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ABSTRACT

The autonomic nervous system (ANS) is activated by stress and is closely related to the female men-
strual cycle. Women with premenstrual syndrome (PMS) have an imbalanced ANS response in their pre-
menstrual period. However, no studies have explored the reasons for the differences in ANS response
among women. In this study, we investigated how the female menstrual attitude and acute social
stress influence the ANS response in women with PMS. First, 277 women [24.35 +2.1] were selected to
measure the mediating role of women’s menstrual attitude between PMS severity and perceived ANS
response. Second, participants’ (50 women [23.23 +1.25] with and 46 women [22.92+2.00] without
PMS) heart rate (HR) and HR variability (HRV; reflecting the functioning of ANS) under social stress
were measured during various menstrual cycle phases. The results indicated that menstrual attitude
(bothersome and predictable) had mediating effects between the degree of PMS and perceived ANS
response; when undergoing a high cognitive load (e.g. mental-arithmetic) task, the ANS of the PMS
group demonstrated hypo-arousal and delayed recovery in the late luteal phase; Therefore, menstrual
attitude could influence female perceived ANS response, which may be a risk factor for PMS. When
women with PMS experience high-strength cognitive pressure in the premenstrual period, their ANS
showed hypo-arousal and delayed recovery, which may be another risk factor for PMS.

LAY SUMMARY

This study revealed that the attitude to menstruation (bothersome and predictable) could affect the
women’s autonomic nervous system (ANS) response, and this may be a risk factor of premenstrual syn-
drome (PMS). Meanwhile, when women with PMS experience high-strength cognitive social pressure,
their ANS showed hypo-arousal and delayed recovery. This imbalanced ANS reaction may result in their
inability to cope with the stressful stimuli and emotional experiences, which may be another risk factor
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for PMS.

1. Introduction

In women, the menstrual cycle is a periodic physiological
change lasting for an average of 28days. Almost 80% of
women report having some symptoms during the week prior
to menstruation (Lustyk & Gerrish, 2010). These symptoms
interfere with normal life and therefore qualify as premen-
strual syndrome (PMS) in 20-30% of women. PMS refers to a
series of cyclical physical, emotional, and cognitive symptoms
that regularly recur during the late luteal phase of the men-
strual cycle (Ryu & Kim, 2015). The sex hormones secreted by
the ovaries can adversely affect the function of the hypothal-
amus, thereby causing changes in related stress hormones
(Girdler et al, 1998; Lustyk & Gerrish, 2010). Therefore,
numerous researches explored the mechanism of PMS from
the perspective of stress. Among them, the autonomic ner-
vous  system  (ANS, including  sympathetic and

parasympathetic systems), one of the stress physiological
responses (Kahle et al., 2016), had received special attention.

Compared to the healthy group, women with PMS have
an imbalanced ANS response (higher sympathetic and lower
parasympathetic response) in the resting state of the luteal
phase (Porges, 2003; Pu et al., 2010), which may be related
to the underlying mechanism of PMS (Matsumoto et al.,
2007). Although hormonal changes with the menstrual cycle
could affect the ANS response (Baker et al., 2008; Yildirir
et al,, 2002), they are secreted normally in women with PMS
(Gullner, 1983; Hedqvist, 1977). This suggests that other fac-
tors may affect ANS imbalance.

Firstly, the imbalanced ANS response in PMS could be
influenced by their psychological cognition to menstruation.
A survey of 1,809 Chinese female college students found that
three kinds of attitudes (Debilitating, Predictable and
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Bothersome) toward menstruation were correlated with men-
strual symptoms (Yongai et al., 2015). The more serious the
PMS in women, the higher their score of menstrual attitude
(Li, 2020; Lustyk et al., 2011). In addition, these attitudes are
closely related to the physiological response to stress. It
could affect the ANS response in different degrees (Brosschot
et al,, 2010; Mcewen & Gianaros, 2010). Thus, the first study
detected the mediating role of menstrual attitudes
(Debilitating, Predictable and Bothersome) between the
degree of PMS and ANS response.

Secondly, the imbalanced ANS response in PMS could be
the manifestation of physiological allostatic load (AL) to
stress. The AL theory believed that when individuals are fre-
quently subjected to chronic or acute stressors, their physio-
logical reactions may be dysregulated (low reactivity and
delayed recovery), leading to the loss of ability to cope with
other stressors (Duchesne & Pruessner, 2013; Kahle et al.,
2016; McEwen & Stellar, 1993). In other words, in addition to
chronic menstrual stress, acute social pressure could cause an
imbalanced ANS response in women with PMS, so that it is
hard for them to cope with menstrual stress in the luteal
phase. Thus, based on the AL theory, it is necessary to inves-
tigate the ANS activity in women with PMS. Actually, previ-
ous studies found their imbalanced response under acute
stress (Girdler et al., 1998; Klatzkin et al., 2010; 2014), but
they left certain limitations. First, only one study detected
both sympathetic and parasympathetic aspects, but there
were limited participants, which did not achieve statistical
significance (Oda, 2007). Second, to our knowledge, no stud-
ies measured the recovery phase of women with PMS.
Delayed recovery has been recognized as a key mechanism
underlying the relationship between stress and health. It indi-
cates disorders in the regulation of stress response and the
associated negative emotions (Brosschot et al, 2005;
Willmann et al, 2012). Therefore, the second study intro-
duced more data to explore the ANS response in the PMS
group during stress task and recovery period.

In summary, in the first study, we supposed that attitude
toward  menstruation (Debilitating,  Predictable and
Bothersome) plays mediating roles between PMS degree and
ANS response. In the second study, we hypothesized that
under acute stressors, the ANS of the PMS group exhibit
hypo-arousal and delayed recovery compared to the con-
trol group.

2, Study 1
2.1. Methods

2.1.1. Participants

This study was based on an online survey through question-
naires, namely Premenstrual Syndrome Scale (PSS) (Bancroft,
1993; Gengli et al., 1998), Menstrual Attitude Questionnaire
(MAQ), and Menstrual Distress Questionnaire (MDQ), adminis-
tered to 299 undergraduate or graduate female university
students. The age of the subjects was between 18 and
30years old. Exclusion criteria for all participants included a
history of psychiatric disorder (n=4), partly missing answers

(n=18). Finally, 277 individuals (24.35+2.10) were included
in the sample after screening.

2.1.2. Materials

The PSS was compiled by Bancroft, and the Chinese version
was revised by Gengli (Bancroft, 1993; Gengli et al., 1998). It
consists of 12 items and covers both psychological and phys-
ical symptoms, such as follows: “In the last 3 months, how
much anxiety did you feel 5days before menstruation?” The
questionnaire is scored on a 4-point Likert-type scale, with
0=no symptom, 1=mild symptoms, 2=symptoms had
some effect on daily work and life, but were endurable, and
3 =symptoms had a severe effect on daily work and life and
required treatment. The higher the score, the more serious is
the symptom. Total scores of 6-10, 11-20, and >20 reflect
mild, moderately severe, and severe PMS, respectively. The
Cronbach’s alpha of the revised PSS is 0.80; here, it was 0.89.

The MAQ adopted the version of Kim (Kim Eun, 1993). The
Chinese version consists of 30 items, divided into five catego-
ries (Yongai et al, 2011): Debilitating (10 items; e.g. “The
physiological reaction during menstruation is normal”),
Bothersome (5 items; e.g. “Men have a real advantage in not
having the monthly interruption of a menstrual period”),
Natural (4 items; e.g. “Menstruation allows women to be
more aware of their bodies”), Predictable (5 items; e.g. I
have learned to anticipate my menstrual period by the mood
changes which precede it”), and Denial of the negative effect
(6 items; e.g. “Most women make too much of the minor
physiological effects of menstruation”). It is scored on a 5-
point Likert-type scale—ranging from 1 (strongly disagree) to
5 (strongly agree). The higher the score, the stronger is the
participant’'s menstrual attitude in that category. The
Cronbach’s alpha for the Chinese version is 0.70; here, it
was 0.74.

The MDQ was developed by Moos (Moos, 1968). The
Chinese version includes 30 items (Yongai et al., 2015), div-
ided into six categories: ANS reactions (9 items; e.g. “Cold
sweats, cold hands and feet”), pain (5 items; e.g. “Cramps
and headache”), Concentration (3 items; e.g. “Forgetful and
distractible”), behavior change (5 items; e.g. “Decreased
efficiency”), Negative affect (6 items; e.g. “anxiety and lone-
liness”), and Water retention (2 items; e.g. “swelling and pain-
ful breasts”). It is scored using a 5-point Likert-type scale
ranging from 1 (no experience of the symptom) to 5 (severe
experience of the symptom). The higher the score, the more
severe is the participant’s symptom was in this category. The
Cronbach’s alpha for the Chinese version is 0.93. Here, only
the category MDQ-ANS was selected for analysis, the
Cronbach’s alpha of which was 0.86.

2.2. Statistical analysis

It should be emphasized that the female ANS response data
included here did not use objective observation variables,
but uses their subjective evaluation data. The reason for this
choice is because the severity of PMS and menstrual attitude
are all subjective evaluation data, and the selection of ANS



Table 1. Means, standard deviations, and correlations between all study varia-
bles in study 1 (n=277).

M SD ANS DebilitatingBothersome Natural Predictable Deny

PSS 11.567.620.516** 0.367** 0.358** 0.048 0.514** 0.083
ANS 20.457.24 0.516** 0.437** 0.169** 0.616** 0.071
Debilitating 33.675.94 0.488** 0.345** 0.550*%* 0.046
Bothersome13.583.03 0.479** 0.516%* 0.236**
Natural 15.753.73 0.362*%* 0.447**
Predictable 18.134.51 0.218**
Deny 11.713.58

Note. Correlations in bold are significant at *p < 0.05, **p < 0.01; M =means;
SD=Standard Deviation. PSS =Premenstrual Syndrome Scale (PSS);
ANS =refers to the category of autonomic nervous system in Menstrual
Distress Questionnaire-autonomous (MDQ); Debilitating, Bothersome, Natural,
Predictable and Deny are five dimensions of the Menstrual Attitude
Questionnaire (MAQ).

response data with the same measurement method is condu-
cive to the fitting of the model.

Therefore, all data were analyzed using SPSS 22.0. First,
the premise of the mediation analysis was that all variables
need to be correlated in pairs. Therefore, correlational analy-
ses were needed. Second, using the PROCESS macro in SPSS
to examine the mediating role of menstrual attitude (Hayes,
2013). We used 1000 bootstrap samples, and biases were cor-
rected at 95% confidence intervals (Cls) to calculate the indir-
ect effect of each variable. If the Cl of the indirect effect did
not include zero, it indicated that the indirect effect was
significant.

2.3. Results

The correlation between the PSS and the MDQ-ANS was sig-
nificant (p < 0.001). Debilitating, Bothersome, and Predictable
categories in the MAQ were positively correlated with PSS
and MDQ-ANS (all p <0.001). Therefore, these three catego-
ries of MAQ could be used as mediating variables (Table 1).

The mediation analysis revealed that the relationship
between PMS severity and perceived ANS responses was par-
tially mediated by two types of attitudes toward menstru-
ation (bothersome and predictable; see Figure 1). The direct
effect of PMS severity on perceived ANS responses was sig-
nificant (f=0.306, p < 0.001), and the indirect effects of PMS
severity on perceived ANS responses through menstrual atti-
tudes, namely bothersome and predictable, were both signifi-
cant [indirect effect (95% Cl) = 0.013 (0.005, 0.036) and 0.216
(0.139, 0.298), respectivelyl. Furthermore, the significant direct
effect of PMS severity on perceived ANS responses indicates
partial mediation.

3. Study 2
3.1. Methods

3.1.1. Participants

Participants were recruited from a local university and
through an advertisement on a website. According to the cri-
teria for PMS diagnosis of the American College of Obstetrics
and Gynecology (ACOG), we required participants to report
their daily symptoms during the next three months and fill
out the PSS (the same as that in Study 1). Eventually, 66
women with PMS and 60 women without PMS were
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included. There are five affective symptoms (i.e. depression,
nervousness, irritability, anxiety, and neurotic), three behav-
ioral symptoms (i.e. restless, absent-minded, and insomnia or
hypersomnia), and three somatic symptoms (i.e. abdominal
bloating, headache, and swelling of extremities) in the crite-
ria. The inclusion criteria for PMS were met: (1) the total
score of PSS > 11; (2) symptoms must occur during the
5days before menstrual bleeding for at least 3 consecutive
menstrual cycles and at least one affective, one somatic
symptom, and one behavioral symptom must be present; (3)
symptoms are relieved within 4 days without recurrence until
cycle day 13; (4) symptoms are present in the absence of
medicine, hormone ingestion or alcohol use. Exclusionary cri-
teria included pregnancy, breastfeeding, irregularity of men-
strual cycle, history of psychiatric disorders, and current use
of drugs. Thirteen participants were excluded - six had
irreqular menstrual cycles, five were taking antibiotics or hor-
monal drugs, and two had depression syndrome.

After that, 60 women with and 53 women without PMS
were asked to participate in the experiments. No significant
differences in age or variations in the menstrual cycle were
observed between the groups. We assumed every partici-
pant’s late luteal and follicular phases according to their
menstrual cycles in the previous 3 months and invited them
to participate in the experiment twice: once in the late luteal
phase and once in the follicular phase (the period after men-
struation when premenstrual syndrome disappears). The
phases during which the participants first came to our
laboratory were assigned randomly. Finally, 11 participants
did not come back for the second time, 6 participants’ rest-
ing heart rates were extreme to others (greater than 100/min
or less than 50/min). Totally, these 17 participates were
excluded. The reason why we set the lower limit of HR at
50 bpm was that in our initial data collection, we noticed
that three girls of the participates exercised regularly every
week and did not have any ANS-related diseases. It is well
known that people who exercise a lot have a relatively low
resting heart rate. Therefore, these three qirls’ data were
included. Ultimately, 50 PMS (23.23+1.25) and 46 Non-PMS
(22.92£2.00) women were included in our analysis at last.
According to G*Power instructions (Faul et al., 2007), 96 par-
ticipants have sufficient analytical power (1 — f=0.80,
o« =0.05) for detecting medium-sized effects (r=0.25). The
statistical test we chose was the ANOVA: Repeated measures,
within-between interaction.

The study was approved by the local ethics committee
and performed in accordance with the Declaration of
Helsinki.  All  participants  provided  their  written
informed consent.

3.1.2. Materials

Social stress task was adopted to assess the ANS response
(Oldehinkel et al., 2011; Sijtsema et al., 2015), which consists
of public-speaking and mental-arithmetic tasks. Regarding
the speech task, the participants had 3 minutes to prepare
their speech content. After the preparation, a research assist-
ant took the participants to a room, where two trained
graduate students waited to examine their performance.
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al

p=0.13, t(275)=2.12, p=0.04

B=0.51, t(275)=9.91, p < 0.001

predictable

bi

B=0.01, t(275)=1.94, p = 0.05

B=0.45, 1(275)=7.49, p < 0.001

Perceived

degree of PMS

B=10.31, (275)=5.96, p < 0.001

ANS response

Figure 1. Mediation model in study 1. bothersome and predictable as Mediators between degree of PMS and perceived ANS responses. Depicted are beta coeffi-

cients for the relevant paths (p < 0.05).

Because everyone had to come twice, the test materials were
divided into two versions (A and B). All participants were ran-
domly assigned the order of these two versions on their ini-
tial arrival at the lab. Versions A and B of the speech task
included self-introduction and job interview, respectively. The
arithmetic task included mentally calculating every result
starting from 1022 and repeatedly subtracting 13 and 16
until 0 was reached, respectively. Participants were asked to
declare every result out loud until the end of the allotted
time. In the event of an incorrect response, they were
required to start again from 1022.

The Beck anxiety inventory (BAl), translated into Chinese
(Zheng et al.,, 2002), was used to measure individual anxiety
affect. The scale consists of 21 items, rated on a 4-point scale
from 1 (no) to 4 (extremely heavy) to indicate the extent to
which items were representative of respondents’ affect. The
reliability of the questionnaire was acceptable (Cronbach’s
alpha = 0.95; Zheng et al., 2002), and the scale had an
acceptable Cronbach’s alpha of 0.90 in this study.

The Beck Depression Inventory (BDI), translated into
Chinese (Zhang et al., 1990), was used to measure individual
depression affect. The scale includes 21 items, rated on a 4-
point scale from 0 (no) to 3 (extremely heavy) to indicate the
extent to which items reflected respondents’ affect. The reli-
ability of the questionnaire was acceptable (Cronbach’s alpha
= 0.85), and the scale had an acceptable Cronbach’s alpha of
0.83 in this study.

3.1.3. Measures

ANS function can be measured using heart rate (HR) and
HRV, an index of consecutive changes in HR. The frequency-
domain index of HRV [high-frequency (HF), low-frequency
(LF), and LF/HF] can reflect an individual's ANS functioning,
and it is a more sensitive indicator than skin electrical meas-
urement or blood pressure (Bajké et al, 2012; Baker et al.,
2008). The HR is one of the indicators of the sympathetic ner-
vous system (SNS) of the ANS. Power in the HF component
reflects the influence of the parasympathetic nervous system
(PNS) branch of the ANS, and power in the LF component is
mediated by both SNS and PNS activities. The LF/HF ratio
reflects sympathovagal balance. Increases in the ratio in
response to stress are hypothesized to be an indicator of

physiological response in the ANS such that higher values
indicate the dominance of the SNS and lower values indi-
cated the dominance of the PNS (Garcia-Rubio et al., 2017;
Luecken & Gallo, 2008). Although this interpretation has been
disputed (Billman, 2013), it is still widely used in research and
can explain our hypothesis to some extent, therefore, we
kept them in the analysis.

3.1.4. Procedure

The experimental sessions were performed between 9:00am
and 11:00am and 3:00pm and 5:00pm in soundproof rooms
with blinded windows in the psychological laboratory of a
school. After a 10-min rest, participants underwent baseline
measurement, two stress tasks, and final-rest measurement
(Figure 2). The HR and HRV were monitored. The time for
each task was 6 min and the recovery period for each task
was 3 min. We measured the recovery period after each task.
The recovery time was determined based on previous results
of ANS showing that 3min is sufficient to recover from a
speech or math task (Sijtsema et al., 2015). To prevent inter-
action between tasks, half of each group first undertook the
speech task, and the other half first underwent the mental-
arithmetic task. After all tasks, participants finally underwent
6 min rest measurement.

3.1.5. Electrocardiography recording

Electrocardiography (ECG) data were collected using the
BIOPAC MP150 sampling at 500 Hz with 0.5-Hz high-pass and
35-Hz low-pass filters. The HR of each participant was
obtained on the basis of the interbeat interval (R-R) that was
immediately extracted from the ECG signal. The ground
(GND) was connected to the right lower limb, the VIN 4+ was
connected to the left lower limb, and the VIN —was con-
nected to the left upper limb. R waves were detected using
an automated algorithm enabling the R-R interval to be cal-
culated by the program. The detection of R waves was visu-
ally checked and edited where the automatic detection
was incorrect.
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Stress Tasks

=

Rest < Task 1

>< Rec ><

s,

Task 2 >< Rec > Final Recovery

6 min 6 min 3 min

6 min 3 min 6 min

Figure 2. Experimental process in study 2. Tasks 1 and 2 are randomly assigned speaking and mental arithmetic task. Rec = Recovery period.

3.2. Statistical analyses

HR and HRV data were calculated on AcgKnowledge 4.2. The
original data of HRV were edited as follows: the power sums
of the raw data are reported in units of s°/Hz. We trans-
formed them into units of ms (Ryu & Kim, 2015) according to
HF (0.15-0.4Hz) and LF (0.04-0.15Hz) power (Bajké et al.,
2012). It was obtained via Fast Fourier Transforms (FFTs) of
the ECG signals. Afterward, the data were log-transformed to
present the data clearly for reducing skewness and kurtosis.
The measurement and data analysis followed the recommen-
dations of the task force of the European Society of
Cardiology and the North American Society of Pacing and
Electrophysiology (1996).

We used the D-value, such as AHR, HRV-AHF, ALF, and
ALF/HF, to indicate the degree of ANS response. Specifically,
during the task period, the D-value used for comparison was
the difference by subtracting baseline data from data of task
period. During the recovery period, the D-value was the dif-
ference between data in the recovery period and data in the
task period. The data in the first 3 min of the two tasks were
used because stress responses were likely to be highest in
the beginning (Sijtsema et al., 2015). In order to be consist-
ent with the task and recovery time, we used the 3min of
data in the middle of baseline. 2 (time: task, recovery) x 2
(group: PMS, non-PMS) x 2 (phase: late luteal, follicular)
repeated-measures analysis of variance (ANOVA) were per-
formed to analyze every task (speech, arithmetic) respect-
ively. Greenhouse-Geisser freedom correction was used. All
data were analyzed using SPSS 22.0.

3.3. Results

3.3.1. Demographic variables

Results indicated no group differences in terms of age, BMI,
menstrual flow duration, menstrual cycle length (all t
[94] < 1.45, all ps > 0.15). However, scores on the BAI and
BDI of women with PMS were higher than those of healthy
women (all t [94] >2.83, all ps < 0.01). Descriptive statistics
for the demographic variables, questionnaires, and hormones
of PMS and healthy groups are listed in Table 2.

3.3.2. ANS measurement

The HR and HRV values of the two groups during tasks are
listed in Table 3. However, we used the D-value to indicate
the degree of ANS arousal. As shown in Figure 3, the speech
task results revealed that the main effect of time in HR (F,
oqy = 433.34, difference in means [95%Cl, 17.06-21.29],

p <0.001, 7> =0.82) and HRV-LF/HF (F(;, ¢4 = 6.57, difference
in means [95%(Cl, 0.08-0.62], p =0.01, 112 = 0.07) were signifi-
cant. The values in the task period were higher than those in
the recovery period. No significant main effects were
observed under the group and phase conditions (all
p > 0.15). The interaction among three factors concerning HR
(F1, 94y = 10.71, difference in means [95%Cl, 2.36-9.22],
p=0.002, 7> = 0.12) was significant. In the late luteal phase,
HR in the PMS group was higher than that in the non-PMS
group during the recovery period (F;, o4y = 11.21, difference
in means [95%Cl, 1.06-7.49], p=0.02, #* = 0.13). The inter-
action among groups and time concerning LF/HF was signifi-
cant (Fy, o4 = 5.31, difference in means [95%Cl, 0.03-1.04],
p=0.02, n”” = 0.05). LF/HF during the recovery period was
lower than that in the task period in the non-PMS group (F,
oq = 11.37, difference in means [95%Cl, 0.21-0.81], p =0.001,
n* = 0.11). Furthermore, the group difference with regard to
LF and HF did not reach statistical significance (all p > 0.35).
As shown in Figure 4, the arithmetic task results revealed
that the main effect of time in HR (F;, 94y = 178.75, differ-
ence in means [95%Cl, 8.66-11.69], p < 0.001, ;12 = 0.66) was
significant. The values in the task period were higher than
those in the recovery period. No significant main effects were
observed under the group and phase conditions (all
p >0.057). The interaction among groups and time concern-
ing. HF during the recovery period was higher than that in
the task period in the non-PMS group (F(1, 94y = 4.82, the dif-
ference in means [95%Cl, 0.03-0.46], p=0.04, > = 0.05).
Furthermore, the interactions among three factors of HF and
LF/HF were significant. During the late luteal phase, the HF
of the PMS group during the recovery period was lower than
that in the task period (F(;, 94y = 4.29, difference in means [Cl
95%, 0.13-0.64], p=0.04, * = 0.04); LF/HF in the PMS group
was lower than that in the non-PMS group during task
period in the late luteal phase (F;, o4y = 5.20, the difference

Table 2. Descriptive statistics in study 2 (M £ SD).

PMS Non-PMS t p 95% Cl
Age 23.23+1.2522.92+2.00 —1.57 0.15—-0.10 to 0.82
BMI (kg/m?) 20.13+2.0520.95+2.11 —-0.71 0.35-0.45 to 0.17

Menstrual duration 547+1.23 488+0.87 145 0.17 —0.12 to 0.86
Menstrual cycle length 28.47 +3.2529.08 +4.01 —1.36 0.21 —0.32 to 0.55
BAI 33.70+£7.5224.09+338 7.95%** <0.01 7.69 to 12.86
BDI 13.06+7.72 6.98+4.23 2.83** <0.01 7.34to 11.80

Note. **p < 0.01, ***p < 0.001; BMI refers to the body mass index, calculated
as the participant’s weight in kilograms divided by the square of her height
in meters (kg/mz); Menstrual duration refers to the number of days in a
menstrual cycle during which menstruation lasts; Menstrual cycle length
refers to the time interval between two consecutive menstrual cycles. BAI
refers to the scores of Beck Anxiety Inventory; BDI refers to the scores of
Beck Depression Inventory. 95% Cl is the mean confidence intervals.
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in means [95%Cl, 0.08-1.19], p=0.03, ;12 = 0.05), but it

g (=3 o Ne)) 8 m o O
§ E;%i Ezzi became higher than that in the non-PMS group during the
2 §§8§ o Ei Pt recovery period (F, o4 = 10.98, difference in means [95%Cl,
~TTT R 0.73-1.96], p=0.001, »* = 0.11). LF was not significantly dif-
@ - < ferent throughout the process (all p > 0.07).
2 L =838 2587 The data of the final rest was not significantly different
§ S oHd g E g g § § from the previous baseline results (all p > 0.082).
= RN S
8 (o)) (o))
° ° © 4, Discussion
M wn OO M 1 OO
% % % % § % % % % The first study analyzed the mediating role of menstrual atti-
5 & [ mRow tudes in the relationship of PMS severity and ANS responses.
1 RT™S R77° ] Previous studies had reported that women who endorsed the
é © o g attitude that menses are a bothersome and predicable event
% o 288N gg 26| g also reported more PMS (Lustyk et al., 2011). At the same
= ?5 g;%g S+’r|§ S; ;0; time, in addition to the severity of PMS, these attitudes are
Fl gres gae “_cc; closely related to the physiological response to stress.
= Nevertheless, they did not focus on the effect of attitudes on
é E von § ou= g the relationship between the PMS degree and ANS response.
12l TEEE nannlE Our results indicated that the attitudes concerning predict-
% e R3BX SHAXR “; able and bothersome were retained as mediating variables,
% STTT &t T‘T which affected the relationship between the degree of PMS
- = and ANS response. Specifically, for one thing, it is the predic-
5 [ ook [ nak|3 tion toward events that can have an impact on the stress
= 333-:'3 33—;" S| 2 responses of individuals (Mcewen & Gianaros, 2010). For this
8 CR8& FRE&K % reason, women with PMS regard the upcoming menstruation
T T° ®T & as a stressful event (Chayachinda et al,, 2008), so that their
° _ 3 prediction toward menstruation could affect the ANS
gl =888 2 § § N g response. For example, in one experiment, women who were
:,'3, %;E'Q:w' g%g ; ? led to believg .that they were premenstrual report(.ed experi-
Cl g = %N == aé encing a significantly higher degree of several physical symp-
N g toms than did women who were led to believe they were
_g %222 Eﬁg 0 E, intermenstrual (Ruble, 1977). For another, Bros.s'chot et «'.:1|.
5 % w : ; ; T ; ; ; N (2010) proved that conscious perseverative cognition, that is,
27| 5283 Sc-8K|Ez worry and annoyance, has physiological effects (Brosschot
2 CHAAE %% et al,, 2010). Meanwhile, negative attitudes toward menstru-
£a ation can put women at odds with one another with regard
2 § E 5 § § E E § z b to how to manage menstrual distress (Margaret et al., 2004),
3 £ % g g 5 § § g %? which may bring their different degrees of the stress
3 B ISR 6 response. Furthermore, the premise of mediation is that the
! 8 s self-report measures of PSS (PMS symptom) are closely
~ [aa) ~ o . . . .
g > §§§§ E§§E 2 related with MDQ—ANS (reflecting subjectively .felt ANS
ks g8l #HuH waaH|lE response). Interestingly, we found that when subjects with
% & I E § E § 3 § E% PMS account for more than 40% of the total sample, the cor-
= © ® 5 relation of them is too high (r=0.84), however, in the condi-
;f g Qo Bowvo E% tion of PMS individuals account for 30% of the total sample
. s | =335 2ZC2(02 (consistent with the distribution size of people with PMS in
f 82 g <:5r' § £ ':é' g é g ig society), this correlation would become normal (r=0.52).
£ i gNAN= gNN=TE Thus, to accurately test the mediating effect, it is important
i 3 " §2 to pay attention to the distribution of PMS samples. Overall,
Ng B Bo_w @g the attitude to menstruation (bothersome and predictable)
= gl S-oNY o=oe %_Q- could affect the women’s subjective ANS response, and this
Z 2 High ndutied may be a risk factor of PMS.
T @ Neme ~Nemgo| E2 "
T E=—— $———|84 The results of the second study indicated that the HR and
- 3 HRV of women with PMS exhibited typical characteristics of
i . T 2 I8 éi AL (hypo-arousal and delayed recovery) under acute stress.
2 g égié ééi s g First of all, compared to the non-PMS group, women with
P SEEHSEEEYLSE|29 PMS showed slow recovery of sympathetic response under
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Figure 3. AHR and ALF/HF reactivity and recovery among two groups in the speaking task. During the task stage, AHR and A LF/HF were the difference between
data in the task period and data in the baseline period; During the recovery stage, AHR and A LF/HF were the difference between data in the recovery period and

data in the task period. Error bars depict standard error of the mean. *p < 0.05.
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Figure 4. AHR, AHF and ALF/HF reactivity and recovery among two groups in the mental arithmetic task. During the task stage, AHR, AHF and A LF/HF were the
difference between data in the task period and data in the baseline period; During the recovery stage, AHR, AHF and A LF/HF were the difference between data in
the recovery period and data in the task period. Error bars depict standard error of the mean. *p < 0.05.

acute stress tasks, which was manifested by the high levels
of HR and LF/HF. The HR is one of the indicators of the sym-
pathetic nervous system (SNS). Besides, there are reports of
higher LF/HF ratio values indicating the dominance of the
SNS and lower values indicating the dominance of the PNS
(Luecken & Gallo, 2008). All of this suggests that the SNS had
a delayed recovery in the PMS group. However, rapid recov-
ery from stress is a key indicator of health. In other words,
prolonged activation can lead to a pathogenic state that may
eventually lead to organic disease (Dragomir et al., 2014;
Sijtsema et al., 2015). According to AL theory, delayed recov-
ery can be defined as a post-stress rest period that provides
information about the persistence of physiological arousal
after the stressor is removed, and it has been recognized as
a key mechanism underlying the relationship between stress
and health (Brosschot et al., 2005; Willmann et al., 2012).
Thus, the prolonged SNS response may be the reason why
women with PMS experience negative emotions during the
luteal phase. Next then, during the luteal phase, women with
PMS had a hypo-arousal of parasympathetic responses to the

arithmetic task. The HF (reflects the influence of the parasym-
pathetic nervous system, PNS) of the control group during
the recovery period was higher than it during the task,
whereas it did not differ in the PMS group. Under normal cir-
cumstances, the PNS should be evoked in the recovery
period, which indicated more positive coping responses and
the inhibitory effect of the PNS on the SNS by shifting
resources to restorative, homeostatic functions (Pu et al,
2010). Therefore, the unraised HF of the PMS group may indi-
cate their poor regulation after stress. However, we did not
find a significant change with regard to the HF in the speech
task. Similarly, some studies have not observed significant
changes in HF under pressure (Garcia-Rubio et al, 2017;
Jonsson et al., 2010; Rodrigues et al., 2018). This may be due
to the domination of the SNS over the PNS under certain
tasks (Garcia-Rubio et al, 2017; Kaur et al., 2013). Lastly, in
the arithmetic task, in addition to finding a hypo-arousal of
HF in women with PMS, it was also found that there were
phase differences in their LF/HF index. During the late luteal
phase, LF/HF in the PMS group was lower than the control
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group in the task period. Instead, it was higher in the recov-
ery period. Thus, the results of the PMS group showed that
their SNS was not dominant (hypo-arousal) in the task period,
while their PNS were also not dominant in the recovery
period. This indicated both SNS and PNS in the PMS group
exhibited hypo-arousal and a delayed recovery existed in
ANS. The delayed recovery has been recognized as a mani-
festation of an imbalanced stress response, which leads to
negative emotions (Brosschot et al., 2005; Willmann et al.,
2012). Meanwhile, the hypo-arousal to stress in individuals
increases their risk for disease and predicts heightened pre-
menstrual symptom severity (Klatzkin et al, 2010; 2014). In
short, this hypo-arousal and delayed recovery are typical
characteristics of AL. The AL can be thought of as the bio-
logical “wear and tear” on the body as a result of its inability
to cope with the stressful stimuli and emotional experiences
(Booth et al., 2015; Kahle et al., 2016; Oldehinkel et al., 2011)

However, we analyzed the speech and arithmetic stressor
separately because of the inconsistent results from previous
studies. For example, Klatzkin et al. (2010) verified that the
HR from the speech task in the PMS group was lower than
that of the healthy group, but they did not find differences
between the two groups during the math task (Klatzkin
et al, 2010). However, Oda (2007) proved that the LF/HF in
women with PMS during the math task was lower than that
of the healthy individuals (Oda, 2007). Certainly, our results
show that the ANS of women with PMS exhibited typical
characteristics of AL (hypo-arousal and delayed recovery)
under arithmetic stressors. Compared with the speech task,
the math task could cause an increased cognitive load to
people, which implies that participants need to be allocated
sufficient cognitive resources to perform it (Galy & Mélan,
2015). In brief, we believed that when women with PMS
experience high-strength cognitive pressure in the late luteal
phase, their ANS showed typical characteristics of AL (hypo-
arousal and delayed recovery) so that it is hard for them to
cope with menstrual pressure at that time. Therefore, a
higher cognitive load social stress may be another risk factor
for PMS.

Some limitations must be noted. First, for the fitting of
the mediating model, the first study used female subjective
evaluation data of ANS response. More researches will be
needed to explore to what extent the subjective ANS data
represents objective physiological data. Second, owing to the
particularity and limitation of the participants, we included
the data of three girls whose resting HR was close to
60 bmp. Future studies should have sufficient subjects to
replicate the results. Second, there is no abnormal threshold
for HRV indicators and the LF/HF index has been argued
more recently 38. Thus, the interpretation of this result
should be cautious. Future research can use more ways to
measure ANS response. Third, the menstrual cycle was deter-
mined by retrospective information, which may decrease the
reliability of the results. Future studies should choose more
objective measurements to estimate cycle time (Mccarthy &
Rockette, 1983).

In summary, our study revealed that the attitude to men-
struation (bothersome and predictable) could affect the
women’s perceived ANS response, and this may be a risk

factor of PMS. Meanwhile, when women with PMS experience
high-strength cognitive social pressure, their ANS showed
typical characteristics of AL (hypo-arousal and delayed recov-
ery). This imbalanced ANS reaction may result in their inabil-
ity to cope with stressful stimuli and emotional experiences,
which may be another risk factor for PMS.
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