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ABSTRACT

Parkinson's disease (PD) is a neurodegenerative disorder characterized by the death of neurons, resulting in
symptoms such as shaking, stiffness, and impaired balance. Research suggests a potential link between estrogen,
a female sex hormone, and PD risk, with studies indicating that estrogen may play a protective role against the
disease. However, most research on this topic has been conducted on European populations, leaving the role of
estrogen in PD risk among Asian women, particularly in South Korea, unclear. This study contributes to under-
standing the potential protective role of estrogen in PD by focusing on South Korean women. A case-control
study design was employed, comparing responses from women with PD to healthy controls. The study investi-
gated various reproductive life events, including menstruation, menopause, and hormone replacement therapy,
using a questionnaire administered to participants in South Korea. Results revealed that PD patients were sig-
nificantly older than controls, with differences in reproductive lifespan and age at menopause. Women who
underwent surgical menopause showed an increased risk of PD, while hormone replacement therapy and oral
contraceptive usage did not show consistent associations with PD risk. The study concludes that estrogen is
neither a protective nor a risk factor for PD in South Korean women. This research contributes to the under-
standing of PD risk factors among South Korean women and highlights the need for further exploration into
non-genetic gender-specific symptoms and societal influences on PD risk, aiming to reduce underrepresentation
and medical discrimination in PD research.

Introduction

Parkinson's disease is a neurodegenerative disorder “characterized by the death of neurons” (Latif et al., 2021).
Due to the lack of production of functioning cells critical to the production of dopamine, Parkinsonism causes
“shaking, stiffness, and difficulty with balance and coordination” (National Institute on Aging, 2022). Typi-
cally, this disease develops in people after the age of 60, with fewer instances of onset before the age of 50
(Mayo Clinic, 2023).

Currently, there is no permanent cure, but symptoms are primarily treated and maintained with a do-
pamine replacement agent, levodopa (Gandhi & Saadabadi, 2024). The risk of developing Parkinson’s Disease
is “twice as high in men than in women” (Cerri et al., 2019). Given the observed sex-related differences, liter-
ature suggests that the presence of the female sex hormone estrogen may act as a potential protective factor
against Parkinson's disease (Rao et al., 2023). Animal studies have also indicated that estrogen influences do-
pamine synthesis, a crucial neurotransmitter in Parkinson's disease, suggesting a potential protective role against
Parkinson's disease (Shulman, 2002).

There is considerable research into whether estrogen is a protective factor or not, but most of this work
has been conducted on European samples as “over 80% of genome-wide association studies have been con-
ducted on individuals of European ancestry” (Schumacher-Schuh et al., 2022). The role of estrogen as a pro-
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tective factor in South Korea remains undetermined, as historically, different races have remained geograph-
ically isolated (Hunley et al., 2009). Due to the lack of racial diversity in South Korea, specific genotypes could
have been preserved through common ancestry (Kittles & Weiss, 2003). Consequently, samples from European
ancestry might not represent shared genetic variations and risk factors in South Korea (Hunley et al., 2009;
Kittles & Weiss, 2003; National Institute on Aging, 2022; Yuk & Jeong, 2023). For example, while eurocentric
research reported the ratio of Parkinson's disease prevalence by gender to be 2:1 male to female, in South Korea
the ratio is closer to 1:1.6 male to female, indicating a higher prevalence in women (Park et al., 2019).

Our study contributes to scholarly discourse by examining the potential protective role of estrogen in
preventing the onset of Parkinson's disease, focusing on South Korean women and evaluating estrogenic vari-
ables (Schumacher-Schuh et al., 2022). The proposed approach involves administering a questionnaire to
women with and without Parkinson's disease in South
Korea.

Literature Review

Role of Estrogen in Parkinson's Disease

Estrogen is a crucial component of women’s reproductive life (Yu et al., 2022). It is generally accepted that a
high level of estrogen in women contributes to their longer lifespan compared with men (Yu et al., 2022). The
start of menstruation is called “menarche” and is marked by “rapid increase in the level of estrogen” that leads
to early puberty (Yu et al., 2022). The reproductive lifespan is “between puberty and menopause in women”
(Yu et al., 2022). During perimenopause, the estrogen level decreases slowly and fluctuates unpredictably (Yu
et al., 2022). When women experience menopause and the production of estrogen is reduced drastically (Yu et
al., 2022). A woman's ovaries make most of their estrogen” and thus, the shortening of the estrogen lifespan
using surgical menopause impacts women’s long term health negatively (Yu et al., 2022).

A recent review from Poland compared the reproductive lifespan events in 76 females affected with
Parkinson’s disease and the non-Parkinsonism control group of 74 subjects (Nitkowska et al., 2014). The result
of the study found that women with Parkinson's disease exhibited a shorter reproductive lifespan, earlier men-
opause, and increased surgical menopause instances compared to control subjects (Nitkowska et al., 2014). A
surgical menopause is a procedure to remove the uterus and ovaries, more common for women aged 40 to 50
(National Health Service, 2022). Surgical menopause before menopause was shown to increase risk of Parkin-
sonism by 68%, which indicated the association between estrogen deficiency and risk of Parkinson’s disease
(Marras & Saunders-Pullman, 2014; Nitkowska et al., 2014). Another research study by K. Kompoliti, et al.
observed 10 menstruating women with Parkinson’s disease over 5 consecutive weeks to assess motor Parkin-
sonism with estrogen levels (Kompoliti et al., 2000). Consistent with the argument for the protective role of
estrogen, this study found that Parkinsonism worsens during the premenstrual period, where estrogen is pre-
sumed at its lowest (Kompoliti et al., 2000). Lastly, postmenopausal women showed a higher likelihood of
developing Parkinson's disease, implying that a decrease in estrogen levels may increase the risk of Parkinson-
ism (Nitkowska et al., 2014). There are consistent observations of the link between early menopause (natural
or surgical) and increased Parkinson's disease risk throughout literature (Lv et al., 2017). Additional hypothesis
links the lifetime average estrogen level to Parkinson's disease susceptibility, exploring variables like age at
menarche, age at menopause, reproductive lifespan, and type of menopause (surgical vs. natural) (Lv et al.,
2017; Nitkowska et al., 2014).

Oral Contraceptives and Hormone Replacement Therapy
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Besides the natural estrogen present in bodies, there are other factors that contribute to estrogen levels, such as
hormone replacement therapy and oral contraceptives.

Oral contraceptives work by taking estrogen and progestin pills (Cooper et al., 2024). A case report
that directly examined a patient in Japan reported that milder Parkinsonism was displayed after taking oral
contraceptives for 7 years (Yasui et al., 1992). Another study by Liu et al. analyzed a questionnaire comprising
“119,166 postmenopausal women and 410 self identified as patients with Parkinson’s disease” (Liu et al., 2014).
Consistent with previous research, this study found ““a significantly reduced Parkinson's disease risk with long-
term oral contraceptive use (>10 years)” compared with those who never took oral contraceptives, but shorter
use showed no association (Liu et al., 2014). Contrast to those studies mentioned above, multivariate analysis
by Nicoletti et al. showed a significant positive association between use of oral contraceptives and Parkinson's
disease through evaluating 200 women with Parkinson’s disease and 299 women who served as control subjects
(Nicoletti et al., 2011). At this point, however, it is not clear how oral contraceptives are known to be involved
in Parkinson's disease since past research shows contradicting results (Rao et al., 2023).

Hormone replacement therapy is a treatment for menopausal symptoms and works by*“taking medica-
tion to replace the estrogen that the body stops making during menopause” (The North American Menopause
Society, n.d.). Benedetti et al. compared the medical records of 72 women with and without parkinson’s disease
and reported that individuals with Parkinson’s disease had used estrogens for “at least 6 months after menopause
[8%] less frequently than control subjects” (Benedetti et al., 2001). Consistent with this review, a case control
study by Currie et al. obtained data from 68 females with Parkinson’s disease and 72 female controls and found
that women who did not take postmenopausal estrogen had a 2.5 times greater risk of having Parkinson’s dis-
ease than women who used hormone replacement therapy (Currie et al., 2004). In contrast, the findings reported
by the “Cancer Prevention Study 1113 and the Kaiser Permanente Medical Care Program of Northern Califor-
nia” found significant results that hormone replacement therapy was correlated with a higher risk of death from
Parkinson's disease and associated with a 2.6 times increased risk of Parkinson’s disease (Wang et al., 2014).
In further research by the Movement Disorder Society, a meta analysis across 14 studies indicated that hormone
replacement therapy and surgical menopause were not found to be significantly associated with Parkinson's
disease (Nicoletti et al., 2011; Wang et al., 2014). An alternative study examined incident cases of 178 women
with Parkinson’s and 189 age matched controls and found increased risk of Parkinson’s disease among women
only if postmenopausal hormone therapy was used with surgical menopause concurrently (Popat et al., 2005).
These conflicting findings may be due to other variables, “including age, estrogen dose and formulation, and
timing and length of dosing period” (Shulman, 2002). Overall, data on hormone replacement therapy is contra-
dictory, and currently there is no confirmed role for hormone replacement therapy in the development of Park-
inson's disease (Duke University Health System, 2018).

Scholarly discourse has contrasting views on whether oral contraceptives and hormone replacement
therapy are protective or pose risks (Marras & Saunders-Pullman, 2014). Despite estrogen's general acceptance
as a protective factor in the menstrual cycle, the role of oral contraceptives and hormone replacement therapy
remains inconclusive (Currie et al., 2004).

Methods

Participants and Study Design

This study aimed to compare responses from women with Parkinson's Disease and those without it, who served
as healthy controls to associate their reproductive life events with risk of Parkinson’s disease through a case
control study. Starting in mid-November 2023, the president of a Parkinson’s disease support group distributed
the questionnaire to women with Parkinson's disease in South Korea. An email reminder was sent in late De-
cember, and the questionnaire was closed on the first day of February. Concurrently, healthy control participants
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were recruited through the social media platform Instagram and word of mouth. For both groups, the inclusion
criteria required that participants were Korean women over the age of 50 residing in either South Korea or the
United States. In total, we gathered responses from 157 participants, including 134 control subjects and 23
patients with Parkinson's disease.

In our sample, the patients with Parkinson's disease were significantly older than control subjects. Due
to the uneven distribution of age, we reran the statistical analysis with matched samples of control subjects
similar in age to the Parkinson's disease group with the minimum age set to 56 for the control group. In the
restricted sample, the control subjects were reduced to 34 responses.

Materials

We administered the MATA LAB questionnaire, which is an updated version of the Parkinson’s Foundation
Parkinson's disease GENEration and we used Google Forms as a medium (Rao et al., 2022). The MATA LAB
questionnaire discussed menstruation, pregnancy, hormonal disorders/cancer, menopause, and Parkinson's dis-
ease experiences. Sample questions included “What age did you start menstruation?”” and “How old were you
when your period/menses stopped?” (Rao et al., 2022).

The questionnaire was modified to ensure that the participants could complete the survey in a timely
manner. Questions with more than two follow-up questions, as well as those focusing on improving or worsen-
ing Parkinson’s symptoms were excluded due to their inability to include control responses. Participants with
Parkinson's disease were asked a total of 16 questions and control participants answered 11 questions. The
additional questions for participants with Parkinson's disease accounted for Parkinson's disease-specific symp-
toms. A sample question included, “Did you use hormone replacement therapy before or after Parkinson's dis-
ease diagnosis?” (Rao et al., 2022).

The questionnaire includes checkboxes for ‘Yes’ or ‘No’ responses and short answers. We translated
the English questionnaire into Korean and had an expert conduct back translation to ensure accuracy.

Before completing the questionnaire, participants provided written consent, and they had the option to
choose which questions to answer, minimizing potential risks. The original questionnaire and the modified
questionnaire can be found in Appendix C and B, respectively.

The Korean version of the modified questionnaire can be found in Appendix A.

Statistical Analysis

We used Jamovi, a 3rd generation statistical spreadsheet chosen for its accessibility, versatility in analysis types,
and user-friendly interface, to perform statistical analyses. Descriptive statistics, including mean and confidence
intervals (CI), were employed for nominal answers. Categorical data were analyzed by calculating frequencies
and percentages for each status, offering an overview of estrogen-related factors within each group. For closed-
ended questions, the Binomial proportion test and Goodness of fit were utilized to determine the frequency of
yes or no responses within each group. Fisher’s exact test was applied to assess potential statistically significant
associations between two categorical variables, particularly in cases of unequal sample sizes. Numerical data,
such as reproductive lifespan, oral contraceptives usage in years, and age, were analyzed using Welch’s T-test.
We calculated relative risk, log-odds ratio, and odds ratio to determine whether the factors showed a positive
or negative correlation with Parkinson's disease. This method proves to be valuable in my research, particularly
for examining an analysis that indicates whether there is an increase or decrease in the likelihood of an event
based on specific exposures, such as oral contraceptives, hormone therapy, or reproductive lifespan.

Results
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The mean ages of the individuals with and without Parkinson’s disease were 65 (standard deviation = 5.11,
range: 57-78) and 55.7, respectively (standard deviation = 7.14, range: 50-82). The difference in age between
the two groups was significant (p < .001). See Figure 1 below for the age distribution in two groups.

Age

Yes 4

Have you been diagnosed with Parkinson's Dise

Figure 1. Participant ages separated by group (Parkinson's disease and Control)

The mean age at menopause was 46.8 years for individuals with Parkinson’s and 50.2 years for the
control group. The mean age at menarche was 14.8 years for both groups. The mean reproductive lifespan was
31.9 years for individuals with Parkinson’s and 35.5 years for the control group. These results can be found on

Table 1.

Table 1. Welch’s T-Test (Parkinson's disease and Control)
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Statistic df D
Age Welch's t 7.611 38.46 <.001
Years of Oral Contraceptives Usage Welch'st  -0.160 7.28 0.878
Age at Menopause Welch's t -1.611 21.50 0.122
What age did you start menstruation? Welch's t 0.105 24.78 0.918
Years of Reproductive Lifespan Welch'st  -1.577 20.53 0.130
Note. H_ Uyes # U o
Group Descriptives
Group N Mean Median SD SE
Age Yes 23 65.04 64.0 5.11 1.066
No 134 55.67 53.0 7.14 0.616
Years of Oral Contraceptives Usage Yes 5 1.20 0.0 217 0.970
No 21 1.38 0.0 269 0.587
Age at Menopause Yes 21 46.76 49.0 9.60 2.094
No 96 50.20 50.5 3.04 0.402
What age did you start menstruation? Yes 21 14.81 15.0 1.60 0.349
No 131 14.77 15.0 1.35 0.118
Years of Reproductive Lifespan Yes 20 31.90 34.0 10.00 2.236
No g5 35.49 36.0 4.35 0.446

Table 2 presents a summary of the frequency and proportions of yes or no responses, categorized by
the Parkinson’s disease (PD) group and Control group. In the responses gathered from individuals with Parkin-
son’s, 100% were not menstruating, while in the control group, 26.9% were still menstruating. 39.1% of the
individuals with Parkinson’s and 58.1% individuals from the control group were perimenopausal in our sample.
Lastly, 91.3% of the individuals with Parkinson’s and 71.2% of the individuals from the control group were
menopausal. It is important to note that these questions were asked individually, and participants were able to
respond yes to more than one (i.e. they could’ve answered yes to both perimenopausal and menstruating if they
were experiencing distant and irregular menses, or they could’ve answered yes to both perimenopausal and
menopausal if they were on the later stage of perimenopause. This explains why the total percentages add up to
over 100%). Surgical menopause was experienced by 27.3% of the individuals with Parkinson’s and 16.5% in
the control group. These risk factors are revealed to be a statistically insignificant positive correlational variable
for Parkinson's disease. Oral contraceptives were reported to be used for an average of 1.4 years by the group
of individuals with Parkinson’s and 1.5 years by the control group. In the group of individuals with Parkinson’s,
23.8% reported a history of oral contraceptives use, while in the control group, 17.6% did. For hormone re-
placement therapy, 30.4% of the individuals with Parkinson's disease and 14.6% of control subjects reported to
have used it.
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Table 2. Binomial Test (Parkinson’s disease and Control)

Level Count Total  Proportion p
Have you used hormone replacament therapy? (PD group]  Yes 7 2 0.204 0.053
Mo 18 ] 0.6a6 0.0583
Have you used hormona replacement therapy? (Control) Yias 19 130 0.146 <001
Mo 111 130 0.854 <001
Havig you aver used oral contraceptives? (PLD group) Yas & 21 0.238 0.027
Mo 18 21 0.762 0027
Have you ever used oral contraceptives? {Control) Yes 23 131 0178 =001
Mo 108 131 0.824 <001
Are you still menstruating? (PD group) Mo 23 2 1.000 <001
Are you still menstrugting? (Control) Yesg 36 134 0.268 <00
Mo ] 134 0.7 <00
Are you perimencpausal? (PD group) s g 24 0.&91 0]
Mo 14 & 0.609 D405
Are you perimenopausal? (Contral) s [ 12 0,581 0.078
Mo - 129 0.418 0.owE
Have you experienced menopause? (PD group) Yas 21 i 0,913 <00
Mo g &3 0.087 <0
Have you experienced menopause? [Contral) Yes 84 132 0712 <00
Mo 38 132 0,288 <.
Did you undergo a surgical menopause? [PD group) Yes -] &2 0.273 0.052
Mo 18 22 0.Far 0.052
Did you undergo a surgical menopause? (Control] Yas 20 121 0,165 <001
Mo 1 121 0,B35 < 001
Table 3 illustrates a supplementary question directed specifically to individuals with Parkinson’s dis-
ease regarding the onset of Parkinson’s disease symptoms in relation to their reproductive lifespan. No statisti-
cally significant differences were noted in the onset of Parkinsonism compared to the onset of symptoms during
regular menses, perimenopause, or one year or more after the last menstrual period (p > .05). The responses of
individuals with Parkinson’s regarding the timing of onset to the menstrual cycle were statistically significant,
with notable differences between responses concerning menstruation and menopause (p < .001 for both). How-
ever, there were no statistically significant differences observed in instances of perimenopause affecting Park-
inson's disease risk (p > .05).
Table 3. Parkinsonism Onset Proportions
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Proportions - When did your Parkinson's onset start?

Level Count Proportion
While going through perimenopause Observed 10 0.455
Expected 7.33 0.333
One year or more after last menstrual period Observed 9 0.409
Expected 7.33 0.333
While having regular periods Observed 3 0.136
Expected 7.33 0.333
X? Goodness of Fit
x* df D
3.91 2 0.142

As seen in Table 4, all the individuals with Parkinson’s disease that identified to have used hormone
replacement therapy used them before their Parkinson’s diagnosis.

Table 4. Proportions Test in Relations to Parkinson’s Diagnosis

Proportions - Did you use hormone replacement therapy...

Level Count Proportion
Before PD diagnosis Observed 8 1.00
Expected 4.00 0.500

Information on the frequencies of the different types of hormone replacement therapy for both Parkin-
son’s disease group and the control group can be found in Table 5.

Table 5. Fisher’s Exact Test (Parkinson's disease and Hormone replacement therapy)

Contingency Tables

Have you been diagnosed with Parkinson's Disease?

What type of Hormone replacement therapy? Yes No Total
Estrogen 4 14 18
Progesterone 1 2 3
Progestin 0 1 1
Other 3 3 6
Total 8 20 28
¥? Tests
Value df p

X% continuity correction 2.14 3 0.544

Fisher's exact test 0617

N 28
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Table 6 presents a summary of the proportions of hormone types used by participants. In the Parkin-
son's disease group, 50% used estrogen, 12.5% used progesterone, and 37.5% used other hormones. Conversely,
in the control group, 70% used estrogen, 10% used progesterone, 5% used progestin, and 15% used other forms.

Table 6. Proportions for types of hormone replacement therapy used (Parkinson's disease and Control)

Proportions - Type of HRT (Control) Proportions - Type of HRT (PD group)

i SNk Srpesson Level Count Proportion
Other 3 0.1500 )
Estrogen 14 0.7000 Other 3 0.375
Progesterone 2 0.1000 Estrogen - 0.500
Progestin 1 0.0500 Progesterone 1 0.125

To evaluate the associations of oral contraceptives, hormone replacement therapy, surgical menopause,
and instances of current menstruation, perimenopause and menopause with the risk of Parkinson's disease, we
calculated relative risk, log-odds ratio and odds ratio with 95% CI.

The pooled relative risk was 1.44 (CI: 0.575-3.58) for oral contraceptives use (ever versus never), 1.75
(CI: 0.776-3.82) for surgical menopause, 2.12 (CI: .971-4.63) for hormone replacement therapy (ever versus
never), .513 (CI: .237-1.11) for perimenopause, 3.68 (CI:

.904-15) for instances of menopause.

The pooled odds ratio was 1.53 (CI: 0.509-4.63) for oral contraceptives use (ever versus never), 1.99
(CI: 0.692-5.75) for surgical menopause, .0568 (CI: .00336-.96) for menstruation, 2.53 (CI: .92-6.97) for hor-
mone replacement therapy (ever versus never), .454 (CI: .181-1.13) for perimenopause, 4.29 (CI: .959-19.2)
for instances of menopause.

The pooled log-odds ratio was .429 (CI: -.676-1.53) for oral contraceptives use (ever versus never),
.69 (CI: -.369-1.75) for surgical menopause, -2.87 (CI: -5.69-0.0408) for menstruation, .929 (CI: -.835-1.94)
for hormone replacement therapy (ever versus never), -.789 (CI: -1.7- .119) for perimenopause, 1.46 (CI: -
.0423-2.96) for instances of menopause.

Restricted Sample

In the subset control group, the mean age is 65 (standard deviation = 5.11, range: 57-78) and 65.5 (standard
deviation = 7.74, range: 57-82) in the Parkinson's disease group and control group, respectively. No significant
differences were observed in years of oral contraceptives usage, instances of surgical menopause, hormone
replacement therapy, and its types, menopause, age at menopause, age at menarche, and years of reproductive
lifespan. The null hypothesis is still accepted for oral contraceptives usage, surgical menopause, hormone re-
placement therapy usage, and experience of perimenopause. However, statistically significant differences are
no longer observed in instances of menopause.

Discussion

In our sample, individuals without Parkinson's disease exhibited a longer reproductive lifespan, an earlier age
at menarche, and a later age at menopause. As expected, our data revealed a significant decrease in the preva-
lence of Parkinson's disease for those who are still menstruating, with a 94% reduction in risk. However, the
observed differences may be influenced by age. Notably, we observed a 54.6% decrease in Parkinson's disease
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risk for individuals experiencing perimenopause and a triple increase in risk for those who have undergone
menopause. The Parkinson's disease group was significantly older than the control group, with a mean differ-
ence of almost 10 years (p < .001). This prompts consideration of potential implications for the validity of the
results. It's possible that the control group may not be old enough to have developed Parkinsonism, as Parkin-
son's disease is uncommon in individuals younger than 50, with the average age of diagnosis being around 60
(Johns Hopkins Medicine, 2023). The mean age at menopause for the Parkinson's disease group in our data
(46.8) appears to be younger than the United States national average age at menopause (49.9) and the South
Korean national average age at menopause (49.3) (Appiah et al., 2021; Kim et al., 2023). Additionally, we
found that the average reproductive lifespan in the United States (37.1) exceeded that of both the Parkinson’s
disease group (31.9) and the control group (35.5), as well as the average reproductive lifespan of the South
Korean population (34.1) (Appiah et al., 2021; Kim et al., 2023). These comparisons provide additional insights
suggesting that our study sample is consistent with the average Korean sample and aligns with previous research
indicating that earlier menopause is a risk factor. Reduced estrogen levels may contribute to the higher preva-
lence of Parkinson's disease in South Korea compared to the United States (Appiah et al., 2021; Kim et al,,
2023).

Next, we investigated the potential contribution of surgical menopause as a risk factor in Parkinson's
disease. Our study revealed a 99% increase in the risk of Parkinson's disease associated with surgical meno-
pause. This finding aligns with existing research, suggesting a connection between increased Parkinson's dis-
ease risk and the removal of ovaries, leading to a subsequent decline in estrogen levels (Marras & Saunders-
Pullman, 2014; Nitkowska et al., 2014). However, these observed differences did not meet our threshold for
statistical significance (p > .05). Future research should consider this question with a larger sample size.

Previous research has found mixed results on the relationship between oral contraceptives with Park-
inson's disease risk (Marras & Saunders-Pullman, 2014). In our sample, individuals from both the control and
Parkinson's disease groups who reported oral contraceptives usage had an average duration of approximately
1.45 years, which is too short for oral contraceptives to exhibit a protective factor for Parkinson's disease (Liu
et al., 2014). My initial hypothesis was that estrogen and oral contraceptives would be a protective factor against
the development of Parkinson’s disease. This expectation was based on the idea that oral contraceptives usage
is less common in South Korea and these factors could explain the elevated prevalence of Parkinson's disease
among women compared to men in South Korea, in contrast to the global average (Park & Kim, 2021; Park et
al., 2019). However, this hypothesis was rejected, as we observed that oral contraceptives users are 53% more
likely to correlate with Parkinson's disease risk. Limitations included recruitment of a convenience sample,
which might have contained greater or fewer oral contraceptive users than expected based on population prev-
alence rates, and a comparatively brief duration of oral contraceptives usage, may account for these unexpected
findings. Alternatively, these results could be interpreted to suggest that while oral contraceptives may demon-
strate protective effects in other countries, the opposite effect may be observed in South Korea due to unique
contributing factors. Variations in the concentrations of progesterone and estrogen in oral contraceptives, as
well as differences in predominant oral contraceptive formulations in South Korea, could potentially account
for this difference. Such an interpretation would explain the higher prevalence of Parkinson's disease among
women compared to men in South Korea, deviating from global patterns (Park et al., 2019).

In our study, hormone replacement therapy was a correlational factor associated with an increased
Parkinson's disease risk. Considering the role of hormone replacement therapy in alleviating postmenopausal
symptoms, the increased risk may stem from co-occurring factors such as low estrogen levels prompting the
need for hormone replacement therapy (The North American Menopause Society, n.d.). Previous research also
indicated the importance of variables such as the timing of hormone replacement therapy usage (Shulman,
2002). For example, hormone replacement therapy is known to prevent dementia, symptoms that individuals
with Parkinson’s disease commonly experience, if it starts within the first five years of menopause (Ali et al.,
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2023; National Institute on Aging, 2022). However, these differences did not meet our threshold for statistical
significance (p >.05).

It is possible that the inconclusive results observed across the data reflect differences between
healthcare systems. South Korea may diagnose women earlier and have better screening practices for women,
which could impact the onset of symptoms and the timing of diagnosis, consequently leading to a higher re-
ported prevalence of Parkinson's disease among women compared to the global average. However, detailed
data regarding diagnostic practices and screening protocols were not available for analysis in this study. Further
research should consider different healthcare systems to better understand the inconsistency in the role of es-
trogen in Parkinson's disease prevalence.

Limitations and Future Research

The study's limitations included a recruitment of a convenient sample as participants were not randomly selected
and the questionnaire was distributed in a targeted website. There was no equal opportunity and random sam-
pling and population based. There was also an uneven distribution between the two sample groups. Moreover,
relying on online communication with individuals in South Korea raises concerns about the reliability of self-
reported data, in addition to the difficulty in reaching this geographically distant group. Additionally, the study
overlooks environmental factors specific to residing in South Korea, as responses were collected from Koreans
living in both South Korea and the United States. Future studies could consider replicating this research with
an additional inclusion criteria, specifically targeting residents of South Korea to better account for fitting en-
vironmental factors. An oversight in survey design was noted, particularly in the categorization of participants
based on menstruation status. Instead of posing independent questions for menstruation, perimenopause, and
menopause, a forced-choice option could have been done to result in percentages that sum up to 100.

Future research should address hormone replacement therapy and oral contraceptives further. Specif-
ically, examining the age at which hormone replacement therapy was initiated and its correlation with the onset
of Parkinson's disease could provide valuable insights (Shulman, 2002). Different brands of oral contraceptives
have different doses of estrogen, which is crucial to consider (Hatcher, 2018). The duration of oral contraceptive
use may have a potential impact on Parkinson’s disease (Michael J. Fox Foundation, n.d.).

Likewise, future research should thoroughly explore the gender-associated risks of sociocultural symp-
toms that might explain observed sex differences in prevalence of Parkinson’s disease. More variables influ-
encing estrogen levels, such as pregnancy, menstrual symptoms in Parkinson's disease patients, sexual activity,
breast cancer, and natural estrogen intake, were not addressed due to time constraints (Rao et al., 2023). These
unexamined variables may exert a more substantial influence on estrogen levels than those investigated in our
study. Investigating the role of estrogen in either serving a protective or risk through research opens further
exploration into non-genetic gender-specific symptoms. This includes societal gender norms, stigma, and cul-
tural and social roles influencing treatment and diagnosis (Currie et al., 2004; Maffoni et al., 2017). For exam-
ple, women experience misdiagnosis, and delayed diagnosis, influencing factors like higher mortality rates and
a faster progression of Parkinson's disease (Cerri et al., 2019; Criado-Perez, 2021). It is possible that there is a
shorter time window between symptom onset and diagnosis of Parkinson’s disease for South Korean women
due to the different healthcare system. Addressing these issues could contribute to reducing the underrepresen-
tation of women in Parkinson's disease research, initiating a discourse on the harmful effects of solely focusing
on men's symptoms, and promoting better representation and support for women, who are less likely to have a
specialist or a caregiver in their family (Kim & Woo, 2022; Morris, 2001).
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Conclusion

Given the absence of well-established prevention methods for Parkinson's Disease, understanding the risks is
valuable in this field. The current study found that Parkinson's disease is more prevalent among women who
have undergone surgical menopause, used hormone replacement therapy and oral contraceptives, and experi-
enced menopause. A closer examination of each variable reveals significant differences, suggesting protection
during menstruation, non-significant protective results for perimenopause and non-significant risk results for
menopause. Due to the contradicting results on the role of estrogen from the variables investigated, our study
concluded that estrogen is neither a protective nor a risk factor for Parkinson's disease.

The significance of my research lies in expanding our understanding of Parkinson's disease within a
group that has been underrepresented in the Parkinson’s disease literature, namely Asian women. This becomes
crucial in acknowledging the existence of sex-specific symptoms in Parkinson's disease, an understanding es-
sential for properly supporting patients and ensuring a high quality of life tailored to their diverse lifestyles.
The research opens for further exploration into non-genetic gender-specific symptoms, such as societal gender
norms and stigma. Addressing these issues could contribute to reducing the underrepresentation and medical
discrimination of women in Parkinson's disease research.
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