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Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by
cognitive decline, the deposition of amyloid-f (Ap) plaques, the formation of neurofibril-
lary tangles, and cerebrovascular dysfunction. Evidence suggests that blood-borne lipo-
proteins play a role in the disease’s pathophysiology by influencing the cerebrovascula-
ture and amyloid metabolism. Low-density lipoprotein (LDL) and very-low-density lipo-
protein (VLDL) can contribute to oxidative stress, endothelial dysfunction, vascular dys-
function, and the accumulation of amyloidogenic peptides, thereby exacerbating neuro-
degeneration. The role of lipoprotein(a) (Lp(a)) remains unclear, whereas high-density
lipoprotein (HDL) is recognized for its cerebroprotective properties, including anti-in-
flammatory and vasoreactive functions. These properties help to maintain neuronal ho-
meostasis and facilitate the clearance of A from the brain. This review summarizes the
current evidence regarding the role of lipoproteins in AD and discusses how therapeutic
strategies targeting lipoprotein pathways, such as lipid-lowering agents and HDL mimet-
ics developed for cardiovascular diseases, may benefit patients with AD.
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1. Introduction

Neurodegenerative diseases, including Alzheimer’s disease (AD), represent a grow-
ing global health challenge [1]. While AD pathophysiology involves multiple complex
mechanisms, accumulating evidence implicates dysregulated lipid metabolism as a criti-
cal contributor [2]. Cholesterol, one of the most abundant lipids within the brain, is essen-
tial for maintaining the integrity of neuronal membranes, forming synapses, and releasing
neurotransmitters [3]. However, aberrant cholesterol homeostasis has been linked to neu-
roinflammation, amyloid-beta (A{) accumulation, and neuronal dysfunction [2]. Notably,
cholesterol metabolism in the central nervous system (CNS) is largely segregated from
the periphery because the blood-brain barrier (BBB) effectively prevents significant cho-
lesterol exchange between circulation and the brain [4]. Despite this segregation, accumu-
lating evidence suggests that plasma cholesterol levels are associated with the risk of neu-
rodegenerative diseases. Interestingly, this relationship appears to depend not only on the
absolute concentration of cholesterol but also on the specific lipoprotein carriers through
which cholesterol is transported in the bloodstream.

In plasma, cholesterol is transported by lipoproteins, with low-density lipoprotein
(LDL) being the primary carrier (Figure 1). LDL particles are enriched in cholesterol esters
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and contain a single molecule of apolipoprotein B (apoB), which serves as a structural
protein and ligand for cellular uptake. LDL has been extensively studied in the context of
atherosclerotic cardiovascular disease (ASCVD) [5]. In contrast, high-density lipoprotein
(HDL), which contains apoA-I, is involved in reverse cholesterol transport, the process by
which cholesterol is brought back from the periphery to the liver for excretion [6]. Emerg-
ing evidence suggests that these distinct lipoprotein classes may influence neurodegener-
ative processes differently. LDL may contribute to vascular dysfunction and inflamma-
tion, whereas HDL particles may exert protective effects through anti-inflammatory and
amyloid-clearing properties [7]. Together, these observations highlight the critical role of
blood-borne lipoproteins in the neurodegenerative disease risk and their potential as ther-
apeutic targets.
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Figure 1. Blood-borne lipoprotein characteristics. Several classes of lipoprotein exist in the blood,
varying in their content of cholesterols (esters, and free), phospholipids, triglycerides, and proteins.
The respective concentrations of each are depicted at the bottom of the figure. apo = apolipoprotein,
HDL = high-density lipoprotein, IDL= intermediate-density lipoprotein, LDL =low-density lipopro-
tein, Lp(a) = lipoprotein (a), VLDL = very-low-density lipoprotein [8-10]. BioRender.com. License
Robert J. (2026).

This review examines the associations between blood-borne lipoproteins and AD, as
well as the effects of lipid-lowering medications and HDL mimetics on neurodegenerative
disease outcomes.

2. Apolipoprotein B-Containing Lipoproteins and Alzheimer’s Disease

In the liver, apoB is assembled with lipids to form very-low-density lipoprotein
(VLDL), which consists of relatively large particles (~30-80 nm in diameter) released into
the circulation. As these particles deliver triglycerides to peripheral tissues, they are pro-
gressively hydrolyzed by lipoprotein lipase (LPL), endothelial lipase (EL), and hepatic
lipase (HL). This process shrinks the particles and causes them to lose triglycerides to form
intermediate-density lipoprotein (IDL, ~20-35 nm in diameter) and, ultimately, smaller,
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denser LDL particles (~24-28 nm in diameter) (Figure 1). These cholesterol-enriched LDL
particles retain apoB as their main structural protein and serve as the primary carriers of
cholesterol in the bloodstream [8]. While LDL cholesterol (LDL-C) reflects the cholesterol
content within LDL particles, apoB represents the total number of atherogenic lipoprotein
particles. Preclinical models, epidemiological studies, genetic analyses, and randomized
controlled trials consistently demonstrate that higher levels of LDL-C and apoB are di-
rectly linked to an increased incidence of major adverse cardiovascular events [5]. This
supports their use as biomarkers and therapeutic targets in cardiovascular disease pre-
vention. However, the role of LDL—the levels of cholesterol and apoB—in neurodegen-
erative diseases is less direct and more complex than in cardiovascular pathology.

Mendelian randomization studies have investigated the causal relationship between
genetically predicted LDL-C levels and AD risk. One such analysis, which incorporated
genetic variants associated with LDL-C, found that variants that lower LDL-C through
proprotein convertase subtilisin/kexin type 9 (PCSK9)—a gene coding for a serine prote-
ase that regulates cholesterol homeostasis by promoting LDL receptor (LDLR) degrada-
tion—or 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR)—a gene coding
for the primary rate-limiting enzyme in the mevalonate pathway that produces choles-
terol —had inconsistent effects on AD risk [11]. In contrast, a separate Mendelian random-
ization study analyzing 144 single-nucleotide polymorphisms (SNPs) in various genes al-
tering cholesterol levels revealed that a genetically predicted high LDL-C level was posi-
tively associated with an increased risk of both sporadic and familial AD [12]. A recent
systematic review and meta-analysis of Mendelian randomization studies further sup-
ports a potential causal association between high genetically predicted LDL-C levels and
an increased AD risk in both fixed-effects and random-effects models [13].

Early population-based studies have reported inconsistent associations between
LDL-C levels and dementia risk. For example, data from the Atherosclerosis Risk in Com-
munities (ARIC) study, which included more than 10,000 participants, demonstrated that
LDL-C concentrations below 2.6 mmol/L were associated with a slower 20-year decline in
executive function and attention [14]. Similarly, in the Three-City Study (3C Study) in
France, which followed 7470 participants over the age of 65 for up to 13 years, elevated
levels of LDL-C (24.25 mmol/L for women and >4.00 mmol/L for men) were associated
with an increased risk of AD and all types of dementia, but not vascular dementia [15]. In
contrast, findings from cohorts of Northern Manhattan residents, each with over 1000 par-
ticipants, did not identify a significant association between LDL-C concentrations (includ-
ing thresholds below 4.1 mmol/L) and cognitive performance over approximately seven
years of follow-up [16]. Finally, a Manhattan cohort-based study with 1130 individuals
over 65 years old who were followed for 18 months found that levels of LDL-C above 3.1
mmol/L were associated with a decreased risk of AD. Longer follow-up did not change
this relation [17]. These discrepancies likely reflect the small sample sizes and methodo-
logical heterogeneity of the studies, including LDL-C categorization, the follow-up dura-
tion, and population characteristics such as age, ethnicity, education, and sex. Recent
large-scale epidemiological studies have demonstrated an association between higher
LDL-C levels and an increased risk of dementia. However, the strength and direction of
this association vary by the age at measurement and follow-up duration. For example, in
a cohort of 217,960 participants across eleven Korean hospitals followed over a period of
34 years, individuals with an LDL-C level below 1.8 mmol/L were significantly less likely
to develop AD or any type of dementia than individuals with an LDL-C level above 3.4
mmol/L. Interestingly, a very low level of LDL-C (<0.8 mmol/L) did not reduce the risk
any further, suggesting a threshold effect for optimal cognitive benefit [18]. Meanwhile,
another Korean study conducted over 8 years reported that very low levels of LDL-C in
individuals over 40 years old increased the risk of all-cause dementia in a U-shaped rela-
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tionship [19]. Similarly, a retrospective cohort study of 1,853,954 individuals found that
higher LDL-C was associated with a modest increase in dementia risk, with an adjusted
rate ratio of 1.05 (95% CI, 1.03-1.06) per standard deviation increase [20]. The strongest
association was observed in individuals younger than 65 years at baseline, particularly for
dementia diagnosed more than 10 years later (RR: 1.17; 95% CI: 1.08-1.27), suggesting that
midlife LDL-C levels may be a more relevant, modifiable risk factor than late-life levels
[20]. Conversely, in very old adults, this relationship may be reversed or attenuated. A
meta-analysis of individual participant data from over 21,000 individuals aged 60 years
and older found no significant relationship between LDL-C levels and incident dementia
or cognitive decline (OR: 1.01; 95% CI: 0.89-1.13) [21]. This age-related divergence may
reflect survivor bias, competing mortality risks, or genuine biological differences.

In addition to LDL-C, a UK Biobank (UKB) cohort study of 469,466 participants found
that higher levels of apoB—the primary apolipoprotein in LDL particles—were associated
with an increased risk of dementia (HR: 1.12, 95% CI 1.01-1.24 for the highest quartile),
while higher apoB/apoA-I—the major apolipoprotein of HDL —ratios showed an even
stronger association (HR: 1.23, 95% CI 1.11-1.37 per standard deviation increase) [22].
Novel findings in a cross-sectional study of 22 patients with mild cognitive impairment
associate electronegative LDL-C subfractions —a modified, pro-atherogenic subfraction of
LDL—with AD. In particular, the levels of L5, which is the most electronegative subfrac-
tion, were mildly yet significantly negatively correlated with cognitive performance (r =
—0.431, p =0.045), especially in the domains of orientation and language [23]. These results
suggest that qualitative aspects of LDL particles (size, charge, oxidation, lipid and protein
composition, etc.), beyond the total LDL-C concentration, may contribute to cognitive im-
pairment. However, these observations must be repeated in larger cohorts. In addition to
its potential role in cognitive decline, direct neuropathological evidence links LDL-C to
AD pathology. A longitudinal clinical-pathological study of 559 participants found that
higher premorbid LDL-C was associated with an increased burden of AD neuropathol-
ogy, independently of the APOE genotype, which is the major genetic risk factor for spo-
radic AD [24]. Elevated LDL-C was associated with a greater neurofibrillary tangle burden
(standardized mean difference [SMD]: 3.2; 95% CI, 1.2-5.2), beta-amyloid deposition
(SMD, 2.9; 95% ClI, 1.0-4.8), higher Braak scores (SMD: 2.6; 95% CI, 0.6—4.7), and increased
cerebral amyloid angiopathy (CAA), which corresponds to the deposition of A3 within
the cerebrovasculature (SMD: 3.5; 95% CI, 0.9-6.0). Altogether, these findings support the
hypothesis that atherogenic LDL particles may contribute to dementia pathogenesis, po-
tentially via action on the cerebrovasculature. This is particularly true given that apoB is
largely absent from the brain and does not cross the BBB or the blood—cerebrospinal fluid
barrier [25]. The very small amount of apoB in the cerebrospinal fluid (CSF) is believed to
originate from microglia, where messenger RNA is detected [26]. Notably, the level of
apoB in CSF is strongly associated with early tau dysregulation in asymptomatic individ-
uals and helps to identify those at risk of developing cognitive decline over time [26].

In addition to LDL, numerous studies have shown that the midlife levels of triglyc-
erides, which are mostly transported via VLDL, are positively associated with an in-
creased risk of cognitive impairment later in life. However, the results vary depending on
the demographics of the population studied [27]. For instance, a large Danish study of
125,727 participants revealed that individuals in the 50th percentile for non-fasting tri-
glycerides (median ~1.00 mmol/L) experienced a reduced risk of dementia and stroke
compared to individuals with higher levels [27]. Conversely, in a diverse U.S. cohort of
16,170 participants, elevated fasting triglycerides (>1.69 mmol/L) were associated with
cognitive impairment exclusively among white women [28]. Preclinical and biomarker
studies further suggest that midlife hypertriglyceridemia may facilitate the accumulation
of toxic amyloid species in the brain. Longitudinal data indicate that individuals with high
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triglyceride levels in midlife are more likely to exhibit tau pathologies and brain amyloid
deposition two decades later [29]. This highlights a potential mechanistic link between
VLDL-mediated triglyceride delivery, LDL formation, and AD. Interestingly, in older
adults (over 65 years old), mildly elevated triglyceride levels may be associated with a
lower risk of cognitive decline [30]. This suggests that the relationship between triglycer-
ide levels and the risk of developing dementia changes over the course of a person’s life-
time.

Taken together, these studies suggest a role for apoB-containing lipoproteins in AD.
However, it is unclear whether this effect is direct or an indirect consequence of reduced
cardiovascular risk. Further preclinical and in vitro research is therefore necessary to de-
termine the precise relationship between AD and apoB lipoproteins. Notably, apoB100
overexpression in mice promotes key pathological features, including elevated LDL and
reduced HDL levels, leading to increased lipid peroxidation, Af3 accumulation, and cere-
brovascular apoB deposition [31]. Despite these pronounced pathological changes, dou-
ble-transgenic apoBxAPP mice did not exhibit greater cognitive deficits than APP-only
mice, highlighting a disconnect between the pathology and measurable behavioral im-
pairment.

3. Lipoprotein(a) and Alzheimer’s Disease

Lipoprotein(a) (Lp(a)) is an LDL-like particle composed of apoB covalently bound to
apolipoprotein(a), a highly polymorphic glycoprotein characterized by variable numbers
of kringle IV type 2 (KIV-2) repeats [9]. The level of plasma Lp(a) is largely genetically
determined and remains relatively stable throughout life. Physiologically, Lp(a) may con-
tribute to wound healing and tissue repair, but elevated concentrations above 125 nmol/L
are strongly associated with ASCVD [9]. Lp(a) promotes cardiovascular risk through sev-
eral mechanisms, including the deposition of cholesterol within the arterial walls, the en-
hancement of vascular inflammation, and interference with fibrinolysis due to the struc-
tural similarity of apolipoprotein(a) (apo(a)) to plasminogen [32]. High Lp(a) levels are
independently associated with increased risks of coronary artery disease, ischemic stroke,
peripheral arterial disease, and calcific aortic valve stenosis, making it an important in-
herited cardiovascular risk factor [32]. While its cardiovascular effects are well character-
ized, the relationship between Lp(a) and neurodegenerative diseases, particularly AD, re-
mains complex and paradoxical. Unlike its established pro-atherogenic role in cardiovas-
cular disease, accumulating evidence suggests that Lp(a) may exert protective effects
against AD, challenging the conventional assumption about apoB lipoprotein-mediated
neurodegeneration.

Mendelian randomization studies have provided genetic evidence supporting a pro-
tective role for Lp(a). An analysis of 54,162 individuals of European ancestry demon-
strated that genetically predicted increases in Lp(a) were associated with a reduced risk
of AD, with an odds ratio of 0.94 (95% CI 0.91-0.97, p =<0.001) [33]. The protective associ-
ation is further supported by a prospective cohort study by Kunutsor and colleagues,
which followed 2532 middle-aged men for a median of 24.9 years [34]. Men in the highest
quartile of Lp(a) levels compared to the lowest quartile exhibited a hazard ratio of 0.68
(95% CI 0.47-0.99, p = 0.044) for dementia in an age-adjusted analysis, which persisted
after adjustment for multiple cardiovascular risk factors, lipid parameters, and socioeco-
nomic status (HR 0.68, 95% CI 0.46-0.99, p = 0.044) [34]. Notably, this protective effect was
attenuated when controlling for mortality, suggesting that the apparent benefit may partly
reflect survival bias or competing risks. Larsson et al. used a Mendelian randomization
approach with 367,586 European-descent participants from the UKB and found null asso-
ciations between genetically predicted Lp(a) levels and AD or vascular dementia, likely
due to limited statistical power [35]. However, they uncovered a weak inverse association
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with a self-reported parental history of AD or dementia, suggesting that higher Lp(a) lev-
els may provide some protection. Inversely, in a cohort study of 254,575 women and
214,891 men from the UKB, Gong et al. found no evidence of an association between Lp(a)
levels and dementia risk. Compared with the lowest quartile, the HR for the highest quar-
tile was 0.96 (95% CI 0.87-1.07) [22]. Finally, Thomas and colleagues recently examined
three large cohort studies with 539,478 individuals from the Copenhagen General Popu-
lation Study (CGPS), the Copenhagen City Heart Study (CCHS), and the UKB, with fol-
low-up extending to 30.2 years [36]. During this period, 6404 cases of AD and 7866 cases
of vascular-related dementia were documented. In the Copenhagen and UKB cohorts, the
plasma level of Lp(a) was not associated with the risk of AD, vascular-related dementia,
or all-cause dementia on continuous scales. However, after accounting for competing
risks, the absolute risks of vascular dementia and all-cause dementia were significantly
higher in individuals with high Lp(a) levels (p = 0.01 in both cases), although this was not
the case for AD. Interestingly, the results did not reach statistical significance in the Co-
penhagen cohorts, with respective p-values of 0.42 and 0.48. However, they revealed a
nuanced relationship involving the Lp(a) isoform size. In the Copenhagen studies, indi-
viduals with small LPA KIV-2 repeat numbers (<5th percentile) compared to those with
>50th percentile showed a sub-distribution hazard ratio for AD of 1.25 (95% CI 1.06-1.46)
[36]. This finding suggests that, while the Lp(a) concentration per se may not influence the
AD risk, the structural characteristics of the apo(a) component, which inversely correlate
with Lp(a) levels, may play a role in disease pathogenesis.

These observed differences could be explained by differences either in the cohort
studied or in the methodology used. However, they may also be a consequence of the
different effects of Lp(a) on the vascular beds. Indeed, the relationship between Lp(a) and
cerebrovascular diseases demonstrates a striking vessel size-dependent dichotomy. Men-
delian randomization studies have established that genetically elevated Lp(a) levels are
positively associated with large-vessel stroke (OR: 1.20, 95% CI: 1.11-1.30) per one-stand-
ard-deviation increase in Lp(a) [33]. This association reflects Lp(a)’s pro-atherogenic prop-
erties in large arteries, where it promotes atherosclerotic plaque formation through mul-
tiple mechanisms, including lipid deposition, inflammation, and impaired fibrinolysis. A
meta-analysis of 41 studies confirmed the significant association between elevated Lp(a)
and large-artery atherosclerosis ischemic stroke, as well as intracerebral hemorrhage,
which represent risk factors for AD [33]. Conversely, small-vessel stroke exhibits an in-
verse association with Lp(a) levels, (OR: 0.92, 95% CI: 0.88-0.97) per one-standard-devia-
tion increase [33]. This paradoxical protective effect in small-vessel disease suggests dis-
tinct pathophysiological mechanisms operating in different vascular beds, with a protec-
tive role in the capillaries. However, the Reasons for Geographic and Racial Differences
in Stroke (REGARDS) study identified elevated Lp(a) as a risk factor for ischemic stroke
overall, with a notably stronger effect observed in Black individuals, reflecting both higher
baseline Lp(a) levels and potentially differential genetic susceptibility in this population
[37]. These vessel-specific effects highlight the complexity of Lp(a)’s vascular biology and
raise important questions about its potential role in cerebral small-vessel disease and re-
lated neurodegenerative pathologies, which require further study. It would be particu-
larly important to investigate AD in mice that express/overexpress human LPA as wild-
type mice do not express apo(a) [38].

4. High-Density Lipoprotein and Alzheimer’s Disease: Cholesterol and
Apolipoprotein Levels
HDL was first characterized as the main regulator of reverse cholesterol transport,

the process by which excess cholesterol is removed from foam cells in atherosclerotic le-
sions and transported to the liver for excretion. Due to its role in reverse cholesterol
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transport, it was believed that increasing HDL levels would be beneficial in the context of
cardiovascular disease [39]. However, evidence has shown that the relationship between
HDL-C levels and cardiovascular disease is U-shaped, where both very low and very high
levels of HDL-C are associated with an increased risk of cardiovascular mortality [6]. HDL
biogenesis is initiated by the secretion and lipidation of apoA-I by hepatocytes and enter-
ocytes. However, HDL particles that circulate in the blood are heterogeneous in size (6—
17 nm), density (1.063 to 1.210 g/mL), and composition [10]. In addition to apoA-I and
cholesterol, HDL particles harbor over 250 lipid and protein species [40,41]. These proteins
and lipids are not uniformly present on all HDL particles, but, rather, different mixtures
of proteins and lipids form heterogeneous HDL subpopulations with specific functions,
including anti-thrombotic, anti-oxidant, anti-inflammatory, and cytoprotective properties
[42]. These functions make HDL beneficial in a wide range of diseases, not just cardiovas-
cular diseases [10], and epidemiological evidence suggests that circulating HDL may at-
tenuate the risk of neurodegenerative diseases such as AD.

We and others have found that deleting apoA-I in AD mice drastically reduces the
HDL levels and exacerbates CAA and cerebrovascular inflammation [43,44], although
other groups have reported no effect [45] or the opposite result [46]. Conversely, genetic
APOAT1 overexpression reduces CAA and neuroinflammation [47]. Further supporting
HDL'’s function against AD, the systemic delivery of lipid-free apoA-I Milano—an apoA-
I'mutant that also reduces the risk of ASCVD —acutely leads to long-lasting reductions in
CAA and neuroinflammation [48]. Finally, we observed an acute reduction in Aﬁ deposi-
tion in the brain in the AD mouse model APP/PS1 after the injection of reconstituted HDL
(rHDL), which is composed of human apoA-I and 1,2-dioleoyl-sn-glycerol-phosphocho-
line (DOPC) [49]. Taken together, these observations provide proof of concept that blood-
borne HDL can affect AD-relevant outcomes, at least in preclinical models.

These preclinical studies were supported by early epidemiological studies that
demonstrated an inverse association between HDL and apoA-I levels and the risk of AD.
The level of apoA-I, the major apolipoprotein found on HDL particles, was positively cor-
related with cognitive scores and high serum HDL-C (>1.42 mmol/L) in cognitively nor-
mal elderly individuals and was associated with a reduced AD risk (HR, 0.4), even after
adjusting for the APOE genotype and vascular risk factors [50,51]. More recent analyses
have found that, as with cardiovascular disease and all-cause mortality, HDL-C levels
demonstrate a U-shaped relationship with AD risk [52,53]. A recent study of the Aspirin
in Reducing Events in the Elderly (ASPREE) trial, which involved 18,668 initially healthy
older adults, found that high plasma HDL-C levels (>4.4 mmol/L) were associated with a
27% higher risk of incident dementia (HR: 1.27, 95% CI: 1.03-1.58) [52]. This risk was par-
ticularly pronounced in participants aged 75 years and older (HR: 1.42, 95% CI: 1.10-1.83).
The relationship between HDL-C and cognitive function exhibits striking sex differences
[52]. A cross-sectional study using the National Health and Nutrition Examination Survey
(NHANES) between 2011 and 2014 with 2777 participants aged 260 years revealed a sig-
nificant nonlinear, inverted U-shaped association between serum HDL-C and cognitive
function. Moderate levels were associated with better cognitive function, while low and
high levels were linked to cognitive decline [54]. In men, HDL-C showed positive associ-
ations across all cognitive domains (e.g., delayed recall: 3 = 0.10, 95% CI: 0.04-0.17, p <
0.001). In women, however, these associations were weaker or insignificant, and an in-
verted U-shaped pattern predominated [54]. However, sensitivity analyses attenuated this
finding.

Mendelian randomization studies have produced conflicting results, with some sug-
gesting that HDL-C levels are not a cause of AD risk [55,56] and others indicating a pro-
tective association between genetically predicted HDL-C levels and AD risk (OR: 0.51,
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95% CI: 0.29-0.89). However, it is important to note that these studies only address a
causal link between disease risk and elevated HDL-C levels mediated by particular genes.
They do not take into account the complex changes in HDL function and composition that
can occur during disease and can be superior predictors of risk [10,54,57-59]. Recently,
two large genome-wide association studies (GWAS) for AD identified several genes en-
coding components of HDL or mediating HDL metabolism or function as significantly
associated with AD risk, e.g.,, APOA1, APOA2, APOC1, APOE, APOM, PON1, CLU, LCAT,
CETP, and ABCA1 [60,61]. Together, these observations suggest a potential link between
HDL and AD that warrants further investigation.

Notably, the paradoxical associations between HDL-C and cognitive outcomes may
be partially explained by the heterogeneity in HDL particle composition and function [10].
HDL comprises multiple subfractions with distinct biological properties. Research using
quantitative nuclear magnetic resonance (NMR)-based lipoprotein analysis identified el-
evated HDL-4 subfractions and triglycerides in the serum of patients with AD, with HDL-
4 levels being particularly high in women with mild cognitive impairment [62]. HDL-4
parameters and various triglycerides correlated positively with AD pathology. In addition
to particle size, HDL content may also play an important role, as previously thought. HDL
containing apoE represents only ~9% of the total plasma HDL and was previously be-
lieved to mainly serve as a ligand for the hepatic uptake of HDL [62]. However, HDL
containing apoE is now considered to promote critical steps in reverse cholesterol
transport [63,64] and has been confirmed as a potential biomarker for ASCVD [65,66]. An
epidemiological study recently showed that the level of HDL containing apoE particles
and lacking apoC-III inversely correlates with the risk of AD [67]. Whether other HDL
subpopulations might have a similar role remains to be investigated. In particular, HDL
containing apoM might be of interest because, despite representing only a small percent-
age of the total blood-borne HDL, it modulates several anti-inflammatory processes of
HDL via its lipid, sphingosine 1-phosphate (S51P) [68-75]. HDL function or dysfunction in
disease may therefore be a better prognostic marker than HDL-C. Notably, the cholesterol
efflux capacity and lecithin-cholesterol acyl transferase (LCAT) activity of HDL appear
critical for neuroprotection. One study examined 194 participants and found that the HDL
cholesterol efflux capacity and LCAT activity were reduced in APOE4 carriers, regardless
of diagnosis, and in APOE3 carriers with AD [76]. LCAT activity and the particle size were
positively correlated with neuropsychological scores and negatively correlated with clin-
ical dementia ratings. The HDL particle size was significantly smaller in patients with AD
and mild cognitive impairment compared to controls, particularly in APOE4 carriers [76].
These findings suggest that it is HDL dysfunction, rather than low HDL-C levels alone,
that contributes to neurodegeneration. In vitro experiments offer the possibility of defin-
ing these functions specifically by HDL subtype. Notably, we and others have identified
at least four protective functions of HDL in AD (Figure 2). The first is the reduction of
Ap40- and AP40-induced inflammation of the endothelium. This function depends on the
HDL receptor scavenger receptor Bl (SR-BI) [77]. The second is the activation of endothe-
lial nitric oxide synthase (eNOS) and the subsequent induction of nitric oxide (NO) pro-
duction by brain endothelial cells [78]. Thirdly, HDL delays Ap40 and Ap42 fibrillization,
a function that we later confirmed is conserved among different lipoprotein species, as it
is also exerted by LDL [79]. This function may be due to the ability of lipoproteins to bind
hydrophobic A3 peptides [80,81]. Fourthly, it inhibits CAA by increasing A340 and Ap42
transport through the vasculature [43,78,79]. Interestingly, this protective function is in-
dependent of SR-BI but dependent on the presence of apoE in HDL and requires HDL to
enter the cerebrovasculature. These results are counterintuitive, as SR-BI has been re-
ported to limit HDL transport through aortic and brain endothelial cells in vitro [82,83].
However, and in contrast to these in vitro observations, the level of apoA-I, which origi-
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nates exclusively from the blood, is not reduced in the brains of mice lacking SR-BI [84].
Together, these results suggest that HDL transport into the brain may be regulated by
multiple receptors, and we recently showed that LDLR regulates HDL transport through
brain endothelial cells in vitro and in vivo and that LDLR preferentially facilitates the
transport of HDL containing apoE [82]. These results are particularly important because
blood-borne apoA-I has been found to colocalize with microglia and activate their A3 en-
docytosis activity [85]. Taken together, these results suggest that identifying the appropri-
ate HDL subpopulation could facilitate the development of HDL-based AD therapeutics
or HDL-based carriers to pass the BBB.
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capillaries large vessels

ENDOTHELIAL
CELLS

MICROGLIA
&'7 s

- XA
N 0 SMOOTH
B uptake + NONNO MUSCLE CELLS
—

AB trasnport out of
the brain
LEUCOCYTES 4
/ cerebral amyloid
angiopathy

hJ/ o
ns-en
ranspol
»

7

=
HDL tra dothelial ﬂ
+ t rt /

PROMOTION BY

DETRIMENTAL IN AD apoA-I/HDL
INHIBITION BY

BENEFICIAL IN AD apoA-I/HDL

Figure 2. Blood-borne HDL and apolipoprotein A-I have several beneficial functions in the cerebro-
vasculature and brain. By interacting with the cerebrovasculature or entering the brain via trans-
endothelial transport, HDL reduces several detrimental events in Alzheimer’s disease (AD; red) or
promotes beneficial actions (green). Notably, HDL reduces endothelial activation and subsequent
leukocyte binding and diapedesis. HDL promotes the transport of Ap40 and A{342 through endo-
thelial cells, reducing both parenchymal plaque formation and cerebral amyloid angiopathy (CAA).
HDL delays Ab40 and Ab42 fibrillation. HDL and its principal apolipoprotein, apoA-I, enter the
brain, where they stimulate the uptake of A342 fibrils by microglia. Finally, HDL induces the release
of nitric oxide (NO) by endothelial cells, thereby promoting vasorelaxation. Ap = beta-amyloid,
apoA-I=apolipoprotein A-I, HDL = high-density lipoprotein [49,77,78,85]. BioRender.com. License
Robert J. (2026).

5. Lipid-Lowering Medications and Alzheimer’s Disease

Several drugs are currently on the market or in clinical trials to modulate the choles-
terol levels in plasma. These include statins, PCSK9 inhibitors, ANGPTL inhibitors, and
CETP and LP(a) inhibitors. In the next section, we will review the current evidence for the
use of these drugs in AD and other neurodegenerative disorders.
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5.1. Statins

Statins inhibit HMG-CoA reductase, thereby reducing endogenous cholesterol syn-
thesis, and are among the most widely prescribed medications globally. Due to their sig-
nificant impacts on lipid metabolism and potential pleiotropic properties, statins have un-
dergone extensive research for their neuroprotective potential, with mixed outcomes.
Early GWAS studies revealed that the rs3846662_G SNP, which increases full-length
HMG-CoA reductase production by altering exon 13 splicing and raising LDL-C levels, is
associated with an increased risk of AD and an earlier age of onset [86]. These results were
later confirmed in two studies: one analyzing a Han Chinese cohort [87] and another one
analyzing the Quebec Founder Population (QFP), the Alzheimer’s Disease Cooperative
Study (ADCS), and the Alzheimer’s Disease Neuroimaging Initiative (ADNI) cohorts. In
all studies, the rs3846662_A allele was found to be protective against AD, as well as in the
conversion from mild cognitive impairment to AD [88]. Together, these studies support
the idea that inhibiting HMG-CoA reductase via statins would be beneficial in the treat-
ment of AD. However, drug-targeted mendelian randomization on HMGCR generated
conflicting results. Analyses of the International Genomics of Alzheimer’s Project (IGAP)
and the Psychiatric Genomics Consortium (PGC), which included a total of 24,718 AD
patients and 56,685 control participants of European ancestry, failed to identify genetic
support for repurposing statins [89]. Similarly, analyses of the CGPS and CCHS, which
included 111,194 individuals from the Danish population, including 1001 participants
with AD, found no benefit associated with a 1 mmol/L reduction in LDL-C for the risk of
AD. However, they did find a reduced risk of vascular dementia [90]. A Mendelian ran-
domization study further examined how the genetic inhibition of HMGCR affects cogni-
tive function. Using data from 172,082 individuals of European ancestry from the ADNI,
UKB, Global Lipid Genetics Consortium (GLGC), Enhancing Neuroimaging Genetics
through Meta-Analysis (ENIGMA), and Coronary Artery Disease Genome-Wide Replica-
tion and Meta-Analysis (CARDIoGRAM) studies, plus the Coronary Artery Disease (C4D)
Genetics (CARDIoGRAMplusC4D) study, the authors found that the genetic inhibition of
HMGCR showed a harmful impact on cognitive performance scores (3 = -0.082, 95% CI:
—0.16 to —0.0079), reaction time (3 = 0.00064, 95% CI: 000030 to 0.00098), and the cortical
surface area (3 = -0.18; 95% CI: —0.35 to —0.014) [11]. Interestingly, while genetically low-
ering LDL-C via HMGCR did not reduce the risk of AD, a recent study of 1,091,775 indi-
viduals from the UKB, CGPS, und CCHS found that the genetic lowering of non-HDL
cholesterol reduces the risks of all types of dementia, vascular dementia, unspecified de-
mentia, and AD [91]. The inclusion of the FinnGen study and the GLGC in a two-sample
Mendelian randomization study confirmed these results for all types of dementia but not
for other types of dementia, including AD. Multiple large-scale observational studies and
meta-analyses have suggested protective associations between statin use and dementia
risk. A systematic review and meta-analysis of 57 observational studies found that statin
use was associated with a 20% decreased risk of dementia (OR: 0.80; 95% CI: 0.75-0.86)
and a 32% decreased risk of AD (OR: 0.68; 95% CI: 0.56-0.81) [92]. Similar risk reductions
were observed with both lipophilic and hydrophilic statins, while high-potency statins
demonstrated greater efficacy, with a 20% reduction, compared to a 16% reduction with
low-potency statins. Another comprehensive review reported that statin use was associ-
ated with a 17% lower risk of all-cause dementia and a 31% lower risk of AD [93]. Despite
these encouraging observational findings, randomized controlled trials have produced
more ambiguous results. A systematic review and meta-analysis of 20 randomized con-
trolled trials involving 139,169 participants found that lipid-lowering therapy, predomi-
nantly statins, was not significantly associated with a reduction in dementia or cognitive
impairment (OR: 0.96; 95% CI: 0.74-1.26) over a mean follow-up period of 34.5 months
[94]. Subgroup analyses showed no significant association with statins (OR 0.90, 95% CI
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0.67-1.21). The discrepancy between genetic studies, observational studies, and random-
ized controlled trials may reflect one or more of the following: (1) healthy user bias in
observational studies, (2) insufficient follow-up durations in randomized controlled trials,
(3) the timing of the intervention (midlife treatment may be more effective), and (4) heter-
ogeneous treatment effects.

Despite the conflicting results for AD, statins might also be effective against other
neurodegenerative diseases. Notably, a study using consolidated data from three obser-
vational cohorts found that statin use was protective against both cerebral atherosclerosis
and incident parkinsonism in older adults [95]. Atherosclerosis accounted for 17% of the
risk of developing Parkinson’s disease, and statins were found to reduce the risk of devel-
oping the condition rather than slowing the progression of symptoms. A four-year retro-
spective observational cohort study of 104 patients with de novo Parkinson’s disease
found that long-term statin users showed lower motor deterioration compared to nonus-
ers, with slower progression of rigidity scores [96]. However, a prospective cohort study
with multi-omics analyses found that statins may accelerate cognitive decline in patients
with Parkinson’s disease [97].

5.2. Proprotein Convertase Subtilisin/Kexin Type 9 Inhibitors

PCSK9 inhibitors are a newer class of lipid-lowering agents that dramatically reduce
LDL-C levels by preventing the degradation of LDLR in hepatocytes, thereby increasing
LDL turnover. While the role of PCSK9 in cardiovascular disease is well established, its
role in neurodegenerative diseases is still being debated. Animal studies consistently
demonstrate that elevated PCSK9 levels promote the accumulation of AP plaques, neu-
roinflammation, and cognitive decline, while the genetic deletion or pharmacological in-
hibition of PCSK9 mitigates these effects [98,99]. However, clinical studies have produced
conflicting results. An early GWAS study investigated the rs11591147 SNP, which was
associated with 10-16% lower LDL-C levels in the Prospective study of Pravastatin in the
Elderly at Risk (PROSPER) study of 5777 participants from Scotland, Ireland, and the
Netherlands. This study found no association with cognitive performance [100]. A Men-
delian randomization study of 111,194 participants from the CGPS and CCHS found no
association between low levels of LDL-C due to PCSK9 and the risk of AD, vascular de-
mentia, or any type of dementia. [90]. Similarly, and in contrast to what was observed
with HMCGR, a Mendelian randomization study of 1,091,775 individuals from the UKB,
CGPS, and CCHS found that genetically lowering non-HDL-C did not affect the risks of
AD, all types of dementia, and vascular dementia but reduced that of unspecified demen-
tia [91]. Finally, in another Mendelian randomization study with 172,082 individuals of
European ancestry, the authors found no genetic evidence of PCSK9 inhibition in cogni-
tive function (e.g., cognitive performance, memory performance, reaction time, deficit
fluid intelligence score, average cortical thickness, and total cortical surface area) or de-
mentia (e.g., disease progression score, hippocampus volume, cerebral amyloid deposi-
tion, and Lewy body dementia) [11], suggesting no benefit, but also no harm, in targeting
PCSK9 in the context of AD. On the other hand, a Mendelian randomization study of the
IGAP and PGC cohorts, which included 24,718 AD patients and 56,685 controls from Eu-
rope and North America, found that PCSK9 inhibition increased the risk of AD (OR: 1.45,
95% CI: 0.123-1.69) across both studies [89]. In the Framingham Heart Study Offspring
cohort (Gen 2), which included 3487 participants with genetic data on PCSK9 and APOE,
it was revealed that a higher concentration of plasma PCSK9 was associated with a lower
risk of AD (HR: 0.74; 95% CI: 0.58, 0.94) in non-APOE4 carriers. There was no association
in APOE4 individuals [101]. These findings were further validated in the ADNI, which
included 1476 participants and showed that PCSK9 genotypes were associated with AD
risk and the AD biomarker, a low A42 concentration in CSF, only in APOE ¢4 non-carri-
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ers. The role of PCSK9 has also been investigated in other neurodegenerative diseases.
One study found that low PCSK9 levels marginally reduced the risk of amyotrophic lat-
eral sclerosis (ALS) (OR: 0.89; 95% CI: 0.77-1.00) but increased the risk of Parkinson’s dis-
ease (OR: 1.417; 95% CI: 1.178-1.657) [102]. In this study, the genetic proxies for HMGCR
inhibition (statin targets) increased the risk of Parkinson’s disease (OR: 1.907; 95% CI:
1.502-2.312). The discrepancy between these studies may be due to the sizes of the cohorts
studied, but also their ethnicities and the number of SNPs studied [98]. Nonetheless, these
observations suggest that long-term PCSK9 inhibition may have an adverse effect on cog-
nition. While these effects may be outweighed by the cardiovascular benefits, they none-
theless warrant pharmacovigilance. In this regard, it is important to note that no neuro-
degenerative events were reported in a clinical trial of the PCSK9 inhibitor evolocumab,
which included 27,564 patients over a median follow-up period of 2.2 years. [103]. These
observations were confirmed in a second cohort of 158 Spanish patients who were fol-
lowed for two years with the addition of a second inhibitor, alirocumab [104]. Together,
these studies suggest that PCSK9 inhibition does not affect cognition in the short term;
however, longer follow-up studies are needed to draw solid conclusions.

5.3. Cholesteryl Ester Transfer Protein Inhibitors

CETP facilitates the transfer of cholesteryl esters from HDL to apoB-containing lipo-
proteins. CETP inhibition raises HDL-C and lowers LDL-C, making CETP an attractive
therapeutic target. Several CETP inhibitors have been developed, but most were discon-
tinued when they showed no improvement in cardiovascular outcomes despite raising
HDL-C levels [105]. However, the role of CETP has recently become a focus of interest in
AD, as preclinical studies and human genetic evidence suggest that modulating CETP
levels may provide neuroprotective benefits [106]. Notably, a drug-target Mendelian ran-
domization analysis of neurodegenerative diseases found that lower CETP activity was
associated with a significantly reduced risk of Lewy body dementia (OR: 0.81; 95% CI:
0.74-0.89) and Parkinson’s dementia (OR: 0.26; 95% CI: 0.14-0.48) [107]. This protective
effect was more pronounced in APOE4 carriers for Lewy body dementia (OR: 0.61; 95%
CI: 0.51-0.73). Similarly, a Mendelian randomization study of the UKB, CGPS, and CCHS
found a reduced risk of AD, vascular dementia, unspecified dementia, and all types of
dementia with a 1 mmol/L reduction in LDL-C. These associations remained in a two-
sample Mendelian randomization study after the addition of the FinnGen and GLGC co-
horts [91]. Lower CETP activity was also associated with a higher total brain volume (0.04
per standard deviation, 95% CI: 0.02-0.06). Experimental validation comes from a study
using CETP transgenic mice crossed with a mouse model of amyloidosis. Administering
the CETP inhibitor evacetrapib in these mice maintained memory, independently of clas-
sic AD markers [108]. This study establishes CETP as a novel AD treatment target and
proposes repurposing CETP inhibitors to delay or prevent cognitive impairment. The in-
dependence from classic AD markers suggests that CETP inhibition may operate through
alternative mechanisms, perhaps on the cerebrovasculature. Recently, phase 2 and phase
3 clinical trials (BROADWAY) were conducted on the CETP inhibitor Obicetrapib for AD.
These trials showed that a daily dose of 10 mg of Obicetrapib significantly slowed the
progression of AD biomarkers, such as p-tau217, over 12 months, with the most pro-
nounced effects observed in APOE4 carriers [109]. Interestingly, these results were not
associated with a rise in HDL-C but to a decrease in LDL-C. Together, these results suggest
that CETP inhibition may be a viable strategy for preventing AD. I recommend reading
the review by Poliakova and Wellington for further information [106].
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5.4. Angiopoietin-Like Proteins

ANGPTL3 and ANGPTL4 are hepatic secreted proteins that regulate lipid metabo-
lism by inhibiting lipoprotein lipase and endothelial lipase. ANGPTL inhibitors are in
clinical development for the treatment of severe hypertriglyceridemia and familial hyper-
cholesterolemia [110,111]. Although these proteins have been shown to effectively reduce
total, LDL, and non-HDL-C levels, their role in AD or other dementia remains largely
unexplored. The largest Mendelian randomization study so far investigated 1,091,775 in-
dividuals from the UKB, CGPS, and CCHS and found that genetically lowering non-HDL-
C via ANGPTLA4 did not affect the risks of AD, all types of dementia, vascular dementia,
and unspecified dementia [91]. The role of ANGPTL3 was unfortunately not investigated
in this study. The role of ANGPTL3 was investigated in another Mendelian randomization
study examining the relationship between lipid metabolism and Lewy body dementia,
which found that a low level of ANGPTL3 was significantly associated with an increased
risk [112]. Another study investigated the therapeutic potential of recombinant ANGPTL4
in Parkinson’s disease using in vivo and in vitro experimental models [113]. This study
demonstrated mechanistic effects and biomarker changes in the presence of ANGPTL4,
suggesting therapeutic potential in Parkinson’s disease. This is interesting, as ANGPTL4
administration may have direct neuroprotective effects independently of its effects on li-
pid metabolism. As these agents advance in the clinic, careful monitoring of neurological
outcomes will be essential.

5.5. Lipoprotein (a) Inhibitors

The development of potent Lp(a)-lowering therapies has advanced rapidly, driven
by the established causal role of Lp(a) in cardiovascular disease. Multiple therapeutic mo-
dalities are now in late-stage clinical development, achieving unprecedented degrees of
Lp(a) reduction exceeding 80% [9]. However, the neurological implications of pharmaco-
logical Lp(a)-lowering remain entirely unexplored. Because of the uncertainties in the ef-
fects of Lp(a), with the potential beneficial effects of higher plasma levels, careful moni-
toring of neurological outcomes will be essential during clinical trials. Importantly, de-
spite the conflicting results regarding high plasma levels of Lp(a), Thomas and colleagues
report no detrimental effects with low levels, suggesting a reduced risk for patients under
these drugs [36].

Other emerging therapies include apoC-III inhibitors, which are being developed to
treat severe hypertriglyceridemia [114]. Due to the association between apoC-III in non-
HDL fractions and AD pathology [115], inhibiting apoC-III represents a potential thera-
peutic avenue. However, the neurological effects have not yet been systematically stud-
ied. Finally, HDL-based therapies have been tested in the context of AD and other neuro-
degenerative diseases. Several formulations with different proteins have been tested, in-
cluding apoA-I, apoE, and clusterin (apo]) [39]. All have demonstrated positive outcomes
in preclinical AD models, particularly in mice overexpressing APP/PS1 genes. Whether
similar outcomes will be seen in other AD models or in patients remains to be seen. We
recommend reading the cited reviews for further insights into HDL therapeutics [7,39].

6. Discussion

The complex relationships between peripheral lipoproteins and brain health likely
reflect multiple interconnected mechanisms. While most studies suggest that lowering
non-HDL-C levels reduces the risk of AD, the exact mechanisms remain poorly under-
stood, and drugs targeting non-HDL-C have shown mixed results. Further research is
needed to determine whether the effect is direct, particularly by acting on the cerebrovas-
culature, or whether it acts by reducing the risk of ASCVD. Lipid-lowering medications
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may influence neurodegeneration through lipid-dependent and pleiotropic mechanisms.
Notably, the anti-inflammatory, antioxidant, and vascular-protective effects of statins
may contribute to neuroprotection beyond lowering LDL-C [116]. However, excessive
cholesterol depletion could impair synaptic function [4]. On the other hand, HDL and
apoA-I exert neuroprotective effects through anti-inflammatory, antioxidant, and Ap-
clearing mechanisms. However, HDL dysfunction can transform HDL from protective to
pro-inflammatory particles [57-59,117]. The paradoxical associations between high HDL-
Clevels and an increased risk of dementia may reflect HDL dysfunction rather than qual-
ity. In this regard, rHDL therapies could be particularly interesting if we produce particles
with the optimal functional composition.

Observations from epidemiological studies have important clinical implications.
First, due to the long latency period between exposure to vascular risk factors and the
onset of dementia, managing lipids in midlife may be more important for preventing AD
than interventions in late life. Second, aggressively lowering LDL-C in midlife may pro-
vide dual benefits for cardiovascular and brain health. Third, the nonlinear relationships
between lipids and cognitive outcomes suggest that the optimal lipid targets for neuro-
protection may differ from those for cardiovascular protection. Fourth, apolipoprotein
measurements (apoA-IL, apoB, apoE, and the apoB/apoA-I ratio) may provide better de-
mentia risk stratification than traditional lipid panels (total-C, LDL-C, HDL-C, non-HDL-
C). The strong association between apoB/apoA-I ratios and dementia risk suggests that
this metric could be incorporated into dementia risk assessment tools [22]. Similarly, de-
veloping a clinical method to measure HDL function instead of measuring HDL-C would
be ultimately more informative. Fifth, APOE genotyping, being the strongest genetic risk
factor for late-onset AD, may help to identify individuals who would benefit most from
lipid-modulating interventions. For example, the stronger protective effects of CETP inhi-
bition in APOE4 carriers suggest the potential for precision medicine approaches [109].
Sixth, evidence regarding the effects of drugs lowering LDL-C and non-HDL-C on de-
mentia is mixed, suggesting that the benefits may be concentrated in specific subgroups
(genetic, ethnicity, or sex) or require longer treatment durations.

There are several important limitations that warrant discussion. First, while vascular
mechanisms are well established, the extent to which peripheral lipids directly influence
brain cholesterol metabolism is debated in particular, as it is believed that cholesterol is
not transported through the BBB [118]. However, we and others have found that blood-
borne HDL is transported through the BBB and found within the brain vasculature and
parenchyma [82,83,119]. Whether HDL particles cross as intact particles in vivo remains
to be investigated, and this will shed new light on the potential lipid exchange between
the blood and the brain. Second, the potential adverse effects of very low cholesterol levels
on brain function require careful consideration. Although aggressive LDL-C lowering ap-
pears to be safe in cardiovascular trials, the long-term neurological effects of maintaining
very low LDL-C remain unknown. Finally, substantial but poorly understood differences
between the sexes exist regarding the relationship between lipids and cognition. The
stronger associations between high HDL-C and cognitive impairment in females suggest
that lipid management strategies may require sex-specific tailoring. Similar considera-
tions should be given to ethnicity.

These observations reveal several key research priorities, including the need for long-
term, randomized, controlled trials of lipid-lowering therapies. Large-scale studies with
over a decade of follow-up, beginning in middle age, are necessary to determine if these
medications can prevent AD. Novel treatments, including CETP, ANGPTL, Lp(a), and
apoC-III inhibitors, warrant further investigation in dementia prevention trials due to
promising genetic and experimental evidence. Additionally, long-term safety surveillance
is critical for monitoring neurological outcomes in patients receiving emerging lipid-low-
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ering therapies, and precision medicine approaches are important as well. Research
should focus on identifying the subgroups that are most likely to benefit from lipid-mod-
ulating interventions based on factors such as age, sex, APOE genotype, baseline lipid
levels, and other risk indicators. Mechanistic studies are needed to clarify how peripheral
lipids affect brain pathology in order to develop targeted therapies. However, a mouse
model may not always be the best way to answer these questions, because mice and hu-
mans have different plasma lipid profiles. While humans transport cholesterol primarily
via LDL, mice rely on HDL and lack CETP and Lp(a) [39,106].

In conclusion, the relationship between lipoproteins and brain health is complex,
multifaceted, and context-dependent. Elevated levels of LDL-C and apoB, particularly in
midlife, are associated with an increased risk of dementia and a greater burden of AD
neuropathology. This supports the idea that LDL-C and nonHDL-C are modifiable risk
factors. However, HDL-C exhibits paradoxical associations with cognitive outcomes, as
both very low and very high levels are potentially detrimental. HDL function and HDL-
subpopulation, rather than HDL-C concentration alone, appear critical for neuroprotec-
tion. However, genetic, observational, and clinical studies often produce conflicting re-
sults regarding lipid-lowering medications. These discrepancies will need to be investi-
gated further in follow-up studies, particularly regarding the optimal timing and duration
of lipid-lowering interventions, the mechanisms linking peripheral lipids to brain pathol-
ogy, and the identification of individuals most likely to benefit (based on age, sex, ethnic-
ity, and APOE genotype). Large-scale, and long-term trials initiated in midlife, combined
with mechanistic studies and precision medicine approaches, are needed to realize the full
potential of lipid modulation for AD prevention. Nevertheless, understanding and target-
ing lipid metabolism represents a promising approach to the prevention and treatment of
AD, particularly since several medications for treating ASCVD are already on the market
or in development.
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