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Abstract
Menstrual cycle influences approach-avoidance behavior in females as a result of fluctuations in sex hormone 
levels, but the underlying neuropsychological processes are unknown. Therefore, we collected the approach-
avoidance behavior and electroencephalogram (EEG) data of 27 naturally cycling women during early follicular, 
late follicular, and mid-luteal phases, focusing on the effects of estradiol and progesterone levels on women’s 
approach-avoidance behavior. Results found that women in the late follicular phase approached positive stimuli 
more quickly, and N2 amplitudes were the smallest for impulsive benefit-approach reaction. Women in the mid-
luteal phase avoided negative stimuli more quickly, and P1/N2 amplitudes were the smallest for impulsive harm-
avoidance reaction. Correlation results showed that estradiol levels positively predicted benefit-approach behavior, 
and progesterone levels positively predicted harm-avoidance behavior. Behavioral and event-related potential 
(ERP) results suggest that women in different menstrual cycles have different sensitivities to approach-avoidance 
behaviors of different emotional stimuli, characterized by less consumption of cognitive resources in the early 
stages of emotional motivation processing, which is in part mediated by estradiol and progesterone. These findings 
provide a deeper understanding of the relationship between ovarian hormones and approach-avoidance behavior 
in women.
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Introduction
Approach and avoidance responses are fundamental 
behavioral principles that regulate organism needs [1]. 
Seeking advantage and avoiding harm is the instinct of 
organisms. Profit seeking enables organisms to acquire 
stronger survival abilities, while avoidance of harm 
enables individuals to continue their lives. Approach-
avoidance behaviors also occurs in many social contexts. 
For example, how can athletes be more motivated to win, 
and how can they better avoid injuries. Therefore, appro-
priate approach-avoidance behaviors based on goals and 
changing circumstances are critical to female growth and 
development.

Researchers have found that people approach posi-
tive stimuli and avoid negative stimuli more quickly than 
approach negative stimuli and avoid positive stimuli, a 
phenomenon called as the stimulus-response compat-
ibility (SRC) effects [2]. Automatic behavioral control 
is essential for social interactions, and flexible behav-
ior requires the management of situational emotional 
responses. Cognitive control is key to resolving conflict 
in SRC tasks [3].

The menstrual cycle is a sign of female physiological 
maturity, not only that, it also affects the psychological 
behavior of women [4]. The menstrual cycle is accom-
panied by fluctuations in sex hormone levels. For female 
approach-avoidance behavior, research published by our 
laboratory in 2022 have shown a strong correlation with 
the level of female sex hormones (estrogen and proges-
terone) [5]. Estradiol levels are positively correlated with 
positive stimulus approach behavior and negatively cor-
related with positive stimulus avoidance behavior, while 
progesterone levels are positively correlated with nega-
tive stimulus avoidance behavior and negatively corre-
lated with proximity to negative stimuli [5]. This suggests 
that estradiol motivates the approach of positive stimuli, 
while progesterone motivates threat stimulus avoidance. 
However, behavioral results alone cannot explain under-
lying mechanisms and the electrophysiological changes, 
and this result needs to be further expanded and con-
firmed in neurological and physiological aspects.

It is worth introducing that estradiol and progester-
one are the most important sex hormones, and their 
levels fluctuate during the 28–35 days of the human men-
strual cycle, changing during the menstrual, follicular, 
and luteal phases. Estradiol and progesterone levels are 
low during menstruation and the early follicular phase, 
after which estradiol increases slowly in the late follicu-
lar phase and declines after reaching a peak on ovula-
tion day; progesterone levels remain low. After entering 
the luteal phase, progesterone levels increase slowly and 
peak in the middle luteal phase when estradiol peaks a 
second time [6]. Therefore, in order to study the specific 
effects of estradiol on women’s behavior, researchers can 

compare the performance of women in the late follicular 
phase and the early follicular phase. Similarly, the effect 
of progesterone on women’s behavior can be compared 
to the differences during the late follicular phase and the 
middle luteal phase. With this approach, we can more 
accurately understand the independent effects of estra-
diol and progesterone on female behavior [7].

A common feeling among women is that their emotions 
and behaviors vary greatly during different menstrual 
phases. For example, premenstrual syndrome manifests 
as physical discomfort and negative emotional symptoms 
in women during the luteal phase [8], and decreased 
estradiol levels and increased progesterone levels dur-
ing the luteal phase before the start of menstruation may 
also trigger premenstrual anxiety [9]. Dreher (2007) et al. 
found that both expected and actual monetary rewards 
caused higher activation of the reward system in mid-
follicular, and this response was related to estradiol lev-
els [10]. In contrast, women in the luteal phase are more 
sensitive to infectious and threatening faces that contain 
negative information [11]. Response speeds to non-social 
threat stimuli (such as snakes and tigers) are faster, but 
response times to neutral stimuli (such as plants) are not 
different [12]. These findings provide important clues 
for researchers to better understand the relationship 
between female approach-avoidance behavior and sex 
hormone levels.

Though the internal neural mechanisms that connect 
the menstrual cycle with approach-avoidance behavior 
have not been explored, previous studies on the relation-
ship between menstrual cycle and emotional process-
ing and cognitive control using event-related potentials 
can be used for reference. First, frontal-central N2 ERP 
was used as an indicator of early response inhibition [13, 
14]. The larger amplitude of P1 ERP can reflect the auto-
matic attention of emotion-related situation capture [15, 
16]. LPP components reflect deep processing and classi-
fication of stimuli [17], also reflects how much psycho-
logical resources people invest [18]. Secondly, Wu et al. 
(2014) used the oddball paradigm to investigate the time 
course of negative emotional stimulus processing in dif-
ferent menstrual cycle phases. ERP revealed that the 
N2 amplitude of moderately negative (MN) was greater 
than neutral in the late luteal phase, but no such differ-
ence was found in the follicular phase. In addition, N2 
stimulated by highly negative (HN) was greater in the late 
luteal phase than in the follicular phase, suggesting that 
women are more sensitive to negative emotions in the 
luteal phase than in the follicular phase [19]. Inadequate 
emotional regulation can lead to anxiety and depression 
disorders, which are more common in women than men. 
During the inhibition process of emotional regulation 
tasks, the N2 amplitude is higher in women during the 
mid-luteal phase compared to men [20], suggesting that 



Page 3 of 18Li et al. BMC Psychology          (2025) 13:338 

mid-luteal women may be significantly weaker than men 
in inhibiting cortical processing of negative stimuli, but 
this is only speculative. While mid-luteal women report 
greater emotional distress than men, mid-luteal women 
also work harder than men to suppress their emotional 
responses. Both P1 and N1 were higher in mid-luteal 
women than in men, indicating earlier attention pro-
cessing. P3 and LPP did not differ significantly by gen-
der or menstrual phase [20]. One study also found that 
a significantly larger P3 amplitude was evoked by probes 
following the presentation of disgusting food cues in the 
mid-luteal phase than the late follicular phase, which may 
indicate that the mid-luteal phase is a relatively sensitive 
stage in the menstrual cycle for women to regulate their 
appetite and eating behavior [21]. Studies focusing on 
responses to positive emotional cues associated with sex 
hormones have found that higher estradiol-concentra-
tions were associated with more positive LPP-amplitudes 
towards erotic- than to neutral words during the follicu-
lar phase and ovulation [22].

Approach-avoidance behavior is critical to women’s 
growth and safety in life and sometimes requires the con-
trol of adaptive responses and the suppression of self-
desires in social interactions and external environments. 
Here, we want to explore whether this automatic and 
controlled approach-avoidance behavior is modulated by 
the menstrual cycle and its electrophysiological charac-
teristics. We compared the approach-avoidance behavior 
and ERP characteristics of women in early follicular (low 
estradiol level) and late follicular (high estradiol level) 
phases to explore the profound effect of estradiol level 
on approach-avoidance behavior, and compared the 
approach-avoidance behavior and ERP characteristics 
of women in the late follicular phase (low progesterone 
level) and the middle luteal phase (high progesterone 
level) to explore the profound influence of progesterone 
level on approach-avoidance behavior. Similar to the 
study of Li (2022) [5], this study investigated the behav-
ioral characteristics of approach-avoidance responses at 
different menstrual phases. Different from Li (2022) [5], 
this study innovatively included ERP technology and 
observed changes in brain potentials. Based on previous 
studies [5, 12, 19, 20], our primary hypotheses were that 
women in the late follicular phase approached positive 
stimulation more quickly than women in other phases, 
and women in the middle luteal phase avoided negative 
stimuli more quickly than women in other phases. Estra-
diol and progesterone levels significantly correlated with 
the speed of the approach–avoidance responses observed 
for the women. And the electrophysiological processing 
characteristics of female approach-avoidance behavior 
may be different in different menstrual cycle phases.

Methods
Participant
G* Power 3.1.9.4 was used for a priori computation of the 
sample size. We set a medium effect size F (the value is 
0.25), given the ɑ value (0.05), power value (0.80), and a 
sample size of 24 people was suggested. In addition, we 
refer to previous ERP studies [19, 23] on menstrual cycles 
and emotional processing, with sample sizes ranging 
from 16 to 29. So in this study, we recruited 30 female 
college students from a University in Shanghai, China, 
through advertising. They reported their emotions (e.g., 
depression), behaviors (e.g., insomnia), and daily physi-
cal symptoms (e.g., breast tenderness) graded by severity 
(asymptomatic, mild, moderate, and severe) using a pro-
spective record of the impact and severity of menstrual 
symptoms (PRISM) [24] every day for three consecu-
tive menstrual cycles. Participants completed a men-
strual cycle questionnaire, and participants included in 
the study had stable menstrual cycles of 26–35 days in 
the last 3 months, had taken no hormone contraceptives 
(oral, IUD, implants, etc.), and had not been pregnant 
in the past 6 months. A total of 27 female right-handed 
college students of ages 19–28 years (mean 20.70 ± 1.35 
years), were invited to participate in the study. Partici-
pants were followed for an additional month following 
test completion to ensure cycle stability.

The reverse calculation method [25, 26, 27, 28] was 
used to estimate each phase of the participants’ cycles. 
Participants completed the tests at the laboratory dur-
ing the early follicular phase (2–5 d after menstruation 
onset), and late follicular phase (14–16 d prior to men-
struation onset), and mid-luteal phase (6–8 d prior to 
menstruation onset) of their menstrual cycle. Ovulation 
tests (for luteinizing hormone) were performed every 
morning for 1 week before and after the late follicular 
phase to accurately determine the occurrence of ovu-
lation. Saliva samples were also taken on the day of the 
experiment to confirm estradiol and progesterone lev-
els. All participants had normal or corrected vision and 
no history of mental illness. This study was approved by 
the Ethics Committee of the local research institute and 
obtained the protocol number; prior to the experiment, 
participants were provided informed consent.

Subjective measures
Before the formal experiment, the Depression, Anxiety 
and Stress Scale (DASS) with high reliability and validity 
[29] was used to assess the emotional levels of depression 
(α = 0.95), anxiety (α = 0.90) and stress (α = 0.93) on the 
day of their experiment. The State-trait Anxiety Inven-
tory (STAI) [30] measured the levels of state anxiety 
and trait anxiety, aiming to excluded anxious trait par-
ticipants. The Positive Affect and Negative Affect Scale 
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(PANAS) were applied to evaluate the current emotional 
state of the participants [31].

Materials
The affective picture material used in our study was 
selected from the International Affective Picture System 
(IAPS) [32]. Fifty positive (valence: M = 7.27; arousal: 
M = 0.96) and 50 negative (valence: M = 2.73; arousal: 
M = 0.91) images were presented as stimuli for the formal 
experiment. The affective picture materials were the same 
as those used in previous research [5]. The two picture 
sets had statistically significant differences in valence [t 
(114) = 26.16, P < 0.001] but not in arousal [t (114) = 0.17, 
P = 0.26]. In addition, six positive and six negative emo-
tion pictures were selected for practice. In the experi-
ment, pictures of participants’ own faces appeared as the 
“manikin” in the “manikin task” to create an immersive 
experience. Photos were deleted after the experiment.

Study design
(1) Focus on the role of estradiol: the experimental design 
was a 2 × 2 × 2 within-subject design with menstrual cycle 
phase (early follicular phase or late follicular phase), 
emotion type (positive or negative), and motivation type 
(approach or avoidance) as the factors. (2) Focus on 
the role of progesterone: the experimental design was 
a 2 × 2 × 2 within-subject design with menstrual cycle 
(late follicular phase or mid-luteal phase), emotion type 
(positive or negative), and motivation type (approach or 
avoidance) as the factors.

Procedure
Participants were tested in a quiet, dimly lit, odorless 
lab. First, participants completed three scales (PANAS, 
DASS, and STAI), and their faces were photographed. 
Participants wore Electroencephalography (EEG) caps 
and sat comfortably in a chair with their eyes about 
60  cm away from the screen. Participants were asked 
to minimize head movement, blinking, and mind-wan-
dering during the manikin task. E-Prime 2.0 software 
was used to automatically record the accuracy and reac-
tion times of participants. EEG and ECG data were col-
lected using a 64-channel EEG amplifier (Brain Products, 
Gilching, Germany) with an electrode impedance < 5 
kΩ. FCz was used as the reference electrode for online 
recording, and the bilateral mastoid was used as the ref-
erence for offline analysis. An electrode was placed 1 cm 
below the right eye to record vertical electromyography 
(VEOG), and an electrode was placed 1  cm outside the 
left eye to record horizontal electromyography (HEOG). 
The horizontal and vertical electromyography signals 
were extracted using independent component analysis 
(ICA). The instrument used in this study has been used 

in many studies [21, 33, 34], which supports its validity 
and reliability.

Manikin task: (1) A cross fixation point (600 ms) 
appears centered at the top or bottom half of the screen 
(randomized at 50% each). (2) A picture of the partici-
pant’s own face appears at the same position as the fixa-
tion point (750 ms). (3) An emotional picture (2500 ms) 
appears in the center of the screen. After the picture 
appeared, participants had to judge the emotional type 
of the emotional picture according to different tasks of 
block1 and block2, and press keys with their right index 
finger as quickly and accurately as possible to make the 
face picture move up/down and complete the approach-
ing or avoiding behavior. The participants reacted based 
on the position of their own face (up or down) and the 
valence of the emotional picture (positive or negative). 
Before each trial, the participants placed their right index 
finger on the “5” key of the keypad to ensure that they 
were starting from the same position when pressing the 
“8” or “2” keys to move their face picture. After pressing 
the key, the face image moves to the edge of the central 
emotional image or the edge of the screen to realistically 
mimic approach and avoidance. The face image and the 
central image then disappear. The screen turns blank for 
3–4 s after the response and the next trial begins.

The formal experiment consisted of two blocks. Block 
1 (compatible block) required participants to move their 
own picture closer to the positive emotion image and 
away from the negative emotion image. Block 2 (incom-
patible block) required participants to move their face 
picture closer to the negative emotion image and away 
from the positive emotion image; each block comprised 
50 trials. Participants’ face pictures were deleted after the 
study to preserve privacy. The experimental flow chart is 
shown in Fig. 1.

Prior to the formal experiment, 2-mL saliva sam-
ples were collected in 3-mL disposable freezer storage 
tubes [35] to prevent the stress caused by the task from 
affecting hormone levels, and stored at -20  °C prior to 
hormone level testing. To avoid saliva contamination, 
subjects were asked to refrain from eating for 2 h and not 
to drink coffee for 30 min before each the sessions.

Hormonal analyses of the saliva samples
Each participant provided three saliva samples to mea-
sure estradiol and progesterone levels during each men-
strual cycle. The levels of estradiol (sensitivity 0.4 pg/mL) 
and progesterone (sensitivity 3.9 pg/mL) were analyzed 
by the Salivary Estradiol (SLV-4188) and Salivary Proges-
terone (SLV-2931) enzyme-linked immunosorbent assay 
(ELISA) kits (DRG, Marburg, Hessen, Germany) accord-
ing to manufacturer instructions. For estradiol assays, 
the in-box and inter-box confidence levels were 2.1–3.8% 
and 2.6–6.9%, respectively; for progesterone assays, the 
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in-box and inter-box confidence levels were 5.3–7.7% 
and 4.7–7.6%, respectively. Accuracy was within 15%. 
Hormone testing was completed by Beijing Protein Inno-
vation Co., Ltd. (China), the domestic agent of DRG 
Company.

Data analysis
In this study, the independent effects of estradiol and 
progesterone on female avoidance behavior were ana-
lyzed separately. Analysis 1: For the role of estradiol, the 
difference of menstrual cycle phases between early fol-
licular (low estradiol level) and late follicular (high estra-
diol level) phases were compared. Analysis 2: For the role 
of progesterone, the difference of menstrual cycle phases 
between late follicular (low progesterone level) and mid-
luteal (high progesterone level) phases was compared. 
The indicators and methods of analysis are as follows.

Statistical analysis was performed using SPSS, ver-
sion 20.0 (IBM SPSS, Inc., Chicago, IL, USA). Differ-
ences of Menstrual cycle phases in scale scores and 
salivary estradiol and progesterone levels were analyzed 
by paired samples t-test in SPSS (v.22.0, Chicago, IL, 
USA). Repeated-measures ANOVA was used to test for 

differences in reaction times for emotion type (positive or 
negative), motivation type (approach or avoidance), and 
menstrual cycle phase (early follicular phase or late fol-
licular phase/late follicular phase or mid-luteal phase). 
Pearson correlation was used to test the relationship 
between estradiol/progesterone levels and the reaction 
times for approach-avoidance behaviors.

EEG data was analyzed by Brain Vision Analyzer 
2.1 software (Brain Products GmbH, Gilching, Ger-
many). EEG data were high-pass filtered with 0.1 Hz for 
event-related potential (ERP) analysis and low-pass fil-
tered with 30  Hz (Butterworth filter, slope: 24 dB/oct). 
Amplitudes beyond ± 80  V were automatically rejected 
as artifacts. Independent component analysis was used 
to correct eye movements and blinks [36]. Segmenta-
tion was performed according to the study protocol. 
With the emotional picture stimulus as the zero point, 
the time range for analysis was set to range from − 200 
ms to + 800 ms. Next, the data baseline was corrected to 
200 ms before the presentation of the emotional picture 
stimulus. Finally, the correct trials of each condition were 
overlapped and averaged. The ERP components included 
the occipital region P1, P2, the prefrontal region N2, and 

Fig. 1  Schematic illustration of the task. (a) Trial structure. In the manikin task, participants move the self-face which consisted of a schematic drawing of 
a women on the screen towards (approaching) or away from (avoiding) the affective stimulus. (b) Task requirements of two blocks. Compatible condition 
(Block1): approaching positive and avoiding negative stimulus. Incompatible condition (Block2): avoiding positive and approaching negative stimulus. 
(c) Stimulus details. We used the self-face of each participant as a unique self-referential stimulus and the emotional picture as the affective stimulus
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the central-parietal region LPP. The ERP component 
peaks in the early and middle stages were sharp, so base-
line peaks were used to measure P1, P2, and N2. The late 
LPP waveform was blunt, so the average amplitude was 
used to measure LPP. Generally, each ERP component is 
calculated from the average of the three or four electrode 
points with the highest amplitude to achieve a higher sig-
nal-to-noise ratio of the ERP result. The choice of time 
window for the analysis of electrode and ERP compo-
nents was guided by existing literature [37, 38, 39, 40], 
EEG topographic maps, and ERP waveform maps. Spe-
cifically, for P1 component analysis electrodes Oz, PO7, 
and PO8, the peak detection window is 100–150 ms. The 
electrode points for P2 analysis were POz, PO3, PO4,Oz, 
O1, and O2, and the peak detection window was 180–300 
ms. The electrode points for N2 analysis were Fz, FC3, 
FCz, FC4, and Cz, and the peak detection window was 
200–300 ms. The electrode points for the analysis of LPP 
components were CPz, CP1, and CP2, and the average 
amplitude calculation window was 320–480 ms. We used 
the repeated-measures ANOVA to analyze the peak and 
average amplitude of the corresponding electrode points 
of these ERP components. The three factors analyzed 
were menstrual cycle phase (early follicular phase or late 
follicular phase/late follicular phase or mid-luteal phase), 
emotion type (positive or negative), and motivation type 
(approach or avoidance). The sphericity assumption was 
evaluated using Mauchly’s test, and the Greenhouse–
Geisser correction for the degrees of freedom was used 
in cases of non-sphericity. The Bonferroni correction 
was used to correct for multiple post hoc comparisons. 
The effect size for the statistically significant factors was 

estimated using partial eta squared (η 2
p ). For pairwise 

comparisons, the effect size was determined by Cohen’s d 
(small: >0.2, medium: >0.5, large: >0.8). 95% confidence 
interval (95% CI) of the effect size was reported. P < 0.05 
was considered statistically significant. The datasets gen-
erated for this study are available on request to the cor-
responding author.

Results
Subjective measures
A paired sample T-test was used to compare the dif-
ferences in women’s scale scores in early and late fol-
licular phases. The results of DASS scale showed stress 
[t(52) = 1.78, P = 0.081, d = 0.48, 95% CI: -0.06, 1.02], anxi-
ety [t(52) = 0.94, P = 0.352, d = 0.26, 95% CI: -0.28, 0.79] 
and depression [t(52) = 0.98. P = 0.330, d = 0.27, 95% CI: 
-0.27, 0.80] did not show the main effect of the menstrual 
cycle. The PANAS scale also showed no differences in the 
positive emotion [t(52)=-0.80, P = 0.430, d=-0.21, 95% 
CI: 0, 0.73] and negative emotion [t(52) = 1.12, P = 0.273, 
d = 0.30, 95% CI: -0.23, 0.84] among the two phase of 

menstrual cycle examined. STAI scores further showed 
no significant cycle effect [state anxiety (t(52) = 0.12, 
P = 0.811, d = 0.03, 95% CI: -0.50, 0.57), trait anxiety 
(t(52) = 1.47, P = 0.157, d = 0.40, 95% CI: -0.14, 0.94)].

A paired sample T-test was used to compare the differ-
ences in women’s scale scores in early and late follicular 
phases. The results of DASS scale showed stress [t(52)=-
0.76, P = 0.450, d=-0.21, 95% CI: 0, 0.72], anxiety [t(52)=-
0.48, P = 0.633, d=-0.13, 95% CI: 0, 0.64] and depression 
[t(52) = 0.07. P = 0.946, d = 0.02, 95% CI: -0.51, 0.55] did 
not show the main effect of the menstrual cycle. The 
PANAS scale also showed no differences in the positive 
emotion [t(52) = 0.70, P = 0.492, d = 0.19, 95% CI: -0.35, 
0.72] and negative emotion [t(52)=-0.85, P = 0.407, d=-
0.23, 95% CI: 0, 0.75] among the two phase of menstrual 
cycle examined. STAI scores further showed no signifi-
cant cycle effect [state anxiety (t(52)=-0.51, P = 0.617, d=-
0.14, 95% CI: 0, 0.65), trait anxiety (t(52)=-0.73, P = 0.470, 
d=-0.20, 95% CI: 0, 0.71)].

Hormone levels
A paired sample T-test was used to compare the dif-
ferences in women’s estradiol and progesterone levels 
in early and late follicular phases. The estradiol levels 
detected during early follicular and late follicular phases 
of the menstrual cycle showed significant differences 
[t(52) = -4.39, P < 0.001, d=-1.19, 95% CI: 0.62, 1.77], but 
no significant difference in progesterone levels [t(52) = 
-0.32, P = 0.754, d=-0.09, 95% CI: 0, 0.57]. Estradiol lev-
els in the late follicular phase (M = 7.39) were higher than 
those of the early follicular phase (M = 4.11, P = 0.005), as 
shown in Fig. 2a.

A paired sample T-test was used to compare the differ-
ences in women’s estradiol and progesterone levels in late 
follicular and mid-luteal phases. The levels of progester-
one were significantly different between the late follicu-
lar phase and, and no significant difference in estradiol 
level [progesterone t(52)=-4.08, P < 0.001, d=-1.11, 95% 
CI: 0.55, 1.68; estradiol t(52) = 1.25, P = 0.216, d = 0.34, 
95% CI: -0.20, 0.88]. Progesterone levels in the mid-luteal 
phase (M = 167.23) were significantly higher than those in 
the late follicular phase (M = 85.49, p < 0.001), as shown in 
Fig. 2b.

Reaction time
A 2 emotion type (positive or negative)×2 motivation 
type (approach or avoidance) ×2 menstrual cycle phase 
(early follicular phase or late follicular phase) repeated-
measures ANOVA was performed to evaluate the reac-
tion time. The main effect of the motivation type was 

significant [F(1,26) = 14.02, P = 0.001, η 2
p  = 0.35, 95% 

CI: 0.08, 0.56] and the response time of approach moti-
vation was significantly shorter than that of avoidance 
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motivation (P=0.001). The interaction between emotion 
type and menstrual cycle was significant [F(1,26)=56.99, 

P<0.001, η 2
p  = 0.69, 95% CI: 0.44, 0.79], and the sim-

ple effect indicated that in the late follicular phase, the 
response to positive stimuli is faster than in the early fol-
licular phase (938 ms vs. 1018 ms; P=0.002). And women 
in the late follicular phase, the response to negative stim-
uli is slower than in the early follicular phase (1017 ms 
vs. 969 ms; P=0.012). The interaction between emotion 
type and motivation type was significant [F(1,26)=13.17, 

P = 0.001, η 2
p  = 0.34, 95% CI: 0.07, 0.55]. Simple effect 

analysis revealed that the approach response (925ms) 
was significantly faster than the avoidance response 
(1030ms) in the face of positive stimuli (P<0.001). The 
triple interaction of menstrual cycle, emotion type, and 
motivation type was significant [F(1,26)=6.87, P = 0.010, 

η 2
p  = 0.21, 95% CI: 0.01, 0.44]. Simple effect analysis 

found that women in the late follicular phase (871 ms) 
had significantly shorter responses to approach positive 
stimuli than women in the early follicular phase (979 ms, 
P=0.002) (See Fig. 3a). No significant main effect of other 
factors, or interactions between factors, were observed 
(all Ps>0.05).

A 2 emotion type (positive or negative)×2 motivation 
type (approach or avoidance) ×2 menstrual cycle phase 
(late follicular phase or mid-luteal phase) repeated-mea-
sures ANOVA was performed to evaluate the reaction 
time. No significant main effect of factors were observed 
(all Ps > 0.05). The interaction between emotion type and 
menstrual cycle was significant [F(1,26) = 52.46, P < 0.001, 

η 2
p  = 0.67, 95% CI: 0.41, 0.78], and the simple effect 

indicated that in the mid-luteal phase, the response to 
negative stimuli is faster than in the late follicular phase 

(919 ms vs. 1019 ms; P<0.001). The interaction between 
motivation type and menstrual cycle was significant 

[F(1,26)=6.32, P=0.020, η 2
p  = 0.20, 95% CI: 0.01, 0.43], 

and the simple effect indicated that in the mid-luteal 
phase, the avoidance motivation is faster than approach 
motivation (P = 0.002). The interaction between emotion 
type and motivation type was significant [F(1,26)=38.97, 

P<0.001, η 2
p  = 0.60, 95% CI: 0.32, 0.73]. Simple effect 

analysis revealed that the approach response (895ms) was 
significantly faster than the avoidance response (1021ms) 
in the face of positive stimuli (P<0.001). And the avoid-
ance response (909ms) was significantly faster than 
the approach response (1030ms) in the face of negative 
stimuli (P < 0.001). The triple interaction of menstrual 
cycle, emotion type, and motivation type was significant 

[F(1,26)=4.55, P=0.043, η 2
p  = 0.15, 95% CI: 0, 0.38]. 

Simple effect analysis found that women in the mid-luteal 
phase (824 ms) had significantly shorter responses to 
avoid negative stimuli than women in the late follicular 
phase (991 ms, P < 0.001) (See Fig. 3b).

The relationship between estradiol/progesterone levels 
and reaction time
Correlation analysis showed that estradiol levels corre-
lated negatively with reaction times to a positive stimu-
lus approach in early follicular phase [r=-0.41, P = 0.035; 
see also Fig.  4a]. Estradiol levels correlated negatively 
with reaction times to a positive stimulus approach in 
late follicular phase [r=-0.45, P = 0.019; see also Fig. 4b]. 
It revealed that the higher the estradiol level, the shorter 
the reaction time to approach positive stimulation.

Correlation analysis showed that progesterone lev-
els correlated negatively with response times to nega-
tive stimulus avoidance in late follicular phase [r=-0.41, 

Fig. 2  Hormone levels. (a) Differences in the level of estradiol between the early follicular phase and late follicular phase. (b) Differences in the level of 
progesterone between the late follicular phase and mid-luteal phase. Error bars represent the standard error of the mean. *** P < 0.001
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P = 0.036; see also Fig.  4c]. Progesterone levels corre-
lated negatively with response times to negative stimulus 
avoidance in mid-luteal phase [r=-0.44, P = 0.021; see also 
Fig. 4d]. It revealed that the higher the progesterone level, 
the shorter the reaction time to avoid negative stimulus.

ERPs results
ERP results on approach-avoidance behavior between early 
and late follicular phases
A 2(menstrual cycle phase: early follicular phase, 
late follicular phase)×2(emotion type: positive, 
negative)×2(motivation type: approach, avoidance) 
repeated measures ANOVA was performed to evaluate 
the peak value of P1, P2, N2 and the mean amplitude of 
LPP.

P1  Repeated measures ANOVA for P1 component peak 
value showed no significant main effects of menstrual 

cycle [F(1,26) = 0.07, P = 0.801, η 2
p  = 0.01, 95% CI: 0, 

0.10], emotion type [F(1,26)=1.14, P=0.296, η 2
p  = 0.04, 

95% CI: 0, 0.25], or motivation type [F(1,26)=0.23, 

P = 0.636, η 2
p  = 0.01, 95% CI: 0, 0.17], and no signifi-

cant menstrual cycle, emotion type, and motivation type 

interaction [F(1,26) = 0.91, P=0.349, η 2
p  = 0.03, 95% CI: 

0, 0.23].

P2  Repeated measures ANOVA for P2 component peak 
value showed no significant main effect of menstrual cycle 

Fig. 3  Differences in reaction time across menstrual cycle phases. (a) Reaction time of the improved “manikin task” across the early follicular phase and 
late follicular phase. (b) Reaction time of the improved “manikin task” across the late follicular phase and mid-luteal phase. Error bars represent 95% con-
fidence interval (95% CI) of the mean. *** P < 0.001; ** P < 0.01
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[F(1,26) = 1.29, P = 0.267, η 2
p  = 0.05, 95% CI: 0, 0.26], 

emotion type [F(1,26)=0.01, P=0.928, η 2
p  = 0.01, 95% 

CI: 0, 0.02], and motivation type [F(1,26)=0.02, P = 0.894, 

η 2
p  = 0.01, 95% CI: 0, 0.03]. The triplex interaction of 

menstrual cycle, emotion type, and motivation type was 

significant [F(1,26)=4.43, P=0.045, η 2
p  = 0.15, 95% CI: 

0, 0.38], and women in the late follicular phase induced 
higher P2 amplitudes (3.90 µV) when avoiding positive 
stimuli than women in the early follicular phase (1.89 µV, 
P = 0.007), see Fig. 5a.

N2  The main effect of emotion type was significant 

[F(1,26) = 5.92, P = 0.022, η 2
p  = 0.19, 95% CI: 0.01, 0.42], 

and the N2 amplitude induced by negative emotional 
stimuli (-4.56 µV) was significantly higher than that 
induced by positive stimuli (-3.85 µV, P=0.022). The main 
effect of motivation type was significant [F(1,26)=9.28, 

P = 0.005, η 2
p  = 0.26, 95% CI: 0.03, 0.49], and the N2 

amplitude induced by avoidance motivation (-4.65 µV) 
was significantly higher than that induced by approach 
motivation (-3.76 µV, P = 0.005). The interaction between 
menstrual cycle and motivation type was significant 

[F(1,26)=26.57, P<0.001, η 2
p  = 0.51, 95% CI: 0.21, 0.67], 

the simple effect indicated that the N2 amplitude induced 
by approach motivation in the late follicular phase (-3.16 
µV) was significantly lower than that in the early follicu-
lar (-4.35 µV, P = 0.001), and the N2 amplitude induced 
by avoidance motivation in the late follicular phase (-5.14 
µV) was significantly higher than that in the early follicular 

Fig. 4  Correlation analysis between estradiol / progesterone level and reaction time of approach-avoidance behavior. Correlation scatter plots between 
the level of estradiol and reaction time of positive-approaching in early follicular phase (a) and late follicular phase (b). Correlation scatter plots between 
the level of progesterone and reaction time of negative-avoiding in late follicular phase (c) and mid-luteal phase (d)
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(-4.16 µV, P=0.007). The triplex interaction of menstrual 
cycle, emotion type, and motivation type was significant 

[F(1,26)=5.04, P=0.034, η 2
p  = 0.16, 95% CI: 0, 0.40]. 

Women in the late follicular phase (-2.34 µV) induced 
a significantly smaller N2 amplitude when approaching 
positive stimuli than women in the early follicular phase 
(-4.37 µV, P = 0.002). Women in the late follicular phase 
(-4.95 µV) induced a significantly higher negative N2 
wave when avoiding positive stimuli than women in the 
early follicular phase (-3.76 µV, P = 0.004). No other main 
effects and interactions were significant (see also Fig. 5b).

LPP  Repeated measures ANOVA for LPP component 
amplitude showed no significant main effects of men-

strual cycle [F(1,26) = 0.58, P = 0.454, η 2
p  = 0.02, 95% 

CI: 0, 0.21] (see also Fig. 6b), emotion type [F(1,26)=2.16, 

P=0.153, η 2
p  = 0.08, 95% CI: 0, 0.30] (see also Fig. 6a), 

or motivation type [F(1,26)=0.49, P = 0.489, η 2
p  = 0.02, 

95% CI: 01, 0.20], and no significant menstrual cycle, emo-
tion type, and motivation type interaction [F(1,26) = 0.13, 

P=0.727, η 2
p  = 0.01, 95% CI: 0, 0.15].

ERP results on approach-avoidance behavior between late 
follicular and mid-luteal phases
A 2(menstrual cycle phase: late follicular phase, 
mid-luteal phase)×2(emotion type: positive, 
negative)×2(motivation type: approach, avoidance) 
repeated measures ANOVA was performed to evaluate 
the peak value of P1, P2, N2 and the mean amplitude of 
LPP.

P1  Repeated measures ANOVA for P1 component peak 
value showed that a significant main effect for emotion 

type [F(1,26) = 12.91, P = 0.001, η 2
p  = 0.33, 95% CI: 0.06, 

0.54], but not for menstrual cycle phase [F(1,26)=1.94, 

P=0.175, η 2
p  = 0.07, 95% CI: 0, 0.29] and motivation 

type [F(1,26)=0.99, P = 0.329, η 2
p  = 0.04, 95% CI: 0, 0.24]. 

Further analyses indicated that positive stimuli (2.36 µV) 
induced greater P1 amplitudes than negative stimuli (1.49 
µV). The triplex interaction of menstrual cycle, emotion 
type, and motivation type was significant [F(1,26)=4.39, 

P=0.046, η 2
p  = 0.15, 95% CI: 0, 0.38], and women in the 

Fig. 5  The amplitude and topography of P2, N2 for avoiding/approaching positive stimuli across two cycle phases. (a) Grand average ERP waveforms, 
scalp topography maps, and average amplitudes of P2 for avoiding positive stimuli during the early follicular, and late follicular phases recorded across 
electrodes POz, PO3, PO4, Oz, O1, and O2. (b) Grand average ERP waveforms, scalp topography maps, and average amplitudes of N2 for approaching posi-
tive stimuli during the early follicular, and late follicular phases recorded across electrodes Fz, FC3, FCz, FC4, and Cz. Error bars represent 95% confidence 
interval (95% CI) of the mean. ** P < 0.01

 



Page 11 of 18Li et al. BMC Psychology          (2025) 13:338 

Fig. 6  Grand average ERP waveforms of LPP for emotion type (a) and menstrual cycle phase (b) recorded at electrodes CP1, CP2, and CPZ
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mid-luteal phase stimulated smaller P1 amplitudes (0.77 
µV) when avoiding negative stimuli than women in the 
late follicular phase (2.02 µV, P = 0.002) (see also Fig. 7a).

P2  Repeated measures ANOVA for P2 component peak 
value showed no significant main effect of menstrual 

cycle [F(1,26) = 0.18, P = 0.676, η 2
p  = 0.01, 95% CI: 0, 

0.16], emotion type [F(1,26)=2.81, P=0.105, η 2
p  = 0.10, 

95% CI: 0, 0.33], and motivation type [F(1,26)=0.38, 

P = 0.543, η 2
p  = 0.01, 95% CI: 0, 0.19]. The interaction 

between emotion type and motivation type was signifi-

cant [F(1,26)=6.65, P=0.020, η 2
p  = 0.20, 95% CI: 0.01, 

0.43]. Positive stimulus approach induced smaller P2 
amplitudes (2.95µV) than positive stimulus avoidance 
(3.90 µV, P = 0.043).

N2  The main effect of emotion type was significant 

[F(1,26) = 9.79, P = 0.004, η 2
p  = 0.27, 95% CI: 0.03, 0.49], 

and the N2 amplitude induced by negative emotional 
stimuli (-4.45 µV) was significantly higher than that 
induced by positive stimuli (-3.44 µV, P=0.004). The main 

effect of motivation type was significant [F(1,26)=5.81, 

P = 0.023, η 2
p  = 0.18, 95% CI: 0.01, 0.41], and the N2 

amplitude induced by avoidance motivation (-4.21 µV) 
was significantly higher than that induced by approach 
motivation (-3.68 µV, P = 0.023). The interaction between 
menstrual cycle and motivation type was significant 

[F(1,26)=17.69, P<0.001, η 2
p  = 0.41, 95% CI: 0.12, 0.60], 

The simple effect indicated that the N2 amplitude induced 
by approach motivation in the mid-luteal phase (-4.20 
µV) was significantly higher than that in the late follicular 
phase (-3.16 µV, P = 0.012), and the N2 amplitude induced 
by avoidance motivation in the mid-luteal phase (-3.28 
µV) was significantly lower than that in the late follicu-
lar (-5.14 µV, P=0.003). The interaction between emotion 
type and motivation type was significant [F(1,26)=24.99, 

P<0.001, η 2
p  = 0.49, 95% CI: 0.19, 0.66]. Positive stimu-

lus approach induced smaller N2 amplitudes (2.56 µV) 
than positive stimulus avoidance (-4.33 µV, P<0.001). The 
triplex interaction of menstrual cycle, emotion type, and 
motivation type was significant [F(1,26)=4.92, P = 0.036, 

η 2
p  = 0.16, 95% CI: 0, 0.39]. Women in the mid-luteal 

Fig. 7  The amplitude and topography of P1, N2 for approaching/avoiding emotional stimuli across two cycle phases. (a) Grand average ERP waveforms, 
scalp topography maps, and average amplitudes of P1 for avoiding negative stimuli during the late follicular, and the mid-luteal phases recorded across 
electrodes PO7, PO8, Oz. (b) Grand average ERP waveforms, scalp topography maps, and average amplitudes of N2 for approaching positive stimuli dur-
ing the late follicular, and the mid-luteal phases recorded across electrodes Fz, FC3, FCz, FC4, and Cz. Error bars represent 95% confidence interval (95% 
CI) of the mean. ** P < 0.01
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phase (-2.84 µV) induced a significantly smaller N2 ampli-
tude when avoiding negative stimuli than women in the 
late follicular phase (-5.34 µV, P=0.001) (see also Fig. 7b). 
Women in the mid-luteal phase (-5.62 µV) induced a sig-
nificantly higher negative N2 wave when approaching 
negative stimuli than women in the late follicular phase 
(-3.98 µV, P=0.008). No other main effects and interac-
tions were significant.

LPP  Repeated measures ANOVA for LPP component 
amplitude showed no significant main effects of men-

strual cycle [F(1,26) = 0.88, P = 0.358, η 2
p  = 0.03, 95% 

CI: 0, 0.23] (see also Fig. 8b), emotion type [F(1,26)=2.26, 

P=0.15, η 2
p  = 0.08, 95% CI: 0, 0.30] (see also Fig.  8a), 

or motivation type [F(1,26)=1.15, P = 0.294, η 2
p  = 0.04, 

95% CI: 0, 0.25], and no significant menstrual cycle, emo-
tion type, and motivation type interaction [F(1,26)=0.01, 

P=0.959, η 2
p  = 0.01, 95% CI: 0, 0.02].

Discussion
The effect of menstrual cycle phases with different 
Estrogen levels on approach-avoidance behavior and its 
ERP characteristics
Analysis 1 mainly explored the relationship between 
female estradiol levels and approach-avoidance behavior, 
how female approach-avoidance behavior was affected by 
the menstrual cycle and its neurophysiological charac-
teristics. The results confirmed the hypothesis that estra-
diol levels were negatively correlated with the reaction 
time of women’s positive-approaching behavior, indicat-
ing that higher estradiol levels in women predicted the 
higher efficiency of their positive-approaching behavior. 
Women in the late follicular phase induced a smaller N2 
wave than those in the early follicular phase when they 
approached positive stimulation.

The behavioral results were consistent with the results 
of Li’s study in 2022, which found that estradiol lev-
els were negatively correlated with the response time to 
approach positive stimulation. Women in late follicu-
lar phase with high estradiol levels approached positive 
stimulation more quickly [5]. Furthermore, one study 
focused on the pathways by which ovarian hormones 
affected the behavior activating system (BAS) and the 
behavior inhibiting system (BIS), and showed that at 
the behavioral level, estradiol levels were negatively cor-
related with BIS scores when progesterone levels were 
low. For this reason, the higher the estradiol level, the 
weaker the function of the BIS [41]. As for the explana-
tion of behavioral results, from an evolutionary per-
spective, Darwin (1871) pointed out that women in the 

late follicular phase had a high risk of conception. And 
individuals would undergo a series of changes in appear-
ance and behavior to obtain resources closely related to 
spouses and offspring during the late follicular phase, so 
as to maximize their benefits [42]. Therefore, it may be 
an evolutionary consequence that women in the late fol-
licular phase approach positive stimuli more quickly and 
engage in more profit-seeking behaviors, which will be 
more conducive to access to high-quality resources and 
create favorable conditions for possible conception and 
breeding of offspring. From a neurobiological perspec-
tive, researchers have found that the dopaminergic sys-
tem in the brain of ovulating women is more sensitive 
to positive stimulation, and estrogen plays a key role in 
regulating it [43]. Dopamine is a neurotransmitter asso-
ciated with reward and pleasure, and elevated estrogen 
increases the activity of dopaminergic neurons, which 
may prompt women to more actively approach positive 
stimulation to obtain more rewarding experiences.

The ERP results also provided electrophysiological 
evidence for the behavioral results, which showed that 
women in late follicular phase had smaller N2 ampli-
tude when they approached positive stimulation. In the 
SRC effect, when both the intuitive response and the 
instructed response tendencies were simultaneously 
activated, the fronto-central N2 ERP as indicator of 
early response inhibition on the level of response rep-
resentations prior to response selection [13, 14, 44, 45]. 
The results showed that women in late follicular phase 
approached positive stimulation with stronger automatic 
processing and weaker inhibitory processing than women 
in the early follicular phase, which led them to approach 
positive stimulation more quickly. Previous research 
supports this finding. For example, during the late fol-
licular phase, females demonstrated a greater desire for 
rewards such as genetic drugs, money, and high-calorie 
food. Compared with mid-luteal women, they were less 
likely to self-control behaviors such as smoking cessa-
tion and diet control [46]. Moreover, N2 is a good neu-
ral index of attentional shifts [14] and is also sensitive to 
dynamic changes in attention resources [47]. Therefore, 
the N2 result of this study reflects that women in the late 
follicular phase will more quickly and effectively shift 
their attention to approaching positive stimuli and spend 
less attention and cognitive resources than women in the 
early follicular phase.

In addition, the possible underlying reason of this result 
might also be related to emotional states. Van’s research 
has found that when women were in the late follicular 
phase with high estradiol levels, they showed more posi-
tive and pleasant emotional states in response to posi-
tive stimulation, and their emotional receptivity score 
was higher [48]. A significant reduction in depressive 
symptoms had also been observed in postmenopausal 
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Fig. 8  Grand average ERP waveforms of LPP for emotion type (a) and menstrual cycle phase (b) recorded at electrodes CP1, CP2, and CPZ
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women by injecting them with exogenous estradiol [49]. 
Therefore, women in the late follicle phase may feel more 
positive and friendly emotional states in response to pos-
itive stimuli than those in other phases, thus making the 
approach motivation stronger and activating the behav-
ioral approach system more effectively. This conjecture 
needs to be further explored in the future.

ERP results did not find the main effect and interaction 
of menstrual cycle, emotional type and motivation type 
in LPP components. Previous studies (2017) also found 
that LPP had no significant difference in menstrual phase 
[20]. The LPP component not only reflects the deep pro-
cessing and classification of stimuli [17, 50], also reflects 
how much psychological resources people invest [18]. 
Therefore, the results of this study reflect that the influ-
ence of estradiol levels on the motivational processing 
of emotional stimuli does not require in-depth process-
ing and does not require excessive consumption of psy-
chological resources. The reason for the non-significant 
difference in LPP may be related to the fact that the task 
in this study required rapid decision making, which may 
inhibit later cognitive processing.

The effect of menstrual cycle phases with different 
progesterone levels on approach-avoidance behavior and 
its ERP characteristics
Analysis 2 mainly explored the relationship between 
female progesterone level and approach-avoidance 
behavior, how female approach-avoidance behavior was 
affected by the menstrual cycle and its neurophysiologi-
cal characteristics. The results confirmed the hypotheses 
that the women in the middle luteal phase avoided nega-
tive stimuli more quickly than women in other phases, 
and progesterone level was negatively correlated with the 
reaction time of female harm-avoidance behavior. The 
higher the level of progesterone could predict the higher 
the efficiency of their harm-avoidance behavior. Women 
in the middle luteal phase induced smaller P1 and N2 
waves than those in the late follicular phase when they 
avoided negative stimuli.

The behavioral results showed that women in the high 
progesterone phase (mid-luteal phase) had stronger and 
faster avoidance motivation and avoidance behavior to 
the stimuli with negative stimuli. This was consistent with 
the results of Li’s study in 2022, which found that proges-
terone levels were negatively correlated with the response 
time of harm avoidance behavior, and women in the 
mid-luteal phase with high progesterone avoided nega-
tive stimuli faster [5]. The results were supported by a 
number of previous studies, which found that during the 
luteal phase, the physiological changes in a woman’s body 
to prepare for a possible pregnancy were accompanied by 
psychological changes caused by hormonal fluctuations. 
Psychological changes observed include increased social 

surveillance [51], increased vigilance against physical 
threats [12], and sensitivity to infectious sources [52, 53]. 
For example, women were more likely to show an aver-
sion to certain foods during the luteal phase, especially 
those foods that might be a source of pathogens [54]. This 
strong motivation to avoid harm during the luteal phase 
of high progesterone levels may be related to protecting 
one’s own health.

The ERP results provide deeper electrophysiological 
evidence for the behavioral results, which showed that P1 
amplitude induced by women in middle luteal phase was 
significantly smaller than that of women in late follicular 
phase when they avoided negative stimuli. P1 was in the 
first stage of emotional processing, which reflected the 
automatic or rapid processing of emotional information 
[55]. The results revealed that women in the middle luteal 
phase processed habitual motivations such as avoidance 
of negative stimuli more quickly than women in other 
cycles, and that integration occurred in the early stages 
of emotional processing. In addition, women induced 
smaller N2 waves during the middle luteal phase when 
they avoided negative stimuli than during other phases. 
Changes in prefrontal and central N2 ERP were associ-
ated with early response inhibition processes [13, 14]. 
Therefore, ERP N2 results suggested that women in the 
middle luteal phase had weaker inhibitory processing 
of avoidance of negative stimuli than women in the late 
follicular phase, which led to faster avoidance behavior 
of negative stimuli. Moreover, N2 is a good neural index 
of attentional shifts [14] and is also sensitive to dynamic 
changes in attention resources [47]. Therefore, the N2 
result of this study reflects that women in the mid-luteal 
phase will more quickly and effectively shift their atten-
tion to avoiding negative stimuli and spend less attention 
and cognitive resources than women in the late follicular 
phase.

Behavioral and ERP results were also supported by 
the ‘parental investment theory’, which suggested that 
women in the mid-luteal phase devoted more thought to 
creating a more stable and secure environment for their 
children [56]. Many studies have also confirmed that 
women in the luteal phase were more involved in paying 
attention to threats around them to keep themselves and 
their children away from material deprivation and danger 
[12]. Therefore, women’s faster motivation to avoid nega-
tive stimuli during the mid-luteal phase was also related 
to their evolutionary nature to protect their unborn 
babies from harm.

As for the reason of the relationship between proges-
terone levels and harm avoidance behavior, studies have 
also shown that exogenous injections of progesterone 
could increase the level of negative emotions in women 
in the early follicular phase and menopause [57]. There-
fore, women in the middle luteal phase may feel more 
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negative emotional states in response to negative stimuli 
than in other phases, which leads to their stronger avoid-
ance motivation and faster avoidance behavior to nega-
tive stimuli.

Similar to the results of experiment 1, ERP results 
does not find the main effect and interaction of men-
strual cycle, emotional type and motivation type in LPP 
components, which reflects that the influence of pro-
gesterone level on the motivational processing of emo-
tional stimuli does not require in-depth processing and 
does not require excessive consumption of psychological 
resources. In a study that explored the process of inhi-
bition in emotional regulation tasks, there was also no 
significant difference in LPP between menstrual cycle 
phases [20]. The reason for the non-significant differ-
ence in LPP may be related to the fact that the task in this 
study required rapid decision making, which may inhibit 
later cognitive processing.

Strengths and limitations
Approach-avoidance behavior was crucial to human sur-
vival and development, and female motivational behav-
iors for favorable and unfavorable things adjusted with 
hormonal changes to better protect themselves and 
future offspring. The innovation of this study was that 
ERP technology was used for the first time to study the 
characteristics and electrophysiological mechanism of 
female avoidance behavior in different menstrual cycles. 
The findings of this study may provide greater insight 
to women regarding the physiological influences of the 
menstrual cycle on their personal growth and security. 
This study also expanded the research on the neural 
mechanism of the effect of female ovarian hormone on 
psychological behavior, and the discovery of the cognitive 
mechanism of the effect of sex hormone level on female 
approach-avoidance behavior lays the foundation for fur-
ther exploration of its complex mechanism in the future.

However, our study was limited by several factors. 
First, sex hormone secretion is affected by both physiol-
ogy and psychology, and there were individual differences 
in the regularity of each woman’s menstrual cycle, saliva 
detection could only determine its sex hormone levels 
after the experiment. We relied on the reciprocal method 
and luteinizing hormone tests that are not perfectly accu-
rate in determining the highest progesterone point of 
the mid-luteal phase; female participants were in or near 
the mid-luteal phase. In addition, we did not measure 
prolactin and oxytocin, which also increase in the late 
follicular phase [58] and should be considered and con-
trolled in future studies. In terms of statistical methods, 
we acknowledge that while repeated-measures ANOVA 
is common in ERP studies, mixed-effects models could 
be considered in future research to better handle inter-
individual variability. Finally, insufficient sample size is 

also one of the shortcomings of our study. In the future, 
it is suggested that researchers increase the sample size 
to increase the representativeness and applicability of the 
conclusions to the whole population.

Conclusion
In this study, event-related potential (ERP) technology 
was used to explore the specific manifestation and elec-
trophysiological mechanism of the influence of menstrual 
cycle on female approach-avoidance behavior. The results 
not only found that the levels of estradiol and progester-
one were related to the efficiency of female approach-
avoidance behavior. Women in the late follicular phase 
approached positive stimuli more quickly, and N2 ampli-
tudes were the smallest for impulsive benefit-approach 
reaction. Women in the mid-luteal phase avoided nega-
tive stimuli more quickly, and P1/N2 amplitudes were 
the smallest for impulsive harm-avoidance reaction. The 
findings of this study provide electrophysiological evi-
dence that changes in female ovarian hormones can pre-
dict changes in social behavior. Future research could 
focus on women’s health, safety and development in more 
fields, such as female athletes and female employees, and 
explore more influencing factors.

Abbreviations
ERPs	� Event-Related Potentials
EEG	� Electroencephalography
SRC	� Stimulus- Response Compatibility
MN	� Moderately Negative
HN	� Highly Negative
RISM	� Prospective Record of the Impact and Severity of Menstrual 

symptoms
DASS	� Depression, Anxiety and Stress Scale
STAI	� State-Trait Anxiety Inventory
PANAS	� Positive Affect and Negative Affect Scale
IAPS	� International Affective Picture System
VEOG	� Vertical Electromyography
HEOG	� Horizontal Electromyography
ICA	� Independent Component Analysis
BAS	� Behavior Activating System
BIS	� Behavior Inhibiting System

Acknowledgements
We thank Lepu Zhang, Xue Li, Shuhua Li, Xiaoyun Zhu for assistance with data 
collection. We also thank Yang Yang for financial management.

Author contributions
Authors DL, and XW designed the study. DL, CX, and XW participated in the 
conception of the study. DL managed and conducted the statistical analyses 
and interpreted the data. DL and XW wrote the first draft, and DL, CX, and XW 
revised it to make the final manuscript. All authors have approved the final 
version of the manuscript.

Funding
This work was supported by the National Social Science Foundation of China 
(grant No. 21BTY095); and the Ministry of Education of the People’s Republic 
of China (grant No. 21JZDW007).

Data availability
The datasets generated for this study are available on request to the 
corresponding author.



Page 17 of 18Li et al. BMC Psychology          (2025) 13:338 

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Shanghai University 
of Sport [102772022RT120], and it was conducted in accordance with the 
ethical standards of the Declaration of Helsinki. All methods were carried out 
in accordance with relevant guidelines and regulations of Shanghai University 
of Sport. Participants were informed that their names and institution 
names would be kept confidential and their privacy rights were protected. 
Participants were included in the process on a voluntary basis and informed 
consent was obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 May 2024 / Accepted: 27 March 2025

References
1.	 Davidson RJ, Ekman P, Saron CD, Senulis JA, Friesen WV. Approach-withdrawal 

and cerebral asymmetry: emotional expression and brain physiology. I. J Pers 
Soc Psychol. 1990;58(2):330–41.

2.	 Krieglmeyer R, Deutsch R. Comparing measures of approach–avoidance 
behaviour: the manikin task vs. two versions of the joystick task. Cogn Emot. 
2010;24(5):810–28.

3.	 Yang G, Nan W, Zheng Y, Wu H, Li Q, Liu X. Distinct cognitive control mecha-
nisms as revealed by modality-specific conflict adaptation effects. J Exp 
Psychol Hum Percept Perform. 2017;43(4):807–18.

4.	 Farage MA, Osborn TW, MacLean AB. Cognitive, sensory, and emotional 
changes associated with the menstrual cycle: a review. Arch Gynecol Obstet. 
2008;278(4):299–307.

5.	 Li D, Zhang L, Wang X. The effect of menstrual cycle phases on Approach-
Avoidance behaviors in women: evidence from conscious and unconscious 
processes. Brain Sci 2022, 12(10).

6.	 Rimsza ME. Dysfunctional uterine bleeding. Pediatr Rev. 2002;23(7):227–33.
7.	 Sakaki M. How reward and emotional stimuli induce different reactions 

across the menstrual cycle. Volume 6. Soc Personal Psychol Compass.; 2011.
8.	 Sacks D, Baxter B, Campbell BCV, Carpenter JS, Cognard C, Dippel D, Eesa 

M, Fischer U, Hausegger K, Hirsch JA, et al. Multisociety consensus quality 
improvement revised consensus statement for endovascular therapy of 
acute ischemic stroke. Int J Stroke. 2018;13(6):612–32.

9.	 Steiner M, Dunn E, Born L. Hormones and mood: from menarche to meno-
pause and beyond. J Affect Disord. 2003;74(1):67–83.

10.	 Dreher JC, Schmidt PJ, Kohn P, Furman D, Rubinow D, Berman KF. Menstrual 
cycle phase modulates reward-related neural function in women. Proc Natl 
Acad Sci U S A. 2007;104(7):2465–70.

11.	 Conway CA, Jones BC, DeBruine LM, Welling LL, Law Smith MJ, Perrett DI, 
Sharp MA, Al-Dujaili EA. Salience of emotional displays of danger and conta-
gion in faces is enhanced when progesterone levels are Raised. Horm Behav. 
2007;51(2):202–6.

12.	 Masataka N, Shibasaki M. Premenstrual enhancement of snake detection in 
visual search in healthy women. Sci Rep. 2012;2:307.

13.	 van Boxtel GJ, van der Molen MW, Jennings JR, Brunia CH. A Psychophysi-
ological analysis of inhibitory motor control in the stop-signal paradigm. Biol 
Psychol. 2001;58(3):229–62.

14.	 Folstein JR, Van Petten C. Influence of cognitive control and mismatch on the 
N2 component of the ERP: a review. Psychophysiology. 2008;45(1):152–70.

15.	 Smith NK, Cacioppo JT, Larsen JT, Chartrand TL. May I have your attention, 
please: electrocortical responses to positive and negative stimuli. Neuropsy-
chologia. 2003;41(2):171–83.

16.	 Delplanque S, Lavoie ME, Hot P, Silvert L, Sequeira H. Modulation of cognitive 
processing by emotional Valence studied through event-related potentials in 
humans. Neurosci Lett. 2004;356(1):1–4.

17.	 Pritchard WS. Psychophysiology of P300. Psychol Bull. 1981;89(3):506–40.
18.	 Kok A. Event-related-potential (ERP) reflections of mental resources: a review 

and synthesis. Biol Psychol. 1997;45(1–3):19–56.

19.	 Wu H, Chen C, Cheng D, Yang S, Huang R, Cacioppo S, Luo YJ. The mediation 
effect of menstrual phase on negative emotion processing: evidence from 
N2. Soc Neurosci. 2014;9(3):278–88.

20.	 Lusk BR, Carr AR, Ranson VA, Felmingham KL. Women in the midluteal phase 
of the menstrual cycle have difficulty suppressing the processing of nega-
tive emotional stimuli: an event-related potential study. Cogn Affect Behav 
Neurosci. 2017;17(4):886–903.

21.	 Yao F, Zhuang Y, Shen X, Wang X. Attentional bias towards appealing 
and disgusting food cues varies with the menstrual cycle. Appetite. 
2022;175:106063.

22.	 Munk AJL, Dickhaeuser L, Breitinger E, Hermann A, Strahler J, Schmidt NM, 
Hennig J. Females’ menstrual cycle and incentive salience: insights on neural 
reaction towards erotic pictures and effects of gonadal hormones. Compr 
Psychoneuroendocrinology. 2020;3:100006.

23.	 Zhang W, Zhou R, Ye M. Menstrual cycle modulation of the late positive 
potential evoked by emotional faces. Percept Mot Skills. 2013;116(3):707–23.

24.	 Reid R. Premenstrual syndrome. Chicago: Year Book Medical; 1985.
25.	 DeBruine LM, Jones BC, Perrett DI. Women’s attractiveness judgments of 

self-resembling faces change across the menstrual cycle. Horm Behav. 
2005;47(4):379–83.

26.	 Haselton MG, Gangestad SW. Conditional expression of women’s desires 
and Men’s mate guarding across the ovulatory cycle. Horm Behav. 
2006;49(4):509–18.

27.	 Jones BC, Little AC, Boothroyd L, Debruine LM, Feinberg DR, Smith MJ, Corn-
well RE, Moore FR, Perrett DI. Commitment to relationships and preferences 
for femininity and apparent health in faces are strongest on days of the men-
strual cycle when progesterone level is high. Horm Behav. 2005;48(3):283–90.

28.	 Zhuang JY, Wang JX. Women ornament themselves for intrasexual competi-
tion near ovulation, but for intersexual attraction in luteal phase. PLoS ONE. 
2014;9(9):e106407.

29.	 Lovibond PF, Lovibond SH. The structure of negative emotional States: 
comparison of the depression anxiety stress scales (DASS) with the Beck 
depression and anxiety inventories. Behav Res Ther. 1995;33(3):335–43.

30.	 Spielberger CD, Vagg PR. Psychometric properties of the STAI: a reply to 
Ramanaiah, Franzen, and schill. J Pers Assess. 1984;48(1):95–7.

31.	 Watson D, Clark LA, Tellegen A. Development and validation of brief mea-
sures of positive and negative affect: the PANAS scales. J Pers Soc Psychol. 
1988;54(6):1063–70.

32.	 Lang PJ, Bradley MM, Cuthbert BN. International affective picture system 
(IAPS): technical manual and affective ratings. NIMH Cent Study Emot Atten 
1997:39–58.

33.	 Li D, Jia J, Wang X. Unpleasant food odors modulate the processing of facial 
expressions: an Event-Related potential study. Front Neurosci. 2020;14:686.

34.	 Li D, Wang X. The processing characteristics of bodily expressions under the 
odor context: an ERP study. Behav Brain Res. 2021;414:113494.

35.	 Shirtcliff EA, Granger DA, Schwartz E, Curran MJ. Use of salivary biomarkers 
in biobehavioral research: cotton-based sample collection methods can 
interfere with salivary immunoassay results. Psychoneuroendocrinology. 
2001;26(2):165–73.

36.	 Jung TP, Makeig S, Humphries C, Lee TW, McKeown MJ, Iragui V, Sejnowski 
TJ. Removing electroencephalographic artifacts by blind source separation. 
Psychophysiology. 2000;37(2):163–78.

37.	 Dennis TA, Hajcak G. The late positive potential: a neurophysiological 
marker for emotion regulation in children. J Child Psychol Psychiatry. 
2009;50(11):1373–83.

38.	 Feng C, Li W, Tian T, Luo Y, Gu R, Zhou C, Luo YJ. Arousal modulates Valence 
effects on both early and late stages of affective picture processing in a pas-
sive viewing task. Soc Neurosci. 2014;9(4):364–77.

39.	 Hajcak G, MacNamara A, Olvet DM. Event-related potentials, emo-
tion, and emotion regulation: an integrative review. Dev Neuropsychol. 
2010;35(2):129–55.

40.	 Yang W, Zhu X, Wang X, Wu D, Yao S. Time course of affective processing bias 
in major depression: an ERP study. Neurosci Lett. 2011;487(3):372–7.

41.	 Wang JX, Zhuang JY, Fu L, Lei Q, Fan M, Zhang W. How ovarian hormones 
influence the behavioral activation and Inhibition system through the dopa-
mine pathway. PLoS ONE. 2020;15(8):e0237032.

42.	 Darwin C. The descent of man; 1871.
43.	 Jacobs E, D’Esposito M. Estrogen shapes dopamine-dependent cognitive 

processes: implications for women’s health. J Neurosci. 2011;31(14):5286–93.
44.	 Van ‘t Ent D. Perceptual and motor contributions to performance and ERP 

components after incorrect motor activation in a flanker reaction task. Clin 
Neurophysiol. 2002;113(2):270–83.



Page 18 of 18Li et al. BMC Psychology          (2025) 13:338 

45.	 Bartholow BD, Pearson MA, Dickter CL, Sher KJ, Fabiani M, Gratton G. Strategic 
control and medial frontal negativity: beyond errors and response conflict. 
Psychophysiology. 2005;42(1):33–42.

46.	 Alberti-Fidanza A, Fruttini D, Servili M. Gustatory and food habit changes dur-
ing the menstrual cycle. Int J Vitam Nutr Res. 1998;68(2):149–53.

47.	 Raymond JE, Shapiro KL, Arnell KM. Temporary suppression of visual pro-
cessing in an RSVP task: an attentional Blink?? J Exp Psychol Hum Percept 
Perform. 1992;18(3):849–60.

48.	 van Wingen GA, van Broekhoven F, Verkes RJ, Petersson KM, Backstrom T, 
Buitelaar JK, Fernandez G. Progesterone selectively increases amygdala 
reactivity in women. Mol Psychiatry. 2008;13(3):325–33.

49.	 Cohen LS, Soares CN, Poitras JR, Prouty J, Alexander AB, Shifren JL. Short-term 
use of estradiol for depression in perimenopausal and postmenopausal 
women: a preliminary report. Am J Psychiatry. 2003;160(8):1519–22.

50.	 Kutas M, McCarthy G, Donchin E. Augmenting mental chronometry: the P300 
as a measure of stimulus evaluation time. Science. 1977;197(4305):792–5.

51.	 Maner JK, Miller SL. Hormones and social monitoring: menstrual cycle shifts 
in progesterone underlie women’s sensitivity to social information. Evol Hum 
Behav. 2013;35(1):9–16.

52.	 Fessler DMT. Reproductive Immunosuppression and Diet. Current Anthropol-
ogy 2002.

53.	 Fleischman DS, Fessler DM. Progesterone’s effects on the psychology of 
disease avoidance: support for the compensatory behavioral prophylaxis 
hypothesis. Horm Behav. 2011;59(2):271–5.

54.	 Fessler DM. Luteal phase immunosuppression and meat eating. Riv Biol. 
2001;94(3):403–26.

55.	 Luo W, Feng W, He W, Wang NY, Luo YJ. Three stages of facial expression 
processing: ERP study with rapid serial visual presentation. NeuroImage. 
2010;49(2):1857–67.

56.	 Charlesworth B. Male, female: the evolution of human sex differences by 
David C. Geary. Q Rev Biol 1998.

57.	 Klatzkin RR, Morrow AL, Light KC, Pedersen CA, Girdler SS. Associations 
of histories of depression and PMDD diagnosis with allopregnanolone 
concentrations following the oral administration of micronized progesterone. 
Psychoneuroendocrinology. 2006;31(10):1208–19.

58.	 Salonia A, Nappi RE, Pontillo M, Daverio R, Smeraldi A, Briganti A, Fabbri F, 
Zanni G, Rigatti P, Montorsi F. Menstrual cycle-related changes in plasma 
Oxytocin are relevant to normal sexual function in healthy women. Horm 
Behav. 2005;47(2):164–9.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Effects of menstrual cycle phases on approach-avoidance behaviors in women: a behavioral and event-related potentials study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participant
	﻿Subjective measures
	﻿Materials
	﻿Study design
	﻿Procedure
	﻿Hormonal analyses of the saliva samples
	﻿Data analysis

	﻿Results


