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Abstract: Vascular dementia (VaD), characterized by cognitive decline attributable to cerebrovascular
disease, is the second most common type of dementia after Alzheimer’s disease. This review aims
to explore the prevalent risk factors, pharmacological interventions, and non-pharmacotherapeutic
strategies associated with the condition. Recognized risk factors include advanced age, hyperten-
sion, diabetes mellitus, obesity, and hyperlipidemia with emerging evidence implicating additional
lifestyle and genetic factors. Pharmacotherapy for VaD mainly focuses on managing these un-
derlying risk factors, coupled with symptomatic treatments. Therapeutic agents commonly used
include antihypertensives, statins, antiplatelet drugs, antidiabetic agents, and specific cognitive
enhancers like cholinesterase inhibitors. However, the effectiveness of these treatments remains
under continuous study, underscoring the need for comprehensive, individualized treatment plans.
Non-pharmacotherapeutic strategies, encompassing lifestyle modifications such as diet and exercise
have gained considerable attention. They have shown promise in improving cognitive function and
enhancing the quality of life in patients with VaD. The application of a multi-domain intervention
approach may provide a more holistic management strategy for VaD. Further research is needed to
define the best practices in both pharmacotherapy and non-pharmacotherapy treatments, considering
the multifactorial and heterogeneous nature of this condition.

Keywords: vascular dementia; Alzheimer’s disease; cognitive decline; pharmacotherapy; non-
pharmacotherapy

1. Introduction

The increasing global population of older adults has led to a growing focus on age-
related concerns. Dementia is a prevalent and enduring health condition that mostly
impacts the elderly demographic [1]. It has garnered significant attention as a pressing
global health issue, leading to substantial socioeconomic and familial consequences [2].
Alzheimer’s disease (AD) and vascular dementia (VaD) have historically been recognized
as the two most prominent forms of dementia, with AD being the primary variety and VaD
following closely behind [3]. VaD is a neurocognitive disorder characterized by a decline in
cognitive functioning caused by diminished cerebral blood flow. This reduction in blood
flow is frequently attributed to cerebrovascular incidents, such as stroke or a succession of
minor strokes, which subsequently result in neuronal damage [4]. Cerebral small vessel
disease (SVD) is a commonly observed vascular aetiology of dementia among individuals
with cardiovascular disease (CVD). It comprises a range of clinical, radiological, and
pathological features [5]. The brain regions that are frequently impacted by this condition
encompass the frontal lobes, hippocampus, and basal ganglia [6]. At the cellular level, both
macrovascular and microvascular routes including big and small cause abrupt cognitive
deficits through events such as strokes, but a more gradual decline may be observed as
a result of microvascular pathology [7]. The pathogenesis of VaD is also influenced by
inflammatory processes. The occurrence of ischemia injury can be intensified and result in
the long-term impairment of neurological function due to the release of pro-inflammatory
cytokines [8]. Extensive research has been conducted on the involvement of oxidative stress
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in the process of neurodegeneration in VaD. The production of free radicals during ischemia
episodes has the potential to cause oxidative harm and ultimately result in the demise
of neurons [9]. In contrast to the gradual progression typically observed in AD, VaD is
characterized by the quick onset of symptoms and the potential for stepwise deterioration.

The prevalence of vascular abnormalities tends to be higher in older individuals due
to the increased susceptibility of their brains to age-related degenerative changes and other
pathological conditions. The VaD condition primarily encompasses behavioural symptoms,
locomotion abnormalities, and autonomic dysfunction, which can manifest as early, late,
or severe dementia syndromes [4]. The new discovery that vascular-related cognitive loss
occurs more frequently than previously believed, either independently or in combination
with neurodegenerative illnesses, has raised doubts about this notion.

The diagnostic procedure for vascular dementia often encompasses several sequential
stages, including clinical assessment, neuroimaging analysis, and cognitive evaluation. The
initial stages of the diagnostic process often involve conducting a comprehensive history
and physical examination, which are afterward followed by the utilization of imaging
modalities such as magnetic resonance imaging (MRI) or computed tomography (CT) scans
in order to detect any cerebrovascular abnormalities [10]. The evaluation of cognitive
function is frequently conducted using assessment tools such as the Mini-Mental State
Examination (MMSE) and the Montreal Cognitive Assessment (MoCA) [11]. This concise
review has provided an overview of the growing body of research and potential risk factors,
blood biomarkers, diagnostic methods, and treatment options pertaining to VaD.

2. Epidemiology
2.1. Prevalence and Incidence

The prevalence of VaD exhibits significant variability, contingent upon the specific pop-
ulation under study and the diagnostic criteria employed. Nevertheless, it is commonly
believed that the prevalence of this condition impacts approximately 1.54.2% of the pop-
ulation aged 65 and above [12,13]. According to the cited source [14], the frequency of AD
increases two-fold every 4.3 years, and the frequency of VaD doubles every 5.3 years. The
prevalence of dementia is approximately 50 times higher in patients within the first year
following a significant stroke compared to the general population [15]. VaD constitutes ap-
proximately 15% to 20% of cases in North America and Europe, as reported by previous
studies [3]. However, in Asia and emerging economies, the prevalence of VaD is significantly
greater, with estimates reaching over 30% [16]. According to a study referenced as [17], the
incidence of the condition appears to increase two-fold every 5-10 years after individuals reach
the age of 65. The precise prevalence rate of people with VaD remains uncertain; however, it
is associated with an increased risk of developing dementia and mortality.

2.2. Risk Factors

According to epidemiological data, ageing is the major contributor to dementia risk,
where advanced age [3] is the strongest risk factor for VaD (Table 1). Similar to AD,
the incidence of VaD increases exponentially with age, contributing to the prevalence
of dementia in aging populations worldwide. The major vascular risk factors include
hypertension, diabetes mellitus, cigarette use, atrial fibrillation, and stroke history [18].
It has been reported that VaD and cerebrovascular disease share common risk factors
such as hypertension, insulin resistance, diabetes, obesity, hyperhomocystinemia, and
hyperlipidemia [19]. The nine potentially modifiable risk factors for dementia identified
by the 2017 Lancet Commission on dementia prevention, intervention, and care are less
education, hypertension, hearing impairment, smoking, obesity, depression, physical
inactivity, diabetes, and low social contact [20]. The modifiable risk factors, especially
obesity and hypertension, have been found to have a particularly negative impact on brain
health in middle age and beyond. Elevated systolic and diastolic blood pressure values are
associated with an increased risk of VaD. It was suggested that the diabetes risk factor causes
approximately double the risk of dementia. Therefore, diabetes increases the incidence
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of VaD, especially in middle-aged adults [20]. Indeed, it was found that modifiable risk
factors such as obesity, hypertension, and diabetes mellitus account for ~25% of dementia
in the population [21]. It was suggested that homocysteine levels in plasma appear to
be closely connected to A4, levels. Hyperhomocysteinaemia inhibits neurogenesis via a
fibroblast growth factor-dependent mechanism. Homocysteine levels that are moderately
high are a risk factor for VaD and AD; a considerable rise in plasma homocysteine levels has
been seen in AD [22,23]. Systematic and quantitative studies suggest that atrial fibrillation
(AF) associations exist between AF and cognitive impairment, especially in VaD [24]. The
genetic factors include familial vascular encephalopathies, such as autosomal dominant
cerebral artery disease with subcortical infarction and leukoencephalopathy (CADASIL),
and possibly apolipoprotein (apoE) ¢4, which is implicated in increased VaD risk [25]. A
history of stroke was recognized as a key chance figure for incorporation in dementia
hazard scores, particularly for mature people 70-80 [26]. Overall, the body of evidence
supporting these risk factors is growing.

Table 1. Vascular dementia and associated risk factors (modified from Livingston et al. 2020) [20].

Non-Modifiable Risk Factors

Modifiable Risk Factors Preventative Measures

Advanced age

Obesity—BMI of >25 and increased

abdominal fat stroke predictors of stroke risk. Body weight reduction reduces risk of stroke.

Genetic factors (ApoE4)

Hypertension—both systolic and diastolic

pressures increase risk; >140/90 mm Hg Antihypertensives

Family history of stroke/VaD

Diabetes mellitus type 2- Healthy diet, Mediterranean Diet

Hyperlipidaemia—elevated cholesterol and

Dependency LDLs and lower HDLSs increase Statins
risk of VaD.
High homocysteine—elevated homocysteine
History of CVD (>13 mg/mL) is considered a risk for Diet folate supplementation can lower

vascular disease related cognitive
impairment but not widely accepted.

homocysteine.

CVD mainly Atrial fibrillation—both chronic
and paroxysmal AF confers risk of stroke. AF
involved in ~10% of all strokes; in >80 year
old it is ~36%.

Anticoagulants including aspirin suggested
but they are not without risk.
Not recommended for those
who develop dementia.

Depression

Psychiatric or behavioural therapy

Sedentary lifestyle

Active lifestyle, aerobic exercise

Low education

Training and education

2.3. Gender Differences

Research indicates that men seem to exhibit a marginally increased susceptibility to
developing VaD compared to women [27]. This observed difference in risk has perplexed
the medical community as the exact reasons behind this discrepancy remain somewhat
elusive. Several studies have shown a gender difference in the prevalence of VaD; this
disparity may be attributed to several potential reasons:

Men are generally at a higher risk of certain CVDs compared to women. Studies
conducted around the world show that the incidence of stroke, whether ischemic or
hemorrhagic, is 44% higher in men than in women. Research findings indicate that there
is a tendency for men to encounter their first stroke at a comparatively younger age,
typically around 68.6 years. However, it has been suggested that men who reach the
age of 72.9 years may potentially be more susceptible to developing vascular dementia
(VaD), therefore contributing to a higher susceptibility in this population [28].

Historically, certain lifestyle factors associated with vascular health, such as smoking
and high alcohol consumption, have been more prevalent among men than women.
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The World Health Organization (WHO) has noted that men, especially in certain
regions, smoke and consume alcohol at higher rates than women [29], increasing their
risk of vascular problems which might in turn affect their dementia risk.

Women generally have a longer life expectancy than men. Since age is a significant
risk factor for most types of dementia, including AD, women might be more likely to
develop other types of dementia at an older age [30]. On the other hand, because VaD
can occur earlier than Alzheimer’s, the shorter average lifespan of men might result
in a higher observed prevalence of VaD during their lifetime [31].

However, it is important to note that while these factors might influence the differ-
ences observed between men and women, the exact reasons for the gender disparity in
VaD prevalence remain an active area of research. A combination of genetic, biological,
environmental, and lifestyle factors is likely at play.

2.4. Ethnicity Differences

A few studies have indicated that VaD might be more prevalent in certain ethnic
groups [32]. Individuals belonging to the Black ethnic group exhibit an approximately
30% higher prevalence of dementia compared to individuals from the White ethnic group.
Conversely, individuals from the Asian ethnic group demonstrate a similar incidence rate of
dementia when compared to their White counterparts [33]. Specifically, research has high-
lighted a potentially elevated risk among African Americans and Hispanics, groups that
have historically displayed a higher prevalence of CVD [34]. For instance, older African
Americans are about twice as likely as older white Americans to have Alzheimer’s or other
dementias, with VaD being a contributing factor. Moreover, Hispanics also face higher risks of
developing VaD, with cardiovascular risk factors like diabetes and hypertension being more
common in this demographic [35]. These findings underscore the importance of addressing
cardiovascular health disparities among ethnic groups to reduce the burden of VaD.

3. Biomarkers in VaD

To date, no blood biomarker has proven useful in clinical practice for the diagnosis of
VaD [36]. Complicating the clinical use of blood biomarkers is the BBB, which limits the
leakage of proteins from the brain parenchyma into the blood, and the presence of these
markers in other pathological conditions such as epilepsy, encephalitis, and myocardial
infarction [37]. However, blood biomarkers may be the best candidates for identifying
VaD in terms of accessibility, minimal invasiveness, and cost effectiveness. A few blood
biomarkers in VaD are available; however, future studies are warranted to validate these
promising biomarkers.

3.1. Oxidative Biomarkers

Membrane phospholipid peroxidation causes oxidized low-density lipoprotein (oxLDL)
and multiple pathological events such as endothelial cell damage, enhanced foam cell for-
mation, vascular smooth muscle cell proliferation, and platelet adhesion aggregation [38].
Elevated oxLDL levels in acute ischemic stroke (AIS) patients in a large cohort (VaD group,
2711; control group, 1015) were reported to be associated with lower MMSE scores [39]. The
endothelium cells asymmetric dimethylarginine (ADMA) is an inhibitor of endogenous nitric
oxide (NOS) synthesis, where L-arginine serves as NOS substrate to produce NO (nitric oxide).
Regarding blood biomarkers of AIS, ADMA levels were significantly higher in patients with
AIS than in controls [40]. These may be promising blood biomarkers for VaD, but further
studies are needed to confirm and validate them.

3.2. Hormonal Biomarkers

Thyroid hormones play crucial roles in a range of physiological processes, including
metabolism, growth, and development, as well as brain function. Cognitive dysfunction
and mood disturbances are among the well-known clinical manifestations of hypothy-
roidism. The central nervous system (CNS) is a major target for thyroid hormones, and the
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influence of thyroid hormones on the CNS is evident from fetal life to old age. Both excess
and deficiency of these hormones can cause neurological and psychiatric disorders because
of the following reasons:

During the early stages of fetal development, thyroid hormones play a role in neu-
ronal migration, differentiation, myelination, and synaptogenesis. Thus, congenital
hypothyroidism can lead to severe and irreversible intellectual disability, highlighting
the importance of thyroid hormones for brain function [41].

Thyroid hormones can influence the concentrations and turnover rates of various
neurotransmitters, including norepinephrine and serotonin. Changes in these neuro-
transmitters have been implicated in mood and cognitive disturbances [42].

In adults, severe and chronic thyroid hormone deficiencies (like in untreated hy-
pothyroidism) are associated with cognitive impairments. Multiple studies have
documented deficits in memory, attention, and executive function in hypothyroid
patients. Correcting the hormone deficiency often results in significant cognitive
improvements, although not always to the levels of healthy controls [43].

Elevated thyroid stimulating hormone (TSH), even in subclinical hypothyroidism,
has been associated with cognitive deficits, particularly in elderly populations [44].
However, the direct influence of TSH on cognition remains a topic of investigation. A
few studies have been suggested that elevated TSH itself might be a marker for other
factors that influence cognition, rather than a direct contributor [45].

Total triiodothyronine (T3) is the active form of thyroid hormone and has been directly
associated with various physiological processes in the brain. Decreased levels of total
T3 and free triiodothyronine (fT3) in the blood can indicate reduced thyroid function,
potentially leading to the cognitive deficits observed in hypothyroid individuals [46].
Further, there is a correlation between cognitive decline and reduced concentrations
of total T3 and fT3 in the bloodstream, and elevated levels of serum TSH [47].

In addition, community-based trial showed that plasma parathyroid (PTH) predicted
clinically diagnosed VaD as well as neuroimaging markers of cerebral small artery disease
and their findings suggested that PTH has a role in the development of VaD [48]. Therefore,
thyroid and parathyroid hormone profiles could be a promising blood biomarker for VaD;
however, further randomized trial warrants confirmation of its importance in VaD patients.

Furthermore, multiple lines of evidence imply that oestrogen deficiency in the ageing
brains of both men and women may have a role in the cognitive impairments associated
with AD [49]. Studies have showed that hormone replacement therapy use is related with
enhanced delayed memory and greater entorhinal and amygdala sizes only among APOE,
carriers [50]. This might be an effective targeted therapy to reduce the increased lifetime
risk of AD in this big at-risk demographic subset. To demonstrate causation, findings in
a fit-for-purpose randomized control trial with prospective enrolment based on APOE
genotype must be confirmed.

3.3. Amyloid-Beta (AB) and Tau Proteins

Amyloid-beta (Af), a peptide found in the brain, can aggregate and form plaques,
which is one of the pathological hallmarks of AD [51]. Unlike Alzheimer’s, which involves
Af plaques and tau tangles, VaD does not have specific protein biomarkers. It has also
been found that the accumulation of these plaques can cause cerebrovascular dysfunction,
leading to reduced blood flow to the brain, which could contribute to the development of
VaD [52]. The plasma and serum levels of A3 proteins were found to be substantially lower
than those in cerebrospinal fluid. Because plasma and serum contain large quantities of
assay-interfering components, this makes singulex or multiplex ELISA platforms challeng-
ing to utilize [53] and unable to detect AD in investigation mainly in the early stages of AD.
However, A3 plaques are absent in individuals diagnosed with frontotemporal dementia
or pure VaD [54]. Hence, the utilization of amyloid imaging will encompass the verification
or negation of AD, the differentiation of dementia, specifically the separation between AD
and frontotemporal dementia, and the early detection of AD. A few studies have reported



J. Vasc. Dis. 2023, 2

424

that plasma Af levels significantly rise post-stroke and could be a potential biomarker
for VaD following a stroke [55]. The ratio of plasma AB1-33/AP1-40 peptides could be a
potential blood-based biomarker candidate for VaD [56]. Although amyloid plaques are
not typically observed in cases of VaD, there exists a potential for intricate interactions
between the two conditions that may contribute to the worsening of cognitive loss. Due
to the intricate nature of VaD and AD, it is probable that comprehensive investigation of
their link will require the integration of multiple disciplines such as neurology, cardiology,
radiology, biochemistry, and pharmacology.

Tau proteins are primarily known for their role in neurodegenerative diseases, par-
ticularly in AD. They are microtubule-associated proteins that stabilize microtubules in
neurons, allowing for normal cellular function. When tau proteins become abnormally
phosphorylated, they aggregate and form neurofibrillary tangles (NFTs), one of the hall-
mark pathological features of AD. In the context of VaD, evidence has shown that tau
proteins can exacerbate cerebrovascular injury and may thus participate in VaD pathol-
ogy [57]. In a pilot study, cerebrospinal fluid in patients with AD, and high levels of the
T-tau and P-tau were found in cerebrospinal fluid (CSF); T-tau and P-tauys; levels were
significantly higher in AD patients than in VaD patients [58]. There is considerable overlap
between AD and VaD, with many patients showing mixed features of the individual dis-
eases; some individuals have been found to have both A3 plaques and phosphorylated tau
in their brains. These findings suggest that A3 and tau may be involved in the pathogenesis
of VaD, although more research is needed to better understand the precise relationships.
In brief, it is imperative to use comprehensive, multi-faceted methodology encompassing
fundamental scientific research, clinical observation, and interventional investigations in
order to conclusively ascertain the association between neurofibrillary tangles and VaD.

While the primary pathological feature of VaD is related to vascular lesions, there is
increasing evidence that tau pathology plays a role in the disease’s progression and presen-
tation. It highlights the interconnected nature of different neurodegenerative processes and
the importance of understanding the multifactorial nature of dementia syndromes. There-
fore, it may be possible that A and tau may serve as blood biomarkers for VaD, especially
in the cases with overlap with AD, but this is an area that needs further exploration.

4. Diagnosis of VaD

An unequivocal conclusion of immaculate VaD can, as it were, be performed histologi-
cally to avoid the nearness of other neurodegenerative conditions such as AD. Diagnosis of
VaD can use the Diagnostic and Statistical Manual of Mental Disorders (DSM) 1V or the
ICD-10 criteria of the International Statistical Classification of Diseases and Related Health
Problems (Figure 1). Memory impairment is an imperative highlight of these investigative
criteria. In any case, this may be an afterward indication of vascular cognitive impedance
observed before by cognitive shortage in other spaces. In the DSM-V, the criteria for both
midlife and late-life strokes were more common among African Americans than White
populations, suggesting that a potential pathway to the development of VaD has been
updated and classified as follows: mild and severe vascular cognitive impairment with less
emphasis on memory impairment alone. These criteria also emphasize the need to collect
an accompanying medical history and establish a temporal relationship between symptoms
and vascular injury. The Mini Mental State Exam (MMSE) is the most widely used diagnos-
tic and screening tool for dementia and is recommended by the NICE guidelines [59]. It
was estimated that the whole investigation task takes approximately 10-15 min. However,
it is insensitive to executive detection dysfunction and visuospatial impairment, limiting
its use in VaD.

Furthermore, Montreal cognitive evaluation (MOCA) is free to utilize and can be
more delicate within the diagnosis of VaD because it contains tests of official work, such
as the trail-making test, word affiliation, and category naming. The MOCA takes around
15-25 min in total [60]. However, a 5 min MOCA subtest was proposed by Hachinski
et al. [61], which will be valuable in an active GP clinic. This incorporates a five-word
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quick and deferred (after 30 s) word review, a six-item introduction errand, and a one-
letter phonemic familiarity test (Figure 1). The NICE Dementia Assessment and Diagnosis
Roadmap recommends the following blood tests prior to referral to secondary memory
assessment services: routine hematology and biochemistry, including calcium and glucose,
thyroid function tests, and B1, and folate levels [59].

ICD-10 — FO1 vascular dementia DSM-IV MOCA subtest (5 minutes)

¢ Symptoms persist for more than 6 months * Memory impairment * Attention

* Poor memory * Cognitive impairment: One or more of e Instant recall of five words (one point for

« Other cognitive decline, areas affected aphasia, apraxia, agnosia, executive each word — up to five points)
disproportionately dysfunction « Executive function

* Unclouded consciousness: rule out delirium * Cognitive impairment causes deterioration * One minute fluently say the letter F or the

* Decreased affective function with one or in level of daily function animal genre
more of the following symptoms: emotional * Focal neurological signs or neuroimaging « (Each correct word gets 0.5 points — up to
lability, irritability, apathy, decreased social evidence of cerebrovascular disease nine points)
behavior * Orientation

e Presence of focal neurological symptoms: « Orientation to six items, including day,
One or more hemiparesis, unilateral brisk month, year, day, place, and city (one
reflex, plantar extensor reflex, or point for each correct answer - up to six
pseudobulbar palsy points)

* Signs of cerebrovascular disease: medical * Memory

history, clinical findings, or neuroimaging « Five-word delayed word recall in attention

(two points if spontaneously recalled, one
point when prompted - up to 10 points)
 Score out of 30 points

Figure 1. Suggested diagnostic criteria for VaD [62,63].

5. Treatments

VaD is a complex and still poorly understood condition that involves multiple patho-
physiological mechanisms and presents significant challenges for effective treatment. There
are currently no US Food and Drug Administration (FDA) approved treatments for VaD.
Therefore, there are therapeutic strategies (Figure 2) primarily focused on controlling
underlying vascular risk factors and related symptoms [64].

5.1. Pharmacotherapy

Currently, there is a lack of exact pharmacological interventions that are endorsed
for enhancing cognitive abilities or functional outcomes in individuals diagnosed with
Vascular Cognitive Impairment (VCI). In persons with VaD, a few drugs may help pre-
vent future brain damage and may halt its course. The primary emphasis of treatment
frequently revolves around the effective management of the various health conditions and
risk factors that are known to contribute to the development and progression of VaD. The
implementation of measures to regulate factors that impact the fundamental well-being
of the cardiovascular system has the potential to decelerate the progression of VaD, and
in certain instances, may even impede further deterioration. Studies suggest that after a
serious vascular event such as a stroke, preventive measures are needed to minimize the
risk of developing VaD [65]. A few studies have shown that antihypertensives and statins
might reduce the incidence of dementia and AD [66]. In a 5-year follow-up study of a
community sample of 1,617 African Americans, the use of drugs that mediate vascular
risk factors (antihypertensive, antihyperlipidemics, and antidiabetics) reduced the risk of
developing dementia by 40% [67]. Depending on an individual’s specific circumstances,
the following drugs may be prescribed.
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Risk Factors

l

MNon-modifiable

Advanced Age, Genetic factors {(ApoE4). Family history of stroke/VVaD, Dependency, History of CVD

Modifiable

Atrial fibrilation, Diabetes, Hypertension, Hyperlipidemia, Obesity

Dementia

Pharmacotherapy

1

Alzheimer's Disease Antihypertensive drugs

AD
2 [ ) Hypolipidemic drugs

Anhplatelet and
anticoagulants agents

Antidiabetic drugs
<: Treatment Cholinesterase inhibitars

. Non-pharmacotherapy
Vascular Dementia

(VaD)
Anlioxidants
Dietary interventions
Physical activity

Aromatherapy

Figure 2. A schematic diagram depicting the hierarchical relationship within the category of dementia
reveals that AD occupies the foremost position, with VaD ranking second. VaD can be caused by
several risk factors, which can be classified into two categories: non-modifiable and modifiable ones.
The present approach to treating VaD is not yet definitive and primarily centers around pharmacology,
which has demonstrated efficacy in mitigating cardiovascular problems. Non-pharmacological
interventions have demonstrated favorable outcomes in both the prevention and mitigation of VaD.

5.1.1. Antihypertensive Drugs

The relationship between antihypertensive drugs and VaD is complex but generally
favorable when considering the prevention or management of the disease. Since hyperten-
sion is a major risk factor for vascular diseases like stroke and small-vessel disease, which
can contribute to or exacerbate VaD, antihypertensive drugs can play a role in mitigating
this risk. The efficacy of anti-hypertensive medications in providing protection seems to
be contingent upon the particular medicine employed. Favorable outcomes have been
documented with the utilization of calcium channel blockers (CCBs), including lercani-
dipine and nitrendipine, as well as the combination therapy of perindopril-indapamide
and telmisartan [68]. A systematic review study conducted in 2015 revealed that four
randomized controlled trials reported the potentially preventive effect of antihypertensive
drugs with a 41% reduction in cognitive decline associated with stroke [69]. Further, an
analysis incorporated a total of 39 pertinent publications, comprising 20 longitudinal inves-
tigations, 10 randomized-controlled trials, and 9 meta-analyses [70]. The findings indicate
that a majority of observational studies have indicated a potential protective impact of
antihypertensive treatments on cognitive decline and various forms of dementia, such as
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VaD and AD. Specifically, calcium channel blockers and renin-angiotensin system blockers
appear to be particularly effective in this regard [70].

The current study endeavors to determine the most efficacious antihypertensive
drugs for the prevention or deceleration of VaD. The implementation of personalized
antihypertensive medication based on the individual’s particular condition has the potential
to become a widely adopted approach in medical practice.

5.1.2. Hypolipidemic Drugs

The intricate relationships between cholesterol and small vascular disease (SVD),
stroke, cognitive impairment, and later dementia remain multifaceted and as of now
lack complete comprehension. The current understanding of the impact of lipids and
lipid-lowering medication on the prevention and treatment of dementia is limited, with
a lack of conclusive evidence. Existing trials investigating the effects of lipid-lowering
therapy have shown a notable favorable association between statin treatment and a reduced
incidence of VaD [71]. To prevent or delay the onset of VaD, it may be necessary to initiate
interventional trials targeting long-term vascular risk markers during midlife. A recent
study has presented findings suggesting that the occurrence of VaD may lead to a decrease
in the levels of circulating high-density lipoprotein cholesterol (HDL-C) [72]. These findings
also support the concept that the use of statins to lower low-density lipoprotein cholesterol
(LDL-C) levels could be an effective strategy for preventing the development of VaD.

5.1.3. Antiplatelet and Anticoagulants Agents

Ischemia can manifest as a consequence of atherosclerosis, thrombosis, or vasculopathy.
The cerebral blood flow might be diminished due to a partial obstruction or may be entirely
obstructed as a result of the presence of a thrombus. One of the major risk factors for VaD
condition arises due to the occurrence of brain tissue ischemia, leading to the development
of gliosis and demyelination. A few studies supported the administration of antiplatelet
therapy, such as aspirin and cilostazol, as well as anticoagulant therapy using warfarin,
which may have the potential to impede and decelerate the advancement of VaD subsequent
to an accurate diagnosis [73]. Additional research utilizing extended randomized control
trials is necessary in order to gain a more comprehensive understanding of the potential
advantages associated with the use of antiplatelet and anticoagulant medications for the
prevention and treatment of VaD.

5.1.4. Antidiabetic Drugs

The elderly population afflicted with diabetes exhibits a heightened prevalence of
vascular pathology, which may, independently or in conjunction with AD-type pathology,
contribute to an increased susceptibility to VaD [74]. The presence of diabetes may con-
tribute to an elevated risk of VaD due to the accumulation of reactive oxygen species (ROS)
caused by high blood sugar levels, which further exacerbates the progression of this patho-
logical condition. Further, the association between diabetes and VaD is not unexpected, as
diabetes mellitus is known to elevate the likelihood of stroke, lacunar infarcts, and vascular
impairment, consequently augmenting the risk of developing VaD.

Several studies have demonstrated that the utilization of metformin is associated with
a 24% decrease in the likelihood of developing dementia when compared to individuals
who do not employ any antidiabetic medication [75]. An observational study showed
that the utilization of pioglitazone over an extended period of time exhibited a correlation
with a reduced occurrence of dementia. Conversely, the employment of pioglitazone for
a shorter duration was found to be linked to a dementia risk similar to that observed in
individuals without diabetes [76]. Based on the shared pathophysiological mechanisms,
the utilization of antidiabetic therapy may offer potential benefits in both the prevention
and treatment of vascular dementia (VaD).
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5.1.5. Cholinesterase Inhibitors

Cholinesterase inhibitors are a class of drugs often used to treat symptoms of dementia.
They work by increasing the amount of acetylcholine, a neurotransmitter that helps with
memory and cognition, in the brain. The efficacy of cholinesterase inhibitors in VaD is not
as well established as it is in AD. Studies have revealed that donepezil at a dosage of 10 mg
had the highest level of efficacy, although it ranked third in terms of adverse effects [77].
In terms of both benefit and harm, Galantamine achieved a second-place ranking [77].
In terms of both benefit and damage, Rivastigmine exhibited the least favorable score
among the cholinesterase inhibitors. Donepezil, galantamine, and rivastigmine have been
broadly considered in patients with VaD over the past decade [78]. A study reported that
the cholinesterase inhibitors might have some beneficial effects on cognition and global
function in people with VaD [79], while the authors noted that the quality of the evidence
was low and that more research was needed. These studies suggest there may be some
benefit to using cholinesterase inhibitors in VaD; however, the evidence is not strong and
more studies are needed to examine the effects of individual anticholinergics drug classes
and regimens in VaD.

5.2. Non-Pharmacotherapy
5.2.1. Antioxidants

Accumulating evidence suggests that mitochondrial dysfunction and increased ROS
mainly superoxide anion (O; ™), hydrogen peroxide (H,0O;), and hydroxyl radical (HO)
are implicated in the formation to the development of AD [80]. Antioxidants have shown
several benefits limited to in vitro and in vivo studies. The antioxidant capacity of tetram-
ethylpyrazine nitrone (TBN) has been demonstrated to exhibit neuroprotective qualities in
rats with vascular dementia (VaD) [81]. Research findings have indicated that the treatment
of alpha-lipoic acid significantly decreases the generation of malondialdehyde (MDA) and
ROS in the hippocampus of rats with VaD generated by chronic cerebral hypoperfusion
(CCH). Furthermore, alpha-lipoic acid (ALA) administration has been shown to enhance
cognitive functions related to learning and memory. Hence, it has been proposed that
ALA enhances cognitive impairments to some extent by virtue of its antioxidant proper-
ties [82]. Edaravone demonstrates a significant inhibitory effect on oxidative stress in the
hippocampus of rats with VaD, as evidenced by its ability to increase superoxide dismutase
(SOD) activity and decrease MDA and ROS levels. Furthermore, the injection of edaravone
has been found to effectively mitigate the cognitive impairments observed in rats with
VaD [83]. Sailuotong (SLT), a formulation consisting of Ginkgo biloba, ginsenosides, and
saffron in a ratio of 5:5:1 per capsule, was utilized in a clinical trial involving a total of
227 participants [84]. These individuals were randomly assigned to different experimental
groups, with 114 patients receiving SLT at a dosage of 360 mg and 113 patients receiving
SLT at a dosage of 240 mg for a duration of 52 weeks. Additionally, control groups were
established, with 113 patients in each group receiving either SLT at a dosage of 360 mg or
SLT at a dosage of 240 mg, but only during weeks 27 to 52. Following the administration
of this therapy, it was observed that the experimental groups had enhanced scores in
comparison to the control groups [84].

Early clinical trial results with antioxidants in mild cognitive impairment (MCI) and
AD are not believed to support the use of antioxidants in AD, they are characterized by
extremely poor comparability and a lack of benefits [85]. The antioxidants proposed to
combat oxidative damage in AD or VaD have limited efficacy in part due to unbalanced
dose, duration, monotherapy, and the presence of a blood-brain barrier that does not
permit small amounts of antioxidants to enter the brain. Therefore, a balanced diet and
lifestyle modifications may be the only long-term solution to preventing or reversing the
cognitive decline in AD or VaD.
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5.2.2. Dietary Interventions

Certain dietary interventions can help manage symptoms, prevent further brain
damage, and improve quality of life. These interventions are often centered on promoting
overall vascular health and limiting dietary factors associated with CVD (Table 2).

Table 2. Dietary intervention and its beneficial effects.

Interventions Components Limitations Benefits
Primary and secondary
prevention of CVD.
Vegetables, fruits, nuts, Reduced risk of CVD
MedDi legumes, wholegrains, and Limited red meat, processed mortality.
extra-virgin olive oil, lean meats, and sweets intake Reduced risk of MI and
meats, fish, and poultry stroke.
Reduced risk of
all-cause mortality.
Vegetables, fruits, low-fat Lower blood pressure
dairy products, wholegrains, =~ Sodium intake < 2300 mg or Lower LDL-C level
DASH : : .
lean meats, fish, poultry, fish, <1500 mg per day Reduced CVD risk
beans, and nuts
Reduction in
Green leafy vegetables, other ;1\ g butter, cheese, fried or Alzheimer’s risk
MIND vegetables, nuts, berries, Improved cognitive

beans, whole grains, fish,
poultry, olive oil, and wine

fast food, Red meat and
sweets intake

function.
Decreased stroke risk.

CVD: cardiovascular disease; DASH: Dietary Approaches to Stop Hypertension; LDL-C: low-density lipopro-
tein cholesterol; MedDi: Mediterranean diet; MI: myocardial infarction; MIND: Mediterranean-DASH Diet
Intervention for Neurodegenerative Delay.

a.

How will the Mediterranean Diet be beneficial in the development of VaD?

The Mediterranean diet (MedDi) has shown potential in managing VaD due to its

heart-healthy components. This diet is rich in fruits, vegetables, whole grains, beans, nuts
and seeds, olive oil, and lean proteins like fish and poultry. The cardiovascular benefits of
this phenomenon have been extensively acknowledged, potentially exerting an indirect
influence on the onset or advancement of VaD.

Reduction in stroke risk: VaD may also manifest gradually as a result of the accumulation of
minor obstructions inside the blood arteries. VaD frequently manifests as a consequence
of diseases, such as strokes, which lead to cerebral oxygen deprivation. The MedDi
has the potential to mitigate the likelihood of stroke occurrence as a result of its focus
on promoting the consumption of foods that are beneficial for cardiovascular health.
Multiple research studies have provided evidence suggesting that adherence to a MedDi
can substantially decrease the likelihood of experiencing a stroke. The study findings
revealed that individuals who maintained adherence to a MedDi supplemented with
either extra-virgin olive oil or nuts had a 30% decreased likelihood of experiencing
significant cardiovascular complications, such as stroke, in comparison to those who
adhered to a low-fat diet [86]. In a similar vein, a further study documented a reduction of
20% in the likelihood of experiencing a stroke among those who adhered to a MedDi [87].
A further study documented a reduction of 20% in the likelihood of experiencing a
stroke among those who adhered to a MedDi [88]. Undoubtedly, the implementation of
the MedDi can contribute to the mitigation of stroke risk, thereby serving as a preventive
measure against one of the prevailing aetiologies of VaD. Simultaneously, it provides
support for the overall well-being of the brain and potentially contributes to a decrease
in the likelihood of developing dementia.
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Improvement of vascular health: Atherosclerosis is the primary causative factor in ap-
proximately 90% of cases of acute coronary syndromes, 60% of strokes, chronic heart
failure, peripheral arterial disease, and the majority of VaD cases. Several extensive
intervention studies have provided compelling evidence of the considerable impact
of the MedDi as a key preventative measure against various cardiovascular events.
These events encompass stroke, atrial fibrillation, peripheral vascular disease, and
myocardial infarction. [89,90]. The MedDi has the potential to increase vascular health
as it prioritizes the consumption of unsaturated fats, such as olive oil, lean proteins,
fruits, and vegetables. These dietary components have been recognized for their abil-
ity to mitigate inflammation, optimize lipid profiles, and promote improved vascular
function. This has the potential to reduce the probability of VaD.

Lowering hypertension: The reduction in hypertension, or elevated blood pressure, can
confer advantages for VaD by mitigating the potential for further cerebrovascular
injury, a common etiological factor in this kind of cognitive decline. The MedDi
dietary pattern has been found to have a beneficial effect on reducing blood pressure
levels, which are considered a prominent risk factor for VaD. According to a meta-
analysis undertaken by Ndanuko et al. [91], there is substantial evidence indicating a
noteworthy decrease in blood pressure among individuals who adhere to a MedDi.
Additional comprehensive investigation further corroborated and demonstrated that
the use of a MedDi is frequently characterized as a measure for the prevention or
management of hypertension in adult individuals [92]. Although the aforementioned
studies indicate a potential association, it is crucial to acknowledge that further investi-
gation is required to examine the precise influence of the MedDi on VaD. Nevertheless,
considering the diet’s favourable impact on cardiovascular well-being, it is plausi-
ble to deduce that it may have the potential to postpone the initiation or decelerate
the advancement of VaD by preserving the health of blood vessels and mitigating
hypertension. It is advisable to get guidance from a healthcare practitioner prior to
implementing substantial modifications to one’s diet, particularly for individuals who
have pre-existing medical issues such as hypertension or VaD.

Improvement of cognitive function: Research has shown that adherence to the MedDi
can improve cognitive function and potentially slow cognitive decline, which may
delay the onset of VaD or slow its progression. Studies have shown that greater
adherence to the MedDi has been associated with a reduction in cardiovascular
and neurological disorders, including AD, related cognitive decline, and improved
longevity in individuals with VaD [93,94]. The implementation of a dietary regimen
aimed at mitigating oxidative stress, such as the MedDj, has the potential to contribute
to the preservation of cognitive function [95]. According to a recent study, it was
shown that the MedDi had a high content of biophenols while being low in red
and processed meat [96]. These dietary characteristics are believed to potentially
contribute to a neuroprotective impact against age-related brain shrinkage. The
results of a comprehensive, population-based, prospective cohort study revealed a
significant correlation between increased adherence to the MedDi and a reduced
incidence of dementia [97]. Overall, adopting a MedDi could be an effective strategy
for preventing or slowing the progression of VaD. However, further research is needed
to fully understand the mechanisms behind these effects and to determine the optimal
dietary patterns for individuals with this condition.

Reduction in neuroinflammation and oxidative stress: The MedDi includes a high intake
of antioxidants from fruits and vegetables, which can reduce oxidative stress and
neuroinflammation. Both are related to the pathogenesis of dementia, including
VaD. A study has showed the effectiveness of the MedDi in reducing both the preva-
lence of metabolic syndrome and the associated cardiovascular risks by reducing
the mild inflammatory conditions associated with metabolic syndrome [98]. The
MedDi downregulates cellular and circulating inflammatory biomarkers associated
with atherogenesis in individuals at high cardiovascular risk, which supported the
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recommendation of the MedDi [99]. The study found that patients with metabolic
syndrome and high adherence to the MedDi were shown to have less changes in
anthropometric parameters, less changes in blood biochemical profiles, and improved
oxidative and inflammatory status [100]. Further, long-term studies will be required to
determine the beneficial effects of this pro-inflammatory state produced by increased
MedDi adherence.

b.  How effective is the DASH (Dietary Approaches to Stop Hypertension) Diet against the
development of VaD?

The DASH diet, designed to reduce blood pressure, may also be beneficial in the
development or progression of VaD. This diet promotes fruits, vegetables, lean protein,
whole grains, and low-fat dairy, and limits foods high in saturated fats and sugars. Stroke
is one of the major risk factors for developing VaD, and its reduction could be beneficial
as shown by a study where high adherence to the DASH diet showed association with a
reduction in ischemic stroke risk [101]. There is limited evidence from intervention studies
for the beneficial effects of DASH in the development of VaD. Further prospective studies
in different population groups are recommended to determine associations between DASH
dietary habits and clinically relevant measures of cognitive decline and VaD.

c.  How effective is the MIND Diet against the development of VaD?

The MIND (Mediterranean-DASH Diet Intervention for Neurodegenerative Delay)
diet combines elements of the DASH and Mediterranean diets and may offer particular
benefits for individuals with VaD. The MIND diet includes specific food groups beneficial
for brain health, including green leafy vegetables, other vegetables, nuts, berries, beans,
whole grains, fish, poultry, olive oil, and wine. A study showed that the MIND diet slowed
cognitive decline in stroke survivors, potentially indicating its usefulness for VaD [102].
High adherence to the MIND diet is associated with reduced risk of dementia in the first
year after follow-up, which can be partially explained by reverse causation and residual
lifestyle disruption [103]. The MIND dietary intervention can reverse the devastating
effects of obesity on cognition and brain structure that can be exacerbated by moderate
caloric restriction [104]. A recent study showed high levels of MIND diet adherence were
associated with better brain and cognitive outcomes when physical activity was low [105].
Substantial evidence suggested that the MIND diet has been associated with slower cog-
nitive decline and reduced AD risk; however, more research is needed to determine its
specific effects on VaD.

5.2.3. How Physical Activities Would Be Effective against the Development of VaD?

Engaging in physical activity is widely recognized as beneficial for general health and
particularly for cognitive function. This includes individuals with VaD, a form of dementia
caused by reduced blood flow to the brain, typically due to stroke or transient ischemic attack.

Improvement in Cognitive Function: Regular physical activity may improve cognitive
function in individuals with VaD. Physical activity may improve cognitive function com-
pared to inactive people with cognitive impairment [106]. A systematic review analysis
has shown that 6-12 months of physical activity in people with MCI or dementia leads
to better cognitive function than in sedentary controls [107]. A meta-analysis found that
aerobic exercise in older adults with AD and non-Alzheimer’s dementia helped improve
cognitive functioning when combined with other standard dementia treatments, and that
more frequent interventions improved cognitive functioning shown to have no additional
effect [108]. Another study demonstrates that a six-month aerobic exercise program im-
proved cognitive function and reduced the rate of cognitive decline in older adults with
mild vascular cognitive impairment, a common precursor to VaD [109]. Though studies
have shown supporting evidence of physical activity benefits, each individual’s condition
and capabilities are different. Therefore, it is important for each exercise regimen to be tai-
lored to the individual’s needs and capacities, preferably under the guidance of healthcare
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professionals. Additionally, more research is needed to understand the precise relationship
between physical activity and cognitive function in those with VaD.

5.2.4. How effective Is Aroma Therapy in VaD Patients?

The utilization of aromatherapy has been extensively employed as a therapeutic
intervention for managing agitation in individuals diagnosed with dementia or VaD. The
autonomic nervous system may be activated, and the limbic system and hypothalamus may
be induced to react through the absorption of essential oil via transdermal administration or
inhalation [110]. Therefore, this therapeutic intervention is expected to promote a sense of
calmness and reduce restlessness in individuals diagnosed with dementia [111]. Lavender
and lemon balms are frequently employed in aromatherapy as essential oils. Research
has indicated that both botanical species exhibit properties conducive to tranquility and
relaxation, as well as the facilitation of restful sleep [112]. Furthermore, these plants have
been seen to alleviate agitation and enhance the overall well-being of individuals affected
by dementia. Nevertheless, the available research does not provide strong and persuasive
support for the beneficial effects of aromatherapy, namely the exposure to fragrant plant
oils, in individuals with dementia or VaD. To ensure the establishment of unambiguous
conclusions, future studies necessitate improved design and reporting, as well as enhanced
uniformity in outcome measurement.

6. Conclusions

In conclusion, the role of vascular pathologies in the emergence of VaD is unmistak-
able. Various vascular diseases, whether systemic or local, contribute significantly to the
pathophysiology of VaD.

Managing VaD requires a comprehensive approach that integrates pharmacotherapy,
non-pharmacotherapy, and dietary modifications. Current evidence supports the use of a
range of interventions to slow disease progression and improve quality of life. However,
due to the heterogeneity of the disease, a tailored approach is necessary, taking into account
the patient’s clinical condition, lifestyle, preferences, and risk factors. Therefore, further
work is needed to determine the effects of aerobic exercise on cerebrovascular function
and potential benefits in delaying the development or progression of VaD and implement
exercise interventions in the early stages of treatment or prevention of cognitive decline.
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