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ABSTRACT

Introduction: Alzheimer’s disease (AD) is the most common cause of dementia, accounting for 60—80% of cases, and its
prevalence is increasing as the population ages. It is estimated that approximately 50 million people worldwide currently
live with dementia, and this number could triple by 2050. AD is a chronic, progressive, and incurable disease leading to
significant disability and high healthcare costs. Neuropathologically, it is characterized by the presence of f-amyloid plaques
and tau neurofibrillary tangles.

Aim of the study: The aim of this study was to present the current state of knowledge regarding Alzheimer’s disease, with
particular emphasis on etiopathogenesis, risk factors, clinical symptoms, diagnostic methods, and modern biomarkers.
Material and methods: This is a review study based on an analysis of the current scientific literature on AD. The literature
available in the PubMed and Google Scholar databases was analyzed using keywords.

Results and conclusions: A review of the literature indicates that AD is a disease with a complex pathogenesis involving
B-amyloid accumulation, tau protein hyperphosphorylation, autophagy dysfunction, and genetic factors such as the APOE
€4 allele. Early symptoms mainly include memory and cognitive impairments. Biomarkers, including AB42/40, p-tau, NfL,
and GFAP, as well as neuroimaging techniques such as MRI and PET, are of key importance in diagnosis. Early detection
of the disease in the preclinical phase offers the possibility of implementing measures to slow its progression. Despite the
lack of effective causal treatment, the development of biomarkers and diagnostic methods offers hope for improved early
diagnosis and more effective monitoring of the disease’s progression.
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Introduction

The aging of populations is leading to a steady increase in the number of people affected by dementia.
The most common cause is Alzheimer’s disease, which accounts for approximately 60—80% of all cases. This
condition is chronic and poses a significant challenge to public health worldwide, as it is one of the most
serious diseases affecting brain function [1].

The first description of this condition dates back to 1906 and was presented by the German physician
Alois Alzheimer [2]. While analyzing postmortem brain tissue from a patient named Auguste Deter, who had
exhibited memory impairments and personality changes prior to her death, the researcher identified the
presence of amyloid deposits and extensive neuronal degeneration. He described the observed changes as a
severe disease of the cerebral cortex [2,3]. It is estimated that there are currently about 50 million people living
with dementia worldwide, and projections indicate that this number could triple by 2050. This phenomenon is
associated with increased disability, a greater burden on healthcare systems, and rising costs of treatment and
care [4].

In highly developed countries, early-stage Alzheimer’s disease affects approximately 10% of people
over the age of 65. In the very elderly (85 years and older), this percentage increases significantly—symptoms
of the disease may occur in as many as one-third of the population [2]. Currently available treatments are
purely symptomatic and do not lead to a cure. Due to the long asymptomatic (prodromal) period, early
prevention becomes particularly important, as it can slow the progression of the disease. In this context,
epidemiological studies play a key role in identifying risk factors and protective factors influencing cognitive
function [4]. Global data indicate that in 2020, the total costs of treatment and care for people with Alzheimer’s
disease amounted to approximately $305 billion. It is projected that by 2050, these expenses could exceed $1
trillion [5].
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Etiopathogenesis

The molecular mechanisms underlying Alzheimer’s disease have been the subject of intensive research
for many years. Recent reports indicate that in the course of neurodegenerative diseases, not only does
pathological protein aggregation occur, but also disturbances in the functioning of neural networks,
abnormalities in cellular energy metabolism, changes in cytoskeletal structure, and disruptions in the
homeostasis of proteins and metal ions. These processes are accompanied by a decline in cognitive functions,
such as memory, language skills, and thinking [6]. The best-characterized molecular markers of Alzheimer’s
disease are considered to be the deposition of extracellular amyloid plaques, composed of B-amyloid (Ap), as
well as the formation of intracellular neurofibrillary tangles (NFTs), formed by hyperphosphorylated tau
protein present in brain neurons [7].

Amyloidosis is classified based on the location of amyloid fiber deposition. There are two forms:
localized, confined to a specific tissue, and systemic, affecting multiple organs. Amyloid plaques are composed
of amyloid proteins, with the B-amyloid (AB) peptide playing a key role in the pathogenesis of Alzheimer’s
disease; it is considered one of the main factors responsible for the development of this condition [§].

In addition to the accumulation of f-amyloid plaques, neurofibrillary tangles (NFTs), composed of
abnormally aggregated forms of the tau protein, are a key feature of the pathological picture of Alzheimer’s
disease. This protein is associated with microtubules and plays a key role in maintaining their stability and
integrity within neurons. It also plays an important role in the proper functioning of nerve cells, including the
transport of nutrients within the neuron [9]. In the course of Alzheimer’s disease, tau undergoes abnormal post-
translational modifications, such as hyperphosphorylation, which leads to a disruption of its physiological
function. Modified tau molecules tend to self-aggregate, forming insoluble structures in the form of paired
helices (PHF) and straight filaments (SF). These pathological aggregates constitute the main component of
neurofibrillary tangles present in the brains of patients [9,10].

Genetic factors also play a significant role in the development of Alzheimer’s disease, including the
apolipoprotein E (APOE) gene, located on chromosome 19. There are three most common alleles of this gene:
€2, €3, and 4. Among these, the APOE &4 allele is considered the most important genetic risk factor for late-
onset Alzheimer’s disease, which is also its most common form. The presence of a single copy of this allele
increases the likelihood of developing the disease, while having two copies is associated with a significant
increase in risk. The €4 allele promotes increased B-amyloid aggregation and limits its removal from the brain,
leading to the accumulation of amyloid plaques. Additionally, carriers of this allele are more likely to exhibit
heightened inflammatory processes in the nervous system and greater neuronal damage compared to
individuals who do not possess this gene variant [10].

Impaired Autophagy

Autophagy is a vital cellular mechanism involving the degradation of unnecessary proteins and damaged
organelles by transporting them to lysosomes. This process plays a key role in maintaining the cell’s metabolic
balance and structural renewal [8]. In Alzheimer’s disease, autophagy is disrupted, resulting in a reduced
ability of cells to eliminate toxic aggregates of B-amyloid (AP) and amyloid precursor protein (APP). When
this mechanism malfunctions, APP may undergo transformations leading to increased AP production, which
promotes disease progression [8]. Studies indicate that the activation of autophagy, including via the SIRTS
protein, contributes to the reduction of inflammation and has a neuroprotective effect. In contrast, inhibition
of this process negates its beneficial protective effects [11].

Early symptoms

Most often, the disease begins with memory impairment, manifested by difficulty remembering new
information and a tendency to forget things. Patients may ask the same questions repeatedly, misplace objects,
or fail to recall important events. As the disease progresses, language disorders emerge, including problems
with word retrieval and selection, grammatical and syntactic errors, and disruptions in the coherence of speech.
Additionally, there are difficulties in understanding speech, errors in writing, and general communication
disorders that may prevent effective communication with others. Even in the early stages, executive function
impairment may occur, manifesting as problems with logical thinking, performing complex tasks, decision-
making, and financial management, as well as a decline in social and professional competencies [12].

Initially, there may be subtle impairments in executive function, manifested by an increase in the time
required to perform daily activities and a higher frequency of errors. As these deficits worsen, difficulties arise
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with mental arithmetic, memorizing, and recalling new information. Impaired visuospatial function includes
disorientation in one’s surroundings (regarding time, place, and people), loss of awareness of one’s own
identity (e.g., name, age, occupation), getting lost even in familiar places, as well as problems recognizing
faces and everyday objects. Social cognitive impairments manifest as personality changes and the emergence
of socially inappropriate behaviors [13].

In the frontal variant of Alzheimer's disease, symptoms associated with damage to the frontal lobes
appear relatively early, such as behavioral disturbances, including apathy and a lack of control over one's own
reactions. Psychiatric symptoms, such as delusions, may also occur. Executive functions deteriorate
significantly, followed by symptoms associated with damage to the temporal-parietal regions, such as severe
memory impairment, reduced mathematical ability, and difficulties with spatial orientation. Marked cognitive
deficits are also observed in individuals with trisomy 21, who exhibit characteristic physical features and
intellectual disability [14].

Diagnosis

The diagnosis of Alzheimer’s disease is based primarily on a thorough medical history and the results
of a physical examination, supplemented by a detailed analysis of the ABC symptoms. Imaging methods, such
as magnetic resonance imaging (MRI) and other structural techniques, as well as functional brain imaging,
including positron emission tomography (PET) and single-photon emission computed tomography (SPECT),
are also of significant importance. Diagnosis is supplemented by the measurement of biomarkers in blood and
cerebrospinal fluid, as well as other ancillary tests, which increase the accuracy of the diagnosis and enable
the differentiation of disease subtypes [15,16].

The first step in evaluating patients with suspected Alzheimer’s disease is typically a clinical assessment
and cognitive testing. This involves taking a detailed medical history, conducting a physical examination, and
using standardized cognitive assessment tools. The most commonly used screening tests include the Mini-
Mental State Examination (MMSE), the Montreal Cognitive Assessment (MoCA), and the Alzheimer’s
Disease Assessment Scale-Cognitive Subscale (ADAS-Cog) [10]. The MMSE, which has a maximum score
of 30 points, assesses, among other things, orientation, attention, memory, language skills, and visuospatial
functions. In people with Alzheimer’s disease, a more rapid decline in scores is observed compared to healthy
individuals. Episodic memory tests, such as the FCSRT, CERAD-WL, and RAVLT, also have high diagnostic
value, as they demonstrate high sensitivity and specificity in predicting the progression of mild cognitive
impairment (MCI) to full-blown Alzheimer’s disease [17].

Biomarkers in Diagnostics

A biomarker is defined as a measurable indicator of an organism’s biological state, most often in the
form of a molecule, that reflects changes occurring under both physiological and pathological conditions [18].
An optimal biomarker should exhibit high reproducibility of results, be simple to measure, as non-invasive as
possible, cost-effective, and characterized by high diagnostic precision, enabling the differentiation of similar
disease states [19]. The use of biomarkers enables the detection of Alzheimer’s disease even before the onset
of clinical symptoms, which facilitates earlier initiation of therapy and increases its effectiveness. Some
researchers emphasize that diagnosis should take into account both the presence of abnormal biomarkers and
clinical manifestations, treating biomarker changes alone as a state of increased risk. On the other hand,
asymptomatic diagnostics are used in many fields of medicine to initiate treatment as early as possible.
Although not every person with abnormal biomarker results will develop a fully symptomatic disease, this
should not be a basis for limiting access to therapy, even if it entails potential psychological, social, or
economic consequences [20].

Biomarkers associated with Alzheimer’s disease can be divided into several groups, the most important
of which include markers present in cerebrospinal fluid (CSF) and biomarkers measured in blood [10,20].

Cerebrospinal fluid is the substance surrounding the brain and spinal cord [20]. A key feature of this
fluid is its direct contact with the brain’s extracellular space, which allows for the exchange of various
molecules between neural tissue and the fluid. For this reason, the first biomarkers of Alzheimer’s disease
were identified in this biological material. However, collecting cerebrospinal fluid requires a lumbar puncture,
which is an invasive procedure and is typically performed only in specialized centers. An alternative is blood
biomarkers, which are significantly less invasive, easier to obtain, and applicable on a broader scale, including
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in non-specialized settings or in areas with limited access to advanced diagnostics. At the same time, their use
may involve certain costs [21].

The B-amyloid (A) peptide, which is the main component of amyloid plaques, exists in several variants,
of which the C-terminal forms—Ap40 and Ap42—are of key importance [22]. AB42 is most commonly used
in diagnostics. Its concentration is inversely proportional to the number of amyloid plaques in the brain—the
lower the APB42 level, the greater the accumulation of AP deposits. Additionally, the AB42-to-AB40 ratio is
used as an indicator of disease progression risk and has good diagnostic value [10].

Hyperphosphorylated forms of tau protein, such as p-taul81, p-tau217, and p-tau231, also constitute an
important group of biomarkers that can be measured in both cerebrospinal fluid and plasma. They enable the
differentiation of Alzheimer’s disease from other types of dementia and from normal health [23]. Particularly
high diagnostic value is attributed to p-taul81 in plasma, whose levels are markedly elevated in individuals
with mutations in the PSEN1 or APP genes [24]. Among the listed markers, p-tau217 is considered more
specific to Alzheimer’s disease than p-taul81. It is more effective in distinguishing patients from healthy
individuals, and its elevation is observed even at a stage preceding changes detectable in tau-PET scans.
Furthermore, it better predicts cognitive decline and enables monitoring of disease progression, although its
levels may vary by gender. The use of models combining p-taul81 and p-tau217 with additional factors allows
for more accurate prediction of dementia development [18]. The p-tau231 marker appears very early in the
course of Alzheimer’s disease, but its diagnostic value is lower compared to p-tau217. Among the newer,
promising biomarkers is MTBR-tau243, which shows a strong correlation with tau-PET imaging results and
may be useful in assessing disease progression and treatment efficacy. Additionally, the N-terminal fragment
of tau protein (NT1), measured in plasma, may serve as a predictor of cognitive decline in the elderly [25].

Plasma levels of B-amyloid (AP), like those in cerebrospinal fluid, are being studied as potential
biomarkers for Alzheimer’s disease. In blood, a reduction in the AB42/AB40 ratio of approximately 10—-15%
is observed; however, this decrease is significantly smaller than in CSF, where it is approximately 50%. For
this reason, their diagnostic value still requires further confirmation. Elevated levels of phosphorylated tau (p-
tau) are also found in the plasma of patients with Alzheimer’s disease. Phosphorylation at threonine 231 is
indicated as an early marker of changes, whereas in later stages of the disease, phosphorylation increases at
other sites on the protein, including T217, T218, and T205.

Light neurofilament (NfL), released as a result of neuronal damage, serves as a marker of
neurodegeneration and cognitive decline. In people with Alzheimer’s disease, its blood levels can be more
than 2.5 times higher than in healthy individuals. GFAP, a protein present in astrocytes, shows increased
concentrations as Alzheimer’s disease progresses. Importantly, elevated levels can be observed as early as the
preclinical phase, making it a potentially useful early biomarker for AD [10].

Neuroimaging

Neuroimaging is increasingly being incorporated as a tool to support the diagnostic criteria for
Alzheimer’s disease, as it enhances diagnostic certainty [26]. The most common imaging finding is cortical
atrophy resulting from neuronal loss. This process is typically symmetrical and primarily affects the temporal
and parietal lobes. In the case of late-onset Alzheimer’s disease, as well as in individuals with the APOE ¢4
polymorphism, hippocampal atrophy is particularly evident, with relative sparing of central areas [27]. It is
worth noting that significant asymmetry in hippocampal atrophy does not rule out a diagnosis of the disease;
however, such a pattern more often suggests other conditions, such as frontotemporal dementia [26].

Modern imaging techniques allow for the assessment of subtle microstructural changes. Magnetic
resonance imaging (MRI) plays an important role in differentiating the causes of cognitive disorders,
monitoring disease progression, and evaluating treatment efficacy [10]. Positron emission tomography (PET)
is increasingly used for diagnosis; this involves administering a radiotracer into the bloodstream that
selectively binds to specific molecular structures in the brain. This substance emits positrons, and their
detection allows for the acquisition of three-dimensional images showing the distribution of the tracer. In
Alzheimer’s disease, PET allows for the detection of both B-amyloid plaques and tau-related pathologies [28].
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Conclusions

A review of the available literature confirms that Alzheimer’s disease is a multifactorial and progressive
neurodegenerative  disorder whose pathogenesis involves [-amyloid deposition, tau protein
hyperphosphorylation, neuroinflammatory processes, and disturbances in cellular mechanisms such as
autophagy. Genetic factors also play a significant role in the development of the disease, particularly the
presence of the APOE ¢4 allele, which increases the risk of developing the disease and contributes to the
progression of neurodegenerative changes.

The analyzed data indicate that the initial clinical symptoms center on memory deficits and a gradual
decline in cognitive function, including executive, language, and attention functions, as well as visuospatial
orientation. Given the long asymptomatic period, early diagnosis of pathological changes becomes a priority.
It allows for the faster implementation of therapeutic strategies aimed at slowing the progression of the disease
and improving the standard of patient care.

Modern diagnosis of Alzheimer’s disease increasingly relies on biomarkers and advanced neuroimaging
techniques. Markers such as the AB42/40 ratio, phosphorylated tau proteins (particularly p-taul81 and p-
tau217), as well as NfL and GFAP, play a significant diagnostic and prognostic role. At the same time, imaging
methods, including magnetic resonance imaging (MRI) and positron emission tomography (PET), allow for
the precise identification of structural and molecular changes typical of this disease, which significantly
improves the quality of diagnosis and monitoring of disease progression.

Despite significant progress in understanding the etiology and pathogenesis of Alzheimer’s disease, as
well as in its diagnosis, there is still no effective causal treatment. However, the rapid development of blood
biomarkers and modern imaging methods offers hope for improved early diagnosis, more effective monitoring
of disease progression, and the implementation of therapies at the earliest possible stage of the disease. Given
the growing epidemiological and socioeconomic significance of Alzheimer’s disease, further research into its
mechanisms of development, methods of early detection, and effective prevention strategies remains essential.
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