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Abstract: Previous studies revealed that hormone replacement therapy (HRT) probably has a pro-
tective effect for preventing dementia in post-menopausal women. However, the results were still
controversial. The association between cholesterol levels and incident dementia in older women is
not fully understood either. We conducted a retrospective analysis on a cohort of non-demented
women aged older than 50 years, which was registered in the History-based Artificial Intelligence
Clinical Dementia Diagnostic System database from September 2015 to August 2021. We followed
this cohort longitudinally to examine the rates of conversion to dementia. Using a Cox regression
model, we investigated the impact of the quartile of total cholesterol (TC) levels on incident dementia,
adjusting for age, sex, education, neuropsychiatric symptoms, neuropsychological assessments, HRT,
as well as various vascular risk factors and medications. We examined a cohort of 787 participants,
comprising 539 (68.5%) individuals who did not develop dementia (non-converters). Among these
non-converters, 68 individuals (12.6%) were treated with HRT. By contrast, there were 248 (31.5%)
who did develop dementia (converters). Among the converters, 28 individuals (11.3%) were treated
with HRT. The average follow-up durations were 2.9 ± 1.5 and 3.3 ± 1.6 years for non-converters and
converters, respectively. Compared to the lowest quartile of TC levels (<153), the hazard ratios (HR)
for converting to dementia were 0.61, 0.58, and 0.58 for the second (153–176), third (177–201), and
highest (>201) quartiles, respectively (all p < 0.05). However, the low-density lipoprotein cholesterol
(LDL-C) level and HRT did not alter the rate of conversion to dementia. In conclusion, the lowest
quartile of TC increased incident dementia in post-menopausal women without dementia; however,
HRT did not contribute to conversion to dementia. Some studies suggest that post-menopausal
women who have reduced estrogen levels might have an increased risk of Alzheimer’s disease if they
also have high cholesterol. Nonetheless, the evidence is inconclusive, as not all studies support this
finding. The “Lower LDL-C is better” strategy for preventing cardiac vascular disease should be
re-examined for the possible serial adverse effects of new onset dementia due to very low cholesterol
levels.

Keywords: cholesterol; incident dementia; Alzheimer’s disease; women; dementia

1. Introduction

In recent times, dementia has been increasingly prevalent among the elderly, and
this stems from various underlying causes. Notably, abnormal protein buildup has been
found to coincide with compromised neurovasculature in individuals at different stages
of dementia. The connection between vascular dysfunction and dementia was initially
documented several decades ago [1]. Alzheimer’s disease (AD) stands as the prevailing
variant of dementia and frequently manifests concurrently with vascular cognitive im-
pairment (VCI) [2]. The neuropathological features characteristic of AD encompass the
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buildup of senile plaques, comprising an Aβ peptide, and the intraneuronal aggregation of
neurofibrillary tangles (NFTs), composed of the hyperphosphorylated microtubule-binding
protein tau (p-tau) [1]. Dementia with Lewy bodies ranks as the second most prevalent
source of neurodegenerative dementia among older individuals [3]. Pathologically, DLB
is identified by the anomalous accumulation of the synaptic protein α-synuclein, forming
“Lewy bodies” within neurons, often accompanied by brain atrophy, albeit less pronounced
than in AD [4].

There is evidence to suggest that hormonal changes during menopause may play a role
in the development of dementia among post-menopausal women [5]. Estrogen is a hormone
that declines sharply during menopause, and it is thought to have a protective effect on
brain function [6]. Current hormone replacement therapy (HRT) encompasses conjugated
equine estrogens (CEE), oral estradiol (E2) and transdermal estradiol, and esterified estrogen
(EE) [7]. The typical initial oral doses for different estrogen formulations are as follows:
0.625 mg for CEE, 1 to 2 mg for E2, and 0.625 mg for EE. The standard dosage for transdermal
E2 is 50 µg. It is essential to understand that the dosing schedules are established with
consideration to biological endpoints and improvements in clinical symptoms [8]. There
are two types of routes of administration for estrogen: oral and transdermal. Oral and
transdermal estrogens reduce total cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C). For post-menopausal women who have cardiovascular disease risk factors or
are obese, the transdermal method of hormone therapy is the recommended choice [8].
Some studies have suggested that HRT with estrogen may reduce the risk of cognitive
decline and dementia in post-menopausal women [9]. However, other studies have found
conflicting results [10], and the use of HRT has been associated with increased risks of
stroke, blood clots, and breast cancer [11–13], which yield increased risk of dementia.
Therefore, the decision to use HRT should be made on an individual basis after weighing
the potential benefits and risks. It is also important to note that there are other factors
that may contribute to the development of dementia, such as genetics, lifestyle factors,
and medical conditions. Therefore, further research is needed to fully understand the
relationship between hormonal changes during menopause and the risk of dementia.

The association between low serum TC or LDL-C levels and the risk of dementia
in older or post-menopausal women is not fully understood. While some studies have
suggested that low cholesterol levels may be associated with an increased risk of dementia,
others have found no significant association or have even suggested that high cholesterol
levels or elevated levels of LDL-C, often referred to as “bad cholesterol”, may be a greater
risk factor [14–18]. A plausible explanation for the association between low cholesterol
levels and the risk of dementia is that cholesterol is important for the production and main-
tenance of cell membranes, including those in the brain [19–21]. The probable contributing
factor for low cholesterol levels, inducing incident dementia, may include broken lipid
rafts and demyelination in the brain [21–23]. Lowering TC or LDL-C levels may therefore
be associated with impaired brain function and an increased risk of dementia [15–17]. One
possible mechanism for the association of high LDL-C and dementia is that high levels of
LDL-C can contribute to the formation of beta-amyloid plaques in the brain, which is a
hallmark of AD [24,25]. Additionally, high cholesterol levels may lead to atherosclerosis
and cause the narrowing of blood vessels, which can reduce blood flow to brain and impair
cognitive function [26]. There is also evidence to suggest that treating high cholesterol with
statin medications may reduce the risk of dementia in some individuals [27]. However,
more research is needed to fully understand the relationship between cholesterol levels
and the risk of dementia, as well as the potential benefits and risks of cholesterol-lowering
medications in this context.

In this current study, based on the important physiological functions of cholesterol and
controversial evidence of cholesterol levels and incident dementia, we hypothesized that
sufficient serum cholesterol levels are essential for the maintenance of cognitive function,
and cholesterol levels that are too low contribute to the development of dementia among
older adults, especially post-menopausal women. Hence, in the clinical setting, the strategy
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of “lower LDL-C is better” for preventing cardiovascular disease should be reconsidered in
light of the potential adverse effects of developing new-onset dementia as a result of very
low cholesterol levels.

2. Materials and Methods

This retrospective study utilized data from the History-based Artificial Intelligence
Clinical Dementia Diagnostic System (HAICDDS) project, which involved longitudinal
follow-up. HAICDDS is presently employed to enroll dementia patients at four hospitals
within the Show Chwan Healthcare System in Taiwan [28–30]. The primary objective of this
study was to systematically and uniformly record individuals with cognitive impairment
(CI) or dementia in this dataset. This dataset was intended for subsequent utilization in
machine learning or deep learning in order to enhance the prediction, diagnosis, and differ-
ential diagnosis of stages and subtypes. Consequently, we enrolled a consecutive cohort
of participants, which included both healthy individuals and patients exhibiting brain
degeneration associated with AD or Lewy body disease (LBD), CI due to cerebrovascular
disease (CVD), or other brain disorders associated with the decline of cognitive functions.
Neuropsychologists who underwent comprehensive training conducted interviews with
all participants and their informants. They instructed participants to undergo a battery of
neuropsychological tests and complete surveys regarding their daily living activities. In
addition to the Clinical Dementia Rating (CDR) scale [31], neuropsychiatric evaluations in-
cluded the Cognitive Abilities Screening Instrument (CASI) [32] and the Montreal Cognitive
Assessment (MoCA) [33]. We also evaluated the function of activities of daily living (ADL)
using the History-based Artificial Intelligence Activities of Daily Living (HAIADL) [28]
and assessed behavioral and psychological symptoms with the Neuropsychiatric Inventory
(NPI) [34] to evaluate the severity of CI or dementia.

2.1. Diagnosis of Non-Dementia and Dementia in the HAICDDS Database

We defined non-dementia as follows: a global CDR [31] score of 0 or 0.5 with a
CDR-SB < 4.5 [29,35–37]. Additionally, the CASI score was required to fall within the non-
demented range after adjusting for sex, age, and education [32]. An HAIADL score < 8.5
were used to operationalize the absence of significant functional impairment [28]. We
diagnosed dementia according to the criteria outlined by the National Institute on Aging-
Alzheimer’s Association (NIA-AA) [38]. By contrast, participants were classified as having
dementia if they exhibited impairments in two or more cognitive domains and experi-
enced a decline in their daily functioning, indicated by a global CDR score ≥ 0.5 or a
CDR-SB ≥ 4.5 [29,35–37]. We employed an HAIADL score > 8 to operationalize the diag-
nosis of functional impairment [28]. CI was defined using the CASI. The cutoff score, after
adjusting for sex, age, and education, was required to fall within the range indicative of
dementia [32].

2.2. Definition of Conversion

The initial evaluation, referred to as the baseline, was conducted for both converters
(individuals who developed dementia) and non-converters (individuals who did not
develop dementia). Subsequent follow-up tests were defined as checkpoints. Furthermore,
at subsequent checkpoints, the scores for CDR, CDR-SB, MoCA, CASI, HAIADL, and IADL
needed to demonstrate a decline compared to the baseline scores. For individuals who
converted to dementia, the endpoint was determined by reaching the criteria for conversion
without reverting to non-dementia stages. By contrast, for those who did not convert to
dementia, the final checkpoint served as the endpoint.

2.3. Study Procedure

A comprehensive outline of the procedure is exhibited in Figure 1. Between September
2015 and December 2021, we recruited and analyzed individuals with a CDR < 1 who
were older than 40 years and had undergone at least one follow-up assessment. Initially, a
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total of 10,581 participants were selected from the HAICDDS data. Participants without
follow-up data, men, menstruating women, or those with dementia were excluded. Finally,
787 post-menopausal women without dementia were included for this study. The analysis
encompassed the following datasets: (1) demographic information such as age, sex, edu-
cation, duration of the follow-up, and a history of relevant medical conditions including
dyslipidemia, cerebrovascular disease, hypertension, diabetes, congestive heart failure
(CHF), carotid artery disease, and arrhythmia; and (2) the results of various assessments,
including CDR-SB and neuropsychological tests such as MoCA, CASI, HAIADL, and NPI.
Individuals who converted to dementia and those who did not were distinguished, and the
hazard ratios (HRs) for the quartile of TC levels and demographic variables were analyzed.
We also calculated and compared the conversion rates.Nutrients 2023, 15, x FOR PEER REVIEW 5 of 14 
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2.4. Statistics

We utilized the Chinese version of IBM SPSS Statistics for Windows, version 22.0
(IBM Corp., Armonk, NY, USA), for conducting statistical analyses. Independent t-tests
were employed to assess variables between two groups based on the assumption that two
groups were independent from each other. Because our sample size was relatively large,
the dependent variable was considered to be approximately normally distributed for each
group. The homogeneity of variances between the two groups was assumed to be equal;
this was checked using Levene’s test. These variables included age, education, follow-up
duration, and the scores for CASI, CDR-SB, MoCA, HAIADL, and NPI. Lipid profiles, which
encompassed TC, LDL-C, high-density lipoprotein cholesterol (HDL-C), triglyceride, and
other measurable physical data were compared using independent t-tests. Meanwhile, sex
distribution and the history of other relevant medical conditions were evaluated using the
chi-square test. Analysis of HRT and other medications were performed by the chi-square
test. We employed the Cox regression model within the non-demented cohort to explore
the impact of TC or LDL-C levels on conversion to dementia. HRs were adjusted for all
of the following confounding factors, including age, education, cognitive function (CASI),
activities of daily living (HAIADL), neuropsychiatric symptoms (NPI), CVD, dyslipidemia,
diabetes, hypertension, coronary artery disease (CAD), arrythmia, CHF, systolic blood
pressure (SBP), fasting glucose, creatinine, and all medication. The conversion rates for
various TC levels and all other factors were summarized. A significance level of p < 0.05
was applied to determine statistical significance for all analyses.

2.5. Ethical Consideration

This study was performed in a retrospective manner, with the data analyzed and
processed in an anonymous fashion. The institutional review board of Show Chwan
Memorial Hospital granted approval for this study and waived the need for informed
consent (SCMH_IRB No: IRB1110503).

3. Results

A total of 787 participants were analyzed, including 539 (68.5%) non-converters and
248 (31.5%) converters with a mean follow-up of 2.9 ± 1.5 and 3.3 ± 1.6 years, respectively.
In the comparison between the converter and non-converter groups before adjustment, the
converter group had an older age, lower education, lower cognitive performance, lower
daily functions, a history of diabetes, a history of using anti-diabetic drugs, and higher
fasting glucose levels. Regular exercise, a history of hyperlipidemia, higher TC, and higher
LDL-C decreased conversion rates (Table 1).

Table 1. Comparison of demographical information among participants without dementia, stratified
into the non-converter and converter groups.

Non-Converters
Mean (SD)

Converters
Mean (SD) p-Value

N 539 248
Age, year 70.3 (8.8) 77.0 (7.2) <0.001

Education, year 5.2 (4.4) 4.1 (3.8) <0.001
Follow-up, year 2.9 (1.5) 3.3 (1.6) <0.001

CDR-SB 1.3 (1.1) 2.2 (1.2) <0.001
CASI 76.2 (12.4) 67.7 (11.1) <0.001

MoCA 17.2 (6.4) 12.6 (4.9) <0.001
HAIADL 3.2 (2.4) 5.0 (2.8) <0.001

NPI 4.4 (6.3) 4.6 (5.5) NS
Cerebrovascular disease, N (%) 106 (19.7) 64 (25.8) NS

Hypertension, N (%) 378 (70.1) 189 (76.2) NS
Diabetes, N (%) 192 (35.6) 108 (43.5) 0.040

Dyslipidemia, N (%) 348 (64.6) 133 (53.6) 0.005
Coronary artery disease, N (%) 52 (9.6) 33 (13.3) NS
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Table 1. Cont.

Non-Converters
Mean (SD)

Converters
Mean (SD) p-Value

Atrial fibrillation, N (%) 70 (13.0) 48 (19.4) 0.024
Congestive heart failure, N (%) 42 (7.8) 32 (12.9) 0.026

Regular exercise, N (%) 288 (53.4) 83 (33.5) <0.001
Hormone replacement therapy, N (%) 68 (12.6) 28 (11.3) NS

Anti-Hypertensive, N (%) 378 (70.1) 189 (76.2) NS
Anti-Diabetes, N (%) 192 (35.6) 108 (43.5) 0.021

Lipid-lowering drugs, N (%) 348 (64.6) 133 (53.6) NS
Total Cholesterol 182.9 (35.8) 170.5 (39.6) <0.001

Low-density lipoprotein cholesterol 109.4 (32.2) 98.8 (33.1) <0.001
High-density lipoprotein cholesterol 54.8 (15.1) 53.4 (17.4) NS

Triglyceride 129.7 (80.1) 129.8 (87.2) NS
Systolic blood pressure 134.0 (18.3) 135.9 (18.2) NS

Ac glucose 112.6 (36.0) 119.0 (41.3) 0.047
Body mass index 24.8 (3.1) 24.0 (3.7) NS

Creatinine 0.8 (0.4) 1.0 (0.6) 0.002
CDR-SB, sum of the boxes of the Clinical Dementia Rating scale; N, number; SD, Standard deviation; NS, non-
significance; CASI, Cognitive Abilities Screening Instrument; MoCA, Montreal Cognitive Assessment; IADL,
Activities of Daily Living in the History-based Artificial Intelligence Clinical Diagnosis of Dementia System; NPI,
Neuropsychiatric Inventory.

Table 2 demonstrates the results of the role of TC and other variables in the conversion
from non-dementia to dementia among participants. HRs were compared with the non-
converter group and were adjusted for several factors, including age, education, cognitive
function (CASI), activities of daily living (HAIADL), neuropsychiatric symptoms (NPI),
CVD, dyslipidemia, diabetes, hypertension, CAD, arrythmia, CHF, systolic blood pressure,
fasting glucose, creatinine, and all medication. Compared to the non-converter group, the
HRs for conversion to dementia, except for the contribution of TC levels, age (HR = 1.09;
p < 0.001), education (HR = 1.09; p < 0.001), CASI score (HR = −0.98; p < 0.001), HAIADL
score (HR = 1.11; p < 0.001), no exercise (HR = 1.27; p = 0.010), and SBP (HR = 1.01;
p = 0.048), were also significantly associated with conversion. Worse neuropsychiatric
symptoms showed a trend of increasing conversion rates (HR = 1.03; p = 0.057).

Table 2. The impact of TC and various other variables on the conversion from non-dementia to
dementia in the participants of this study. HRs were compared with the non-converter group and
adjusted for factors including age, education, cognitive function (CASI), activities of daily living
(HAIADL), neuropsychiatric symptoms (NPI), CVD, dyslipidemia, diabetes, hypertension, CAD,
arrythmia, CHF, SBP, fasting glucose, creatinine, and all medication.

Variables B Wald Sig Exp 95% Confidence Interval for Exp

Cholesterol
Q1 (<153) 0

Q2 (153–176) −0.54 4.10 0.043 0.58 0.35–0.98
Q3 (177–201) −0.55 5.39 0.020 0.58 0.37–0.92

Q4 (>201) −0.50 5.28 0.022 0.61 0.70–0.93
Age 0.07 30.42 <0.001 1.09 1.05–1.10

Education 0.09 12.28 <0.001 1.09 1.04–1.14
CASI −0.03 6.74 0.009 0.98 0.96–0.99

HAIADL 0.11 10.64 0.001 1.11 1.04–1.19
NPI 0.03 3.62 0.057 1.03 1.00–1.05
CVD 0.14 0.53 0.465 1.15 0.79–1.67

diabetes −0.00 0.00 0.996 1.00 0.52–1.93
hypertension 0.06 0.02 0.888 1.06 0.49–2.27
dyslipidemia −0.01 0.00 0.973 0.99 0.65–1.52

CAD 0.32 1.89 0.169 1.38 0.87–2.17
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Table 2. Cont.

Variables B Wald Sig Exp 95% Confidence Interval for Exp

CHD 0.40 2.66 0.103 1.49 0.92–2.42
No exercise 0.24 6.66 0.010 1.27 1.06–1.53

Hormone replacement therapy 0.24 0.79 0.375 1.26 0.75–2.13
Antihypertensives −0.04 0.01 0.928 0.97 0.45–2.06

Anti-diabetes 0.09 0.06 0.803 1.09 0.55–2.17
Lipid-lowering drugs −0.15 0.52 0.470 0.86 0.58–1.29

SBP 0.01 0.39 0.048 1.01 1.00–1.02
Fasting glucose 0.00 0.53 0.468 1.00 1.00–1.01

Creatinine 0.11 0.67 0.413 1.12 0.86–1.46

CASI: Cognitive Abilities Screening Instrument; HAIADL: History-based Artificial Intelligence Activities of Daily
Living; NPI: Neuropsychiatric Inventory.

Figure 2 demonstrated the percentage frequency of conversion across different quar-
tiles of TC levels (Q1 < 153; Q2 153–176; Q3 177–201; Q4 > 201). HRs were adjusted for
age, education, follow-up years, cognitive function (CASI), activities of daily living (HA-
IADL), neuropsychiatric symptoms (NPI), dyslipidemia, diabetes, hypertension, CAD,
atrial fibrillation, CHF, medications, and medical measurements. Compared to the lowest
quartile (<153), the HRs for conversion to dementia were 0.61, 0.58, and 0.58 for the second
(153–176), third (177–201), and highest (>201) quartiles, respectively (all p < 0.05).
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Figure 3 demonstrated the percentage frequency of conversion based on quartiles of
LDL-C levels (Q1 < 84; Q2 84–102; Q3 103–123; Q4 > 123). HRs were adjusted for several
variables, including age, education, follow-up years, cognitive function (CASI), activities of
daily living (HAIADL), neuropsychiatric symptoms (NPI), dyslipidemia, diabetes, hyper-
tension, CAD, atrial fibrillation, CHF, medications, and medical measurement. Compared
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to the Q1 group, HRs were 0.81, 0.81, and 0.78 in the Q2, Q3, and Q4 groups, respectively.
However, no statistically significant differences were observed between these groups.
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However, HRT did not alter the rate of conversion to dementia. Furthermore, older
age, lower educational attainment, diminished cognitive performance, a history of diabetes,
the use of anti-diabetic drugs, and higher fasting glucose levels increased conversion rates.
On the other hand, regular exercise, a history of hyperlipidemia, higher TC, and higher
LDL-C decreased conversion rates.

4. Discussion

In this study, we applied relatively stringent criteria to determine dementia conversion.
Conversion is defined as a decline in clinical assessment, encompassing the global stage,
cognitive performance, and activities as assessed by CDR, CDR-SB, CASI, and HAIADL.
A converter should demonstrate a decline in the global CDR stage without any returning
to a higher level of cognitive performance or daily functioning throughout all follow-up
assessments.

The first aim of this study is to investigate the contribution of HRT; however, our
result did not demonstrate significantly increased or decreased conversion rates in the non-
demented female population. Moreover, a significant association of serum cholesterol levels,
especially the TC level, was found to be associated with our population. The cohort with
the lowest TC levels (TC < 153) in this study exhibited a significantly higher conversion rate
to dementia. Compared to the lowest quartile, even the highest quartile group (TC > 201)
showed significantly reduced conversion rates with an HR of 0.58 with 95% confidence
interval = 0.35–0.98. We also saw a trend of similar inverse association of LDL-C levels
with conversion rates; however, it did not reach clinical significance. By amalgamating
these findings, our study could potentially offer additional evidence suggesting that TC
is probably more important than LDL-C in predicting conversion to dementia in women
without prior dementia.
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To explain the paradoxical association of TC or LDL-C levels with incident dementia,
we considered the pathophysiology of the brain, including both lipid raft disruptions and
demyelination, as being an important contribution factor to the clinical deterioration of the
brain among people with low cholesterol levels. Firstly, lipid rafts are specialized regions in
the cell membrane characterized by the dense packing of specific lipids and proteins [39–41].
In neurons, lipid rafts are also believed to be involved in synaptic function and plasticity,
which are essential for learning and memory processes [42–44]. Low cholesterol caused
by drugs or toxins may disrupt lipid rafts, subsequently affecting memory consolidation
and cognitive function and finally resulting in dementia [45,46]. In addition to lipid raft
disruption, demyelination caused by low cholesterol levels might also be another important
factor that interferes with the regeneration of myeline; therefore, signal (information)
transformation and consolidation become disrupted [47,48]. Several factors including
hyperglycemia, hypertension, toxins, infections, and many other factors that induce free
radicals, oxidation, and the inflammation of myeline results in the aging process or the
destruction of myelin. In this situation, a higher cholesterol level might be a rate-limited
process for repairment and remyelination [47,48]. Without intact functional lipid rafts
and myeline, information in the brain for conduction, consolidation, or plasticity is not
possible [45–48].

In our study population, several factors might also contribute to incident dementia in
older women. Older age is a well-understandable risk factor for dementia. This finding
is consistent with most of the previous studies [49,50]. A positive association of higher
education levels with conversion rates in this study is not completely consistent with
previous studies [49,50]. This discrepancy with previous studies may be attributed to
differences in the time and geographical locations where the studies were conducted.
Previous studies were conducted in earlier periods than ours and were carried out in
the USA and Taiwan [49,50], likely in different cities compared to our study. In addition,
baseline cognitive function, activities of daily living, and SBP all contributed to conversion
to dementia, which were consistent with several previous studies [51,52].

Regarding sex differences in the risk of dementia, research indicates that women have
a higher lifetime risk of developing AD compared to men [53]. However, these differences
are multifaceted and might involve hormonal differences, differences in brain structure,
and other factors [54]. The interplay between cholesterol levels and the risk of dementia in
relation to sex differences has not been conclusively determined. Some studies have found
that the relationship between high cholesterol levels and an increased risk of dementia
might be more pronounced in women compared to men, especially during midlife [54].
Nevertheless, other studies have found no significant sex differences. Estrogen has been
postulated to play a role in this association [55]. For instance, some studies suggest that
post-menopausal women who have reduced estrogen levels might have a heightened risk
of AD if they also have high cholesterol [56]. Nonetheless, the evidence is inconclusive, as
not all studies support this finding [56].

Given that our study was conducted in Taiwan, it is important to note that our findings
may not be applicable to broader populations. Factors related to Taiwan’s unique culture,
dietary habits, or genetics could potentially impact the outcomes. Over 40% of dementia
patients in Taiwan incorporated traditional Chinese medicine into their treatment [57].
Furthermore, a previous study provides evidence suggesting that the intake of fish, vegeta-
bles, tea, and coffee may hold potential benefits for mitigating dementia among the East
Asian population [58]. An investigation of cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy in the Taiwanese population revealed that
individuals with NOTCH3 mutations exhibited a greater prevalence of cerebral microbleeds
in regions such as the thalamus and temporal lobe, which is associated with dementia [59].

There are several limitations of this study that need to be addressed. First, although
medication for hormone and lipid lowering were adjusted in this study, the detailed medi-
cation types and doses did not undergo separate analysis for their detailed contribution
due to the relatively small sample size. Second, the research took place in three different
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centers in Taiwan. Further studies involving a broader range of centers across various
countries or ethnicities to explore the role of TC or LDL-C in tracking conversion rates in
pre-demented women are warranted. Third, the follow-up periods of both non-converter
and converter groups were relatively short, and these were 2.9 ± 1.5 and 3.3 ± 1.6 years,
respectively. Fourth, although this study followed a longitudinal approach, the design was
retrospective and not preplanned, which may have introduced some imprecision in the
data. Consequently, there is a need for a more rigorous prospective longitudinal study with
a larger sample size.

In conclusion, the lowest quartile of TC (<153) increased incident dementia in post-
menopausal women without dementia; however, LDL-C levels or lipid-lowering drugs did
not influence conversion rates. The “Lower LDL-C is better” strategy for the prevention of
cardiac vascular disease should be re-examined for the possible serial adverse effects of
new-onset dementia due to very low cholesterol levels.
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