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Abstract: Objective: The dramatic increase in the population with dementia expected in the next 

decades is accompanied by the establishment of novel and innovated methods that will offer accurate 

and efficient detection of the disease in its early stages. While Alzheimer’s disease is the most common 

cause of dementia, by the time it is typically diagnosed, substantial neuronal loss and neuropathological 

lesions can damage many brain regions. The aim of this study is to investigate the main risk factors that 

affect and increase Alzheimer’s disease progression over time even in cases with no significant memory 

impairment present. Several potential markers are discussed such as oxidative stress, metal ions, 

vascular disorders, protein dysfunctions and alterations in the mitochondrial populations.  

Conclusion: A multiparametric model of Alzheimer’s biomarkers is presented according to the latest 

classification of the disease. 

Keywords: Alzheimer’s disease biomarkers, oxidative stress, metal ions, vascular disorders, protein dysfunctions, 
mitochondrial dynamics, mild cognitive impairment. 

1. INTRODUCTION 

Alzheimer’s disease (AD) is referred as one of the most 
common causes of dementia and frailty [1]. Typically, the 
symptoms of the disease begin with mild memory difficulties 
and evolve towards cognitive impairement, dysfunctions in 
complex daily activities, and several other aspects of 
cognition [1]. By the time that AD is clinically diagnosed, 
neuronal loss and neuropathologic lesions occur in many 
brain regions [2]. Crucial role for the suspension of the 
potential damages is the timely drug delivery of 
neuroprotective medications before AD turns into mildly 
symptomatic [2].  

To approach this goal, our capability to identify 
individuals with very mild symptoms prior to dementia 
needs to be improved [3]. A few diagnostic criteria 
concerning imaging techniques and cerebrospinal fluid 
biomarkers have been already published in order to establish 
a multivariate classification for AD [4]. 

With the pessimistic projection of AD population and its 
corresponding social cost in the years between 2030 and 
2050, the scientific and clinical research in the area of AD is 
nowadays directed to the early diagnosis of the transitional 
phase between normal aging, mild cognitive impairment 
(MCI) and dementia [4]. Lately, the concept of MCI has 
been expanded to address observed clinical heterogeneity. 
Two subtypes are recognized, amnesic and nonamnesic, with 
the later including deficits in executive functioning such as  
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attention, planning, problem-solving, multitasking, 
monitoring and behavioral control, impaired mental 
flexibility, increased distractibility and difficulty in learning 
novel tasks. While amnesic syndromes are the most common 
symptoms of AD early onset, researchers are particularly 
focused on the analysis  of the medial temporal lobe memory 
system [5]. When patients are diagnosed with AD dementia, 
memory impairments appear to be significantly correlated 
with medial temporal lobe atrophy and hypoactivation [5]. 
Mitochondrial electrophysiology or electrodermal activity 
skin conductance analysis may be particularly useful for 
detecting alterations in brain function that may be present 
very early in the progression of AD, possibly a long time 
before the development of clinical symptoms and even 
significant neuropathology [6-7].  

According to the latest National Institute on Aging and 
Alzheimer’s Association workgroup, an accurate diagnosis 
can be based on the general clinical and pathophysiological 
conditions and the assessment of several in vivo biomarkers 
and memory tests (Fig. 1). Albert et al. proposed a 
classification of 8 categories for AD: Prodromal AD, AD 
dementia, Typical AD, Atypical AD, Mixed AD, Preclinical 
States of AD, Alzheimer’s Pathology and MCI [8]. The term 
Prodromal AD or Predementia Stage of AD is used for early 
symptomatic, predementia stage of AD where clinical 
symptoms such as episodic memory loss of the hippocampal 
type are visible, but do not affect the daily life activities and 
do not support dementia diagnosis. Also, in this stage the 
biomarkers existence from Cerebrospinal fluid (CSF) or 
imaging can proof AD pathology. In the case of AD 
dementia, several serious cognitive symptoms are present 
among with social functioning and instrumental activities of 
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daily living consequences. The last state would be 
considered as a threshold between the episodic memory 
modifications and in another at least cognitive domain. Also, 
meaningful dementia threshold would be clinical trials or 
social/economic evaluations. The third category is called 
Typical AD and includes the most common clinical 
phenotype of AD. This phenotype is characterized by early 
and progressive episodic memory deficit that dominates in 
the following stages of the disease and coexists with other 
cognitive disorders (executive dysfunction, language, praxis, 
and complex visual processing impairments). An incident 
integrates into this category if there is one or more in-vivo 
positive biomarker of AD pathology. The case of Atypical 
AD characterizes certain clinical phenotype of Alzheimer’s 
pathology. Such incidents include primary progressive non-
fluent aphasia, logopenic aphasia, frontal variant of AD, and 
posterior cortical atrophy. Also, strong in vivo evidence of 
amyloidosis in the brain or in the CSF and one of the above 
clinical stages, the diagnosis of AD is certain. The fifth 
category is called Mixed AD and refers to patients who 
fulfill the diagnostic criteria for Typical AD and present 
clinical and brain imaging/biological evidence with other 
diseases which have a similar pattern with AD, such as 
cerebrovascular or Lewy Bodies diseases. The Preclinical 
States of AD are divided into two subcategories. This case 
consists of an asymptomatic period between the early 
pathogenic events such as brain lesions of AD and the very 
first appearance of specific cognitive modifications. The first 
subcategory is characterized as Asymptomatic at-risk state 
for AD, where brain amyloidosis or amyloidosis in the CSF 

is the primary evidence. The second subcategory is called 
Presymptomatic AD, where patients are going to be evolved 
into AD. It referred that this state mainly appears in families 
that are carriers of a rare autosomal dominant monogenic AD 
mutation. Alzheimer’s Pathology covers the very first 
pathogenic events in the brain such as synaptic loss, and 
vascular amyloid deposits. This term is used regardless of 
the clinical view. Finally, the last category contains incidents 
with measurable MCI. This state describes the case where 
there is no evidence for disease. It is a term of exclusion for 
individuals who have memory symptoms that do not match 
with AD pattern or have negative biomarkers of AD 
pathology [8].  

This review study aims to highlight the significance of 
several potential biomarkers of AD and their correlation with 
the attempt of an accurate diagnosis or even more an early 
prognosis. The proposed diagnostic model covers a broad 
range of AD biomarkers such as genetic mutations, heredi-
tary risk factors, MCI and other comorbidities, referring both 
to the cases of sporadic and familial AD.    

2. BIOMARKERS AND RISK FACTORS 

 When a patient presents visuospatial deficit and 
significant atrophy in the parietooccipital region on 
Magnetic Resonance Imaging  (MRI), we can easily 
conclude to neurodegeneration, leading to posterior cortical 
atrophy or optical dysfunction of AD. Typically, symptoms 
can be mentioned such as logopenia, aphasia, frontal form of 
AD, language, praxis and complicated visual process and 

 

Fig. (1). Alzheimer's disease classification based on potential biomarkers. 
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neuropsychiatric changes in everyday activities [9-10]. 
Furthermore, patients with presenile dementia and 
hemiparkinsonism have similar characteristics with AD 
pathology. However, the coexistence of these two diseases is 
rare while the one condition will prevail against the other 
[11, 12].  

At the same time, biomarkers that reveal high probability 
of AD due to MCI could be more accurate if Amyloid-β 
(Aβ) and neuronal injury biomarkers were also positively 
tested. Exclusively the Aβ protein assessment can give us 
only an intermediary probability for developing AD due to 
MCI. In the case where only one biomarker of neurologic 
damage exists and Aβ cannot be measured, then these 
patients will be assumed with a lower probability to develop 
AD. 

In another study related to age and the way that age 
influent the aggravation of AD, the density of the 
pathological lesions are mentioned about the age of the 
subject [13, 14]. Moreover, the age marker exists as a 
primate factor in several studies [8, 15, 16]. In conjunction 
with the above, AD can also be divided into early onset 
familial AD where the disease is mainly developed before 
the age of 60 years. In this case, the appearance of AD 
reveals a hereditary disease and is inherited in an autosomal 
dominant manner [9, 17, 18]. 

Alzheimer’s disease is mainly characterized by the Aβ 
protein pathology which is found in amyloid precursor 
protein gene (APP, 21q21), of the long arm of chromosome 
21 [18]. Aβ deposits lead to plaques creation, the amyloid 
fibrils accumulated in the cell’s outer space and grouped into 
globe shape. Amyloid-β can also be deposited in media and 
adventitia of small and mid-sized arteries, in which case we 
refer to Cerebral Αmyloid Αngiopathy [19, 20]. Besides, Aβ 
can be detected and quantified in CSF and plasma with 
Positron Emission Tomography scanning method, detecting 
fibrillar Aβ, while both techniques can detect neurological 
injury [21]. Few individuals with DS mutation due to 
trisomy 21, show high levels of Aβ and present the classic 
pathology by the age of 50 [18]. Another biomarker of 
neuronal injury is tau/phosphorylated tau protein. When the 
two biomarkers Aβ and tau/phosphorylated tau proteins are 
positively measured, the probability of AD development 
increases [9, 22]. Both Aβ and phosphorylated tau are 
conventional biomarkers for other disorders as well and can 
be detected in vivo or in vitro. In vitro Scanning Tunneling 
Microscopy detects Ab (1-42) and two Photon Rayleigh 
Scattering Assay technique can be also used for tau 
detection. In vivo with mMRI and Optical (Fluorescent) 
Imaging, we can detect Ab plaques [23]. 

Moreover, biomarkers of neurological injury are 
considered the hippocampal volume or medial temporal lobe 
atrophy in MRI, the temporoparietal/precuneus hypometa-
bolism or the hypoperfusion on Positron Emission 
Tomography scanning method or single-photon emission 
computerized tomography [9]. In a recent study, increased 
levels of Aβ and abnormal tau were detected in neocortical 
regions [24, 25], and the left precuneus, the superior 
temporal gyrus, and the fusiform gyrus have been also 
observed with a decreased volume on MRI studies [26]. 
Family and population studies prove that individuals have 

increased the probability to develop AD with the fourth form 
of Apolipoprotein E gene of chromosome 14, while types 2 
and 3 of this gene do not affect their carriers. Ages between 
65 and 75 are also at high risk to develop AD [11, 27, 28]. In 
many recent studies, the CSF a-synuclein has been identified 
in samples of patients with AD or Parkinson’s disease and is 
possibly correlated to other biochemical biomarkers [12, 29]. 

Lately, scientists are also focused on mitochondrial 
function. The mitochondrion is a subcellular organelle that is 
responsible for ATP production and since neurons require 
high energy, low ATP levels signify cell’s death. 
Mitochondrial fusion and fission occur continuously but in 
chaotic distributions and mutations in proteins that mediate 
their processes can cause irreparable loss. There are a few 
proteins that are involved in mitochondrial dynamics like the 
Optic Atrophy-1, the Dynamin-Related Protein-1 (DLP-1), 
the Mitochondrial Fission 1, the Mitofusin-1 and Mitofusin-2 
[30]. Optic Atrophy-1 is found in membrane’s inner-space 
and mediate in fusion process of the inner mitochondrial 
membrane, while DLP-1 is found in mitochondrial 
membrane’s interface to mediate during fission process. 
Dynamin Related Protein-1 is believed to concentrate long 
oligomers which use Guanosine Triphosphate hydrolysis to 
constrict mitochondrial tubules during fission process. 
Mitochondrial Fission 1 is an outer-membrane protein 
function with DLP-1 during the fission process. Mitofusin-1 
and Mitofusin-2 belong to GTPases family, which can be 
found in the outer membrane space and mediate during the 
fusion process. Mitofusin-1 and Mitofusin-2 are also 
responsible for mitochondrial lashing [23, 30]. Furthermore, 
mutations in Presenilin-1 and Presenilin-2 proteins lead to 
AD expression [31]. These two proteins encode amyloid 
precursor protein, and in the presence of Presenilin-1,2 
mutations individuals have high probability to develop AD. 
Presenilin-1,2 mutations affect γ-secratase activity, which is 
responsible for disruption of amyloid precursor protein and 
Aβ cytotoxic accumulation [19, 28, 32]. Moreover, 
mitochondrial phenotype present fragment, cristae structures 
are devastated, the number of mitochondria in dendrites is 
decreased, the mobility of mitochondria is decreased, and the 
KGDH-PDH-COX complexes present dysfunctions due to 
these proteins dysfunction. Additionally, Aβ concentration 
interacts with DLP-1, Cyclin-Dependent Kinase 1 activity 
increases and Kinesin protein interacts with mitochondria in 
the cerebral cortex [16-19]. Individuals who inherit 
Presenilin-1,2 mutations present AD characteristics earlier 
than the age of 40-45. Families with these mutations present 
AD heredity which attends the autosomal dominant pattern 
with 50% probability for each generation to develop AD [11, 
33, 34]. These mutations lead to plaque creation, tangles, cell 
loss and dementia. However, the percentage of AD patients 
due to genetic mutations are less than 2% of the total AD 
population [11]. Education is referred as a controversial 
marker while individuals with high educational level have 
fewer probabilities to develop AD; the reason could be a 
network of highly stable neuronal synapses in their brain. 
Important AD risk factors are the metal ions, which can 
affect negatively the AD development. In any case that 
proteins and lipid membranes with toxic effect are affected, 
the main result is reactive oxygen species production or even 
more the presence of metalloprotein Aβ amyloid peptide. 
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Zinc and Copper are released from brain’s cortical neurons 
and cause Aβ accumulation and Aβ deposits, through 
histidine amino acid interactions. Additionally, Fe

2+
 and Cu

2+
 

interactions with Aβ lead to H2O2 production, H2O2 is 
partially responsible for the oxidative action. Also, Zn

2+
 and 

Cu
2++

 enhance Αβ interactions with cell’s membranes, 
increasing Aβ toxicity. Furthermore, Fe

3+
 and Cu

2+
 interact 

with Aβ protein leading to oxidative stress, Aβ 
oligomerization lead to Calcium channels creation; these 
channels affect calcium homeostasis, causing oxidative 
stress [23, 35, 36]. 

The p53 protein contributes to disease development, and 
specifically the unfolded p53 conformation leads to cell’s 
death. Aβ peptides interact with HIPK-2 protein degradation 
affecting p53 conformation. Proteins p53 and tau are also 
related and found in patients with AD. p53 induces 
phosphorylation of human 2N4R tau causing neuronal death 
and other tauopathies [37-39]. In a similar study, BRCA1 
and p53 accumulations have been detected in neurons at 
early AD onset [40]. Even if it has been reported in a few 
studies, gender seems to have been abandoned as a potential 
AD marker, due to women longer life expectancy. Also 
nationality does not appear to be a significant factor, 
however, certain people of the Asiatic origin appear to be 
differentiated [13]. Additionaly, a new protein is under 
consideration, the YKL-40, which initially is characterized 
as brain cell injury biomarker, while it is increasingly 
detected in AD individuals between 50’s and 70’s years old 
[14]. D-serine levels have been identified and measured in 
higher levels in the hippocampus and parietal cortex of AD 
patients and incriminated as a potential risk factor [41]. Four 
miRNAs, the miR-31, miR-93, miR-143, and miR-146a are 
observed to be decreased in AD patient’s serum, therefore, 
are recently characterized as novel biomarkers of AD 
pathology and vascular dementia [42]. Blood pressure has 
been formulated as precursor marker for disease 
manifestation. Decades before the appearance of disease, 
high blood pressure can be observed when senile plaques, 
neurofibrillary tangles, and hippocampal atrophy are already 
present [43]. Also, it has been declared that the age and the 
blood pressure are related in AD development. As mentioned 
above high blood pressure revealed decades before AD 
diagnosis, however in later life of an AD patient low levels 
of blood pressure occur. Unfortunately, the way that blood 
pressure affects AD is still unknown, even though high blood 
pressure seems to be a lower risk factor for AD patients [44-
46]. 

CONCLUSION 

Since a definitive and accurate diagnosis for AD and 
other related disorders can be made only at autopsy, 
neuroimaging techniques face challenges related to 
clinicopathologic heterogeneity. Although all patients with 
AD progress through some form of an MCI phase before 
dementia, the converse is not true. That is some patients who 
fulfill MCI criteria may have non-AD disease states [47]. 
Furthermore, the rate at which individuals with MCI will 
develop dementia may also vary considerably. Thus, 
although prodromal AD may be clinically identifiable as 
MCI [48], it is important to recognize the heterogeneity 
within this clinical construct. Cerebrospinal fluid and plasma 

biomarkers, as well as amyloid imaging markers, can offer 
information about neuropathological symptoms of AD, when 
no evidence markers for hippocampal volume loss can be 
accurately exported from MRI scanning [49]. Especially 
structrural MRI biomarkers conclude to major variations 
among young and elderly populations, associating different 
neuropathological underpinnings of cognitive impairment in 
the very old populations [50]. 

Latest studies reveal also the significance of the nerve 
growth factor precursor protein (proNGF) with cognitive 
impairement, underlying the effectiveness of this diagnostic 
biomarker [51]. 

In AD patients, who have been tested in structural 
imaging biomarker’s detection, left and right hippocampal 
gradings, cortical thicknesses of the left precuneus, left 
superior temporal sulcus and right anterior part of the 
parahippocampal gyrus, offer 72% accuracy in AD diagnosis 
[52]. Additionally, genetic mutations affect less than 2% of 
total AD patients and age seems to play a dominant role in 
the aggravation of disease even though it has been observed 
that the first lesions begin at least 20 years earlier from the 
first symptoms. The educational level shows some resistance 
in the disease, but it should not be considered as a valid 
marker. Mitochondrial dynamics is a latest crucial element in 
the puzzle of AD etiology and development, concerning 
metal ions concentrations in the brain and metal ions 
interactions with Aβ protein, increasing cells and brain 
toxicity [53-55]. 

It is obvious that early diagnosis of AD could be a cost 
effective approach to prevent its irreversible and 
uncontrollable consequences. In every case, a correct 
diagnosis needs to be performed before the underlying 
pathology has become severe enough to present itself 
clinically [56-58].  
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