into ex-
ogenous and physiological hormone-dependent changes. Prote-
omics Clinical Applications 5, 343-353. 

Cohen, J. (1988) Statistical Power Analysis for the Behavioral Sciences: 
Behavioral Sciences, Economics, Finance, Business & Industry, 
Social Sciences. 2nd edition. Routledge, New York. 

Davis, G. C., Gibson, K. J., Casley, D. and Brown, M. A. (2017) Angio-
tensin II/Angiotensin (1-7) ratio and 24-h blood pressure 
throughout the menstrual cycle and in women using oral contra-
ceptives. Journal of Hypertension 35, 1178-1186. 

Fong, A. K. and Kretsch, M. J. (1993) Changes in dietary intake, urinary 
nitrogen and urinary volume across the menstrual cycle. The 
American Journal of Clinical Nutrition 57, 43-46. 

Fu, Q., VanGundy, T. B., Shibata, S., Auchus, R. J., Williams, G. H. and 
Levine, B. D. (2010) Menstrual cycle affects renal- adrenal and 
hemodynamic responses during prolonged standing in the pos-
tural orthostatic tachycardia syndrome. Hypertension 56, 82-90. 

Fukuoka, Y., Kaneko, Y., Takita, C., Hirakawa, M., Kagawa, H. and 
Nakamura, Y. (2002) The effects of exercise intensity on ther-
moregulatory responses to exercise in women. Physiology & Be-
havior 76, 567-574. 

Garcia, A. M., Lacerda, M. G., Fonseca, I. A., Reis, F. M., Rodrigues, L. 
O. and Silami-Garcia, E. (2006) Luteal phase of the menstrual 
cycle increases sweating rate during exercise. Brazilian Journal 
of Medical and Biological Research 39, 1255-1261. 

Gordon, J. L. and Girdler, S. S. (2014) Mechanisms underlying hemody-
namic and neuroendocrine stress reactivity at different phases of 
the menstrual cycle. Psychophysiology 51, 309-318. 

Hackney, A. C., Kallman, A. L. and Ağgön, E. (2019) Female sex hor-
mones and the recovery from exercise: Menstrual cycle phase 
affects responses. Biomedical Human Kinetics 11, 87-89. 

Hayashi, K., Kawashima, T. and Suzuki Y. (2012) Effect of menstrual 
cycle phase on the ventilatory response to rising body tempera-
ture during exercise. Journal of Applied Physiology 113, 237-
245. 

Janowsky, D. S., Berens, S. C. and Davis, J. M. (1973) Correlations be-
tween mood, weight and electrolytes during the menstrual cycle: 
a renin-angiotensin-aldosterone hypothesis of premenstrual ten-
sion. Phychosomatic Medicine 35, 143-154. 

Janse, D. E., Jonge, X. A., Thompson, M. W., Chuter, V. H., Silk, L. N. 
and Thom, J. M. (2012) Exercise performance over the menstrual 
cycle in temperate and hot, humid conditions. Medicine and Sci-
ence in Sports and Exercise 44, 2190-2198. 

Kolka, M. A. and Stephenson, L. A. (1997) Effect of luteal phase eleva-
tion in core temperature on forearm blood flow during exercise

．Journal of Applied Physiology 82, 1079-1083. 
Kuwahara, T., Inoue, Y., Abe, M., Sato, Y. and Kondo, N. (2005) Effects 

of menstrual cycle and physical training on heat loss responses 
during dynamic exercise at moderate intensity in a temperate en-
vironment. American Journal of Physiology. Regulatory, inte-
grative and comparative 288, 1347-1353. 



Menstrual cycle and fluid regulation 
 

 

 

562 

Lakens, D. (2013) Calculating and reporting effect sizes to facilitate cu-
mulative science: a practical primer for t-tests and ANOVAs. 
Frontiers in Psychology 4, 1-12. 

Lee, H., Petrofsky, J., Shah, N., Awali, A., Shah, K., Alotaibi, M. and 
Yim, J. (2014) Higher sweating rate and skin blood flow during 
the luteal phase of the menstrual cycle. The Tohoku Journal of 
Experimental Medicine 234, 117-122. 

Lei, T. H., Stannard, S. R., Perry, B. G., Schlader, Z. J., Cotter, J. D. and 
Mündel, T. (2017) Influence of menstrual phase and arid vs. hu-
mid heat stress on autonomic and behavioural thermoregulation 
during exercise in trained but unacclimated women. Journal of 
Physiology 595, 2823-2837. 

Lucas-Cuevas, A. G. , Pérez-Soriano P.,  Bush, M., Crossman,  A.,  Llana, 
S.,  Cortell-Tormo, J. M.,  and Pérez-Turpin, J. A. (2013) Effects 
of different backpack loads in acceleration transmission during 
recreational distance walking. Journal of Human Kinetics 37, 81-
89. 

Mitten, D., Overholt, J. R., Haynes, I. F., D’Amore, C. C. and Ady, J. C 
(2018) Hiking: A low-cost, accessible intervention to promote 
health benefits. American Journal of Lifestyle Medicine 12, 302-
310. 

Nose, Y., Nishimura, K., Wada, T., Onodera, S. and Hakoda, M. (2017) 
Effects of menstrual phase on physiological parameters during 
simulated hiking. Japanese Journal of Mountain Medicine 37, 
113-120. 

Pivarnik, J.M., Marichal, C.J., Spillman, T. and Morrow, J.R. Jr. (1992) 
Menstrual cycle phase affects temperature regulation during en-
durance exercise. Journal of Applied Physiology 72, 543-548. 

Rosenfeld, R., Livne, D., Nevo, O., Dayan, L., Milloul, V., Lavi, S. and 
Jacob, G. (2008) Hormonal and volume dysregulation in women 
with premenstrual syndrome. Hypertension 5, 1225-1230. 

Sawai,A., Tochigi, Y., Kavaliova, N., Zaboronok, A., Warashima, Y., 
Mathis, B. J., Mesaki, N., Shiraki, H. and Watanabe, K. (2018) 
MRI reveals menstrually-related muscle edema that negatively 
affects athletic agility in young women. Plos One 13, e0191022. 

Somponpum, S. J. (2007) Neuroendocrine regulation of fluid and electro-
lyte balance by ovarian steroids: contributions from central oes-
trogen receptors. Journal of Neuroendocrinology 19, 809-818. 

 
Stachenfeld, N. S. (2008) Sex hormone effects on body fluid regulation. 

Exercise and Sport Sciences Reviews 36, 152-159. 
Stachenfeld, N. S. (2014) Hormone changes during menopause and the 

impact on fluid regulation. Reproductive Sciences 21, 556-561. 
Stachenfeld, N. S. and Taylor, H. S. (2005) Progesterone increases plasma 

volume independent of estradiol. Journal of Applied Physiology 
98, 1991-1997. 

Stachenfeld, N. S., Silva, C., Keefe, D. L., Kokoszka, C. A. and Nadel, E. 
R. (1999) Effects of oral contraceptives on body fluid regulation. 
Journal of Applied Physiology 87, 1016-1025. 

Stachenfeld, N. S., Splenser, A. E., Calzone, W. L., Taylor, M. P. and 
Keefe, D. L. (2001) Sex differences in osmotic regulation of 
AVP and renal sodium handling. Journal of Applied Physiology 
91, 1893-1901. 

Stephane, P. and Nicolas, F. (2008) Exertion during uphill, level and 
downhill walking with and without hiking pole. Journal of 
Sports Science and Medicine 7, 32-38. 

Szmuilowicz, E. D., Adler, G. K., Williams, J. S., Green, D. E., Yao, T. 
M., Hopkins, P. N. and Seely, E. W. (2006) Relationship be-
tween aldosterone and progesterone in the human menstrual cy-
cle. The Journal of Clinical Endocrinology and Metabolism 91, 
3981-3987. 

Vaiksaar, S., Jürimäe, J., Mäestu, J., Purge, P., Kalytka, S., Shakhlina, L. 
and Jürimäe, T. (2011) No effect of menstrual cycle phase on 
fuel oxidation during exercise in rowers. European Journal of 
Applied Physiology 111, 1027-1034. 

Wenner, M. M. and Stachenfeld, N. S. (2012) Blood pressure and water 
regulation: understanding sex hormone effects within and be-
tween men and women. The Journal of Physiology 590, 5949-
5961. 

Willmott, A. G. B., Gibson, O. R., James, C. A., Hayes, M. and Maxwell, 
N. S. (2018) Physiological and perceptual responses to exercis-
ing in restrictive heat loss attire with use of an upper–body sauna 
suit in temperate and hot conditions. Temperature (Austin) 5, 
162-174. 

Yi-Lang, C. and Ying-Cen M. (2018) Effects of backpack load and posi-
tion on body strains in male schoolchildren while walking. Plos 
One 13, e0193648. 

 
Key points 
 
 Heart rates during walking, after rest, and after re-

covery were all significantly higher in the luteal than 
in the follicular phase. 

 Activity of the renin-angiotensin-aldosterone sys-
tem in luteal phase increase the circulatory load, 
which is reflected as increased heart rate. 

 Increased activity of the renin-angiotensin-aldoste-
rone system in the luteal phase of the menstrual cy-
cle might be further activated during exercise. 

 Our results suggested that premenopausal women 
may had better take into account a possibility of 
an increased circulatory load in the luteal phase 
even when they perform light exercise. 
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