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Abstract.
Background: Behavioral variant frontotemporal dementia (bvFTD) is generally considered a young-onset dementia, although
age at onset is highly variable. While several studies indicate clinical differences regarding age at onset, no biomarker validated
cohort studies with updated clinical criteria have been performed.
Objective: We aimed to examine behavior, cognition, and mortality over the full age spectrum in a cohort of bvFTD patients
with neuroimaging, genetic, or histopathological confirmation and exclusion of positive Alzheimer’s disease biomarkers or
severe cerebrovascular damage.
Methods: In total, 315 patients with a clinical diagnosis of probable or definite bvFTD were included from the Amsterdam
Dementia Cohort and grouped into quartiles by age-at-diagnosis. Neuropsychiatric symptoms and cognitive functioning were
assessed with the neuropsychiatric inventory, the geriatric depression scale and a neuropsychological test battery. Data on
mortality was obtained from the Dutch municipal register. Associations between age-at-diagnosis and clinical features and
mortality risk were examined.
Results: Age-at-diagnosis ranged from 26 to 85 years and established quartiles with mean ages of 52 ± 6, 61 ± 2, 66 ± 2,
and 74 ± 3 years. In the total sample, 44.4% exceeded an age of 65 years at time of diagnosis. Earlier age-at-diagnosis was
associated with more severe behavioral symptoms, while later age-at-diagnosis was associated with more severe memory
impairment. Unexpectedly, mortality risk was not associated with age-at-diagnosis.
Conclusion: In bvFTD, symptom profile is associated with age-at-diagnosis. This should be taken into account with regard
to diagnostics, patient management, and trial design. Additionally, based on our sample, the prevalence of late-onset bvFTD
is higher than generally thought.
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INTRODUCTION

Behavioral variant frontotemporal dementia (bv-
FTD) is known as the most common clinical variant of
the frontotemporal dementia (FTD) spectrum, and the
second most common cause of young-onset dementia
after Alzheimer’s disease (AD) [1, 2]. Character-
ized by severe changes in behavior and personality
[3], bvFTD knows a large clinical variability and
an age range varying from 21 to 85 years of age
at onset [4]. This heterogeneity challenges diagnos-
tics, patient management, and trial cohort design.
While the prevalence of FTD is generally consid-
ered to be highest within the age categories 45–64
years [5, 6], other population-based studies reported a
higher prevalence and incidence of bvFTD in elderly
than commonly thought [7–11], suggesting bvFTD is
relatively underdiagnosed in the elderly population.
This poor recognition might be related to a different
symptom presentation in late-onset bvFTD. Indeed,
late-onset FTD has shown to present more frequently
with memory deficits [12, 13], thus reducing the sen-
sitivity of current diagnostic criteria for bvFTD, as
these consider a relatively spared memory as a sup-
portive feature [3]. On the other hand, early-onset
FTD has been found to be characterized by predom-
inant behavioral disturbances, and very early-onset
bvFTD has been described with a prominent neu-
ropsychiatric presentation (e.g., schizophrenia-like
psychosis) [14, 15]. In line with this thought, there
is evidence for different atrophy patterns depending
on age at onset, regarding more frequent and severe
hippocampal sclerosis in elderly bvFTD versus fron-
totemporal atrophy in younger onset bvFTD [12, 16].
Also, several studies report that older age at onset is
associated with shorter survival in dementia in gen-
eral, FTD, and bvFTD [17–19], although this may be
largely explained by the general notion of decreased
life expectancy with aging.

With regard to clinical differences based on age at
onset, a few studies have been performed with varying
results. Whereas some of these support the concept of
early- and late-onset FTD as distinct phenotypes [12,
13, 15], others did not support this [20], or found
partly contradicting results [21]. However, limita-
tions of these studies are either a small sample size,
inclusion of language variants of FTD, outdated diag-
nostic criteria or lack of extensive cognitive testing.
Furthermore, biomarkers indicative of AD have not
been applied in these studies, thereby risking the erro-
neous inclusion of AD cases [22]. Lastly, young-onset
dementia, including young-onset bvFTD, is generally

defined as dementia occurring before the age of 65
years. While this traditional cut-off point is widely
used and seems appropriate in other neurodegener-
ative diseases, it is rather arbitrary and most likely
based on sociological grounds [23, 24]. The heteroge-
neous nature of bvFTD may require a different cut-off
point or a less dichotomous perspective.

Determination of potential age-related phenotypes
may be essential for diagnostics, appropriate care,
and future clinical trial design. Depending on age
at onset, subgroups in bvFTD might call for dif-
ferent outcome measures. Therefore, we examined
clinical phenotypes of bvFTD on the complete con-
tinuum of age, through assessing neuropsychiatric
symptoms, cognitive functioning, and survival rates
in a biomarker validated cohort with the most recent
clinical criteria. Based on previous literature, we
hypothesized predominant behavioral disturbances
would characterize younger patients with bvFTD and
a milder behavioral profile, more profound memory
deficits and shorter survival would occur in older
patients with bvFTD.

METHODS

Study population

All patients with a clinical diagnosis of probable
or definite bvFTD were included from the Amster-
dam Dementia Cohort (n = 315) [25]. In this cohort,
patients underwent a standardized dementia screen-
ing between September 1998 and October 2019,
including neuropsychological assessment, neurolog-
ical examination, laboratory tests, and/or genetic
screening. Clinical diagnosis of bvFTD was estab-
lished by consensus in a multidisciplinary meeting,
and level of certainty was assigned according to
the revised international diagnostic criteria (FTDC)
[3]. Consequently, cases with frontal and/or ante-
rior temporal atrophy or hypoperfusion on MRI, CT,
PET, or SPECT were classified as probable bvFTD.
When a known pathogenic mutation was present or
histopathological evidence was found at postmortem
examination, cases were classified as definite bvFTD.
Fifty patients were tested positive on a pathogenic
mutation (33 C9orf72, 8 MAPT, 6 GRN, 2 TARDP,
1 CHMP2B) and nineteen patients had histopatho-
logical evidence postmortem (17 TDP, 2 FUS). For
cases before 2011, fulfillment of FTDC criteria was
assigned retrospectively, including biomarker confir-
mation on neuroimaging, genetics and/or pathology,
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as well as AD markers in cerebrospinal fluid (CSF)
(authors initials who have contributed to retrospective
assignment: JF, SB, YP, EV). Patients with a diagno-
sis of possible bvFTD, i.e., behavioral disturbances
without confirmation on neuroimaging, genetics, or
pathology, were excluded (n = 46). CSF was avail-
able of 239 patients. Patients with an AD CSF profile
were excluded (n = 22), i.e., abnormal p-tau/amyloid-
beta42 ratio (> 0.214 Innotest; > 0.020 Elecsys) or
abnormal amyloid-beta42 (< 813 Innotest; < 1000
Elecsys) and p-tau (> 52 Innotest; > 19 Elecsys).
MRI Fazekas score was available of 196 patients.
Patients with severe cerebrovascular damage were
excluded (n = 6), i.e., Fazekas score of 3 representing
a high burden of white matter hyperintensities. For
this study, we investigated cross-sectional baseline
data of all patients with available neuropsychiatric
and cognitive evaluations.

The study was approved by the Ethics Committee
of the Amsterdam UMC (2015.457). All patients pro-
vided written informed consent to use their clinical
data for research purposes. Sex and level of education
of all patients was assessed. Level of education was
classified using the Verhage system ranging from 1
(no or little education) to 7 (highest academic degree)
[26].

Age at onset

Age-at-diagnosis was assessed at the standardized
dementia screening. Symptom duration was assessed
by the number of years of disease related complaints
reported by the patients’ caregiver. Weighing expert
diagnosis over caregivers’ perception, age at onset
was defined as age-at-diagnosis. Based on character-
istics of our study population the sample was divided
in quartiles of age-at-diagnosis; very early onset in the
first/youngest quartile (Q1), early onset in the second
quartile (Q2), late onset in the third quartile (Q3), and
very late onset in the last/eldest quartile (Q4).

Neuropsychiatric assessment

Neuropsychiatric symptoms were assessed with
the informant-rated Neuropsychiatric Inventory
(NPI) [27, 28] and the Geriatric Depression Scale
(GDS) [29]. For the NPI, scores were transformed
to severity (frequency x severity, ranging 0–12) and
a total neuropsychiatric score (NPI sum of scores,
ranging 0–144). Data of the NPI was available of
203 patients (64.4%) and GDS was available of 200
patients (63.5%). For all behavioral variables, higher
scores indicate more severe behavioral symptoms.

Neuropsychological testing

Dementia severity and global cognition were
assessed with the Clinical Dementia Rating scale
(CDR) [30], the Mini-Mental State Examination
(MMSE) [31], and the Frontal Assessment Battery
(FAB) [32]. Extensive cognitive assessment was per-
formed using a standardized test battery covering
five cognitive domains: memory, attention, executive
functioning, language, and visuospatial functioning.
The domain memory included the total immedi-
ate and delayed recall of the Dutch version of the
Rey Auditory Verbal Learning Task and the total
recall on Visual Association Test (VAT) [33, 34].
The domain attention included the Trail Making Test
part A (TMT-A), the forward condition of digit span,
and the word and color subtests of the Stroop test
[35–37]. The domain executive functioning included
the trail making test part B (TMT-B), the backward
condition of digit span, the color-word subtest of
the Stroop test and the letter fluency [35–38]. The
domain language included the category fluency (ani-
mal naming) and the naming condition of the VAT
[33, 39]. Lastly, the domain visuospatial function-
ing included three subtests of the visual object and
space perception battery: number location, dot count-
ing, and fragmented letters [40]. The test scores of
pace dependent tests (TMT-A, TMT-B, and Stroop
subtests) were not normally distributed, and there-
fore log-transformed and inverted to ensure lower
scores indicated poorer cognitive performance. Raw
test scores were converted into z-scores using the
mean and standard deviation of our study population.
Global cognitive performance was estimated by aver-
aging the z-scores of all tests. Domain z-scores were
calculated by averaging the z-scores of all tests within
a cognitive domain. Cognitive scores were available
of a large majority of patients; memory (n = 261,
82.9%), attention (n = 265, 84.1%), executive func-
tioning (n = 262, 83.2%), language (n = 257, 81.6%),
visuospatial functioning (n = 200, 63.5%), MMSE
(n = 270, 85.7%), and FAB (n = 225, 71.4%). For all
cognitive variables, lower scores indicate poorer cog-
nitive functioning.

Mortality

For all patients, information on all-cause mortality
(died yes/no with the date of death) was obtained
from the Dutch municipal register. This register was
searched on April 6, 2020. Causes of death cannot
be determined from this municipal registry. For four
cases current status was unknown in the register, but
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Table 1
Characteristics of the total sample and by age quartiles

Total Very early Early Late Very late
sample onset (Q1) onset (Q2) onset (Q3) onset (Q4)

N (%) 315 (100) 79 (25.1) 81 (25.7) 84 (26.7) 71 (22.5)
Age-at-diagnosis, y 62.9 ± 8.8 51.8 ± 6.3 60.5 ± 1.7 66.4 ± 1.6 74.0 ± 3.2

Age-at-diagnosis range, y 26–85 26–57 58–63 64–69 70–85
Symptom duration, y 3.6 ± 3.2 3.4 ± 2.8 3.2 ± 3.2 4.1 ± 3.3 3.7 ± 3.4
Sex, n female (%) 120 (38.1) 33 (41.8)d 37 (45.7)d 34 (40.5)d 16 (22.5)a b c

Education, Verhage 4.9 ± 1.3 5.0 ± 1.2 4.7 ± 1.2 4.8 ± 1.2 5.1 ± 1.4
Probable bvFTD, n (%) 251 (79.7) 55 (68.8) 63 (75.9) 73 (84.9) 66 (91.7)
Definite bvFTD, n (%) 64 (20.3) 25 (31.6)c d 20 (24.7)d 13 (15.5)a 6 (8.5)a b

Pathogenic mutation, n (%) 50 (15.9) 20 (25.3)c d 16 (19.8)d 10 (11.9)a 4 (5.6)a b

Histopathologic evidence, n (%) 19 (6.0) 6 (7.6) 7 (8.6) 4 (4.8) 2 (2.8)
CDR 0.8 ± 0.5 0.9 ± 0.5 0.9 ± 0.4 0.8 ± 0.5 0.8 ± 0.5

Data are presented as mean ± SD; n (%); Q1–Q4, quartiles of age-at-diagnosis; y, years; Symptom duration, presence of disease related com-
plaints reported by caregiver; Education, level of education (Verhage system 0–7); CDR, Clinical Dementia Rating scale (0–3); asignificantly
different from Q1, bsignificantly different from Q2, csignificantly different from Q3, dsignificantly different from Q4; p < 0.05.

data was established by their general practitioners.
For one case date of death was unknown, resulting in
1 missing in the mortality data. For survival time, we
included all patients and defined follow-up duration
as time between date of diagnosis and date of death,
or if alive, between date of diagnosis and April 6,
2020.

Data analyses

All statistical analyses were performed with SPSS
version 22 (released 2013, IBM SPSS Statistics for
Windows, Armonk, NY, USA). Significance was set
at p-value < 0.05 for all analyses. Group differences in
characteristics were tested using analysis of variance
(ANOVA) or Chi-Square-tests when appropriate.
Associations between age-at-diagnosis (independent
variable) and behavioral and cognitive scores (NPI,
GDS, and neuropsychological z-scores; dependent
variables) were assessed using linear regression
analyses (adjusted for sex, educational level, and
symptom duration). Data are presented as standard-
ized beta coefficients (Beta). A Cox proportional
hazard model (adjusted for sex, educational level, and
symptom duration) was used to assess the association
between age-at-diagnosis as a continuous variable
and mortality risk, taking into account time to death.
Data is presented as hazard ratio with accompanying
95% confidence interval (HR (95% CI)).

RESULTS

Characteristics

The total sample consisted of 315 patients, of
which 251 fulfilled the criteria of probable bvFTD

(79.7%) and 64 met the criteria of definite bvFTD
(20.3%) (Table 1). Age-at-diagnosis ranged from 26
to 85 years of age, with a mean age of 62.9 ± 8.8.
Division of the sample in quartiles established four
age groups with a mean age of 51.8 ± 6.3 (very early
onset, Q1), 60.5 ± 1.7 (early onset, Q2), 66.4 ± 1.6
(late onset, Q3), and 74.0 ± 3.2 (very late onset, Q4).
When the sample was divided in the traditional cut-
off at 65 years of age, 55.6% was younger than 65
years (n = 175) and 44.4% was 65 years or older
(n = 140). The total sample showed a small predomi-
nance of males (61.9%). The very late onset subgroup
comprised of relatively more males than lower age
quartiles (p = 0.019; Q4–Q1, Q4–Q2, Q4–Q3 all
p < 0.05). Lower age quartiles comprised relatively
more pathogenic mutation carriers and therefore
more definite bvFTD cases than higher age quartiles
(p = 0.005; p = 0.002 respectively; Q1–Q3, Q1–Q4,
Q2–Q4 all p < 0.05).

Clinical features

Linear regression analyses showed age-at-dia-
gnosis was associated with several behavioral
symptoms and impaired memory performance. Age-
at-diagnosis was negatively associated with the
severity of euphoria (NPI; Beta –0.167, p = 0.021),
the severity of apathy (NPI; Beta –0.168, p = 0.020),
and the severity of depressive symptoms (GDS;
Beta –0.277, p = 0.000), showing that younger pa-
tients present with more severe euphoric, apa-
thetic, and depressive symptoms than older patients
with bvFTD. For visualization, distributions of
neuropsychiatric symptoms of age quartiles are
shown in Fig. 1. Looking into age quartiles, more
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Fig. 1. Mean scores of neuropsychiatric symptoms per age quartile.
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Fig. 2. Association between memory performance and age-at-
diagnosis in bvFTD.

severe behavioral deficits seem to be attributed to
the youngest subgroup. As for cognition, age-at-
diagnosis was negatively associated with memory
performance (Beta –0.153, p = 0.021), showing older
patients present with more severe memory deficits
than younger patients with bvFTD. Divided in age
quartiles, the association between memory perfor-
mance and age-at-diagnosis is shown in Fig. 2.

Mortality

A total of 158 patients were deceased at time
of analyses (50.2%). For deceased patients, survival
time from date of diagnosis to date of death ranged
from 0 to 17 years with a mean survival time of
4.2 ± 3.0 years. Cox regression analysis showed there
was no association between age-at-diagnosis and
mortality (HR 1.02 (95% CI 0.995–1.042, p = 0.118),
meaning there is no increased risk of mortality asso-
ciated with age-at-diagnosis. Furthermore, mortality
risk did not differ between age quartiles (log-rank
test, p = 0.155). Survival curves of age quartiles are
shown in Fig. 3.

DISCUSSION

The association between clinical phenotype and
age-at-diagnosis was investigated in our cohort of
biomarker confirmed probable and definite bvFTD
patients of a wide age range. Our main finding is that
patients with earlier age-at-diagnosis present with
more severe behavioral symptoms, while patients
with later age-at-diagnosis present with more pro-
found memory deficits. In more detail, we found that

Fig. 3. Survival in bvFTD, showing Kaplan-Meier curves accord-
ing to age quartiles; log-rank test is p = 0.155.

earlier age-at-diagnosis was associated with more
severe symptoms of euphoria, apathy and depression
than later age-at-diagnosis. There was no increased
risk of mortality with increasing age-at-diagnosis.
Also, division in the traditional cut-off at 65 years
of age showed almost half of the sample (44.4%)
comprised of late-onset bvFTD.

As for the behavioral profile, our results con-
firm previous smaller studies stating predominant and
more severe behavioral symptoms in early-onset FTD
compared to late-onset FTD [12, 15, 21], in partic-
ular regarding apathy [21]. In contrast, one study
(n = 35 FTD) stated apathy was more frequent in
late-onset than early-onset [13], and another study
(n = 134 bvFTD) found no differences in the behav-
ioral profiles by age at onset [20]. However, these
studies used outdated diagnostic criteria of bvFTD,
and comparisons among studies that use different
diagnostic criteria presumed a low validity for specif-
ically elderly bvFTD [7]. Looking into the actual
differences we found in apathy scores, one could
argue the relative difference between the age sub-
groups seem trivial. Yet, among neuropsychiatric
symptoms in bvFTD, especially apathy is associ-
ated with functional disability [41], caregiver distress
[42], and more rapid institutionalization [43]. Since
the severity of apathy strongly affects patient and
caregiver burden, these subtle yet significant dif-
ferences may have important clinical relevance in
early-onset bvFTD. Furthermore, the finding that
patients with earlier age at onset presented with more
severe euphoric and depressive symptoms than later
age at onset might sound contradicting. Yet, looking
into the content of the NPI, the items on euphoria
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rather encompass abundant and inappropriate behav-
ior, e.g., insensible jokes or childish games, which
might not be specifically related to mood. Involving
a core clinical symptom of the disease, this inappro-
priate behavior is particularly relevant in bvFTD and
may represent its main aberrant behavior.

Our finding that later age-at-diagnosis of bvFTD
was associated with more severe memory impairment
confirms previous literature [12, 13]. Although one
study reported more profound memory impairment in
early versus late-onset FTD, this was not the case in
subanalyses of its behavioral variant [21]. Underlying
memory dysfunction, late-onset bvFTD may follow
a different pathological pathway. In fact, late-onset
FTD is characterized by more severe hippocampal
sclerosis versus less cortical frontotemporal atrophy,
than early-onset FTD [12, 15, 16]. These structural
characteristics may be related to distinct atrophy
patterns following frontal/frontotemporal salience
networks versus semantic appraisal or subcorti-
cal networks [44]. Moreover, age-related factors as
comorbidity may play a part in older patients with
bvFTD. Compared to early-onset, late-onset FTD
has been associated with more comorbid pathologic
changes and higher rates of mixed pathology, includ-
ing AD, cerebral amyloid angiopathy, vascular brain
injury, and hippocampal sclerosis [6]. These non-
FTD changes become more prevalent with age [45,
46] and may negatively affect memory function.
However, by excluding cases with AD positive CSF
and cases with severe cerebrovascular damage, we
diminished the possibility of comorbid AD and cere-
brovascular disease.

We found no association between mortality risk
and age-at-diagnosis, while several studies reported
that older age at onset was associated with shorter
survival in FTD [17–19]. Because life expectancy
generally decreases with age, one interpretation could
be that the relative shortening of life in younger
patients with bvFTD is larger. Indeed, young-onset
and late-onset FTD has shown a remarkably shorter
survival time compared to the general Dutch popu-
lation [19]. Also, the effect of age on survival may
differ in patients with and without genetic muta-
tions [17, 18], as age at onset, progression rate, and
age at death in genetic FTD showed to be strongly
influenced by the specific mutation and family mem-
bership [47, 48]. Since we have not systematically
performed genetic screening in our full cohort, we
were not able to account for the effects of pathogenic
mutations among the separate age groups. As clinical
profile may be affected by the underlying pathogenic

mutation and/or pathology, this requires further
study.

The symptom profile of predominant behavior
disturbances in earlier-onset bvFTD and more pro-
found memory impairment in later-onset bvFTD
might contribute to the current challenge faced in
bvFTD diagnostics. While behavioral symptoms in
younger patients may explain the foremost differ-
ential diagnosis with primary psychiatric disorders,
memory deficits in older patients call for differ-
entiation from AD. Awareness of these age-related
phenotypes could improve diagnostics considerably.
Furthermore, in this study almost half of the sam-
ple (44.4%) exceeded an age of 65 years at time
of diagnosis, surpassing the estimated prevalence of
LO-FTD between 25–30% in literature [5, 6], but
confirming studies stating onset after 65 years of age
is more common than previously thought [8, 20, 21].
While late-onset FTD knows more frequent misdiag-
noses and is most likely mistaken for AD, we reduced
this probability by exclusion of cases with possible
bvFTD or AD biomarkers [6, 49]. Since the current
diagnostic bvFTD criteria state a relatively sparing
of memory as a supportive feature [3], underrepre-
sentation of bvFTD in the elderly population remains
a threat. Because a correct diagnosis is essential to
accurate clinical practice and research, this should be
addressed in novel diagnostic guidelines and consid-
ered in future cohort design.

There are a few limitations in this study. Firstly,
age at onset was defined with age-at-diagnosis, which
does not equal actual disease onset. Particularly in
bvFTD, disease onset is hard to determine as symp-
toms may present as subtle and insidious changes in
behavior, sensitive to subjectivity. In this light, we
chose a more objective construct based on expert
diagnosis over caregivers’ perception. Secondly, we
included bvFTD patients from a standardized demen-
tia screening with clinical assessment of general
dementia instruments, such as the NPI and GDS. Con-
sidering the challenge to capture bvFTD in traditional
dementia work-ups, usage of bvFTD specific mea-
sures and questionnaires would be preferred (e.g.,
FTLD adjusted CDR [50] and Cambridge Behav-
ioral Inventory [51]). However, in this clinical cohort
design, we were able to collect data from a large group
of patients, during an extended period of time, while
generally covering important clinical features. Lastly,
missing values were relatively high in the behavioral
measures (NPI 35.6%, GDS 36.5%). Nevertheless,
these numbers of missing NPI or GDS were equally
distributed across the age spectrum.
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As far as we are aware, this is the first and
largest study on age-related phenotypes of bvFTD,
with updated clinical criteria and biomarker valida-
tion. By excluding possible bvFTD cases lacking
confirmation on neuroimaging (frontotemporal atro-
phy/hypometabolism), as well as cases with positive
AD biomarkers, most common misdiagnoses of pri-
mary psychiatric disorders and AD were reduced.
Other strengths are the examination of bvFTD onset
in a wide age range, the use of an extensive cognitive
test battery and up-to-date mortality data.

In conclusion, symptom profile is associated with
age-at-diagnosis in bvFTD. The subtle yet signif-
icant differences in behavior and cognition may
influence diagnostics and should be considered in
future clinical trial design. Furthermore, our find-
ings suggest that late disease onset and memory
deficits are more frequent in bvFTD than gener-
ally thought. Future studies are needed to further
examine age-related differences in bvFTD. Inclusion
of longitudinal behavioral and cognitive assessment,
systematic genetic screening, social cognitive evalu-
ation, and imaging/fluid biomarkers may contribute
to current findings and provide better understanding
of the heterogeneous nature of bvFTD.
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