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Abstract

The apolipoprotein E €4 (APOE ¢4) allele is the strongest common ge-
netic risk factor for late-onset Alzheimer’s disease and is associated
with blood-brain barrier (BBB) dysfunction, cerebrovascular instabil-
ity, impaired lipid transport, and metabolic dysregulation. These fea-
tures support investigation of precision medicine approaches targeting
neurovascular and metabolic pathways in APOE &4 carriers. Telmisar-
tan, an angiotensin II type 1 receptor blocker with partial peroxisome
proliferator-activated receptor-y (PPAR-y) agonist activity, possesses
pharmacological properties that may address several of these mecha-
nisms. This narrative review evaluates the mechanistic and translational
rationale for telmisartan as a candidate therapeutic strategy in APOE &4
carriers, with emphasis on BBB integrity, endothelial function, neuro-
protection, and metabolic regulation. Preclinical evidence demonstrates
reductions in neuroinflammation, oxidative stress, and amyloid-related
pathology, while experimental studies support effects on BBB stabil-
ity and neurovascular function. However, the translational relevance of
these findings remains uncertain, as many interventions demonstrating
efficacy in animal models of Alzheimer’s disease have failed in human
studies. Clinical data, including APOE-genotyped populations, provide
indirect support for further investigation but do not establish APOE
e4-specific therapeutic benefit. Telmisartan represents a biologically
plausible candidate for APOE e4-enriched mechanistic investigation;
however, definitive evidence requires prospective APOE-stratified
clinical trials incorporating neurovascular, BBB-specific, and clinically
meaningful cognitive endpoints.
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Introduction

Apolipoprotein E €4 (APOE &4) is the strongest common ge-
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netic risk factor for late-onset Alzheimer’s disease (AD). Its
clinical and biological footprint includes earlier and larger
cognitive decline risk, dose-dependent risk effects (€3/e4 vs.
gd/e4), and prominent cerebrovascular vulnerability: blood—
brain barrier (BBB) fragility, pericyte/endothelial dysfunction,
altered lipid handling, and a bias toward pro-inflammatory im-
mune responses. These features are measurable in humans and
model systems, making APOE &4 a viable precision medicine
target for therapeutics that primarily stabilize the neurovascu-
lar unit and modulate inflammation/metabolism, rather than
exclusively targeting amyloid [1-6].

Telmisartan is a clinically established angiotensin II type-1
receptor (AT1R) blocker (ARB) with distinctive properties rele-
vant to APOE &4 biology: comparatively strong lipophilicity and
demonstrated BBB penetration in vivo (at least in animal pharma-
cology), plus partial peroxisome proliferator-activated receptor-y
(PPAR-y) agonism that can couple blood-pressure and vascular
benefits to anti-inflammatory and metabolic effects [7—10].

By blocking ATIR (and engaging PPAR-y), telmisartan
plausibly counteracts BBB disruption, endothelial inflamma-
tion, oxidative stress, and metabolic drivers that are dispro-
portionately harmful in €4 carriers. This is mechanistically
plausible but not yet definitively proven in APOE e4-stratified
telmisartan trials [3-6, 9-12].

Preclinical data in amyloid and neuroinflammation mod-
els show that telmisartan can reduce neuroinflammation and
amyloid-associated pathology and improve cognition in mice
with partial dependence on PPAR-y in at least one key model
[11, 13-15].

Human evidence most relevant to APOE €4 comes from
a large, double-blind, randomized, placebo-controlled 2 x 2
factorial trial in older hypertensive adults without baseline
cognitive impairment (n = 1,244; mean follow-up ~7 years),
where telmisartan (40-80 mg daily) and rosuvastatin (10 mg
daily) each reduced cognitive impairment progression and in-
cident dementia, with reported synergy and genotype interac-
tions suggesting rosuvastatin benefit in APOE ¢4 carriers and
favorable combined effects. Although APOE genotype was
incorporated into the analyses, the study did not establish a
definitive APOE e4-specific therapeutic effect of telmisartan.
Therefore, the findings should be viewed as supportive of
APOE-stratified investigation rather than evidence for geno-
type-specific efficacy [16].

Clinical safety for telmisartan is well characterized in
cardiovascular medicine, but repurposing for neuroprotec-
tion in normotensive individuals introduces risks (hypoten-
sion, kidney function effects, hyperkalemia, drug interactions,
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pregnancy contraindication). A precision-medicine advocacy
position is therefore strongest when telmisartan is framed as:
a first-line preferential ARB in APOE &4 carriers who already
have standard indications (hypertension, high vascular risk),
and a testable disease-modifying hypothesis for APOE ¢4-
stratified prevention trials using neurovascular biomarkers and
careful blood pressure matching [17].

This review therefore evaluates telmisartan as a candidate
personalized strategy with moderate biological plausibility and
emerging but incomplete human evidence, prioritizing rigorous
APOE &4-stratified trial designs before broad off-label adoption.

Mechanistic Pathways Relevant to Precision
Targeting

BBB and neurovascular unit vulnerability

APOE &4 is linked to early BBB dysfunction and impaired
vascular regulation. Mechanistic studies show that apoE iso-
forms can regulate cerebrovascular integrity; in apoE4 con-
texts, BBB injury has been tied to vascular/pericyte signaling
involving cyclophilin A (CypA) and matrix metalloproteinase
9 (MMP9), culminating in tight junction and basement mem-
brane damage [3, 5, 6].

Human evidence of BBB breakdown

In vivo human imaging/biomarker studies have reported BBB
breakdown in APOE &4 carriers that can precede or predict
cognitive decline, supporting BBB dysfunction as an early, ac-
tionable target [6].

Endothelial dysfunction and cerebral perfusion reserve

APOE &4 has been associated with altered cerebrovascular
reactivity and neurovascular regulation. A mechanistic mouse
study reported that apoE4 disrupts neurovascular regulation
and undermines white matter integrity and cognition (support-
ing a vascular “first hit” phenotype) [18].

Human work has also reported reduced cerebrovascular
reactivity in young APOE &4 carriers, consistent with an early-
life vascular liability [19].

Metabolic and ApoE-related experimental evidence

Telmisartan has also been shown in high-fat diet-fed mice
to prevent diet-induced obesity and preserve leptin transport
across the BBB, supporting a possible metabolic-BBB trans-
port mechanism relevant to APOE e4-associated lipid and
metabolic vulnerability [20].

In ApoE-deficient mice, telmisartan attenuated ischemic
brain damage, supporting broader vascular-protective effects
in an ApoE-related experimental context [21]. Population-

based studies further suggest that angiotensin receptor blocker
use may be associated with reduced dementia risk compared
with some other antihypertensive exposures [22].

Lipid metabolism and inflammation

ApoE is the dominant lipid carrier in the central nervous sys-
tem (CNS) and a major determinant of lipid transport and
injury repair. APOE &4 shifts lipid handling in ways that can
worsen synaptic resilience and promotes immune states that
may be less effective at clearing pathology and more prone to
inflammatory injury. Reviews of APOE biology emphasize li-
pid, immune, and vascular interactions as core disease mecha-
nisms [1, 4, 22].

Collectively, these features define APOE &4 as a precision
medicine target where an intervention that stabilizes the BBB/
endothelium, reduces vascular oxidative stress, and improves
immunometabolic signaling could plausibly produce outsized
benefit versus unselected populations.

Mechanistic Rationale for Telmisartan in APOE
€4 Carriers

Telmisartan’s plausibility as an APOE e4-personalized strate-
gy is strongest when mapped onto APOE €4’s dominant liabili-
ties: BBB fragility and neurovascular dysfunction, oxidative
stress/inflammation, and metabolic-lipid dysregulation.

Mechanistic convergence

Ang II/ATIR signaling promotes vascular oxidative stress
and inflammatory remodeling; CypA is an Ang II-responsive
mediator that amplifies oxidative stress signaling in vascular
cells; BBB breakdown in APOE &4 has been mechanistical-
ly linked to CypA—MMP9 axis signaling in the neurovascu-
lar unit. Therefore, telmisartan’s AT1R blockade and adjunct
PPAR-y activity plausibly intersect APOE e4-specific BBB/
vascular inflammation pathways [3, 9, 10, 12]. The mechanis-
tic convergence of these pathways is summarized in Table 1.
Importantly, not all proposed telmisartan mechanisms
are specific to APOE €4 biology. While BBB dysfunction,
CypA-MMP9 signaling, and neurovascular instability provide
the strongest rationale for APOE &4 stratification [3, 6], other
proposed mechanisms, including anti-inflammatory, anti-amy-
loid, and PPAR-y-mediated metabolic effects, may benefit AD
more broadly regardless of APOE genotype [8, 11, 13—15].

Preclinical Evidence

Evidence in AD-like amyloid and neuroinflammation
models

Several telmisartan studies in amyloid-related models report
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Table 1. Classification of Proposed Mechanisms According to Relevance to APOE ¢4 Biology

Mechanism Classification

Rationale

CypA-MMP9 BBB dysfunction
BBB stabilization
Endothelial dysfunction

APOE eg4-enriched
APOE e4-enriched
Oxidative stress reduction APOE e&4-enriched
Neuroinflammation
Amyloid reduction
PPAR-y activation

Leptin transport/metabolic effects

APOE e4-specific/enriched

Genotype-independent
Genotype-independent
Genotype-independent
Genotype-independent

Direct mechanistic link to APOE &4 BBB injury
APOE ¢4 carriers exhibit early BBB breakdown
Supported by human and animal vascular studies
Relevant to APOE &4 vascular vulnerability
Common mechanism across AD populations
Observed in non-APOE-specific models

Broad anti-inflammatory and metabolic effects

Indirect relevance to APOE &4 biology

improvements in cognitive performance and reductions in in-
flammatory markers and amyloid burden.

In an AB1-40 intracerebroventricular injection model (ddY
mice), low-dose telmisartan improved Morris water maze per-
formance, increased cerebral blood flow, and reduced inflam-
matory gene expression (e.g., tumor necrosis factor-o, induc-
ible nitric oxide synthase). The PPAR-y antagonist GW9662
attenuated telmisartan’s benefits, supporting partial PPAR-y
dependence [11].

In the aggressive SXFAD Alzheimer model, intranasal
telmisartan reduced amyloid burden and microglial activa-
tion markers (CD11b) in cortex and hippocampus, alongside
reductions in inflammatory mediator production in microglial
systems [13].

A related longer-term intranasal study in SXFAD mice re-
ported reduced amyloid burden, reduced microglial accumu-
lation and astrogliosis, reduced neuronal loss in cortex, and
improved spatial acquisition [14].

A more recent mouse study (APP/PSI) reported that
chronic telmisartan improved cognitive/executive measures
and reduced AD-related neuropathologies, linking anti-inflam-
matory effects to microglial PPAR-related pathways [15].

BBB penetration and CNS pharmacology relevant to
neuroprotection

A key translational requirement for telmisartan as a neurovas-
cular therapeutic is CNS exposure. Animal pharmacology indi-
cates that peripheral telmisartan can inhibit centrally mediated
effects of angiotensin II and that telmisartan appears in cer-
ebrospinal fluid (CSF) after repeated dosing, supporting BBB
penetration in a dose- and time-dependent manner in rats [7].

This supports plausibility for central ATIR blockade,
though it does not establish human brain concentrations suf-
ficient for BBB stabilization or disease modification.

Evidence in apoE-related vascular disease models

While not equivalent to human APOE &4 targeted replacement,
apoE-deficient mice (ApoE ") are widely used to model ath-
erosclerosis and vascular inflammation. Telmisartan has been

studied in ApoE™" settings relevant to vascular injury and is-
chemia, supporting a broader vascular-protection profile that
is mechanistically aligned with APOE &4’s vascular liabilities
[21]. Representative preclinical studies relevant to APOE &4-
associated vascular, inflammatory, and metabolic pathways
are summarized in Table 2.

Clinical Evidence

APOE-stratified human trial evidence

A standout APOE-genotyped clinical trial is the double-blind,
randomized, placebo-controlled 2 x 2 factorial trial in 1,244
older hypertensive adults (> 60 years) without cognitive im-
pairment at baseline, randomized to telmisartan placebo/
active and rosuvastatin placebo/active (four groups), with
background open-label hydrochlorothiazide and ~7 years fol-
low-up. Telmisartan was dosed 40 mg daily, increased to 80
mg if needed; rosuvastatin 10 mg daily. APOE genotyping was
performed at baseline and €4 carrier status was incorporated
into interaction analyses [16].

Key reported findings included: (1) telmisartan and rosuv-
astatin each reduced cognitive impairment progression and in-
cident dementia; (2) statistically significant interaction between
telmisartan and rosuvastatin for cognition/dementia outcomes;
(3) higher cognitive impairment progression and dementia risk
in APOE &4 carriers; and (4) rosuvastatin particularly alleviated
progression and dementia risk in &4 carriers, with combined
therapy showing the most favorable trajectories and lowest cu-
mulative dementia hazard in e4-negative combined-treatment
groups and worst outcomes in g4-positive controls [16].

Interpretation for APOE &4 personalization

This trial provides a rare example where APOE genotype was
prospectively considered alongside medication effects over
long follow-up. However, because telmisartan was tested in
hypertensive older adults with background diuretic therapy
and because outcomes included “possible dementia” defini-
tions integrating cognitive scales and informant measures, the
result should be viewed as supportive but not definitive evi-
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Table 2. Preclinical Study Comparison

Study Model Intervention/dose Outcomes Relevance to APOE &4
Gohlke et Conscious Telmisartan IV and oral; ~ Dose/time-dependent inhibition Supports CNS exposure
al, 2001 [7] normotensive rats; CSF levels measured after  of central Ang II responses; plausibility needed for
central Ang II repeated oral dosing measurable CSF concentrations BBB/neuroinflammatory
response assays effects in €4 strategy
Tsukuda et APB1-40 ICV injection Low-dose telmisartan Improved cognition, 1 CBF, Mechanistic fit to €4’s

al, 2009 [11] mouse model; (0.35 mg/kg/day)

cognition and CBF + GW9662
Torikaetal,  BV2 microglia In vitro; intranasal
2016 [13] + primary glia; telmisartan (1 mg/kg/

5XFAD mice day) up to 2 months
Torika et al, SXFAD mice Intranasal telmisartan,
2017 [14] long-term (5 months)
2023 JAD APP/PS1 mice Telmisartan daily
study (APP/ (reported 5 mg/kg/
PS1) [15] day for 4 months)

Schuster et
al, 2018 [20]

High-fat diet
mice; BBB leptin
transport assays

Oral telmisartan; measures
of leptin BBB transport/
metabolic outcomes

| inflammatory transcripts,

| brain AB1-40; partial

PPAR-y dependence

| LPS-induced NO/iNOS/TNF-a/
IL-1B; | amyloid burden and
CD11b in cortex/hippocampus

| amyloid, | microglial
accumulation, | astrogliosis,
| neuronal loss

Improved cognitive/executive
measures; reduced neuropathology;
links to microglial PPAR/

NLRP3 pathways

Prevented diet-induced obesity;
preserved leptin BBB transport;
preserved glucose control

inflammatory/vascular
susceptibility; not
genotype-specific

Supports anti-inflammatory
microglial modulation—relevant
to &4 pro-inflammatory bias

Strengthens disease-
course relevance; still not
APOE &4 TR model

Reinforces immunometabolic
mechanism; genotype-specific
relevance remains indirect

Indirectly supports metabolic/
BBB transport axis relevant to
€4’s lipid/metabolic susceptibility

dence for telmisartan as a stand-alone APOE &4 neuroprotec-
tive therapy.

ARB class evidence and telmisartan-specific constraints

Telmisartan is not the only ARB considered potentially neu-
roprotective. The class-level literature includes observational
evidence suggesting that ARB use is associated with reduced
incidence or progression of dementia compared with some other
antihypertensives; such findings are susceptible to confounding,
but they support the broader RAS-brain hypothesis [22].

A caveat for telmisartan is that large vascular-outcomes
trials with cognitive/disability endpoints have not consistently
shown strong neuroprotective effects of telmisartan in second-
ary prevention settings. The PROFESS program is a prominent
example of a large randomized factorial trial framework that in-
cluded telmisartan (80 mg daily) versus placebo in post-stroke
patients; such trials are critical context when evaluating claims
of cognitive benefit from telmisartan. Published summaries doc-
ument the design and endpoints, but do not establish telmisartan
as a robust post-stroke “neuroprotectant” in humans [23].

Pharmacology, dosing, and safety considerations for pre-
cision use

For clinical personalization, telmisartan’s differentiators in-
clude: AT1R blockade with long duration of action, evidence
of CNS penetration in animal pharmacology, and partial
PPAR-y engagement 7, 10].

Articles © The authors | Journal compilation © | Neurol Res and Elmer Press Inc™ | = https:/jnr.elmerpub.com

In the APOE-genotyped long-term hypertension trial, tel-
misartan dosing was 40—-80 mg daily, consistent with approved
antihypertensive dosing ranges and typical clinical practice
[16]. Importantly, current human evidence does not establish
a genotype-specific therapeutic effect of telmisartan. Although
APOE &4 is strongly associated with increased dementia risk
and provides a biologically plausible framework for patient
stratification, existing clinical studies have not demonstrated
that APOE genotype significantly modifies the cognitive ef-
fects of telmisartan. Accordingly, the present review should
be viewed as proposing a precision-medicine hypothesis and
mechanistic framework rather than advocating clinical imple-
mentation of APOE g4-specific telmisartan therapy.

Safety remains the limiting factor for using telmisartan
purely as a neuroprotective drug in normotensive individu-
als. Official labeling emphasizes risks that become more rel-
evant when blood pressure lowering is not otherwise needed:
hypotension, renal function deterioration in susceptible states,
hyperkalemia (especially with kidney disease or interacting
drugs), and strict pregnancy contraindication [17]. Key clinical
studies informing the rationale for APOE e4-stratified investi-
gation of telmisartan are summarized in Table 3.

Evidence Challenging the APOE &4-Telmisar-

tan Hypothesis

While several mechanistic and preclinical observations support

investigation of telmisartan in APOE &4 carriers, important limi-

tations and contradictory findings should be acknowledged.
First, the strongest available human evidence derives from
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Table 3. Clinical Evidence Relevant to APOE ¢4 Stratification and Telmisartan

Study Population Intervention/dose Outcomes Relevance to APOE &4

Hu et al, 2020 [16] 1,244 hypertensive ~ Telmisartan 40—80 Reduced cognitive APOE-genotyped population;
adults > 60 years, mg daily and/or impairment progression supports feasibility of APOE-
baseline cognitively ~ rosuvastatin 10 mg daily  and incident “possible stratified investigation but
normal; APOE vs. matched placebos dementia;” interaction among  does not establish APOE &4-

(2 x 2 factorial);
background HCTZ

Telmisartan 80 mg

genotyped; ~7
years follow-up

PROFESS framework
(telmisartan arm) [23]

Large post-ischemic
stroke population;
secondary
prevention context

factorial design

Large observational Hypertensive or
ARB/dementia studies vascular-risk cohorts antihypertensives
(example) [22]

daily vs. placebo within

ARB exposure vs. other

telmisartan, rosuvastatin,
and APOE &4 status

Disability/cognitive endpoints Not APOE-stratified;
formally assessed in trial Provides important context
program (contextual constraint regarding the limitations of
on “neuroprotectant” claims)  neuroprotective claims in
human vascular populations.

specific telmisartan efficacy.

Indirect; does not isolate
telmisartan or APOE &4 effects

Lower dementia/AD
incidence in some analyses

a single APOE-genotyped randomized trial involving older
hypertensive adults receiving telmisartan and/or rosuvastatin.
Although APOE genotype influenced overall dementia risk, the
study did not establish a definitive APOE e4-specific therapeutic
effect of telmisartan [16]. Consequently, APOE &4 should cur-
rently be regarded as a biologically plausible enrichment factor
rather than a validated predictor of treatment responsiveness.

Second, beneficial findings observed in AD animal mod-
els should be interpreted cautiously. Numerous therapeutic
interventions have demonstrated reductions in amyloid pathol-
ogy, neuroinflammation, or cognitive impairment in transgenic
mouse models but subsequently failed to produce clinically
meaningful benefit in human trials. Therefore, improvements
observed in APP/PS1, 5XFAD, or related models cannot be as-
sumed to predict therapeutic efficacy in patients [24].

Third, the broader literature evaluating vascular and
metabolic interventions in AD has produced mixed results.
Although observational studies have suggested reduced de-
mentia risk among users of angiotensin receptor blockers,
confounding factors may contribute to these associations [22].
Similarly, despite strong biological rationale and encouraging
observational findings, several randomized trials of statins
have failed to demonstrate meaningful prevention or slowing
of dementia progression [25].

Collectively, these considerations reinforce the need for
rigorous mechanistic and genotype-stratified clinical trials be-
fore concluding that telmisartan provides clinically meaning-
ful benefit specifically in APOE &4 carriers.

Gaps, Limitations, and Research Recommen-
dations

Key limitations of current evidence for an APOE &4-
telmisartan strategy

The evidence base remains incomplete for a definitive person-
alized-medicine recommendation because a central missing

link is direct testing in APOE4 targeted-replacement models
and APOE e4-stratified clinical trials of telmisartan monother-
apy with neurovascular endpoints. Much supportive evidence
comes from amyloid transgenic models (5SXFAD, APP/PS1)
or non-APOE genotype rodents, with APOE &4 relevance in-
ferred by pathway overlap [11, 13—15].

In humans, the strongest APOE-genotyped evidence in-
volves combination therapy (telmisartan + rosuvastatin) in
hypertensive older adults. This is valuable but introduces in-
terpretive complexity: background therapy (HCTZ), BP and
lipid changes as mediators, dementia subtype ambiguity, and
generalizability to non-hypertensive APOE &4 carriers [16].

Biomarkers and endpoints for APOE &4-stratified tel-
misartan trials

A rigorous APOE &4 precision trial should treat BBB and cer-
ebrovascular function as first-order endpoints, not only down-
stream cognition. Neurovascular/BBB biomarkers should in-
clude (at minimum) quantitative BBB permeability imaging
(e.g., dynamic contrast-enhanced approaches), cerebrovascular
reactivity/perfusion reserve measures, and blood/CSF markers
aligned with vascular injury and inflammation. Human studies
showing APOE e4-related BBB and cerebrovascular vulnerabil-
ity underscore the relevance of such endpoints [6, 19]. Future
studies should therefore incorporate clinically meaningful out-
comes together with complementary biomarkers such as plasma
or CSF neurofilament light chain (NfL) [26] and hippocampal
atrophy measures [27], both of which have demonstrated asso-
ciations with neurodegeneration and cognitive decline [26, 27].

Trial design recommendations tailored to APOE &4

A practical and informative design would be:

»  Population: cognitively normal or early-mild cognitive
impairment adults enriched for APOE ¢4, stratified by &4
dose (€3/e4 vs. €4/e4), and enriched for vascular/metabolic
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risk where telmisartan is clinically justifiable.

*  Comparator strategy: BP-matched active comparator (e.g.,
another antihypertensive without PPAR-y activity) to sepa-
rate BP lowering from pleiotropic effects, and/or telmisar-
tan vs. placebo in those needing antihypertensive therapy,
with standardized BP targets to minimize confounding.

*  Primary endpoints (mechanism-forward): BBB integrity,
perfusion/cerebrovascular reactivity reserve, inflamma-
tory biomarkers; secondary endpoints: cognition com-
posites, AD biomarker trajectories (amyloid/tau positron
emission tomography, plasma/CSF).

*  Adaptive enrichment: increase sample size or duration for
€4/e4 if signals emerge, given stronger risk and potentially
larger vascular dysfunction.

* Before large genotype-stratified randomized trials, ob-
servational comparative-effectiveness studies comparing
APOE &4 carriers receiving telmisartan with carriers re-
ceiving alternative antihypertensive therapies may pro-
vide useful estimates of effect size, feasibility, and target
population selection.

Precision-medicine positioning before definitive trials

Given telmisartan’s established cardiovascular indications and
safety profile in indicated populations, the most defensible
near-term “precision” position is a preferential selection strat-
egy: when an APOE &4 carrier requires an ARB for standard
care, telmisartan may be a rational candidate to investigate be-
cause it couples AT1R blockade with mechanistically relevant
PPAR-y activity and demonstrable CNS exposure in preclini-
cal pharmacology [7, 11, 16].

Conclusions

A precision-medicine hypothesis for telmisartan in APOE &4 car-
riers is biologically plausible but remains unproven. APOE &4
defines a common, high-risk subgroup characterized by BBB
fragility, neurovascular dysfunction, and inflammatory—metabol-
ic shifts that are mechanistically aligned with telmisartan’s dual
pharmacology (ATIR blockade plus partial PPAR-y activation).
APOE &4 BBB breakdown pathways (notably CypA—MMP sign-
aling) plausibly intersect with Ang II-AT1R vascular oxidative
stress biology, creating a coherent mechanistic rationale for tel-
misartan as a neurovascular stabilizer in €4 carriers [3, 9-12, 19].

Preclinical data demonstrate that telmisartan can reduce
microglial inflammation, reduce amyloid burden, and improve
cognition in multiple mouse models, with evidence of PPAR-y
contribution in at least one key paradigm [11, 13, 14].

Human evidence remains limited but includes an unusu-
ally relevant long-term APOE-genotyped randomized trial
in older hypertensive adults suggesting benefit for cognitive
trajectories and dementia incidence, while providing a useful
framework for future APOE-stratified investigation and as-
sessment of potential interactions with rosuvastatin. This sup-
ports the broader hypothesis that targeting vascular/metabolic
pathways can be especially important in APOE &4 carriers, but

it does not yet prove telmisartan monotherapy as an APOE &4-
specific neuroprotective treatment [16].

Current evidence supports APOE e4-stratified mechanis-
tic investigation rather than clinical implementation of APOE
gd-specific telmisartan therapy. Future studies should deter-
mine whether neurovascular stabilization, BBB preservation,
and metabolic modulation translate into clinically meaningful
benefit in APOE &4 carriers.
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