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ABSTRACT

Investigation of the relationship between menstrual abnormalities after
COVID-19 vaccination and adverse childhood experiences and the
mediating effect of premenstrual disorders

Khishigbayar Uranbileg

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Jeong-Ho Seok)

Women around the world have reported various types of adverse events, ranging from
common vaccine side effects to menstrual abnormalities following administration of the
COVID-19 vaccines. Although numerous studies have found an association between
menstrual abnormalities and COVID-19 vaccination, the predictor factors and underlying
mechanisms remain unclear. History of Adverse childhood experiences (ACES) has been
identified a contributing factor for premenstrual disorders (PMDs) in women of
reproductive age. PMDs are considered gynecological disorders as they closely related to
menstrual cycle; however, their relation to menstrual abnormalities following COVID-19
immunization has not been studied. This cross-sectional study aimed to investigate the
relationship between ACEs and PMDs and menstrual abnormalities. 250 individuals
enrolled through an online platform and completed 5 questionnaires. SPSS version 27 was
used to perform descriptive statistics and logistic regression. Mediation analysis was done
by using SAS version 9.4. In this study, three or more ACEs increased the odds of
premenstrual dysphoric disorder (PMDD) by 5.7 times (p<0.01). A statistically significant
difference was shown among PMD groups in women who experienced menstrual
abnormalities (p<0.05). Women with PMDD were 2.3 more likely to experience menstrual
abnormalities after COVID-19 vaccination (p<0.05), and PMDD showed a mediating
effect on the relationship between menstrual abnormalities after COVID-19 vaccination

and ACEs (p<0.05). Further studies are necessary to verify the plausible inflammation-



hyperimmune activity mechanism involving the HPA and the HPO axes in this indirect
relationship. A follow-up study may explore the menstrual cycle characteristics of women
with PMDD to test a hypothesis about whether women with PMDD frequently experience
menstrual abnormalities by using a prospective tracking method.

Keywords: Adverse childhood experience (ACE), Premenstrual disorder (PMDs),
Protective Vulnerable Factors Battery Test (PROVE-ACE), Premenstrual Screening
Tool (PSST), COVID-19 vaccine
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I. INTRODUCTION

1. Menstrual cycle and immune system

Women of reproductive age cyclically experience menstruation, a normal physiological
process of shedding the functional layer of the endometrium that occurs as a result of
drastically decreased progesterone levels during the late luteal phase of the menstrual cycle?.
The menstrual cycle is the period from the first day of menstruation to the day before the
next menstruation and is governed by ovarian hormones, primarily by progesterone and
estrogen, the end products of the hypothalamus-pituitary-ovary (HPO) axisl.
Gonadotropin-releasing-hormone (GnRH) from the hypothalamus signals the synthesis and
secretion of luteinizing hormone (LH) and follicular stimulating hormones (FSH) from the
anterior pituitary, depending on menstrual cycle phase. During the follicular phase of the
ovary, FSH stimulates estrogen producing-granulosa cells and follicular growth®. This
phase occurs simultaneously with the proliferative phase of the endometrium in which
estrogen induces epithelial proliferation to build up endometrial thickness. This is
followed by a significant increase in LH levels in the early luteal phase of the ovary, leading
to ovulation!. Ovarian production of progesterone increases in response to this LH surge
and prepares the endometrium for pregnancy by inhibiting estrogen-induced proliferation

and allowing stromal cells to begin decidualization during the secretory phase of the



menstrual cycle!. If the released oocyte is not fertilized, ovarian hormones decline,

resulting in menstruation?.

The normal length of menstrual cycle length varies from woman to woman, but the average
is from 21 to 35 days®. Menstrual bleeding usually lasts 2-6 days and normal menstrual
flow is 20-60 ml'. The Federation of International Gynecology and Obstetrics (FIGO)
classifies and defines abnormal uterine bleeding as follows: irregular menstrual bleeding
(IMB) — the inconsistent onset of menstruation, heavy menstrual bleeding (HMB) —
increased menstrual flow, intermenstrual bleeding — bleeding episodes that occur between
regularly scheduled menstrual cycles, abnormal menstrual cycle frequency — shorter
menstrual cycle <21 days or longer menstrual cycle > 35 days, and prolonged menstrual
bleeding — menstruation that regularly lasts longer than 7 days?.

Several components of female reproductive function, including follicular growth?,
ovulation*, implantation®, and endometrial repair®, are influenced by the immune system.
Immune cells, including T cells, natural killer (NK) cells, neutrophils, and antigen
presenting cells (APCs) are distributed throughout the reproductive tract’. Fluctuation in
ovarian hormones during the menstrual cycle phases have a significant impact on immune
activity in the reproductive tract . Endometrial CD 68* macrophages and CD 56* NK cells
were found to increase during the secretory phase’. In addition, endometrial Th-1 cells are
higher in the proliferative phase, but their numbers decrease under the influence of
progesterone, which modulates CD4* T helper cell responses from Th-1 to Th-2 responses
and promotes the production of anti-inflammatory cytokines (Interleukin 4 [IL-4], IL-5,
and 1L-10) during the secretory phase®. Depending on the type of estrogen receptor gene
activation, menstrual cycle phase, estrogen level, and physiological or pathological
condition, estrogen can activate both Th-1 response and Th-2 responses®. Ovulation and
menstruation cause physiological inflammation with high proinflammatory cytokines
(Tumor necrosing factor alpha [TNF-a], Interferon gamma [IFN-y], IL-1p, IL-6, IL-8 IL-

12) levels and inflammation marker C-reactive protein (CRP)3.



2. COVID-19 vaccination and menstrual abnormalities

Developing a vaccine from scratch typically takes decades; however, COVID-19 vaccines
were developed in less than a year®. Due to spread of the SARS-CoV-2 pandemic, Pfizer’s
vaccine was granted emergency use approval by the Food and Drug Administration in
December 2020, becoming the first COVID-19 vaccine to receive such approval®. The
major COVID-19 vaccines are classified into four categories based on their mechanism of
delivery of the SARS-CoV-2 spike (S) protein, which is responsible for viral entry into
target cells, endothelial damage, and proinflammatory cytokine release®. Conventional
whole virus vaccines (e.g., Sinopharm, Sinovac, and Bharat Biotech) utilize an inactivated
form of the entire virion as an antigen in which genetic material has been destroyed so it
cannot infect cells and replicate but can still elicit an immune response®. Protein subunit
vaccines (e.g., Novavax and Covax-19/Spikogen) are recombinant S protein vaccines with
adjuvants to enhance the immunogenicity®. Viral vector-based vaccines (e.g., AstraZeneca,
Johnson & Johnson, and Sputnik V) use adenovirus (the vector) with genetic code for S
protein and deliver the genetic information into human cells to produce S protein as an
antigen by their own cells®. Nucleic acid vaccines (Pfizer-BioNTech and Moderna) use a
relatively new technology in which messenger RNA (mRNA), encapsulated in lipid
nanoparticles, is inserted into host cells and provides the instructions for the cells to make
S protein®. While the other technologies have been around for decades and have been used
to develop vaccines against various viral agents (whole virus hepatitis A vaccine®®, Ebola
vector vaccine!!, and hepatitis B protein subunit vaccine'?), the SARS-CoV-2 mRNA

vaccine is the first nucleic acid vaccine approved for commercial use.

Dendritic cells (DCs) or other APCs take up the vaccine particles from the injection site or
the draining lymph nodes and deliver both an antigenic and inflammatory signal to naive
T cells in the nearest lymph nodes*®. Vaccine-induced type I IFN production by those DCs
stimulates the development of proinflammatory Thl cytokine-producing CD4" T cells,

cytotoxic CD8+ effector T cells, and CD4+ T follicular helper cells, which support the



differentiation of B cells into neutralizing antibody producing-plasma cells**. The immune
response to vaccination differs between genders mostly due to ovarian hormones®®. The
potent antiviral and immunostimulatory type | IFN-producing plasmacytoid DCs express
estrogen receptor a, which is also expressed in macrophages, and have high sensitivity to
estroge®®. It is often observed that women have a higher number of natural killer T cells
and CD+4 T cells compared with men®>!6, Furthermore, women respond to antigenic
encounters like vaccines or pathogens with higher antibody production®®. For example: A
half-dose of influenza vaccine administered to women resulted in the same amount of
protective antibody production as a full dose administered to men?®. Discrepancy of
transcriptome and microbiome between genders provides the environmental factors that

can affect the way sex hormones act during an immune response®.

The Vaccine Adverse Event Reporting System (VAERS) was established in 1990 to detect
potential safety problems with US licensed vaccines!’. The Yellow Card Surveillance
Scheme (YCSS) was designed to collect data on suspected vaccine-related adverse events
from recipients of COVID-19 vaccines in the UK. Various COVID-19 vaccine-related
adverse events were reported, ranging from common side effects such as fever, headache,
malaise, and injection site pain to rare and severe side effects such as vaccine-induced
thrombotic thrombocytopenia and anaphylaxis®. Women were 1.9 times more likely to
report these side effects than men*®. In addition, in May 2021, fewer than 200 women
reported menstrual abnormalities to VAERS following vaccination!’. One year later the

number substantially increased, and 39839 women made such reports to YCSS?®,

This was not the first time that women had reported menstrual abnormalities after
vaccination. In the early 1910s, more than half of American nurses, who received typhoid
vaccine, experienced temporary disturbances in their menstrual cycles®. Those who
experienced menstrual disturbance also were more likely to have severe common vaccine
side effects?®. Subsequently, the majority of Japanese hospital workers also reported

menstrual abnormalities, including menstrual delay, short menstrual cycle, and light flow



after receiving the first or second dose of the hepatitis B vaccine in the 1980s2L. Recently,
Gong L et al. found a statistical association between human papilloma virus vaccine (type
4 and 9) and IMB using VAERS data from 2006 to 2018%.

Because the reports of menstrual abnormalities were based on passive reporting systems
(VAERS and YCSS), that rely on individual reports, several studies have investigated the
link between COVID-19 vaccination and menstrual abnormalities. A retrospective cohort
study found that 358 participants who received the first and second doses within the same
menstrual cycle experienced a mean menstrual delay of 2.38 days, with 10.6% of them
experiencing a delay of eight days or more, which is a medically relevant condition
according to FIGO classification!’. However, it was also found that this alteration in
menstrual cycle length was transient, and manifested for the two cycles following
vaccination, and resolved without the need for medical intervention'’. Prior to receiving
the vaccine, 79 spontaneously (without the use of hormonal pills) menstruating
women were enrolled in the prospective cohort!®. Their menstrual cycles were then tracked
for three consecutive cycles after vaccination!®. The findings of the research were
consistent with the retrospective cohort®. In addition to the report of menstrual delay, a
large retrospective cohort study of 3972 Norwegian women demonstrated that the relative
risk of HMB was 1.90 (95 % CI: 1.69-2.13) after the first vaccine dose and 1.84 (95 % CI
1.66-2.03) after the second dose?.

Several cross-sectional studies around the world (Saudi Arabia, China, the Middle East and
North Africa, Italy, the US, and the UK) also explored the relationship between menstrual
cycle abnormalities and the COVID-19 vaccine, and their results have been summarized in
a recent meta-analysis?*. HMB was the most common menstrual abnormality, with a pooled
prevalence of 24.2% (95% ClI, 12.8-35.6%), followed by menstrual delay at 22.7% (95%
Cl, 13.5-32.0%), and shorter menstrual cycles at 16.2% (95% CI, 10.7-21.6%)%.
Additionally, some cross-sectional studies reported worsening of premenstrual

symptoms?9.25.26,



Although no causal relation has been reported in the literature regarding menstrual
abnormalities and COVID-19, the predictors have been identified as increasing age,
smoking, receiving the second dose of the vaccine, pregnancy history, and common vaccine
side effects?’. The use of combined hormonal contraceptives compared to progestogen-only
or no contraception was found to protect against menstrual abnormalities. However, after
adjusting for multiple factors, there was no significant difference between them?*®. The type
of vaccine did not significantly affect the incidence of abnormalities, suggesting that any
association is most likely a result of the immune response to vaccination rather than a

specific vaccine component?®24,

3. Adverse childhood experiences and their effects on immune system

Adverse childhood experiences (ACESs) refer to various trauma-causing events that occur
before a person reaches the age of eighteen. Felitti et al. (1998) investigated the relationship
between childhood abuse (including physical, psychological, and sexual) or household
dysfunction (exposure to domestic violence, living with a household member with
substance abuse, mental illness, or criminal record) and the leading causes of death in over
8,000 participants?. Over 50% of the study participants reported experiencing at least one
ACE, with 6.2% of participants reporting four or more ACEs?. A dose-dependent response
that the higher number of ACEs is associated with the higher probability of developing
ischemic heart disease, cancer, and chronic bronchitis as well as their contributing factors,
such as smoking, physical inactivity, obesity, and alcohol misuse?®. Female participants
had a higher prevalence of ACEs, with 8.5% of women reporting four or more ACESs
compared to only 3.5% of men?,

A follow-up study that used the original ACE study data found that women who
experienced two or more ACEs were found to have a significantly higher risk of being
hospitalized due to autoimmune disease (AD)%. For women, an increase in the ACE score
was correlated with a 20% (p<.001) increase in the odds of hospitalization because of any

AD, while this was only 10% for men?®. Additionally, women had a 50% (p<.05) greater



likelihood of having a specific type of AD (Th2 mediated) compared to men®. A cohort
study conducted on childhood maltreatment and psychiatric comorbidity in Immune-
Mediated Inflammatory Disorders (IMIDs) revealed a significantly higher prevalence of
childhood maltreatment in patients with IMIDs compared with healthy controls®. Of all
ACE types, emotional abuse was found to be linked with higher odds of developing IMIDs
(adjusted OR [aORY], 2.37; 95% confidence interval [CI], 1.15-4.89), and this association
was observed only in female patients®. Chase et al. (2019) found a positive correlation
between the total ACE score and the level of pro-inflammatory cytokine in peripheral
IL-6 mRNA?3L Furthermore, a meta-analysis study reported that individuals exposed to
ACE had higher baseline peripheral levels of CRP (Fisher’s z, 0.10; 95% CI, 0.05-0.14),
IL-6 (z,0.08; 95% CI, 0.03-0.14) and TNF-a (z, 0.23; 95% CI, 0.14-0.32) than those not
exposed to ACEs®.

ACEs are proposed to cause chronic inflammation through alterations in the function of the
hypothalamic-pituitary-adrenal axis (HPA)®. The innate immune system can be engaged
in reaction to psychological stress similar to its response to physical stress®. Innate immune
cells, including neutrophils, DCs, and macrophages, release pro-inflammatory cytokines
such as IL-1, IL-6, TNF-a, and IFNs after being activated®. These cytokines initiated the
release of corticotropin-releasing hormone (CRH) from the hypothalamus. This leads to
the secretion of adrenocorticotropic (ACTH) hormone from the anterior pituitary gland®.
ACTH then acts on the adrenal cortex, causing the release of primarily cortisol,
glucocorticoids®. Cortisol acts as an anti-inflammatory hormone by downregulating the
IL-2 receptor on the surface of T cell, necessary for initiating Th1 cellular immune response
and T cell proliferation. Following its action, cortisol triggers negative feedback
mechanism by binding intracellular glucocorticoid receptors, restraining the discharge of
CRH, and enabling the body to restore homeostasis®. Repetitive, early, and severe adverse
experiences have been linked to dysregulation of the HPA axis and dysfunction of
glucocorticoid receptor®. ACEs are thought to cause DNA methylation, which, without

changing DNA sequence, silences the activity of both the corticotropin-releasing hormone



receptor 1 (CRHR1) gene and FK506 binding protein 51 (FKBP5), a functional regulator

of glucocorticoid receptors®.

Cortisol is crucial for a normal menstrual cycle, and its levels fluctuate according to
menstrual phases, adjusting to ovarian hormones®. Abnormal levels of cortisol exert
inhibitory effects on LH secretion, estrogen activity, and progesterone synthesis®. Ovarian
cells and endometrial cells express CRHRL1 receptors, and their effect on CRH is
responsible for various reproductive functions, including ovulation, follicular maturation,
and decidualization®. Elevated CRH level suppresses GnRH secretion causing ovarian

dysfunction and infertility®.

4. Premenstrual disorders and immune system

Approximately 80-90% of women experience premenstrual symptoms, including physical,
affective-cognitive, and behavioral symptoms such as depressed mood, irritability, anxiety,
tension, difficulty concentrating, fatigue, bloating, and breast tenderness, which typically
occur a week before menstruation starts®”. If these premenstrual symptoms become more
intense and regular during menstrual cycles, they may indicate the presence of core
premenstrual disorders (PMDs), encompassing premenstrual syndrome (PMS) and
premenstrual dysphoric disorder (PMDD)®. The diagnostic criteria for PMS, as mandated
by the American Congress of Obstetricians and Gynecologists, require the presence of at
least one affective or physical symptom that interferes with normal activities, occurring
five days prior to menstruation, and ceasing within four days after menstruation,
retrospectively for three consecutive cycles and prospectively for two consecutive cycles®.
PMDD was initially introduced in the Diagnostic and Statistical Manual for Mental
Disorders (DSM) 1V in 1994, providing more specific criteria for what had previously been
called late luteal phase dysphoric disorder in DSM 111-R*. The current edition of the DSM

(5th edition) has elevated PMDD’s diagnostic class from "conditions for further study" to



"depressive disorder.” To meet the diagnostic criteria for PMDD, at least one affective
symptom and five physical symptoms must be present during the last week before
menstruation, improve after the onset, and disappear within one week after menstruation

prospectively for two consecutive cycles®.

The estimated prevalence rate of PMS and PMDD worldwide varies from 5.3% to 46.9%
and from 1.1% to 14%, respectively. This variation is dependent on the diagnostic tool,
sample size, and year of the study***3. The prevalence of PMDs in South Korea also varies,
with previous study results indicating rates of 16.9-25.5% for PMS and 2.4-11.7% for
PMDD*8, Furthermore, it has been reported that 69.3% of women with PMDs experience
premenstrual symptoms before the age of twenty*®. Accordingly, between 51-86% of
adolescent girls reported experiencing premenstrual symptoms starting at about 15 years
old of age (IQR: 14-16 years)®. The prevalence rate for PMS was found to be between
11.3-21.2%, while for PMDD it was between 3.2-8.3% among adolescent girls>°52,

Considering early onset of premenstrual symptoms, several studies have explored the link
between ACEs and PMDs. A population-based study conducted on Icelandic women
showed that those who reported one ACE were about 43% more likely to have PMDs than
those without ACE. Meanwhile, the prevalence of PMDs was over two times higher among
women with four or more ACEs®2. Additionally, a major prospective study by Bertone-
Johnson et al. indicated that women who experienced emotional or physical abuse during
their childhood had 2.6- and 2.1-fold increased odds of experiencing PMS, correspondingly,
compared to those who did not have no such experiences®. A study of over 3000 Japanese
women revealed that those who experienced childhood maltreatment had an increased risk
of experiencing PMS with an OR of 1.39 (95% CI 1.15-1.68)%.

The etiology of PMDs has been extensively researched; however, a clear cause has not yet
been identified. Behavioral and psychological factors are thought to influence the type and

severity of symptoms, but the precise roles of these elements remain unknown®. Recent



research suggests that premenstrual symptoms could be related to inflammation based on
crosstalk between sex hormones and immune cells. Bertone-Johnson et al. found that
women with PMS had two times greater levels of inflammatory cytokines I1L-12 and IFN-
y that were twice as high as those of the control group after adjusting for physical or
behavioral risk factors®. According to a recent systematic review, three studies
demonstrate a significant difference in the inflammatory marker IL-1p levels between PMS
group and the control groups®’. A significant longitudinal study of 2939 women discovered
that premenstrual mood and physical symptoms were linked to a higher level of high-
sensitive CRP (>3 mg/L) (adjusted OR [aOR] 1.26-1.41)%®. A randomized, double-blind,
placebo-controlled trial of zinc, which is well-known for its anti-inflammatory and
antioxidant properties, revealed that after a 12-week intervention with 30-milligram zinc
gluconate, the treatment group experienced a significant reduction in psychological

(p<0.01) and physical symptoms (p<0.05) of PMS compared to the placebo group®.

A body of evidence suggests that the reported menstrual abnormalities are associated with
COVID-19 vaccination, but a specific predisposing factor has not been explored except
from sociodemographic factors. While PMDs are also considered gynecologic disorders as
they closely associated with the menstrual cycle, the relationship between PMDs and
menstrual abnormalities after COVID-19 vaccination has not yet been studied. Furthermore,
given that ACE-exposed women are more likely to develop PMDs, it is possible that
menstrual abnormalities can be related to ACEs. This study aimed to determine the
mediating effect of PMDs on the relationship between ACEs and menstrual abnormalities
following COVID-19 vaccine administration.

10



Il. MATERIAL AND METHODS
1. Study Population

This retrospective cross-sectional study was conducted in April 2023. Women residing in
South Korea were recruited through the online survey platform. Only panel users who
provided informed consent were asked to complete the screening questionnaire, which
assessed their gender, age, COVID-19 vaccination status, pregnancy, and any medical
conditions that could affect the menstrual cycle. The inclusion criteria were (1) female; (2)
reproductive age ranging from 19 to 39; (3) vaccinated with at least a single dose of
COVID-19 vaccines. The exclusion criteria were (1) pregnant; (2) diagnosed with
gynecological or hematological disorders (endometriosis, polycystic ovary syndrome
(PCOS), adenomyosis, myoma, ovarian cancer, thyroid disease, liver disease, hemophilia,
von Willebrand disease). The enrolled participants completed a comprehensive set of five
questionnaires. The sample size of the study was determined by using population statistics,
considering an 80% population representation with a 5% margin of error and a 95%

confidence interval.
Ethical consideration

This study was approved by the Institutional Review Board (IRB) of Gangnam Severance
Hospital (IRB No0.3-2023-0041). The privacy and the rights of the participants were fully

protected.

2. Assessment of Premenstrual Disorders:

Prospective evaluation is an effective means of accurately diagnosing PMDs. However,
keeping a premenstrual symptom diary for over two months can be challenging for
participants. According to DSM-V, premenstrual symptoms must be confirmed by
prospective daily ratings during at least two symptomatic cycles. Additionally, a

provisional diagnosis may also be made before this confirmation*’. A survey conducted

11



among primary care physicians and gynecologists in the United States revealed that only
11.5% of physicians performed prospective recording of premenstrual symptoms for
diagnosing PMDs. The percentage was lower among Japanese physicians, at 8.4%°%. In a
recent survey of 2,500 patients undergoing PMDD treatment, based on diagnostic methods
other than prospective daily charts accounted for more than half of the cases®. The
Premenstrual Symptoms Screening Tool (PSST) is a self-administered questionnaire
developed to address the need for a reliable and rapid screening tool for PMD as defined
by DSM-IV criteria®l. The questionnaire consists of 14 (#1-#14) items that cover affective-
cognitive, behavioral, and physiological symptoms and 5 (A-E) items on interference with
daily functioning®. The interference with daily functioning and distress differentiates
PMDD and moderate/severe PMS from no/mild PMS. The distinction between PMDD and
moderate/severe PMS, which impede day-to-day functioning, is based on the presence of
affective symptoms and the number other symptoms®. PSST is widely used measure in
global studies, adapted to many languages and modified per requirements. For the Korean
version, moderate symptomology was excluded from the rating scale, due to a concern in

translation; nonetheless, it maintained good validity and reliability (Cronbach's o 0.82)%.

3. Assessment of Adverse Childhood Experiences

The Protective and Vulnerable factors battery test (PROVE) was developed to thoroughly
evaluate depressive symptoms and related protective-vulnerable factors to screen for
depression and mental status. PROVE-ACE is among its five subsections and Ju-Yeal Lee
et al examined its validity and reliability (Cronbach’s o 0.95)%2. PROVE-ACE is a self-
reported scale intended to assess adverse childhood experiences before the age of 18. The
long-form questionnaire consists of 52 items, each rated on scale of 0 (never), 1 (rarely), 2
(sometimes) to 3 (often) to assess the frequency of 6 types of ACES, while the short 12-
item binary questionnaire examines the presence or absence of 10 ACE types. The study
employs both frequency and binary methods for assessing the 6 types of ACEs, including

domestic violence, emotional abuse, physical abuse, physical neglect, sexual abuse, and

12



bullying. The utilization of both questionnaires increases the overall reliability and validity
of the study. If the score of the long-form questionnaire indicated possible exposure to the
specific adverse experience but could not meet the cutoff score (Table 1), the binary
question of the short-form questionnaire was considered because participants who
answered yes provided the details of the experiences. This binary evaluating method was
also used for parental separation, natural disaster/accident, death of a loved one, and
kidnapping. The cumulative scores of ACE scores were classified into four categories (0,
1, 2, and >3) for multinomial logistic regression analysis. The PROVE-ACE was chosen
over the Adverse Childhood Experience International questionnaire (ACE-IQ) and
Childhood Trauma Questionnaire (CTQ) in this study because it is self-reported, detailed,

and foremost culturally accustomed to Koreans.

Table 1. Cut-off scores of the PROVE-ACE long-form questionnaire

Type of adverse experience Number of items Cut-off score
1. Emotional abuse 5 >9
2. Neglect 12 >9
3. Physical abuse 7 >7
4. Sexual abuse 10 >3
5. Domestic violence 10 >9
6. Bullying 8 >8

4. Covariates:

Sociodemographic data were collected from participants, including age, education level,
marital status, pregnancy history, employment type, income status, and behavioral risk
factors including smoking and drinking. Furthermore, age of menarche, menstrual duration,
menstrual cycle length, menstrual cycle logging into application and oral contraceptive use

were also collected. Menstrual cycle length was classified into five categories: <21 days,
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22-25 days, 26-30 days, 31-34 days, and 35< or more days. Education levels were
categorized as high school, community college, university, graduate school. Marital status
options included single, married, divorced, widowed and other. Employment status was
classified as full-time worker, part-time worker, contract worker, student, housewife, and
other. Income levels were grouped into low, middle, and high bracket. For smoking habits,
participants were classified as non-smokers, current smokers, and past smokers if they had
not smoked in a year. Alcohol consumption was categorized as non-drinker, light drinker,

heavy drinker, or past drinker if they have not consumed alcohol in a year.
5. COVID-19 vaccine-related questionnaire :

The questionnaire was modified from the existing questionnaire after the literature review
by the author'®. It comprises 9 items covering number of COVID-19 vaccine doses, vaccine
type, severity of common vaccine side effects and type of menstrual abnormalities after
COVID-19 vaccination, changes in premenstrual symptoms, onset of menstrual
abnormalities by menstrual cycle measurement, onset of menstrual abnormalities by
vaccination dose measurement, duration of menstrual abnormalities, and type of
interventions for menstrual abnormalities. The severity of common vaccine side effects was
categorized as none, mild, moderate, or severe. Those who reported moderate or severe
side effects are considered to have common vaccine side effects. Menstrual abnormalities
were classified as IMB, HMB, light menstrual flow, abnormal frequency of menstrual
cycles, experience of premenstrual symptoms, or other. Interventions were categorized as

hospital visits, home remedies, no interventions, or other.
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6. Data analysis

SPSS version 27 (Chicago, IL) was used to perform descriptive statistical methods,
including the calculation of mean, standard deviation, and frequency of distribution
depending on the type of variable to describe sociodemographic, menstrual, PMDs, ACE,
COVID-19 vaccination-related characteristics. A multiple logistic regression analysis
was performed to determine association between the number of ACEs on PMDs. Age,
menarche age, use of hormonal contraceptives, marital status, smoking, alcohol
consumption, and employment status were included in the multivariate model. A Chi-
square test was conducted to identify variables that show a significant difference between
individuals who experienced menstrual abnormalities after receiving COVID-19 vaccine
and those who did not. Binary logistic regression was used to calculate the OR of
identified variables (marital status, pregnancy history, PMD type, and common vaccine
side effects) upon experiencing menstrual abnormalities respectively in the bivariate model.
In the multivariate Model 1, the four variables were mutually adjusted. In the multivariate

Model 2, age and status of smoking were adjusted in addition to Model 1 variables.

Mediation analysis was performed by SAS version 9.4 (SAS Institute, Cary, NC, USA) to
determine the mediating effect of PMDs in the relationship between ACEs and menstrual
abnormalities after COVID-19 vaccination. Age, pregnancy history, smoking, hormonal

contraceptives and common vaccine side effects were adjusted in the multivariate model.

15



I1l. RESULT

Out of 1379 participants who finished the screening
guestionnaire, 250 met the inclusion criteria and
were included in this study. The program on the
platform mandates that all questions be answered,
making in 250 participants available for analysis.
Table 2 displays the sociodemographic and
menstrual characteristics of the participants. The
average age of the subjects was 29.05 years, with
standard deviation of 5.1 years. Over the half of the
participants (58.8%) were graduated from university.
Moreover, the majority of women were employed
(64.2%), single (74.0%), and had a middle income
(77.2%). 78.4% of the participants responded to be
without pregnancy history. While around 15% of the
women were non-drinkers, a significantly larger
proportion (82.8%) were non-smokers.

The average age of menarche was 12.6+1.4 years old,
and the mean duration of menstruation was 5.89+2.0
days. Of the participants, 94.8% reported to have
normal menstrual cycle length, and 78% recorded
their menstrual cycle information using their
preferred applications.

Participants were categorized into groups their based
on PSST score, including a no/mild PMS group
(60.8%), moderate/severe PMS group (21.2%), and
PMDD group (18%).
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Table 2. Sociodemographic and
menstrual characteristics N, number (%)
or mean =+ standard deviation

All N=250
Age 29.0+5.1
Education level

High school 23(9.2)
Community college 59(23.6)
University 147(58.8)
Graduate school 21(8.4)
Income

Low 12(4.8)
Middle 193(77.2)
High 45(15.1)
Employment status

Employed 162(64.2)
Unemployed 30(10.5)
Others 58(19.7)
Marital status

Single 185(74.0)
Married 59(23.6)
Divorced 6(2.4)
Pregnancy history

Yes 54(21.6)
No 196(78.4)
Alcohol consumption

None 35(14.0)
Low 149(59.6)
High 66(26.4)
Smoking

Never 207(82.8)
Ever 17(6.8)
Current 26(10.4)
Menarche age 12.6+1.4
Menstrual duration 5.89£2.0
Menstrual cycle length

>21 9(3.6)
22-25 62(24.8)
26-29 155(62.0)
30-34 20(8.0)
35< 4(1.6)
Menstrual cycle logging

Yes 196(78.4)
No 54(21.6)



Those who reported experiencing at least one ACE compromised 78.8% of the participants;
they most commonly experienced domestic violence (49.2%), followed by sexual abuse
(30.0%), bullying (26.5%), emotional abuse (22.0%), parental separation (20.8%), neglect
(17.6%), physical abuse (16.8%), death of a loved one (12.4%), and accident (8.8%).
Kidnapping was the least reported type of ACE, at 3.2%. The frequency of participants
who had three or more types of ACEs was 33.2%.

The majority of participants (97.6 %) were fully vaccinated two or more doses. More than
half of the participants (56.8%) were vaccinated with Pfizer for all doses. Of the
participants, 22.8% received different types of vaccines and 20.4% were vaccinated with
Moderna for all doses. Common vaccine side effects were reported in 26.4% of the
participants. The women who experienced menstrual abnormalities constitutes 36.4% of
the participants, of them 47.2% had IMB, 20.8% experienced HMB. The other menstrual
abnormalities included menstrual delay (14.4%), light menstrual flow (9.8%), multiple
symptoms (4.5%), and worsening of premenstrual symptoms (3.3%). 47% of the women
noticed menstrual abnormalities following the first dose. 12.5% of the women experienced
menstrual abnormalities every time they receive COVID-19 vaccination. 67% of the
women spotted menstrual abnormalities in the following menstrual cycle after vaccination.
The menstrual abnormalities had been observed for three or more menstrual cycles in the
44% of women. The majority of the women who experienced menstrual abnormalities did
not seek medical intervention and only 12.5% of them visited hospital mostly due to IMB

and menstrual delay.
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The number of Adverse childhood experiences are associated with Premenstrual
disorders

Table.3 presents the bivariate model examining the association between PMDs and ACEs,
revealing that experiencing three or more ACEs increased the likelihood of
moderate/severe PMS by 3.1 times (p=0.019) and PMDD by 5.7 times (p=0.003). The
multivariate model showed that three or more ACEs significantly increased of the odds of
moderate/severe PMS and PMDD (OR 3.8, p=0.012; OR 8.5, p=0.001). An increase in age
of menarche was associated with 1.2-fold increase in the odds of experiencing
moderate/severe PMS. In addition, married participants were 73% less likely to experience
PMDD compared to those who were single.

Table 3. Bivariate model of the association between adverse childhood experiences (ACEs) and
moderate/severe premenstrual syndrome (PMS) and premenstrual dysphoric disorder (PMDD) compared to
no/mild PMS, number (%)

Moderate/Severe PMS PMDD

N (%) OR  95% CI p N (%) OR 95%ClI p
Number of ACEs
0 7(13.2)  Ref 4(8.9) Ref
1 14(22.6) 190 0.72-5.19 0.205 8(15.6) 190 0.53-6.81 0.319
2 11(20.8) 2.53 0.87-7.37 0.087 11(24.4) 4.44 1.28-1541 0.019*
>3 21(39.6) 3.15 1.20-8.21 0.019* 22(48.9) 5.77 1.82-1823  0.003**
OR, odds ratio; p, probability; Cl, Confidence interval; Ref, reference
* p<0.05
**p<0.01

Table 4. Multivariate model of the association between adverse childhood experiences (ACEs) and
moderate/severe premenstrual syndrome (PMS) and premenstrual dysphoric disorder (PMDD) compared to
no/mild PMS

Moderate/severe PMS PMDD

OR 95% CI P OR 95% CI P
Number of ACEs
0 Ref
1 2.90 0.99-8.50 0.052 2.62 0.68-10.01 0.158
2 2.73 0.88-8.42 0.081 5.29 1.43-19.56 0.012**
>3 3.85 1.35-10.99 0.012**  8.57 2.47-29.72 0.001***
Age 0.98 0.90-1.06 0.658 0.97 0.88-1.06 0.059
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Age at menarche 1.29 1.02-1.62 0.032* 1.16 0.89-1.50 0.251
Hormonal contraceptive

No Ref

Yes 0.59 0.26-1.34 0.214 0.79 0.34-1.84 0.588
Marital status

Single Ref

Married 0.46 0.17-1.24 0.127 0.27 0.81-0.90 0.033*
Divorced 0.82 0.07-9.50 0.875 0.91 0.07-11.04 0.944
Employment

Unemployed Ref

Employed 0.93 0.30-2.89 0.907 0.90 0.30-2.75 0.866
Others 2.39 0.69-8.17 0.165 1.51 0.42-5.36 0.517
Smoking

No Ref

Yes 2.26 0.92-5.52 0.072 0.33 0.08-1.28 0.334
Alcohol consumption

None Ref

Low 0.63 0.24-1.68 0.366 0.51 0.19-1.34 0.178
High 0.42 0.13-1.37 0.154 0.52 0.16-1.66 0.272
OR, odds ratio; p, probability; CI, Confidence interval; Ref, reference

* p<0.05

#%5p<0.01

##50p<0.001

PMDD is associated with menstrual abnormalities after COVID-19 vaccination

No statistically significant differences were observed between participants with or without
menstrual abnormalities in terms of age, education level, income, employment status,
alcohol consumption, smoking, menarche age, menstrual duration, menstrual cycle length
and ACE score among after receiving COVID-19 vaccines. However, there was a
significant difference in marital status (p=0.01), pregnancy history (p=0.01), PMDD
(p=0.01), and common vaccine side effects (p=0.02), as shown in Table 5.

Table 5. Characteristics of participants with and without menstrual abnormalities after COVID-19 vaccination

No menstrual abnormalities Menstrual abnormalities a P
Characteristics (n=159; 63.6%) (n=91;36.4% )
Age (years)
19-24 32(20.1) 13 (14.2)
25-29 46 (28.9) 34 (37.3) 5.50 0.66
30-34 44 (27.6) 31 (34.0)
35-39 37(23.2) 13 (14.2)
Education level
High school 14 (8.8) 9 (9.9)
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Community college 39 (24.5) 20 (22.0) 0.53 0.88
University 92 (57.9) 55 (60.4)

Graduate school 14 (8.8) 7(7.7)

Income

Low 10 (6.3) 2(2.2)

Middle 117 (73.6) 76 (83.5) 3.85 0.77
High 32 (20.1) 13 (14.3)

Employment status

Employed 100 (62.9) 63 (69.2)

Unemployed 19 (11.9) 10 (11.0) 1.12 0.56
Others 40 (25.2) 18 (19.8)

Marital status

Single 109 (68.6) 76 (83.5)

Married 45 (28.3) 14 (15.4) 6.85 0.01**
Divorced 5@3.1) 1(1.1)

Pregnancy history

Yes 42 (26.4) 12 (13.2) 5.98 0.01*
No 117 (73.6) 79 (86.8)

Alcohol consumption

None 29 (18.2) 10 (11.0)

Low 95 (59.7) 54 (59.3) 3.32 0.07
High 35(22) 27 (29.7)

Smoking

Never 129 (81.1) 78 (85.7)

Ever 18 (11.3) 8 (8.8) 0.86 0.37
Current 12 (7.5) 5(5.5)

Menarche age

Normal 129 (81.1) 82 (90.1) 3.54 0.07
Abnormal (>10;15< years) 30 (18.9) 9(9.9)

Menstrual duration

Normal 108 (67.9) 54 (60.0) 1.58 0.21
Abnormal (7< days) 51(32.1) 36 (40)

Menstrual cycle length

Normal 150 (94.3) 86 (94.5) 0.17 0.77
Abnormal (>21;35< days) 9(5.7) 5(5.5)

ACE score

0 31 (19.5) 22 (24.2)

1 41 (25.8) 25(27.5) 1.60 0.22
2 30 (18.9) 18 (19.8)

>3 57 (35.8) 26 (28.6)

PMDs

No/mild PMS 103 (64.8) 49 (53.8)

Moderate/Severe PMS 36 (22.6) 17 (18.7) 8.69 0.01*
PMD 20 (12.6) 25(27.5)

Common vaccine side effects

Yes 34 (21.4) 32(35.2) 5.65 0.02*
No 125 (78.6) 59 (64.8)

¥?, chi-square; p, probability

* p<0.05

**p<0.01
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The bivariate model showed that married women were 56% less likely to have menstrual
abnormalities after COVID-19 vaccination compared to single women (p=0.018). Women
who had conceived at least once were 1.3 times more likely to experience menstrual
abnormalities than those who had never conceived (p=0.016). Menstrual abnormalities
were 2.6 times more common in the PMDD group than in the no/mild PMS group after
COVID-19 immunization (p=0.005). Those who experienced common vaccine side effects
were 1.9 times more likely to experience menstrual abnormalities than those who did not
(p=0.018). In the multivariate model 1, only PMDD was found to be 2-fold increase the
odds of menstrual abnormalities (p=0.041). In the multivariate model 2, compared with 19-
24 age group, women in 30-34 age group were 2.8-fold more likely to experience menstrual
abnormalities. PMDD remained significantly increase (OR, 2.3; p= 0.024) the likelihood

of showing menstrual abnormalities (Table 6.)

Table 6. The odds of experiencing menstrual abnormalities after COVID-19 vaccination

Bivariate Multivariate
Model 1 Model 2
OR P OR p OR p

Marital status
Single Ref Ref Ref
Married 0.44 0.018* 0.62 0.309 0.59 0.290
Divorced 0.28 0.259 0.39 0.436 0.39 0.437
Pregnancy history
Yes Ref Ref Ref
No 2.32 0.016* 1.44 0.461 1.46 0.453
PMDs
No/mild PMS Ref Ref Ref
Moderate/severe PMS 0.99 0.983 0.95 0.883 1.0 0.922
PMDD 2.62 0.005%* 2.09 0.041* 2.3 0.024*
Common vaccine side effects
No Ref Ref Ref
Yes 1.99 0.018* 1.75 0.067 1.8 0.059
Smoking
No Ref
Yes 0.78 0.543
Age
19-24 Ref
25-29 2.0 0.082
30-34 2.8 0.019*
35-39 1.3 0.532
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OR, odds ratio; p, probability; Ref, reference
* p<0.05
**p<0.01

PMDD is the mediator in the relationship between ACEs and menstrual abnormalities
after COVID-19 vaccination

Table 7. displays the mediation effect of moderate/severe PMS compared to no/mild PMS,
and there was no statistically significant indirect effect on the relationship between ACEs
and menstrual abnormalities after COVID-19 vaccination both bivariate (p=0.848) and

multivariate models (p=0.897).

Table 7. The mediating effect of moderate/severe premenstrual syndrome (PMS) on the relationship
between Adverse childhood experiences (ACEs) and menstrual abnormalities compared to no/mild PMS

Moderate/severe PMS

Bivariate Multivariate

B (95% Cl) p B (95% Cl) b
e PR S
s OBLDN gy OBONSE g
e R o S
4. Indirect effect 0'0025.(6204())20 o 0.8489 o.ot(z)lg.(azoét))zz 0.8972

B, comparable coefficient; Cl, Confidence interval; p, probability;
* p<0.05

Compared to women with no/mild PMS, PMDD showed a statistically significant indirect
effect on the relationship between ACEs and menstrual abnormalities both bivariate
(p=0.010) and multivariate models(p=0.024). The total effect was lower than the indirect
effect and not statistically significant. (Table 8; Figure 1).
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Table 8. The mediating effect of premenstrual dysphoric disorder (PMDD) on the relationship between
Adverse childhood experiences (ACEs) and menstrual abnormalities compared to no/mild PMS

PMDD
Bivariate Multivariate
B (95% CI) p B (95% CI) p
0.365(0.194 to o 0.439(0.245 to .
1. ACE score — PMDD(a) 0.535) <.0001 0.634) <.0001
2. PMDD — Menstrual 0.249(0.098 to . 0.212(0.052 to .
abnormalities (b) 0.399) 0.0012 0.371) 0.0092
3. Direct (ACE score — —0.161(-0.314 to - —0.168(-0.330 -
Menstrual abnormalities) (¢’) —0.008) 0.0391 to —0.006) 0.0416
. 0.090(0.021 to - 0.093(0.012 to -
4. Indirect effect(a x b) 0.160) 0.0104 0.174) 0.0248
_ s -0.072(-0.221 to -0.062(-0.218 to
5. Total effect (c=axb+c’ ) 0.081) 0.3592 0.094) 0.436
B, comparable coefficient; ClI, Confidence interval; p, probability;
* p<0.05
**p<0.01
***p<0.001
PMDD (et
x - S
év’sb% /“?’@// %@ 3 ‘de%
Vv » “, 2
O ) RN
R o . 6}@-\ \\0.979 0.9,@
¢§\°L0 (}\\// Indirect ef fect: (0179& ~ 'o\fe\
© &P 6 CI) = 0.093(0.012 — 0. b @
& i —— %, %
v e ot S
MENSTRUAL
ACE SCORE Direct ef fect: ABNORMALITIES

(2) B(95% CI) = —0.168(—0.330 — —0.006)
(1) B(95% CI) = —0.161(—0.314 — —0.008)

Figure 1. The mediating effect of PMDD on the relationship between ACE score and menstrual abnormalities
after COVID-19 vaccination compared to no/mild PMS
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Compared to both no/mild PMS and moderate/severe PMS, PMDD continued to show a
statistically significant indirect effect on the relationship on the relationship between
ACEs and menstrual abnormalities both bivariate (p=0.011) and multivariate models
(p=0.024) (Table 9, Figure 2).

Table 9. The mediating effect of PMDD on the relationship between ACEs and menstrual abnormalities
compared to both no/mild PMS and moderate/severe PMS

PMDD
Bivariate Multivariate
B (95% Cl) P B (95% Cl) p
1. ACE score — PMDD(a) 0'3253%(1;6 0 goopr 0'405 (5%%8 0 < ooo1*e*
2. PMDD — Menstrual 0.245(0.100 to o 0.209(0.056 to o
abnormalities (b) 0.389) 0.0009 0.363) 0.0076
3. Direct (ACE score — ~0.160(-0.312 to . ~0.167(-0.328 .
Menstrual abnormalities) (c”) —0.008) 0.0396 to —0.006) 0.0416
4. Indirect effect(a x b) 0'08%3§2'2())18 o 00110 00850(0011t0 o o
-0.079(-0.228 to 0.159) '
5. Total effect (c=axb+c’) ) 0 069) 0.293 -0.069(-0.223 to 0.379
' 0.085) :
B, comparable coefficient; ClI, Confidence interval; p, probability;
* p<0.05
**p<0.01
***p<0.001
PMDD 5 i
> 7 b - NG
/Q(?i/ @/@/ Y \\\:O 4, \\i@:%\%
& & e, %
5 > ‘b@'}// \\\J\\o \\\ KD
/’Q/. g /69;// \\\.e%' \\%r%
c§\°()\// N Indirect ef fect: \\?@0 \\\J‘O‘\
e - ~ 4
Qae P & (2) B(95% CI) = 0.085(0.011 — 0.159) e s
@j// @f// (1) B(95% CI) = 0.080(0.018 — 0.142) \\f&% \\?‘
. / "
MENSTRUAL
ACE SCORE Direct effect. ABNORMALITIES

(2) B(95% CI) = —0.167(—0.328 — —0.006)
(1) B(95% CI) = —0.160(—0.312 — —0.008)

Figure 2. The mediating effect of PMDD on the relationship between ACE score and menstrual abnormalities
after COVID-19 vaccination compared to both no/mild PMS and moderate/severe PMS
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IV. DISCUSSION

To the best of the author’s knowledge, this study is the first to investigate the relationship
between ACEs and menstrual abnormalities after COVID-19 vaccination, and the
mediating effect of PMDs. The current prevalence rate of PMS is similar to previous studies,
but a higher rate of PMDD was discovered when compared to both Korean and
international studies*“8. It is possible that the rise in PMDD among Korean women is
linked to the substantial effect of the COVID-19 pandemic has had on mental health in
recent years. The global incidence of major depressive disorders and anxiety disorders has
reportedly increased by 27.6% and 25.6%, respectively®®. A previous Korean study® that
included both genders reported a lower prevalence of ACEs compared to this study, which
may be due to females experiencing a wider range of ACEs than males®. However, a
similar ACE prevalence was reported in a population-based study of Icelandic females®?,

providing further validation of this study’s result.

In line with previous research on the relationship between PMDs and ACEs, a dose-
dependent response was observed — women who had experienced more ACES were more
likely to suffer from severe premenstrual symptoms than those without ACEs®2%4. However,
the OR was notably higher than that of other studies, which could have been influenced by
the method of ACE assessment and an increased awareness of ACEs among women. The
PROVE-ACE included ten types of ACEs with detailed questions about the experiences.
In contrast, another Asian study® utilized five types of ACEs with dichotomous questions.
The concept of childhood maltreatment among Koreans has changed over the years.
Culturally, harsh treatment of children was not considered a violation of their rights, and it
was often used for disciplinary purposes. In recent years, reports of childhood maltreatment

in Korean media have raised awareness regarding different forms of ACEs.

This study found that more than one-third of the participants experienced menstrual
abnormalities after receiving the COVID-19 vaccines, which was consistent with the result

of a cohort study?, but it was relatively low compared with other cross-sectional
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studies'®?¢, The most prevalent type of menstrual abnormality was IMB, followed by
HMB and menstrual delay, which was different from the result that HMB was the most
occurring type in the recent meta-analysis®*. The cross-sectional study in the UK, which
included approximately 5000 women, found that smoking and not using estradiol-
containing contraceptives were risk factors for experiencing menstrual abnormalities after
COVID-19 vaccination™; however, this study did not find a significant difference in
menstrual abnormalities between participants who used hormonal contraceptives or had a
history of smoking and those who did not. The comparatively lower usage of hormonal
contraceptives and cigarettes among Korean women, in contrast to British women, may
have influenced the discrepant outcome’™ "2, Furthermore, this study revealed significant
differences in marital status, common vaccine side effects, and pregnancy history among

women who experienced menstrual abnormalities and those who were not.

The previous study*® reported that women who experienced menstrual abnormalities were
more likely to report common vaccine side effects such as high fever, headache, and
malaise, which possibly indicate a robust systematic immune activation. The increase in
body temperatures is associated with enhanced production of Type | IFNs and pro-
inflammatory cytokines, as well as the activation of APCs production in the bone marrow
and their subsequent migration. Moreover, a previous large study conducted in the US
demonstrated that prior pregnancy represents a risk for heavy bleeding after receiving the
COVID-19 vaccines®. Among PMD groups, there was a significant difference in menstrual
abnormalities. PMDD exhibited a strong association with menstrual abnormalities and a
mediating effect on the relationship between ACEs and menstrual abnormalities after
COVID-19 vaccination compared to other PMD groups. Mersel et al. found that marital
status was associated with menstrual cycle disturbance following COVID-19 vaccination?.
The study’s current finding showed that married women are less likely to develop PMDD
at a rate of only 8.4% and experience menstrual abnormalities at a rate of 23.7% after
COVID-19 vaccination; although, most of these women reporting at least one ACE, with a

third of them reporting three or more ACEs. Adults who have ACEs history tend to develop
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insecure attachment styles’®, which potentially related to different types of anxiety
regardless of whether they have avoidant, ambivalent, and disorganized types”. On the
other hand, married women could have formed a secure attachment with their partners,
making them feel safe and protected, and thus, less anxious and vigilant when confronted

with stressors.

Compared to the control group, women diagnosed with PMDD reported significantly
higher levels of stress occurring in daily life and high arousal negative affect towards
stressors specifically during the late luteal phase™. Likewise, women with PMDD exhibited
acoustic startle response comparable to healthy controls during the follicular phase, but
during the late luteal phase, their startle response increased, indicating that women with
PMDD have elevated stress reactivity to environmental cues before menstruation.
Heightened response to environmental stimuli was also shown among women who carry
one or more short alleles of the 5-HTTLPR polymorphism?’. This gene polymorphism is
associated with reduced transcriptional efficiency of the serotonin transporter and is found
in women with PMDD who have neuroticism-related personality traits, such as somatic
trait anxiety, stress susceptibility, and mistrust’®. Additionally, recent research suggests that
women with PMDD have alteration in sensitivity to normal hormonal fluctuations’ and
naturally occurring inflammation during the late luteal phase. Taken together, dysfunction
in subcortical regions, primarily the amygdala, hippocampus, and striatum that may result
from ACEs, can activate hypervigilance to threats, leading to abnormal perception of both
internal (hormonal fluctuation or inflammation) or external stimuli (angry faces and
acoustic startle). This can be linked to potentiation of negative valence systems that are

related to PMDD symptoms.

The type of menstrual abnormality can be influenced by the timing of vaccine
administration®”, and it might associated with the immune system activity. A large-scale
study showed that doses given in the follicular phase were associated with menstrual delay

while doses given in the luteal phase resulted in a shorter menstrual cycle®’. TNF-a. is one
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of the earliest pro-inflammatory cytokines to be produced when encountered with SARS-
CoV2 virus S protein, whether it is from vaccination or infection, and stimulates
inflammatory response®®. The activation of the HPA axis, triggered by pro-inflammatory
cytokines, possibly causes interference with the HPO axis that controls the menstrual
cycle®. The HPO axis dysfunction may involve prolongation of follicular recruitment and
suppression of endometrial functional layer growth and then resulting in menstrual delay
or IMB®. Lee et al. reported that 70.5% of transgender men, who suppress menstruation
with long-acting reversible contraception, and 66% of postmenopausal women, who were
over 55 years old and have not menstruated for over a year, experienced breakthrough
bleeding after COVID-19 vaccine administration®® HMB, intermenstrual bleeding, and
breakthrough bleeding can be linked to the effects of pro-inflammatory cytokines on the
coagulative pathway. Pro-inflammatory cytokines activate tissue factor expression, which
binds and stimulates coagulating factor V11 to make tissue factor-VIla complexes and then
activate clotting factors X and IX, on endothelial cells or macrophages®. Therefore,
hemorrhagic problems like uterine bleeding result from the simultaneous depletion of

coagulation factors and platelets.

The menstrual cycle is an essential health indicator in women and can be influenced by
various factors. Short-term menstrual cycle interruption can result from vaccination,
infection, strenuous physical activity or dietary restrictions, while prolonged menstrual
cycle disruption is often associated with endocrinopathies and gynecological disorders®®.
A study found that participants with endometriosis, PCOS, and adenomyaosis were prone to
report HMB following COVID-19 immunization than those without reproductive
disorders®. Women who had a preexisting endometriosis reported experiencing earlier-
than-usual menstruation, while those with PCOS were more likely to experience lighter
flow after administration of the COVID-19 vaccines®. It is worth noting that intermenstrual
bleeding, light flow, and HMB are symptoms of endometriosis, PCOS, and adenomyosis
respectively. Therefore, previous studies may have had women report their usual menstrual

cycle experiences'®®, Likely, women with PMDD possibly reported IMB and menstrual
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delay following COVID-19 vaccination, as they commonly experience such abnormalities.
Muhaidat et al. reported that menstrual abnormalities resolved within a month in 86.8% of
women who experienced them?®®. Additionally, 93.6% of participants in the UK study
experienced menstrual abnormalities for less than three months®. However, nearly half of
the participants in this study reported experiencing menstrual abnormalities for over four
months, indicating that menstrual abnormalities are common symptoms among women
with PMDD. It should be considered that menstrual abnormalities became more evident or

exacerbated following local or systemic inflammatory activity in response to vaccination.

Children who were maltreated not only had greater levels of CRP and other pro-
inflammatory cytokines, but they also displayed a robust inflammatory response, with
increased cytokine production in response to stress®; thus, it can be argued that exposure
to various ACEs could activate local immune cells within the endometrium or systemic
immune cells, predisposing them to be hypersensitive to stress. The heightened
inflammatory reactivity is an adaptive process that readies the body to respond efficiently
to both physical and psychological stress and promote survival®. When foreign antigens
from vaccines trigger a response in women with PMDD, who have history of ACEs, they
exhibit heightened immune reactivity characterized by activation of the HPA axis, followed
by disruption of the HPO axis. Consequently, they showed increased vulnerability to IMB

after receiving the COVID-19 vaccines.

While carefully designed, this study does have limitations. Although this study found
indirect relationship between ACEs and menstrual abnormalities, which is mediated by
PMDD, the causal relationship cannot be defined to due to the cross-sectional study design.
Also, it failed to obtain the data on the timing of vaccination during menstrual cycle due to
the limitation of the retrospective study design. The questionnaires were self-administered
and retrospective which could lead to recall bias. Due to the comparatively low number of
instances reported to authorities compared to today, the retrospective technique may,

nonetheless, be appropriate for obtaining information on ACEs. To minimize the recall bias
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of the PSST or menstrual abnormalities after COVID-19, inquiry of menstrual cycle
tracking applications use was included, and the majority of women responded to
questionnaire based on their menstrual cycle information recorded in the menstrual/health
applications. The sample size is relatively small compared to similar studies, but population
difference should be considered. Nevertheless, the minimum required number for

performing inferential statistics has been met.

The present study provides new insights into the effects of ACEs on women’s reproductive
health, with an emphasis on inflammation and immune reactivity involving the HPA and
the HPO axes. Previous studies®>**, which found a relationship between ACEs and PMDs,
supported hypotheses either serotonin pathway or the HPA axis. Considering that ACEs
have impact on various biological pathways involving stress, immunity, and ovarian
hormones. Furthermore, several physiological pathways are identified for the pathogenesis
of PMDs. It is challenging to decide on which of the systems is more relevant to the
relationship. Future studies should concentrate on measuring the physiological aspects of
the HPA axis, HPO axis, and the immune system in women with PMDs and menstrual
abnormalities. This will allow for evidence-based knowledge to be provided, which in turn
can be used to develop targeted treatments for PMDs. Additionally, a follow-up study is
needed to assess the menstrual cycle characteristics of women with PMDD through
prospective tracking. This is to test the hypothesis of whether menstrual abnormalities were
a temporary response following the COVID-19 vaccines or if they are commonly
experienced by women with PMDD when various inflammation triggers, such as chronic

inflammatory diseases, and psychological stress are present.
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V. CONCLUSION

This study examined the mediating effect of PMDs on the relationship between ACEs and
menstrual abnormalities after COVID-19 vaccination among Korean women of
reproductive age. The current study found that women who have experienced ACEs are
more likely suffer from PMDD and experience menstrual abnormalities after COVID-19
vaccination. Among mechanisms involved in this indirect relationship, inflammation and
stress sensitivity followed by hyperreactive immunity is plausible proposal with evidence
from previous studies. However, there is a limited number of studies that demonstrate a
relationship between them. Unlike transient menstrual abnormalities, which have been
shown to be vaccination responses, long-term menstrual abnormalities are considered to be
distinctive symptoms of gynecological disorders. As one of the gynecologic disorders
related to the menstrual cycle, this study suggests that women with PMDD frequently
demonstrate menstrual abnormalities in response to different stressors. Further studies are

needed to explore this hypothesis.

31



REFERENCE

1.

10.

Berek JS. Berek and Novak's gynecology. 16" ed. Philadelphia: Wolters Kluwer;
2020. p.214-24

Chodankar RR, Munro MG, Critchley HOD. Historical Perspectives and Evolution
of Menstrual Terminology. Front Reprod Health. 2022;4:820029.

Rahimi Mansour F, Keyvanfar A, Najafiarab H, et al. Menstrual disturbances
following COVID-19 vaccination: A probable puzzle about the role of endocrine

and immune pathways. J Reprod Immunol. 2023;158:103952.

Abdulrahman N, Fair T. Contribution of the immune system to follicle
differentiation, ovulation, and early corpus luteum formation. Anim Reprod.
2019;16(3):440-448.

Lee JY, Lee M, Lee SK. Role of endometrial immune cells in implantation. Clin
Exp Reprod Med. 2011;38(3):119-125.

Meyer N, Zenclussen AC. Immune Cells in the Uterine Remodeling: Are They the
Target of Endocrine Disrupting Chemicals?. Front Immunol. 2020;11:246.

Lee SK, Kim CJ, Kim DJ, Kang JH. Immune cells in the female reproductive
tract. Immune Netw. 2015;15(1):16-26.

Wherry EJ, Jaffee EM, Warren N, D'Souza G, Ribas A; AACR COVID-19 and
Cancer Task Force. How Did We Get a COVID-19 Vaccine in Less Than 1
Year?. Clin Cancer Res. 2021;27(8):2136-2138.

Farland LV, Khan SM, Shilen A, et al. COVID-19 vaccination and changes in the
menstrual cycle among vaccinated persons. Fertil Steril. 2023;119(3):392-400.

André FE. Approaches to a vaccine against hepatitis A: development and

manufacture of an inactivated vaccine. J Infect Dis. 1995;171 Suppl 1:S33-S39.

32



11.

12.

13.

14.

15.

16.

17.

18.

19.

Sakurai F, Tachibana M, Mizuguchi H. Adenovirus vector-based vaccine for
infectious diseases. Drug Metab Pharmacokinet. 2022;42:100432.

Huzair F, Sturdy S. Biotechnology and the transformation of vaccine innovation:
The case of the hepatitis B vaccines 1968-2000. Stud Hist Philos Biol Biomed Sci.
2017;64:11-21.

Stertman L, Palm AE, Zarnegar B, et al. The Matrix-M™ adjuvant: A critical
component of vaccines for the 21%century. Hum Vaccin Immunother.
2023;19(1):2189885.

Teijaro JR, Farber DL. COVID-19 vaccines: modes of immune activation and
future challenges. Nat Rev Immunol. 2021;21(4):195-197.

Markle JG, Fish EN. SeXX matters in immunity. Trends Immunol. 2014;35(3):97-
104.

Minakshi R, Rahman S, Ayaggari A, Dutta D, Shankar A. Understanding the
Trauma of Menstrual Irregularity After COVID Vaccination: A Bird's-Eye View
of Female Immunology. Front Immunol. 2022;13:906091.

Edelman A, Boniface ER, Benhar E, et al. Association Between Menstrual Cycle
Length and Coronavirus Disease 2019 (COVID-19) Vaccination: A U.S.
Cohort. Obstet Gynecol. 2022;139(4):481-4809.

Alvergne A, Woon EV, Male V. Effect of COVID-19 vaccination on the timing
and flow of menstrual periods in two cohorts. Front Reprod Health.
2022;4:952976.

Mubhaidat N, Alshrouf MA, Azzam MI, Karam AM, Al-Nazer MW, Al-Ani A.
Menstrual Symptoms After COVID-19 Vaccine: A Cross-Sectional Investigation
in the MENA Region. Int J Womens Health. 2022;14:395-404.

33



20.

21.

22.

23.

24.

25.

26.

27.

28.

Lamb AR. Experiences with prophylactic typhoid vaccination: its effect on
menstruation. Arch Intern Med (Chic). 1913;XI11(5):565-577.

Shingu T, Uchida T, Nishi M, Hayashida K, Kashiwagi S, Hayashii J, et al.
Menstrual Abnormalities After Hepatitis B Vaccine. Kurume Med J (1983)
29:123-5.

Gong L, Ji HH, Tang XW, Pan LY, Chen X, Jia YT. Human papillomavirus
vaccine-associated premature ovarian insufficiency and related adverse events:
data mining of Vaccine Adverse Event Reporting System.Sci Rep.
2020;10(1):10762.

Trogstad L, Laake I, Robertson AH, et al. Heavy bleeding, and other menstrual
disturbances in young women after COVID-19 vaccination. Vaccine.
2023;41(36):5271-5282.

Al Kadri HM, Al Sudairy AA, Alangari AS, Al Khateeb BF, El-Metwally AA.
COVID-19 vaccination and menstrual disorders among women: Findings from a
meta-analysis study. J Infect Public Health. 2023;16(5):697-704.

Phelan N, Behan LA, Owens L. The Impact of the COVID-19 Pandemic on
Women's Reproductive Health. Front Endocrinol (Lausanne). 2021;12:642755.

Wali R, Alhindi H, Saber A, Algethami K, Alhumaidah R. The Effect of COVID-
19 Vaccine on Women's Reproductive Health: A Cross-Sectional Study. Cureus.
2023;15(6):e40076.

Nazir M, Asghar S, Rathore MA, et al. Menstrual abnormalities after COVID-19

vaccines: A systematic review. Vacunas. 2022;23:S77-S87.

Felitti VVJ, Anda RF, Nordenberg D, et al. Relationship of childhood abuse and

household dysfunction to many of the leading causes of death in adults. The

34



29.

30.

31.

32.

33.

34.

35.

36.

37.

Adverse Childhood Experiences (ACE) Study. Am J Prev Med. 1998;14(4):245-
258.

Dube SR, Fairweather D, Pearson WS, Felitti VJ, Anda RF, Croft JB. Cumulative
childhood stress and autoimmune diseases in adults. Psychosom Med.
2009;71(2):243-250.

Wan A, Bernstein CN, Graff LA, et al. Childhood Maltreatment and Psychiatric
Comorbidity in Immune-Mediated Inflammatory Disorders. Psychosom Med.
2022;84(1):10-19.

Chase KA, Melbourne JK, Rosen C, et al. Traumagenics: At the intersect of

childhood trauma, immunity, and psychosis. Psychiatry Res. 2019;273:369-377

Baumeister D, Akhtar R, Ciufolini S, Pariante CM, Mondelli V. Childhood trauma
and adulthood inflammation: a meta-analysis of peripheral C-reactive protein,
interleukin-6, and tumour necrosis factor-a. Mol Psychiatry. 2016;21(5):642-649.

Danese A, Baldwin JR. Hidden Wounds? Inflammatory Links Between Childhood
Trauma and Psychopathology. Annu Rev Psychol. 2017;68:517-544.

Striz I, Brabcova E, Kolesar L, Sekerkova A. Cytokine networking of innate
immunity cells: a potential target of therapy. Clin Sci (Lond). 2014;126(9):593-
612.

De Bellis MD, Zisk A. The biological effects of childhood trauma. Child Adolesc
Psychiatr Clin N Am. 2014;23(2):185-vii.

Kalantaridou SN, Makrigiannakis A, Zoumakis E, Chrousos GP. Stress and the
female reproductive system. J Reprod Immunol. 2004;62(1-2):61-68.

Takeda T. Premenstrual disorders: Premenstrual syndrome and premenstrual
dysphoric disorder. J Obstet Gynaecol Res. 2023;49(2):510-518.

35



38.

39.

40.

41.

42.

43.

44,

45,

Kim YJ, Park YJ. Menstrual Cycle Characteristics and Premenstrual Syndrome
Prevalence Based on the Daily Record of Severity of Problems in Korean Young
Adult Women. J Korean Acad Nurs. 2020;50(1):147-157.

Parry BL. Psychobiology of premenstrual dysphoric disorder. Semin Reprod
Endocrinol. 1997;15(1):55-68.

Yonkers KA, Simoni MK. Premenstrual disorders. Am J Obstet Gynecol.
2018;218(1):68-74.

Rezende APR, Alvarenga FR, Ramos M, et al. Prevalence of Premenstrual
Syndrome and Associated Factors Among Academics of a University in Midwest
Brazil. Prevaléncia de sindrome pré-menstrual e fatores associados entre
académicas de uma Universidade no Centro-Oeste do Brasil. Rev Bras Ginecol
Obstet. 2022;44(2):133-141.

Albsoul-Younes A, Alefishat E, Farha RA, Tashman L, Hijjih E, AlKhatib R.
Premenstrual syndrome and premenstrual dysphoric disorders among Jordanian
women. Perspect Psychiatr Care. 2018;54(3):348-353.

Qiao M, Zhang H, Liu H, et al. Prevalence of premenstrual syndrome and
premenstrual dysphoric disorder in a population-based sample in China. Eur J
Obstet Gynecol Reprod Biol. 2012;162(1):83-86.

Yang J, Joe SH, Lee MS, Kim SH, Jung IK. Survey of premenstrual symptom
severity and impairment in Korean adolescents: premenstrual dysphoric disorder,
subthreshold premenstrual dysphoric disorder and premenstrual syndrome. Asia
Pac Psychiatry. 2014;6(2):135-144.

Lee, Moon-Soo Yang, Jaewon & Ko, Young-Hoon & Ko, Seung-Duk & Joe, Sook-
Haeng. Characteristics of PMS and PMDD in female college students. J
Korean Psychosom Med. 2012; 20(1): 22-31

36



46.

47.

48.

49.

50.

51.

52.

53.

Hong JP, Park S, Wang HR, et al. Prevalence, correlates, comorbidities, and
suicidal tendencies of premenstrual dysphoric disorder in a nationwide sample of
Korean women. Soc Psychiatry Psychiatr Epidemiol. 2012;47(12):1937-1945.

Park YJ, Shin H, Jeon S, Cho I, Kim YJ. Menstrual Cycle Patterns and the
Prevalence of Premenstrual Syndrome and Polycystic Ovary Syndrome in Korean
Young Adult Women. Healthcare (Basel). 2021;9(1):56.

Jeong BS, Lee C, Lee JH, Seo MK, Han OS, Kim CY. Prevalence of Premenstrual
Syndrome and Premenstrual Dysphoric Disorder among Korean College Women.
J Korean Neuropsychiatr Assoc. 2001;40(4):551-558.

Lu D, Aleknaviciute J, Bjarnason R, Tamimi RM, Valdimarsdottir UA, Bertone-
Johnson ER. Pubertal development and risk of premenstrual disorders in young
adulthood [published correction appears in Hum Reprod. 2022 May
30;37(6):1373]. Hum Reprod. 2021;36(2):455-464.

Kitamura M, Takeda T, Koga S, Nagase S, Yaegashi N. Relationship between
premenstrual symptoms and dysmenorrhea in Japanese high school students. Arch
Womens Ment Health. 2012;15(2):131-133.

Rapkin AJ, Mikacich JA. Premenstrual dysphoric disorder and severe

premenstrual syndrome in adolescents. Paediatr Drugs. 2013;15(3):191-202.

Yang Q, bordardottir EB, Hauksdottir A, et al. Association between adverse
childhood experiences and premenstrual disorders: a cross-sectional analysis of
11,973 women. BMC Med. 2022;20(1):60.

Bertone-Johnson ER, Whitcomb BW, Missmer SA, Manson JE, Hankinson SE,
Rich-Edwards JW. Early life emotional, physical, and sexual abuse and the
development of premenstrual syndrome: a longitudinal study. J Womens Health
(Larchmt). 2014;23(9):729-739.

37



54.

55.

56.

57.

58.

59.

60.

61.

Ito K, Doi S, Isumi A, Fujiwara T. Association between Childhood Maltreatment
History and Premenstrual Syndrome. Int J Environ Res Public Health.
2021;18(2):781.

Bertone-Johnson ER. Chronic Inflammation and Premenstrual Syndrome: A
Missing Link Found? J Womens Health (Larchmt). 2016;25(9):857-858.

Bertone-Johnson ER, Ronnenberg AG, Houghton SC, et al. Association of
inflammation markers with menstrual symptom severity and premenstrual

syndrome in young women. Hum Reprod. 2014;29(9):1987-1994.

Granda D, Szmidt MK, Kaluza J. Is Premenstrual Syndrome Associated with
Inflammation, Oxidative Stress and Antioxidant Status? A Systematic Review of
Case-Control and Cross-Sectional Studies. Antioxidants (Basel). 2021;10(4):604.

Gold EB, Wells C, Rasor MO. The Association of Inflammation with Premenstrual
Symptoms. J Womens Health (Larchmt). 2016;25(9):865-874.

Jafari F, Amani R, Tarrahi MJ. Effect of Zinc Supplementation on Physical and
Psychological Symptoms, Biomarkers of Inflammation, Oxidative Stress, and
Brain-Derived Neurotrophic Factor in Young Women with Premenstrual
Syndrome: a Randomized, Double-Blind, Placebo-Controlled Trial. Biol Trace
Elem Res. 2020;194(1):89-95.

Yoshimi K, Inoue F, Odai T, et al. Current status and problems in the diagnosis
and treatment of premenstrual syndrome and premenstrual dysphoric disorder
from the perspective of obstetricians and gynecologists in Japan. J Obstet
Gynaecol Res. 2023;49(5):1375-1382.

Steiner M, Macdougall M, Brown E. The premenstrual symptoms screening tool
(PSST) for clinicians. Arch Womens Ment Health. 2003;6(3):203-209.

38



62.

63.

64.

65.

66.

67.

68.

69.

Ju-Yeal Lee, Sun-Woo Choi, Soo-Ah Jang, Ryu Jinsun, Hyun-Kyung Shin, Ja,
Jeong-Ho Seok et al. Development of the Battery Test for Screening of Depression
and Mental Health: PROtective and Vulnerable factors battEry Test (PROVE). J
Korean Neuropsychiatr Assoc. 2021;60(2):143-157.

COVID-19 Mental Disorders Collaborators. Global prevalence and burden of
depressive and anxiety disorders in 204 countries and territories in 2020 due to the
COVID-19 pandemic. Lancet. 2021;398(10312):1700-1712.

Lee Hana, Chung Ick-Joong. Associations Between Adverse Childhood
Experiences and Adult Health Outcomes: Exploring Gender Differences. Korean
J Child Stud, 2021;42(3):343-357.

Haahr-Pedersen |, Perera C, Hyland P, et al. Females have more complex patterns
of childhood adversity: implications for mental, social, and emotional outcomes
in adulthood. Eur J Psychotraumatol. 2020;11(1):1708618.

Baena-Garcia L, Aparicio VA, Molina-Ldpez A, Aranda P, Camara-Roca L, Ocon-
Hernandez O. Premenstrual and menstrual changes reported after COVID-19
vaccination: The EVA project. Womens Health (Lond).
2022;18:17455057221112237.

Gibson EA, Li H, Fruh V, et al. Covid-19 vaccination and menstrual cycle length
in the Apple Women's Health Study. NPJ Digit Med. 2022;5(1):165.

Lee KMN, Junkins EJ, Luo C, Fatima UA, Cox ML, Clancy KBH. Investigating
trends in those who experience menstrual bleeding changes after SARS-CoV-2
vaccination. Sci Adv. 2022;8(28):eabm7201.

van der Poll T, de Jonge E, ten Cate an H. Cytokines as Regulators of Coagulation.
In: Madame Curie Bioscience Database [Internet]. Austin (TX): Landes
Bioscience; 2000-2013.

39



70.

71.

72.

73.

74.

75.

76.

77.

78.

Alvergne A, Kountourides G, Argentieri MA, et al. A retrospective case-control
study on menstrual cycle changes following COVID-19 vaccination and
disease. iScience. 2023;26(4):106401.

KOSIS. "Share of cigarette smokers in South Korea from 2011 to 2021, by gender."
Chart. March 16, 2023. Statista. Accessed October 26, 2023.

NHS Digital. "Distribution of cigarette smoking status in England in 2021, by
gender ." Chart. December 15, 2022. Statista. Accessed October 26, 2023.

Kerns KA, Brumariu LE. Is Insecure Parent-Child Attachment a Risk Factor for
the Development of Anxiety in Childhood or Adolescence?. Child Dev Perspect.
2014;8(1):12-17.

Barnett JE, Howe TR. Multiple Maltreatment and Adverse Childhood Experiences:
Exploring Cumulative Threats to Attachment Quality. Violence Vict.
2021;36(2):214-232.

Beddig T, Reinhard I, Kuehner C. Stress, mood, and cortisol during daily life in
women with Premenstrual Dysphoric Disorder
(PMDD). Psychoneuroendocrinology. 2019;109:104372.

Hantsoo L, Epperson CN. Premenstrual Dysphoric Disorder: Epidemiology and
Treatment. Curr Psychiatry Rep. 2015;17(11):87.

Johnson AL, Gibb BE, McGeary J. Reports of Childhood Physical Abuse, 5-
HTTLPR Genotype, and Women's Attentional Biases for Angry Faces. Cognit
Ther Res. 2010;34(4):380-387.

Gingnell M, Comasco E, Oreland L, Fredrikson M, Sundstrom-Poromaa I.
Neuroticism-related personality traits are related to symptom severity in patients
with premenstrual dysphoric disorder and to the serotonin transporter gene-linked
polymorphism 5-HTTPLPR. Arch Womens Ment Health. 2010;13(5):417-423.

40



APPENDICES

238d AEZA}

SQL. AAste] AL oW A Y7L
D & 2) o=}

SQ2. #13te] A e @A WAL 2AALE 4

off

QA ( d = Al

SQ3. Ak @Al 27 Fol AU

D e 2) o} 9.

SQ4. Azt dA 42l FdY7E?
1) < 2) oly 2

SQ5. 2 19 v A=< 5954712
DS 2) o} 9.

41

pop =

/]\J

Al L.



4) AAF

1

1) Ak
3) A4

W

R

4
5

o (24549, von

=
=

)
RO

s e

A %8

°©

[}

[}

_o/]

=
2) 59

o

2) 59
1. <7| & Q1A A} RAL

il

SE
Goll thstel ol &

2

T

-

A4

°©

Fofol A ofo] gLt

Willebrand %)

SQ7. ¥
D &9
D &9

EN

N
ofF
=
.&O
=
ofF
B

Nlo

_fo_l
oE
Ry

o

) 4, ()shd At (

c) 4 dAHE: ()
d) AAFEA

e) AL

) 71E (

e. 71} (
b.ob ¢
42

=z
=4,

)
(

(



b.ok 2

a.d
2 AY7?

5. A7} hFY7E?

6. A7t

o
ﬁo
)

0%

f. 71€} (

—

nk

;]_ c

C. ©

s

717k 12 704 vk A])

B

e

(e

c. A FAA(

A wpalth

d. IACl AT EAT (55717 12 704 viRk A])

C.

olp

Al (RFe. =)

N
N

juze)

N

o}
T
o

c.26-304

b.21-24¢

e. 35 & o]

3

d o]

1

2
d. 31 -34

a.

I

ﬁo

N
ﬁo
o

~

oW

N

11.4. 97 7]

b.ofH &

11.5. gl 49 A4S A2 Y71? a.d

b.ofy &

a.d

-
olo
T

oH

"

ox

El

—_
fite)

oo
T

N
B

R

Y7k

12>
A H

!

SRR

|

12.1

43



<Eg ok ZAL>
5} y7zk?  a.d
583 A 5U 7

b.of e

b.oly 2

2. <97 A7 F4 H7F AEAR>

A7 Aol el 27 A2 5= A Yol A= €A H7] $4E 9y, 4
SHEY 59 AEE BAISY FHAIL
ZAF 73 gk oks} o Al sft)
1.3}7F Y AY #p5o] Wtk
Qe A Y 117 o] Hr}
37”471101 ATt (FHA EHAAY/
ol YA = JA Us e
4.Tgoﬁxlﬂ A A Agte] =Xt
5.4 &n]|7} "ozt
6.3l S 7} "ol xth
7 A3 sl Fr) 7 "ozt
8.7 Fo| etk
9.9 &23}al 7]¢-°] itk
10. 7942 & s A 2 go] Eolxith
11.5913 A7
1245 ¢ wol &t
13. 57t grgeAY  xaAs
Z A3 S Oj\]’;]»"/ Lﬁx]q—
14204 45 (9%, 75, <455,
H4E, H5 BT, wol BAY AT
=7} &
A9 F4E] Ao, TS oM o] AL A Fo] JHU7?

44




Y
%
=
—_
o
<H
ny
o
N
ol
iy
TE
'3
T
n_mo
—_
|
= ok
— o
1
o )
i o Gl
| _|IT|=T| |oR
QM%% =
0
o i) o} | o) o o
Lﬂﬂ%ﬁ
S i |7 =
ﬁié@@
Tor | Mo |~ | < |~
<lm|olAald

- PMDD :

==
5o

bb ol el

S

o #1-#14 =

ol T

1 ol

o #1, #2, #3, #4 = 3

=
[}

bt ol ge] 3

S

0ABCDE<Z

= .
Gl

- PMS7} @i AY

o #1-#14 T AL 5/ =5

1 A ABCDE T 4<%

ok

0]

AR

3|

oA B CDEZ

s

}

34837 #3845 A o

o] & 7 FHH 18 A

#) ohgle] 7ol O

3

3T
ar

o] =
AN

o]
A

o 1
o JJ o
Mo K] m_.u ™ ™ ™ |om
X
o ojn
=3 __w#_w Mm (a\] (a\] (a\] (a\]
EOOR
% T
Mw ‘Mﬂ — — — —
K K
% F
VY-S
s o o o |o
"
110 ‘_.ﬁAM jul ]»MAE
oy ol R
o ot MM =
= BE
—~ . o
Pyl dE s
50 % g ay oF
Ak M ke Ly =
N e
o | =
o o oy = R
3 |4 | Mmum
MM“NE ]
r ey
ME T e T T
— SN <

45



(0] (9p] QMmN M (ap] [ap BN ap] (ap] (ap] (ap] (ap] (ap] ™ (9p] (9p]
(a\] (a] AN AN AN O (a] A AN [a\} [a\} [a\} [a\} [a\} (8] (a\] (a\]
— — — — — — — — — i — — — — — — —
(@) o o 1o O O (@} o | O (@} (@} (@} (@} (@} (@) o o
B o0 o T s E S T T
& - @ o = DY S el w JK 5 | R
™ o ‘Dro B3R MWM N =
: Z A YE 53 T Pre
T e & | o % 52 =2 |2 & U e
XN . m} o ) . X OO ﬂ_L” ﬂwl
X |2 aﬂm - | : FE|Ele T |z |z |¥
oW o i T oo |B | % — T - T = | X
R R L I L R 1 o e Rt N L N 1 N L I T
N ol Lt S s B = S NI PR P N I (o
A T Rl 1 A Il N D o R Nl Ll e
=P pEgedrtasrsrgaldly |BR o jzwzTaT
o N - TK < oﬁe =X X &m X :_o ol | © - = X Ea < il T ol dl
S DT ol i Pl P | I A o O K P
) i by | KR il o o i H oW H T oR
e s g o O ek m |MT = R = m g e oa | o
K| oy = | g = VA iy == T z °
Do — 2 = 5 oM N o R o | D %o NN T T s (o gy Ho R T
L U K B R I I S S o U = = ER b [ ol YTl R
Flg®im® |3 x4 7|2 < 7N R A A B
LO © b~ |00 O —~ | — — | — | — — | — — [aN] @\

46



(ap] (ap] (ap]
(a\] (a\] (@]
— — —
(@] (@] (@]

K i
5 X0
=R
R | = o

rb N—
— | 03
Mu <3 O
W_ o N
I e}
Z=

i L
o ol
Mo £} o] )
~ rors
olE w2
TR oﬂ
Cl
Iegks
N | <t
(@] (@] (@]

=,
) .
&

K
o ojn
ﬂlﬂ Of ‘mM (a] [a\] [a\] [a\] [a\] A A
= !
~
S~
op
Mm .Io_l i — — — — — —
o 9
T N
S~
op M
M.m w%r o o o |o| o o o
_Jz.L "
e = | W oy = "
o M % nf- ol X =
T T ,mo G W o B i
iy W oz | zw il iy ~
,UF OE - ‘_|/JH 5 Ot ~ %0
” Nr w.' o o | %o ~
ol y SN T | nla N
0 oy - _—
N B e S R
et " oK <IN ¥
U < = N ~ | % el
s = = o = oK
D BT IsZuET
- 3 ) ol
op CER Ny - = o |FT & |F
— o\ o < |0 © D~

47



(ap] (ap] (ap]
(a\] (a\] (@]
— — —
(@] (@] (@]
T |
n N iy
w ||
Ay 7o
| =
T 2
2P
oF o o
3 =
- em_ o
=
= i
% X |H
70 . o
| R
ﬂ_AI JI =< ==
3 = o M
oH = p | T
° Ay
= |3 A
. . (@)
o0 ()] —

Q&) &7t

o] M& ool & = L, o] Pror

vy

il

=
T

A ek vkt %

)

27

o

~
22

%

Mo JJ

X
o ojn
NEHO_LMM222222222
= Mr Ae
~
S~
op M
mm.I0_|4|_4|_4|.4|..|__|_ — — |
o o
UGN
S~
o R
WWDHF o O 1O |0 |Oo |O (@) o O
cAN
=
; :
R |y b
a | % | B |
T R =
]_uc .NI”
o N T oy B )
ColG I eI oy
° | o T o | T
¥oT TR e Bl (T
T | e e ]
ﬂATﬂWEUr, Culliny
7o | | B g | s |
e e e B e A -
o o (o |4 e R e
= e e < 66 % | o3

48



10. Zolu F71 & A gstAY A4 3
o},

49




el

oj

oot

NEES

* CF=

o) aLelz 7954

[e) R
 m e AY, vk2 AAY, DAY, 55

&H)

o] 2o}

s

2gg oA e

WAY Y

Els

o obguith. i H]3:

=4

Qg

S
T

L g Afololl M An = 5= A

thel deht 45 9)

ojn
Mo JJJ oX
L -
K
E._o# ojn
) R
ﬂu__o__.nu N N (N
FoOR
)
0
gdﬂ — — —
x N
0
._.#mlﬂ_EH (@) (@) o
"
L T %%L_
— T LR T
LR R | ®
Mo (BT e &
Pl it A et S -y
T TR g9 AR
s —_— —
< e ﬁﬂix%
o o oo | R o
(T Ty R
el N P
=3 do | B =
o A TR
%@m or o %W_ i
O.*X OT_,HBHAFOW:M
TF PPy TR
W E g Ik N o
— N ™

50



o] 18417t H7|

]

A
fud

.9

4<AQZ7] BAH FY ARHARD> G539

& W AY w2 AL LAY

]

A
o] YHUN?

)

71 ek mhE

4.

ol

7= 2] 7]

do
=5
Mo ) N B
o B * &
o] ol
i
= N 5
o ko m
ﬂ%ﬂar
o
® = m
@wwéar

51




A5
A5

7h
7h

ojn

ox

714
A 9]

5]

oln
fol=t

oln
<
on

oln
<
on

alk

=~

&, v

3Z

=

)

=

o
1=

o] glth. (el e,
o AT )

N
Tor
oo
J_HO
o
T
i

0
"

"0

shll A5

gl w A

hv

T

4. 715 e A A
(of]: w2z

Atk ()

Hlo

o

K
o

o
oK
Tor

K

ol
et
o
o]
N
o)
TR

o
o
"

CEE

GE

A, 7Pk Abs
il =2 AbaL (ol]: &

<

’

I
il

)

9. AA A

[¢)

g

ZH-E ] umsd)

ARaL, BFAIARIL )

52




I A3

@ A4,

A=

# Ho| Urtn @&

AANNGE A
AZHA ol 5 7R A

-§-_]__

49 10719 35 F
S AT FA

of gt FHA L.

=]
KL

=
=

12. 71 GA

W7k obd AAH =AZ .

5. <ZE24Y 19 A} HF 38 AEA >

A2 19 o A

1.

d. 4 =}

c. 3 #

b. 2 2t

12

.
=y

5742

o

<H

o<kl Z21 19 WA

HH A
i B 4

ool~EgtA U 7L 221} 19
o3lolx} =21} 19

ORGY ZE11 19 WAl

i

H

O =ups 72119 WAl

53



o] HZ o M7t AAJFU7?

b. €7 3hc} hebske}

3 A vt

731

o] o] At}

0
&

Nfo

S(A

A AA =

5.

BAEIA?

d. ZVER: e
A d73 5 eSS U7

o

c. AlH A

ekl

d. Al

-

d. 4 =} o]

;oT

c. 3} 9]

bh. 2 2} o] &

SE 7

ol @A thA]

=1

3

Aol A A5

54



ABSTRACT(IN KOREAN)

Z2Y 19 4ERAFT F 27 o] 3 FAH oF7] FA] A R °]

Aoyl w7} &3t

ﬁo

4

]

__A_._

A ol bl

Khishigbayar Uranbileg

A AA

£ B Aa Ao 47 o) 4 LY

¥ 7]

o}

]

A

—_
10

o

LA A Foj(PMD)ol| 7] s}

B AACE)&

% o157

3hal, I E119

FHoE BT

o
=

2 3t} SPSS WA 27
o] AE-E Aok wi sl & A

o oo
AE 53X

PMD % €7 o] Abole] #A 2 2Alshe

A+

3912 sl

i

tel 71 A 2 2A 2

S

A}

SAS M3 945

KR
| N

37 o]Ae] ACEx= PMDD

1
R

7ol A

!
o
T
o

I AT €7 o]
Fol 7} YebwktH(p<0.01). PMDD7}

=
[}

5.74]

)

3l %

¥ 47

219 WA 1E

o]’F3 ACES] #Alol vi7} &35 B ATH(p<0.02). o] #A < &3k WA S

Eo] 2.31 ¥ =3ke ™ (p<0.05), PMDD

b

3

[
Rz

ne
j

55



i

el

il

N
T

o)

ol

)

ok

tel PMDD7}

A}-8-3]

o

N

]
H

19 =H(PSST), COVID-19 o1}

Al

| =5"(PROVE-ACE), €7 # S%

o
1l

56



