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1. ABSTRACT

Alzheimer’s disease (AD) is a progressive
neurodegenerative disorder with an important vascular
component, ultimately resulting in dementia. Recent years
have witnessed an enormous interest in the field of
biomarkers in medicine both in the field of atherosclerosis
and neurodegeneration. Numerous studies have recently
reported altered levels of biomarkers of atherosclerotic
vascular disease in patients with AD. This review provides
an overview of clinical studies assessing biomarkers of
atherosclerosis/vascular disease in the serum/plasma of
patients with AD and highlights future directions in the
field. The study of specific biomarkers of atherosclerosis in
AD can contribute to identify different components of the
pathophysiology and the complex mechanisms underlying
the progression of the disease.
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2. INTRODUCTION

Alzheimer’s disease (AD) is a multifactorial
progressive neurodegenerative brain disease resulting in
dementia associated with the excessive deposition in the
brain of amyloid § (AB) peptide plaques and neurofibrillary
tangles (1, 2). Despite the central role played by AP
deposition in the pathophysiology of this devastating
dementing disorder, growing evidence suggests this
mechanism as a necessary but not sufficient cause of its
clinical manifestations (3-5). Hence, it has been postulated
that other putative downstream mechanisms — including
inflammation — can be equally important to AD
pathogenesis (6, 7). In addition, vascular lesions, even if
subtle, have been shown to exert significant effects on
cognitive functioning if they coexist with AD pathology (8-
10). There is also evidence suggesting that AD can be
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Table 1. Summary of common biochemical markers of atherosclerosis found to be altered in AD and MCI discussed in this

review
Markers Pathophysiology Current data
C-reactive Higher levels are an aspecific marker of inflammation; may be involved in Conflicting evidence
protein the inflammatory processes occurring in the early stages of AD

Homocysteine

accumulation, apoptosis, and neuronal death

Folic acid intermediate; may be involved in neurodegeneration through
disturbed methylation and/or redox potentials, amyloid and tau protein

Conflicting evidence; potential genetic influences

Lysosomal cysteine proteases inhibitor; involved in neurogenesis and

Evidence suggests lower plasma CC levels in AD. Reduced

Cystatin C neuroprotection from toxic insults, colocalizes with beta amyloid baseline levels of CC were found to predict the conversion of
MCI to AD. Conflicting data about CC plasma levels and
cognitive impairment

Lipoprotein(a) Macromolecular complex in human plasma strictly under genetic control; Conflicting evidence; important potential genetic influences

role in neuronal homeostasis through its expression in brain tissue.

Soluble RAGE

Multiligand receptor interacting with a number of proinflammatory ligands;
increased AP influx at the blood brain barrier and vascular dysfunction.

Lowered levels in both MCI and AD

Osteoprotegerin

Pleiotropic cytokine; may be involved in silent cerebral ischemia

Conflicting evidence; potential genetic influences

associated with impaired cerebral perfusion (11). In this
regard, atherosclerosis of the intracranial arteries has been
shown to act as an independent risk factor for
neurodegeneration (12). Accordingly, several studies have
indicated that systemic atherosclerosis can increase AD
pathology in a direct fashion (13-15). Alternatively,
atherosclerosis and AD pathology may reflect a common
underlying process leading to a relationship between the
two pathologies (9).

Recent years have witnessed an enormous interest in
the field of biomarker medicine both in relation to
neurodegeneration (16, 17) and atherosclerosis (18, 19).
Biological markers have been traditionally defined as cellular,
biochemical or molecular alterations that are measurable in
biological media such as human tissues, cells, or fluids. The
availability of reliable biomarkers has tremendous potential to
radically alter the diagnostic and monitoring strategies in the
field of neurological and vascular disorders, and hopefully to
effectively prognosticate patients with these conditions (17).
Importantly, specific biomarkers can identify different
components of the pathophysiology of AD. Recent studies
have clearly shown that known biomarkers of atherosclerotic
vascular disease are altered in patients with AD. It is also
feasible that the combination of multiple biomarkers reflecting
different pathophysiologic processes (AP and tau metabolism
versus vascular components) can enhance risk stratification, as
compared with using individual markers alone. In addition,
cardiovascular biomarkers studied in patients with AD can
shed more light on novel pathophysiological processes in AD
with potential clinical significance.

In this review, we summarize the results of
clinical studies assessing biomarkers of
atherosclerosis/vascular disease in the serum/plasma of
patients with AD in which these molecules have been
shown to be altered (Table 1). Hopefully, this knowledge
will help to clarify whether any of these biochemical
markers is involved in the causal chain of AD progression
or can mediate the effects of other risk factors for
neurodegeneration.

3. C-REACTIVE PROTEIN
C-reactive protein (CRP) is a member of the

pentraxin family of oligomeric serum proteins which has
been conserved through evolution (20). A large body of
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evidence suggests that increased levels of CRP might serve
as a marker of an increased risk of ischemic cardiac and
cerebrovascular disease (21-23). Owing to the presence of
an inflammatory component in AD, several studies have
investigated the potential association between this
condition and increased circulating CRP levels. Mancinella
et al. (24) performed a cross-sectional study comparing
markers of inflammation between 99 patients affected by
dementia (34 with AD and 64 with vascular dementia) and
99 healthy comparison subjects. The results showed that
patients with AD had higher CRP levels compared with
both those with vascular dementia and healthy controls.
Schuitemaker and coworkers (25) measured CRP, Abeta42,
phospho-tau (p-tau) and total tau concentrations in serum
and cerebrovascular fluid of 145 patients with probable AD
and 67 patients with mild cognitive impairment. CRP levels
were significantly higher in MCI compared with AD
patients. Taken together, these findings suggest that
inflammatory processes might be involved in early stages
of AD, even before Abeta and tau changes. Despite these
findings, it should be noted that conflicting evidence still
exists on the issue of raised CRP levels in AD. In this
regard, Nilsson et al. (26) have reported lower CRP levels
in patients with AD compared with those with vascular
dementia, mild cognitive impairment, or depression. In
keeping with these results, O’Bryant et al. (27) reported
that mean CRP levels were significantly decreased in a
sample of AD from USA compared with cognitively
healthy controls. In the longitudinal ULSAM-study
conducted in a community-based sample of elderly men
from Sweden, Sundeldf er al. (28) found no association
between longitudinal changes in CRP levels and the risk of
AD. Several explanations may account for these conflicting
results. First, it has been shown that the analytical method
employed (e.g., enzyme-linked immunossorbent assay
versus nephelometry) can have a significant impact on the
interpretation of CRP measurements (23). In this regard,
international standardization of analytical kits would be
highly desirable to ensure an increased degree of
comparability between studies. Second, ethnicity has been
shown to exert a confounding effect on CRP measurements
in distinct studies worldwide (29). Therefore,
interpretations that do not take into account the influence of
ethnic factors are likely to be inaccurate. Third, different
ways by which plasma samples are handled may represent
a potential source of bias. Finally, CRP levels are known to
be under a strict genetic control (30). Taken together, these
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shortcomings  should prompt large well-designed,
methodologically-sound studies aimed to address the value
of CRP both in the diagnosis and in the prognostication of
patients with either AD or mild cognitive impairment.

4. HOMOCYSTEINE

Homocysteine is a thiol containing amino acid
generated during the metabolism of methionine. It is
converted by folate, vitamin B12 and B6 to cysteine, or can
be recycled into methionine (31). A number of clinical
studies have reported a statistically significant association
between elevated circulating levels of homocysteine and an
increased risk of cardiovascular and cerebrovascular
disease, including stroke, peripheral arterial disease, and
venous thrombosis (32, 33). Although the mechanisms
behind this association remain only partly elucidated, these
may include — among others — an increased oxidative
inactivation of nitric oxide or inhibition of its production in
endothelial cells (34). Besides vascular disorders, growing
evidence suggests that homocysteine can act as a risk factor
for cognitive impairment and AD (35). The mechanisms by
which homocysteine affects cognitive function remain to be
completely elucidated. Some authors have suggested that
hyperhomocysteinemia in subjects with cognitive
impairment or dementia is not a causal factor, but can
merely reflect concomitant vascular disease (36).
Interestingly, Gorgone et al. (37) have shown that the
homozygous TT677 MTHFR genotype promotes plasma
homocysteine increase which in turn may favour intima-
media thickening in patients with cognitive impairment.
Homocysteine can indeed promote neuronal damage
through multiple mechanisms, including both a
microvascular damage mediated by intima-media thickness
increase and a direct neurotoxic effect. Moreover,
homocysteine may cause disturbed methylation and/or
redox potentials, thus promoting calcium influx, amyloid
and tau protein accumulation, apoptosis, and neuronal
death (35). Data derived from cross-sectional and
longitudinal studies concerning peripheral levels of
homocysteine in AD are conflicting. Cascalheira et al. (38)
performed a case-control study of 19 individuals diagnosed
with AD and 36 healthy controls. Multivariable logistic
regression analysis identified homocysteine as an
independent predictor of AD. Kivipelto et al. (39) analyzed
homocysteine in a total of 228 non-demented subjects aged
75 years or more and reported that increased levels of this
molecule were related to an increased risk of dementia and
AD after a mean follow-up time of 6.7 years. Hooshmand
and colleagues (40) examined the relation between serum
levels of homocysteine and the risk of developing AD in a
sample of 271 Finnish community-dwelling cognitively
healthy elderly people. After a mean follow-up of 7 years,
the authors found a 1.16-fold increase in the risk of
developing AD for each 1 pumol/L increase in baseline
homocysteine levels. Other authors, however, failed to
demonstrate such a positive association. For example,
Davis et al. (41) investigated levels of total homocysteine
in 27 patients with AD and vascular dementia and 51
healthy controls. Levels of this molecule did not differ in
patients with dementia compared with controls. In addition,
homocysteine does not seem to be predictive of conversion
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of MCI to AD (42). In this regard, Siuda et al. (43)
assessed whether vascular risk factors including
hyperhomocysteinemia can predict the development of AD
in a sample of 55 MCI patients. Although
hyperhomocysteinemia was found more frequently in the
MCI group, discriminant function analysis showed that this
factor was not a significant predictor of progression to
dementia within one year. The conflicting evidence
available in the literature can be due to a number of
different reasons. First, homocysteine levels can be heavily
influenced by folic acid, vitamin B6 and B12 (44), a
potential source of confounding which is not frequently
accounted for. Similarly, it is known that homocysteine
levels are regulated by genetic factors (45), possibly
resulting in ethnicity-dependent findings. In any case, the
identification of homocysteine as a potential vascular risk
factor for AD is clinically relevant for therapeutic strategies
designed to lower homocysteine. Importantly, McCampbell
and colleagues (46) have recently shown that mutant
amyloid precursor protein (APP)-expressing mice fed with
high methionine levels show increased brain beta amyloid
deposition, suggesting a close pathophysiological link
between APP and methionine metabolism. In the clinical
setting, Viswanathan et al. (47) have assessed whether
vitamin supplementation-induced reduction of
homocysteine could influence plasma Abeta levels in the
Vitamin Intervention in Stroke Prevention (VISP) study. Of
note, the authors found that homocysteine was strongly
correlated with Abeta40 but not Abeta42 concentrations.
However, treatment with high dose vitamins did not
influence plasma levels of Abeta, despite their effect on
lowering homocysteine. Future research is needed to assess
the potential clinical usefulness of homocysteine-lowering
strategies in patients with MCI and AD.

5. CYSTATIN C

Cystatin C (CC) is a strong endogenous inhibitor
of lysosomal cysteine proteases, which are secreted by all
nucleated cells (48). The unbalance between CC and
cathepsins has been suggested to play an important role in
the onset and progression of atherosclerosis and
cardiovascular disease. Accordingly, the dynamic balance
between proteases and CC is involved in a wide spectrum
of physiological pathways, such as antigen presentation,
neutrophil chemotaxis, tissue remodeling, degradation of
extracellular matrix, cell proliferation, and vessel
homeostasis (49). A severe decrease of CC expression has
been reported in human atherosclerotic lesions compared to
normal vessel wall (50). In addition, preliminary findings in
apparently healthy subjects indicated the value of low CC
levels for predicting the future development of heart
failure, hypertension, diabetes, and metabolic syndrome

(51).

In turn, multiple studies suggested that CC is a
cofactor for neurogenesis and may have a protective role
toward the development of neurodegenerative diseases,
including AD (52). Immunohistochemical studies in AD
brains have shown that CC colocalizes with beta amyloid
(53). In addition, this molecule has been also reported to
exert a proliferative effect on neural stem cells in vitro and
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in vivo (54). A decrease of CC levels in the brain might
therefore result both in the absence of protection from
neurotoxic insults and in a defective stem cells-mediated
regeneration (55).

Chuo et al. (56) investigated plasma levels of CC
in AD and nondemented control individuals in Taiwan. The
results showed that plasma CC levels were lower in AD
patients than in controls. Importantly, Ghidoni and
colleagues (57) have convincingly demonstrated that
reduced baseline levels of CC predict the conversion of
MCI to AD in a sample of Italian elderly individuals.
Sundalof et al. (58) have also demonstrated that a 0.1-
umol/L decrease of CC between ages 70 and 77 years was
associated with a 29% higher risk of incident AD in elderly
men free of dementia at baseline.

However, the role of CC as a prognostic marker
for neurodegeneration has been questioned. For example,
Yaffe et al. (59) investigated the association of serum CC
with cognitive function among 3030 subjects from the
Health ABC study. Elderly people with high CC had worse
baseline cognitive scores compared to those with
intermediate or low level and more pronounced decline
over 7 years. Such discrepancies could be due to the rather
recent standardization and FDA approval of CC assays (60)
which could have conditioned the interpretation of marker
measurements in clinical laboratories. In addition, most
previous studies were based on rather homogeneous subsets
of elderly patients, frequently with a low sample size. The
remaining evidences are based on ancillary investigations
on prospective cohorts, which are characterized by large
sample size but also by too heterogeneous case series (59).
The selection and the size of the reference population are
critical issues, since they could limit the inference of
findings on biomarkers in this framework.

6. LIPOPROTEIN(a) AND APOLIPOPROTEIN(a)

Lipoprotein(a) [Lp(a)] is a macromolecular
complex in human plasma, strictly under genetic control,
consisting of a low density lipoprotein (LDL) particle to
which the glycoprotein apolipoprotein(a) [apo(a)] is
covalently bound by a single disulfide linkage (61). More
than 34 apo(a) isoforms of different size have been detected
in human plasma (62). Moreover, operational null alleles,
defined by absence of apo(a) isoforms from immunoblots
[apo(a) null phenotype], have been described (63). The
physiological role of Lp(a) in humans is still unclear (61).
Because of the high homology between plasminogen and
apo(a), it is feasible that Lp(a) plays a role in the
coagulation system, especially into thrombosis and
impaired fibrinolysis processes (64). It can also accumulate
in the arterial walls and cerebral vessels (65). Different
studies have identified elevated Lp(a) levels and short
apo(a) size as emerging risk factors for atherosclerotic
diseases such as coronary artery disease and stroke,
although some conflicting evidence still exists (66, 67).
Importantly, Lp(a) has also been suggested to play a role in
the onset and progression of dementia. Lp(a) may increase
the risk for cognitive decline through its association with
atherosclerosis and silent cerebrovascular disease (68).
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Alternatively, it can play a direct role in neuronal
homeostasis through its expression in brain tissue (69).

In a seminal study, Mooser et al (70)
demonstrated that serum Lp(a) levels were associated with
a progressive, age-dependent increased risk for late-onset
Alzheimer’s disease in carriers of the apoE epsilon4 allele.
Emanuele ef al. (69) analyzed plasma Lp(a) levels and apo(a)
isoform size in 73 sporadic AD patients compared with 73 age-
and gender-matched healthy controls. The distribution of
apo(a) isoforms and Lp(a) concentrations were similar in the
two groups. However, AD subjects with the apo(a) null
phenotype had a significantly higher mean age at onset than
those who expressed at least one apo(a) isoform (69). Another
case-control study compared Lp(a) plasma levels and the
distribution of apo(a) phenotypes in 50 VaD patients, 162
sporadic AD patients, 95 non-demented stroke patients, and
105 normal controls (68). The authors found that the presence
of at least one small-sized apo(a) isoform significantly
increased the risk of AD. Solfrizzi and colleagues (71)
investigated Lp(a) serum concentrations in 61 patients with a
diagnosis of probable AD and in 63 healthy unrelated age
matched controls. Lp(a) serum concentrations were
significantly associated in a non-linear relation with an
increased risk for AD, independently of other confounders
(71). However, this relation was not confirmed in a small-sized
study conducted by Urakami er al. (72) in Japanese AD
patients. It is possible that different experimental designs,
different number and characteristics of subjects recruited,
medical treatments, lack of standardization of methods for
the determination of Lp(a) levels and different ways in
which plasma samples are handled might at least partially
explain the differences among the studies (73).

7. SOLUBLE RECEPTOR FOR ADVANCED
GLYCATION ENDPRODUCTS (sRAGE)

The receptor for advanced glycation endproducts
(RAGE) is a cell-surface member of the immunoglobulin
superfamily and a multiligand receptor interacting with a
number of different proinflammatory ligands, including
advanced glycation endproducts, S100 calcium-binding
proteins, high mobility group box 1, and amyloid beta-
peptide (74). The interaction of cell-surface RAGE with its
proinflammatory ligands results in an increased oxidative
stress and activation of NF-xB, which in turn leads to
increased expression of proinflammatory genes and further
generation of oxygen radicals (75, 76). RAGE has secretory
isoforms referred to as soluble RAGE (sRAGE), which
comprise the extracellular ligand-binding domain but are
lacking the cytosolic and transmembrane domains (77).
Soluble RAGE has the same ligand binding specificity of
cell-bound RAGE and may serve as a decoy abrogating
cellular activation in endothelial cells (78). The association
of sRAGE levels with a pathological state, was first
reported by Falcone and colleagues (79), who demonstrated
that lower SRAGE levels were associated with a increased
risk of coronary artery disease. Subsequently, serum levels
of total SRAGE have been shown to be associated with a
range of vascular pathologies including essential
hypertension, coronary artery disease, and intimal-medial
thickening of the arteries (80, 81).
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Importantly, a number of recent studies have
demonstrated that RAGE plays multiple roles in the
pathogenesis of neurodegenerative disorders, like AD. This
may be ascribed to the interaction of this receptor with
amyloid beta peptide which activates a positive feedback
mechanism governing RAGE expression (82, 83). The
adverse consequences of RAGE interaction with amyloid
beta peptide include perturbation of neuronal properties and
functions, amplification of glial inflammatory responses,
elevation of oxidative stress and amyloidosis, increased
amyloid beta peptide influx at the blood brain barrier and
vascular dysfunction (83). It has also been proposed that
RAGE activation by amyloid beta peptide could take place
at an early stage of AD resulting in early neuronal
dysfunction (82, 83). Intriguingly, Chaney and colleagues
(84) have shown that the binding of soluble amyloid beta
peptide to soluble RAGE inhibits further aggregation of
amyloid beta peptides. Taken together, this observation has
prompted clinical studies aimed at investigating whether
SRAGE could serve as a biomarker of AD in humans.
Emanuele et al. (85) designed a cross-sectional study of 152
Italian patients with a clinical diagnosis of AD, 91 with
vascular dementia and 161 control subjects. Plasma levels of
sRAGE were lower in patients with AD compared with both
vascular dementia and controls. In addition, the authors
demonstrated that SRAGE levels below 776 pg/mL were
significantly and independently associated with vascular
dementia and, more strongly, AD (85). Ghidoni et al. (86)
have recently investigated SRAGE levels in Italian patients
with AD, mild cognitive impairment, and cognitive healthy
subject. The highest SRAGE levels were detected in healthy
controls and the lowest in the AD group, with intermediate
concentrations in the MCI group. The carriage of the APOE e4
allele did not influence SRAGE levels in each study group.
Importantly, the authors highlighted the fact that very low
SRAGE levels were associated with an early onset of cognitive
impairment (86). Interestingly, Li ef al. (87) demonstrated that
plasma sRAGE levels were lower in Chinese AD patients than
in normal elderly controls, and the presence of the RAGE 82S
risk allele was associated with reduced plasma sRAGE and a
fast cognitive deterioration. However, Hernanz et al. (88) did
not find significant differences in serum levels of SRAGE in
AD or patients with mild cognitive impairment from Spain
compared to controls. At present, we do not know whether
SRAGE levels in serum/plasma could be mechanistically
related to AD by reflecting neural tissue RAGE expression.
However, previous studies have already reported an
upregulation of neuronal RAGE in AD (89). Second, the
enzyme-linked immunosorbent assay used in previous
studies quantifies concentrations of total sRAGE in
serum/plasma. This assay cannot differentiate between
native secretory RAGE isoforms and soluble RAGE that
results from the cleavage of the cell-surface receptor by
metalloproteinases (80). Third, sSRAGE levels are known to
be influenced by both ethnicity and genetic factors, and
these issues should be taken into account for future clinical
studies of SRAGE in AD (90).

8. OSTEOPROTEGERIN

Osteoprotegerin (OPG), a tumor necrosis factor
receptor family member, is a soluble glycoprotein
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expressed in most human tissues (91). OPG acts as a decoy
receptor for the receptor activator for nuclear factor #B
(RANK) ligand (RANKL) and has been shown to regulate
a variety of pathophysiological processes such as
inflammation and apoptosis (92). Numerous clinical studies
have consistently reported a significant association between
high serum levels of OPG and coronary atherosclerosis,
vascular calcification, heart failure, and cardiovascular
mortality (93). The exact mechanisms by which OPG
influences cardiovascular pathophysiology may involve
endothelial and ventricular dysfunction, inflammation and
calcification (93). Recent research also suggests that OPG
may exert an important anti-apoptotic effect on neural
tissues, indicating a potential role of this molecule in
neurodegeneration (94). Of note, OPG has been reported to
be expressed in the spinal cord and in fetal mouse and
human brain (95).

Emanuele et al (96) investigated OPG
concentrations in an Italian sample of 39 patients with
vascular dementia, 36 AD patients, and 39 non-demented
controls. OPG concentrations were significantly higher in
both vascular dementia and AD compared to non-demented
controls. After adjustment for confounding factors
including the APOE ¢4 allele, plasma OPG levels remained
independently associated with the presence of VaD and AD
(96). Importantly, in the Framingham Heart Study, OPG
levels were inversely associated with total brain volume,
thus confirming that increased OPG can be associated with
greater brain atrophy than expected for age (97). However,
increased OPG plasma levels in patients with AD were not
confirmed in a small-sample sized cross-sectional study by
Luckhaus and colleagues (98). The latter negative result
could be possibly due to the statistical limitations in
relation to limited sample size. Further research assessing
OPG in the cerebrospinal fluid may shed more light on the
potential role played by this molecule in linking vascular
disease and neurodegeneration.

9. MISCELLANEOUS MARKERS

Several other miscellaneous markers of
atherosclerotic vascular disease have been investigated in
AD patients. Semicarbazide-sensitive amine oxidase
(SSAO) is the common name for a group of enzymes which
play a role in vascular endothelial damage and in
progression of atherosclerosis through the conversion of
endogenous amines into cytotoxic aldehydes, ammonia and
hydrogen peroxide (99). In patients with diabetes mellitus
and chronic heart failure, plasma activity appears to rise in
parallel with disease severity (100). Unzeta et al. (101)
have shown that SSAO is hyperexpressed in the
cerebrovascular tissue of AD patients with cerebral
amyloid angiopathy and colocalizes with beta-amyloid
deposits. Interestingly, increased cerebral expression of
SSAO was mirrored by a higher SSAO activity in plasma
of severe AD patients (101). These results suggested that
SSAO may contribute to the vascular damage associated to
AD. These findings were subsequently confirmed by Jiang
et al. (102) who demonstrated a strong colocalization of
SSAO with beta-amyloid deposits on the blood vessels in
AD brains. The authors also showed that SSAO-mediated
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deamination increases the deposition of beta-amyloid onto
blood vessel walls (102). Taken together, these results
support the hypothesis that cerebral vascular SSAO-
catalyzed deamination contributes to cerebral amyloid
angiopathy in AD brains.

A large body of evidence suggests that iron and
copper play a multifaceted role in both atherosclerosis and
AD. Previous studies have shown that even modest levels
of stored iron can promote cardiovascular disease while
sustained iron depletion is protective against it (103). In
addition, the imbalance in copper metabolism may
contribute to the risk of atherosclerosis or be a consequence
of an acute phase response which increases vascular risk
(104). Interestingly, Brewer (105) has suggested that iron
and copper can act as a link between vascular damage and
AD through the excess production of damaging reactive
oxygen species through Fenton chemistry. Very recently,
Liu ef al. (106) have reported that iron delays the formation
of well ordered aggregates of AP and so promotes its
toxicity in AD. In addition, a meta-analysis by Bucossi et
al. (107) has convincingly demonstrated that higher copper
levels can be found in serum and plasma of AD patients.

10. IMAGING BIOMARKERS OF
ATHEROSCLEROSIS IN ALZHEIMER'’S DISEASE

Besides serum/plasma markers of atherosclerosis,
there is a growing interest in imaging biomarkers of
atherosclerosis in relation to the presence of AD. Carotid
arteries intima-media thickness (IMT) and plaque index
(PI) are two common surrogate measures of atherosclerotic
burden which can be measured by means of ultrasound.
Silvestrini et al. (108) have recently investigated the
correlation  between the progression of carotid
atherosclerosis and the evolution of cognitive impairment
in AD patients. The results showed a linear association
between progression of carotid wall changes and of
cognitive decline. Similarly, Jurasic et al. (109) have also
reported that the results of Mini Mental State Examination
of AD patients relate to changes of arterial stiffness of the
common carotid artery. It is noteworthy that de la Torre
(110) has shown that regional cerebral hypoperfusion as
assessed by single-photon emission CT (SPECT) or from
uptake of injected fluorine-18-labelled fluorodeoxyglucose
with PET (positron emission tomography) is one of the
earliest, if not the earliest, marker of AD symptoms.

11. OPEN ISSUES

According to traditional thinking, biomarkers
delineate variances from normal biology when they rise
beyond a normal range in response to one or more
pathologic events. Most of the studies in this review
reported an alteration of biomarkers of atherosclerosis in
the setting of AD with good sensitivity and specificity
according to the classifier’s data. However, a majority of
the studies reported here have inherent shortcomings
including small sample size, poor choice of controls (rarely
reflecting the clinical setting in which the test would be
used), data-dependent thresholds and lack of validation. In
addition, it is not yet known whether these molecules could
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serve as antecedent biomarkers (identifying the inherent or
existing risk of developing AD) or prognostic biomarkers
(predicting the natural history of disease, including
response to treatment) (111).

12. PERSPECTIVES

A variety of serum/plasma biomarkers of
atherosclerosis have been shown to be altered in patients
with AD and MCI (17, 112). Whether these markers may
have implications for early screening, detection, and diagnosis
of AD remains to be established. Crucial remaining problems,
such as easy reliability, acceptance and application of the test,
cost-effectiveness, need to be resolved. Hopefully, blood-based
testing will most likely be the prerequisite to future sensitive
screening of large populations at risk of AD and the baseline in
a diagnostic flow approach to AD, especially in individuals
bearing traditional cardiovascular risk factors. For a complex
disease such as AD, combining multiple biomarkers from
different pathophysiological pathways may increase the
sensitivity and specificity of diagnosis of cognitive decline
(113, 114). All identified biomarkers are still in the preclinical
testing stage, and need much more validation in large
population based longitudinal studies. Obviously, these
available data on altered levels of biochemical markers of
atherosclerosis in patients with AD strongly support the idea of
a vascular component in the pathogenesis of this
devastating neurodegenerative disease. Starting from these
premises, future studies of clinical cohorts of AD patients
should aim to perform a detailed vascular characterization
of the subjects, including imaging markers of subclinical
carotid atherosclerosis and brain vascular damage. An
accurate analysis of clinical and biochemical vascular
markers should thus form the basis for the research agenda
for future studies in the field.
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