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Effects of acute aerobic exercise and menstrual 
cycle on immune responses in young women

Introduction

Exercise is one of the methods to prevent metabolic syn-
drome, which includes diabetes, hypertension and hyperlip-
idaemia. However, exercise has a higher risk for an increase 
of inflammation and production of reactive oxygen species. 
Exercise can also cause immune system impairments, muscle 
damage and an increased susceptibility to infection. According 
to Nieman (1993), athletes who conducted vigorous exercise 
tended to experience a higher risk for upper respiratory infec-
tion (URTI) [1], compared with individuals who either did not 
exercise, or who exercised moderately [2]. Moreover, vigorous 
exercise resulted in a suppression of multiple immune func-
tions, and an increased incidence rate for upper respiratory 
infection, especially after exercise [3]. However, resent studies 
reported that the participants in the 86.5km ultramarathon found 
that salivary IgA levels 4-week before the race, and 2-week fol-
lowing the race were unrelated to the incidence of self-reported 
URTI [4], so acute exercise participation does not heighten risk 
of opportunistic infection especially individuals who regularly 
conducted vigorous exercise [5]. Additionally, reduction in the 
frequency and function of lymphocytes and other immune cells 
in peripheral blood in the hours following vigorous and pro-
longed exercise does not reflect immune suppression [5]. Taken 
together, athletes who conducted vigorous exercise regularly 
did not induce acute exercise-induced suppression of immune 
function, but most of studies targeted for men, and still unclear 
the response who have regular menstrual cycle. 

The Natural killer (NK) cell is a component of the innate im-
mune system. and serves to remove virally infected cells. Inter-
leukin-2 (IL-2) is a cytokine that enhances the cytotoxic activity 
of NK cells, and prostaglandin E2 (PGE2) is one of the media-
tors that supresses NK cell activity. Previous study has reported 
that a vigorous intensity of aerobic exercise induced an increase 
in NK cell activity immediately after exercise, and that 2 hours 
after exercise, NK cell activity was dramatically decreased, con-
comitant with decreased levels of IL-2 and increased levels of 
PGE2 [6]. However, another study found contrasting results in 
which moderate and lower intensity aerobic exercise similarly 
resulted in an increase in NK cell activity and IL-2 levels imme-
diately after exercise, but a significant decrease was not found 
2 h after exercise [7]. Furthermore, higher levels of progesterone 
and oestradiol administration have been shown to suppress IL-2 
receptor expression and reduce NK cell activity [8]. In contrast, 
physiologically lower oestradiol, or lower levels of oestradi-
ol administration, suppressed the production of inflammatory 
cytokines, including interleukin-6 (IL-6) and tumour necrosis 
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factor-α (TNF-α), as well as PGE2 levels [9]. Thus, for different 
exercise intensities, the NK cell activity responses are different, 
and the effects of progesterone and oestradiol on innate immune 
function may differ depending on concentration. However, it 
remains unclear whether a single bout of vigorous aerobic ex-
ercise affects the immune function responses in women, espe-
cially for younger women who have a regular menstrual cycle.

Although a previous study reported that the immune func-
tion responses induced by aerobic exercise were similar for each 
sex, they found an increase in estradiol and a decrease in follicle 
stimulating hormone (FSH) induced enhancement of NK cell 
activity [10]. Moreover, NK cell activity was significantly lower 
at the luteal phase compared with the follicular phase of men-
struation [11]. Other studies showed that oestradiol played a role 
to improve humoral immunity and impaired cellular immunity 

[12]. Additionally, studies have revealed a progesterone induced 
decrease in the cytotoxicity activity of killer T cells through 
suppression of differentiation into T helper cells (Th1) [13,14]. 
Thus, women have a greater variation of these hormones due to 
the menstrual cycle; however, the effect of the menstrual cycle 
on immune function and aerobic exercise induced responses in 
immune function especially for women who have menstrual cy-
cles is not fully elucidated. 

Thus, we hypothesized that a single bout of exercise affects 
the immune function responses differently between the folli-
cular and luteal phases in healthy young women with normal 
menstruation. The purpose of this study was to investigate the 
effects of acute vigorous aerobic exercise on NK cell activity, 
PGE2, a mediator that suppresses NK cell activity, and IL-2, a 
cytokine that enhances NK cell activity, at both follicular and 
luteal phases in healthy young women. 

Materials and methods

This study protocol was approved by the Human Research 
and Ethics Committee at Graduate School of Human Develop-
ment and Environment, Kobe University. Participants provided 
informed written consent before commencement of the study, 
which were conformed to the standards set by the Declaration 
of Helsinki. 

Participants
Eleven healthy women (age: 22±0.54) who have normal men-
struation and normally active (O2 peak: 36.65±1.55), participat-
ed in this study. Participants with abnormal menstruation, and 
those who were taking oral contraceptives, smoking, and taking 
medication (diabetes, hypertension and hyperlipidemia), die-
tary nutritional supplements and habitually conducted vigorous 
exercise were excluded from this study. The participants were 
recruited in our university by e-mail, and were examined by a 
physician to confirm that none had medical problems that might 
preclude participation or affect the results. The participants’ 
menstrual cycles were determined by measurement of their ba-
sal body temperature for 2 months, and by a questionnaire for 
menstrual cycle frequency according to previous studies [15]. The 
room temperature was maintained at 22-24 ℃ throughout all of 
the experiments.

Measurement of O2 peak 
To determine participant fitness and to set the workload for 
subsequent exercise, all participants underwent an incremental 
exercise test to exhaustion with a cycle ergometer in a semi re-
cumbent position (Standard Aerobike 828E; Monark, Sweden) 
at first day visit. 
The incremental exercise test began at an initial power output 
of 90 W, and the workload was increased by 15 W every minute 
until exhaustion. The pedalling rate was maintained at 60 revo-
lutions per min (rpm) with the aid of metronome. 
Minute expired ventilation, oxygen uptake (O2) and carbon di-
oxide output were recorded during the test and were averaged 
every 30 s afterward. The highest O2 value obtained during test 
was used as the peak O2 (O2 peak). Respiratory variables were de-
termined by an online system with breath-by-breath, according 
to our previous studies [16]. 
The participants breathed through a leak-free nasal mask (Free-
Fit mask, Minato Medical Science CO., LTD. Osaka, Japan). 
Expired gas volume was measured (Aeromonitor AE-310S, Mi-
nato Medical Science CO., LTD). 
Breath-by-breath data were analysed continuously with custom-
ised computer software. The heart rate was continuously mon-
itored (Polar, H10n heart rate sensor, Tokyo, Japan) during the 
experiments. 

Exercise protocol
On the second day visit, aerobic exercise at 75% of the O2 peak 
was conducted using a cycle ergometer at both follicular, and 
third day visit also conducted same exercise at luteal phases. 
To normalise for circadian variations in the hormonal state, ex-
ercise took place in the morning within 4 h after waking. Addi-
tionally, to avoid the effects of nutrition and food consumption, 
all participants were instructed not to eat or drink after mid-
night, except for water, on the night before the experiments. 

Blood sampling
Fasting blood samples were obtained to avoid the effects of food 
consumption, similar to our previous studies [16,17]. On arrival at 
the laboratory, a blood sample was taken from the fingertips and 
stored using the MBS Capillary (MBS, Tokyo, Japan), which 
included EDTA-2Na. 
Blood samples were taken before and immediately after exer-
cise, and at 1h and 2h after the exercise session. Plasma samples 
were immediately centrifuged at 1500 g and 4 ℃ for 15 min. 
The supernatant was immediately transferred to polypropylene 
tubes and stored at -30 ℃ until analysis. 

Sandwich enzyme immunoassay
The level of NKp30 (Xpress Bio, Fredrick, MD, USA), IL-2 
(Proteintech Group, Inc., Rosemont, IL, USA) and PGE2 (Cay-
man Chemical, Ann Arbor, MI, USA) in the plasma was deter-
mined using a sandwich enzyme immunoassay kit. The immo-
bilised polyclonal antibodies against NKp30, IL-2 and PGE2, 
were used, whereas the secondary horseradish-peroxidase-cou-
pled antibodies were monoclonal. A microplate reader was used 
to measure the optical density at 420 and 450 nm (Thermo Fish-
er Scientific, Multiskan FC, Yokohama, Japan). All samples 
were assayed in duplicate.
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Statistical analysis
All values were expressed as mean ± standard error (SE). Statis-
tical evaluation was performed using two-way repeated analysis 
of variance (ANOVA) (group x time). When significant differ-
ences were observed, a post hoc comparison test was used to 
correct for multiple comparisons (Bonferroni test). For ANO-
VA, P < 0.05 was considered significant for post hoc tests. All 
tests were conducted with StatView version 5.0 (SAS Institute 
Inc., Tokyo, Japan). 

Results

Physical characteristics
There were no significant differences in the physical character-
istics between the follicular and luteal phases (Table 1). Addi-
tionally, there were no significant differences between follicular 
and luteal phases in body composition such as body weight and 
percent fat. The participants’ menstrual cycles were 30.58 ± 0.65 
days; a normal menstrual cycle was confirmed according to the 
Japan Association of obstetricians and gynaecologists guide-
lines [18]. Additionally, basal body temperature was significantly 
higher at luteal phase than follicular phase (Table 1: P < 0.05).

The participants’ heart rates before exercise were signifi-
cantly lower in the follicular phase than in the luteal phase (P < 
0.05), but no significant difference was noted for the heart rate 
after vigorous exercise between the follicular and luteal phases 
(Table 2). 

NK cell activity (NKp30 level)
The NKp30 level tended to be higher (P = 0.056) after exercise 
at the follicular phase compared with the luteal phase. Further, 
the NKp30 level at the follicular phase was significantly lower 
1 and 2 h after exercise compared with baseline (P < 0.05). At 

the luteal phase, the NKp30 level was significantly lower only at 
2 h after exercise compared with before and immediately after 
exercise (Fig. 1:P < 0.05). 

IL-2 and PGE2 levels 
There was significant interaction between exercise time and 
the menstrual cycle for the IL-2 level (Fig. 2: P < 0.05). Also, 
a multiple comparison using the Bonferroni method revealed 
that the IL-2 level was significantly higher 2 h after exercise 
compared with the baseline for the follicular phase (Fig. 2: P 
< 0.05). 

There was a significant main effect for the menstrual cy-
cle and the PGE2 level (Fig. 3: P < 0.05); one-way ANOVA 
analysis found a significantly higher PGE2 level at the luteal 
phase baseline compared with the follicular phase (Fig. 3: P < 
0.05). Although the PGE2 level was slightly decreased 1 h after 
exercise at the follicular phase, it was significantly higher and a 
higher level was maintained at the luteal phase (P < 0.05).

Table 1 Participant characteristics.

Table 2 Heart rate before and after vigorous exercise in each phase.

FOLLICULAR LUTEAL

Age (years) 22±0.54 22±0.54

Height (cm) 159.48±1.86 160.18±1.64

Body weight (kg) 54.93±1.76 55.14±1.92

Body fat (%) 26.89±1.40 27.56±1.82

VO2peak (ml/kg/min) 36.65±1.55 35.42±1.25

Basal body temperature (°C) 36.1±0.2 36.6±0.3 *

Values are mean ± standard error (SE). * p< 0.05 vs follicular phase

FOLLICULAR LUTEAL

Before EX (beats/min) 67.73±1.41* 71.45±1.74

After EX (beats/min) 167.01±1.63 164.36±2.19

Values are mean ± standard error (SE). EX: exercise;  
*p < 0.05 vs before EX in the luteal phase 

Figure 1 The effect of vigorous intensity aerobic exercise on NKp30 level 
at both luteal and follicular phase. (*P < 0.05 vs Pre at follicular phase, 
⁑P < 0.05 vs Post at follicular phase, †P < 0.05 vs Pre, Post at luteal phase). 

Figure 2 The effect of vigorous intensity aerobic exercise on interleukin-2 
(IL-2) level at both luteal and follicular phase. (*P < 0.05 vs Pre at follicular 
phase). 
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Discussion

In this study, at both menstrual phases, NK cell activity was 
significantly reduced after 1 and/or 2 h of acute vigorous aero-
bic exercise compared with baseline and immediately after ex-
ercise. On the other hand, the IL-2 level was significantly higher 
2 h after exercise at the follicular phase, and a higher PGE2 
level was maintained after exercise at the luteal phase compared 
with the follicular phase. Therefore, the responses of mediators 
and regulators of NK cell activity (IL-2 and PGE2) to acute vig-
orous aerobic exercise were different between the follicular and 
luteal phases.

Previous studies by Nieman et al. (1993) reported that NK 
cell activity, measured with flow cytometry, within 3.5 h after 
a single bout of high intensity aerobic exercise (80% O2 peak). 
Furthermore, Tvede et al. (1993) reported that NK cell activity 
was significantly decreased after 2 h of high intensity aerobic 
exercise (75% O2 peak). In the present study, the NKp30 level 
was measured to evaluate NK cell activity, which is conven-
tionally measured with flow cytometry or radioisotopes [19]. 
NKp30 levels were significantly reduced after 1 and/or 2 h of 
acute vigorous aerobic exercise in both menstrual cycles. The 
implications of these observations are consistent with the aer-
obic exercise-induced decrease in NK cell activity observed in 
previous studies [1,6]. A study done by Yovel et al. focusing on 
the effect of the menstrual cycle on NK cell activity (at rest) in 
women found that NK cell activity did not differ between the 
follicular and luteal phases [20]. Consistent with previous stud-
ies, in the present study, NKp30 levels at baseline (at rest) did 
not differ among menstrual cycles. This was true even though 
NKp30 levels tended to be higher after vigorous aerobic exer-
cise at the follicular phase compared with the luteal phase. One 
of the possible reasons for this finding was that the oestradiol 
level could have caused the enhancement of humoral immu-
nity and the concomitant attenuation of cellular immunity [12]. 
Moreover, progesterone plays a role in attenuating the T cell 

differentiation into Th1 cells [13]. The experiments in the present 
study were conducted in the early follicular phase, which is as-
sociated with lower oestradiol levels compared to the later stage 
of the follicular phase. Subsequently, no significant differences 
in the NK cell activity were noted between the follicular or lu-
teal phases for both oestradiol- and progesterone-induced atten-
uation of cellular immunity. However, oestradiol, progesterone, 
luteinizing hormone (LH) and FSH levels were not measured in 
the present study to determine the menstrual cycle phase. Using 
these hormones to determine the menstrual cycle phase would 
be required for further investigation. 

Oestradiol and progesterone play a key role in regulating 
immune responses in women. Previous studies found no sig-
nificant difference in IL-2 levels between the follicular and 
luteal phases at rest [21, 22]; however, the addition of 10-5 M to 
10-4 M oestradiol into T cells caused a significant decrease in 
IL-2 receptor expression [8]. In studies performed on rodents, 
higher levels of oestradiol administration inhibited NK cell ac-
tivity [23]. Additionally, oestradiol and progesterone has been 
shown to inhibit DNA synthesis, as well as cytotoxic T lym-
phocytes [24]. Furthermore, oestradiol mediates the reduction of 
IL-2 production, and the reduction in the suppression activity 
of splenocytes [25]. On the other hand, lower levels of progester-
one administration inhibit IL-6 production, and treatment with 
physiological oestrogens resulted in a delay in spontaneous ap-
optosis and attenuated mRNA expression of inflammatory me-
diators [9]. Thus, effects of progesterone and oestradiol on innate 
immune cells may differ depending on their concentration. In 
the present study, plasma samples were taken during the early 
follicular phase when oestradiol levels were low. Further studies 
are needed to investigate the relationship between oestradiol, 
progesterone levels and immune function, especially at the later 
follicular phase where oestradiol levels are high. Accordingly, 
higher PGE2 levels were shown at the luteal phase compared 
with the follicular phase in this study. Moreover, it may be pos-
sible that the PGE2 level could be more volatile at the follicular 
phase if a large fraction of the oestradiol level had occurred at 
the follicular phase. Taken together, the IL-2 and PGE2 levels 
could be affected by the oestradiol level according to previous 
studies and this study.  

There are some mediators and cytokines which regulate NK 
cell activity such as interferon-γ, and IL-12 that are also related 
to the activation of cytotoxic T cells for adaptive immunity. To 
attenuate adaptive immunity function, these cytokine and cyto-
toxic T cell activity levels will require examination in a future 
study. Moreover, other activation receptors for NK cell activity, 
such as NKp44 and NKp46, were also increased by the enhance-
ment of NK cell activity according to previous study [26], and NK 
cell activity was enhanced by IL-2 through an increase in the 
activated receptor natural killer group 2D (NKG2D) [27]. Meas-
urement of the activity of other receptors to attenuate NK cell 
activity in response to vigorous exercise at both luteal and folli-
cular phases should be conducted. Cortisol is generally anti-in-
flammatory and plays a role in the containment of an immune 
response; however, chronic elevations lead to an accumulation 
of stress hormones and increased production of inflammatory 
cytokines, which further compromise the immune response [28]. 
Additionally, higher levels of cortisol administration have been 
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Figure 3 The effect of vigorous intensity aerobic exercise on Prostaglandin 
E2 (PGE2) level at both luteal and follicular phase. (*P < 0.05 vs Pre at 
follicular phase, ⁑P < 0.05 vs 1h after exercise at follicular phase). 
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shown to reduce LH pulse frequency in the follicular phase and 
block the resultant increase in oestradiol [29]. Therefore, chron-
ic levels of cortisol influence the menstrual cycle, as well as 
immune function. However, the present study did not measure 
cortisol levels and it is suggested that future studies aim to in-
clude the effect of cortisol levels on immune function and other 
reproductive hormones. 

Conclusion 

In this study, the NK cell activity in response to vigorous 
aerobic exercise did not differ between the luteal and follicular 
phases. On the other hand, the responses of mediators and regu-
lators of NK cell activity, IL-2 and PGE2, were changed by the 
menstrual cycle. Thus, different responses to vigorous aerobic 
exercise were shown for the NK cell regulated mediators and cy-
tokines at the luteal and follicular phases of the menstrual cycle. 

References

1. Nieman DC, Miller AR, Henson DA, et al. Effects of high- vs mod-
erate-intensity exercise on natural killer cell activity. Med Sci Sports 
Exerc. 1993;25:1126-34.

2. Pedersen BK, Ullum H. NK cell response to physical activity: possible 
mechanisms of action. Med Sci Sports Exerc. 1994; 26:140-6.

3. Nieman DC. Exercise, infection, and immunity. Int J Sports Med. 
1994;15 Suppl 3:S131-41.

4. Peters EM, Shaik J, Kleinveldt N. Upper respiratory tract infection 
symptoms in ultramarathon runners not related to immunoglobulin 
status. Clin J Sport Med. 2010;20:39-46. 

5. Campbell JP, Turner JE. Debunking the myth of exercise-induced im-
mune suppression: redefining the impact of exercise on immunologi-
cal health across the lifespan. Front Immunol. 2018;9:648. 

6. Tvede N, Kappel M, Halkjaer-Kristensen J, Galbo H, Pedersen BK. 
The effect of light, moderate and severe bicycle exercise on lympho-
cyte subsets, natural and lymphokine activated killer cells, lymphocyte 
proliferative response and interleukin 2 production. Int J Sports Med. 
1993;14:275-82.

7. Gupta P, Bigley AB, Markofski M, Laughlin M, LaVoy EC. Autol-
ogous serum collected 1h post-exercise enhances natural killer cell 
cytotoxicity. Brain Behav Immun. 2018;71:81-92.

8. McMurray RW, Ndebele K, Hardy KJ, Jenkins JK. 17-β-estradiol sup-
presses IL-2 and IL-2 receptor. Cytokine. 2001;14:324-33.

9. Molloy EJ, O’Neill AJ, Grantham JJ, et al. Sex-specific alternations 
in neutrophil apoptosis: the role of estradiol and progesterone. Blood. 
2003;102:2653-9. 

10. Stopińska-Głuszak U, Waligóra J, Grzela T, et al. Effect of estrogen/
progesterone hormone replacement therapy on natural killer cell cyto-
toxicity and immunoregulatory cytokine release by peripheral blood 
mononuclear cells of postmenopausal women. J Reprod Immunol. 
2006;69:65-75.

11. Souza SS, Castro FA, Mendonça HC, et al. Influence of menstrual cy-
cle on NK activity. J Reprod Immunol. 2001;50:151-9.

12. Foo YZ, Nakagawa S, Rhodes G, Simmons LW. The effects of sex 
hormones on immune function: a meta-analysis. Biol Rev Camb Phi-
los Soc. 2017;92:551-71.

13. Miyaura H, Iwata M. Direct and indirect inhibition of Th1 development 
by progesterone and glucocorticoids. J Immunol. 2002;168:1087-94.

14. Cherpes TL, Busch JL, Sheridan BS, Harvey SA, Hendricks RL. 
Medroxyprogseterone acetate inhibits CD8+ T cell viral-specific ef-
fector function and induces herpes simplex virus type 1 reactivation. J 
Immunol. 2008;181:969-75.

15. Gómez-Amor J, Martínez-Selva JM, Román F, Zamora S, Sastre JF. 
Electrodermal activity, hormonal levels and subjective experience dur-
ing the menstrual cycle. Biol Psychol. 1990;30: 125-39. 

16. Sato K, Iemitsu M, Katayama K, Ishida K, Kanao Y, Saito M. Re-
sponses sex steroid hormones to different intensities of exercise in 
endurance athletes. Exp Physiol. 2016;101:168-75. 

17. Sato K, Iemitsu M, Matsutani K, Kurihara T, Hamaoka T, Fujita S. Re-
sistance training restores muscle sex steroid hormone steroidogenesis 
in older men. FASEB J. 2014;28:1891-7. 

18. Kawaguchi R, Matsumoto K, Akira S, et al. Guidelines for office 
gynecology in Japan: Japan Society of Obstetrics and Gynecology 
(JSOG) and Japan Association of Obstetricians and Gynecologists 
(JAOG) 2017 edition. J Obstet Gynaecol Res. 2019;45:766-86.

19. Alter G, Jessica M, Altfeld M. CD107a as a functional marker for the 
identification of natural killer cell activity. J Immunol Method. 2004;1-
2:15-22. 

20. Yovel G, Shakhar K, Ben-Eliyahu B. The effects of sex, menstrual 
cycle, and oral contraceptives on the number and activity of natural 
killer cells. Gynecol Oncol. 2001;81:254-62.

21. Bouman A, Moes H, Heineman MJ, de Leij LF, Faas MM. Cytokine 
production by natural killer lymphocytes in follicular and luteal phase 
of the ovarian cycle in humans. Am J Reprod Immunol. 2001;45:130-
4.

22. Priyanka HP, Sharma U, Gopinath S, Sharma V, Hima L, ThyagaRajan 
S. Menstrual cycle and reproductive aging alters immune reactivity, 
NGF expression, antioxidant enzyme activities, and intracellular sig-
naling pathways in the peripheral blood mononuclear cells of healthy 
women. Brain Behav Immun. 2013;32:131-43.

23. Nilson N, Carlsten H. Estrogen induced suppression of natural killer 
cell cytotoxicity and augmentation of polyclonal B cell activation. Cell 
Immunol. 1994;158:131-9.

24. Shan NM, Lai PF, Imami N, Johnson M. Progesterone-related immune 
modulation of pregnancy and labor. Front Endocrinol (Lausanne). 
2019;10:198. 

25. Mannel DN, Falk W, Yron I. Inhibition of murine cytotoxic T cell re-
sponses by progesterone. Immunol Lett. 1990;26:89-94. 

26. Campos C, López N, Pera A, et al. Expression of NKp30, NKp46 and 
DNAM-1 activating receptors on resting and IL-2 activated NK cells 
from healthy donors according to CMV-serostatus and age. Biogeron-
tology. 2015;16:671-83.

27. Konjević G, Mirjačić Martinović K, Vuletić A, Radenković S. Novel 
aspects of in vitro IL-2 or IFN-α enhanced NK cytotoxicity of healthy 
individuals based on NKG2D and CD161 NK cell receptor induction. 
Biomed Pharmacother. 2010;64:663-71.

28. Vitlic A, Lord JM, Philips AC. Stress, ageing and their influence on 
functional, cellular and molecular aspects of the immune system. Age 
(Dordr). 2014;36(3):9631.

29. Breen KM, Billings HJ, Wagenmaker ER, Wessinger EW, Karsch 
FJ. Endocrine basis for disruptive effects of cortisol on preovulatory 
events. Endocrinology. 2005;146:2107-115.

Menstrual cycle and immune responses in women

Gynecological and Reproductive Endocrinology and Metabolism 2022; 3(1):27-31


