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Clinical and pathological data show that Alzheimer's disease (AD) and vascular dementia (VaD) are the most
prevalent types of dementia in the elderly. Medically speaking, mixed dementia (MxD) is a heterogenous dis-
order mostly referred to the coexistence of AD and VaD. The weight of vascular contribution to AD phenotype is
nowadays matter of debate. Despite great efforts in the field of neurodegeneration and cerebrovascular disease,
controversy over the exact nature of their relation still remains, hampering progress in the specialty and raising
doubts about the MxD concept validity. Is MxD a neglected clinical entity or a nosographic artifice? Starting from

the assumption that recent advances in dementia classification and diagnostic criteria make this a propitious
time to set up preventive and therapeutic strategies, this narrative review and opinion paper summarizes the
literature concerning the questioned etiopathogenic overlap between AD and VaD and challenges the traditional
view of MxD as the mere co-occurrence of different pure forms of dementia.

1. Background

The term mixed dementia (MxD) literally refers to the combination
of more than one possible cause of dementia, of whatever type. In
medical practice, it is mostly applied to those cases wherein there is
clinical and/or pathological evidence of both dementia of Alzheimer
type and cerebrovascular disease.

While in vivo criteria likely underestimate MxD frequency, data
from neuroimaging and autopsy-based studies suggest that mixed pa-
thology accounts for the majority of dementia cases among very old
individuals [1]. Signs of cerebral microangiopathy and large infarcts
are of frequent occurrence in patients otherwise diagnosed as suffering
from Alzheimer's disease (AD), as well as hippocampal atrophy and
hyperphosphorylated tau-protein aggregates, both typically deemed as
markers of neurodegeneration, can be found among patients affected by
vascular dementia (VaD) [2,3].

The role of vascular pathology as critical contributor to AD is a topic
of current interest. Experimental and clinical evidence seems to chal-
lenge the traditional view that AD and VaD are distinct conditions and
supports the notion of converging pathogenic mechanisms, thus making
dementing disorders liable to preventive approaches [4]. On the other
hand, the concept of MxD solely understood as the coexistence of dif-
ferent pure forms of dementia is still far from being abandoned.

After a brief excursus on the evolution of MxD concept over time,
this paper updates current opinion on AD and VaD and their inner re-
lation, paying attention to shared risk factors and pathophysiology. I

report on recent literature concerning the overlap between neurode-
generation and vascular brain injury. In this field, one of the frequently-
asked-questions from conference committees and audiences worldwide
is: “Is MxD a neglected clinical entity or a nosographic artifice?”. I try to
answer this issue, winking to new and more fluid ways of thinking
about dementia in the light of the emergent role of brain vasculature in
the pathogenesis of neurodegenerative diseases, particularly AD.

2. Methodological considerations

This is a narrative review and opinion paper for which the author
carried out an independent literature search in the PubMed electronic
database from inception until September 2019. The literature search
did not claim to be fully exhaustive and used the following key-terms in
variable combinations: “mixed dementia”, “Alzheimer's disease”,
“neurodegenerat*”, “vascular dementia”, and “cerebrovascular dis-
ease”. The reference list of selected articles was screened to search for
additional literature. Peer-reviewed publications from personal ar-
chives were also considered. The articles included in this paper were
selected on the basis of their contribution to the global knowledge on
the topic or explicit findings that made the publication relevant to the
issue.

3. Historical context and origins of the terminology

The most common types of dementia in the elderly are AD and VaD
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[5]. Traditionally, the so-called hardening of the arteries was con-
sidered the leading cause of dementia since it was admitted that
atherosclerosis lead to brain atrophy due to impaired blood supply.
Interest in cognitive decline of vascular origin weakened in the 1980s,
when the B-amyloid peptide was identified as the main component of
parenchymal and vascular amyloid deposits. With the discovery of the
amyloid precursor protein gene mutations in AD familial forms, the
attention of the scientific community rapidly shifted on degenerative
dementias [6]. Nevertheless, findings as microvascular injuries, en-
dothelial proliferation, and neovascularization had already been de-
scribed in the original Auguste Deter case besides senile plaques and
neurofibrillary tangles, raising the suspicion to be on a wrong track
when neglecting the vascular facet of the problem [7].

The term ‘senile mixed dementia’ was first introduced to depict the
case of a demented patient with both degenerative and vascular fea-
tures [8]. Some researchers felt the need to apply the definition of
‘dementia of mixed arteriosclerotic and senile origin’ to all cases in
which degenerative and vascular lesions had such an extension that
each could cause dementia by itself [9]. The concept of ‘combined
dementia’ was then referred to AD pathology cases associated with is-
chemic lesions of various type and severity [10]. Based on the Alzhei-
mer's Disease Diagnostic Treatment Center (ADDTC) criteria, it was
argued that the diagnosis of MxD could be placed in the presence of an
ischemic brain disease associated with a second systemic or brain dis-
order in causal relation with dementia [11]. A preferential use of the
term ‘AD with cerebrovascular disease’, rather than MxD, was then
recommended in the National Institute of Neurological Disorders and
Stroke - Association Internationale pour le Recherche et I'Enseignement
en Neurosciences (NINDS-AIREN) international workshop to better
emphasize that cerebrovascular diseases provide a minor contribution
to dementia with respect to primary neurodegeneration [12]. Ac-
cording to the American Heart Association/American Stroke Associa-
tion (AHA/ASA) statement, the construct of ‘vascular cognitive im-
pairment’ was finally referred to the whole spectrum of cognitive
impairment associated with cerebrovascular damage, including coex-
istent AD [13]. Through the years, it became clear that cerebral blood
vessel pathology is only one contributor of vascular cognitive impair-
ment, and all forms of deficits ranging from mild cognitive impairment
to dementia fell into this clinical category.

4. Controversies on MxD clinicopathological significance

There are no doubts on the existence of MxD on a strictly clinical
ground. However, a large evidence of both inter-individual stable dif-
ferences as well as intra-individual variability in time characterizes the
clinical picture. A cohort study reported much higher frequencies of
depressed mood and focal motor or sensory findings among patients
with MxD compared to those with AD [14]. In another study, MxD
features were analyzed in comparison to AD and VaD, showing that
focal signs were present in 20%, 4%, and 38% of the cases, respectively
[15]. In some disease stages and in some patients, AD-like symptoms
such as abnormal episodic or semantic memory and abstract thinking
may predominate. In others, these may be less relevant than impaired
executive functioning and processing speed, that more frequently im-
pact the course of VaD. Few studies have attempted to establish pro-
totypical MxD cognitive profile, disclosing a tendency to reduced per-
formances in attention, visuo-construction tasks, and spatial abilities
among patients with MxD of mild to moderate severity compared to
those with AD [16-18].

Mixed symptoms coexist in a considerable proportion of patients,
making difficult to distinguish cognitive decline due to AD from that
sustained by cerebrovascular disease in view of the great overlap. In
general, a conspicuous ability in integrating clinical data is required to
make diagnosis of MxD.

Several criteria are available for clinical diagnosis of MxD, none of
whom officially validated by means of neuropathological studies. In
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1975, with the aim to quickly discriminate between pure degenerative
and vascular types of dementia, Hachinski et al. proposed a bedside
scale whose incorrect interpretation led researchers to consider MxD as
the proper diagnosis for patients with intermediate scores, but this was
not the original intention of the authors [19]. A lack of specificity in
differentiating MxD from AD or VaD was later demonstrated by a meta-
analysis which tested the utility of such scale in pathologically verified
dementias [20]. According to the 10th revision of the International
Classification of Diseases (ICD-10), MxD diagnosis can be attributed to
patients who meet criteria for both AD and VaD [21]. In the 5th edition
of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5),
MxD is catalogued under the umbrella term of ‘major neurocognitive
disorder due to multiple etiologies’, a diagnosis that can be applied
when there is evidence from history, physical examination, or labora-
tory findings that the disorder is the consequence of more than one
etiological process [22]. The last position paper of the International
Working Group (IWG) supported a refinement of MxD diagnostic work-
up based on clinical and biomarker evidence of AD plus cerebrovascular
disease: low concentrations of cerebrospinal fluid B-amyloid peptide
and high tau-protein or increased amyloid PET tracer retention, to-
gether with neuroimaging signs of large or small vessel disease, are
valid examples in this sense [23].

The reported high frequency of mixed brain pathology on autoptic
examination suggests the biological plausibility of MxD without im-
plying a clear diagnostic framework. As a matter of fact, there is still
lack of consensus on the neuropathological definition of MxD, with no
generally accepted criteria and inconstant operational tools across
studies. Moreover, many elderly patients exhibit morphologic changes
suggestive for AD, VaD, or MxD, but do not satisfy clinical requirements
for dementia [24]. Proposed MxD neuropathological definitions in-
clude: the presence of moderate to severe concentrations of neuritic
plaques in the neocortex and =2 gross cortical infarcts or =2 gross
subcortical infarcts [25]; the combination of senile plaques and neu-
rofibrillary tangles > 5/mm? in the hippocampal formation/neocortex
and multifocal cerebral infarcts [26]; the presence of autopsy-proven
AD according to the Consortium to Establish a Registry for Alzheimer's
Disease (CERAD) protocol and > 100 mL of cerebral infarct volume
[27]; the combination of autopsy-proven AD (using accepted criteria)
and multiple lacunes in the cortex, basal ganglia, thalamus, hippo-
campus, and white matter, or at least 30-50 mL of cerebral infarct
volume [28].

5. Vascular contribution to AD: shared risk factors and mixed
pathological burden

It is widely recognized that classical vascular factors provide an
important contribution to AD [29,30]. The Rotterdam study, one of the
first large studies which catalyzed attention on this issue, showed that
many markers of atherosclerosis are associated with an increased risk of
dementia, including AD [31]. Hypertension, diabetes, dyslipidemia,
tobacco smoking, obesity, and a host of vascular vulnerabilities have
been further outlined as reliable AD predictors [32-36].

The pivotal role of cerebrovascular dysfunction in AD is overall
suggested by the finding that stroke may accelerate deterioration in
patients diagnosed with AD or alternatively prompt a single step from
the ‘brain-at-risk’ stage to that of dementia [37-39]. The latter is con-
firmed by the observation that one third of stroke patients develops a
condition defined as post-stroke dementia, i.e. any dementia occurring
after stroke irrespective if the leading cause is vascular, degenerative,
or mixed [40].

The weight exerted by a high vascular burden in determining the
presence and severity of AD was first quantified in the Nun study, a
pioneering study conducted in the USA in which, among participants
who met neuropathological criteria for AD, the presence of cerebral
infarcts was associated with poorer cognitive functions and higher
prevalence of dementia [41].
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Apart from the occurrence of stroke, other mechanisms by which
several markers of vascular disease may unmask subthreshold AD
symptoms or facilitate AD progression are currently beginning to be
elucidated. While most of these factors have been associated with large
vessel disease, the advent of MRI as routine procedure has revealed a not
negligible impact of cerebral microangiopathy on degenerative features.

In the last decades, it has been clarified that for similar clinical
severity of dementia there is a lesser degree of AD pathology in patients
with vascular lesions than in those without, thus advocating the cu-
mulative effect of the processes involved in AD and VaD and providing
support for the MxD concept validity [42]. The discovery of the relation
between a certain vascular risk profile and AD does not deny the sup-
posed degenerative mechanisms thought to underlie pure AD but allows
researchers to hypothesize that vascular and degenerative pathways
actually develop in parallel or have a mutual interaction possibly pro-
ducing a synergistic effect [43].

6. The inner relation between AD and VabD. Is there a mechanistic
link?

Many mechanisms of tissue injury may be crucial in the cascade
through which cerebrovascular disease promotes damage and cognitive
decline in patients with AD pathology. In this regard, several lines of
evidence denote that cerebrovascular dysfunction contributes to neu-
ronal loss and mental deterioration in AD and cannot be merely at-
tributed to comorbid VaD [44].

Neurodegeneration is commonly defined as the progressive loss of
structure and/or function of neurons that culminates in cellular atrophy
and death. Regardless of dementia subtype, secondary degenerative
changes frequently occur in patients with variably expressed vascular
brain injury (micro or macroinfarcts, white matter lesions, hemor-
rhages, etc.) and result in white matter loss and cortical thinning
[45,46]. Putative mechanisms involved in these changes mainly en-
compass pyramidal neuron retrograde degeneration, inflammatory re-
actions, and trans-synaptic effects [45,47-49].

Indeed, many molecular processes take place in the central nervous
system at a microvascular level and may explain the so-called sec-
ondary neurodegeneration in a more extensive way. The neurovascular
unit, a widely heterogeneous structure made of endothelial cells, peri-
cytes, smooth muscle cells, neurons, and neuroglia, controls blood-
brain barrier permeability and blood flow and maintains a stable che-
mical composition in the cerebral microenvironment, which is required
for proper working of neurotransmission [44]. Vascular-derived pa-
thophysiology in AD includes blood-brain barrier leakage, hypoperfu-
sion/hypoxia, and endothelial metabolic dysfunction. Consistently ob-
served in the course of several ischemic injuries and degenerative
disorders, increasing levels of matrix metalloproteinase activity have
been put in relation with the blood-brain barrier leakage and sub-
sequent cascade of events that culminates in deposition of hemoglobin-
related products, including iron, and generation of neurotoxic reactive
oxygen species [50]. Oxidative stress in turn induces B-amyloid pro-
duction and prompts tau-protein synthesis. Several studies have shown
that mild hypoperfusion, termed oligoemia, not only affects protein
synthesis, which is necessary for the synaptic plasticity mediating
memory and learning, but also modulates amyloid precursor protein
processing via selective augmentation of enzymes involved in the de-
velopment of AD such as B-secretase and y-secretase [51-53]. More-
over, imbalance in cerebrovascular metabolic functions leads to the
release of a set of neurotoxic and inflammatory factors (nitric oxide,
cytokines, chemokines, prostaglandins, etc.) that can trigger neuronal
damage directly or indirectly by activating astrocytes and microglia
[54]. These findings point to a potential interplay between vascular
disease and neurodegeneration and suggest that cerebrovascular pa-
thology and AD interact or alternatively are in cause-and-effect rela-
tion, despite that conclusive evidence for a causal link between the two
is still lacking [55].
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Conversely, some experimental studies highlight the possible vas-
cular consequences of primary neurodegeneration [56]. One of the
ways in which AD pathology may promote vascular pathology consists
of resting cerebral blood flow reduction and vasoconstriction mediated
by B-amyloid, resulting in increased susceptibility to ischemia [57,58].
Accumulation and deposit of -amyloid fragments can also induce
neuronal dysfunction, impair endothelial ability to relax vessels in
vitro, and affect neurovascular coupling and autoregulation in mice
overexpressing mutated amyloid precursor protein [57,59,60]. Thus, a
vicious cycle can be identified whereby vascular insufficiency causes -
amyloid production, which in turn leads to the loss of vascular home-
ostasis.

7. Towards new ways of conceptualizing MxD

In the course of the years, some theories have emerged in favor of a
vascular origin of sporadic AD cases [61,62]. In the author opinion, the
demonstration of a vascular impairment in AD goes beyond the search
for the primary trigger of neurodegeneration, thus reversing the para-
digm of a not solvable conflict between the amyloid and vascular hy-
potheses and shedding light on alternative classifications of dementia
(Fig. 1). As anticipated, the concept of vascular cognitive impairment
encompasses a broad range of entities such as mixed vascular and AD-
type pathologies [13,63,64]. Noteworthy, the importance of vascular
cognitive impairment approach relies on its drive to overcome the ca-
tegorial contraposition between AD and VaD on a clinical ground,
starting from the awareness that cerebrovascular lesions are the main
preventable and treatable components of cognitive decline.

Another issue of consideration is the possible link between AD and
white matter hyperintensities of vascular or non-vascular origin [65].
Among small vessel diseases, cerebral amyloid angiopathy is now
worthy of mention since, besides being recognized as a cause of he-
morrhagic stroke and transient focal neurological episodes, it has been
linked with brain atrophy and progressive cognitive decline through
three different pathways: the local effect of tissue destruction by in-
tracerebral hemorrhage, the effect of eventually concomitant AD pa-
thology, or pathomechanisms other than parenchymal hematoma and
AD [66]. While the question of whether cerebral amyloid angiopathy is
an independent cause of neurodegeneration is still unanswered, little
doubts remain on its potential to alter cerebrovascular reactivity. In this
sense, the need to incorporate markers of vascular dysfunction into a
new AD definition appears to be cogent [67].

According to the above reported body of literature and given the
observation that in medical practice the coexistence of mixed features is
all but an exception among demented patients, one can assume that
MxD is a real clinical entity. What is notable is that albeit epidemio-
logical data depict MxD as the most prevalent type of dementia, a
variable degree of uncertainty regarding the diagnostic management
and the lack of dedicated pharmacological studies make it not con-
sidered as such by some medical and public health communities or by
society at large. If anything, there is debate about the question of
whether MxD is a mere nosographic artifice (the sum of AD and VaD,
i.e. a reflection of scientific classification trends) rather than a spectrum
of disease with ascertained neurobiological bases. The latter suggestion
may drive therapeutic possibilities related to both AD vascular hall-
marks and VaD degenerative stigmata. Consistently with observational
data indicating that large-scale treatment of vascular risk factors could
slow the rate of cognitive decline, some approaches have been at-
tempted to restore (-amyloid clearance and stabilize endothelial da-
mage in ischemic brain regions [68,69]. In parallel, interventions or-
iented to neuroprotection show promising results when declined into
disease-modifying therapy with pleiotropic compounds specifically
targeting neuronal death, compensatory plasticity, and protein mis-
folding with autophagy [70-72].

Although most evidence that AD and VaD are interconnected comes
from animal model studies, a large amount of clinical observations
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Fig. 1. Conceptual model of dementia spectrum.

In the upper panel: aging, genetics, and various en-
vironmental factors are key-determinants of cogni-
tive decline according to a trans-nosographic di-
mension encompassing neurodegeneration and
cerebrovascular disease. Damage to the neurovas-
cular unit plays a central role potentially leading to

N R-amyloid synthesis |

both amyloid plaque deposits and cerebral hypo-
perfusion. In the lower panel: a gradient of mixed

4

Blood-brain barrier leakage |<—

Small and large
vessel disease

features is interposed between neurodegenerative
and cerebrovascular burden. AD and VaD pure ex-

k.

pressions are represented at the left and right side,
l respectively. AD indicates Alzheimer's disease, VaD

| R-amyloid accumulation

4>| Ischemia/Hemorrhage

vascular dementia.

A

Neuronal damage

»| 1 Cerebral blood flow

A

—| Inflammation/Oxidative stress l———

Table 1

Data-driven and putative pathways of inter-relation between AD and VaD supporting the biological plausibility of MxD. AD indicates Alzheimer's disease, VaD

vascular dementia.

Vascular burden — AD

Degenerative burden — VaD

A. Tissue damage

1. Macroscopic infarcts

2. Microinfarcts

3. Hemorrhages

4. White matter hyperintensities

B. Impaired neurovascular coupling

1. Hypoperfusion/hypoxia (] secretases)

2. Blood-brain barrier leakage (1 matrix metalloproteinases)

3. Endothelial dysfunction ( inflammatory toxins)

C. Secondary neurodegeneration (neuronal and oligodendrocyte loss, astrocytosis,
microgliosis)

1. Retrograde degeneration
2. Inflammatory reactions
3. Trans-synaptic effect

A. Tissue damage

1. Extracellular plaques ($-amyloid accumulation)
2. Intracellular tangles (hyperphosphorylated tau-protein aggregates)
3. Brain atrophy

B. Loss of vascular autoregulation

1. Blood-brain barrier leakage
2. Pro-inflammatory imbalance (1 oxidative stress)
3. Endothelial dysfunction (| vasodilation in vitro)
C. “Secondary” cerebrovascular injury (large and small vessel disease)

1. Impaired resting blood flow (oligoemia)
2. Impaired amyloid clearance
3. Amyloid angiopathy-related vasculopathic changes

support this prospect and confirm the need to bridge the translational
gap. The emerging role of cerebral blood vessels in the pathogenesis of
many degenerative diseases suggests that advances in molecular
biology are advisable to increase the number of neurovascular markers
which are specific for different cell types. Moreover, the improvement
of diagnostic instruments and conceptualization of new neuroimaging
modalities could have the potential to better investigate the regional
pathophysiology in the living human brain, with particular reference to
the endothelium inflammatory phenotype [73].

8. Conclusive remarks

This narrative review and opinion paper provides an overview of
MxD concept definition, diagnosis, and pathophysiology, stressing the

idea that vascular and degenerative changes are inextricably linked
substrates of age-related cognitive impairment (Table 1). As opposite to
the leading opinion which invokes the recourse to more detailed disease
specifiers (e.g., AD with cerebrovascular disease), the use of the ancient
term MxD moves from the attempt to underline the unclear ontological
status of this disorder at crossroads between clinical perspectives and
nosographic needs.

The wide-ranging repertoire of MxD clinicopathological picture
often complicates the diagnostic assessment. Nevertheless, it stands to
reason that mixed pathology co-occurs in the majority of dementia
cases and possibly derives from common pathways. Conflicting results
come from studies exploring one of the most prominent research tra-
jectories in the field, i.e. the relation between in vivo biomarkers of 3-
amyloid burden and small vessel diseases [74,75]: the recent
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observation that elevated florbetapir-PET signal correlates with in-
creased white matter hyperintensities is inter alia in agreement with the
putative role of cerebral microangiopathies in disruption of interstitial
fluid bulk flow and paravascular mechanisms of -amyloid clearance
[76].

Far from being solved, the fascinating dilemma of MxD ultimately

offers the opportunity to expand the framework of dementia research
and shift proteogenomics applications from neurodegeneration to vas-
cular and metabolic dysfunction and other unforeseen processes im-
pacting cognition. The topic encloses powerful implications aimed at
elucidating AD pathophysiology and opening new avenues for preven-
tion and treatment of full-spectrum dementia.
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