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Abstract: The behavioral variant of frontotemporal dementia (bvFTD) has a devastating effect on multiple
domains of daily living. The purpose of this PRISMA-compliant systematic review is to summarize the most
important factors associated with functional impairment in this clinical group by critically analyzing the
existing literature spanning the period from 2000 to 2023. To be included in the review, the study had to
investigate any kind of correlates of functional status in bvFTD patients, using a previously validated
instrument of functional assessment. Out of 40 articles assessed for eligibility, 18 met the inclusion criteria. The
anatomical pattern of cerebral atrophy at baseline appeared to be the strongest predictor of the rate of
functional decline over time, with the frontal-dominant anatomical subtype being associated with a faster rate
of functional impairment. Additionally, executive dysfunction as well as apathy appeared to contribute
significantly to functional disability in bvFTD patients. A comparative examination of bvFTD in relation to
other clinical subtypes of FTD and other types of dementia in general suggests that it's the predominant
atrophy of the frontal lobes along with the subsequent unique combination of cognitive and neuropsychiatric
manifestations that account for the pronounced functional limitations observed in these individuals, even from
the early stages of the disease.

Keywords: behavioral variant of frontotemporal dementia; correlates; functional impairment; predictive
factors; PRISMA; systematic review

1. Introduction

Behavioral variant frontotemporal dementia (bvFTD) is the most common FTD clinical subtype
and is characterized by progressive changes in behavior, personality, emotional and interpersonal
functioning, as well as by pronounced executive dysfunction [1,2]. These changes are associated with
prominent frontal, insular, and temporal lobar atrophy that tends to by asymmetric between the two
hemispheres [2,3]. BvFTD significantly shortens life expectancy, taking into consideration its midlife
onset [4]. The average age at presentation is around 58 years [5] and the median survival time from
symptom onset is 10.5 years [6].

BvFTD progresses rapidly and has a devastating effect on multiple domains of daily living [7-
9]. The presence of significant functional decline, as evidenced by caregiver reports or by
standardized psychometric instruments is also a key feature of current frontotemporal dementia
consortium (FTDC) clinical criteria for a diagnosis of “probable” bvFTD [10]. When compared to
other subtypes of frontotemporal lobar degeneration or Alzheimer's disease (AD), patients with
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bvFTD demonstrate faster rates of functional decline and greater functional limitations across both
basic and instrumental activities of daily living (BADLs and IADLs, respectively) [9]. The vast
majority of bvFTD patients tend to develop severe functional impairment only 5 years after symptom
onset [11]. The level of functional dependence in bvFTD is of considerable importance to caregivers
and is related to higher socioeconomic costs [8].

The primary objective of this systematic review is to comprehensively investigate and analyze
the factors associated with functional impairment in individuals diagnosed with bvFTD. The varying
rate of functional decline among bvFTD patients poses significant challenges in disease prognosis
[12], necessitating a deeper understanding of the factors influencing the decline in everyday
functioning. However, the existing body of literature examining the correlates of functional decline
in this clinical syndrome is relatively limited, highlighting the need for a comprehensive review. It
has not yet been determined whether specific baseline characteristics or combinations of them could
accurately predict the rate of functional impairment in bvFTD. The overarching goal of this PRISMA-
compliant systematic review is to elucidate and summarize the most important factors associated
with functional decline in bvFTD patients by critically analyzing the available studies published
between 2000 and 2023. By conducting a thorough examination of the existing literature, we aim to
identify and evaluate the factors that consistently emerge as predictors of functional decline and
assess the extent to which specific baseline characteristics can accurately predict the subsequent
functional impairment in individuals with bvFTD.

This systematic review represents a novel contribution as no similar review or meta-analysis has
been conducted in this area to date. By synthesizing and analyzing the findings from the included
studies, we aim to provide a comprehensive overview of the factors that contribute to the functional
decline exhibited by bvFTD patients. This systematic review aims to fill the existing research gap and
provide valuable insights for researchers, clinicians, and caregivers, facilitating a better
understanding of disease progression and potentially informing the development of targeted
interventions and management strategies for bvFTD patients.

2. Materials and Methods

2.1. Search Strategy

The systematic review was conducted in accordance with the criteria of the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines for the reporting of
systematic reviews and meta-analyses [13]. The review is based on a literature search conducted in
June 2023.The bibliographic search was carried out in PubMed (MEDLINE) and Scopus databases,
using the following search terms, which had to be part of the title, abstract or keywords:

( “bvFID” OR ( “frontotemporal dementia” AND ( “behavioural variant” OR
“behavioral variant” ) )) AND ( “functional decline” OR “functional disability” OR “functional
impairment” OR “functional status” OR “functional capacity” OR “functional abilities” OR
“functional measures” OR “everyday functioning” OR “daily living” OR “daily activities”
OR “everyday activities” ) AND ( “predict*” OR “contribut*” OR “role” OR “correlates” OR
“drivers”)

2.2. Eligibility Criteria

To be considered eligible for inclusion in the review, studies had to investigate any kind of
correlates or predictors of functional status in patients with a diagnosis of bvFTD, using a previously
validated instrument of functional assessment. Only studies published in English between January
1st, 2000, and June 20th, 2023, with full text available online were considered. The inclusion of
English-language studies aimed to ensure effective comprehension and analysis, while the specified
publication date range sought to capture research spanning from the beginning of the millennium to
the present. Reviews, meta-analyses, editorials, and books were excluded to focus on primary
research studies providing original data and analysis. Two independent reviewers assessed the
eligibility of the full-text article of all citations selected in the screening process, with any
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disagreements or uncertainties resolved through discussion and consensus. A third reviewer was
involved when necessary.

2.3. Study Selection

The initial search of the online databases yielded a total of 82 studies. After removing duplicates,
a screening process was conducted on the remaining 47 records. Out of these, 6 studies were excluded
as systematic reviews, 1 study was excluded as a book chapter and 22 studies were excluded, as they
did not align with the specific research topic of interest. Ultimately, 18 studies met the eligibility
criteria and were included in the review. Table 1 presents a summary of the included studies.

2.4. Data Synthesis

We conducted a qualitative synthesis of the findings of the included studies. In order to enhance
the clarity of the findings, the results of the systematic review were categorized based on the types of
predictive factors associated with functional decline in patients with bvFTD. Through a
comprehensive analysis of the included studies, a classification of predictive factors emerged,
indicating a well-defined structure in the data. By organizing the findings according to these distinct
categories, the results not only offer a comprehensive overview of the factors predicting functional
decline in bvFTD, but also provide valuable insights into the multidimensional nature of this clinical
syndrome.

3. Results

3.1. The Included Papers

This review identified a total of 18 studies examining factors associated with functional decline
in bvFTD patients [9,12,14,17,19,21,23,24,27-30,32,33,35-37,39]. Figure 1 showcases a PRISMA 2020
flow diagram [13] delineating the literature search strategies and selection procedures employed in
this review. Table 1 displays a comprehensive overview of the key characteristics of the included
studies, encompassing sample sizes, study objectives, employed measures of functionality, and
corresponding results.
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Figure 1. PRISMA 2020 flow chart for the selection of articles included in this systematic review.

Table 1. Summary of the included studies examining the predictive factors of functional impairment
in bvFTD patients. The studies are presented in chronological order, from the oldest (2007) to the most

recent (2023).
1st Author, Number Research Objective of Functionalit
" of bvFTD . ) y Results
Year . design interest measures
patients
To assess the
relatlo'nshlp of BvFTD patients
focal brain atrophy .
with normal
based on a .
. brain scans
Magnetic .
Clinical generally
. Cross- Resonance .
Kipps, bvFID, n sectional Imaging (MRI) Dementia demonstrated
2007 [14] =51 _magng Rating (CDR) milder
Visual Rating Scale .
[15] functional

to clinical data,
such as the overall
functional
disability, in FTD
patients

impairment than
those with
abnormal scans
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To investigate the
association
between functional

Disability
measures and
.. Assessment for
cognitive tests, age, Dementia
disease duration,
DAD) [16
and disease ( ) [16]
severity in patients
with FTD
To investigate the
relationship
Sy iy
P p. Assessment for
emotions, .
L. Dementia
neuropsychiatric (DAD) [16]
symptoms, and
ADLs in bvFTD
patients

Functional
measures did
not correlate

with cognitive
tests, age,
disease duration
or disease
severity in
bvFTD patients
Performance on
emotion
recognition task
did not correlate
with ADL
ratings, which
instead
correlated
highly with
informant-rated
apathy levels in
bvFTD patients
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Josephs,
2011 [12]

bvFID, n
=86

Longitudi
nal:
multiple
serial
assessmen
ts of
functional
status per
subject
(mean 4,
range 2—
18) over a
15-year
period

To determine the
baseline (i)
demographic, (ii) Clinical
neuropsychologica Dementia
b (iii) . Rating Scale

neuropsychiatric, Sum of Boxes
(iv) genetic and (v) (CDR-SOB)
anatomic/imaging (18]

predictors of the

rate of functional

decline in bvFTD

patients

(i) older age at
onset,
(ii) poorer
performance on
neuropsychologi
cal tests of
executive
functions,
language
abilities, and
visuospatial
function at
baseline,
(iii) less severe
disinhibition,
agitation/aggres
sion, and night-
time behaviors
at presentation,
(iv) progranulin
(GRN)
mutations and
v)
predominantly
frontal and
frontotemporal
patterns of
atrophy at
baseline

predicted faster
rates of
functional
decline in
bvFTD patients



https://doi.org/10.20944/preprints202308.0822.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 August 2023

d0i:10.20944/preprints202308.0822.v1

Devenney,
2015 [19]

Lima-Silva,
2015 [21]

Torralva,
2015 [23]

Longitudi
nal:
patients
bvFTD, n were
_58 assessed at
least 2
times over
a 6-year
period
bvFID, n Cross-
=20 sectional
bvFTD, n Cross-
=391 sectional

To identify key
predictive features
that determine
rates of
progression in
bvFTD

To contrast a direct
and an indirect
measure of
functional status as
to their degree of
association with
cognitive measures
in bvFTD patients

To investigate the
role of vascular
changes on the

functional status of
bvFTD patients

Frontotempora
1 Dementia
Functional

Rating Scale

(FTDEFRS) [20]

Direct
Assessment
of Functional
Status (DAFS)
[22] and
Disability
Assessment for
Dementia
(DAD) [16]

Clinical
Dementia
Rating (CDR)
[15]

The C9orf72
expansion, a
positive family
history of
neurodegenerati
on, clinical
abnormalities at
baseline (such as
parkinsonism or
frontal release
signs), episodic
memory
impairment,
deficits on
global cognition,
and
stereotypic/com
pulsive
behaviors were
key predictive
features of
worse prognosis
in bvFTD
Both direct and
indirect
measures of
functional status
correlated with
the bvFTD
patients’
performance on
cognitive
screening tools,
such as the
Mini-Mental
State
Examination
(MMSE)
The presence of
vascular
changes was not
associated with
greater
functional
disability in
bvFTD cases
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Amanzio,
2016 [24]

De Silva,
2016 [27]

O'Connor,
2016 [28]

Premi,
2016 [29]

bvFTD, n
=23

bvFID, n
=14

bvFTD, n

bvFID, n

=64

Cross-
sectional

Longitudi
nal:
assessmen
tat
baseline
and at 9-17
months
follow-up

Longitudi
nal:
patients
were
assessed
on2-4
separate
occasions
over a 4-
year
period

Cross-
sectional

To investigate the
neuroanatomic
correlates of IADLs
deficits in bvFTD
patients

To examine the
relationship
between motor
impairment and
functional decline
in ALS-FTD
spectrum

To investigate
the longitudinal
relationship
between
behavioral changes
and functional
decline in bvFTD

To evaluate the
correlation
between brain
volume (by means
of voxel-based
morphometry) and
clinical scales of
functional
impairment in FTD

Basic Activities
of Daily Living
(BADL) [25]
and
Instrumental
Activities of
Daily Living
(IALD) [26]

Frontotempora
1 Dementia
Functional

Rating Scale
(FTDERS) [20]

Disability
Assessment for
Dementia
(DAD) [16]

Basic Activities
of Daily Living
(BADL) [25]
and
Instrumental
Activities of
Daily Living
(IALD) [26]

There was a
positive
association
between IADLs
and left insula
volume,
indicating
greater grey
matter in more
independent
bvFTD patients
There was no
correlation
between motor
impairment and
functional
decline either at
baseline or at
follow-up
assessment in
bvFTD patients
Apathy and
stereotypical
behavior made
longitudinal
contributions to
functional
disability in
bvFTD patients,
whereas
disinhibition did
not play a major
role in patients’
functional status
Lower grey
matter volume
in
frontotemporal
regions,
especially on the
right side,
correlated with
poorer
performance on
daily activities
in bvFTD
patients
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Moheb,
2017 [30]

O'Connor,
2017 [32]

Steinacker,
2018 [33]

Yassuda,
2018 [35]

bvFTD, n
=607

bvFID, n
=88

bvFTD, n
=74

bvFTD, n
=109

Cross-
sectional

Cross-
sectional

Longitudi
nal:
assessmen
tat
baseline
and at 1-
year
follow-up

Cross-
sectional

To determine the
cognitive and
behavioral

correlates of IADLs

deficits in FTD
patients

To identify the
contribution of
different
behavioral
phenotypes to
functional

disability in bvFTD

patients

To determine the
association of
serum

neurofilament light
chain (NfL) levels

with functional
deterioration in
bvFTD

To investigate the

contribution of
cognitive and
neuropsychiatric
factors to
functional

disability in bvFTD

patients

Functional
Activities
Questionnaire

(FAQ) [31]

Disability
Assessment for
Dementia

(DAD) [16]

Clinical
Dementia
Rating Scale
Sum of Boxes
(CDR-SOB)
[18] and
Frontotempora
1 Lobar
Degeneration
(FTLD)-specific
CDR-SOB [34]

Disability
Assessment for
Dementia
(DAD) [16]

Poorer
performance on
measures of
executive
functions,
processing
speed and
memory, as well
as more severe
behavioral
disturbances,
especially
hallucinations
and anxiety,
predicted
decreased IADL
performance in
bvFTD patients
Patients with
severely
apathetic
behavioral
profiles had
more extensive
brain atrophy
and were more
functionally
impaired than
those with mild
apathy or severe
disinhibition
alone

Serum NfL
levels are
positively

correlated with
functional
impairment at
different disease
stages in bvFTD

Cognitive
deficits and
apathy are key
contributors to
functional
disability in
bvFTD patients
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Benussi,
2020 [36]

Marin,
2021 [37]

bvFID, n
=122

bvFTD, n
=30

Longitudi
nal:
assessmen
tat
baseline
and at 12-
month
follow-up

Cross-
sectional

To examine if
transcranial
magnetic
stimulation (TMS)
measures predict
functional decline
in FTD patients

To correlate the
swallowing
problems with
functionality in
bvFTD patients

Basic Activities
of Daily Living
(BADL) [25]
and
Instrumental
Activities of
Daily Living
(IALD) [26]

The Index of
Independence
in Activities of

Daily Living

(ADL) [38]

The dysfunction

of inhibitory
and facilitatory
intracortical
circuits,
evaluated with
TMS, accurately
predicted
functional
decline at 12
months in
bvFTD patients,
beyond any
other
investigated
variable
Swallowing
problems in
bvFTD
correlated with
impaired
functionality
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Musa
Salech,
2022 [39]

To investigate the
cognitive and

neuropsychiatric
bvFTID, n Cross- correlates of
=27 sectional functional

impairment in
patients with
bvFTD

Technology-

Activities of

Daily Living
Questionnaire
(T-ADLQ) [40]

The factors
associated with
functional
impairment in
bvFTD varied
across the
different ADL
domains:
Apathy and
disinhibition
contributed
significantly to
BADL
impairment
Apathy,
impaired
emotion
recognition and
deficits in
executive
functions
contributed
significantly to
IADL
impairment
Only apathy
contributed
significantly to
advanced ADL
(a-ADL)
impairment
Apathy was the
strongest
correlate of
functional
decline
throughout all
the ADL
domains in
patients with
bvFTD

ADLs = activities of daily living; BADLs = basic activities of daily living; bvFTD = behavioral variant of
frontotemporal dementia; FTD = frontotemporal dementia; IADLs = instrumental activities of daily living.

3.2. Characteristics of the Included Papers

The studies identified through the literature search commenced from 2007 onwards. All
retrieved articles were written in English. Notably, a limited number of the eligible studies
encompassed substantial sample sizes of bvFTD patients. In addition, only 6 of the selected studies
employed a longitudinal research design to investigate predictors of functional decline in bvFTD,

while the remaining studies followed a cross-sectional design.

The assessment of everyday functioning across the included studies involved the utilization of
various psychometric instruments. At this juncture, it is worth mentioning that everyday functioning
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pertains to an individual's ability to effectively engage in and manage various everyday tasks, and it
is commonly evaluated through the assessment of two overarching categories of activities of daily
living (ADLs), namely basic ADLs and instrumental ADLs [9]. Basic ADLs (BADLSs) refer to activities
that are important for self-care, such as dressing, hygiene, continence and eating and constitute core
survival abilities [9]. On the other hand, instrumental ADLs (IADLs) relate to activities that are
important for maintenance in a specific environment and are characterized by a higher level of
complexity and cognitive demands [9]. IADLs include activities, such as meal preparation,
telephoning, housework, taking care of finance and correspondence, going on an outing, taking
medications, engaging in recreational activities, and allow people to live independently in the
community [9].

A variety of rating scales were employed across the included studies for the evaluation of
everyday functioning in bvFTD patients. Specifically, the “Disability Assessment for Dementia”
(DAD) [16] was employed in 6 studies, the “Clinical Dementia Rating scale” (CDR) [15,18] in 4
studies, the “Basic Activities of Daily Living Scale” (BADL) [25] along with the “Instrumental
Activities of Daily Living Scale” (IADL) [26] in 3 studies and the “Frontotemporal Dementia
Functional Rating Scale” (FTD-FRS) [20] in 2 studies. Additionally, the “Frontotemporal Lobar
Degeneration-modified CDR Scale” (FTLD-modified CDR) [34], the “Direct Assessment of Functional
Status” (DAFS) [22], the “Functional Activities Questionnaire” (FAQ) [31], the “Index of
Independence in Activities of Daily Living” (ADL) [38], and the “Technology-Activities of Daily
Living Questionnaire” (T-ADLQ) [40] were each employed in one study.

3.3. Summary of Findings

The selected studies investigated a wide range of factors associated with functional status in
bvFID, encompassing demographic, clinical, genetic, neural, motor, cognitive, behavioral, and
emotional variables. In the following paragraphs, we present a detailed overview of the results
derived from the included studies, following a qualitative data synthesis approach.

3.3.1. Demographic Correlates

With regards to demographic correlates of functional status in bvFTD, Mioshi et al. (2007) [9]
found that performance on everyday activities did not correlate with age, disease severity or disease
duration. On the contrary, Josephs et al. (2011) [12] found that older age at onset was predictive of a
faster rate of functional decline and was associated with a worse prognosis. Additionally, Devenney
et al. (2015) [19] found that a positive family history of neurodegeneration was a predictive feature
of faster disease progression.

3.3.2. Clinical Correlates

Devenney et al. (2015) [19] found that clinical abnormalities on neurologic assessment at
baseline, such as parkinsonism or frontal release signs, were markers of faster disease progression
and functional deterioration in bvFTD patients. Moreover, with respect to clinical correlates, Torralva
et al. (2015) [23] showed that the functional status of bvFTD patients with coexistent brain infarcts
was similar to that of bvFTD patients without concomitant cerebrovascular disease. Thus, the
presence of vascular changes was not associated with greater functional disability in bvFTD cases.

3.3.3. Genetic Correlates

In terms of genetic correlates, Josephs et al. (2011) [12] found that progranulin (GRN) mutations
predicted a faster rate of functional decline, whereas protein tau (MAPT) mutations were more
“protective” and predicted a slower rate of functional impairment in bvFTD patients. Furthermore,
Devenney et al. (2015) [19] found that the C90rf72 genetic expansion was a predictive feature of worse
prognosis in bvFTD.
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3.3.4. Neural Correlates
1. Findings based on MRI measures

With respect to neural correlates, Kipps et al. (2007) [14] based on a Magnetic Resonance Imaging
(MRI) Visual Rating Scale found that bvFTD patients with normal brain scans generally
demonstrated milder functional impairment than those with abnormal scans. Moreover, Josephs et
al. (2011) [12] using MRI scans found that predominantly frontal and frontotemporal patterns of
atrophy at baseline predicted faster rates of functional impairment in bvFTD patients, compared to
temporal dominant or temporofrontoparietal patterns of cerebral atrophy. In addition, Premi et al.
(2016) [29] based on voxel-based morphometry found that lower grey matter volume in
frontotemporal regions, especially on the right side, correlated with poorer performance on activities
of daily living in individuals with bvFTD. Moreover, Amanzio et al. (2016) [24] found a positive
association between performance on IADLs and left insula volume, indicating greater grey matter in
more functionally independent bvFTD patients.

2. Findings based on TMS measures

Benussi et al. (2020) [36] showed that transcranial magnetic stimulation (TMS) measures can
predict functional decline over time in bvFTD. More specifically, they found that the dysfunction of
inhibitory and facilitatory intracortical circuits, that can be assessed with TMS measures such as short
interval intracortical inhibition-facilitation (SICI-ICF) and long interval intracortical inhibition (LICI),
correlated with disease severity, and accurately predicted functional decline at 12-month follow-up,
beyond any other investigated variable. SICI was the most accurate predictor of disease progression.

3. Findings based on blood-related measures

Steinacker et al. (2018) [33] found that serum neurofilament light chain (NfL) levels correlated
with functional status and frontal lobe atrophy at different disease stages in bvFTD patients.

3.3.5. Motor correlates

De Silva et al. (2016) [27] identified no correlation between motor impairment and functional
decline either at baseline or at follow-up assessment in bvFTD patients. Marin et al. (2021) [37] found
that swallowing problems correlated with impaired functionality in bvFTD.

3.3.6. Cognitive Correlates

Studies that investigated cognitive correlates of functional status in patients with bvFTD show
relative homogeneity in their results. Almost all of them showed that greater cognitive deficits predict
faster functional decline. More specifically, Josephs et al. (2011) [12] showed that poorer performance
on neuropsychological tests of executive, language, and visuospatial function at baseline predicted
faster rates of functional decline in bvFTD patients. Likewise, Devenney et al. (2015) [19] showed that
episodic memory impairment and deficits on global cognition were key predictive features of worse
disease prognosis. Similarly, Moheb et al. (2017) [30] showed that poorer performance on measures
of executive functions, processing speed and memory predicted decreased IADL performance in
bvFTD. Yassuda et al. (2018) [35] also showed that deficits in global cognitive status are indicative of
functional impairment in bvFTD. Similarly, Lima-Silva et al. (2015) [21] found that performance on
screening tools of global cognition correlated with both direct and indirect measures of functional
status in individuals with bvFTD. Finally, Musa Salech et al. (2022) [39] showed that deficits in
executive functions contributed significantly to IADL impairment in bvFTD patients. Only Mioshi et
al. (2007) [9] found no correlation between functional measures and performance on cognitive tests.

3.3.7. Correlates Related to Social Cognition

In terms of correlates related to social cognition, Kipps et al. (2009) [17] showed that performance
on emotion recognition tasks did not correlate with performance on activities of daily living in
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individuals with bvFTD. On the contrary, Musa Salech et al. (2022) [39] found that deficits in emotion
recognition abilities contributed significantly to impairment in IADLs in bvFTD patients.

3.3.8. Behavioral Correlates

In relation to the behavioral correlates of functional status in bvFTD, Kipps et al. (2009) [17]
found a negative correlation between informant-rated levels of apathy and performance on activities
of daily living. Moreover, Devenney et al. (2015) [19] found that stereotypic and/or compulsive
behaviors predicted faster disease progression. Similarly, O’ Connor et al. (2016) [28] showed that
apathy and stereotypic behavior made longitudinal contributions to functional disability in bvFTD
patients, whereas disinhibition did not play a major role in patients’ functional status. Musa Salech
et al. (2022) [39] found that apathy and disinhibition contributed significantly to BADL impairment
and additionally showed that apathy was the strongest correlate of functional decline throughout all
the ADL domains in patients with bvFTD. Likewise, O” Connor et al. (2017) [32] found that patients
with severely apathetic behavioral profiles had more extensive brain atrophy and were more
functionally impaired than those with mild apathy or severe disinhibition alone. In a similar vein,
Yassuda et al. (2018) [35] showed that apathy is a key contributor to functional disability in bvFTD.
Furthermore, Moheb et al. (2017) [30] showed that more severe behavioral disturbances, especially
hallucinations and anxiety, predicted decreased IADL performance in bvFTD patients. On the
contrary, Josephs et al. (2011) [12] showed that less severe disinhibition, agitation/aggression, and
night-time behaviors at baseline predicted faster rates of functional decline over time in bvFTD
patients.

4. Discussion

The current systematic review provided a comprehensive summary of the research conducted
since the start of the millennium until the present, focusing on the key predictive factors associated
with functional decline in individuals diagnosed with bvFID. The presentation of the findings
derived from the 18 eligible studies was systematically structured based on the nature of the
examined variables in relation to functional status.

According to the results of the included studies, it can be concluded that among the investigated
predictive variables, the occurrence of GRN genetic mutation or C9orf72 expansion, the
predominance of frontal and frontotemporal anatomic patterns of atrophy, the presence of elevated
serum neurofilament light chain (NfL) levels, the magnitude of dysfunction of inhibitory and
facilitatory intracortical circuits, as well as the severity of executive deficits and apathy emerge as
robust correlates of functional impairment in individuals diagnosed with bvFTD. Furthermore, the
results derived from the included longitudinal studies provide evidence that bvFTD patients who
present with these specific characteristics or combinations thereof at baseline are significantly more
likely to demonstrate a faster rate of disease progression and functional deterioration.

Initially, in relation to GRN genetic mutation it appears that individuals with bvFTD carrying
GRN mutations demonstrate a faster rate of whole brain atrophy suggesting a more rapid disease
progression, compared to patients carrying other genetic variations, such as MAPT [41,42].
Additionally, it is worth noting that GRN mutations are associated with a widespread pattern of
cerebral atrophy, whereas MAPT mutations primarily result in atrophy in specific regions, such as
the anteromedial temporal region [42]. This faster rate of whole brain atrophy observed in bvFTD
cases with GRN mutations may potentially contribute to the accelerated trajectory of functional
deterioration observed in these individuals. Given that GRN and MAPT mutations are the most
prevalent genetic anomalies in bvFTD, it becomes critically important to comprehend the mediating
mechanisms through which these genetic mutations affect functionality over time.

The C9orf72 mutation has also been identified as one of the most prevalent genetic causes of
familial bvFTD, and it has demonstrated associations with disease progression, as well as with
cognitive and functional deterioration [19]. The pronounced functional limitations observed in
individuals with this mutation may be attributed to the prominence of psychotic symptoms, such as
delusions and hallucinations, which have been linked to C9orf72 mutation-positive cases [43]. In
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addition, some studies indicate that C9orf72 expansion carriers exhibit pronounced episodic memory
difficulties, such as severe anterograde amnesia, which could also significantly affect patients’
functional independence [44,45]. Hence, it is plausible that the manifestation of psychotic behavioral
dysregulation along with the amnestic cognitive profile exhibited by C9orf72 mutation carriers may
be the primary factors contributing to the functional impairment observed in these individuals. The
involvement of medial and lateral parietal regions in episodic memory dysfunction and the broader
dominant parietal dysfunction observed in C9orf72 cases is also of particular interest [44,45].
However, the underlying neural mechanisms responsible for these effects in bvFTD patients carrying
C9orf72 mutation have not been fully understood yet and require further investigation.

Studies focusing on the neural underpinnings of functional impairment in bvFTD have revealed
that certain biomarkers hold potential as prognostic indicators. Specifically, based on MRI measures
the presence of predominantly frontal and frontotemporal patterns of atrophy at the early stage of
the disease has been shown to predict decreased levels of everyday functioning and an accelerated
trajectory of functional decline among individuals diagnosed with bvFTD [12,29]. It appears that the
greater the frontal lobe involvement, the faster the rate of functional deterioration experienced by
affected individuals. This relationship highlights the significant impact of frontal lobe degeneration
on the progression of the disease and its effect on functional abilities in bvFTD patients. To
comprehend why increased frontal lobe involvement accelerates the rate of functional deterioration
in individuals with bvFTD, it is essential to examine the frontal lobes' pivotal role in various
functions, such as executive functions, social cognition, emotion regulation, insight, planning,
organization, and execution of goal-directed actions [46]. As the frontal lobes degenerate, the
cumulative impact of these cognitive, emotional, interpersonal, and behavioral changes results in an
accelerated pattern of functional decline.

On the contrary, bvFTD patients with temporal dominant and temporofrontoparietal patterns
of atrophy at baseline tend to demonstrate a slower rate of functional impairment over time [12].
First, it is noteworthy that the temporal dominant patterns of brain atrophy have been associated
with mutation in the MAPT gene [47]. The slow rate of functional decline in this subtype is therefore
not unexpected considering that, as previously mentioned, individuals with bvFTD and a MAPT
mutation exhibit a decelerated rate of functional deterioration, compared to those without such a
mutation. The temporofrontoparietal patterns of cerebral atrophy are linked with the slowest rates of
functional decline in bvFTD [12]. This observation can be partially attributed to the fact that a subset
of individuals within this specific anatomical subtype have been found to exhibit Alzheimer's disease
pathology [47]. Given that Alzheimer's disease typically manifests a slower rate of functional decline
compared to bvFTD [48], the slower disease progression in this particular subgroup is reasonably
anticipated.

It is also worth mentioning that included studies investigating the neural substrates of functional
decline in bvFTD indicated that a normal brain scan or a scan showing limited brain atrophy, even
in the presence of pronounced behavioral and cognitive symptomatology, is associated with a more
favorable functional prognosis [14]. These findings underscore the importance of early detection and
monitoring of atrophy patterns, as they can significantly enhance the prognostic abilities of clinicians.

Moreover, studies examining the neurophysiological correlates of functional status in bvFTD,
showed that the examination of serum neurofilament light chain (NfL) levels through blood
measures can offer valuable insights into the degree of functional disability demonstrated by bvFTD
patients throughout the course of the disease [33]. Indeed, relevant studies have provided evidence
that higher baseline serum NfL concentrations are correlated with faster rates of brain atrophy over
time, specifically with a more rapid rate of frontal lobe atrophy [49]. As previously mentioned, greater
frontal lobe atrophy has been linked to a worse prognosis and a faster rate of functional decline in
individuals with bvFTD [12]. It is also worth noting that FTD patients with GRN and C9orf72
mutations have demonstrated a higher likelihood of having elevated levels of serum NfL
concentrations compared to those with tau pathology (MAPT mutations) [49]. Therefore, early
detection of elevated serum NfL levels may afford clinicians the opportunity to render more precise
prognostic assessments regarding the rate of disease progression and, subsequently, prompt timely
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and targeted interventions. Generally, over the last years, there has been considerable interest in
developing noninvasive blood-based biomarkers, primarily due to their convenience and higher
acceptability relative to other techniques [49].

In addition to the markers previously discussed, the included literature indicates that the
assessment of inhibitory and facilitatory intracortical circuits, as evaluated through TMS measures,
holds significant prognostic value, predicting the longitudinal functional decline in individuals with
bvFTD [36]. Longitudinal studies utilizing TMS measures have shown that the degree of dysfunction
of inhibitory and facilitatory circuits is associated with the rate of functional decline exhibited by
bvFTD patients. Those with more pronounced circuit dysfunction tend to experience a faster
functional deterioration [36]. The impairment of intracortical circuits is linked to alterations in brain
connectivity and neural communication. The disruptions in neural circuits may contribute to the
observed decline in functional abilities over time [36]. Changes in inhibitory and facilitatory
intracortical circuits can occur early in the course of bvFTD. TMS allows for the identification of subtle
alterations in neural activity before overt clinical symptoms manifest. This early detection capability
is crucial in predicting disease progression and initiating timely interventions. Understanding the
role of intracortical circuits in bvFTD progression can inform the development of targeted therapeutic
interventions. If specific circuit impairments are identified early, interventions aimed at modulating
neural activity and enhancing circuit function may potentially slow down functional decline and
improve overall outcomes for patients.

According to the results of the included studies, motor symptoms do not appear to contribute
to the functional impairment observed in bvFTD patients, potentially due to the relatively scarce
presentation of motor symptoms in this clinical population [27]. Conversely, the literature included
in the review consistently highlighted specific cognitive and behavioral symptoms as crucial
predictive factors that longitudinally contribute to the functional deficits observed in bvFTD patients.
In terms of cognitive correlates, a noteworthy consensus emerges from research findings, indicating
that greater cognitive deficits predict more pronounced functional limitations. A majority of the
included studies emphasize the significance of executive deficits, including impairment in working
memory, inhibitory control, and switching abilities, in predicting longitudinally patients'
performance on tasks of daily living, particularly IADLS tasks [12,30,39]. It appears that the role of
executive functions in maintaining functional independence in bvFTD patients is of major importance
[7]. Individuals with a milder degree of executive function impairment at baseline tend to experience
a slower rate of functional decline over time, compared to those with a more pronounced executive
dysfunction. These findings hold significant implications, suggesting that implementing early
interventions to enhance executive functions may serve as a means to improve functional status and
reduce the rate of functional decline in bvFTD patients.

The specific mechanisms through which executive functions influence everyday functioning
have not been fully identified yet and require further investigation. Nevertheless, it is evident that
many everyday activities rely on cognitive processes that involve executive components [50]. More
specifically, the hallmark elements of executive functions, such as volition, initiation, planning,
organization, monitoring, and effective performance of a purposeful and goal-directed action, are
components involved in a wide range of everyday tasks [50]. Furthermore, various other cognitive
abilities crucial for daily functioning, including attention, memory, language, problem-solving,
decision-making, and social cognition, are reliant on executive functions [51]. Apart from executive
functions, studies also shed light on the significance of other cognitive functions in predicting
performance in everyday activities. In particular, deficits in global cognitive function, episodic
memory, processing speed, language, and visuospatial function also emerge as predictive markers of
faster rates of functional decline in bvFTD patients [19,21,30,35].

When examining social cognition, included studies have focused mainly on the role of emotion
recognition ability to functional status in bvFTD and have produced conflicting results [17,39].
Deficits in social cognition are notably present in patients with bvFTD [52] and may be linked to
substantial impairment in functional abilities, especially in the areas of social behavior and
interpersonal relationships, arising from reduced social skills and challenges in achieving personal
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goals and resolving social problems [53]. It is recommended that future studies explore additional
dimensions of social cognition beyond emotion recognition, such as theory of mind. By investigating
these aspects, a more comprehensive understanding of the role of social cognition in functional
impairment in bvFTD can be attained.

Finally, the included literature highlights the crucial role of behavioral symptoms in predicting
the functional status of individuals with bvFTD [17,28,32,35,39]. Behavioral disturbances, as a core
clinical feature of bvFTD, are found to have a primary influence on the disorder, resulting in
significant impairments in daily functioning. In particular, apathy consistently stands out as the
behavioral symptom with the most substantial impact across all domains of daily activities in bvFTD
patients, including both BADLs and IADLs. Apathy represents a multifaceted neurobehavioral
syndrome characterized by a deficiency in self-initiated, motivated, and goal-directed behavior [54].
It constitutes a prevalent and significant issue among bvFTD cases and is associated with poor
treatment outcomes [54]. Regarding neuropathology, apathy has been linked to diminished
orbitofrontal metabolic activity and disruption of the fronto-subcortical circuits [55]. Patients with
bvFTD commonly exhibit reduced motivation and lower levels of task initiation, leading to a
significant decline in functional abilities and imposing a significant burden on caregivers [21].
Considering the prevalence of apathy among bvFTD patients and its significant impact on functional
status, further efforts are warranted to gain a comprehensive understanding of its pathogenesis and
its neural, clinical, and sociodemographic correlates [54]. In addition to apathy, other behavioral
symptoms including disinhibition, stereotypic behaviors, hallucinations, and anxiety have also been
found to contribute to the functional impairment observed in bvFTD patients [19,28,30,39].

In conclusion, a comparative examination of bvFTD in relation to other clinical subtypes of FTD
and other types of dementia in general (e.g., AD) suggests that it's the predominant atrophy of the
frontal lobes along with the subsequent distinctive combination of cognitive and neuropsychiatric
manifestations that account for the pronounced functional deficits and the malignant course of
everyday functioning observed in bvFTD patients. The executive dysfunction as well as the apathy
arising from the disorganization of the underlying frontal networks appear to be the key factors
contributing to the notable functional limitations in these individuals, even from the early stages of
the disorder.

As evidenced by the present review, a considerable body of research has been undertaken thus
far within the realm of predictive variables concerning the functional status of individuals affected
by bvFTD. However, it is recommended that further research is needed in the future in this particular
research field, ideally adopting longitudinal research designs, including larger sample sizes, and
incorporating in their design additional predictive variables (e.g., diverse biomarkers, various aspects
of social cognition, patients’ premorbid personality traits, etc.). By adopting such an expanded
approach, a more comprehensive understanding of the multifaceted nature of functional decline in
bvFTD can be achieved.

5. Conclusions

BvFTD displays variable rates of progression throughout the course of the disease. Therefore,
when confronted with a diagnosis of bvFTID, it is strongly advised that clinicians undertake a
comprehensive assessment encompassing detailed clinical, neurologic, genetic, neuroimaging,
cognitive, and behavioral evaluations. Such an extensive assessment aids in identifying crucial
predictive characteristics associated with the progression of the disease. Therefore, the adoption of
such a holistic approach enables clinicians to enhance their ability to prognosticate and make more
precise predictions concerning the trajectory of the disease, which is still speculative in daily clinical
practice.

The identification of key predictive features related to the functional status in bvFTD may
provide novel insights into the etiopathology of the disease, allow improved prognostic estimates in
a syndrome that predominantly affects the middle-aged population and indicate new avenues for the
development of therapeutic interventions tailored to the unique characteristics of this specific clinical

group.
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