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This is an open-access article distributed

under the terms of the Creative Commons

Attribution License (CC BY). The use,

distribution or reproduction in other forums is

permitted, provided the original author(s) and

the copyright owner(s) are credited and that

the original publication in this journal is cited,

in accordance with accepted academic

practice. No use, distribution or reproduction

is permitted which does not comply with

these terms.

Alzheimer’s disease: a
comprehensive review of
epidemiology, risk factors,
symptoms diagnosis,
management, caregiving,
advanced treatments and
associated challenges

Saeid Safiri1,2*, Amir Gha�ari Jolfayi3, Asra Fazlollahi2,

Soroush Morsali4,5, Aila Sarkesh4, Amin Daei Sorkhabi4,

Behnam Golabi2, Reza Aletaha1, Kimia Motlagh Asghari6,

Sana Hamidi4,5, Seyed Ehsan Mousavi1, Sepehr Jamalkhani3,

Nahid Karamzad7,8, Ali Shamekh1, Reza Mohammadinasab9,

Mark J. M. Sullman10,11, Fikrettin Şahin12 and Ali-Asghar Kolahi13*
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Background: Alzheimer’s disease (AD) is a chronic, progressive

neurodegenerative disorder characterized by cognitive decline, memory

loss, and impaired reasoning. It is the leading cause of dementia in older

adults, marked by the pathological accumulation of amyloid-beta plaques and

neurofibrillary tangles. These pathological changes lead to widespread neuronal

damage, significantly impacting daily functioning and quality of life.

Objective: This comprehensive review aims to explore various aspects of

Alzheimer’s disease, including its epidemiology, risk factors, clinical presentation,

diagnostic advancements, management strategies, caregiving challenges, and

emerging therapeutic interventions.

Methods: A systematic literature review was conducted across multiple

electronic databases, including PubMed, MEDLINE, Cochrane Library, and

Scopus, from their inception to May 2024. The search strategy incorporated

a combination of keywords and Medical Subject Headings (MeSH) terms

such as “Alzheimer’s disease,” “epidemiology,” “risk factors,” “symptoms,”

“diagnosis,” “management,” “caregiving,” “treatment,” and “novel therapies.”

Boolean operators (AND, OR) were used to refine the search, ensuring

a comprehensive analysis of the existing literature on Alzheimer’s disease.
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Results: AD is significantly influenced by genetic predispositions, such as the

apolipoprotein E (APOE) ε4 allele, along with modifiable environmental factors

like diet, physical activity, and cognitive engagement. Diagnostic approaches

have evolved with advances in neuroimaging techniques (MRI, PET), and

biomarker analysis, allowing for earlier detection and intervention. The National

Institute on Aging and the Alzheimer’s Association have updated diagnostic

criteria to include biomarker data, enhancing early diagnosis.

Conclusion: The management of AD includes pharmacological treatments,

such as cholinesterase inhibitors and NMDA receptor antagonists, which

provide symptomatic relief but do not slow disease progression. Emerging

therapies, including amyloid-beta and tau-targeting treatments, gene therapy,

and immunotherapy, o�er potential for disease modification. The critical role

of caregivers is underscored, as they face considerable emotional, physical, and

financial burdens. Support programs, communication strategies, and educational

interventions are essential for improving caregiving outcomes. While significant

advancements have been made in understanding and managing AD, ongoing

research is necessary to identify new therapeutic targets and enhance diagnostic

and treatment strategies. A holistic approach, integrating clinical, genetic, and

environmental factors, is essential for addressing the multifaceted challenges of

Alzheimer’s disease and improving outcomes for both patients and caregivers.

KEYWORDS

Alzheimer’s disease, risk factors, diagnosis, management, caregivers

1 Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative
disorder that causes memory loss and other cognitive impairments,
such as deterioration in language, learning, memory, visual-spatial
abilities, reasoning, and behavior (1). The decline in cognitive
abilities can become severe enough to interfere with daily activities.
AD is the most prevalent form of dementia, contributing to at
least two-thirds of dementia cases among individuals aged 65 and
older (2, 3). The pathological hallmarks of AD are neurofibrillary
tangles (NFTs), which are formed by hyperphosphorylated tau
protein within neurons, and extracellular plaques composed of
accumulated β-amyloid (Aβ) peptide (3, 4).

In 1906, Alois Alzheimer, a German doctor, published his now-
famous case study. He carefully detailed the symptoms of a 51-year-
old woman named Auguste Deter, who was in his care at the state
asylum in Frankfurt, Germany (5). The neuropathologic analysis
of Alzheimer’s patients revealed widespread brain degeneration
and specific changes in cortical cellular bundles. He presented
his research titled “On the peculiar disease process of the
cerebral cortex” (6). Since then, progress has been made in our
understanding of the disease that bears his name, along with its
neuropsychological effects (7). In 1984, Dr. George Glenner andDr.
Cain Wong identified amyloid protein as the primary constituent
of extracellular plaques (8). In 1986, researchers discovered that
the abnormal hyperphosphorylation of tau protein results in the
neurofibrillary tangles characteristic of Alzheimer’s. Tau protein
is a type of protein that maintains microtubules and is released
during neurodegeneration (9, 10). In 1993, Tacrine (Cognex)

became the first drug authorized by the FDA to address the
cognitive symptoms of Alzheimer’s, such as thinking and memory
(11). It is essential to note that the clinical diagnostic criteria
for AD were updated in 1984, 2011, 2018, and 2024 to reflect
the growing availability of biomarkers and improved ability to
identify preclinical disease episodes (12–15). In the most recent
update in 2024, AD as described as beginning as an asymptomatic
biological process with AD neuropathologic changes (ADNPC),
progressing to clinical symptoms as the neuropathologic burden
increases. Early-changing Core 1 biomarkers, such as amyloid PET,
cerebrospinal fluid, and plasma biomarkers, reflect ADNPC and
are sufficient for diagnosis and clinical decision-making. Later-
changing Core 2 biomarkers provide prognostic insights and
increase confidence that AD is contributing to symptoms, with an
integrated staging scheme accounting for factors like copathologies
and cognitive reserve (16).

In the coming decades, Alzheimer’s care will likely remain
a significant public health concern (17). Due to this ongoing
and future concern, increasing knowledge and research about AD
could be effective through various approaches, such as identifying
and managing risk factors, and updating methods for early
diagnosis and appropriate treatment. Gaining further insight into
the aging process and alterations in brain function, along with
evaluating strategies to halt disease progression, could lead to
improved approaches to this challenging disease. In this study,
we aim to present a comprehensive review of AD, examining
its epidemiology, genetics, underlying environmental factors,
symptoms, various diagnostic techniques, treatment, challenges,
and concerns.
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2 Methods

2.1 Study design

This comprehensive review synthesizes existing literature on
Alzheimer’s disease (AD), covering its epidemiology, risk factors,
symptoms, diagnosis, management, caregiving, and treatments.

2.2 Literature search strategy

A systematic search was performed across multiple electronic
databases, including PubMed, MEDLINE, Cochrane Library,
and Scopus, from their inception to May 2024. The search
strategy combined keywords and Medical Subject Headings
(MeSH) terms related to Alzheimer’s disease, such as “Alzheimer’s
disease,” “epidemiology,” “risk factors,” ‘symptoms,” “diagnosis,”
“management,” “caregiving,” “treatment,” and “novel therapies.”
Boolean operators (AND, OR) were used to refine the search and
ensure comprehensive coverage of relevant articles.

2.3 Inclusion and exclusion criteria

Studies were included if they were peer-reviewed articles,
reviews, or meta-analyses focusing on Alzheimer’s disease,
published in English, and addressed any of the following
aspects of AD: epidemiology, risk factors, symptoms, diagnosis,
management, caregiving, current treatments, and novel
treatments. Exclusion criteria were non-peer-reviewed articles,
editorials, commentaries, and conference abstracts, studies
not related to Alzheimer’s disease, and articles not available
in English.

2.4 Data extraction and synthesis

Full texts of potentially relevant studies were obtained
and assessed for eligibility based on the inclusion and
exclusion criteria. Data extracted from each study included
epidemiological data (prevalence and incidence rates, demographic
factors), risk factors (genetic, environmental, and lifestyle
factors), symptoms and diagnosis (clinical features, diagnostic
criteria, biomarkers, imaging techniques), management and
caregiving (treatment approaches, caregiving challenges) and
treatment data (efficacy and safety of current treatments,
novel therapeutic approaches, clinical trial outcomes). A
narrative synthesis was conducted to summarize findings
across studies.

2.5 Ethical considerations

As this study involves a review of existing literature, ethical
approval was not required. However, ethical standards were
maintained by ensuring proper citation and acknowledgment of
all sources.

3 Global epidemiology and trends of
Alzheimer’s disease and other
dementias

In 2019, there was and estimated total of 51.6 million [95%
uncertainty interval (UI): 44.3–59] prevalent cases of AD and other
dementias. The age-standardized prevalence rate due to AD and
other dementias was estimated to be 682.5 (95% UI: 585.2–782.7)
per 100,000 individuals, a 5.7% increase since 1990. In the same
year, the regional age-standardized prevalence rate due to AD
and other dementias ranged from 428.4 to 781.4. East Asia [781.4
(95% UI: 660–904.1)] and North Africa and Middle East [777.6
(95% UI: 660.8–896)] had the highest regional age-standardized
prevalence rates, while South Asia [428.4 (95% UI: 365–494)],
Western Sub-Saharan Africa [469.8 (95% UI: 402.1–539.4)] had
the lowest rates. Moreover, East Asia [28.3% (95% UI: 25–31.4)]
and High-income Asia Pacific [19% (95% UI: 16.9–21.5)] had the
most significant increases in regional age-standardized prevalence
rate since 1990, while the only region with a decrease was Western
Sub-Saharan Africa [−2.4% (95% UI: −3.8 to −1.1)]. In 2019, the
highest national age-standardized prevalence rates were seen in
Turkey [805.1 (95% UI: 686.6–926.2)] and Bahrain [801.1 (95%
UI: 684.2–925.8)], while the lowest rates were found in India
[416.4 (95% UI: 354.9–479.8)] and Nigeria [441.4 (95% UI: 379.6–
503.6)]. Furthermore, China [29.2% (95% UI: 26–32.5)] and Japan
[22.3% (95%UI: 20–24.9)] had the largest increases in national age-
standardized prevalence rates since 1990, while Spain [−13% (95%
UI: −18.2 to −7.2)] and Luxembourg [−10.7% (95% UI: −16.1 to
−5.7)] had the largest decreases (Figure 1).

In 2019, there were 1.6 million (95% UI: 0.4–4.2) death cases
due to AD and other dementias. The age-standardized death rate
was 22.9 (95% UI: 5.8–59.2), which did not substantially change
since 1990. In the same year, the regional age-standardized death
rate due to AD and other dementias varied from 19.2 to 27. High-
income Asia Pacific [27 (95% UI: 7.5–65.4)] and Central Sub-
Saharan Africa [26.6 (95% UI: 6.7–71.4)] had the highest regional
age-standardized death rates, while South Asia [19.2 (95% UI: 4.6–
52.1)] and Caribbean [20.8 (95% UI: 5.3–51.9)] had the lowest
rates. Moreover, High-income Asia Pacific [23.5% (95% UI: 11.9–
38.6)] and Eastern Sub-Saharan Africa [14.4% (95% UI: 4.5–27.9)]
had the highest increases in regional age-standardized death rates
since 1990, while there were no decreases in age-standardized death
rates. In 2019, the highest national age-standardized death rates
were seen in Kiribati [33.3 (95% UI: 8–90.7)] and Afghanistan
[30.8 (95% UI: 7.5–82.3)], while the lowest rates were found in
Bangladesh [18.2 (95% UI: 4.5–49.3)] and India [19.1 (95% UI:
52–4.6)]. Furthermore, Eritrea [52.6% (95% UI: 11.2–120.9)] and
Equatorial Guinea [34.2% (95% UI: 1.6–84.7)] had the highest
increases in national age-standardized death rates since 1990, while
Germany [−18.4% (95% UI: −27.8 to −9.1)] and Guam [−16.8%
(95% UI:−28.8 to−1.3)] had the largest decreases (Figure 2)

In 2019, there were 25.3 million (95% UI: 11.2–54.6) DALYs
due to AD and other dementias. The global age-standardized DALY
rate was 338.6 (95% UI: 151–731.3), which did not substantially
change since 1990. Tropical Latin America [390.9 (95% UI: 172–
856)] and North Africa and Middle East [387 (95% UI: 172–848.5)]
had the highest regional age-standardized DALY rates, while South
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FIGURE 1

Age-standardized prevalence of Alzheimer’s disease per 100,000 population in 2019 by country. (Generated from data available from http://ghdx.

healthdata.org/gbd-results-tool).

FIGURE 2

Age-standardized death rate of Alzheimer’s disease per 100,000 population in 2019 by country. (Generated from data available from http://ghdx.

healthdata.org/gbd-results-tool).
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FIGURE 3

Age-standardized disability-adjusted life years (DALY) rate of Alzheimer’s disease per 100,000 population in 2019 by country. (Generated from data

available from: http://ghdx.healthdata.org/gbd-results-tool).

Asia [262.1 (95% UI: 105.6–617.4)] and Caribbean [299.5 (95%
UI: 126.9–661.7)] had the lowest rates. Moreover, High-income
Asia Pacific [19.5% (95% UI: 10.5–26.1)] and Eastern Sub-Saharan
Africa [10.1% (95% UI: 2.4–18.6)] had the largest increases in
regional age-standardized DALY rates since 1990, while there
were no decreases in age-standardized DALY rates. In 2019, the
highest national age-standardized DALY rates were seen in Kiribati
[445.1 (95% UI: 167.3–1,081.5)] and Afghanistan [432.7 (95% UI:
179–1,002)], while the lowest rates were found in India [260.3 (95%
UI: 103.5–616.9)] and Bangladesh [263.1 (95% UI: 114.3–589.7)].
Furthermore, Eritrea [33.4% (95% UI: 5.5–75)] and Japan [23.2%
(95% UI: 13.5–31.1)] had the largest increases in national age-
standardized DALY rates since 1990, while Spain [−16.2% (95%
UI: −20.8 to −10.5)] and Philippines [−12.6% (95% UI: −22.5 to
−1.1)] had the largest decreases (Figure 3).

The global prevalent cases and DALYs of dementia increased
with age, peaked in the 80–84 age group, and then decreased with
aging. Similarly, global death cases of dementia peaked in the
85–89 age group and then declined with aging. The age-specific
prevalence, death, and DALY rates increased with advancing age.
Furthermore, no substantial differences between males and females
were associated with age-specific prevalence, death, or DALY rates.

Between 1990 and 2019, no apparent linear correlation was
observed between the age-standardized DALY rate of dementia
and the SDI at the regional level. Also, in 2019, a non-linear
relationship was observed between the age-standardized DALY
rates of dementia and the SDI of various countries and territories.

It should be noted that mild cognitive impairment (MCI)
caused by AD can progress to AD dementia, with 40–75% of MCI
cases linked to AD, depending on the population and whether
biomarkers were used alongside clinical diagnosis (18).

4 Genetics of Alzheimer’s disease

Despite the overall sporadic nature of the disease, many
studies have shown that Genetic mutations and gene variance have
been linked to an increased risk of acquiring AD. Most cases
of Alzheimer’s do not have a single genetic cause, and this gene
variance can affect the probability of developing the disease (19).
Furthermore, AD is complex and influenced by many factors,
including lifestyle and environmental variables (20). Aging is the
most significant biological risk factor for acquiring AD later in
life. Accordingly, up to 82% of individuals are diagnosed above
the age of 65 known as late-onset Alzheimer’s disease (LOAD)
(21). A genetic etiology of up to 100% is found in 10% of AD
patients who are diagnosed before reaching the age of 65, known
as early-onset Alzheimer’s disease (EOAD) (21, 22). Between 35
and 60% of EOAD individuals have first-degree relatives who have
dementia (23, 24). Significant mutations that lead to EOAD are
genes coding the amyloid precursor protein (APP) on chromosome
21q, presenilin 1 on 14q, and presenilin 2 on 1q (25).

4.1 β-amyloid precursor protein

β-Amyloid Precursor Protein (βAPP), a transmembrane
protein, might have three different fates due to three distinct
protease activities. α-secretase and β-secretase are cell surface
proteases, whereas γ-secretase is an abnormal protease that cleaves
membrane proteins inside their transmembrane regions. Ninety
percentage of APP is cleaved primarily by the α -secretase,
preventing the synthesis of the Aβ peptide. The remaining 10%
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of APP is cleaved by β and γ secretases to create either the
harmless Aβ 40 peptide or the Aβ 42 peptide. Because the Aβ

42 peptide is more likely to aggregate than its A40 form, it is
believed to be neurotoxic (26). Regarding previous statements,
mutations in the gene encoding APP could cause substantial excess
production of either total Aβ or increased Aβ-40/Aβ-42 ratio. This
rise causes the accumulation of neurotoxic Aβ 42, which, based on
the “amyloid hypothesis”, is the key and initial pathogenic event
in all types of AD, monogenic or sporadic (8, 27). This hypothesis
is supported by the fact that Down syndrome individuals with
three copies of the APP gene (on chromosome 21) generally
acquire the neuropathological abnormalities of AD by age 40 (28).
Less than one percent of early-onset individuals have pathogenic
mutations in APP (21, 29). In addition to harmful mutations,
a protective variant called p. A673T was found in APP among
Icelandic individuals. This variant is linked to a decrease in the
production of the Aβ1-40 and Aβ1-42 peptides by∼40% (30).

4.2 The presenilin 1 and 2 genes

PSEN1 and PSEN2 are both required proteins of the γ -
secretase complex’s catalytic core, which initiates the cleavage of
APP (29). Mutant γ -secretase significantly shifts in Aβ1- 42/Aβ1-
40 ratio; due to that, mutations in PSEN1 and PSEN2 genes are
related to AD pathogenesis (31). The significant difference between
PSEN1 and 2 is the age at the onset, which PSEN1 is distinguished
by, on average, 8.4 and 14.2 years younger onset than APP and
PSEN2mutations (32, 33). Mutations in PSEN1 causes the majority
of familial EOAD cases. About 6% of EOAD patients have PSEN1
mutations, which cause the most severe type of AD (21). In
contrast, PSEN2 mutations are uncommon, accounting for <1%
of EOAD patients, and they may exhibit incomplete penetrance
(21). Besides the three recognized causative AD genes, other well-
replicated genes, including uncommon heterozygous mutations
with low penetrance, affect the development of familial AD (34).

4.3 Apolipoprotein E

APOE gene on chromosome 19q13, which encodes the protein
that makes up numerous plasma lipoproteins, was shown to be
the primary susceptible gene in individuals with familial LOAD
(21, 35–37). The three frequently encountered isoforms of APOE
are ε2, –ε3, and –ε4. The most frequent form is ε3/ε3, which does
not affect the development of AD (38). Nearly 40% of AD patients
have the APOE 4 allele, demonstrating a significant risk-increasing
impact of this isoform, which is also linked to the earlier onset of
the disease (38, 39). However, this association is dose-dependent,
meaning that if a person has two copies of ε4, they are more prone
to experience symptoms at a younger age compared to someone
with only one copy (36). So individuals who are homozygote for
the ε4/ε4 gene tend to develop AD 10–15 years earlier than the
average population (26). The ε2 allele, which is less common,
seems to exert protective and beneficial effects when inherited
alongside the ε3 allele, as opposed to individuals who carry two
copies of the ε3 allele (40, 41). It is intriguing to note that while
there is extensive molecular evidence linking APOE protein to AD-
specific pathways, associations have been found between mutations

in the APOE gene and the risk of various other neuropsychiatric
disorders such as multiple sclerosis (42) and Parkinson’s disease
(43). Additionally, the APOE gene has supposed to be linked to
age-related macular degeneration (44), several cardiovascular and
cerebrovascular diseases (45, 46), and even longevity (41, 47).

4.4 Inheritance patterns of AD

A person with autosomal dominant inheritance has a 50%
probability of transferring the disease-causing mutation to each
offspring (48). If a person receives two mutant copies of a gene,
one from each parent, the condition is said to be autosomal
recessive. This would imply that while neither parent exhibits
signs of the disorder, both parents contain a copy of a defective
gene (22). Due to the identification of highly penetrant dominant
AD-causing mutations, it has become widely believed that all
instances of EOAD are caused by dominant alleles (49). It has
been found through epidemiologic data that this belief is not
consistent. Only about 10% of all cases follow this pattern, and
the remaining 90% stay unexplained (50). A study carried out
in 2012 demonstrated the genetic aspects of EOAD and the
probable mechanism of inheritance by analyzing concordance
between parents and offspring. Wingo et al. concluded that EOAD
is completely linked to genetic mutations, but they declined
an entirely dominant inheritance. They reported that EOAD is
caused by autosomal recessive in most cases, and just 10% of
individualsmay be attributed to dominant variants (22). Autosomal
inheritance is associated with EOAD, while LOAD inherits through
a complex inheritance pattern, which refers to the complex nature
of AD, that has been influenced by multiple factors, including
genetic, environmental factors, and lifestyle (51).

5 Environmental and behavioral
factors

Several environmental and behavioral factors can potentially
influence AD, including smoking, poor sleep quality, chronic stress,
physical inactivity, excessive alcohol consumption, obesity, poor
diet, and social isolation, which are detailed further below.

5.1 Smoking

Although smoking is primarily considered a risk factor for
a variety of cardiovascular and pulmonary diseases, it is now
undeniable that the negative health consequences of smoking
extend beyond the aforementioned conditions to include some
unexpected ones, such as neurocognitive and neurobiological
conditions (52, 53). Despite the lack of research specifically
investigating the negative effects of smoking on neurocognition and
neurobiology, current evidence suggests that chronic smoking is
associated with learning and memory deficits, global brain atrophy,
and deficiencies in executive and intellectual abilities, all of which
can precipitate the development of various neurodegenerative
disorders, including AD (52). Accounting for 14% of AD cases
worldwide, lifetime smoking is associated with earlier symptom
onset and a 70% greater risk of AD development, and the risk
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increases significantly with higher cumulative smoking exposure
(54, 55). Although these estimates are significant enough to
consider smoking as an important risk factor for AD, it should
be noted that there is even a possibility of an underestimation
in the magnitude of the risk due to an unavoidable survival bias,
which means that smokers who pass the selection process to enter
the studies are probably healthier than those who are overlooked,
and competing bias, which implies that the development of AD in
studied smokers is precluded by smoking-related mortality (56).

Numerous potential mechanisms may contribute to smoking-
related AD neuropathology, either directly or indirectly (52).
To begin with, cigarette smoke contains several potentially
cytotoxic and oxidizing constituents (e.g., phenolic compounds,
nitrosamines, carbon monoxide, and free radicals) (57). Second, it
raises the concentrations of proinflammatory cytokines in various
parts of the brain, producing more free radicals (58). Third, it
lowers the concentrations of glutathione and other antioxidants in
the brain due to the increased demand to scavenge the amplified
concentrations of free radicals (59). All these mechanisms, along
with a few others that play minor roles, subject the brain to high
levels of oxidative stress, which increases Aβ production and tau
phosphorylation, potentially initiating the AD pathological process
(60, 61).

5.2 Poor sleep quality

Clinical studies suggest a bidirectional link between sleep and
circadian sleep-wake rhythm disruptions and the developing of AD
(62, 63). Poor sleep quality can exacerbate cognitive impairment in
AD patients, and the risk of sleep disturbances rises dramatically as
the disease progresses (64).

There is growing evidence linking sleep disturbances to the
pathogenesis of AD (65). Several studies have demonstrated that
sleep disturbances can increase Aβ levels in animal disease models
and humans (66). A cross-sectional study indicated sleeping for 6 h
or less was associated with more Aβ accumulation and decreased
cognitive performance, particularly in memory (67).

Although sleep disturbances in AD are assumed to stem from
pathological processes arising from Aβ accumulation, there may
also be a bidirectional link between sleep-wake disruption and tau
pathology (68). Lucey et al. found that the non-rapid eyemovement
(NREM) slow wave activity was inversely linked with tauopathy,
suggesting that changes in NREM slow wave activity could help us
detect tau pathology and cognitive impairment before or during the
very early stages of symptomatic AD (69).

The pathogenesis of sleep disturbances and AD is not limited
to pathological aspects alone; neuroinflammation is also a possible
mechanism that connects these two issues (70). Abnormal sleep-
wake cycles boost the synthesis of microglia Iba-1 and astrocyte
glial fibrillary acidic protein and increase microglia-mediated
proinflammatory release, further promoting the aggregation of Aβ

and tau (71).
Besides these processes, the glymphatic system contributes

significantly to the association between sleep and AD. The
glymphatic system is a fast exchange and flow mechanism between
Cerebrospinal fluid (CSF) and brain interstitial fluid (ISF) that
relies on aquaporin 4 (AQP4) on the end foot of astrocytes to
remove metabolites and abnormal proteins in the brain (72).

Notably, fluid transport in the glymphatic system modulates
lymphatic clearance periodically since it occurs during sleep,
prolonged wave sleep, and it is inhibited during waking (73). Sleep
disruptions can impair the glymphatic system function, resulting in
Aβ and tau accumulation (66).

5.3 Chronic stress

Evidence from both animal and human studies has
demonstrated that chronic stress exposure detrimentally affects
cognitive processes in many ways (74). Animal studies have shown
that chronic stress and higher levels of glucocorticoids lead to
structural remodeling in brain regions such as the prefrontal cortex
and the hippocampus (74). This remodeling includes neuronal
atrophy (75), dendritic shortening and spine loss (76, 77), and
the suppression of neurogenesis (78). These changes ultimately
result in cognitive impairments (79, 80). In humans, chronic
stress experienced during early life or adulthood has a significant
impact on cognitive skills and the development of distinct
psychopathologies. However, individual differences indicate that
different factors like sex and genetic composition may also play an
essential role in the development of stress-related mental health
issues, including MCI and AD (81).

Experimental evidence suggests that chronic stress and
glucocorticoids play a dual role in the development of AD (74).
Their key function in developing the disease is indicated by
their ability to directly induce Tau hyperphosphorylation in rats’
prefrontal cortex and hippocampus (82, 83). In addition, external
glucocorticoids enhance the capacity of centrally administered Aβ

to trigger excessive phosphorylation of Tau epitopes linked to AD,
as well as the accumulation of Tau in the cytoplasm, and previous
exposure to stress exacerbates the biochemical and behavioral
consequences of glucocorticoids in animals infused with Aβ (82,
83). Therefore, long-term exposure to stress and glucocorticoids
may have a gradual effect on the development and advancement
of AD pathology (82).

5.4 Physical inactivity

Physically active individuals have a decreased prevalence and
incidence of cognitive deficits and dementia, including AD (84–
87). A meta-analysis of 16 prospective studies involving 163,000
non-psychotic participants indicated a 28 and 45% reduction in
overall dementia and AD among those who were physically active
compared to those who were less active, respectively (88).

Physical activity elicits several anatomic, cellular, andmolecular
modifications in the brain through the activation of a cascade of
cellular and molecular processes that advance various physiologic
phenomena, such as neurogenesis, synaptogenesis, angiogenesis,
and stimulation of neurotrophic factors, which play a significant
role in improving memory, learning, and brain plasticity (89–
94). Normally, a dementia-free elderly will experience an annual
hippocampal shrinkage of 1–2% (95). It has been demonstrated
that moderate intensity exercise training can significantly reverse
the shrinkage process of the hippocampal volume (95). A
1-year aerobic exercise intervention resulted in a 2% increase
in hippocampal volume and neutralized the normal decline that
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occurs with aging (95), and older adults with life-long routine
exercise have larger brain volume and enhanced executive function
than those who are physically inactive (96). Several studies have
also discovered an inverse association between the levels of physical
activity and the plasma and brain Aβ load in the elderly without
cognitive disorders (97, 98). Moreover, a 6-month aerobic exercise
intervention in individuals with MCI resulted in a 24% reduction
in the plasma Aβ levels when compared to the levels found
in the control group (99). These findings, along with those of
several preclinical studies on AD models (100–103), suggest that
exercise may significantly regulate Aβ turnover and decrease tau
phosphorylation (104).

Physical activity has been shown to have a positive effect
on improving cognitive symptoms (105). AD patients who
participated in a year-long moderate exercise program had a slower
decline in their ability to perform activities of daily living and
ameliorated their physical impairment (106, 107). Additionally,
Aerobic exercise has been shown in some other studies to improve
memory performance and cognitive function in aging, MCI, and
AD patients (99, 108, 109).

Therefore, recent evidence suggests that physical activity
strongly protects AD development, alleviates some AD-related
clinical signs and symptoms, and slows disease progression (105).
However, it has yet to determine the optimal duration of the
activity, the type and intensity of the exercise, and when in a
person’s life it should transpire in order to optimize the potential
protective effects (110).

5.5 Excessive alcohol consumption

The epidemiological data concerning the association between
alcohol and cognitive decline and AD-type neurodegeneration
have generated significant controversy, primarily due to the
inconsistent and variable measurement parameters of both alcohol
consumption and AD (111). However, a discernible trend has
emerged, as indicated by epidemiological investigations, which
propose that moderate alcohol intake diminishes the incidence of
AD (112–114). In contrast, heavy alcohol consumption increases
dementia and impairs cognitive and executive functioning (113,
115). Acetylcholine release in the hippocampus region, which
improves learning and memory, is the most likely mechanism
implicated in the protective effect of low alcohol consumption
on cognitive impairment (116). Another proposed mechanism
could be considered as reducing cardiovascular risk factors such
as platelet aggregation or serum lipid profile (116). Also, alcoholic
beverages, particularly red wine, contain polyphenols such as
quercetin, morin, tannins, and resveratrol, which can inhibit
amyloid aggregation and reduce oxidative stress, inflammation,
and balance of protein homeostasis, all of which play essential
roles in AD pathology (117). However, whether low alcohol
consumption protects against AD is still debated (111) due to
additional confounding factors such as the impact of social contact
on alcohol drinking and disparities in alcohol metabolism (118).

In contrast, there is a greater degree of consensus in the
literature regarding the impact of heavy alcohol consumption
on the risk of developing AD and other types of dementia
(118). Several studies have found a positive association between
heavy alcohol consumption and risk of AD and dementia

(114, 115, 119, 120); however, this has not been universally
observed (119). Heavy alcohol consumption promotes a decline
in cognitive performance comparable to that observed in AD
(121). Loss of cholinergic neurons detected in AD patients, as
well as hippocampal atrophy (122), have also been discovered
in individuals consuming ethanol (123, 124), establishing a link
between heavy alcohol consumption and cognitive decline, which
may ultimately lead to the development of AD. A potential
mechanism suggested for alcohol to induce AD is through the
reduction of glymphatic function (125). The glymphatic system
is crucial for the removal of brain waste, including Aβ (105).
Since alcohol impairs glymphatic function, heavy drinking may
lead to Aβ accumulation by decreasing its clearance, precipitating
the cognitive dysfunctions observed in AD (105). In addition to
the potential link to trigger dementia, alcohol abstinence after AD
diagnosis appears to ameliorate the initial cognitive impairment
noted (126). Also, it suggests that heavy alcohol consumption not
only raises the risk of developing AD but also exacerbates its
progression (115).

Overall, although numerous studies have investigated the
effects of alcohol intake on AD, controversies still remain,
mainly due to the heterogeneity that exists between the studies
regarding the age of participants, pattern, and duration of alcohol
consumption, types of alcoholic drinks consumed, and underlying
medical conditions and comorbidities (118).

5.6 Obesity

Several studies have concluded that midlife obesity, as evaluated
by anthropometric measures such as BMI or the waist-to-hip
ratio (WHR), is associated with an elevated risk of late-life AD
and dementia in general, regardless of other risk factors (127–
133). However, most of these studies have also agreed that there
is a reverse causality impact, with BMI decreasing in the years
before dementia onset (134). These studies demonstrated that the
association between BMI and dementia is likely to be due to two
distinct processes: a harmful effect of higher BMI, which is visible
in long follow-up, and a reverse-causation effect that makes a
higher BMI appear protective when the follow-up duration is short
(134). In a prospective cohort study, the HR for AD was 0.89
(95% CI 0.81–0.98) among those with high late-life BMI; however,
there was 20% increased risk of AD (95% CI 1.09–1.33) among
those with greater BMI decrease from midlife to late-life (131).
Moreover, another study found that HRs per 5-Kg/m2 rise in BMI
for dementia were 0.71 (95% CI = 0.66–0.77), 0.94 (0.89–0.99),
and 1.16 (1.05–1.27) when BMI was measured 10, 10–20, and >20
years before dementia diagnosis (133). It has been claimed that this
“obesity paradox” or weight loss just before and during the clinical
phase of dementia is linked to an increase in energy expenditure
and hypothalamic dysfunction (134).

5.7 Poor diet

Low nutritional quality is strongly associated with cognitive
impairment and the development of AD (135). Additionally,
Protein-calorie malnutrition increases the risk of mortality in AD
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patients (136). Consumption of refined carbohydrates or a high
glycemic index diet can lead to increased Aβ peptide accumulation
in the brain (137). This impact is even significantly worse in APOE-
ε4 carriers (137). However, the exact mechanisms of this association
are still not being unraveled (138, 139). A western dietary pattern
increases the risk of AD by promoting inflammation, making
changes in metabolism, and decreasing cerebral perfusion, all of
which impair cognition (140). On the contrary, adherence to the
Mediterranean diet is associated with a lower risk of developing
AD (137). The Mediterranean diet, rich in fruits, vegetables, fish,
and whole-grain cereals, has been associated with better cognitive
outcomes, increased gray matter volume (141–143), and a lower
risk of developing MCI and AD, and of converting from MCI to
AD (144, 145).

While it is clear that adherence to the Mediterranean
diet improves cardiovascular health and protects against
cerebrovascular diseases (146, 147), the protective association
between Mediterranean diet and AD does not appear to be
mediated by its effects on stroke or vascular risk factors (148).
A 3-year serial amyloid and FDG-PET imaging study found
that middle-aged cognitively healthy adults who followed a
Mediterranean-style diet showed lower amyloid plaque deposition
and cerebral hypometabolism, regardless of APOE genotype or
vascular risk factors (149). This finding supports the protective
effect of the Mediterranean diet against AD (134).

A ketogenic diet may also be effective in preventing AD,
as it reduces oxidative stress, inflammation, and the harmful
consequences of altered glucosemetabolism in the brain.Moreover,
it can improve attention, verbal memory, and overall cognitive
performance (137).

Furthermore, appropriate omega-3 polyunsaturated fatty acids,
particularly EPA and DHA, are related to slower cognitive decline
and a lower risk of AD (137). As a result, it is critical to counsel
people at risk of developing of AD to consume sources of omega-3
such as seeds, fish, nuts, fish, and vegetable oils (150, 151).

5.8 Social isolation

Social isolation, traditionally known for its detrimental effects
on both mental and physical wellbeing, has been shown to
deteriorate cognitive function, accelerate psychological aspects of
aging, and increase the likelihood of developing AD and overall
dementia (152–155). However, it should be highlighted that this
relationship is bidirectional, as early symptoms of AD may also
lead the person to feel socially isolated (152). Social isolation has
two aspects: objective, which includes the lack of social networks
and reduced engagement in social activities, and perceived, which
encompasses feelings of loneliness and inadequate social support
(156). Evidence suggests a strong correlation between these aspects
and cognitive decline (152).

Social isolation may influence AD development via
psychological and neurobiological pathways (152). According
to the cognitive reserve hypothesis, the brain uses pre-existing
cognitive processes or activates compensating pathways to deal
with brain damage (157). Lower education and occupational
attainment and decreased participation in leisure activities have

been associated with a lower cognitive reserve (157) and an
increased risk of developing AD (158, 159). Social isolation reduces
cognitive stimulation, potentially leading to lower cognitive
reserve, thereby increasing the risk of cognitive decline (160).

6 Medical conditions

Several studies have investigated the link between AD and other
health conditions. Numerous studies have implied the link between
cardiovascular disease (CVD) and dementia (161, 162). Follow-
up of individuals with different levels of cognitive impairment,
ranging from normal cognitive function to impaired cognition as
dementia level, shows that adverse vascular risk, as measured by
the Framingham cardiovascular risk profile (FCRP), is associated
with the decline of multiple domains of the cognitive function,
and progression of AD (161–165). In a prospective cohort of
3,602 patients without dementia, during a follow-up of 5.4 years,
participants who had CVD or peripheral artery disease showed
a 30 and 140% higher risk, respectively, for progression to AD
(166). Diabetes mellitus (DM) is not only a major risk factor
for CVD, but also has a significant role in developing AD
independently. Previous large-scale cohorts indicate that patients
with diabetes mellitus (DM) or even prediabetic individuals are
faced with an increased risk of cognitive deterioration, dementia,
and AD (167, 168). Consistent with these findings, population-
based data has revealed DM is considered to be responsible for
about 2.9% of new cases of AD worldwide and a 46% excessive
risk for projecting AD (169). A cohort study on patients with type
1 DM concluded that long-term exposure to poorly controlled
hyperglycemia (i.e., HbA1C ≥ 8%) is correlated with a higher risk
of developing dementia (170). On the other hand, in a prospective
cohort of randomly selected 416 patients with a long history
of type 1 DM from the Epidemiology of Diabetes Interventions
and Complications (EDIC) and 99 sociodemographically matched
control participants, pattern analysis of the participants’ brain
magnetic resonance imaging (MRI) unveiled that type 1 DM is
correlated with brain atrophy in the thalamus, putamen, superior
and middle frontal gyrus, and superior temporal gyrus, consistent
with a nearly 6 years older brain age. However, the association
of type 1 DM and patterns consistent with early AD-related
neurodegeneration was not confirmed (171).

A recently published meta-analysis of incidence and cohort
studies suggested depression is associated with 82% extra risk for
the development of dementia (172). The results of prior-published
meta-analyses show that late-life depression augments the risk of
all-cause dementia (173, 174). Population-based data represents
a 65% excessive risk attributed to depression for developing AD,
yielding 7.9% cases of the disease (169). Longitudinal follow-ups of
different cohorts of patients with Parkinson’s disease (PD) signify
the variable incidence of newly diagnosed dementia among this
population, changing from 30 to 112.5 per every 1,000 person-
years (175–183). Previous cohort studies exhibit a multiplied
risk, even near to 6-fold greater, in patients with PD compared
to the control population without PD (177, 180, 181, 184). A
more recent post-hoc analysis on patients in PARKreg registry
showed an approximate 4-fold increased risk associated with PD
for progression to dementia, compared to sex- and age-matched
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individuals without PD (185). However, a neuropsychological
comparison of patients with dementia associated with PD and
individuals with AD has revealed comparable memory impairment,
while different cognitive profiles regard orientation and attention
tests (186).

Prior investigations on the association of hypothyroidism with
dementia have inconsistent results. Retrospective assessment
of patients with AD illustrates the higher prevalence of
hypothyroidism in this population compared to those without AD
(187, 188). Similarly, analysis of data from different case-control
studies has confirmed the increased risk of progression to AD
among patients with hypothyroidism (189, 190). Assessments
of patients derived from two prospective cohorts (DNPR and
OPENTHYRO) suggested the increased risk for projection to
dementia among patients with hypothyroidism. They claimed
that the risk of dementia increases by 12% every 6 months of
elevated TSH level (191). Longitudinal prospective follow-up
of 1,836 persons with intact cognitive profiles derived from the
Framingham cohort revealed that during a mean follow-up of 12.7
years, although elevated levels of thyroid stimulating hormone
were associated with 115% higher risk for development of AD in
the population of women, the risk among men was similar with
different levels of thyroid stimulating hormone (192). However,
some other investigations claim that hypothyroidism, either as
clinical or as subclinical, is not associated with the incidence of
cognitive deficit (193). Interestingly, available meta-analyses in
this entity have proved controversial results. A meta-analysis of
15 different longitudinal and cross-sectional studies concluded
that both clinical and subclinical hypothyroidism are accompanied
by an increased risk of dementia (194). On the other hand,
another meta-analysis of eight studies with a pooled population
of 1,092,025 patients conversely showed that after adjustment
for vascular risk factors, hypothyroidism is even associated with
reduced risk for cognitive deterioration (195).

The role of chronic kidney disease (CKD) in progression to
AD has remained contradictory. Cross-sectional data unveiled that
alteration of cognitive function is concordant with the severity
of the renal impairment, as patients with end-stage renal disease
(ESRD or stage 5 of CKD) have acquired worse scores on different
cognitive tests compared to those with stage 3 or 4 of CKD (196).
In cognitive evaluation of 825 patients derived from the CRIC
study (a prospective cohort for assessment of risk factors and
mechanisms of progression of CKD and CVD) with age more
than 55 years old and different levels of baseline kidney function,
lower estimated glomerular filtration rate (eGFR) at the time of
evaluation was accompanied with worse scores in most cognitive
domains (197). In a prospective cohort of 7,839 patients, a fast
decline in estimated glomerular filtration rate (eGFR) (i.e., > 4
mL/min/1.73m2/year) was associated withmore than 5-fold higher
risk for developing dementia with vascular component and greater
cognitive deterioration compared to those with lower rate of eGFR
decline, during the first 4 years of follow-up. However, presence
of CKD at the baseline did not correlate with the incidence of
dementia or cognitive decline in the 7-year follow-up (198). More
recent data has shown debatable results. A longitudinal follow-up
study on the Korean National Health Screening Cohort concluded
that CKD is associated with an increased risk of AD (199).
Unexpectedly, another prospective cohort of 205,622 patients

stratified based on the baseline eGFR revealed a remarkably higher
risk for AD among patients belonging to strata with baseline eGFR
of 30–89 mL/min/m2, while patients with baseline eGFR of < 30
mL/min/m2 showed a significantly higher risk for developing AD
only after further adjustment for medications, and to a lower extent
compared with baseline eGFR of 30–89 mL/min/m2. However, the
risk of all-cause dementia was consistent with the level of renal
impairment, as worse baseline eGFR was associated with a higher
risk of projecting all-cause dementia (200). In contrast, a 17-year
prospective follow-up of a cohort of 6,256 patients unveiled that
renal impairment (defined as eGFR < 60 mL/min/m2) increases
the risk for neither all-cause dementia nor AD, despite its strong
association with an increase in the level of dementia-related blood
biomarkers (201).

7 Symptoms of Alzheimer’s disease

AD is a common, invaluable, and sporadic degenerative
brain disorder. It is not just a decrease in brain volume and
weight but a progressive, extensive atrophy of the cerebrum. This
condition involves a significant loss of neural cells, especially in
the hippocampus and medial temporal lobes, confirmed through
pathological tests (202). Additionally, clinical evaluations must be
completed before accepting an AD diagnosis and differentiating
it from mild cognitive impairment (MCI) syndrome. These
diagnostic criteria consist of detecting dementia in patients older
than 40 years using each of the clinical questionnaires of the Mini-
Mental Scale (MMSE), Blessed Dementia Rating Scale (BDRS),
or Alzheimer Disease Status Assessment Scale (ADAS) which
affects at least 2 areas of cognitive functions either memory,
language, perception, visuospatial, psychosocial, or motor skills
(203). However, MCI is defined as the presence of cognitive
abnormalities in at least 1 field that does not interfere with routine
daily activities (204). Here we separately discuss each of presenting
symptoms in the early and late stages of AD.

It’s been mentioned in the literature that the clinical course of
the disease could vary from usually more than 5 years up to 20
years after its establishment using CSF analysis and neuroimaging
findings (205), but further investigations revealed that the onset
of the molecular course of this ominous illness could be much
longer as in the familial AD which 15 years or longer has
been indicated (206). More often, the beginning of the mental
symptoms, prominently memory deficit as the most common
and most important one, occurs insidiously. Still, occasionally, a
febrile episode, traumatic brain injury, surgery, or commencement
of a new drug exploit the underlying process. Discussing the
course of AD, lacking a plateau condition or cessation of
the disease progression has been declared, and the absence of
symptom deterioration for a long period infers other diagnoses
such as frontotemporal dementia, hydrocephalus, temporoparietal
embolic infarcts, or Binswanger disease (207). Eventually, the
debilitated and incapacitated patient dies due to conditions related
to worsening cognitive disabilities, severe weakness, and being
bedridden, such as cardiovascular or pulmonary dysfunctions.

Memory impairment, as a commonly manifested symptom in
∼90% of AD patients, primarily affects short-term and episodic
memory, even if it presents as the only symptom in patients for
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several years. However, immediate or working memory, which is
relatively proportionate to the patient’s attention, often remains
intact (208). On the other side, despite the severe demolition
of long-term memory in late-stage AD patients, no significant
changes could be detected in early-diagnosed patients. Forgotten
appointments, misplacing household items, frequently repeating
the same questions, and having inconclusive and imperfect
discussions are some of the common symptom (209, 210).

Problems in language usually occur when memory dysfunction
reaches a prominent level. As a result of being unable to reach the
necessary word, the patient stutters and uses words stereotypically
due to decreased word variety (211). The same problem prevents
from proper writing, and the spelling precision diminishes. These
linguistic abnormalities are first hardly apparent but become
more noticeable as the illness worsens, eventually leading to
imperceptible discussions. There is a lack of whole sentences after
several years of disease, prolonged phases of pauses, and word
searches that disrupt ordinary discourse. Their struggle could lead
to substituting other words or comprising discontinued sentences.
In later stages, echolalia and anomic aphasia would ensue in the
clinical course (212). Despite the lack of isolated Wernicke’s or
Broca’s aphasia, which raises a suspicion of cerebral ischemia,
deterioration of anomic aphasia in the receptive or executive area
could be accepted in the disease course. Dysnomia in AD patients
could be assessed using a test in which AD patients are asked to
declare as many names as possible related to a specific category
in 1min (213). Less than eight items in each mentioned category
strengthen AD disease diagnosis. Seldom, debilitated language
function presents as the first manifestation of the disease called the
logopenic variant of primary progressive aphasia (lvPPA) (214).

The calculation could also be affected, resulting in dyscalculia,
which is usually demonstrated by faulty account management,
incorrect money changes, and aggravated form disability in even
calculating the most straightforward arithmetic (215). Altered
decision-making also could be detected but it has been mentioned
that repeatedly established work habits by business experts are not
drastically affected at least during the early stages (216).

Disorientation to time and place is an early symptom that
is observed in Alzheimer’s individuals. It means the inability of
memory to update information about time and place (217, 218).
It may be experienced while entering new places or relocating
to a new house, but it also can be experienced in daily and
routine environments (219). Individuals became confused about
seasons and dates and even recognized day or night. Visuospatial
disorientation is a related condition that could be attributed to
parieto-occipital dysfunction and may be detected in a variable
proportion of AD patients (220). Its pure occurrence, which
may induce complete cortical blindness, is defined as posterior
cortical atrophy (221). Defective recognition of similar faces
(called prosopagnosia), difficulties in dressing up or parking a
car, inability to distinguish the correct way back home or giving
directions to other people in despite of a bunch of familiar clues,
feeble interpretation of maps, or even inaccurate right or left
side detection.

Functional and executive disturbances, which can be
considered the most disabling aspect in AD patients, partly
resulting from the underlying decline in cognitive and
neuropsychological functions. Further, concomitant restrictions

in working and learning competencies, including defective task
coordination and inability to perform complicated instructions,
aggravate self-esteem and result in dissociation from the
community, depression, resignment, financial problems, and
initiation of a vicious circle (222, 223). Early incapacitation
implementing complex orders exacerbates, and doing easier,
previously automatic activities like driving get troublesome.
Locomotor abnormalities may appear early, with walking speed
being the most commonly altered parameter. However, Gras et al.
(224) reported that crude unsteady balance, sluggish gait speed,
increased stance time, and shorter step length could be detected
in AD individuals. Advanced stages could be presented by fine
tremors and rigidity resembling Parkinson’s disease (225). Later
in the disease course, primary reflexes of grasping and sucking
reappear, and the patient loses his continence of sphincters which
accompanying moving and standing impairments, bed rest,
and subsequent vegetative conditions ensue, which necessitates
persistent patient care (226).

Most ADpatients have behavioral impairment throughout their
illnesses, which predominates in later stages, while other cognitive
or functional areas are mild to severely affected. Incautious actions
or decisions are made without any attention to feedback. The
patient’s affect becomes harsher as he becomes more self-centered,
rejecting to see old friends or family members and uncaring about
how others see him. Depressive symptoms, including reduced
or heightened food intake, irritability or inertia, disinhibition,
sleeplessness or hypersomnia, and repetitive or obsessive behaviors,
may occur. Although sometimes a ravenous hunger sets in,
commonly eating is disregarded, leading to a slow but steady weight
loss. Neglected self-care and a wildly disheveled general outlook
are also frequently reported (227). Anhedonia and apathy are often
encountered owing to the frontal lobe involvement with associated
lassitude in starting a novel task, lack of consistency, and deficient
motivation, but anxieties and sometimes phobias can occur with
an aversion to being alone (228). A patient’s sexual misdeeds or
attraction to a younger person may shock friends and family yet
threaten to destabilize an otherwise successful marriage. Paranoid
delusions, sometimes accompanied by hallucinations, could be
other manifestations of AD patients. The patient’s children may be
accused of stealing from him or his old wife may be suspected of
having an extramarital infidelity (229).

8 Symptoms and signs assessed during
a physical examination for Alzheimer’s
disease

Since AD affects different areas of the central nervous system,
signs and symptoms of this disease vary greatly. So, it is essential to
do a proper physical examination (230).

8.1 Memory loss and cognitive impairment

Memory loss and cognitive impairment are key indicators of
AD. The severity of cognitive impairment correlates best with the
burden of neocortical neurofibrillary tangles, which are a hallmark
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of AD (231). Memory loss is among the first symptoms reported by
patients suffering from AD. Disease pathology interferes with the
formation of memories from the molecular level to the framework
of neural networks (232). Prospective studies indicate an early
decline in executive functions and episodic and semantic memory
processing in the predementia period (233). Low performance
in learning and memory functions may be the earliest cognitive
manifestations of preclinical AD (234). Also, asymmetry in
cognitive abilities may occur in the preclinical phase of AD (235).
Memory test scores reflecting the difference between immediate
and delayed recall are important in identifying which individuals
with recent cognitive changes will progress to where they meet
the criteria for Alzheimer’s over time (236). Episodic memory
decline is the most salient cognitive function that correlates with
high levels of amyloid deposition and hypoconnectivity across
large-scale brain networks (233).

8.2 Changes in behavior or personality

Personality changes occur alongside or sometimes before
cognitive symptoms (237, 238). A systematic review showed
increased neuroticism and decreased extraversion, openness,
agreeableness, and conscientiousness (239, 240). A significant
change from positive to negative characteristics in personality is
detected after the beginning of AD (241).

8.3 Loss of coordination or balance

Balance and mobility impairments are linearly correlated with
cognitive function and can be observed at the beginning of the
subjective cognitive decline stage (242). For instance, an impaired
one-leg balance test indicates a higher cognitive decline (243).
Standing balance in people with AD is significantly impaired across
a range of static and dynamic balance conditions. Activity level,
mobility measures, turning, and dual tasks are also impaired (244).

8.4 Abnormal gait

Gait parameters can differentiate between healthy elderly,
mild cognitive impairment, and AD patients (245). Gait analysis
can potentially contribute to the diagnosis and prognosis of
cognitive impairment (246). Dual-tasking frequently results in gait
disturbances, which may affect gait stability and increase the risk
of falling (247). Overall, gait analysis can be a useful tool for
identifying AD and monitoring its progression.

8.5 Loss of sensation or reflexes

Loss of sensation may be an indicator of AD. AD patients
have a sensory gating deficit, which may result from cholinergic
dysfunction and alpha-7 nicotinic receptor loss (248). They also
have an impaired sensation of pain, which means their pain
tolerance is increased, and their reaction to pain is markedly
diminished (249, 250). Loss of reflexes may be a relevant sign in

the diagnosis of AD. The palmomental reflex is more frequent
in AD patients even 2 years before diagnosing AD (251). Also
the prevalence of primitive reflexes is correlated with dementia
severity (252).

8.6 Abnormal eye movements or vision

Abnormal eye movement or vision can indicate AD. Eye
movements, including saccades and smooth pursuit, seem to be
slower and less accurate as a result of the disease. Even subtle
functions, such as microsaccades and pupillary dilations, are
changed by AD (253). A decrease in concentration is one of the
symptoms that comes with cognitive decline, which causes frequent
eye and facial movements. These differences can be used to screen
AD symptoms quickly, even with camera recordings (254).

Among the earliest symptoms seen in AD patients are visual
impairments, particularly loss of contrast and color sensitivity,
limited visual field, compromised visual attention, reduced
stereopsis, and impaired object and face recognition (255–259).
Anatomical changes within the eye have been detected before signs
of cognitive impairment and memory loss appear (257). All parts
of the visual system, including the optic nerve and the retina,
may be affected in AD (260). According to a systematic review,
the peripapillary retinal nerve fiber layer (RNFL) and macular
thickness are significantly decreased in AD patients (261).

8.7 Tremors or other involuntary
movements

Among motor signs during AD, tremor is the least frequent
and appears independent of disease progression (262–266). As
AD progresses, the frequency of motor signs like speech/facial
expression, rigidity, posture/gait, and bradykinesia also increase
(266, 267).

As reviewed above, the physical examination results can help
us diagnose AD, and in some cases, even better and sooner. Other
diagnostic assessments are used with physical examination and can
either confirm our diagnosis or rule out other diseases (268–270).

AD is a slow and progressive disorder, and it’s been difficult
for clinicians to identify the transitions from the asymptomatic
phase to the symptomatic predementia and dementia phase
(270). In cases of mild cognitive impairment (MCI), physical
examination alone can’t indicate the progression to AD, and
here, the biomarkers are a great help in identifying this matter
(271, 272). Additionally, all cognitive tests are influenced by some
unchangeable variables like age, education, and cultural variations
between individuals (270).

9 Laboratory tests for Alzheimer’s
disease diagnosis

9.1 Blood tests

9.1.1 Amyloid beta and tau protein levels
Since the discovery of APOE ε4 around 25 years ago,

researchers have shown much enthusiasm toward the prospective
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development of a blood test for AD. Yet, the use of blood tests for
AD has not been implemented in clinical settings (273).

Recent research has shown that the Aβ42/40 ratio, as
determined in plasma, can distinguish between individuals without
cognitive impairment and those with AD. However, it is worth
noting that this particular technology is not widely available in
most healthcare facilities (274, 275). The blood plasma levels of
Aβ42 exhibit changes similar to those previously documented in
cerebrospinal fluid (CSF), suggesting a potential pathway to transit
Aβ between the blood and the brain through the blood-brain
barrier (BBB). The stability and sensitivity of plasma Aβ values
indicate that this screening test may be helpful in detecting central
nervous system (CNS) amyloidosis (275).

Another non-invasive diagnostic and predictive biomarker
for AD is plasma P-tau181, which may be helpful in clinical
practice and studies (276). Plasma P-tau181 was shown to be
elevated in preclinical AD and further elevated in the MCI and
dementia phases in research by Janelidze et al. They demonstrated
that Plasma P-tau181 had accuracy comparable to Tau PET
and CSF P-tau181, distinguished AD dementia from non-AD
neurodegenerative illnesses, and identified AD neuropathology in
a cohort with autopsy confirmation (276). When taken as a whole,
plasma P-tau181 may be a practical tool for identifying people who
need further diagnostic testing (277).

9.2 Inflammatory markers

Intracellular alterations in individuals with ADmay be detected
early by using inflammatory markers (278). Interleukin-6, 12, and
18, as well as tumor necrosis factor (TNF) and transforming
growth factor (TGF), have been shown to be present in increased
concentrations in the blood of AD patients (279).

Additionally, glial cells may become pro-inflammatory if
stimulated for an extended period, as in AD (280). Microglia
and astrocytes express the inflammatory marker chitinase-3-like
protein 1 (also known as YKL-40). Astrocytes close to Aβ plaques
express YKL-40 in AD, and tau pathology positively correlates with
this expression (281, 282). Another biomarker connected to AD’s
progression is glial fibrillary acidic protein (GFAP). Prins et al.’s
cross-sectional investigation showed that preclinical AD patients
had higher plasma levels of GFAP than healthy controls (283).

9.3 Cerebrospinal fluid analysis

9.3.1 Aβ and tau protein levels
It was shown in 1992 that Aβ is secreted into the CSF

(284). Numerous articles have confirmed the reduction in CSF
A42 in AD dementia; a meta-analysis of 131 research revealed
extremely consistent results, with a mean fold change for CSF A42
of 0.56 compared with older individuals with normal cognitive
function (285).

After a long-standing mystery, a 2003 autopsy investigation
linked low postmortem ventricular CSF Aβ42 levels to high plaque
numbers (286), which is consistent with the pathophysiological
theory that the hydrophobic peptide aggregates and becomes

sequestered in plaques in AD, leaving less of it to be secreted into
the extracellular space and the CSF, leading to lower CSF levels of A-
42 (287). Other Aβ species than Aβ42 are discovered in human CSF,
with Aβ1-40 being the most prevalent and having around ten times
the amount of Aβ42 (288, 289). Numerous investigations have
shown that while CSF Aβ40 levels remain relatively unchanged
in Alzheimer’s disease (AD), the CSF Aβ42/Aβ40 ratio is more
effective than CSF Aβ42 alone in detecting AD (285, 290–292).
Therefore, in a clinical environment, the CSF Aβ42/Aβ40 ratio
could have diagnostic importance (293).

Another biomarker for AD is tau, a microtubule-associated
protein found in neuronal axons with six distinct human isoforms
(294, 295). Tau is hyperphosphorylated and is transported from
axons to the somatodendritic compartment in many AD neurons,
where it is misfolded and clumps.

According to research, axonal loss and neuronal death cause the
intracellular protein tau to be released, increasing the tau level in
the CSF in AD (296, 297). CSF T-tau levels are dynamic after acute
brain trauma, rising within days after the lesion and remaining
high for weeks until returning to normal (298, 299). However,
in some pure tauopathies, CSF tau is not raised despite severe
neurodegeneration and tau pathology (300, 301).

9.3.2 Phosphorylated tau levels
Through the use of antibodies that target distinct

phosphorylated patterns within the amino acid sequence of
tau (referred to as p-tau), some isoforms of p-tau (namely
p-tau181,−199, and−231) have been identified as exhibiting
a greater association with AD. P-tau231 and P-tau181 may be
utilized to differentiate AD from control groups and even from
FTD, dementia with Lewy bodies (DLB), vascular dementia (VaD),
and major depressive disorder (287, 300, 302–305). There aren’t
many studies directly evaluating various CSF Ptau tests as AD
biomarkers, although one study found that P-Tau181, P-Tau199,
and Pau231 levels in CSF closely correlate and perform similarly
to distinguish AD from other neurodegenerative diseases and
non-demented individuals (304). Moreover, p-tau217 exhibits
significant potential as a biomarker in Alzheimer’s disease, notably
due to its marked increase in levels ∼21 years prior to the onset
of symptoms, which closely correlates with the accumulation of
amyloid-β. As the disease progresses, both p-tau217 and p-tau181
levels decline significantly near the onset of symptoms, while total
tau levels and unphosphorylated isoforms (such as Tau217 and
Tau181) continue to rise (306). This dynamic suggests that the
reduction in phosphorylation ratios is not solely attributable to
a rise in unphosphorylated peptides or a decline in overall tau
protein levels (306). Instead, it signifies a complex interaction of
tau phosphorylation that corresponds with the advancement of
Alzheimer’s pathology. Recent research highlights the necessity
for additional validation of these tests to secure regulatory
approval, which entails standardizing measurement protocols and
conducting longitudinal studies across varied populations. The
potential for early detection and monitoring of Tau217 ultimately
underscores its significance in understanding Alzheimer’s disease
and guiding future treatment approaches (306).
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In individuals with moderate cognitive impairment (MCI)
(307) and with neocortical NFT pathology in AD (308), CSF p-tau
levels are correlated with cognitive deterioration. Additionally, t-
tau and p-tau both predict the rate of cognitive decline in various
stages of AD (309–311). The concentration of p-tau231 decreases
over time from mild to moderate AD (312). It significantly
correlates at baseline with the rate of hippocampal atrophy in mild
to moderate AD (313), indicating structural disease progression.
In a European multi-center trial, CSF p-tau consistently predicted
AD in people with MCI with high accuracy (80%) over 1.5 years, a
period that was both brief and clinically meaningful (314).

9.3.3 Neurofilament light chain levels
Intermediate filaments, known as neurofilaments, are found in

neurons and are especially prevalent in axons (315). One of the four
components of neurofilaments in the CNS is called neurofilament
light (Nf-L). Neurofilaments have a crucial role in facilitating the
radial expansion of axons throughout the developmental process,
providing structural stability, and facilitating the conduction of
electrical signals (315). Several neurological disorders, including
AD, exhibit abnormal neurofilament aggregation and other
changes (315–317).

The NF-L subunit’s involvement as a marker of axonal damage
is supported by the knowledge that CSF levels of the subunit
are elevated in a number of neurodegenerative disorders (318–
320). As compared to controls, AD and MCI patients have
been demonstrated to have increased CSF NF-L levels (320–323).
According to Olsson et al.’s meta-analysis (285), which included
data from nine AD cohorts and eight control cohorts, CSF NF-L
had a significant effect size for discriminating between AD patients
and controls. CSF NF-L is correlated with brain atrophy (323, 324),
but it doesn’t seem to be particular to AD, since levels are raised in
other neurodegenerative disorders, possibly reflecting non-specific
axonal damage (324–326).

9.4 Novel recently developed probable
diagnostic biomarkers

To identify reliable biomarkers in AD, researchers have
focused on measuring Aβ and tau in CSF and blood, as well
as using neuroimaging techniques such as FDG-PET, Pittsburgh
compound B-PET, and MRI to measure hippocampal volume
(327, 328). It is now advised to use a multi-marker strategy since
none of these instruments can aid in diagnosing independently.
As a result, the availability of non-invasive, readily accessible
biomarkers is very valuable. Researchers have suggested various
new biomarkers, such as inflammatory markers, fluorescent
nanoparticles, and microRNAs.

According to a recent systematic review, a total of 10
microRNAs (miRNAs) have a substantially altered expression in
individuals with AD compared to normal subjects, as evidenced by
at least two independent investigations. Furthermore, the research
highlights that over thirty miRNAs can differentiate between
two distinct neurodegenerative disorders (329). AD patients ’
extracellular fluid (ECF) and CSF were reported to have higher

levels of some miRNAs, including pro-inflammatory miRNA-9,
miRNA-125b, miRNA-146a, and miRNA-155 (330).

One further potential biomarker for the diagnosis of AD is
fluorescent nanoparticle kits. The outcomes of efforts to develop
these kits include the AD Diagnostic Kit WO2002/088706, which
uses glutamine synthetase as an indicator, and WO2010/144634,
which detects DNA methylation as an epigenetic marker to
diagnose AD (331). Furthermore, Park et al. confirmed that the
fluorescent nanoparticles they created and the WO2002/088706 kit
would potentially give an early diagnosis of AD using plasma from
AD patients (332).

Inflammatory biomarkers, including IL-6, CRP, and TNF-α,
may be additional cutting-edge biomarkers for identifying AD due
to the inflammatory character of the disease. However, a recent
meta-analysis by Ng et al. found no difference in IL-6, CRP, and
TNF levels between elderly with AD and controls (333).

10 Imaging tests for diagnosis of
Alzheimer’s disease

AD is a complex ailment mainly affecting memory and
cognitive abilities. Diagnosing it early and accurately ensures timely
treatment and patient care (334). Advanced imaging techniques
assist physicians in confirming clinical suspicions, identifying
those at risk, monitoring the effectiveness of potential treatments,
differentiating Alzheimer’s from other conditions, and evaluating
the severity of the disease (335).

10.1 Magnetic resonance imaging

Magnetic resonance imaging (MRI) is a non-invasive imaging
technique that uses strongmagnetic fields to generate detailed brain
images. In AD diagnosis, MRI primarily assesses brain structure,
detects atrophy, and rules out other potential causes of cognitive
impairment, such as tumors or vascular abnormalities (336, 337).
MRI scans reveal brain atrophy, particularly in regions critical
for memory formation (336, 337). Advanced MRI techniques can
quantify microstructural changes and accurately measure brain
volume loss, aiding early AD detection and monitoring disease
progression (336, 337). However, it should not be relied upon alone
in identifying evidence of AD due to its low accuracy (338). The
sensitivity of MRI in detecting AD in patients with mild cognitive
impairment is 73%, and the specificity is 71% (338).

10.2 Computed tomography

Computed tomography (CT) is another imaging modality used
in Alzheimer’s diagnosis, but less frequently than MRI (339). CT
scans provide detailed cross-sectional brain images and can help
rule out other pathologies that may mimic AD symptoms. CT
scans can reveal structural abnormalities in the brain, such as
ventricular enlargement or cortical atrophy, associated with AD
(339). CT is often more readily available and quicker to perform
than MRI, making it useful in specific clinical situations when
MRI is contraindicated (336). In AD, microscopic histological
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changes are associated with focal atrophy in the medial temporal
lobe region, including the hippocampus, reflecting the typical
progression of neuropathology, which can be assessed in vivo using
MRI (339, 340). Many studies have evaluated the diagnostic value
of hippocampal atrophy for AD using MRI, with overall sensitivity
and specificity estimated to be 85 and 88%, respectively (341).

10.3 Positron emission tomography

Positron emission tomography (PET) is a powerful imaging
technique that provides functional information about the brain’s
metabolic and molecular processes. PET scans detect specific
hallmarks of AD pathology, such as the accumulation of amyloid
plaque and intracellular hyperphosphorylated tau neurofibrillary
tangles, as well as changes in glucose metabolism (342, 343).
Amyloid plaques are deposits of beta-amyloid protein that
accumulate between nerve cells, while neurofibrillary tangles
are twisted tau protein fibers that build up inside nerve cells
(344). Although imaging techniques cannot directly visualize
neurofibrillary tangles, they can infer their presence by detecting
associated brain atrophy and functional abnormalities (345). As
amyloid-targeting therapeutics emerge in the treatment of AD,
amyloid PET scans are being used to determine patients’ eligibility
for clinical trials and to assess treatment outcomes. Three Amyloid-
β radiotracers, namely 18F-florbetaben, 18F-florbetapir, and 18F-
flutemetamol, are currently approved by the FDA for use in
clinical practice (346). Moreover, the development of numerous
second-generation tau PET tracers with enhanced binding
properties has been achieved. These tracers include [18F]MK6240,
[18F]PM-PBB3, [18F]RO948, [18F]PI-2620, [18F]JNJ311, and
[18F]Genentech Tau Probe 1 (GTP1) (347, 348). Each of these
radiotracers has its own set of procedural guidelines and acceptable
interpretation techniques, but they all share the fundamental
property of binding to white matter, not gray matter. Accordingly,
abnormal scans will demonstrate evidence of diminished gray-
white differentiation, outward radiotracer extension from the white
matter to the cortical surface, or increased radiotracer uptake by
gray matter compared to white matter (349). In addition, the
FDA has authorized the use of the 18F-flortaucipir radiotracer to
visualize the distribution and density of NFTs in patients with
cognitive impairment who are being assessed for AD. Since changes
in tau PET binding are correlated with cognitive symptoms, this
radiotracer provides value not only for diagnosing AD but also
for tracking the spatiotemporal progression of tau pathology in
longitudinal investigations (350).

Additionally, PET measures glucose metabolism, allowing
clinicians to assess brain function and detect regions with reduced
metabolic activity, which is indicative of Alzheimer’s-related
neuronal dysfunction (342, 351). PET can be used to study brain
metabolism and visualize glucose metabolism using the metabolic
tracer 18F-fluorodeoxyglucose (FDG) (352, 353). PET scans with
FDG or other radiotracers provide insights into regional changes in
cerebral blood flow and glucose metabolism, highlighting areas of
reduced neuronal activity (352, 353). In AD, hypometabolism in the
temporal, parietal, and posterior cingular regions distinguishes AD
patients from controls with good discriminatory power (354, 355).

Recent studies show that amyloid PET brain imaging is highly
sensitive and specific for neuropathologically confirmed AD, while
FDG PET is highly sensitive and moderately specific (356).

In conclusion, MRI and CT scans reveal progressive brain
atrophy, especially in regions associated with memory and
cognition. PET imaging, using multiradiopharmaceutical agents,
identifies the presence and distribution of amyloid plaques and
intracellular hyperphosphorylated tau neurofibrillary tangles in
the brain. As our understanding of Alzheimer’s disease advances,
imaging techniques are expected to become increasingly refined,
providing more accurate and informative insights into this
devastating condition.

11 Current treatments for Alzheimer’s
disease

11.1 Cholinesterase inhibitors

11.1.1 Cholinesterase inhibitors mechanism of
actions

In patients with advanced AD, specific neuronal
pathways exhibit decreased excitability, leading to delayed
neurotransmission. Cholinesterase inhibitors function to
augment neurotransmission between neuronal synapses to
ameliorate Alzheimer’s symptomatology. These pharmacological
agents are indicated for individuals with mild to moderate
Alzheimer’s manifestations (357). Previous research indicates
that cholinesterase inhibitors engage with cholinergic receptors,
influence sodium and potassium ion channels, and impact
neurotransmitters’ uptake, synthesis, and release. In essence,
cholinesterase inhibitors exhibit multiple mechanisms of action,
which could be beneficial when addressing intricate conditions like
AD (358).

11.1.2 Types of cholinesterase inhibitors
11.1.2.1 Donepezil (Aricept)

Donepezil is the first-line medication for AD. There are several
RCT studies on the effectiveness of Donepezil on AD. A meta-
analysis of randomized controlled trials in which five RCTs with
2,974 patients were conducted showed that high-dose donepezil
significantly improved cognitive function compared to standard-
dose donepezil. The overall incidence of adverse events between
the various doses was not observed; However, high-dose donepezil
increased the risk of heart-related issues. In conclusion, while
high-dose donepezil enhances cognitive function in moderate-
to-severe AD patients, caution is advised for those with heart
conditions (359).

A study by Xuemei Zhang assessed the effectiveness and safety
of donepezil in treating patients with mild cognitive impairment.
Analyzing 12 randomized controlled trials (RCTs) and five non-
randomized controlled trials (CCTs), encompassing 2,847 patients
revealed that donepezil significantly improved MMSE and MoCA
scores. However, it didn’t notably delay disease progression; the
evidence quality was generally low. Concerning safety, donepezil
increases the risk of side effects like nausea, vomiting, and diarrhea.
In summary, while donepezil can somewhat enhance cognitive
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function in MCI patients, it doesn’t significantly delay the disease’s
progression and may cause adverse reactions (360).

A meta-analysis study by Kazufumi Yoshida was conducted
to develop a personalized prediction model for AD based on
individual characteristics. A comprehensive study of 8 randomized
trials with 3,156 participants trials compared the oral donepezil
vs. placebo. It was revealed that donepezil is rather efficacious for
cognitive function for most patients in contracts with placebo;
however, using antipsychotic drugs at the study’s onset might
reduce donepezil’s effectiveness. Despite the drug’s potential
benefits, larger studies with more variables and extended durations
are essential (361).

11.1.2.2 Rivastigmine (Exelon)

New drugs were developed during the late 20th century to
control the progression of AD. Rivastigmine, introduced in 1985
and approved by the FDA in 1997, is used to treat mild to moderate
dementia in Alzheimer’s and Parkinson’s patients (362). Recent
research suggests rivastigmine also enhances gait stability, reducing
fall risks for those with Parkinson’s (363).

In a study by Jacqueline S Birks, 13 trials, ranging from
12 to 52 weeks, studied the efficacy of either orally (6–12
mg/day) or transdermally (9.5 mg/day) administered medication
with a placebo. This analysis used data from seven trials
encompassing 3,450 patients. After 26 weeks, patients on
rivastigmine demonstrated improved cognitive function, daily
living activities, and a better clinician’s global impression, with
three trials showing no difference from the placebo. In conclusion;
Rivastigmine benefits individuals with mild to moderate AD.
Compared to a placebo, it showed a slower decline in cognitive
function and daily activities, although the improvements were
minimal, and their clinical significance is uncertain. Rivastigmine
also positively impacted clinician’s global assessments. However,
there was no noticeable difference in behavior changes. The studies’
quality of evidence is moderate, with potential biases due to
participant dropouts, and all research was industry-sponsored.
Economic implications weren’t covered in this review (364).

11.1.2.3 Galantamine (Razadyne)

Galantamine, a natural tertiary alkaloid found in plants like
Galanthus nivalis, was identified in the 1950s. Initially explored
for neuropathic and paralytic conditions, its potential shifted after
discovering its ability to inhibit acetylcholine esterase. While it was
considered for various psychiatric treatments, its development for
AD began only in the 1990s because of extraction and synthesis
challenges. By 2001, the FDA approved it for treating mild to
moderate AD (365–367).

In a Meta-analysis study by Deqi Jiang, the effectiveness
and safety of galantamine in treating AD are evaluated By
analyzing randomized controlled trials (RCTs) of galantamine for
AD published until April 30, 2014, it found that 8–28 weeks
of galantamine treatment (16–40mg daily) led to significant
improvements in several cognitive and behavioral assessment
scales. A significant downside was that more adverse events
and treatment dropouts were reported in the galantamine group
compared to the placebo group. Overall, while galantamine
improved cognitive, behavioral, and global functions in AD

patients, its use in clinical treatment should be approached with
caution due to potential side effects (368).

11.1.2.4 Tacrine (Cognex)

Tacrine (Cognex) was the first drug approved by the US Food
and Drug Administration (FDA) to treat AD and it received
approval in 1993 (369). Tacrine’s function as a drug-enhancing
cognition is multifaceted and not fully comprehended. It acts on
various pathways, including cholinergic, gabaergic, nitrinergic, and
glutamatergic. Tacrine’s effect on NMDA receptors (NMDAR) is
more related to AD treatment, and its impact on glutamatergic
neurons is direct (as an NMDAR antagonist) and indirect patterns
and inhibits Ca2+-activated potassium channels. This prevents
membrane repolarization, extends NMDAR activation, and leads
to long-term potentiation. Therefore, tacrine-derivatives modulate
both cholinesterase and NMDARs (370).

Tacrine can help improve cognition and function in some
people with Alzheimer’s, but its effect is modest. Like other
treatments for Alzheimer’s, it does not cure the disease but can help
manage some of its symptoms. In 1998, in a meta-analysis study
which is published in JAMA In from 12 trials with 1984 Alzheimer’s
patients, the use of Tacrine (a cholinesterase inhibitor) for 12 weeks
improved cognitive performance, and there was a minor positive
difference in the behavioral non-cognitive aspects (371).

They concluded that using Tacrine may slow cognitive decline
in Alzheimer’s patients in the initial 3 months and heighten the
chances of overall clinical improvement. Still, unfortunately, the
use of Tacrine was limited due to its side effects, particularly
liver toxicity (372). Because of the liver toxicity concerns and the
subsequent approval of other cholinesterase inhibitors that had
more favorable side effect profiles, the use of Tacrine diminished
over time. In summary, while Tacrine played a pivotal role in the
history of AD treatments, it is not widely used today due to its side
effect profile.

The clinical effectiveness of combining an acetylcholinesterase
inhibitor (AChEI) with Memantine for Alzheimer’s patients
remains unclear when compared to the use of either treatment
alone. To address this, a systematic review and meta-analysis of
randomized controlled trials (RCTs) was conducted, focusing on
patients withmoderate to severe Alzheimer’s disease. From the nine
RCTs (involving 2,604 patients) reviewed, results indicated that
short-term combination therapy had a more significant positive
effect on cognition than AChEI monotherapy. However, there is a
lack of evidence regarding the long-term effects and comparison
with memantine monotherapy (62).

11.2 NMDA receptor antagonists in
Alzheimer’s disease

11.2.1 Mechanism of action of NMDA Receptor
Antagonists

Synapse dysfunction caused by amyloid beta (Aβ) is an initial
occurrence in the development of AD. Prior research indicates
that abnormalities in the N-methyl-D-aspartate (NMDA) receptor
may play a role in this pathology. Notably, Aβ peptides have been
shown to affect NMDAR expression and function negatively (373).
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NMDA receptors play a significant role in AD because theymediate
calcium influx and maintain calcium homeostasis in the brain.
Calcium dysregulation is considered a common mechanism in AD,
and hyperactivity of NMDA receptors has been reported in the
disease (374).

NMDA receptor activation is linked to synaptic dysfunction
in AD. While synaptic NMDARs are protective, overactivation
of NMDARs outside the synapse can lead to cell death. NMDA
receptor dysfunction, involving pre- and postsynaptic neurons
and glial cells, directly affects AD (375). Memantine, the most
popular NMDA receptor antagonist, blocks excessive NMDA
receptor activity without disrupting regular activity, providing
neuroprotection and alleviating symptoms in AD patients (376).
Memantine performs this by blocking the NMDA glutamate
receptors, helping to regulate the glutamatergic system and
improve cognitive and memory issues. Memantine’s effectiveness
relies on its unique binding to the NMDAR, where its low affinity
and quick dissociation from the receptor channel ensures the
receptor’s normal function, making the drug well-tolerated with a
minimal side effect profile (377).

11.2.2 NMDA receptor antagonists types
11.2.2.1 Memantine

Memantine is the most well-knownNMDA receptor antagonist
approved for treating moderate to severe AD. The European
Federation of Neurological Societies- European Neurological
Society/European Academy of Neurology (EFNS-ENS/EAN)
conducted a study aimed to determine whether a combination
of cholinesterase inhibitors (ChEI) and Memantine should be
recommended over ChEI alone for patients with moderate to
severe AD to improve cognition, behavior, and daily activities.
This determination, conducted based on a systematic review and
meta-analysis of randomized controlled trials sourced from the
Cochrane Dementia and Cognitive Improvement Group’s register
enrolled 1,549 AD patients, indicated that the combination therapy
had significant benefits compared to ChEI monotherapy. Also,
it was mentioned that the strength of evidence varied for each
parameter, with high quality for behavior, moderate for cognitive
function, and low for activities of daily living (378). So, although
the combination of ChEI and Memantine is suggested over the
use of ChEI alone for patients with moderate to severe AD, this
recommendation is given with a weak endorsement (378).

The use of Memantine as an NMDA receptor antagonist
in combination with one of the three common cholinesterase
inhibitors—donepezil, rivastigmine, and galantamine—has been
studied for the treatment of AD for several years (379). A meta-
analysis of 54 trials on the combination therapy of Memantine
and Donepezil revealed that the combination of Memantine and
donepezil demonstrated improved outcomes in cognitive function,
daily function, and neuropsychiatric manifestations compared to
monotherapy and placebo. But it has less acceptability among the
patients. Combination therapy could be more economically viable,
as Memantine slows the progression of AD.

In a study of Japanese patients in 2018, In a meta-analysis
of multicenter, randomized, double-blind studies involving 633
Japanese patients with moderate to severe AD, the efficacy

of Memantine (20 mg/day) proved. Statistically, a significantly
reduced likelihood of clinical worsening across multiple rating
scales compared to a placebo was concluded. There was a notably
diminished risk of severe deterioration in the memantine group. It
was also concluded that Memantine offers a promising treatment
solution for AD patients, addressing not just cognitive challenges
but also encompassing a wide array of symptoms, particularly the
behavioral and psychological manifestations of dementia (380)

An updated systematic review and meta-analysis study
evaluated Memantine’s potential as an antidepressant for major
mental disorders. Eleven double-blind RCTs containing 899
patients showed that Memantine significantly decreased depressive
symptoms, especially in patients with mood disorders. Memantine
appears to be an effective, well-tolerated treatment for depressive
symptoms, particularly in mood disorder patients (381).

As mentioned, Memantine is approved by FDA for moderate
to severe AD and its does not have FDA approval for mild
cognitive impairment. Observational data from nearly 10,000
participants across 44 trials evaluated the benefits of Memantine for
different types of dementia. The majority of trials focused on AD.
For those with moderate-to-severe AD, high-certainty evidence
demonstrated that Memantine consistently offered clinical benefits
in areas such as clinical global rating (CGR), cognitive function
(CF), daily living activities (ADL), and behavior and mood
(BM). However, in mild AD cases, evidence indicated that
Memantine might not be more beneficial than a placebo in most
categories (382).

For vascular dementia, there is a probable small clinical benefit
in cognitive function and behavior, but not in other metrics. While
limited data exists for different dementia types, Memantine does
not substantially differ from placebos in causing adverse events.
Yet, it’s more likely than a placebo to cause dizziness and possibly
headaches but shows no difference in fall risks (382). Memantine
has a small clinical benefit to individuals with moderate-to-severe
AD, regardless of their concurrent use of a ChEI. However, it
doesn’t provide any notable advantage to those with mild AD.
Due to the varied clinical manifestations of AD, it’s improbable
that a single drug will produce significant effects. Current evidence
doesn’t support the early use of Memantine in mild AD, even
though it’s a prevalent approach and extended trials are required
to determine Memantine’s long-term efficacy (382).

In the study by Taro Kishi on randomized trial studies,
including 11 memantine vs. placebo and 17 memantine and
cholinesterase inhibitors combination (M+ChEIs) vs. ChEIs,
consisting of 7,567 patients evaluated, it was revealed Memantine
alone showed significant improvements in Cognitive function and
behavioral disturbances compared to a placebo. In an analysis of
patients with moderate-severe AD, Memantine improved better in
reducing behavioral disturbances than placebo. Also, it was shown
that Memantine was combined with ChEIs, with more reduction in
behavioral disorders and improved Cognitive function compared
to ChEIs alone. Also, they demonstrated no notable differences in
discontinuation rates among the groups (383).

In the safety and effectiveness analysis of cholinesterase
inhibitors and Memantine for AD, which was conducted on 41
randomized controlled trials, it was demonstrated that for mild
to moderate AD, Galantamine 32 mg/day with mean difference
of −0.51 (CI: −0.67 to −0.35), Galantamine 24 mg/day: with
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−0.50 (CI: −0.61 to −0.40) and Donepezil 10 mg/day with −0.40
(CI: −0.51 to −0.29) had the best outcomes in improvement of
cognition compared to placebo. Among the patients with moderate
to severe AD, a combination of memantine 20mg and donepezil
10mg is recommended, with a value of 0.76 (95% CI: 0.39–1.11).
It was also demonstrated that none of these medications improved
neuropsychiatric symptoms (384).

Despite the extensive use of Memantine, there are also
some adverse findings about its effects on AD. A meta-
analysis was conducted in 2018 and published in the JAMA
network to demonstrate the association of concomitant use of
cholinesterase inhibitors or Memantine with cognitive decline
in AD. They used a Meta-database of the Alzheimer Disease
Cooperative Study and Alzheimer Disease Neuroimaging Initiative
and 10 clinical trial studies with a pooled population of 2,714
enrolled. It was demonstrated that numerous participants who
are administered ChEIs or Memantine often exhibit increased
cognitive deterioration. This variance is almost equivalent to the
anticipated effect sizes of the treatments examined in these studies.
When designing clinical trials for potential AD treatments, the
simultaneous use of ChEIs orMemantine, whichmay interfere with
ADAS-cog results, should be considered. Any subsequent analyses
that categorize based on ChEIs or memantine usage should be
cautiously approached due to possible confounding factors (385).

This medication received FDA approval for the treatment of
moderate to severe Alzheimer’s dementia (386); however, it also has
non-FDA and label uses forMild tomoderate Alzheimer’s dementia
andmild cognitive impairment (387). It is also used for neuropathic
pain (388) and has subscriptions for neuropsychiatric disorders
other than dementia-like bipolar disorder, major depressive
disorder, obsessive compulsive disorder (OCD) (389, 390) and
autism spectrum disorder (391). Recent studies revealed the
potential therapeutic benefits of N-methyl-D-aspartate (NMDA)
receptor antagonists, including the antidementia drug memantine.
In a self-controlled cohort study using US administrative claims
databases of the 312,336 patients exposed to Memantine, 60
outcomes were identified other than dementia and memory
loss, which were categorized into five groups, including mental
disorders, substance use disorders, gastrointestinal and colon
disorders, pain and demyelinating disease. These findings indicate
that NMDA receptor antagonists might possess a wider range of
therapeutic applications than previously understood (392).

In the study by Shinji Matsunaga, the effect of Memantine
on Lewy body dementia is investigated. It was revealed that
Memantine wasn’t beneficial in treating cognitive and motor
symptoms of Lewy body disorders. However, when assessing the
overall impression of the disorders, Memantine might be more
effective than a placebo. Additionally, Memantine is well-accepted
by patients (393).

11.2.2.2 Ketamine (Ketalar)

Ketamin is a water- and lipid-soluble agent for anesthesia, and
its effects come from interactions with various receptors, including
the N-methyl-d-aspartate (NMDA). The liver metabolizes it, which
can induce bronchodilation and stimulate the cardiovascular
system. Clinically, ketamine is used for various stages of anesthesia,
and it’s termed “dissociative anesthesia” (394).

The antidepressant properties of ketamine were discovered
unintentionally. Additionally, ketamine has fewer side effects in
animals and humans. Studies have also shown that ketamine
could be beneficial in treating other neurological disorders, such
as Parkinson’s disease, multiple sclerosis, and stroke. This article
discusses the potential of ketamine as a preventive or treatment
option for various neurological conditions (395).

Depression is associated with neurodegenerative diseases like
AD. Traditional antidepressants, particularly selective serotonin
reuptake inhibitors (SSRIs), show varying results in treating
depression linked with AD. A recent analysis of 25 studies on
fourteen antidepressant drugs found limited efficacy in alleviating
AD symptoms. However, ketamine, a broad-spectrum NMDA
receptor antagonist, has numerous benefits, including treating
depression and its severe manifestations. Esketamine, a nasal spray
variant of ketamine, was approved by the FDA in 2019 for persistent
depression. Current research indicates ketamine might protect
brain functions and reduce AD-associated symptoms (395).

11.2.2.3 Dextromethorphan

The FDA approved Dextromethorphan as a cough suppressant
in 1958. For the last half-century, it has been a prevalent ingredient
in many over-the-counter cough remedies (396), but recently, new
therapeutic indications have been revealed for Dextromethorphan.

Neurodegenerative disorders, such as Alzheimer’s, are
associated with chronic inflammation in the central nervous
system, especially in Microglia and astrocytes. Diminishing this
inflammation could reduce neuronal loss, a hypothesis backed
by findings that regular use of non-steroidal anti-inflammatory
drugs (NSAIDs) correlates with reduced neurodegenerative disease
rates. However, NSAIDs might not be strong enough to combat
established neuroinflammation. Dextromethorphan and other
compounds have shown promise in lowering such inflammation,
as they inhibit neurotoxicity caused by human microglia and
astrocytes (397, 398). The medication also received approval
for pseudobulbar affect (PBA), a condition characterized by
unsuitable or heightened emotional reactions that frequently occur
in adults with neurological disorders like amyotrophic lateral
sclerosis (ALS), multiple sclerosis (MS), stroke, traumatic brain
injuries and AD, or Parkinson’s disease (399–401). A combination
of dextromethorphan hydrobromide and the antidepressant
bupropion hydrochloride is used to treat major depressive disorder
(MDD), agitation in AD, and smoking cessation. In August
2022, the combination was approved in the USA for adult MDD
treatment (402).

11.3 Antidepressants in Alzheimer’s disease

11.3.1 Mechanism of antidepressant (SSRI)
Although antidepressants are primarily used to treat mood

disorders, recent studies suggest they could also help manage
neuropsychiatric symptoms in AD patients, such as depression
and agitation (403). However, research results on the connection
between depression and AD have been mixed, and few studies
have been conducted to guide physicians in selecting antidepressant
medication for depression in patients with dementia (404–406).
Although evidence for the efficacy of antidepressants in dementia is
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limited, selective serotonin reuptake inhibitors (SSRIs) are the most
studied and well-tolerated antidepressants, which are preferred
over other antidepressant medications (404–406). SSRIs increase
serotonergic activity in the brain by decreasing the activity of the
presynaptic serotonin reuptake pump by nearly 90% (407).

APOE ε4 carrier status has been associated with depression
symptoms and higher cortisol levels, which can lead to a decrease
in hippocampal volume (408). Depression may contribute to AD
through the HPA axis, and current investigations are exploring
its possible role as a risk factor or prodromal symptom of AD.
Antidepressants diminish or counteract the risk of eventual AD
outcomes (408). Antidepressants have been found to provide
neuroprotective benefits for people with depression, improving
cognitive function and long-term memory by increasing 5-HT
levels (409). Additionally, antidepressants can delay the onset
of AD by affecting neurotransmitter balance and inflammatory
pathways (409). They can also improve mood and reduce
depression and anxiety symptoms commonly experienced by AD
patients, enhancing overall quality of life (410).

Selective Serotonin and Norepinephrine Reuptake Inhibitors
(SNRIs), such as duloxetine (Cymbalta) and venlafaxine (Effexor),
are antidepressants that influence serotonin and norepinephrine
levels in the brain (411). These neurotransmitters play a crucial role
in regulating mood and can help alleviate depressive symptoms in
AD patients.

The diagnosis of depression in patients with dementia
and impaired cognition presents complexities due to the
potential for dementia to exhibit signs and symptoms resembling
depression, even in the absence of the condition, as well
as the ability of depression itself to mimic dementia in the
absence of the latter (405, 412). In challenging circumstances,
a treatment trial with antidepressant medication may be the
only feasible diagnostic technique (405). Despite the limited
availability of reliable diagnostic tools to diagnose depression in
individuals with dementia (405, 413), the American Association
for Geriatric Psychiatry has established diagnostic criteria for this
condition (414).

11.3.2 Dosage and administration of
antidepressant

Although the choice of an SSRI is typically based on the
side effect profile, medication interactions, and cost, the most
commonly prescribed medications are citalopram and sertraline
(405). Citalopram, with a starting daily dose of 5–10mg and a
maximum daily dose of 20mg every morning or every evening, is
recommended to reduce the risk of QT-prolongation in patients
aged over 65 years old (405, 406). Sertraline with a starting
daily dose of 12.5–25mg and a maximum daily dose of 25–
200mg daily is suggested (405, 406). Fluoxetine is less desirable
in older adults due to its long half-life and drug interactions,
and Paroxetine’s effects on cognition due to its anticholinergic
impacts (405). Other types of antidepressant medication, such
as serotonin-norepinephrine reuptake inhibitors (venlafaxine) and
noradrenergic antagonists (mirtazapine), have not been well-
studied, and tricyclic antidepressants (TCA) are not recommended
due to cardiovascular and nervous system side effects (405, 406).

It should be noted that a physician should closely monitor the
use of antidepressant medications in AD because these medications
may require dose adjustments, have negative side effects, and
interact with other medications the patient may be taking.

11.3.3 Psychotherapy
In addition, clinicians should consider psychotherapy as an

effective treatment for patients with mild to moderate dementia,
includingMultimodal CBT, Psychodynamic, interpersonal therapy,
and Multifaceted and semi-tailored intervention (405, 415), which
is underutilized in practice.

11.4 Anxiolytics in Alzheimer’s disease

AD is a condition that causes a gradual loss of cognitive
abilities. Research has explored the potential neuroprotective
effects of N-methyl-D-aspartate (NMDA) receptor antagonists
for AD. These antagonists are critical for synaptic plasticity and
transmission (416). Excessive activation of glutamate receptors,
particularly the NMDA type, can lead to excitotoxic effects on
neurons and is thought to contribute to neurodegeneration.
Synaptic dysfunction in AD may be attributed to atypical
activation of the NMDA receptor. The NMDA receptor antagonist
memantine is especially effective in blocking the receptor and
reducing the influx of calcium (Ca2+) ions into neurons,
thereby preventing toxic intracellular events from occurring (416).
Memantine may slow cognitive decline by reducing excitotoxicity
and promoting neuroplasticity through modulation of glutamate
transmission (417). In AD, acetylcholine is a neurotransmitter
that is significantly depleted. Some antidepressants, like trazodone,
have anticholinergic properties, which can be useful for managing
agitation and behavioral symptoms in AD patients by modulating
the cholinergic system (418).

11.4.1 Types of anxiolytics
11.4.1.1 Benzodiazepines

Lorazepam (Ativan) and alprazolam (Xanax) are types of
anxiolytic medications known as benzodiazepines, which act on
GABA-A receptors in the brain (419). Although benzodiazepines
are frequently prescribed for anxiety and sleep conditions, their
usage in AD is a matter of debate owing to the potential
risks involved (420, 421). Clinicians typically avoid administering
benzodiazepines to older people with dementia as these drugs cause
confusion and slow down mental processes. It is recommended
to be cautious when using benzodiazepines in AD and consider
alternative treatment options. While they are not typically the first
choice for managing anxiety in AD due to their potential to cause
sedation, confusion, and an increased risk of falls, they may be
considered in some cases when other options are ineffective (422).

11.4.1.2 Buspirone (Buspar)

Buspirone is a partial agonist at serotonin receptors (5-HT1A)
and is classified as a non-benzodiazepine anxiolytic (423). Earlier
evidence indicates that buspirone may be an effective non-sedating
option for managing anxiety symptoms in patients with AD (424).
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Buspirone is a useful treatment for managing behavioral issues in
individuals with dementia (425).

11.4.1.3 Hydroxyzine (Vistaril)

Hydroxyzine is an antihistamine that has sedative properties
and can be used tomanage anxiety in ADpatients. It has been found
to be just as effective as other anxiolytic agents like benzodiazepines
and buspirone, and is well-tolerated (426). However, it may
cause sleepiness or drowsiness more frequently than the other
medications (426). It’s important to be careful when taking
hydroxyzine because it can cause drowsiness and anticholinergic
side effects, which could worsen cognitive decline (427).

11.4.1.4 Gabapentin (Neurontin)

Gabapentin is not a first-line treatment for anxiety in AD,
but it may be considered in cases where other options have
failed (428). The mechanism of action of gabapentin to alleviate
anxiety is not clear, but it is believed to regulate the release of
neurotransmitters. By binding to the α2-δ subunit of voltage-gated
calcium channels, gabapentin may hinder neuronal signaling in
the central nervous system, leading to a reduction in the release
of excitatory neurotransmitters and a decrease in anxiety (429).
Additionally, gabapentin may reduce the formation of excitatory
neuronal synapses, ultimately resulting in a decrease in overall
neuronal activity and anxiety (430). Gabapentin may also raise
the levels of gamma-aminobutyric acid (GABA), an inhibitory
neurotransmitter that can help reduce anxiety (429).

11.5 Monoclonal antibodies

11.5.1 Aducanumab
Aducanumab, a monoclonal antibody that targets amyloid

β (Aβ) aggregates, was the first drug approved by the FDA
in June 2021 for address the underlying biology of Alzheimer’s
disease. It is approved for treating patients with mild cognitive
impairment (MCI-AD) or those in the mild dementia stage. This
approval, granted through the accelerated pathway, was based
on aducanumab’s ability to clear Aβ plaques, despite no direct
evidence linking plaque removal to reduced cognitive or functional
decline. Aducanumab is a IgG1 antibody with high affinity for
a specific conformational epitope on both soluble oligomers and
insoluble fibrils of β-amyloid, a key protein involved in Alzheimer’s
disease (431–434).

The decision to approve aducanumab sparked significant
controversy, as results from the Phase 3 trials (EMERGE and
ENGAGE) were conflicting, and post-hoc analyses failed to
definitively prove efficacy. Concerns were also raised about
the drug’s high cost, safety profile, and potential to slow
further progress in Alzheimer’s research. The European Medicines
Agency’s rejection of aducanumab in December 2021 added to the
controversy. Biogen is currently conducting a confirmatory study,
ENVISION, which is expected to be completed by 2026 (432–434).

11.5.2 Lecanemab
Lecanemab, an FDA-approved antibody targeting amyloid beta

(Aβ), is used to treat early Alzheimer’s disease by binding to
soluble Aβ protofibrils, which are more toxic to neurons than

monomers or insoluble fibrils. The Clarity AD study, an 18-month
multicenter, double-blind, placebo-controlled trial with an open-
label extension, evaluated lecanemab’s safety and efficacy (435, 436).
Lecanemab received approval based on the Clarity phase 3 trial,
which showed reductions in amyloid plaque burden and cognitive
decline. However, three significant concerns warrant caution before
the widespread adoption of the medication: the limited magnitude
of its beneficial effects, the considerable risks associated with its
use, and its potentially unprecedented costs. Although lecanemab
demonstrated a statistically significant impact on cognition, the
effect size was minimal and may lack clinical significance, falling
below independent estimates of the minimally important clinical
difference. This suggests that the cognitive improvements may be
imperceptible to most patients and caregivers (437).

11.5.3 Donanemab
Donanemab is a humanized antibody targeting the reduction

of amyloid β (Aβ) plaques in Alzheimer’s disease (AD) patients. A
randomized clinical trial assessed the efficacy and adverse events
associated with donanemab, a monoclonal antibody designed to
clear brain amyloid plaques, in early symptomatic Alzheimer’s
disease. Conducted across 277 medical research centers in eight
countries, this multicenter, double-blind, placebo-controlled, 18-
month phase 3 trial enrolled 1,736 participants diagnosed withmild
cognitive impairment or mild dementia who exhibited amyloid and
low/medium or high tau pathology based on positron emission
tomography imaging. The results indicated a significant difference
in the integrated Alzheimer Disease Rating Scale score at 76
weeks, with the donanemab group showing a mean change of−6.02
compared to−9.27 in the placebo group for the low/medium
tau population, and −10.19 vs. −13.11 in the combined study
population. These findings demonstrate that donanemab treatment
significantly slowed clinical progression in these patients (438).

A systematic review analyzes four studies involving 396 adult
patients treated with Donanemab compared to a placebo or
standard care (228 vs. 168 participants). The results indicated
that Aβ-plaque reduction was influenced by baseline levels,
with complete amyloid clearance observed in those with lower
baseline levels (<24.1 Centiloids). The treatment also slowed
tau accumulation and led to a 32% reduction in cognitive and
functional decline. However, safety concerns were raised due to
Amyloid-Related Imaging Abnormalities (ARIA), which occurred
in 26.1–30.5% of participants across trials. While preliminary
evidence suggesting that Donanemab may delay cognitive and
functional decline in patients with mild-to-moderate AD, it
remains uncertain whether it provides significant therapeutic
benefits that alter the clinical status of these patients (439). Further
research is needed to investigate the relationship between Aβ-
plaque reduction and tau toxicity in achieving meaningful clinical
outcomes for AD patients experiencing cognitive impairment.

Finally, evidence suggests that the effectiveness of both
Donanemab and Lecanemab diminishes as disease severity
increases. In Phase 3 trials, patients with lower amyloid burdens
at baseline experienced greater overall treatment benefits, while
those with higher amyloid burdens showed less improvement.
Ongoing studies, such as the AHEAD study (NCT04468659) and
TRAILBLAZER-3 (NCT05026866), are now investigating these
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treatments in pre-symptomatic Alzheimer’s populations, further
supporting the rationale that earlier intervention may yield more
effective outcomes.

12 Non-pharmacological
management strategies

Beyond pharmaceutical interventions, a variety of non-
pharmacological strategies, including cognitive stimulation
therapy, reality orientation therapy, music therapy, physical
exercise, and occupational therapy, have demonstrated comparable
efficacy and may be used as complementary to them.

Cognitive stimulation encompasses activities and discussions
such as reminiscence therapy and reality orientation therapy, which
are as effective as cholinesterase inhibitors in mitigating cognitive
decline and have become standard practice for patients with
mild-to-moderate dementia (440, 441). The primary purpose of
cognitive stimulation therapy is to retain and develop the cognitive
capacities of those with dementia, therefore reducing the disease’s
progression. It promotes and maintains mental capacities, social
interactions, personal autonomy and self-esteem, control of stress
and abnormal psychological reactions, cognitive and functional
performance, daily living activities, and the overall quality of life for
patients and caregivers (442). Studies on the efficacy of cognition
stimulation therapy for AD have yielded contradictory results. Still,
a systematic review of these studies found that this intervention
model preserved the cognitive performance of patients with mild-
moderate AD regarding reasoning, constructive praxis, and word
list recognition. In contrast, the control group deteriorated in these
functions over 6 months (442).

Reality orientation therapy is an intervention for individuals
with amnesic impairments, confusion episodes, and spatial-
temporal disorientation, which are common among patients
with dementia, especially AD patients. The primary goal of
reality orientation therapy is to reorient patients with their
history, surroundings, and time through repeated multimodal
stimulations. It employs both formal and informal modes of
operation, with formal reality orientation therapy carried out
in small groups of cognitively impaired individuals, giving
scheduled interactions for around 45min every day, with
promising outcomes in the treatment of dementia (443). Reality
orientation therapy has been demonstrated to supplement
pharmaceutical therapies for AD. For example, an RCT
on patients with Alzheimer’s showed that 6-month reality
orientation therapy combined with acetylcholinesterase inhibitors
could significantly improve cognitive outcomes compared to
administering acetylcholinesterase inhibitors alone (444).

Music therapy is another non-pharmacologic treatment option
for AD that can be used to distract patients, assist them in coping
with emotional and affective issues, and encourage them to live
longer while mitigating behavioral and psychological symptoms of
dementia by making it easier for them to recall episodic memories,
even if the music is unrelated to the memories they are recalling
(445, 446). MEAMs (music-evoked autobiographical memories)
can be sparked by a musical cue. They can reveal knowledge about
one’s past, which may be exceptionally vivid, incredibly thorough,
and spontaneously remembered, as well as evoke robust emotional

responses (447). Music-evoked emotions have been discovered to
colocalize in the anterior hippocampus with MEAMs, underlying
the facilitation of memory recall by music (448). In this way, several
RCTs were launched to evaluate the efficacy of music therapy
for AD. According to a trial, music, particularly active musical
therapy through singing, could effectively enhance both immediate
and delayed memory and language abilities in mild patients and
psychiatric symptoms in moderate or severe patients; however,
the effects did not last longer than 3 months (449). Although
mechanisms behind the therapeutic benefits of music therapy
in AD have remained elusive, several studies have established
that these mechanisms involve stimulation of neurogenesis and
neuroplasticity, enhancement of dopamine release, and immune
system modulation (446).

Physical exercise has also been shown inmultiple RCT and non-
RCT trials to improve cognition function, activities of daily living,
neuropsychiatric symptoms, and physical function in AD patients.
In addition, when compared to pharmaceutical therapies such
as cholinesterase inhibitors, physical exercise has demonstrated
higher efficacy and adherence (450).

Adding occupational therapy to routine clinical care can
significantly enhance patient care by providing caregivers with
guidance on compensatory and environmental strategies for
managing patients’ cognitive decline (451). This approach reduces
caregiving stress and empowers patients by improving their coping
techniques, ultimately minimizing their dependency. Specifically
for individuals with dementia, this therapeutic process involves
assisting them in identifying personally meaningful activities,
streamlining their implementation to maximize engagement, and
creating an environment free from stressors and distractions
(452). Several home-based occupational interventions have been
developed, including a tailored activity program (TAP), the
environmental skill-building program (ESP), and advancing
caregiver training (ACT). Briefly, ESP offers patients tailored
activities to their capabilities while educating caregivers to
generalize these activities to new settings, which are advantageous
in lowering caregiver strain and being cost-effective (453, 454).
On the other hand, ESP incorporates strategies to modify the
home environment’s physical, social, and task aspects (455).
Additionally, the ACT approach involves creating an action plan
for patients that includes particular behaviors, goal-setting triggers,
and management strategies. At the same time, caregivers receive
training in stress management, self-care strategies, and hands-
on training for daily living activities (456). Dance and yoga,
gardening, mealtime activities, montessori programs, and animal-
assisted therapy are among occupation-based therapies that have
shown positive effects. These therapies target different sensory
systems while providing meaningful and social engagement (457).
Occupational therapists can use these interventions to boost
patients’ engagement and benefits, but further research on their
efficacy and delivery by skilled professionals will be required.

13 Lifestyle changes to improve
Alzheimer’s disease management

Lifestyle medicine exploits evidence-based lifestyle
interventions in which healthcare practitioners collaborate
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with patients to evaluate and change various aspects of their
lifestyle to avoid, manage, and reverse chronic disease (458).
Several lifestyle changes have been proven advantageous in AD
management, including a healthy diet, regular exercise, good
sleep hygiene, socialization and engagement with hobbies, and
stress management.

Multiple healthy diet patterns have been identified to affect
the disease course in patients with AD. Some studies have
shown the beneficial effects of the Mediterranean diet, unsaturated
fats, vitamins, polyphenols, trehalose, and cocoa and cocoa-
derived products on AD prevention and management (458, 459).
Although many nutrients have been shown to be implicated in
neuroprotection at the cellular and molecular levels and even to
significantly lower the risk of AD development in populations,
it can be challenging to recommend a precise diet for patients
with AD as the metabolism of many nutrients is disrupted
by the disease (459). For example, epidemiological and clinical
studies have shown that adequate intake of omega-3 fatty acids
can be advantageous for the prevention of AD, but when the
neuropathological state progresses, it is unable to maintain or
ameliorate the condition (460, 461). Multiple clinical studies, on the
other hand, have shown that a ketogenic diet for patients with AD
can significantly improve activities of daily living, quality of life, and
cognitive measures (462–464).

Multiple studies have also found that regular physical activity
has a considerably favorable effect on symptom relief in patients
with AD by inhibiting multiple neuroinflammatory pathways
implicated in disease pathogenesis (465, 466). Similarly, a recent
systematic review and meta-analysis of 18 RCTs on patients with
AD or associated dementia of varied forms and severity found
that physical activity might considerably enhance and prevent the
decline in executive function (467). Another systematic review and
meta-analysis of 15 RCTs onADpatients demonstrated that aerobic
exercise of 30min per session, <150min per week, and up to three
times per week can significantly improve cognitive function, as
measured by the MMSE score, with the most significant impact in
patients with poorer basal cognitive status (468).

Circadian dysfunction is closely linked to AD pathology,
with sleep disturbances playing a significant role in impaired
neuroplasticity and enhanced neurodegeneration. Aβ and tau
pathology interact with circadian rhythms, contributing to sleep
system dysfunction (469, 470). Thus, good sleep hygiene, which
may be improved by encouraging regular physical activity and
adhering to a regular wake-sleep cycle, limiting naps during the day,
and not being exposed to light and noise at night, is an essential step
forward in the management of AD (470).

Given the well-established benefits of socializing in
neuroplasticity, investigations on patients with AD have
yielded promising results. This approach revealed that mild-
to-moderate AD patients who participated in socialization
procedures for more than two semesters exhibited no year-to-
year loss in several indicators of cognitive performance (471).
Moreover, socialization strategies can potentially improve quality
of life, cognitive stimulation, and emotional wellbeing. Social
interaction and participation in hobbies aid in the maintenance
of language abilities, the reduction of behavioral problems, and
the postponement of cognitive decline (472). Improved quality
of life is aided by family support, peer engagement, and social

activities. Furthermore, spirituality and religion function as coping
techniques and can improve general wellbeing in patients with
AD (472).

The motor and cognitive malfunctions seen in AD patients
not only cause stress but also have the potential to disrupt the
brain circuits responsible for managing stress responses. Chronic
stress in AD patients stimulates the hypothalamic-pituitary-adrenal
axis and increases corticotropin release, resulting in oxidative
stress and toxicity of β-amyloid peptide, which has neurotoxic
effects on the hippocampus. These effects ultimately impact
cognition and contribute to the progression of AD, highlighting
the significance of stress management in these patients (473). Stress
management entails copingmethods that incorporate both physical
and emotional changes. Coping comes in two different forms:
problem-focused coping and emotion-focused coping. Individuals
employing emotion-focused coping strive to alleviate the negative
emotions triggered by stress without necessarily altering the
challenging environment (474). Engaging in preferred hobbies,
exercising, resting, seeking social support, self-indulgent escapism,
seeking distance, negative avoidance, and adapting to stress can all
fall under this category (475). On the other hand, problem-focused
coping involves actively handling stressful situations through
problem-solving, daily activity planning, convincing oneself of the
patient’s impairment, and distracting oneself (475, 476).

14 Future directions in Alzheimer’s
disease treatment and management

Regardless of the numerous studies, at this moment, there is no
definite treatment option for AD (477, 478). Non-pharmacological
therapies like exercise therapy, music therapy, light therapy,
massage therapy, and cognitive training have been investigated
and none of them makes a great difference in AD signs and
symptoms (479–485).

In spite of all that, scientists are still looking for a new treatment
strategy hoping to find an efficient one. Current research aims the
therapeutic approaches to slow or stop the progression of AD. They
consider every aspect of the disease, like biology and diagnostic
markers, to help them design clinical trials and find the effective
treatment (486, 487).

14.1 Immunotherapy

Active and passive immunization are the two
immunotherapeutic approaches which promote amyloid beta
and tau clearance.

Some anti-Aβ antibodies have shown promising effects in trails,
including aducanumab (488), lecanemab (435), and donanemab
(438). The first two were approved by the US FDA in 2021 and
2023, respectively. Solanezumab is a monoclonal antibody (mAb)
that targets monomeric Aβ peptide. It has been investigated in
phase 3 clinical trials, with three unsuccessful trials reported in
2014, 2021, and 2023 (489–491). Bapineuzumab (492), crenezumab
(493), and gantenerumab (494) are also anti-Aβ antibodies which
have failed to show beneficial effects in improving cognitive
functions in phase 3 clinical trials in AD patients. To date, three
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anti-tau antibodies—semorinemab (495), gosuranemab (496), and
tilavonemab (497)—have failed to slow the progression of AD in
phase 2 trials.

New emerging therapies are being investigated to identify
new therapeutic agents for AD. This includes BIIB080, an
investigational therapy and an antisense oligonucleotide (ASO)
targeting tau expression. In a phase 1 randomized clinical trial,
BIIB080 was evaluated in AD patients and was found to reduce tau
biomarkers. The effects of this agent are being further evaluated in
phase 2 trials (498). Another new agent under study is trontinemab,
a bispecificmodular fusion protein composed of gantenerumab and
a human transferrin receptor, which aids in crossing the blood-
brain barrier. This agent is still being studied for potential use in
clinical trials (499).

Intravenous immunoglobulin (IVIg) and plasma exchange are
two other treatment options which have been studied but not
shown as promising results as mAbs (500, 501).

14.2 Gene therapy

Gene therapy uses different strategies and targets specific
regions of the brain in order to treat AD, for example, acting
directly on amyloid precursor protein, increase neuroprotection,
boosting autophagy-mediated pathways, targeting inflammatory
pathways, and modulating genes related to lipid metabolism (502).
Most of these strategies exhibit positive results in improving
cognition in animal models. However clinical studies have shown
inconclusive results mostly related to deliverymethods used in gene
therapy (503). Gene therapy has shown a great potential for treating
AD, but for now clinical results are not ready to be relied on and it
needs more evaluations in order to be used in AD treatment.

14.3 Stem cell therapy

The majority of stem cells used in AD therapy include neural
stem cell (NSC), mesenchymal stem cell (MSC), embryonic stem
cell (ESC), and induced pluripotent stem cell (iPSC) (504). NSC
has been studied on cellular level and animal models (505–512).
Generally, NSC therapy appears to be more effective in early
stage of AD. MSC therapy is studied the most and has entered
clinical levels (513). It uses different mechanisms in the brain and
ultimately can improve cognition (514). ESC is studied in animal
models and higher memory ability was achieved as the result (515).
In the past few years iPSC is the most studied stem cell in clinical
levels and has shown some promising results, but there is a risk
for infection and tumorigenicity which indicates the need for more
investigations (516, 517). Overall, stem cell therapy has shown
to be a promising treatment for AD in the future, but for now
it needs a lot more investigations specially in clinical levels to
become available.

14.4 Digital therapeutics

Digital therapeutics (DTx) is an emerging field that provides
evidence-based therapeutic interventions via internet and software,
employing tools such as mobile devices, computers, videogames,

apps, sensors, and virtual reality. DTx is used as an adjunctive
therapy in AD for improving memory, cognition, functional
abilities, and managing motor symptoms (518).

15 Challenges and considerations in
Alzheimer’s disease treatment and
management

Longitudinal population studies have provided evidence of a
decline in the incidence and prevalence of Alzheimer’s disease
and related dementias (ADRD) in high-income countries when
adjusted for age. However, the overall number of patients with
ADRD continues to rise due to the aging population (519,
520).This reduction has been attributed to improved management
of modifiable risk factors like cardiovascular health and higher
levels of education. These findings highlight the role of modifiable
risk factors in the development of AD and emphasize the need for
ongoing efforts in primary prevention within the field of dementia
management (521).

Several studies consistently demonstrate an increased risk
of dementia and AD associated with vascular and metabolic
risk factors such as hypertension, hypercholesterolemia, midlife
obesity, diabetes mellitus, and atherosclerosis. Hypertension, in
particular, is a treatable risk factor for ADRD (522). However,
the relationship between blood pressure and ADRD is complex.
Midlife hypertension (defined as BP ≥ 140/90mm Hg between
40 and 65 years of age) has been consistently linked to an
elevated risk of ADRD in longitudinal studies. The Honolulu-
Asia Aging Study, which examined a 3,703 Japanese American
men cohort, was the first to report this association. High systolic
blood pressure (≥160mm Hg) was associated with an increased
risk of dementia in the untreated group (OR, 4.8; 95%CI, 2.0–11.8).
Subsequent population studies have confirmed this finding (523).
The relationship between hypercholesterolemia and AD risk is less
clear and likely multifaceted (524). Similar to other vascular risk
factors, this association may be partially explained by survival bias
and competing mortality associated with elevated cholesterol due
to premature cardiovascular death. However, there have also been
reports indicating that unintentional decreases in cholesterol levels
in late life may signify an elevated risk of AD and related dementias,
rather than serving as a protective factor (525).

Diabetes is considered a lifelong risk factor for ADRD,
including both juvenile type 1 and adult-onset type 2 diabetes, and
is associated with a 1.5- to 2.5-fold increased risk of ADRD [41].
AD and diabetes mellitus share common features such as increased
prevalence after the age of 65, significant impact on quality of
life, and increased healthcare costs. The Rotterdam Study, which
followed a population-based cohort of 6,370 elderly individuals
(≥55 years of age), found that the presence of diabetes nearly
doubled the risk of AD (526).

Midlife obesity, defined as a bodymass index (BMI)> 30 kg/m2

between the ages of 35 and 64 years, affects over 10% of adults in
the Western world. The relationship between midlife obesity and
AD risk is well-documented, with studies consistently reporting an
increased risk of ADRD associated with obesity during this period
(527). Numerous epidemiologic studies have demonstrated a link
between midlife body mass index (BMI) and the risk of developing
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Alzheimer’s disease and related dementias (ADRD) later in life,
independent of other vascular or socioeconomic risk factors. These
findings highlight the importance of maintaining a healthy BMI
throughout adulthood. Additionally, epidemiological studies have
confirmed that smoking is a risk factor for ADRD (528). The
Rotterdam Study, a population-based follow-up study involving
6,870 individuals aged 55 years and older, investigated the impact
of smoking on ADRD risk. After an average follow-up of 2.1 years,
the study concluded that smokers had a higher risk of developing
AD (relative risk, 2.3; 95% CI, 1.3–4.1) (529).

Diagnosing AD promptly allows for earlier intervention,
but the stigma associated with the diagnosis, coupled with
the lack of effective therapeutic options, can discourage
individuals from seeking help. Social stigma surrounding an
AD diagnosis is prevalent in certain societies and cultures, further
discouraging patients from reporting early symptoms to their
general practitioners and delaying early intervention or support.
Psychological complications, particularly in the years following
a dementia diagnosis, may contribute to an increased risk of
suicide (530). Another significant issue is the lack of awareness
among patients, their families, and general practitioners regarding
dementia and its symptoms. Patients often dismiss dementia
symptoms as a normal part of aging and therefore do not disclose
them to their doctors. Some general practitioners also struggle
to differentiate between cognitive impairment and normal aging.
This normalization of symptoms leads to delays in seeking help.
Patients and general practitioners often prioritize physical health
over mental health, which may result in the dismissal of dementia
symptoms. In addition to directly impacting the patient, a diagnosis
of dementia has a negative impact on families and caregivers (531).

When AD is suspected, it is crucial to conduct thorough
testing to rule out other conditions that may have similar signs
and symptoms, especially since some of these conditions may
be reversible. More extensive testing is necessary to minimize
false positive and false negative results. In the middle and
later stages of AD, ethical dilemmas arise regarding balancing
patient autonomy with the need to protect them. Caregivers
may face challenges regarding whether they should influence the
patient without disclosing their intentions, withhold information
to prevent distress, or even resort to lying to avoid causing
psychological stress, particularly during the advanced stages of the
disease. As AD patients approach the end of life, questions arise
regarding the extent to which extraordinary measures should be
taken to prolong their lives. As the patient’s condition deteriorates
and their existence becomes highly burdensome, some argue that
it may be more humane to allow natural death, even in the
absence of available beneficial treatments. Psychiatrists should
provide patients who desire access to information about their
condition, even when effective treatments are unavailable, as long
as the information has meaningful prognostic implications (532).
A meta-analysis by Martyr et al. identified several factors associated
with better quality of life (QoL) in AD patients. These factors
include a positive relationship with the caregiver, religious beliefs
or spirituality, and active social engagement. Other important
factors included functional ability, self-rated health and awareness,
receiving care in a specialized dementia unit or living with a spouse,
and being of white race. Demographic factors were found to have
minimal impact on QoL. On the other hand, neuropsychiatric

symptoms such as depression were strongly associated with
poorer QoL. Additionally, poorer QoL was linked to more severe
dementia, othermedical conditions, pain and anxiety, unmet needs,
and living alone (533). Studies examining different severity stages of
dementia consistently show that patients with moderate-to-severe
or severe dementia incur higher societal costs compared to those
with mild or moderate dementia. The difference in costs between
severity groups was statistically significant in all studies where
significance was reported (533).

16 Caregiving for Alzheimer’s patients

16.1 Caregiving for Alzheimer’s patients

As previously mentioned, caregivers play a crucial role in
detecting early changes in a patient’s cognitive abilities and can
significantly contribute to the early diagnosis of individuals with
AD. Therefore, it is propose that mHealth applications designed to
support caregivers should incorporate a category of AD diagnosis
tests. This functionality should encompass various cognitive
dimensions and track the progression of cognitive impairment over
time. This feature allows caregivers to administer cognitive tests to
identify early signs of cognitive decline and share the results with
physicians to facilitate personalized treatment options (534).

Spouses and adult children who care for family members with
AD often experience five distinct phases of caregiving throughout
the course of the disease. These phases involve monitoring
initial symptoms, navigating the diagnosis process, assisting with
instrumental and basic activities of daily living, and preparing for
the future. Although it is evident that involving AD caregivers
in the patient’s care management is beneficial, they are frequently
excluded from the care team or undervalued in their role. Many
caregivers desire active involvement in decision-making processes
related to AD care, ranging from diagnosis to treatment (535, 536).
Considering that AD is characterized by progressive cognitive
decline, the information that caregivers can provide is notable.
They can advocate for the patients and offer insights that no
other healthcare professional within the care team can provide.
Additionally, caregivers often neglect their own needs while
providing care, leading to a higher likelihood of having multiple
chronic conditions. For instance, studies have shown that 35%
of caregivers aged 45–64 and 53% of those over 65 have two or
more chronic conditions. Individuals with chronic conditions may
face limitations due to their own illness, making it increasingly
challenging to provide care as the disease progresses and requiring
more extensive self-care (537, 538).

Incorporating caregivers as valuable assets within the
healthcare team model can significantly enhance the quality of
care provided. Previous reviews of dementia knowledge training
for caregivers have demonstrated that such education generally
leads to improved caregiver outcomes. However, most of these
reviews have focused on training content, such as attitudes, beliefs,
confidence, perceived competence, and self-efficacy. Additionally,
these reviews have primarily assessed the effectiveness and
outcomes of interventions rather than focusing on the evaluation
instruments utilized in the programs. To address this, Burgio
and colleagues recommended using standardized and recognized

Frontiers inMedicine 24 frontiersin.org

https://doi.org/10.3389/fmed.2024.1474043
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Safiri et al. 10.3389/fmed.2024.1474043

tools to prevent biased results and enhance the methodological
rigor of studies. A previous systematic review of five validated
instruments for evaluating dementia knowledge identified
several limitations, including weak psychometric properties,
outdatedness, and limited scope. Therefore, there is a clear
need to understand further dementia knowledge instruments
developed by the authors and previously published to improve
their effectiveness and applicability. When individuals with
dementia experience communication difficulties, it becomes
increasingly challenging for them to participate socially and engage
in interactions. This can lead to social isolation and hinder their
ability to maintain relationships and contribute to society (539).
Recognizing the importance of addressing both the cognitive and
social consequences of dementia, the INTERDEM Social Health
Taskforce and the European Working Group of People with
Dementia (EWGPWD) emphasize the need to prioritize social
health for this population (540).

One approach to improving communication between
caregivers and individuals with dementia is through caregiver
communication enhancement education and training techniques.
One example of such a program is “FOCUSED” (541). FOCUSED
is a structured program that aims to provide caregivers with
information about AD and communication, correct any
misconceptions about communicating with individuals diagnosed
with the disease, and offer techniques to maximize communication
potential (542). Various strategies are recommended, including
using closed-ended or choice-based questions instead of open-
ended ones, using direct and straightforward phrases, repeating
key words and ideas, noting changes in conversation topics,
employing direct contacts such as touch and eye contact, and
utilizing comments and non-verbal cues to maintain the quality
and flow of conversation (543, 544).

Other similar programs incorporate additional strategies,
such as providing positive feedback when individuals with
dementia follow through on requests, allowing sufficient time
to respond to questions or requests, and engaging them in
conversations about their lives and interests. Caregivers are
also advised to provide specific instructions rather than general
ones, use one-step instructions, and offer positive comments to
the person with dementia (545). Furthermore, some programs
teach caregivers personalized strategies to enhance communication
with specific individuals with AD. These approaches rely on
“conversation analysis”, which helps caregivers identify effective
and ineffective conversation techniques and utilize the participants’
strengths to improve their interactions. Additionally, activity-
based interventions to increase communication can be conducted
individually or in groups, incorporating specific activities (e.g.,
meal preparation) or various activities to stimulate communication.
These groups typically focus on improving or maintaining
functional skills, with communication being a central aspect (545,
546).

16.2 Self-care for caregivers

As discussed in the previous part, caregivers of Alzheimer’s
patients facemany challenges. For maintaining physical andmental
health, engaging in self-care strategies is crucial. It has been shown
that self-care practices for professional caregivers have reduced

occupational stress and increased resilience, a critical skill one
acquires to bounce back from difficulties and stress at work
(547). In addition to lowering burnout, distress, and diminished
competence, self-care provides a positive and supportive work
environment (548).

Also, there are many informal caregivers (ICGS) for
Alzheimer’s disease and related dementias (ADRD). In contrast
to non-caregiving populations, ADRD ICGs practice less self-care
(549), and stress and burden have been associated with less effective
self-care (550, 551). Also, as a recent study showed, ICGs demand
not only personal needs like maintaining their physical and mental
health; providing enough information, awareness, and insight are
also critical components that should be provided (552). In this
article, we mention some important points of self-caring for both
ICGs and formal caregivers in individualized institutions.

For caretakers, self-care must include both exercise and a
balanced diet. Physical exercise could enhance mood, lessen stress,
and increase general wellbeing (553). In addition, a balanced diet
full of fresh produce, including vegetables and fruits, lean meats,
and whole grains, may offer careers the nutrients they need to
promote their wellbeing (554).

Caregivers may benefit from mindfulness and relaxation
practices to reduce stress and improve their psychological
wellbeing. According to studies, mindfulness techniques like deep
breathing exercises and meditation aid in reducing symptoms of
stress, depression, and anxiety. Regularly practicing mindfulness
may assist caregivers in developing a feeling of peace and enhance
their capacity to deal with the difficulties of caring (555, 556).

Caregivers should take time for themselves and partake in
activities they like. Maintaining personal interests and hobbies is
imperative. According to a study, satisfying activities may lower
stress levels and enhance general wellbeing (557). Caregivers should
recharge and keep a sense of identity apart from their caring
position by taking breaks from their duties and making time for
personal interests (558).

Social engagement and receiving social support are other
examples of self-care demands. Studies of mostly female ADRD
ICGs showed that support networks are crucial for stress
management, sharing responsibilities and caring tasks, advocating
for self-care, validating ICGs’ needs for self-care, and offering self-
care advocacy (559–563). Another study on ADRD ICGs showed
that engaging in spiritual and religious activities like attending
churches and praying provides them courage and emotional
support (561, 564, 565).

In summary, self-care practices are essential to minimize
adverse health consequences from caring for Alzheimer’s patients
and to achieve optimum health and quality of life outcomes.
Caregivers must remember that not only prioritizing self-care
and self-management is not selfish, but it is also a demand for
patients’ health.

16.2.1 Legal considerations
Alzheimer’s is an ongoing and disabling disease, so its financial

cost is incredible. Due to that, the legal and financial issues involved
in providing care for a person with AD should be understood
by caregivers. Caregivers may aid patients’ families with ensuring
their loved ones get the care they need by planning and consulting
experts when required (566–569).
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A power of attorney document enables a person with dementia
(referred to as the principal) to designate another person (referred
to as an agent or an attorney-in-fact), typically a domestic partner,
spouse, entrusted family member, or friend to handle financial and
other decisions on their behalf when they are no longer able. The
agent should be carefully selected, and it is advised that they have a
lengthy discussion with the principal regarding the duties involved.
If the principal is unable or unwilling to serve, a replacement
agent or agents should be decided on. The agent is tasked with
carrying out the principal’s instructions and acting in the person’s
best interests. Unlike the principal, a power of attorney does not
give the agent the power to make decisions until the person with
dementia loses mental competence (570).

A guardian is chosen by the court to manage a person’s assets
and care. Guardianship is often considered when a dementia
patient can no longer manage their own care, and either the
family cannot agree on the required care, or there is no family. A
guardian ensures that the person’s daily requirements for safety,
food, housing, and care are satisfied, in addition tomaking financial
and healthcare choices. The court is ultimately accountable for and
in charge of guardians (571).

16.2.2 Insurances
Medicare and Medicaid, the two largest public insurance

programs, provide healthcare services to their beneficiaries.
Medicare offers services that include hospital insurance (Part A),
outpatient medical insurance (Part B), prescription drug coverage
(Part D), and additional benefits such as vision, hearing, or dental
care (Part C). Medicaid, a joint federal and state program, provides
free health insurance coverage to low-income children and their
caregivers, pregnant individuals, the elderly, individuals who are
blind, and those with other diabilities who incur high medical
expenses (572, 573).

US Public Health Insurance revenue, including the Medicare
Trust Fund, is sourced from payroll taxes, federally allocated
budgets, monthly premiums paid by beneficiaries, and interest
earning. These funds are subsequently divided and allocated
to cover plans from Part A to Part D. Reimbursement fees
paid to healthcare providers constitute a significant portion of
total fund disbursement, necessitating careful assessment and
allocation of resources. Medicare provides reimbursement to
healthcare professionals and encourages them to treat patients
under insurance coverage with high quality care. This is achieved by
setting a “Fee Schedule” and negotiating with healthcare providers
to prevent excess charges on patients and the healthcare system,
while also supporting the adoption of innovative advancements
(573, 574). In contrast, inappropriate reimbursement can lead
to devastating consequences, including financial losses, time-
consuming investigations conducted by the CMS (Centers for
Medicare & Medicaid Services) to identify overbilling and fraud,
inequities, and loss of participation in medicare (575).

Reimbursement criteria are updated frequently, and insurance
companies adjust their policies based on market trends, changes in
healthcare legislations, advancements in patient therapy guidelines,
and the development of new technologies. This necessitates that
beneficiaries regularly consult with their insurance providers to stay
informed about their coverage (573, 576).

17 Conclusion

The present review provides an extensive overview of
Alzheimer’s disease, shedding light on the multifaceted aspects
of this neurodegenerative disorder. The review underscores the
growing prevalence of Alzheimer’s, emphasizing the critical need
for enhanced awareness and research to address the burgeoning
public health challenge. It delineates the array of risk factors, both
genetic and environmental, that contribute to the disease’s onset
and progression. Symptomatically, the article details the cognitive
and behavioral manifestations of Alzheimer’s, highlighting the
importance of early and accurate diagnosis through advancements
in neuroimaging and biomarkers. The management and caregiving
sections stress the necessity of a holistic approach, combining
pharmacological and non-pharmacological strategies to improve
patient outcomes and support caregivers. The comprehensive
nature of the article provides a valuable resource for clinicians,
researchers, and policymakers, advocating for a concerted effort to
advance understanding, treatment, and care for individuals affected
by Alzheimer’s disease.
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