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Abstract

Alzheimer’s disease (AD) and frontotemporal dementia (FTD) are the most common
neurodegenerative early-onset dementias. Despite the fact that both conditions have a very
distinctive clinical pattern, they present with an overlap in their cognitive and behavioral features
that may lead to misdiagnosis or delay in diagnosis. The current review intends to summarize
briefly the main differences at the clinical, neuropsychological, and behavioral levels, in an
attempt to suggest which aspects would facilitate an adequate diagnosis in a clinical setting,
especially in Latin American and low- and middle-income countries, where the resources needed
for a differential diagnosis (such as MRI or biomarkers) are not always available. A timely
diagnosis of AD and FTD have significant implications for the medical management and quality
of life of patients and careers.
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INTRODUCTION

Dementia poses an increasing challenge for global public health. Worldwide, the estimated
number of patients was 46.8 million in 2015. This number is expected to double every 20
years, reaching 74.7 million in 2030 and 131.5 million in 2050 [1]. In Latin American
countries, this number is predicted to increase 4-fold [1-3]. Furthermore, the Alzheimer’s
Disease International report informed the highest global prevalence of dementia in Latin
American countries (8.4%) after North Africa/Middle East (8.7%) in people>60 years [1, 4].

Young-onset dementia (YOD) is conventionally thought to include patients with onset before
65 years of age [5] and is an important and under-recognized condition among the total
dementia population, with adverse impact both on the individual and wider society [6],
mainly because of the progression that the YOD has, as well as the high level of caregiver
burden. Some studies have shown that in the case of Alzheimer’s disease (AD), younger age
is related to a more progressive course and shorter survival [7, 8]. On the other hand, the
YOD caregivers are affected more directly in their daily lives as it concerns the spousal
relationship. On the NeedYD Study, authors found that YOD caregivers feel less vital, more
exhausted, have more complaints related to pain, and have more problems with their mental
health (such as feeling nervous or depressed). They also feel limited in their social
functioning and social activities [9]. There are considerable delays in diagnosing YOD
compared to late-onset dementia. Time to diagnosis for YOD is 4.4 years versus 2.8 years
for late-onset dementia [6,10]. These delays undoubtedly have significant repercussions for
affected individuals and their families.
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The main causes of YOD are AD, followed by vascular dementia and frontotemporal
dementia (FTD) [5, 6, 10]. FTD accounts for 10% of all confirmed YOD [11,12], and it is
most often diagnosed between the ages of 45 and 65, but it can also affect younger and older
people [13].

Both AD and FTD have heterogeneous and atypical manifestations, meaning the diagnosis
can turn into a complex challenge to achieve. On the one hand, FTD can be divided into a
behavioral variant (bvFTD) and a language variant, which is classified as a primary
progressive aphasia (PPA) in their two forms, semantic variant and nonfluent/agrammatic
variant PPA [14]. On the other, AD has other atypical forms of presentations such as a
behavioral/dysexecutive variant (bdAD), a logopenic variant of primary progressive aphasia
(IvPPA), and a posterior cortical atrophy (PCA) [14].

Differential diagnosis between YOD, especially FTD and AD, is clinically important
because these disorders are associated with different medical, psychological, and social
needs of patients and caregivers. Furthermore, AD and FTD have different implications with
respect to heritability, disease progression, and life expectancy [15]. Besides facilitating
proper and tailored care, early diagnosis will provide higher benefit from the future therapies
delaying disease progression.

Unfortunately, to establish the differential diagnosis between AD and bvFTD proves to be
difficult. First, YOD patients often initially present with atypical symptoms. For instance,
there are consistent differences between clinical findings in early onset AD (EOAD) and
late-onset AD (LOAD), where the onset of EOAD is more likely to be marked by atypical
symptoms, and cognitive assessments point to poorer executive, visuospatial functioning and
praxis, with less marked memory impairment [16]. Turning to bvFTD, there is significant
evidence that demonstrates that some bvFTD patients show memory impairment similar to
AD in episodic memory tests, which is in line with a hippocampal affectation profile [17,
18]. Therefore, the diagnosis of YOD continues to be a challenge despite considerable
improvement in the quality of neuropsychology, neuroimaging and biomarker assays [5, 10].

This clinical overlap may make it challenging to distinguish between the two entities, which
often implies a delay in diagnosis [6, 10]. In this respect, the INSPIRED study, which aimed
to determine which factors were associated with the timeframe of symptom onset to
dementia diagnosis, shows that compared with EOAD patients, those with FTD did not have
a longer timeframe for dementia diagnosis, but the time from the first to the final type of
dementia diagnosis was more than double [19]. In the same way, misdiagnosis or delayed
incorrect diagnosis contributes to the burden of family caregivers and reduces the family
caregivers’ possibilities to seek supportive resources, support, and management [20]. To
address this challenge, several studies have suggested that memory clinics might hasten the
correct dementia diagnosis in YOD [6, 12, 19], because of the higher number of dementia
specialists (neurologist, old age/geriatric psychiatrist, or geriatrician) and multi-disciplinary
teams, who might confirm the diagnosis at an earlier stage as well as offer early treatment
and guidance.
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Nevertheless, most Latin American countries have outdated health systems which are not
currently able to offer the resource-intensive and multidisciplinary programs that people
with dementia and their caregivers require [21]. Moreover, some Latin American countries
have a limited number of private and public memory clinics, since public policies have
recently taken in account the importance of dementia diagnosis and treatment in the
population [3]. Even though the acceptance of international recommendations on dementia
by local scientific/clinical/academic communities is increasing, it does not receive
systematic support from relevant stakeholders [22]. As a consequence, there is limited
access to new technologies which could improve the possibility to establish a differential
diagnosis, such as MRI, neuroimaging markers (e.g., amyloid/tau-PET and FDG-PET) and
biomarkers. Under these circumstances, the priority should be to timely diagnose using
affordable neuropsychological and clinical assessments, as well as appropriate patient care
[22].

This review aims to give some key points in order to guide the differential diagnosis between
typical and behavioral/dysexecutive variant of AD and bvFTD with a clinical standpoint,
which could be very helpful especially for low-and middle-income countries.

We searched PubMed until October 2019, using the search terms [Young / Early Onset
Dementia]; [Frontotemporal Dementia]; [Frontal variant of Alzheimer Disease] and
[Behavioral Dysexecutive variant of Alzheimer Disease], and [Differential diagnosis
Alzheimer Disease and Frontotemporal dementia]. We identified additional studies by hand-
searching references’ lists of critical papers on the matter.

CLINICAL PROFILES OF AD AND BVFTD

As it is widely known, typical AD (tAD) is characterized by an insidious and progressive
decline of episodic memory and other cognitive domains, such as visuospatial skills,
language, or executive function, among others [23].

However, as mentioned above, there are different presentations beyond the typical amnestic
AD, which are non-amnestic variants with the same underlying neuropathology.

bdAD, also referred to as frontal AD, can present with a predominance of behavioral and/or
executive dysfunction, with personality and behavioral changes such as disinhibition, apathy
or compulsiveness. This variant may mimic that of bvFTD, turning the differential
diagnostic into a major challenge [24, 25]. Recently, the diagnostic criteria for AD have been
revised to include different auxiliary methods and to facilitate this task [23]; however, there
still are problems in the clinical setting.

It is important to consider that significant differences between EOAD and LOAD have been
described in the past few years [16, 24, 26]. Overall, patients with EOAD, compared to
patients with LOAD, have a more aggressive clinical course, better memory recognition and
semantic memory [24], but they tend to have worse attention, executive functions, and
visuospatial skills [16, 24, 26, 27]. This is consistent with atypical presentations of AD. In
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fact, about 22% to 64% of EOAD are non-amnestic variant phenotypes [24, 28]. It is unclear
the proportion of bdAD in this group, but it has been reported that the most common variant
may be IVPPA and PCA [24].

bvFTD on its part has been characterized by a remarkable change in personality with
prominent apathy and disinhibition, accompanied by a lack of empathy and insight,
stereotypical behaviors and changes in eating habits (e.g., the development of a ‘sweet
tooth’), obsessive-compulsive behaviors, yet with relative preservation of other cognitive
areas such as visuospatial function and memory in the early stages [12, 29]. However, a
subset of patients with bvFTD exhibit early problems with episodic memory [17], which in
some occasions can easily be confused with AD, because they show the same type of
memory loss. The diagnostic criteria currently used are those proposed by Raskovsky et al.,
which even though do not consider the memory impairment in bvFTD, have demonstrated to
be more sensitive than previous criteria [30].

CLINICAL EXAMINATION

History

In order to differentiate between AD and bvFTD, a combination of the medical history
obtained from the patient and a reliable informant (including questions concerning
comorbidities, educational level, and family disease history), as well as a neurological
examination, are necessary to complete the full clinical workout.

The first step to perform a clinical interview is a detailed history, with particular attention to
identifying the onset of the illness, the timing, order, and progression of the symptoms. This
information should be elicited from patients and a reliable informant. To allow patients
engagement is important not to talk in front of them as if they were not there. It is also
desirable to include them in the general conversation when they enter the office. The
informant should be interviewed alone during part of the assessment to facilitate disclosure,
as there is often a reluctance to describe handicaps and misbehaviors in front of the patients.
It is important not only to focus on the main complaint but also how they deviate from a
patient’s lifelong temperament, behavior, habits, and more subtle personality changes such
as the insidious coarsening of conduct and habits, self-neglect, and abandonment of work,
social routines, and relationships. This distinction is important because of the high overlap
between primary psychiatric disorders and bvFTD [31]. The current evidence on cognition,
neuropsychiatric symptoms, and activities of daily living to distinguish those syndromes will
be reviewed in the following sections.

Neuropsychological evaluation

Although the description of these symptoms appears to show very different clinical profiles,
the differential diagnosis can become very challenging considering that: 1) a considerable
percentage of bvFTD show memory deficits; 2) a substantial percentage of AD show
behavioral changes and executive dysfunction, especially the behavioral/dysexecutive
variants. This raises the question as to how current tools may allow a differentiation between
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tAD, bdAD, and bvFTD, considering that there is a major overlap for cognition and behavior
on a clinical level.

General cognitive screening

The most widely used tool for the evaluation of global cognitive impairment is the Mini-
Mental State Examination (MMSE) [32], which shows overall good detection of memory
deficits but usually does not detect early cases of bvFTD [33].

Another global scale widely used is the Addenbrooke’s Cognitive Examination Revised
(ACE-R), which unlike the MMSE, offers a statistical value (VLOM coefficient) for the
differentiation of different types of dementia. It has been reported that the ACE-R can detect
impairment in 90% of the bvFTD cases [34]. The ACE-R has recently been updated to a new
version, the ACE-II11, showing similar psychometric properties and diagnostic utility to
detect different types of dementia as its precursor [35].

Other tests are the Frontal Assessment Battery [36] and the INECO Frontal Screening [37].
Both may be valuable for distinguishing tAD and bvFTD, since they were proposed for a
rapid assessment of executive dysfunction in dementia and have been reported to be effective
in differential diagnosis [38,39]. Leslie et al. also developed a new tool to assess executive
functions, the FRONTIER Executive Screen, which combines three measures: verbal
fluency, inhibitory control, and working memory. This test demonstrated to have solid
discriminative validity to differentiate bvFTD from AD [40].

Executive function

To date, executive dysfunction is considered as part of the current neuropsychological profile
for bvFTD [29, 30]. However, bdAD and tAD also have this deficit [25, 41]. In a
retrospective study with neuropathologically verified patients with bvFTD, bdAD, and tAD,
investigators reported that bdAD had worse executive functioning than bvFTD and tAD.
Similar results were reported by Reul et al. [42] where patients with AD were significantly
more impaired in executive function than bvFTD. In consequence, several studies have
attempted to investigate which executive tools would be more accurate to reach diagnosis
[43-47]. However, due to the variety of proposed tests, it becomes difficult to decide which
one is the most useful in a clinical setting. In this regard, Hornberger et al. determined that
patients with bvFTD were consistently impaired on the Hayling Test of Inhibitory Control,
Digit Span Backwards, Letter fluency, and Trail Making Test B when compared to controls
and phenocopy subjects [48]. In a longitudinal study comparing AD and bvFTD patients by
neuropsychological testing, 86% of the patients were correctly classified as bvFTD based on
their performance on The Hayling Test and Digit Span Backwards [49] (Table 1).

Memory impairment

The current diagnostic criteria for bvFTD considers memory impairment with relative
preservation [30] and when bvFTD patients presents with memory impairment, it is often
attributed to prefrontal dysfunction. Conversely, there is significant evidence that a subset of
bvFTD patients present memory impairment similar to AD in episodic memory tests [18].
Moreover, Bertoux et al. demonstrated that memory performance in bvFTD is independent
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of executive function, showing storage and consolidation deficits characteristic of
hippocampal involvement, even at early stages of the disease [17].

The most widely episodic memory test used that allows identifying hippocampal affectation
(storage deficits) as well as deficits in encoding and retrieval is the Free and Cued Selective
Reminding Test, which is based on a semantic cueing method that controls the effective
encoding of 16 words or pictures and facilitates retrieval by semantic cueing [50]. This test
has been proven to be an effective tool to distinguish between AD and cognitively healthy
controls [50], detect AD at its early stages [50-52], and identify patients with mild cognitive
impairment who are at a higher risk for developing AD [53].

A comparative neuroimaging study in AD versus bvFTD patients, using whole brain voxel-
based morphometry analyses demonstrated that common brain regions including right
anterior hippocampus, right temporal and frontal lobes, and left paracingulate gyrus are
implicated in episodic retrieval in both groups [54]. Also, when comparing bvFTD, tAD, and
bdAD, all three groups had comparable memory profiles in standard episodic memory tests,
where bdAD patients had similar memory performance than tAD patients, and worse than
bvFTD [25]. Besides that, voxel-based morphometry analyses revealed that bvFTD and
bdAD groups had a common pattern of atrophy in prefrontal and medial temporal lobe [55].
These findings are strongly supported by studies in brain imaging that showed medial
temporal shrinkage in bvFTD as well as neuropathological findings demonstrating
significant hippocampal atrophy in early stages of the disease, with the presence of TDP-43
inclusions in cases with severe memory impairment [51, 56].

Social cognition

Social cognition, defined as the ability to recognize how other people are feeling and make
judgements based on their inferred thoughts [57], includes domains such as the theory of
mind (ToM), emotion recognition, empathy, social cooperation, and moral cognition. ToM
(the ability to infer the beliefs, intentions, and mental states of others) is classically impaired
in bvFTD [58]. Several studies in bvFTD have reported impairment on the ability to
understand sarcasm [59], as well as on ToM on tests such as “reading the mind in the eyes”
and “faux pas” [60, 61]. Concerning recognition of emotions, patients with bvFTD are
severely impaired on the task of identifying the facial expressions of basic emotions
including happiness, sadness, disgust, fear, surprise, and anger [62]. It has been described
that negative emotions seem to be more affected, specifically fear, sadness, anger, and
disgust [63—66]. Moreover, patients with bvFTD show reduced empathic concern when
observing others in pain, which has been associated with grey matter atrophy in the
orbitofrontal cortex [67,68], along with abnormal moral judgments [69, 70].

In AD, failures of social cognition have also been found, but they seem to be less
pronounced than in bvFTD. Social cognition decline is related with the progression of the
disease and secondary to more global cognitive deficits and other cognitive domains such as
memory, attention, and executive function [71]. A recent study shows that more than half of
ToM variance in AD can be explained by executive function and attention impairment as
well as memory deficits, which was in stark contrast with what was observed in bvFTD,
where ToM emerged largely independent of executive performance as well as general
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cognition and memory processing [71]. Bora et al. concluded in a meta-analysis study that
individuals with bvFTD exhibited significantly poorer performance across both facial
emotion recognition and ToM tasks compared to those with AD, despite the presence of
worse MMSE performance in the AD group [72]. For ToM tasks, they suggested that faux
pas and sarcasm tests have the greatest discriminatory potential between bvFTD and AD
(Table 1), whereas false belief tasks are less reliable in distinguishing both pathologies. In
this regard, another study concluded that social cognition assessment is currently one of the
best cognitive domains to discriminate AD from bvFTD clinically, even when either
condition presents with severe amnesia [73]. Furthermore, Gossinketal. [74] found that
Ekman 60 Faces test can distinguish bvFTD successfully from other neurodegenerative
diseases and psychiatric disorders. Those social cognition deficits also appear to influence
other aspects of cognition, such as social status influence on decision making [75] and
emotional enhancement of memory [76-78].

Visuospatial function

Broadly defined, the visuospatial function is the ability to specify the parts and overall
configuration of a percept, appreciate its position in space, integrate a coherent spatial
framework, and perform mental operations on spatial concepts [79]. Visuospatial
dysfunction is among the earliest manifestations of AD, eventually affecting 20%-43% of
patients [80], where the main changes occur in medial and lateral parietal lobe structure [79,
81]. In contrast, visuospatial abilities appear to be relatively preserved in the early stages of
bvFTD, likely explained by the relative sparing of posterior brain structures by the disease
[79, 82, 83]. Consequently, tests of visuospatial abilities may prove to be more accurate in
differentiating AD and bvFTD than other cognitive tests [79].

The visuospatial function is commonly conceptualized in three components: visual
perception, construction, and visual memory. To assess visual perception, the Visual Object
and Space Perception Battery (VOSP) [84] may provide a great opportunity to evaluate this
domain, independent of language and motor function [79]; however, it is time consuming
and its performance requires intact attention, which is often compromised in AD [79].
Although evidence is limited, the “cube analysis” subtest may be helpful in discriminating
AD from bvFTD, especially when the disease severity is controlled [85, 86].

To assess construction abilities, the drawing tasks, such as the Clock Drawing Test and the
Rey-Osterrieth Complex Figure (ROCF) [87] test, are commonly used, although they do not
appear to differentiate between bvFTD and AD because of the higher interference of
executive function, attention and motor skills in this ability [79].

Lastly, there are some test widely used to assess visual memory, such as the delayed recall
component of the ROCF (after 3 or 45 min) and the Benton Visual Retention Test [88], but
the first one is subject to the same confounds as the copy component and impulsivity may
impair the performance of the second one [79]. A recent meta-analysis study suggested that
topographical memory tasks may be able to distinguish AD from bvFTD in a clinical setting
[79]. In this line, a further study suggests that spatial orientation and visual memory assessed
by a novel virtual supermarket task allows to discriminate AD and bvFTD patients in an
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early stage, where the retrosplenial cortex emerges as a critical biomarker to assess spatial
orientation deficits in AD [89].

Language impairment in AD primarily occurs because of a decline in semantic and
pragmatic levels of language processing [90]. Some problems such as haming disorders,
impaired auditory and written comprehension, fluent but empty speech, and semantic
paraphasia are typical language deficits in AD; however, repetition abilities and articulation
remain relatively intact [91]. In the EOAD, language impairment involves lexical retrieval
problems, loss of verbal fluency, and breakdown in the comprehension of higher-order
written and spoken languages [90].

Even if though language in bvFTD is initially spared, some patients with this form of
dementia may present difficulties to name action words. Such a deficit has been shown to be
associated with executive abilities and may not reflect defective verb processing [41].
Alternatively, in relation to their apathy, patients with bvFTD may not participate in
communication, and thus may be perceived with a reduced spontaneous speech output. A
further major point to consider is that social and emotional aspects of speech may be
impaired in bvFTD, with an inability to understand the subtleties and context of
conversations [92]. Fluency may also be helpful in differentiating both disorders. While
semantic (category) fluency is usually impaired to a greater degree in bdAD, phonemic
(letter) fluency is more affected in bvFTD [91, 92]. Interestingly, the use of profanity during
verbal fluency testing has been shown to be more suggestive of bvFTD than tAD or bdAD
[92].

Neuropsychiatric features

Neuropsychiatric symptoms are common in the course of dementia [93, 94]. They can be
present at prodromal stages of dementia, such as mild cognitive impairment, and may even
increase the conversion risk to dementia [95]. Additionally, a mild behavioral impairment
(MBI) may be considered as an early manifestation of a neurodegenerative disease such as
bvFTD, when this is not explained by a previous psychiatric condition. A few years ago,
Taragano et al. [96] and Ismail et al. [95] revised the MBI criteria, which determined that
behavioral changes have to persist for at least 6 months to be considered as MBI. The MBI
criteria features were divided into five subcategories: motivation, affective regulation,
impulse control, social cognition, and perception/thought content, that may help detect the
early onset of dementia such as bvFTD. A checklist with the core features of MBI has been
developed to facilitate diagnosis [97].

Patients with bvFTD frequently present with psychiatric symptoms at onset or during the
course of their illness [31]. Distinguishing behavioral features from primary psychiatric
disorders, such as major depression, bipolar disorder, obsessive-compulsive disorder, autism
spectrum disorders, and schizophrenia, remain challenging [98].

To date, apathy and agitation/aggression have been reported in both AD and bvFTD.
Nonetheless, some neuropsychiatric symptoms have been more associated with each one.
For AD, it has been described that patients may experience a higher frequency of depression,
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a situation that has not been linked to bvFTD [99-101]. In fact, in bvFTD, it is unusual for
patients to complain of sadness, despair, or anxiety or indeed to acknowledge any suffering
or handicap due to their lack of insight [31].

Regarding bvFTD, the principal behavioral symptoms include a disruptive change in
personality characterized by impulsiveness, disinhibited behavior, inappropriateness, and a
combination of obsessions/compulsions and ritualistic acts, collecting or hoarding,
hyperorality, and utilization behaviors [29, 102]. In a recent study, criminal behavior was
shown to be recurrent in patients with bvFTD compared to patients with AD, and
delinquency was considered an early manifestation of FTD disorder [103]

When comparing bvFTD with tAD and bdAD, bvFTD patients’ eating habits may be
significantly altered, with hyperphagia, food rituals, and a tendency to seek out and eat one
type of food, such as high-carbohydrate meals (e.g., ‘sweet tooth’), with resultant weight
gain. This contrasts with the typical weight loss of bdAD patients, which is more related to
depression [92]. Moreover, several studies have reported that personality and behavioral
changes, including loss of empathy, are more prevalent and severe in bvFTD [25, 31, 92] and
these symptoms are more related to caregiver’s burden [25, 31, 92]. It is important to
highlight that recognizing behavioral changes may not be obvious, as dementia tends to
insidiously exaggerate pre-morbid personality traits. Whereas irritability, depression, and
emotional lability may be more common in AD, constricted affect and apathy are more
typical in bvFTD [92].

As mentioned above, bvFTD affects multiple levels of social behavior, and some
characteristics that occur in daily life might not appear in the clinical and
neuropsychological assessment, such as a decrease in conventional tact and poor manners
when reaching for items during meals, appropriately excusing themselves when necessary,
engaging in eating off tablemates’ plates or uncouthly eating with their hands [92, 104].
Moreover, it is not uncommon for patients with FTD to have problems at work, lose their
jobs, and cause financial instability in the household [12]. In the same line, there is social
awkwardness, tactlessness, decreased propriety and manners, disagreeableness, and absence
of “you” statements or questions during conversation. Those characteristics are neither
present in tAD or bdAD [104]. Table 2 summarizes the core differences between these
diseases.

Several informant-based scales have been developed in order to assess neuropsychiatric
symptoms. The Neuropsychiatric Inventory Questionnaire [105, 106] aims to identify the
presence of hallucinations, delusions, depression, apathy, and other signs that occur in both
pathologies. The Cambridge Behavioral Inventory [107] is used to assess behavioral and
cognitive changes along with daily life activities as well. The Frontal Systems Behavioural
Scale [108] evaluates executive dysfunction, which may facilitate the differential diagnosis
in AD and FTD. Another useful diagnostic test is the Frontal Behavioral Inventory, which is
sensitive in differentiating between FTD and AD [109]. Finally, the Frontotemporal Rating
Scale is a dementia staging tool based on clinical judgement aimed at assessing changes on
neuropsychiatric symptoms and performance on ADL. This scale is useful to distinguish
rates of disease progression in different subtypes of FTD and AD [110].
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Functional impairment in the activities of daily living

The diagnostic guidelines for both diseases emphasize the requirement for the presence of a
disabling functional impairment on the activities of daily living (ADL). In both pathologies,
instrumental ADL (IADL) are affected earlier than basic ADL (BADL). Complex IADL,
such as travel or employment, are affected in the mild stage of AD and bvFTD [111],
whereas BADLSs, such as personal hygiene and grooming remain intact. Classical
progression in bvFTD and AD is characterized by a decline in everyday life abilities,
progressively affecting less complex IADL and BADL [112]. Functional impairment in
bvFTD is greater and decline faster than that observed in AD and is associated with
involvement of different neural correlates [113]. Studies with the Disability Assessment
Scale revealed that impairment in functionality affects differentially the three components of
performance, e.g., planning, initiation, and execution. In both AD and bvFTD, there is no
simple relationship between the degree of cognitive and functional impairment, suggesting
that functional impairment could be also associated with another dimension of the dementia
syndrome, such as social and behavioral disturbance [112]. Conversely, in a recent study,
Amanzio et al. found that the disabilities in IADL are associated with reduced awareness of
their own deficits in bvFTD patients, which are related to medial prefrontal cortex atrophy,
where the mid-cingulate cortices, dorsal anterior insula, and cuneus play an important role
[114]. In turn, patients with EOAD, especially the autosomal dominant variants, had a more
aggressive course and non-cognitive neurological symptoms, such as myoclonus, seizures,
hallucinations (PSENI and PSENZ2 mutation), as well as hemorrhage, stroke-like episodes,
leukoen-cephalopathy, and even cortical calcification (APP mutation), which also affects
their functionality of ADL [115]. In addition, a comparative study found that bvFTD patients
had their IADL more impaired than AD patients, most especially in activities related to bills,
shopping, taxes, meal preparation, and hobbies [116].

Caregiver burden

As in all types of dementia, caregiver burden is also present in AD and bvFTD, which is
especially associated with neuropsychiatric symptoms. In this respect, some studies have
found that bvFTD caregivers reported higher general burden than those who care for AD
patients [117, 118]. In fact, behavioral changes rather than the level of disability appeared to
be correlated with caregiver distress and burden in bvFTD [119]. Furthermore, bvFTD
caregivers were less satisfied with the patient as a care recipient and with themselves as a
caregiver [118]. In the same line, Wong et al. have found that bvFTD caregivers experience
greater strain and distress, more depressive symptoms, and lower perceived control than
EOAD caregivers [120]. Additionally, Mioshi et al. [121] have found a strong relationship
between depression and stress in bvFTD caregivers, where despite other studies, caregiver
burden is not explained by the neuropsychiatric symptoms or the functional disability, but by
depression symptoms and other characteristics relative to the caregiver itself, where bvFTD
caregivers were also significantly more depressed than AD caregivers [121].

As a summary, Fig. 1 shows a comparative profile of the clinical features explained above,
that could help for the differential diagnosis between tAD, bdAD, and bvFTD.
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DIAGNOSTIC FORMULATION

We propose starting the diagnostic process with extensive history-taking and
neuropsychological testing, as well as the assessment of functionality on IADL and
caregiver burden, followed by a brain MRI scan, if it is possible. The objective remains to
detect the core cognitive and behavioral symptoms, functionality on ADL and integrated
them in a probabilistic model to determine the most likely neuropathology underlying the
clinical syndrome to facilitate the differential diagnosis.

Considering the foregoing, it is important to note the core symptoms that could contribute to
the differential diagnosis and which of them usually occur simultaneously across the
diseases (Figs. 1 and 2; Table 2) as well as the instruments proposed for their accurate
assessment (Table 1). In this regard, it seems that both memory and executive function can
be impaired in AD and bvFTD, with differences in their severity; however, the involvement
of memory and executive function cannot be always useful for the differentiation of both
diseases because of their high overlap. On the contrary, deficits in social cognition, visual
orientation, semantic versus verbal fluency as well as lack of insight and behavioral
symptoms such as hyperorality, personality changes, loss of empathy, the absence or
presence of depression, the rate of progression on their functional impairment and the
consecutive caregiver burden in the early stages of the disease can help to differentiate tAD
and bdAD from bvFTD and guide the respective clinical picture into a more certain
diagnostic formulation (Fig. 2).

Ossenkoppele et al. [25] suggest that the key diagnostic features to distinguish bdAD from
bvFTD are the magnitude of memory impairment and brain atrophy pattern, were they
differentiate two groups, wherein bvFTD patients showed characteristic atrophy in anterior
brain regions and the bdAD showed a classical AD pattern involving wide regions of the
temporoparietal cortex (Figs. 2 and 3).

DISCUSSION AND CONCLUSION

The differential diagnosis of bvFTD and AD is often challenging given the variety of clinical
presentations. To date, it is not possible to determine the clinical profile of the patients based
only on a specific neuropsychological tool. In contrast, a combination of different
instruments including measures of executive function and social cognition, neuropsychiatric
symptoms, caregiver burden and functional impairment in daily life will help recognize
patients with AD and bvFTD. Moreover, there is a lack of research aimed at studying the
clinical differentiation between tAD and bdAD. As a consequence, although the respective
discriminability of most of the cognitive tests and scales mentioned in this review may be
inaccurate, they can still be helpful to distinguish tAD and bdAD from bvFTD. Current
evidence has demonstrated that patients with AD might manifest behavioral changes, being
generally less marked than bvFTD [122]. In turn, bvFTD patients might present significant
amnestic disorder even at early stages of disease. In the same line, executive function is
neither particularly nor exclusively impaired. These findings lead to consider the impairment
of other cognitive domains apart from memory and executive function, such as visuospatial
function, language, and social cognition.
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The main novelty of this review is to offer a comparative clinical overview that may aid the
differential diagnosis between AD and bvFTD. This contrast can be particularly useful for
clinical settings from low-and middle-income Latin American countries, where there is an
unfortunate limited access to neuroimaging and biomarker techniques [22].

Moreover, there is a need for widening transcultural research in dementia with the purpose
of exploring the interlink between the main symptoms and cultural factors. Indeed, the
detection of behavioral changes is likely to vary according to the culture in reference [123],
as well as the performance in different cognitive tests. In addition, while most of the tests
and scales revised here have been validated in some Latin American countries such as
Argentina, Brazil, Chile, Colombia, Cuba, México, and Peru, the cultural differences and
presence of aboriginal communities variability across the level of educations of the countries
of Latin America pose a major challenge for timely diagnosis [22]. Hence, the adaptation
and validation of the different cognitive tests to the local culture is required in order to make
an accurate diagnosis.

As explained before, it is important to reduce diagnosis time in YOD, especially when it
comes to differentiating FTD and AD, since there are different prognoses for each disease,
as along with distinct medical, psychological, and social needs for the patients and their
caregivers. Above all, it is necessary to consider that it is exhausting and difficult for
families to wait for a final diagnosis and face an uncertain future since the progression of
dementia in YOD patients appears to be highly variable [74]. Thus, tailored plans and
treatment options can mitigate suffering, reduce and control neuropsychiatric symptoms to
improve patients’ quality of life as well as for the people who live in their surroundings and
care for them [12].

In other words, considering that the patients with YOD are often employed, many of them
might be the main earners among the members of their families and will often have
parenting roles. Appropriate early diagnosis and support can enable patients not only many
to continue participating and contributing to society, but also to postpone their
institutionalization and reduce the associated caregiver burden [5]. This is an important
aspect for offering nonpharmacological treatment for patients and contributing to savings for
their families and the community, which can result in fewer patients residing in costly
nursing homes.

Given the inherent complexity of dementia syndromes, a better knowledge on their clinical
profiles might be one of the main factors that may shape the correct diagnosis [124]. As a
matter of fact, a lack of specialists in mental health for the elderly, limited training and low
confidence of physicians contributes to dementia underdiagnosis [124, 125]. For this reason,
there is an important need for training across different levels of the health care system,
particularly at the primary care level. Also, qualified staff and investment in infrastructure
and technology will be vital to achieve earlier diagnosis and more effective future
therapeutic interventions. In the same way, although there is local awareness regarding the
importance of harmonizing diagnostic procedures in some Latin American countries, this
has not reached a regional level yet [22].
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Finally, multiple factors such as resources, culture, language, and stigmas affect the accurate
diagnosis [22, 124]. New challenges need to be integrated into this matter, in order to
contribute to better comprehension and knowledge about dementia and their different types,
especially in public health centers.
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Fig. 1.

Neuropsychological and clinical signatures of tAD, bdAD, and bvFTD. Each point of the
target shows a particular cognitive or clinical domain. The distance along the radial
dimension indicates the level of impaired or decline function. Loss of function is indicated
by a major distance from the central point, which corresponds to the cognitive/clinical
domain in reference. The neuropsychological profile of a particular disease is evident in the
pattern of decline of cognitive and clinical features: the differential loss of function across

cognitive domains.
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Fig. 2.
Summary of the recommended key points to be assessed in each stage of the clinical
examination.
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Fig. 3.

Pagtterns of brain atrophy in bvFTD, bdAD, and tAD. Image modified from Elahi and Miller,
2017 [14]. The brain images show patterns of atrophy on structural neuroimaging observed
across the different clinical syndromes. In bvFTD, the main atrophy is localized into right
frontal structures. In the bdAD, voxel-based morphometric studies reveal temporoparietal
atrophy with relative preservation of frontal grey matter. In tAD atrophy is first noted in the
medial temporal lobes and gradually spreads toward broader temporoparietal and posterior
cingulate cortices.
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Comparison of the core neuropsychiatric and behavioral changes present in behavioral variant frontotemportal

dementia (bvFTD), typical AD (tAD), and behavioral/dysexecutive variant of AD (bdAD)

Neuropsychiatric tAD bdAD bvFTD
Symptom

Depression ++++ ++ +
Disinhibition ++ +++ +HH
Apathy +H+
Loss of Empathy + 4+ U
Perseverative *k +H+ o+
Hyperorality + ++ U
Irritability *k F— T+
Lack of awareness ++ ++4+ [

Agitation/aggression =~ **** +++

Delusions folad +

++

*
Appears in advanced stages of dementia.
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