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Dementia is becoming increasingly prevalent in Latin America, contrasting with stable

or declining rates in North America and Europe. This scenario places unprecedented

clinical, social, and economic burden upon patients, families, and health systems. The

challenges prove particularly pressing for conditions with highly specific diagnostic

and management demands, such as frontotemporal dementia. Here we introduce

a research and networking initiative designed to tackle these ensuing hurdles, the

Multi-partner consortium to expand dementia research in Latin America (ReDLat). First,

we present ReDLat’s regional research framework, aimed at identifying the unique

genetic, social, and economic factors driving the presentation of frontotemporal dementia

and Alzheimer’s disease in Latin America relative to the US. We describe ongoing

ReDLat studies in various fields and ongoing research extensions. Then, we introduce

actions coordinated by ReDLat and the Latin America and Caribbean Consortium

on Dementia (LAC-CD) to develop culturally appropriate diagnostic tools, regional

visibility and capacity building, diplomatic coordination in local priority areas, and a

knowledge-to-action framework toward a regional action plan. Together, these research

and networking initiatives will help to establish strong cross-national bonds, support the

implementation of regional dementia plans, enhance health systems’ infrastructure, and

increase translational research collaborations across the continent.

Keywords: dementia, fronto-temporal dementia, SES, SDOH, genetics, Alzheimer’s disease, implementation

science, Latin America

DEMENTIA RESEARCH IN LATIN
AMERICA: TOWARD UNRAVELING THE
UNIQUE GENETIC AND ENVIRONMENTAL
FACTORS

The prevalence and incidence of dementia appears to be stable
or declining in the US and other high income countries (HIC)

(1–3), where cohorts being studied typically consist of relatively
homogeneous populations with middle/high social determinants

of health (SDH), including socioeconomic status (SES) (4, 5).

Latin American countries (LAC) are marked by an opposite

scenario (2, 3, 6–10), with increased dementia prevalence amidst

a fast demographic shift (3, 11). Together, residents of Argentina,

Brazil, Chile, Colombia, Mexico, and Peru make up more than

75% of the region’s population. This rise may be driven by
unique genetic factors and unfavorable SDH in the region which
may influence the prevalence and presentation of dementia
(4, 9, 11–16). Across the region, the case of frontotemporal
dementia (FTD) is even more challenging than Alzheimer’s
dementia (AD).

Environmental factors seem to be critical for dementia

presentation in the region. SDHmay selectively impact dementia

in LAC (11, 12) by modulating cognitive progression and brain

health burden. However, available reports on SDH have not
used sophisticated cognitive and imaging measures, and scant
evidence comes from LAC (2, 11). The region presents an
important opportunity to study these questions because of the
greater disparities in SES and SDH compared to HIC (2, 11).
To address these pressing needs without overlooking the region’s
heterogeneity, harmonized data must be collected from several

countries with different SDH levels. This poses a unique challenge
for clinical characterization, as these factors will strongly
influence dementia presentation (17). Traditional markers
of disease severity, including informant ratings, cognitive
performance (executive, memory, and social cognition), and
neuroimaging features, should be interpreted in the context of
SDH factors. Our consortium has developed core composite
measures of SDH capturing the heterogeneity of different factors,
including SES (food & housing insecurity, access to foods
that support health eating habits), education (Early childhood
development, language and literacy, higher education), health
and health care (access to health services, health literacy),
occupation (lifetime employment history, employment status),
and social and community context (discrimination, social
cohesion, crime and violence).

At the same time, genetic factors also seem to drive dementia
presentation in LAC, with apparent stronger familial aggregation
of dementia compared with HIC. The region hosts some
of the largest populations of familial dementing disorders,
and some populations may harbor unique genetic influences
conferring increased risk of dementia (4, 9, 11, 15, 18–20).
Long isolation periods, endogamy, and the admixture of
different ancient populations provide unique opportunity
to assess genetic-environmental influences in heterogeneous
samples (11, 19). Genetic studies in Latin-American immigrants
have shown large effect sizes (14) but these studies have
not been explored at a regional level (21). Large consortia
have assessed genetic susceptibility mostly in HIC, but other
regions, including LAC (4, 11) still remain understudied.
The recent development of polygenic risk scores (PRS)
to identify individuals at risk for dementia in developed
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countries are very promising, but they lack validation in
more heterogeneous samples (22–25). Our group has found
multiple genetic influences of dementia (16, 19, 26–53).
The identification of new families may have a long-term
impact on therapeutic initiatives (19). Assessing genetic
markers, combining common and novel variants, as well
as future development of PRS in LAC populations, will
bring valuable knowledge about neurogenetic determinants
of dementia.

The ways in which the combination of genetic and SDH-
related risks interact in the dementia presentation across LAC
is not well-understood. New studies in this region are needed
to identify novel genetic and gene-environment interactions
(i.e., genetic interactions with LAC-specific geography and
SDH) leading to dementia, and novel pathways applicable
to regional therapies. LAC face a dearth of innovative,
harmonized, and cross-regional studies on AD and FTD,
and establishing multi-center LAC initiatives is critical
for global discovery and research harmonization in these
underrepresented populations. Yet, region-specific determinants
remain uncharted and, due to different factors (54, 55) the
region is still underrepresented in international publications
(11). Thus, given that dementia research critically calls for
a more global perspective (4), there is an urgent need to
compare US and LAC samples via integrative approaches. The
development of a more extended regional network, based on
multi-institutional harmonized research (11), is crucial for
the field.

THE ReDLat APPROACH

The Latin America and the Caribbean Consortium on Dementia
[LAC-CD (1)], in association with world-class researchers from
the US has developed an agenda to tackle the unique genetic
and SDH risk for dementia in LAC (2). In response to
this call, the Multi-partner consortium to expand dementia
research in Latin America (ReDLat, supported by the NIH-
NIA, the Alzheimer’s Association, the Rainwater Charitable
Foundation, and Global Brain Health Institute) is aimed to
identify the unique genetic and SDH factors that drive AD
and FTD presentation in LAC relative to the US, including
risk factors, cognitive profiles and brain imaging (Figure 1). To
this end, we are establishing a first-in-class cohort anchored
in six LAC (Argentina, Chile, Colombia, Brazil, Mexico, and
Peru), compared to US samples (totaling > 4,200 participants,
including 2,100 controls, 1,050 AD patients, and 1,050 FTD
patients), led by world-renowned leaders in dementia research.
We couple standardized clinical assessments with innovative
analytical techniques to account for heterogeneity in these diverse
populations. By combining standardized genetic, neuroimaging,
and behavioral (cognitive and SDH)measures, we will investigate
whether there are unique risk factors for AD and FTD in
LAC (e.g., genetic risk factors enriched in LAC populations;
underlying cognitive and neural vulnerability due to SDH)
compared to US populations. Our plan to recruit large numbers
of controls and patients across these diverse populations will

provide excellent opportunities to identify new genetic and
SDH risks for AD and FTD. In addition, the machine learning
strategies we are developing to reduce the impact of background
heterogeneity will allow us to refine the accuracy of our
association studies.

Our first specific aim is to establish genetic contributions
to AD and FTD in diverse LAC cohorts. First, by elucidating
the genetic substructure and familial contributions to AD and
FTD in LAC relative to the US, we will be able to identify
proper populations for replication of our genetic findings. We
anticipate that, relative to the US, LAC will have a higher
frequency of familial forms of AD and FTD. Discovery of
new families with multiple affected individuals will advance
efforts to treat AD and FTD in patients with rare mutations.
Second, by assembling this large cohort, we will also be well-
positioned to establish a preliminary LAC-specific polygenic risk
score (PRS) for predicting AD and FTD risk in future samples.
We expect that PRS will work best at discriminating patients
from controls in the European predominant subpopulation
(US and, to a lesser extent, Argentina, Chile) than in the
African and Indigenous-majority admixed cohorts (Peru, Brazil,
Colombia, Mexico).

In our second specific aim, we will elucidate the impact of
SDH on clinical, cognitive, and brain imaging signatures in LAC
and the US. To compare patients across regions, we establish
standardized neurocognitive measures and harmonization
protocols to understand how SDH impacts the manifestations
of dementia in LAC. First, we will evaluate how SDH moderates
the relationship between age at onset and disease severity in
AD and FTD. We anticipate that AD and FTD will emerge
at an earlier age in low-SDH vs. high-SDH (dichotomized)
patients, and measures of disease severity, including cognitive
performance, and multimodal neuroimaging, will be worse in
the low-SDH group even after accounting for age. We expect that
difference in disease severity ratings, cognition, and multimodal
neuroimaging that reflect low vs. high SDH disparities will
be greater in LAC patients compared to US patients. Latin
America constitute the region with the largest inequalities in the
world (56). Moreover, SES/SDH represent a strong influence on
dementia risk (2, 57).

Our last specific aim seeks to determine whether genetic
risk and SDH yield better discrimination between LAC and
US patients as compared with other cognitive, neuroimaging,
and clinical variables. To our knowledge, no study has sought
to establish which potential predictors prove more sensitive
to discriminate between LAC and US patients. In particular,
although genetic risk and SDH have the potential to robustly
differentiate between such samples, no study has explored their
combined role, let alone as compared to other multimodal
factors. To address this issue, we will apply data-driven machine-
learning pipelines to determine top factors that best discriminate
patients in LAC from those in the US (Figure 2). Multimodal
measures from controls of each country will be used for
population-specific normalization of patient data. We anticipate
that the top features, better discriminating LAC fromUS patients
will be related to SDH and genetic risk (e.g., standardized
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FIGURE 1 | The ReDLat initiative. Systematic comparisons between LAC and US samples of AD and FTD via a novel, multimodal approach. The multimodal patterns

will be assessed with different measures of (A) genetic risk (Aim 1), (B) imaging markers boosted by computational approaches, and (C) harmonized and novel

measures of cognitive profiles and SDH (Aim 2). These data sources will be (D) integrated and compared among countries through machine learning (Aim 3) to unveil

the main commonalities and differences between US and LAC samples. Tier 1 (T1): Larger study (Aim 1 & 3). Tier 2 (T2, smaller study with deep neurocognitive

investigation (Aim 2 & 3). D, Data; Q&F, Quality & feature extraction; N, normalization; T, test; VS, visualization; Neuropsychiatric E, Neuropsychiatric evaluations.

Reproduced with authorization from (1).

PRS) in comparison to other variables (clinical, cognitive, and
imaging measures).

ReDLat will establish a large LAC cohort of harmonized, well-
characterized AD and FTD patients and controls. We anticipate
the development of a better understanding of genetic and
environmental contributions to neurocognitive manifestations of
dementia and the identification of novel targets for risk reduction
and disease prevention in LAC. Our large multimodal, cross-
sectional study will enable clinical assessment of understudied
patient groups, extend and harmonize existing data sets, prompt
the development of novel measures, and inform future work on
the clinical value of combined multimodal profiles to predict
disease presentation and progression in longitudinal studies of
diverse populations.

ReDLat ONGOING PROGRESS AND
EXTENSIONS

On January 27, 2020, a kickoff meeting (Figure 3) involved
more than 50 leaders in dementia from Latin America and
community members from the Global Brain Health Institute
(GBHI), Alzheimer’s Association, the Tau Consortium, the
National Institute of Health (NIH) and private companies at
UCSF Mission Bay (58). Since then, ReDLat has been led by an
Executive Committee (EC), with working groups (biospecimen
handling, cognitive & clinical assessments, neuroimaging, data

management, research & publications, and finance), made up
of representatives from each site, who meet bi-weekly to review
progress, build consensus and address issues as they arise. The
ReDLat taskforce (EC and working groups involving more than
90 people) guarantees a shared decision-making process and
equal distribution of opportunities for involved centers.

Substantial effort has been devoted to developing strategies for
harmonization of participant enrollment across sites. We created
a detailed study-wide protocol (see Supplementary Data 1)
and site-specific manuals of operation to ensure accurate
and consistent collection. In addition to outlining recruitment
procedures and requirements for personnel, the manual provides
step-by-step instructions for completing each assessment,
processing and shipping specimens, and collecting harmonized
neuroimaging data. We adapted the standardized diagnostic
assessment used at the UCSF Memory and Aging Center to align
with the local sites’ procedures (see Supplementary Data 2). The
instrument is brief enough to be completed in full for every
enrolled participant and will incorporate impressions from the
physician who examined the participant, with input from the
evaluating neuropsychologist. We also hold in-depth training
for personnel at each site, covering neuropsychological testing,
clinical assessments, DNA extraction, image acquisition, and
genealogy collection procedures, among others. Time is set aside
to ensure access to all technological platforms and to teach
staff about accurate and timely entry of data into the central
database. Videos detailing these instructions are available to each
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FIGURE 2 | Machine Learning approach for the discovery of discriminant multidomain features between US and LAC patients with AD and FTD. Genetic, cognitive,

SES, SDH, and imaging data are preprocessed with specific normalization methods to extract reliable features. After a feature-based quality assessment (QA),

samples are separated in healthy controls (HCs) and patients. HC samples are used to apply normalization and harmonization methods over patient samples, enabling

the correction of site-dependent bias in the data. Then, machine learning (ML) and data mining (DM) methods are used for multi-domain classification systems (CS), to

find robust features, and to develop visualization dashboards. Each CS performs a progressive feature elimination process to find the most important features and to

assess the stability of the model performance using a k-fold cross-validation over the training partition. Finally, performance and generalization in the classification are

assessed via test independent partition from the training set.

site for ongoing training purposes. Site staff who complete this
training are certified to assess participants and this certification
will be renewed on an annual basis, either in-person or via video

recording, to minimize drift over time. While these trainings
were conducted in person for several sites, travel restrictions due
to COVID-19 required us to transition to a virtual format.

Frontiers in Neurology | www.frontiersin.org 5 March 2021 | Volume 12 | Article 63172210

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ibanez et al. Dementia Research Latin America (ReDLat)

FIGURE 3 | ReDLat Kickoff meeting at San Francisco, CA. On January 27 2020, regional leaders, local investigators, ReDLat members, as well as authorities from the

Global Brain Health Institute (GBHI), Alzheimer’s Association, the Tau Consortium, the National Institute of Health (NIH) and other organizations met at UCSF in a

US-Latin American Networking on Dementia Symposium. Co-hosted by GBHI and the UCSF Memory and Aging Center, the symposium served to launch ReDLat.

Reproduced with authorization from (58).

We have worked with the National Alzheimer’s Coordinating
Center to obtain permission for adaptation of the Uniform
Data Set Cognitive Assessment to Spanish and Portuguese.
Based on feedback from investigators, we adapted the language
for some tasks to optimize cultural appropriateness at each
site. We developed a new instrument to systematically
assess SES and SDH. This UCSF-ReDLat questionnaire has
been culturally adapted with input from each enrolling
site, based on previous reports as well as national censuses
from Colombia, Brazil, Chile, and Perú and following cross-
cultural implementation recommendations (59–64). The
questionnaire captures educational attainment, race and
ethnicity, health literacy, financial strain, food insecurity,
housing insecurity, childhood trauma, social connections,
social isolation, access to healthcare, occupation, and
employment status.

Based on the data sharing process detailed above, we
performed preliminary analysis. With respect to genetics,
we have identified multiple new families with different
mutations including PSEN1, PSEN2, TARDBP, GRN, TREM2,
MAPT, EPO4, and C9orf72 (see Figure 4C). Regarding the
use of machine learning for combination of neuroimaging
modalities as well as behavioral/cognitive assessment, we
have developed several pipelines with preliminary data and
other samples (65–71). We plan to develop a semi-empirical
whole-brain multimodal computational approach (MRI, DTI,
and fMRI) with mathematical modeling for characterization
of global brain dynamics restricted by structural priors
(72). This model will also allow data augmentation (73, 74)
amplifying the expansion of our machine learning protocol.

Regarding SDH and cognitive assessment, we have shown the
power of social cognition and SDH (64) in predicting brain
health. We have also developed complementary measures
of emotion processing (75), and preliminary assessments
of naturalistic speech (70), and multi-country validation of
our social cognition measures (76) for future assessment of
our patients.

The assessment of affordable measures such as high-density
EEG has emerged as a highly promising transdiagnostic
and disease-specific approach for dementia (77–79). EEG
provides highly affordable, non-fatiguing, non-invasive measures
which can reveal early deficits traceable to well-established
neurophysiological processes affected across conditions. Our
taskforce has developed expertise in EEG markers, including
ERPs, oscillations, connectivity measures, source space analysis,
decoding and machine learning approaches, for both active
tasks and resting state recordings (29, 35, 80–117) alone
or in combination with other technics (35, 81, 82, 87,
89, 89, 112, 118–120). In a regional project based on
the ReDLat platform and additionally supported by Takeda,
we will extend the protocol to compare multimodal EEG
markers. We will explore the robustness of such markers
(in comparisons with cognitive and neuroimaging markers)
to discriminate between patients (AD and FTD) as well as
disease severity and familial status. Also, using multi-feature
machine learning, we will combine the ReDLat approaches (using
neuroimaging) with EEG features to predict disease subtype,
status and severity.

Given the current challenges triggered by the global
pandemic, our group has taken advantage of this time to
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FIGURE 4 | ReDLat pre-existing data. (A) Estimates of cases with MRI (T1, rs-fMRI, or DTI) and/or DNA per country. (B) Number of participants with DNA and MRI

data per diagnosis and per country. (C) Mutations already identified across countries. (D) Summary of the cognitive and functional assessments available in each

country.

identify new opportunities for expanding the platform use
by integrating existing datasets with genetic, cognitive, and
imaging analyses of samples in hand. Figure shows an estimate
of cases with MRI (4A: T1, rs-fMRI, or DTI) and/or DNA
per country. All countries have data from participants that
belong to AD, FTD and healthy controls. Figure 4B shows
the number of participants with DNA and MRI data per
diagnosis and per country. In total, an estimate of 2,208
participants have DNA data, and 1,349 participants have
MRI data across diagnosis groups and across countries.

Figure 4C provides a summary of the mutations that have

already been found in patients and/or patient relatives.

Figure 4D highlights a summary of the cognitive and functional
assessments used in each country. These preexisting datasets
will guarantee the continuity of ReDLat research during total or
partial lockdowns.

LAC-CD: TOWARD NETWORKING,
IMPLEMENTATION SCIENCE, AND
CAPACITY BUILDING

RedLat is also aimed to develop implementation science and
capacity building, and several actions has been performed via
regional networking, training, and development of educational
projects. This is the main goal of the Latin America and
the Caribbean Consortium on Dementia [LAC-CD (1)], the
regional organization where ReDLat was built. LAC-CD focuses
on (a) training health practitioners in dementia field, (b)
establishing networks to support multicentric research and
clinical practice, (c) harmonizing clinical approaches to diagnosis
and post-diagnostic support, (d) validating these approaches
in unique populations, (e) increasing the appeal of regional
and international grant proposals emerging from LAC networks

Frontiers in Neurology | www.frontiersin.org 7 March 2021 | Volume 12 | Article 63172212

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ibanez et al. Dementia Research Latin America (ReDLat)

FIGURE 5 | Testimonies from Peru highlighting different dimensions of the coronavirus outbreak and their impact on older people, and patients with cognitive decline

and their families. The pictures above illustrate the people’s vulnerabilities and the unpreparedness of the health system. Top left inset: Enrique (64 years old, Trujillo)

suffers from diabetes mellitus but has been unable to get medication for 2 months. He is a shoe repairer with a small mobile stall and, after months of quarantine, he

has to go out to work. Top right inset: Juana (64 years old, Trujillo) is a merchant diagnosed with coronavirus 3 months ago, which led to her needing supplemental

oxygen and intravenous medications. Given the collapse of the hospitals, she was treated at home by her daughter. She thought she might lose her life, unable to

perform simple activities (such as walking and eating) without great effort. Bottom left inset: Enedina (65 years old, Lima) lives with her youngest son who lost his job

due to the pandemic restrictions. They live in a precarious room, without electricity, water or drainage. Bottom right Inset: On the other side of Lima, 83-year-old Mrs.

Rosita lives with her family in a wealthy district. Her daughter has noted typical dementia symptoms, which have exacerbated since the quarantine. She doesn’t

understand the isolation, needs constant monitoring and urgently requires a neurological evaluation, but there are no services available due to the pandemic. Photos

and testimonies from Peru documented by Alexander Kornhuber and Maritza Pintado Caipa. Individuals and relatives portrayed in the photos have provided written

consent for reproduction. Reproduced with authorization from (126).

rather than from individual groups, (f) accelerating access
to knowledge and evidence-based decisions via a unified
platform, (g) setting up effective communication channels to
persuade heads of governments and private agencies of the
need for integration and support via national and regional
dementia strategies.

Nowadays, the consortium is promoted by the Alzheimer’s
Association and the Global Brain Health Institute, and holds
more than 240 regional members. LAC-CD involves national
representatives working in specific priority areas including
dementia biomarkers, genetics and epidemiology, a dementia
data platform, a clinical trial program, non-pharmacological
interventions, and translational research networks. LAC-CD
initiatives include (a) empowering local groups, (b) boosting
coordinated efforts across the region, and (c) developing
a Knowledge-to-Action Framework to develop a regional
action plan.

Empowering Local Groups: Education,
Visibility, and Capacity Building
A key ambition of our consortium is to create harmonized
approaches to dementia diagnosis in order to allow multi-
country comparisons. First, we developed diagnostic
recommendations (relevant clinical, neuropsychological,

and behavioral assessments), for diagnosis of AD and FTD across
LAC even where there are no available resources required for
classification of dementias (121). Then, supported by the Inter-
American Developmental Bank (IDB) and a GBHI pilot funding,
we develop a best practice manual for dementia diagnosis1. The
manual has been highlighted by the Alzheimer’s & Dementia
journal (122) and involves more than 40 leaders from expert
panels and authors. The manual provides a regional approach
to dementia in the region, its epidemiology and different health
systems, clinical and neuropsychological assessments and a
chapter on carers.

Several initiatives are being created to expand the visibility
and dissemination of the consortium activities, including a
LAC-CD website (http://lac-cd.org/, in English, Spanish, and
Portuguese) providing information on projects, membership,
news, opportunities, dissemination products, press releases, and
social media.With the Alzheimer’s Association, we have launched
a LAC-CD– ISTAARTwebinar including an annualmeeting, and
periodic webinars focused on different topics.

Regarding capacity building, a Latin American Institute
for Brain Health (BrainLat2) will be launched in Chile in

1The manual is available here: http://lac-cd.org/en/2020/06/17/manual-for-best-

practices-for-the-dementia-diagnosis/
2https://brainlat.uai.cl
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FIGURE 6 | Dementia Public policies in Latin America. (I) Public policies accessibility. (A) Probability of response frequency regarding accessibility by sector. (B)

Probability of response frequency regarding accessibility by age. (C) Probability of response frequency regarding accessibility by region. (D) Interaction of probability of

response frequency of accessibility by country. (II) Public policies transmission. (E) Probability of response frequency regarding transmission by private sector. (F)

Probability of response frequency regarding transmission by the public sector. (III) PPKI (public policy knowledge index). (G) Probability of response frequency

regarding high PPKI by academic degree. (H) Probability of response frequency regarding high PPKI index by age. (I) Probability of response frequency regarding high

PPKI by the public sector. (J) Probability of response frequency regarding PPKI by public region. (K) Probability of response frequency regarding PPKI by country. IV

Aging. (L) Proportion of responses about aging stigma. (M) Proportion of responses about interest in aging and dementia manual. (N) Proportion of responses about

interest in a data-sharing platform. Significance (p values): effects significance (**p ≤ 0.05, *** p ≤ 0.01), model significance (◦p ≤ 0.1, ◦p ≤ 0.05, ◦p ≤ 0.01).

Academic degree: 1: No reported education, 2: Technicians, 3: Tertiaries, 4; Certificates, 5: Undergrads, 6: Hospital Interns, 7: Post-graduate Specialization, 8:

Master’s Degree, 9: Ph.D. Reproduced with authorization from (127).

2021 by the University Adolfo Ibanez (UAI). BrainLat will
bring together leading national and international institutions to

develop support for the ReDLat and LAC-CD expansion and
to develop world-class research in brain health. BrainLat will

support the Latin American research on dementia with annual

seed projects, postdoc positions, infrastructure support, a PhD

program, neuroscientific equipment, and permanent support for
16 full research positions.

Boosting Brain Health Coordinated Efforts
Across the Region
Albeit the common dementia regional challenges, coordinated
multilateral responses are scarce (2, 56). Coordinative efforts
such as brain health diplomacy (BHD) and convergence science
(123–125) can facilitate the integration of expertise, institutions
and strategies between governments and non-governmental
organizations (NGOs) in the region. An example of this is a call

Frontiers in Neurology | www.frontiersin.org 9 March 2021 | Volume 12 | Article 63172214

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Ibanez et al. Dementia Research Latin America (ReDLat)

FIGURE 7 | Priority levels assigned to core areas and challenges via a knowledge inquiry and related actions timelines. LAC-CD regional experts (N = 248) were

presented with a survey and were asked to rank the 5 areas and associated challenges in order of priority. We calculated the percentage of respondents who rated

these within the top two priorities and used these to rank both areas and challenges. The right inset shows the timeline for the proposed actions. Experts were also

asked to deliver their views about a feasible timeline to address these challenges and actions (0–5 or 5–10 years) (% = Mean % of responses). Reproduced with

authorization from (2).

FIGURE 8 | Knowledge-to-action framework. The diagram captures challenges posed by dementia and the related mapping of key actions. Such actions are linked

to specific working groups that have been included in the framework. This approach comprises a biomarker framework (LAC-BF), genetics and epidemiology

workgroup (LAC-GEW), dementia platform (LAC-DP), clinical trial program (LAC-CTP), non-pharmacological interventions (LAC-NPI), and an LAC network for

translational research (LAC-NTR). Reproduced with authorization from (2).

we develop to raise awareness of the long-term syndemic impact
(Figure 5) of coronavirus in aging and dementia across LACs
(56). Subsequently, we proposed specific coordinated actions

LACs to reduce such impact and new upcoming challenges,
including the development of inexpensive mass testing and
actions related to telemedicine, care, and research (126).
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Another example of coordinated actions are related to
surveying expert knowledge on dementia across different LACs.
We recently assessed multiple dimensions of expert knowledge
of health professionals working in aging across LACs (N =

3,365) and itsmodulation by different factors including expertise-
related information (knowledge of public policies), individual
differences (work, age, academic degree), and location across
LACs (127). Results evidenced a tough knowledge gap of
dementia at manifold levels (Figure 6) including lack of access
and transmission of public health knowledge, stigma among
professionals, and almost complete unawareness of innovative
behavioral insights or nudges tools in public health domains. The
survey also evidenced a critical need for regional manuals for
best practices and data-sharing platforms for both clinical and
research initiatives. These specific knowledge gaps and critical
needs should be assessed by governmental agencies and NGOs
to improve dementia knowledge at regional level.

A Knowledge-to-Action Framework for a
Regional Action Plan
LAC-CD has advanced a Knowledge to Action Framework
(KtAF) toward regional action plan for dementia (2). Initially, we
identified cross-regional priority areas (Figure 7), namely:
(a) risk factors for dementia and non-pharmacological
interventions, (b) epidemiological and genetic studies, (c)
biomarkers for dementia, (d) clinical trials, and (f) networking
and translational research. Evidence-based strategies were
proposed to tackle ensuing challenges while considering key
sources of complexity (genetic isolates, admixture in populations,
environmental factors, and barriers to effective interventions).
These strategies were mapped to the above priorities, laying the
conceptual groundwork for our further KtAF. These procedures
have been endorsed by experts as vehicles to third-generation
knowledge (128).

The KtAF comprises five workgroups, each responsible for
specific tasks (Figure 8). A Non-pharmacological Interventions
Workgroup (LAC-NPI) will address regional risk factors. It
will align with international initiatives, reinforce surveillance
by incorporating the World Health Organization (WHO)
STEPwise approach, foster national dementia plans across the
region, develop research on cognitive reserve and resilience,
and improve training and educational programs via the GBHI
and the Alzheimer’s Association. The Genetic and Epidemiology
Workgroup (LAC-GEW) will aim to implement epidemiological
studies across LACs, identify lifelong factors impacting
neurocognitive development, expand family history and genetic
protocols, develop a harmonized digital data-sharing platform,
boost research on genetic heterogeneity, and support the
creation of a regional LAC dementia observatory. The Biomarker
Framework (LAC-BF) will strive to validate complementary
affordable biomarkers against the A/T/N framework, focusing
on cognitive assessment, eye-tracking, non-invasive peripheral
markers (i.e., plasma markers.), and multimodal neuroimaging
(e.g., EEG, MRI, fMRI, DTI) combined with machine- and deep-
learning algorithms (65, 66, 68, 71, 82, 87, 112, 126, 129–134)
and novel theoretical approaches (118, 119, 135–139). These

unspecific markers can be validated with the measurement and
comparison with A/T/N framework’s canonical markers. Thus,
affordable measures can support the validation of low-cost
biomarkers in the region. The Clinical Trial Program (LAC-
CTP) will identify main countries and hubs possessing the
infrastructure for prevention trials, connect these programs with
national regulatory agencies for regional harmonization, develop
trial-ready cohorts across countries, and launch a clinical trial
training program to empower less experienced centers. Finally,
a Network for Translational Research (LAC-NTR) will promote
translational research through a network of scientists, clinicians,
pharmaceutical leaders, and government representatives. It will
also develop digital platforms to maximize collaboration and
exchange of resources, while promoting synergy among regional
initiatives. Through the joint effort of these workgroups, the KtA
will increase awareness, knowledge, and resources leading to
global equity in the fight against dementia.

CONCLUSIONS

Our recently launched consortium grasps relevant features for
upcoming progress and expansion. Regarding multidisciplinary
innovation, ReDLat focuses on the largely ignored convergence
of genetic and SDH risks, especially considering multimodal
(clinical, cognitive, neuroimaging) effects and innovative
machine learning techniques. Regarding translational impact,
our project is research-based, but geared to capacity building
and implementation science (diagnosis, education, support,
evidence-based policy), favoring regional commitment.
We also aim to empower local ideas in a global networking
landscape, as our initiative merges bottom-up LAC proposals
into a single landscape. We promote win-win HIC-LMIC
collaborations facing local needs from a local-global perspective.
We also focus on barriers, by tackling HIC-LMIC cultural-
communicative differences between researchers, assessing
underrepresented populations, pushing changes regarding
lack of trust among teams based on an equitable platform for
collective decision making, and bringing collective support
to minimize emergent leaders’ disregards. We believe
these actions promoting brain health and dementia across
LACs and globally will help to truly transform challenges
into opportunities.
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Frontotemporal dementia (FTD) includes a group of clinically, genetically,

and pathologically heterogeneous neurodegenerative disorders, affecting the

fronto-insular-temporal regions of the brain. Clinically, FTD is characterized by

progressive deficits in behavior, executive function, and language and its diagnosis

relies mainly on the clinical expertise of the physician/consensus group and the use of

neuropsychological tests and/or structural/functional neuroimaging, depending on local

availability. The modest correlation between clinical findings and FTD neuropathology

makes the diagnosis difficult using clinical criteria and often leads to underdiagnosis

or misdiagnosis, primarily due to lack of recognition or awareness of FTD as a

disease and symptom overlap with psychiatric disorders. Despite advances in

understanding the underlying neuropathology of FTD, accurate and sensitive diagnosis

for this disease is still lacking. One of the major challenges is to improve diagnosis

in FTD patients as early as possible. In this context, biomarkers have emerged as

useful methods to provide and/or complement clinical diagnosis for this complex

syndrome, although more evidence is needed to incorporate most of them into

clinical practice. However, most biomarker studies have been performed using North

American or European populations, with little representation of the Latin American

and the Caribbean (LAC) region. In the LAC region, there are additional challenges,
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particularly the lack of awareness and knowledge about FTD, even in specialists.

Also, LAC genetic heritage and cultures are complex, and both likely influence clinical

presentations and may modify baseline biomarker levels. Even more, due to diagnostic

delay, the clinical presentation might be further complicated by both neurological and

psychiatric comorbidity, such as vascular brain damage, substance abuse, mood

disorders, among others. This systematic review provides a brief update and an overview

of the current knowledge on genetic, neuroimaging, and fluid biomarkers for FTD in

LAC countries. Our review highlights the need for extensive research on biomarkers in

FTD in LAC to contribute to a more comprehensive understanding of the disease and

its associated biomarkers. Dementia research is certainly reduced in the LAC region,

highlighting an urgent need for harmonized, innovative, and cross-regional studies with

a global perspective across multiple areas of dementia knowledge.

Keywords: frontotemporal dementia, genetics, neuroimaging, fluid biomarkers, Latin America

INTRODUCTION

Dementia in Latin America and the Caribbean (LAC) countries
has become a major challenge (1–3). The World Neurology
Congress has highlighted that dementia in LAC is a major
public health issue with a predicted four-fold increase of its
prevalence by 2050 (4, 5). This predicted growth, which is
partially due to the increase in life expectancy (6), calls for
better diagnostic procedures. The underdiagnosis of dementia in
LAC remains a challenge (2). Barriers to diagnosis in the region
include inadequate training (7, 8), especially among primary
care physicians (2, 9), together with insufficient access to both
healthcare and specialized services such as neuropsychological
assessment (2, 6).

Epidemiological studies from the LAC region are scarce and
existing evidence is limited, nevertheless making only modest
contributions to global prevalence figures (10). Most of the
literature available on the epidemiology of dementia comes from
North American and European cohorts. The most extensive
studies on the prevalence of dementia in LAC countries identified
frequency rates similar to those reported by western and
eastern countries (11–13). Among neurodegenerative dementia,
Alzheimer’s disease dementia (ADD) and Lewy body dementia
are the leading cause of dementia, following by Frontotemporal
dementia (FTD), the third most common form of dementia
across all age groups, after, and is a leading cause of early-onset

Abbreviations: Aβ, amyloid-beta peptides; AD, Alzheimer’s disease; AnxA1,

Annexin A1; bvFTD, behavioral variant of frontotemporal dementia; C9orf72,

chromosome 9 open reading frame 72; COEP-UFMG, Ethics Committee of

the Federal University of Minas Gerais; CSF, cerebrospinal fluid; EDTA,

ethylenediaminetetracetic acid; FAST, Functional Assessment Staging; GRN,

progranulin; hsCRP, high sensitivity C reactive protein; HWE, Hardy-Weinberg

equilibrium; IATI, INNOTEST amyloid tau index; IL, interleukin; LX4,

lipoxin A4; MAPT, microtubule-associated protein tau; MCI, mild cognitive

impairment; NF, nuclear factor; NFTs, neurofibrillary tangles; PBMCs, peripheral

blood mononuclear cells; PCR-RFLP, polymerase chain reaction-restriction

fragment length polymorphism; SNP, single nucleotide polymorphism; SPM,

specialized pro-resolving mediator; TDP-43, TAR DNA-binding protein 43; TGF,

transforming growth factor; TNF, tumor necrosis factor.

dementia (14, 15), with a prevalence ranging from 3 to 26%
described in North America and European populations (16, 17).

FTD is an insidious neurodegenerative clinical syndrome
characterized by progressive deficits in behavior, executive
function, and language (16, 18, 19). FTD is often underdiagnosed,
due primarily to the lack of awareness as well as clinical overlap
with psychiatric disorders (15, 20). Although the impact of FTD
on LAC countries seems to mirror that of developing countries,
barriers to the diagnosis of and post-diagnostic support for this
type of dementia differ across such countries (2, 3).

Regarding clinical diagnosis, as mentioned, FTD is often
underdiagnosed (15, 20, 21). FTD symptoms typically start
between the ages of 40 and 65 in the majority of cases,
but it can also occur in younger and older individuals
(16, 22). In LAC, the most common approach is to rely
solely on clinical criteria for diagnosis. Unfortunately, for
many clinical subtypes of FTD, there is only a modest
correlation between the clinical features and the underlying
neuropathology of the disease. Other diagnostic support such
as specialized neuropsychological services and/or structural and
functional neuroimaging studies are less readily available in
the region (2). These well-known limitations have traditionally
led to a higher rate of missed diagnosis and when is posed
to significant delay in FTD diagnosis, which increases the
subsequent burden on caregivers (23, 24). Pathologically, post
mortem brains of people who had FTD are characterized with
frontotemporal lobar degeneration (FTLD) and intracellular
depositions of three main proteins: RNA-binding protein
TDP-43 (∼50%), microtubule-associated protein Tau (∼40%),
and, in rare cases, RNA-binding protein (FUS, 5%) (25).
Importantly, FTD has a strong genetic component, with
up to 40% of cases having a family history of dementia,
psychiatric disease, or motor symptoms, and 20–30% of cases
having an autosomal dominant pattern (26, 27). Mutations in
three major genes have been described: C9orf72 (chromosome
9 open reading frame 72), MAPT (microtubule-associated
protein tau), and GRN (progranulin) discussed below in
this review.
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Biomarkers, defined as a characteristic that is objectively
measured and evaluated as an indicator of normal biological
processes, pathogenic processes (28), have emerged as
promissory methods to provide and/or complement clinical
diagnosis for this complex syndrome, although most evidence
is needed to incorporate most of them in the routine clinical
practice (29–31). Biomarkers have been currently classified in
three main topics including genetic, neuroimaging, and fluid
biomarkers (28, 32). In FTD, diagnostic biomarkers could help
discriminate between individuals with FTD, control individuals,
and individuals with other neurodegenerative diseases including
ADD, as has been described in LAC cases (3). Biomarkers
could also help differentiate between clinical, genetic, or
pathological subtypes. Other biomarkers could also be used to
tailor pharmacological treatment or determinate prognosis (30).

The study of biomarkers in FTD requires sophisticated
procedures that only a few research centers have access to in
LAC. Moreover, biomarker measurements or research are not
funded by public health (2, 3). In this scenario, new peripheral
biomarkers constitute a promising possibility to implement, for
e.g., fluid biomarkers because of their accessibility, reduced cost,
and easy management in our LAC region. Nevertheless, the use
of biomarkers from fluids is also scarce, currently assessed only
for research purposes (3). In addition, neuroimaging techniques
are the most expensive and least available, only accessible in
specialized medical centers in large cities in LAC. Furthermore,
the reliability of available biomarkers, not only in LAC, is limited
to centers specialized in dementia, such as memory clinics, where
there is more experience in the accurate diagnosis of dementia.
Another barrier present in LAC countries is that their validity
has not been studied in native populations of each country, given
the existing ancestry and genetic mix that represent each LAC
country (1, 2). For example, genetic studies in Latino, mixed, or
indigenous populations represent only 3% of studies of polygenic
risk (3).

Considering the impact of FTD on LAC and the barriers
to diagnosis of this progressive neurodegenerative disease, the
advent of promising biomarkers (genetic, neuroimaging, and
fluid-based) that can enhance diagnostic accuracy and help
overcome outstanding needs could have a significant impact
on this region. This review aims to update the knowledge
base on biomarker development for FTD, with an emphasis on
published studies from LAC and highlights the need for further
development of FTD biomarkers that can be generalized to
broader settings and diverse populations.

MATERIALS AND METHODS

Database Search
A systematic search of the online literature was carried out
targeting journals indexed by PubMed Central, Redalyc, Scopus,
and SciElo databases. Pub-Med Central corresponds to the digital
archive of the United States National Institutes of Health and it
was selected for its scope and importance in the biomedical and
life sciences; this database allows access to free material but the
use of the material is subject to copyright and/or license terms.
Redalyc is an academic project promoted by the Autonomous

University of Mexico, in collaboration with other institutions,
for the dissemination in Open Access of the scientific publishing
activity that occurs in and on Ibero-America; and it was selected
for its reach in regional populations. Scopus is a bibliographic
database of abstracts and citations of scientific journal articles,
which are peer-reviewed. This database was selected for its
antiquity (1966) and scope since it is sponsored by Elsevier.
SciELO is a Brazilian project that promotes the development
and operation of Latin American collections for all areas of
knowledge, with publications preferably in English, but also in
other languages. It was elected for indexing many national and
Latin American journals.

To identify potentially eligible studies related to FTD
cognitive dysfunction biomarkers, the PRISMA Checklist
and PRISMA Statement for Reporting Systematic Reviews
and Meta-Analyses was followed, to have a validated and
consensual research methodology (33). Two of the authors
(MFA and PO) independently searched for articles associated
with the following keywords in English: [(Biomarkers) AND
(dementia)] OR [(Biomarkers) AND (frontotemporal dementia)]
OR [(Biomarkers) AND (frontotemporal dementia behavioral
variant)], and then, the procedure was reproduced with the
same keywords, translated to Spanish and Portuguese. Those
languages were selected because they correspond to the main
languages used in Latinamerica, therefore ensuring to include
all the Lan American research. Other languages such as french
or german were not included, since those papers, despite having
Latin American authors, were most probably not based on Latin
American population. Initially, the search keys used considered
the other clinical patterns of FTD, however in previously
exploratory search, only the behavioral variant showed results
based on the systematic review formula, for which it was decided
to limit the search to the behavioral variant.

Eligibility Criteria and Study Selection
Studies were considered eligible for data extraction if they
meet the following inclusion criteria: original peer-reviewed
articles (empirical, quantitative, longitudinal studies, follow-up
studies, neuroimaging studies, randomized controlled trials,
quasi-randomized controlled trials, cross-sectional studies,
longitudinal studies) written in Spanish, English or Portuguese;
published between January 2000 until November 2020, based
on human Latin American populations, considering samples
with FTD pathological characteristics, which their contents were
about genetic, neuroimaging and fluid biomarkers. If some of
the results found were still in press and could be checked by
title and abstract, they were included too for the full-text review,
by contacting the authors. No particular diagnostic criteria
were required for the samples to be included because the main
objectives of some potential results might be comparing them.

The exclusion criteria considered were: studies with no LA
population samples, studies conducted with non-human animals,
and studies written in a language other than those previously
referred. We considered excluded from our investigation model:
prospective studies, interview studies, retrospective studies,
clinical and treatment trials, qualitative studies, mathematical
modeling, experimental replications, scientific simulations, field
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studies, focus groups, non-clinical case studies, literature reviews,
systematic reviews, and meta-analyses.

Process of Selection
In the first stage, MFA and PO searched for the selected keywords
using boolean operators. With these first results, in a second
stage, the articles were reviewed and selected according to
their titles; from here, those who met the search words and/or
the eligibility inclusion criteria were considered for the next
stage. In the third stage, the abstracts and the full texts were
read by PO and MFA to ensure papers met the criteria for
sample descriptors, language, type of study, and contents. When
the third stage was completed, the exhaustive review of each
paper for the final selection was made by three authors (MA-
P, PO, and TL). Disagreements were resolved by discussion
between the three authors and, in case of disagreement, a
fourth opinion was sought from the other authors for a final
decision. Finally, the resulting sample of papers was divided
between the other authors for the data analysis and synthesis.
The flowchart in Figure 1 illustrates the sequence of actions
and outcomes.

Data Synthesis
MFA recorded specific data for each study (Table 1) including
first all relevant citation information [author name(s), year
of publication, Digital Object Identifier (DOI), and the data-
based site where the article can be found] to facilitate
the individual search for readers. Secondly, the country
from which the study sample was recruited is reported
with the purpose of highlighting research status in different
localities. Third, each paper was reviewed and classified
by the general biomarker technique used in its methods
(category in the table): biomarkers (fluid-based), neuroimaging,
and genetics. This was done to help readers categorize the
amount of information available for each modality. The
specific technique used in each category was presented in
the specification column, highlighting the methodological
approaches most often used in Latin American and Caribbean
research. Finally, if the selected article provided information
about the connection of said biomarkers to a particular
cognitive domain, this was reported in the cognitive column.
This data summary provides a high-level overview of the
research occurring in LAC and allows reflection on the utility
of biomarker information and translational research to the
biomedical field.

RESULTS

After performing the PRISMA analysis, our search identified 21
studies on FTD and biomarkers in the LAC region. The selection
process is depicted in the flowchart in Figure 1.

Biomarkers
A biomarker is defined as an objectively measurable indicator of
a biological state or pathological condition. A biomarker must
be reproducible, stable, available to a large part of the population
and reflect relevant disease processes (28). Biomarkers have the

FIGURE 1 | The flow of information through the different phases of the

systematic review according to the PRISMA statement. The search of

PubMed, Scopus, Redalyc, and SciElo databases provided a total of 9,131

citations. Of these, 8,374 studies were discarded after reviewing the titles, and

of those, 665 abstracts did not clearly meet the criteria. After adjusting for

duplicates 52 of the 92 articles remained. The full text of the remaining 52

citations was examined in more detail. It appeared that 31 studies did not

meet the inclusion criteria as described. No unpublished relevant studies were

obtained, achieving a selection of a total of 21 articles for the analysis.

potential to be useful in dementia in several ways, including
distinguishing different aspects of underlying pathology,
detection of pre-symptomatic pathological changes, predicting
decline or conversion between clinical disease states, and
monitoring disease progression and response to treatment (32).
As mentioned, the diagnosis of FTD is particularly challenging
because the relationship between clinical symptoms, pathology,
and genetic causes are complex (31, 55, 56). In this scenario,
biomarkers represent a potentially informative diagnostic tool
for this condition. However, almost all biomarker studies in
FTD have been performed in North American and European
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TABLE 1 | Papers resume table.

Authors Year DOI Country Category Specifications Cognitive-domain

associated

Baez et al. (34) 2016 10.1016/j.cortex.2015.11.007 Colombia,

Argentina, Chile

Neuroimaging MRI-VBM Social cognition

Baez et al. (35) 2016 10.1159/000441918 Colombia,

Argentina, Chile

Neuroimaging MRI-VBM Social cognition

Bachli et al. (36) 2020 10.1016/j.neuroimage.2019.116456 Colombia,

Argentina,

Australia

Neuroimaging Machine learning Executive functions

Baldeiras et al. (37) 2015 10.1016/j.jns.2015.09.022 Brazil Fluid Biomarkers Aβ42/Tau ratio Unspecified

Bertoux et al. (38) 2018 10.3233/JAD-170771 Francia, Chile Neuroimaging Visual atrophy

ratings and VBM

Episodic memory

Cintra et al. (39) 2018 10.1016/j.neurobiolaging.2018.01.007 Brazil Genetics C9orf72 Syntomatic ALS, FTD

and MND presentation

de Souza et al.

(40)

2019 10.1590/1980-57642018dn13-030015 Brazil Neuroimaging

Fluid Biomarkers

PET-FDG, Aβ42,

Tau, P-Tau in CSF

Executive functions

Dottori et al. (41) 2017 10.1038/s41598-017-04204-8 Argentina,

Colombia

Neuroimaging Resting-State:

weighted symbolic

dependence

metric

Unspecified

Fernandez Suarez

et al. (42)

2016 10.1080/13554794.2016.1186700 Argentina Genetics C9orf72 Unspecified

Fraga et al. (43) 2019 10.1016/j.neuroscience.2019.09.008 Brazil Fluid biomarkers hsCRP, IL-1β, IL-6,

TNF, TGF-β1,

AnxA1 and LXA4

in blood and CSF

Unspecified

Gatto et al. (44) 2017 10.1016/j.neurobiolaging.2017.02.002 Argentina Genetics MAPT Executive functions

attention

Itzcovich et al. (45) 2016 10.1016/j.neurobiolaging.2016.02.001 Argentina Genetics C9orf72 Unspecified

Miranda et al. (46) 2017 10.4067/s0034-98872017000700896 Chile Genetics C9orf72 Language and motor

Moguilner et al.

(47)

2018 10.1038/s41598-018-29538-9 Argentina,

Colombia

Neuroimaging Resting-State:

weighted symbolic

dependence

metric

Unspecified

Niikado et al. (48) 2019 10.1093/gerona/gly179 Argentina Neuroimaging

Fluid Biomarkers

MRI, cortical

thickness, NfL in

CSF

Unspecified

Riudavets et al.

(49)

2013 10.1111/bpa.12051 Argentina Genetics PS-1 Unspecified

Santamaria-Garcia

et al. (50)

2016 10.3233/JAD-160501 Colombia,

Argentina, Chile

Neuroimaging VBM Neuropsychiatric

symptoms

Santos et al. (51) 2014 10.1016/j.pnpbp.2013.06.019 Brazil Fluid biomarkers PBMC Unspecified

Santos et al. (52) 2020 10.1016/j.jpba.2020.113424 Brazil Fluid biomarkers Plasma metabolite

profile with GC-MS

Unspecified

Sedeño et al. (53) 2017 10.1002/hbm.23627 Colombia,

Argentina,

Australia

Neuroimaging fMRI and

graph-theory

Unspecified

Takada et al. (54) 2016 10.1097/WAD.0000000000000153 Brazil Genetics MAPT and GNR Unspecified

Articles used for the data analysis, showing an organization following an order by authors, year, digital object identifier (DOI), country, category, specification, and cognitive

domain associated.

populations (57), neglecting LAC countries (3). Here, we
provide a brief update and the current state of knowledge on
genetic, neuroimaging, and fluid biomarkers for FTD in the
LAC region.

Genetics Biomarkers for FTD in LAC
A strong genetic component has been observed in FTD, where
20–30% of cases have an autosomal dominant inheritance (26,
27, 58). This inheritance is mainly due to mutations in the genes
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C9orf72, GRN, and MAPT (59). Mutations in MAPT and GRN
each account for 5–11% of total FTD cases (26). In 2011, a novel
pathogenic expansion intronic to the geneC9orf72was identified,
which has subsequently been found to be the most common
genetic cause of FTD in Northern Europe and North America
(60–62). In addition, mutations have been identified in other
genes such as VCP, CHMP2B, TARDBP, FUS, EXT2, SQSTM1,
CHCHD10, TBK1, OPTN, CCNF, TIA1 in rare cases of FTD (63).

C9orf72
A hexanucleotide repeat (GGGGCC, G4C2) expansion in
chromosome 9 open reading frame 72 (C9orf72) [GenBank:
JN681271] was discovered to likely be the most frequent genetic
cause of bvFTD, FTD with motor neuron disease (FTD-MND),
and amyotrophic lateral sclerosis (ALS) in some populations
(60, 62). In Europe and North America, the C9orf72 expansion
accounted for nearly 40% of familial and 8% of sporadic ALS, as
well as 25% of familial and 6% of sporadic FTD cases (64). In
contrast, the frequency was extremely rare in Asian (65, 66) and
Middle Eastern countries (67).

Regarding the genetic situation in the LAC, some studies of
C9orf72 have been described in Chile, Argentina, and Brazil.
In Chile, a case report of a family carrier of C9orf72 mutation
affected by non-fluent aphasia leading to mutism and mild
parkinsonism was described (46). In Argentina, the first case
with FTD and C9orf72 mutation was reported in 2016 (42).
A Brazilian kindred with FTD and FTD-ALS was reported in
2012, in which significant heterogeneity across different family
members was seen and subtle behavioral changes were observed
decades before a diagnosis of bvFTD was made (68). Later, the
first characterization of C9orf72 expansion in a group of patients
was carried out in Latin America (45). Thirty-three patients
with FTD and 50 patients with Amyotrophic Lateral Sclerosis.
Hexanucleotide expansion was identified at a frequency of 18.2%
in the FTD group while expansion explains 37.5% of the familial
cases. In the group with ALS, the expansion was identified in
1 patient with a family history of the 3 cases studied, while in
sporadic ALS the expansion was identified in 2.1% of the patients
(45). In Brazil, a group of 404 patients with ALS and 67 with
FTD were assessed forC9orf72 pathogenic expansion. Pathogenic
repeat expansions were found in 11.8% of familial ALS and 3.6%
of sporadic ALS. In the cases of FTD, the pathogenic expansion
was identified in 7.1% of the familial cases and was not detected
in sporadic cases. Among the 35 cases of ALS with the C9orf72
mutation, 25.7% also presented clinically with FTD; and among
the 15 FTD mutation carriers, 20% also had ALS (39).

MAPT
Microtubule Associated Protein Tau (MAPT) encodes tau
proteins involved in microtubule stabilization and assembly.
Mutations in this gene cause tau splicing alterations, promote
tau cytoplasmic aggregation, or cause tau hyperphosphorylation,
which generates microtubule instability (18, 69). Mutations in
MAPT in FTD have been reported at 17.9% in a British study and
4.7% in a French study (70, 71). Interesting, MAPT mutations
were absent in Korean and Indian cohorts (72, 73). Regarding
LAC status, in Argentina, a missense mutation p.P301L in exon

10 of the MAPT gene has been described in a large family with
a behavioral variant of FTD (44). In Brazil, 55 patients with
behavioral variant FTD, 11 with semantic variant PPA, and 10
with non-fluent variant PPA were studied. In that study, MAPT
mutations were found in 7.1% of the entire cohort and in 10.5%
of the familial cases (54).

GRN
Progranulin protein is encoded by theGRN gene and is expressed
in a wide variety of cell types both in the periphery and in the
central nervous system (74). This protein has several functions
including activation of signaling cascades for neuronal growth,
inflammation, and wound repair (18, 19, 74). The frequency of
GRN mutations in FTD has been reported to be 3–15% in studies
in North America and Europe cohorts (60, 70, 71, 75–78), while
in Asia, the frequency was 0–1.6% (72, 73, 79). Among family
cases, frequencies of 24.8% have been described in northern Italy,
20% in the UK, and 14% in France (70, 71, 75). In Brazil, the
same cohort described above also assessed GRN and identified
mutations in 9.6% of the total cases, including 31.5% of the
familial cases, making GRN mutations the most common form
of monogenic FTD in that sample (54).

TARDBP
Gene codified for a protein called transactive response DNA
binding protein 43 kDA (TDP-43). This protein has functions
such as RNA transcription, splicing, transport, and stability
(80–82). Mutations in TARDBP are not common. Mutations
in TARDBP are identified mostly in familial ALS patients, but
also in sporadic FTD, AD, and PD cases (83–87). In Brazil,
Machado-Costa identified a TARDBP mutation in a 54-year-old
patient diagnosed with semantic dementia. This mutation was
identified in the exon 6 of TARDBP corresponding to a p.I1383V
mutation (88).

Presenilin-1
PSN-1 gene is frequently mutated in familial AD (89, 90),
however, some mutations in this gene can be associated with an
FTD phenotype (91). PSN-1 mutations may be associated with
FTD phenotype in a minority of cases (91, 92). An Argentine
family with FTD history was studied and was identified with the
M146Vmutation in PSN-1. This family showed histopathological
changes of both Pick’s disease and AD (49).

TREM2
Homozygous or compound heterozygous mutations of
TREM2 have been associted to Nasu-Hakola disease which
is characterized by bone involvement with an early-onset
FTD phenotype (93, 94). These mutations of TREM2 have
also been associated with FTD-like presentations without
bone involvement (95, 96). Patients with FTD-like syndromes
have been identified harboring homozygous or compound
heterozygous mutations in TREM2 including p.Q33X, p.Y38C,
p.R47C, p.R62C, p.T66M, p.D86V, p.D87N, p.D134G, among
others (93, 95–100). Also, for heterozygous mutations in
TREM2, association studies have been performed to determine
the conferred risk of each variant. Two meta-analyses of
rare variants in TREM2 found that the p.R47H and p.T96K
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variants confer a 2- to 3-fold increased risk of FTD in European
populations (101, 102). In a Colombian family that presented
the bvFTD phenotype (and no bone phenotype) was identified
TREM2 p.W198X mutation in homozygosity. The clinical
phenotype identified in the Colombian family with homozygous
TREM2 mutations suggests that the genetic basis of monogenic
bvFTD in LAC may be more heterogeneous than the families
observed in northern European populations (103).

Neuroimaging and Neurocognitive Studies
in FTD
Classically, FTD cases show frontotemporal and insular
atrophy in structural neuroimaging, with Magnetic Resonance
Imaging (MRI) (104). In functional neuroimaging including
positron emission tomography (PET) or single-photon
emission computed tomography (SPECT), hypometabolism
and hypoperfusion have been described (105), suggesting the
involvement of either structural and/or functional impairment of
the frontal lobe in the pathogenesis of FTD (19). Recent advances
in the study of neuroimages have incorporated new modalities
such as diffusion tensor imaging (DTI), resting-state functional
MRI, arterial spin labeling (ASL), and tau PET imaging, allowing
investigation of connectivity and molecular changes in different
clinical populations (105). Aiming to understand the application
of neuroimaging in FTD, several LAC teams have described novel
techniques to further understand the underlying pathology of
FTD and to help in the differential diagnosis. Here, we describe
how neuroimaging has allowed us to study the neural bases of
cognitive deficits in FTD using different techniques.

MRI Studies
Structural
The neuroanatomical correlates of different cognitive tasks
were used to evaluate specific symptoms of FTD, to look
for the pathogenic substrate of that clinical manifestation. A
multinational team of researchers, including participants from
Chile and France, aimed to identify and discriminate the
structural anatomical markers of episodic memory impairment
in bvFTD, comparing those patients with AD patients and
healthy controls, finding that impairment of medial/lateral
temporal atrophy is associated with memory deficits (38).

Social cognition deficits seem to be a critical marker
of the disease. Reports from LAC in this domain have
shown neurocognitive deficits in FTD related tofacial emotion
recognition (106–109), empathy (34, 110–112), theory of mind
(106, 107, 112), moral judgment (35, 113), moral emotions (114),
and interoception (115).

A multinational team of researchers from Argentina, Chile,
and Colombia looked for a structural correlate of the moral
judgment impairment often seen in bvFTD, finding that in
bvFTD patients, judge harm permissible had an inverted
relationship with the gray matter volume in the precuneus,
thus implying that processing intentions and outcomes for
moral judgments rely on regions beyond the Ventromedial Pre-
frontal Cortex (35). The same group also described that in
bvFTD patients, impairment in intentionality comprehension
was associated with atrophy on limbic structures like the

amygdala and anterior paracingulate cortex, while impairment
in empathic concern was associated with atrophy of the
orbitofrontal cortex. This is one of the first LAC studies to
provide a structural base for the core neurocognitive deficit
in FTD (34). The aim of the previous study was mainly to
find a structural correlate of symptoms. No description of the
accuracy of these methods was described, to use it, for example,
as a diagnostic biomarker. However, the authors propose further
research is needed and could eventually have other uses, such as
diagnosis clarification (34).

The contextual fluctuation different social abilities seems to
be a hallmark of FTD (116–120), reported impaired in FTD
populations from LAC (121, 122). Many of these contributions
from LAC have evidenced a multi-feature framework of social
cognition in FTD, connecting behavior, electrophysiology, and
multimodal neuroimaging (50, 53, 115, 123–126).

Research that used machine-learning algorithms
(computational-decision methods) to identify bvFTD and
AD, was carried out by a team from Argentina and Colombia,
in collaboration with one team from Australia (36). This team
was the first one to validate the importance of cognitive-
behavioral assessment and neuroanatomical measures combined
to identify bvFTD and AD from controls (36). In addition,
the combined methods showed high rates of classification
(>91%) and prediction (>91%) of AD and bvFTD in new
cohorts. These results demonstrate the importance of the
application of computer methods combined with cognitive
screening assessment (global cognition and executive function)
and brain atrophy volume (voxel-based morphometry from
fronto-temporo-insular regions in bvFTD) (36).

Functional Connectivity
In the field of neuroimaging, functional connectivity is a very
sensitive tool that is becoming increasingly popular. Functional
connectivity is defined by Friston “as the temporal coincidence
of spatially distant neurophysiological events” (127). In LAC,
this technique had no gold standard reported until a group
from Argentina conducted a multicenter analysis of functional
imaging in bvFTD (53). Their multidimensional approach
involved fMRI and Graph theory to yield a gold-standard
that can aid in the distinction between bvFTD and healthy
controls. To evaluate Functional connectivity several analyses
were performed: seed analysis, inter-regional connectivity,
and graph-theory approaches. They found interesting results
indicating that frontal and temporal areas showed less integrated
and interconnected areas in FTD as described by Freeman
“indicate the number of shortest paths that pass through a
node and link the other node pairs across the network” (128).
In addition, the authors showed in 148 patients that graph-
theory based on weighted matrices could distinguish between
bvFTD and other neurodegenerative diseases across centers,
highlighting this technique as a potential gold standard to analyze
brain networks in bvFTD. Moreover, betweenness centrality
and graph theory are both methods able to detect brain
connectivity abnormalities and discriminate bvFTD from healthy
controls (53).
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Summary of Neuroimaging and
Neurocognitive Studies
The research for new and early biomarkers for neurodegenerative
diseases, such as FTD, is one of the main goals of many research
groups. All the presented research related to neuroimaging has
very high relevance. Search for biomarkers for early diagnosis
of neurodegenerative disease is pivotal and neuroimaging
methods are potential sensitive biomarkers for being used in the
population of the LAC region. The majority of the LAC research
described in our review is based on structural neuroimaging,
and functional imaging. Those biomarkers appear to be more
affordable in the LAC context and further research is needed
to expand these biomarkers across LAC, allowing a better
diagnosis in a limited budget context. Nevertheless, several
other biomarkers are being used around the world, including
functional imaging allowing in vivo imaging of proteins, DTI
allowing to evaluate the connection between lobes, among
others (105). They have provided important insights into FTD
pathology, especially in HIC (104, 129), therefore an effort
should also be done to increase the access to those resources for
special cases.

Electroencephalographic Studies
A multicenter study, conducted by a team from Argentina and
Colombia, developed a novel non-linear association method to
evaluate the ability to identify patients with bvFTD and healthy
controls based on resting-state functional connectivity. This
method called weighted Symbolic Dependence Metric (wSDM)
inspired by EEG studies and based on machine learning, proved
to be superior to linear measurements (R Pearson) widely used
in the identification of functional connectivity in patients with
bvFTD (41, 47). Another similar non-linear connectivity method
has been proven robust to classify FTD patients based on the
dynamical fluctuation assessed with machine learning (130). This
study also provided evidence of generalization of classification to
both LAC and High-Income Countries (HIC) datasets. Although
few studies with EEG were founded, EEG is a cheap and
accessible method of research, especially useful for LMIC like in
Latin America.

FTD-Related Fluid Biomarkers
Cerebrospinal fluid (CSF) and blood are the most frequent
fluids which have been described or studied as a diagnostic
tool in dementias (131). Here, we will provide the most recent
knowledge of the use of fluids biomarkers in LAC cohorts
suffering from FTD.

Neurofilament Light Chain
NfL is a component of the neuronal cytoskeleton, which is
involved in structural support, transport, and neurotransmission
in neurons (132). NfL is released into the CSF and blood when
neurodegeneration occurs (132). Increased levels of NfL have
been reported in the CSF of patients with ALS and FTD (133,
134). NfL has been suggested as a marker of FTD severity, as
high concentrations in CSF are associated with shorter survival
(135). A strong correlation has been observed between plasma
NfL concentrations and CSF (136, 137), and it has been shown

that serum or plasma NfL levels are increased in FTD, reflecting
disease severity and predicting clinical deterioration and brain
volume loss (138–141). NfL concentration only increases during
the symptomatic phase, while pre-symptomatic levels are usually
similar to controls (142). NfL is also a promising blood
biomarker in genetic frontotemporal dementia (GRN, C9orf72,
and MAPT) (143). In a longitudinal study across people from
Canada and Europe with pre-symptomatic and symptomatic
genetic frontotemporal dementia, NfL levels showed changes
over time and correlated them with longitudinal imaging and
clinical parameters. During the study, NfL levels were increased
in persons who converted from pre-symptomatic, highlighting
serum NfL as an easily accessible biomarker in genetic FTD
dementia (143). Another study using a meta-analysis approach
of fluid biomarkers to differentiate DFT from AD described that
NfL were useful in distinguishing both diseases (144–146). The
only report about FTD and NfL in the LAC region was done
in Argentina, where 13 patients with bvFTD, 6 with lvPPA, 2
with svPPA, and 4 subjects with nfvPPA were studied. NfL levels
in CSF in patients with bvFTD are higher than in MCI, AD,
and controls (48), which has been described in other studies
(145, 147, 148).

Progranulin
Progranulin is a pleiotropic growth factor that is expressed
in multiple tissues and cell types throughout the human
body, serving important roles in normal tissue development,
proliferation, regeneration, inflammation, and tumorigenesis
(149, 150). In the brain, progranulin is involved in both neuronal
survival and neurodegenerative disease (74, 151). Mutations
in GRN cause disease through haploinsufficiency and CSF
and plasma progranulin concentrations are reduced in GRN
mutation carriers (152). Central nervous system progranulin
levels are regulated differently from peripheral progranulin
levels in neurodegenerative diseases (134, 153–157). This has
also been observed in healthy elderly subjects (155). Peripheral
levels may not adequately represent progranulin levels in the
central nervous system (155, 156). Very low plasma progranulin
levels have been observed in FTD patients with GRN mutations
compared with sporadic FTD (152, 158, 159), suggesting that this
analysis is useful for detecting carriers of GRN mutations that
cause haploinsufficiency (160). The only study usingGRN in LAC
was done in Brazil (54). Plasma progranulin were evaluated in 7
GRNmutation carriers, 55 non-carriers mutation and 60 healthy
controls. Levels of plasma progranulin were significantly lower
in the FTD group carriers of GRN mutations than in the FTD
group without GRN mutations or in the control group. Plasma
progranulin levels were also lower in the FTD without GRN
mutations group, in comparison to the control group (54).

TDP-43
TDP-43 is a protein involved in alternative splicing and
transcriptional regulation (161). In ALS and FTD, TDP-43
protein suffers ubiquitination, hyperphosphorylation, and also
truncation of C-Terminal, increasing its aggregation profile
leading to neurotoxicity and further cell death (19, 25). Elevated
levels of TDP-43 have been observed in CSF in patients with
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ALS and FTD, with higher concentrations in ALS than in FTD,
suggesting that TDP-43 is a biomarker in this disease (162).
This could be explained by the higher percentage of TDP-43-
related pathology in ALS (∼97%), while in FTD a significant
percentage is due to other (mainly tau deposits) pathologies
(∼45%) (162). Majumder et al. conducted the first meta-analysis
showing that TDP-43 in CSF is significantly increased in patients
with FTD-ALS and ALS (163). However, this difference is not
observed in patients with FTD alone. These data suggest the
use of CSF TDP-43 as a biomarker for ALS (163). Plasma TDP-
43 has been useful in differentiating FTD patients with TDP-
43-based pathology from those with tau-based pathology (164).
However, no differences in TDP-43 concentrations have been
identified between patients with FTD and AD (165). By analyzing
the phosphorylated form of TDP-43 (pTDP-43) which is added
in the brain, they have shown a good correlation between plasma
protein levels and pTDP-43 depositions in the brain (165). High
concentrations of pTDP-43 in plasma were observed in C9orf72
and GRN mutation carriers, while total pTDP-43 levels were
observed to be decreased (166).

All together suggest that TDP-43 may be used as a biomarker
in FTD. However, at present, using our PRISMAmethods we did
not find studies in LAC countries and research of TDP-43 as a
biomarker is still missing.

Aβ-Amyloid, Tau, and P-Tau
In a recent study, CSF amyloid-beta (Aβ)1–42, total tau (T-
Tau), and phosphorylated tau (p-Tau) ratios, showed their clinical
utility for differentiating AD from non-AD neurodegenerative
dementias, distinguishing AD from both bvFTD and semantic
dementia (SD, sensitivities, and specificities of 80–90%) (167). In
a similar study, low levels of the secreted form of Ab precursor
protein (sAPPb) in CSF have been observed in patients with FTD
compared to patients with AD and controls (168). Interestingly,
the Aβ42/pTau181 ratio showed better differentiation between
AD and FTD patients (169). This study was supported by two
other investigations reporting increased sensitivity (80–86%) and
specificity (82%) of the Aβ42/pTau181 ratio, suggesting that those
proteins are the best biomarker subset to differentiate FTLD from
AD (37, 170). The plasma levels of p-Tau181 were significantly
higher in patients on the AD spectrum groups and FTD patients,
with the highest level in the FTD group (171). In a recent study,
plasma p-tau181 distinguished AD of DFT with an AUC of
100% (172). Another phosphorylated form of tau, p-Tau217, has
been studied in AD and other neurodegenerative diseases such
as bvFTD or PPA, finding an AUC of 0.92 with a specificity
of 81% and sensitivity of 93% to differentiate between these
variants of FTD and AD (173). In Brazil, CSF AD biomarkers
were used to distinguish a case of a frontal variant of AD and
behavioral variant frontotemporal dementia (40). Importantly,
the patient fulfilled criteria for probable bvFTD, however, CSF
biomarkers signature showing low Aβ42, high Tau, and high
p-Tau established a diagnosis of the frontal variant of AD (40).

GFAP
Glial fibrillary acidic protein (GFAP) is a protein widely expressed
by numerous cell types of CNS, including astrocytes (174, 175).

GFAP, an establishedmarker of astrogliosis in neurodegeneration
(174, 175), have been recently described as a possible biomarker
for FTD (176–179). Increased levels of GFAP have been reported
in AD and ALS patients in both CSF and serum (57, 177).
Previous studies of GFAP in FTD showed increased CSF levels
in symptomatic patients, however, changes in this protein’s levels
in the blood have not been identified (177–179). In a recent study,
GFAP concentration was analyzed in FTD patients carrying
mutations in C9orf72, GRN and, MAPT in both symptomatic
and pre-symptomatic subjects (176). Increased plasma levels of
GFAP were only observed in GRN mutation carriers. In pre-
symptomatic stages of the disease, elevated GFAP concentrations
were correlated with lower cognitive test scores and lower brain
volumes, suggesting that GFAP increases in late pre-symptomatic
stages. In symptomatic stages, higher GFAP concentrations were
associated with faster rates of atrophy, suggesting that GFAP
could be associated with disease intensity, progression, and
survival (176). In our LAC regions, no studies in GFAP levels
have been performed.

Inflammatory Biomarkers
It has been suggested that immune activation may be an
early cause of neurodegeneration (180) or that the addition
or accumulation of tau or TDP-43 induces an increased
cytotoxic response leading to chronic neuroinflammation
(181–183). In FTD, the immune response is likely to be
triggered by the accumulation of poorly folded tau proteins
or TDP-43, or the deregulation caused by signals released
by damaged neurons or the deregulation of mechanisms to
remove poorly folded or damaged neuronal proteins. These
processes lead to neurodegeneration (180, 184–186). Changes
in inflammatory markers in blood, serum, and CSF have been
reported in different FTD subtypes, suggesting that inflammatory
factors play an important role in the pathogenesis of the
disease (187). Biomarkers include some of the pro- and anti-
inflammatory cytokines, chemokines, and secondary messengers
that coordinate the immune response through regulation of
innate and adaptive responses in the periphery (188, 189).

Patients with genetic and sporadic FTD share similar
patterns of inflammation at CSF (179). Patients with FTD show
overexpression of tumor necrosis factor (TNF) and transforming
growth factor (TGF-b1) in CSF, as well as microglia activation
in atrophic areas of the brain (190, 191). One study of sporadic
DFT reported elevated CSF levels of TNF-α (192), while another
study reported decreased CSF levels of IL-12 (193). Smaller
studies reported elevated CXCL8 and IL-15 levels in the CSF
(194, 195). However, all of these findings were not reproduced
in a subsequent study (196). Reports of elevated CSF levels from
TGF-β and IL-11 (192, 197) have not yet been reproduced or
denied, while two studies have identified elevated CSF levels
from CCL2 in sporadic FTD (194, 196). Progranulin appears
to be involved in neuroinflammation and microglia activation
(198–200). In a small cohort of GRN mutation carriers, an
apparent CSF profile of elevated CXCL10 and decreased levels
of TNF-α, IL-15, and CCL5 have been described (196). Another
recently identified marker of neuroinflammation is soluble
TREM2. TREM2 encodes a receptor expressed on immune cells
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that regulate phagocytosis. In the brain, TREM2 is expressed
exclusively by microglia (201), and it has been suggested that
TREM2 levels are a marker of microglia and neuroinflammation
activity (202). In carriers of TREM2 mutations, sTREM2 CSF
levels are decreased, suggesting a loss of function as a pathological
mechanism (203). One study also found that CSF sTREM2 levels
decreased in a larger cohort of patients with FTD, including
carriers with C9orf72 and GRN mutations (204).

Studies of circulating inflammatory biomarkers in patients
with FTD are scarce even though blood samples are easier to
obtain than CSF and also, the results have been inconsistent.
One study shows that IL-6 levels are increased in FTD patients
carrying GRN mutations when compared to pre-symptomatic
carriers, suggesting an inflammatory response when FTD
symptoms appear (205). In a cross-sectional study of patients
with a mutation in the gene CHMP2B associated frontotemporal
dementia, levels of inflammatory markers such as CCL4 IL-
15, CXCL10, CCL22, and TNF-α were found increased and
significantly associated with cognitive decline, suggesting a
peripheral inflammatory response to neurodegeneration (206).
In Brazil, Fraga et al. for the first time evaluated different
proteins involved in the immune response in patients with FTD
(43). The proteins evaluated in plasma were high sensitivity C
reactive protein (hsCRP), TNF, IL-β1, IL-6, TGF-β1, LXA4, and
AnxA1, and investigated changes in LXA4 e AnxA1 levels in
CSF bvFTD patients. For AnxA1 alone, a reduction in plasma
levels was demonstrated in bvFTD patients compared to AD
and controls. However, no difference was observed between AD
and bvFTD in CSF (43). Another study performed in Brazil
analyzed a B7-CD28/CTLA-4 pathway that is an important
immunological signaling pathway involved in the modulation of
T cell activation. Forty-six patients were included in this study
divided into three groups: 27 AD, 10 FTD, and 9 control patients.
The FTD group was composed of 7 patients with bvFTD, 2
patients with progressive non-fluent aphasia, and 1 patient with
semantic dementia. CTLA-4 expression showed a reduction in
FTD patients compared to AD or control groups (R. R. 205).

Proteomics and Metabolomics
Unbiased mass spectrometry (MS) was performed and identified
20 differentially abundant proteins between symptomatic GRN
mutation carriers and 24 non-carriers and 9 between 19
symptomatic and 9 pre-symptomatic mutation carriers. These
results were validated in subjects symptomatic and pre-
symptomatic mutation carriers of C9orf72 and MAPT, in
addition to GRN carriers (143). A validation study performed by
targeted mass spectrometry showed significantly lower levels of
NPTXR, CHGA, VSTM2B, PTPRN2, and VGF in symptomatic
GRN mutation carriers compared to pre-symptomatic and non-
carriers. Four of the 5 protein decreases (NPTXR, VSTM2B,
CHGA, and PTPRN2) were observed in symptomatic GRN
carriers as well as symptomatic C9orf72 carriers, suggesting
that these changes are not specific for GRN associated FTD.
In MAPT mutation carriers, significant differences in protein
concentrations were only found for NPTXR and CHGA. This
suggests that may there be differences in pathophysiology in
MAPT mutation carriers or it may be due to the smaller sample

size (143). The results show that synaptic, secretory vesicle, and
inflammatory proteins are dysregulated in the symptomatic stage
in mutation carriers and may provide new insights into the
pathophysiology of genetic FTD (143). One study performed in
Brazil using gas chromatography coupled to mass spectrometry
(GC-MS) included nine patients with bvFTD, 17 with AD and 15
cognitively healthy controls in the training set, whose data were
validated on a testing set of 8 bvFTD, 14 AD, and 10 controls
(52). Differences were identified when compared to the bvFTD
and control groups, but not between bvFTD and AD groups. The
bvFTD group showed decreased levels of plasma of metabolites
related to glycine/serine/threonine, alanine/aspartate/glutamate
pathways, and aminoacyl-tRNA biosynthesis when compared to
controls. These results suggest that impairment of amino acid
metabolism and the translation process may be present in bvFTD
patients (52).

CONCLUSIONS AND FUTURE
DIRECTIONS

FTD, like the rest of dementias, is a public health problem,
often underdiagnosed, undertreated, and not fully understood.
This situation is especially relevant in LAC, presenting several
barriers to diagnosis, treatment, and further research on FTD.
In this review, we showed local efforts to make research on
biomarkers in the LAC region. Until todaymost of the knowledge
about FTD comes from North America and Europe cohorts,
providing guidelines and descriptions that do not necessarily
capture the local reality in terms of psychopathology, genetics,
or diagnostic tools. Aligned with that, our current analysis in
this systematic review revealed only 21 articles published between
January 2000 until November 2020 in LAC, considering FTD
participants and genetic, neuroimaging, or fluid biomarkers
studies (Table 1). Interestingly, most of the researchers are
coming from Argentina, and Brazil, representing more than
55% of all of the manuscripts (Table 2). Most of the literature
comes from genetics and neuroimaging studies, representing
∼70% of the articles. As we showed in Figure 2, the C9orf72
gene is widely represented in familial and sporadic cases from
Chile, Brazil and Argentina, followed by MAPT and GRN
genes, as described in HIC. Several neuroimaging techniques
are being used, however, most of the LAC research described
in our review is based on structural neuroimaging, functional
imaging, and EEG. In this context, further research is needed
to expand these biomarkers across LAC, allowing a better and
accurate diagnosis.

Important to emphasize, studies on fluid biomarkers also
proceeded exclusively from Brazil and Argentina (37, 40, 43, 48,
51, 52). Nfl, PGNR, and TDP-43 proteins appear to be the best
molecules for FTD diagnosis in most of the studies. However,
no studies of TDP-43 in the LAC region have been performed
to distinguish controls from dementia patients, making it clear
that it is imperative to develop and study fluid biomarkers in
our regions. Despite the contribution of LAC studies, our review
suggests that biomarkers research is still needed to increase the
comprehension knowledge about FTD pathology in LAC and
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TABLE 2 | Quantity distribution of papers.

Papers Country Category

Argentina Brazil Colombia Chile Australia France Genetics Neuroimaging Fluid biomarkers

Quantity/Percentage (%) 12/35.3 7/20.6 7/20.6 5/14.7 2/5.9 1/2.9 7/30.4 10/43.5 6/26.1

Quantity and percentage of papers by country and category for the data analysis.

FIGURE 2 | Genetics biomarkers of FTD in LAC. The presence and frequency of FTD genetic biomarkers (TREM2, C9orf72, MAPT, GRN, TARDBP, and PSN-1) in

LAC.

their contribution to clinical diagnosis. Biomarkers research is yet
limited in number with a small sample size or simply case reports.
In a recent study, plasma p-tau181 distinguished AD of DFT with
an AUC of 100% (172), suggesting that this protein could be used
as a potential diagnosis tool, however no studies of this protein
has been developed in the LAC region.

Knowledge of the clinical manifestation of FTD has
progressed exponentially over the past 20 years (19). However,
the heterogeneity of the clinical outcome of FTD together
with the potential overlapping with other conditions leads
to considerable misdiagnosis by clinicians (19). In context,
clinicians, biomedical, and basic researchers have increased

Frontiers in Neurology | www.frontiersin.org 11 June 2021 | Volume 12 | Article 66340732

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Duran-Aniotz et al. Biomarkers for FTD Across LAC

awareness about this disabling neurodegenerative condition,
especially in vulnerable regions such as LAC. Moreover,
considering the mixed genetic heritage of LAC and the high
prevalence of cardiovascular risk (207), among others, we
highlight the need to develop strategies to increase research
in the region to study the contribution of biomarkers, mainly
fluid biomarkers, to understand the pathology of FTD and
improve diagnosis.

Recent years have seen a rapid development of biomarkers for
FTD and other dementias (29–31). LAC region is experiencing
increased demand for harmonized, innovative, and cross-
regional studies on dementias, including FTD. Across the LAC
countries, the case of FTD is even more challenging than AD.
LAC region may be driven by unique genetic factors which
could influence the prevalence and presentation of dementia
(1–3, 208–213). However, region-specific determinants remain
unknown and the region is still underrepresented in international
publications/journals including studies in prevalence, social
determinants, and local research of genetics and biomarkers
(2, 3). Thus, specific knowledge on the regional reality of LAC
is still scarce and limited (2, 3, 214). It is important to mention
that the most frequent limitations raised by researchers are the
lack of infrastructure, technology, availability of samples from
native populations specific to each LAC country, and the high
costs associated with biomarker analysis (3).

Recently, multiple regional research efforts have been
developed in LAC countries focused on the use of machine
learning for the combination of neuroimaging modalities as well
as behavioral/cognitive assessment to a better understanding of
different dementias in our region (36, 130, 215–219). A multi-
feature framework, targeting no one single potential biomarker,
but a multilevel combination of measures, tuned by machine
learning algorithms robust to assess simultaneously multiple
features, supporting redundancy of information, and extracting
themain components via progressive feature elimination process,
would represent a new-generation promissory approach to target
the complex multimodal nature of FTD. Dementia research in
the region is certainly reduced in comparison with HIC in the
LAC, highlighting an urgent need to integrate different areas of

dementia knowledge with a more global perspective (6, 209).

Thus, the development of a more extended regional network
establishing multi-center LAC initiatives is critical for global
discovery and research standardization of dementia in these
underrepresented cohorts.
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The differential diagnosis among the behavioral variant of frontotemporal dementia

FTD (bvFTD) and the linguist one primary progressive aphasia (PPA) is challenging.

Presentations of dementia type or variants dominated by personality change or

aphasia are frequently misinterpreted as psychiatric illness, stroke, or other conditions.

Therefore, it is important to identify cognitive tests that can distinguish the distinct

FTD variants to reduce misdiagnosis and best tailor interventions. We aim to examine

the discriminative capacity of the most frequently used cognitive tests in their Spanish

version for the context of dementia evaluation as well as the qualitative aspects

of the neuropsychological performance such as the frequency and type of errors,

perseverations, and false positives that can best discriminate between bvFTD and PPA.

We also described mood and behavioral profiles of participants with mild to moderate

probable bvFTD and PPA. A total of 55 subjects were included in this cross-sectional

study: 20 with PPA and 35 with bvFTD. All participants underwent standard dementia

screening that included a medical history and physical examination, brain MRI, a

semistructured caregiver interview, and neuropsychological testing. We found that bvFTD

patients had worse performance in executive function tests, and the PPA presented

with the lower performance in language tests and the global score of Mini-Mental

State Examination (MMSE). After running the linear discriminant model, we found three

functions of cognitive test and subtests combination and three functions made by the

Montreal Cognitive Assessment (MoCA) language subtest and performance errors that

predicted group belonging. Those functions were more capable to classify bvFTD cases

rather than PPA. In conclusion, our study supports that the combination of an individual

test of executive function and language, MoCA’s subtest, and performance errors as well

have good accuracy to discriminate between bvFTD and PPA.

Keywords: frontotemporal dementia, primary progressive aphasia, behavioral variant, neuropsychological tests,

discriminant analyses
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INTRODUCTION

Frontotemporal dementia (FTD) has been widely described as a
syndrome that presents clinically by either behavioral/executive
(BvFTD) or language dysfunction [i.e., primary progressive
aphasia (PPA)]. These presentations are associated with
prominent frontal or anterior temporal lobe degeneration (1) but
with slightly different degeneration patterns and clinical profiles
that merit distinct interventions. Yet, despite these differences
and advances in molecular biomarkers and other diagnostic
tools, differentiating between FTD variants themselves and
other causes of dementia (e.g., Alzheimer’s disease) remains a
challenge. Presentations dominated by personality change or
aphasia are readily misinterpreted as psychiatric illness, stroke,
or other conditions (2).

In general, it has been described that, in PPA syndromes, most

of the patients may debut with prominent anomia but with no
frank semantic memory loss, and, additionally, those patients
emerge with behavioral symptoms (3). This case evolution
also involves only minor or mixed linguistic alterations and
have a similar profile of behavioral change over time, mainly

characterized by apathy (4), hindering differential diagnosis. For
instance, the semantic variant of FTD (svFTD) is associated
with behavioral disturbances that are similar in quality to those

seen in bvFTD (5). Thus, the differential diagnosis among
the PPA variants involves distinguishing among its variants
themselves and discriminating among bvFTD and other causes
of dementia (6). Therefore, it is important to identify cognitive
tests that can distinguish the distinct FTD variants to reduce
misdiagnosis and best tailor interventions. Furthermore, to
the best of our knowledge, there are no studies yet that
aimed to assess the discriminative capability of the Spanish
version of widely used neuropsychological tests to evaluate
cognitive changes between FTD and PPA, making it more
needed to count on accurate neuropsychological data for the
Latino population, where the access to sophisticated diagnostic
technologies such PET-TAU and even to functional MRI (fMRI)
is scarce.

The atrophy patterns associated with frontotemporal lobar
degeneration (FTLD) have been found associated with family
mutations in three genes, namely, chromosome 9 open-
reading-frame 72 (C9ORF72), microtubule-associated protein
tau (MAPT), and progranulin (GRN), and their clinical
profiles are highly variable (7). For instance, GRN mutations
are often characterized by prominent asymmetrical patterns
of frontal, temporal, and parietal lobes atrophy, which are
associated with behavioral changes, visuospatial deficit, and
language disorders, resulting in most of the time on a clinical
diagnosis of bvFTD or non-fluent variant PPA (nfvPPA)
(8). Likewise, another study demonstrated that behavioral
disturbances are common symptoms in sv-PPA; nearly 75% of
the sv-PPA patients had at least one behavioral change at first
presentation (4).

Previous studies have mostly focused on evaluating the
capacity of screening and brief tools, as well as specific individual
cognitive tests, to differentiate among FTD, AD, and healthy
controls. However, although these tests shorten administration

time, they also pose a challenge for effectively characterizing and
differentiating dementia phenotypes (9).

Furthermore, qualitative aspects of the neuropsychological
performance such as the frequency and type of errors,
perseverations, false positives, and test’s subitems can provide
information about differential cognitive patterns of FTD
variants. Prior research has found that specific errors in the
neuropsychological test of memory such as false positives and
intrusions are goodmarkers of EA (10, 11). In FTD, there is a lack
of research in this regard, although perseverations, discriminative
errors, and paraphasias could have the potential of contributing
to distinguish between bvFTD and PPA. Some previous studies
support that hypothesis. For instance, previous research reported
that phonological errors seem to be highly predictive of high
amyloid burden in PPA (12). Similarly, another study found that
both random and perseverative errors underlie the set-shifting
deficits in the Wisconsin Sorting Cards Test (WSCT) test among
patients with focal lesions to their lateral prefrontal cortex (13).

On the other hand, it has been proposed that the Montreal
Cognitive Assessment (MoCA) subitems rather than the global
scores can contribute to improving its discriminant capability. In
a previous study, the authors reported that the MoCA subtests
have not been extensively evaluated to explore its discriminative
capacity, and they found that the subtest helped to discriminate
among dementia, MCI, and healthy controls better than the
MoCA global score alone (14). Another study aimed to explore
the capability of the MoCA test subitems to examine cognitive
deficits in FTD patients compared to single and longer measures.
The authors found that all MoCA subitems, except the MoCA
trials, strongly correlated with the corresponding full standard
cognitive test and that the cognitive deficits related to FTD
are better differentiated using MoCA subitems rather than
the global score (15). Due to the lack of evidence showing a
suitable capability to discriminate among dementias and FTD
subtypes using the MoCA global scores and that some studies
suggest that using the subitems could improve the discriminative
capacity, we included the analysis of the MoCA subitems in
our study.

For these reasons, we conducted a study that aimed to examine
the discriminative capacity of a set of cognitive tests frequently
used to evaluate patients with dementia and identifying subtest
and qualitative aspects of the neuropsychological performance
such as the frequency and type of errors, perseverations, and false
positives that can best discriminate between bvFTD and PPA.
We also assessed the cognitive, mood, and behavioral profiles
of Colombian participants with mild to moderately probable
bvFTD and PPA. The discriminant analysis is useful to indicate
the most powerful combination of tests to distinguish between
groups or to predict diagnostic group belonging regardless of
the presence or the level of cognitive impairment. Since the
discriminative capacity of the Spanish version of those test has
not been assessed yet for the Latino population, this study will
contribute to having better knowledge about the accuracy of this
tool among Colombian patients. Moreover, we will have data
about qualitative aspects of the neuropsychological evaluation,
which can be useful for differential diagnosis in clinical settings
and which have been little addressed in general.
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MATERIALS AND METHODS

Participants
A total of 55 subjects were included in this cross-sectional study:
20 with PPA and 35 with bvFTD. The inclusion criteria were
the following: (a) the first clinical impression of a radiologist in
fMRI was FTD and (b) the clinical evaluation by a neurologist
suggested a differential diagnosis between bvFTD and PPA. The
bvFTD group met the following criterion: (a) a clinical diagnosis
of possible behavioral variant of FTD (supported by fMRI and
Rascovsky et al. criteria) (15).

The PPA group fulfilled the following criterion: (a) clinical
diagnosis of semantic variant and/or a non-fluent variant of PPA
supported by fMRI and Gorno-Tempini et al. (16). Exclusion
criteria for both groups were (a) significant motor disturbance
that interfered with task performance and (b) patients with
posterior cortical atrophy.

All subjects were recruited from the neuroscience group
of Antioquia (GNA) data set (SISNE2), which include 30
years’ worth of neurological, neuropsychological, genetic,
and neuroimaging data from individuals who participate in
research at the GNA. All participants underwent standard
dementia screening that included a medical history and
physical examination, brain MRI, a semistructured caregiver
interview, and neuropsychological testing. The clinical diagnosis
was established by consensus by a multidisciplinary team
according to the fulfillment of inclusion/exclusion criteria.
Informed consent was obtained from all subjects or their
assigned surrogate decision-makers. The University of Antioquia
institutional review boards for human research approved the
study. The cognitive evaluation performed to evaluate diagnostic
criteria fulfillment was different from the one used for this
research’s aim of assessing some cognitive test capability to
discriminate between bvFTD and PPA. We used the Z-scores
as our control data source. The Z-scores were made using
Colombian normative data built with dementia cases compared
to age-matched controls.

Neuropsychological Background Testing
All cognitive tests were administered in the participants’ primary
language in Spanish by a trained neuropsychologist. Global
cognitive performance was assessed with the Mini-Mental State
Examination (MMSE) (17) and the MoCA (18). Memory
performance was evaluated with the Colombian version of
the Free and Cued Selective Reminding Test (FCSRT) (19).
Visual–spatial skills and visual memory were evaluated with the
Visual Memory Rey Complex Figure copy and immediate recall
(17). We also evaluated subjective memory complaints with the
subjective memory complaints patient/caregiver questionnaire
(20). Executive function and behavioral symptoms were assessed
with the Colombian version of the comprehensive cognitive
battery Neuronorma, which includes the phonemic fluency
test (p letter), the Stroop, and the Frontal Systems Behavior
Scale (FRSB) (21). Other components of executive function
such as flexibility and organized searching were assessed using
the abbreviated and Colombian validation version of WSCT
(17). Naming and semantic fluency were evaluated using the

Neuronorma semantic fluency test (animals) and the Boston
Naming Test (BNT) (21). The global/functional stage was
explored with the Functional Assessment Staging Tool (FAST)
(22) and the Global Deterioration Scale (GDS) (23).

Statistical Analysis
Statistical analyses were performed using SPSS, version 25
(24). Group differences in demographics, disease severity
scores, and neuropsychological, mood, and behavior measures
were performed using Student’s t-test for continuous variables
and chi-square (χ2) for categorical variables, controlling
for age and education using logistic regression with the
diagnostic group as the dependent variable. The cognitive
performance was standardized as Z-scores using previous
normative data for the Colombian population. Errors, false
positives, perseverations, and MoCA subitems were presented
as median and standard deviation only, as there is no
standardization yet for those measures among the Colombian
population. Statistically significant variables on the bivariate
analyses were then included in a linear discriminant function
analysis (LDA) to determine how well-dementia subtypes can be
distinguished based on the performance on cognitive tests. The
LDA model is considered a robust technique that does not make
the strong normality assumptions that multivariate ANOVA
(MANOVA) does because the emphasis is on classification. Its
robustness is not seriously affected if any of the assumptions
are not met. A sample size of at least 20 observations in the
smallest group is usually adequate to ensure the robustness of any
inferential tests thatmay bemade (25). Before running themodel,
we verified normality through visual strategies and statistical
tests as Shapiro and Kolmogorov. Equality of covariance matrices
was verified with the M. de Box test (26). We evaluated the
assumption of nomulticollinearity by calculating the Collinearity
Statistics variance inflation factor (VIF). We found that our
model fits very well all assumptions, and we consider it suitable
to use the model that was performed using the group as
a categorical independent variable and the cognitive features
as independents. After checking eigenvalues and canonical
correlations, we observed optimal values and coefficients. We
assessed the differences between groups through Wilks’ lambda
value with its respective significance test chi-square and found
significate differences between groups in each function.

RESULTS

Demographic and Clinical Features of the
Sample
Table 1 summarizes demographics, disease severity scores, and
estimated age of dementia onset, which was estimated through
clinical history and clinical interview. Significant differences
between group were not found.

Neuropsychological Profiles
Table 2 summarizes the results of neuropsychological profiles of
bvFTD and PPA patients. Differences were found in the MMSE,
in the FCSRT (Trial 1 free recall) and WSCT (perseverative
answers). Patients with bvFTD had a lower performance
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TABLE 1 | Demographic and clinical data of the sample according to the diagnostic group.

bvFTD PPA P-value

N 35 20

Age 66.5 (10.5) 66.9 (8.05) 0.902

Education (years) 12.1 (6.22) 15.5 (6.72) 0.064

Functional assessment staging of Alzheimer’s disease (FAST) 4.61 (1.17) 4.26 (1.05) 0.296

Global dementia scale (GDS) 4.58 (1.06) 4.21 (0.98) 0.225

Family history of dementia (% yes) 29.40% 25.00% 0.735

Family history of dementia (% no) 50.00% 45.00%

Family history of dementia (unknown) 20.60% 30.0%

Sex (% female) 44.10% 55.00% 0.312

Data of continuous variables are presented as mean its respective standard deviation (SD) with Student’s t-test. Categorical data are presented as frequencies with percentages and

chi2 tests.

in executive function tests. Patients with PPA had a lower
performance in the memory verbal span and MMMSE tests
(Figure 1).

Table 3 shows comparative performance in the MoCA subtest
and errors, false positives, intrusions, and other pathological
phenomena between the two groups. Results display significate
differences between the MoCA language subtest where the PPA
patients had the lower performance, in the number of incorrect p
words for the phonemic fluency test with bvFTD presenting the
higher number of errors, and in the number of descriptive errors
for the naming test where the PPA group had the higher mean of
pathological phenomena.

Behavioral and Mood Profiles
Table 4 summarizes the mean and standard deviation of group
performance in the behavior and mood tests. There were no
significant differences in any variable.

The Discriminant Capacity of the Cognitive
Battery Tests, Subtest and Errors,
Intrusions, False Positives, and Other
Pathological Phenomena
Linear discriminant analyses were performed to identify the test
combination with the highest capacity to differentiate between
bvFTD and PPA. The discriminant function analysis model
included the dementia subtypes as the grouping variable and
the significant cognitive tests as discriminating variables. Three
significant functions were found in the linear model, and they
were able to classify correctly over 69% of cases. Function 1
was composed of MMSE and the FCSRT (trial 1 free recall)
and classified correctly 69% of cases. This function classified
correctly 85% bvFTD cases and 43% PPA cases (Wilks’ ň =

0.841, chi2 = 6,252, P < 0.044). Function 2 was made of MMSE
and WSCT (perseveratives) and classified correctly 73% of cases.
This function classified correctly 91% bvFTD cases and 43% PPA
cases (Wilks’ ň = 0.762, chi2 = 9,773, P < 0.008). Function 3
combined WSCT (perseveratives) and FCSRT (trial 1 free recall)
and classified correctly 73% of cases. This function classified
correctly 85% bvFTD cases and 52% PPA cases (Wilks’ ň = 0.802,
chi2 = 7,935, P < 0.019) (Figure 2).

The Discriminant Capacity of Subtest and
Errors, Intrusions, False Positives, and
Other Pathological Phenomena
We included the discriminative analyses using a combination
of MoCA subtest and errors. We found three significate
combinations able to classify correctly up to 74% of cases.
Function 1 was composed of MoCA (language subtest) and the
mean of incorrect p words (phonemic fluency) and classified
correctly 71% cases. This function classified correctly 79% bvFTD
cases and 57% PPA cases (Wilks’ ň = 0.826, chi2 = 9,755, P <

0.008). Function 2 was composed of MoCA (language subtest)
and the mean of descriptive errors for the naming test and
classified correctly 74% cases. This function classified correctly
91% bvFTD cases and 48% PPA cases (Wilks’ ň = 0.791, chi2

= 11,033, P < 0.004). Function 3 was composed of incorrect p
words (phonemic fluency) and descriptive errors for the naming
test and classified correctly 71% cases. This function classified
correctly 94% bvFTD cases and 33% PPA cases (Wilks’ ň = 0.802,
chi2 = 10,606, P < 0.005) (Figure 3).

DISCUSSION

In this cross-sectional study, we assessed the capability to
discriminate between bvFTD and PPA of the Spanish version
of a set of cognitive tests set widely used in dementia
diagnosis in a sample of Colombian patients. The battery tests
included measures of memory, executive function, language,
praxis, and global functioning. We also described mood,
subjective cognitive decline, and behavioral changes between the
two groups.

We introduced the cognitive variables that significantly
discriminated those with bvFTD from PPA into a linear
discriminant function model to establish the discriminant
functions that better contribute to predicting whether a patient
belongs to the bvFTD or PPA group.

As a group, bvFTD patients had lower education compared to
PPA patients presenting significant differences for that variable.
There were no significant differences in other demographic and
clinical background variables, although it is noticeable that a
pattern of higher frequency of family history of dementia among
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TABLE 2 | Neuropsychological profiles of bvFTD and PPA patients.

bvFTD n = 35 Mean–(SD) Qualitative range PPA n = 20 Mean–(SD) Qualitative range P-value

Global functioning

MoCA (Total) −2.12 (0.84) Extremely low −2.08 (0.95) Extremely low 0.891

MMSE −6.41 (6.28) Extremely low −12.0 (9.40) Extremely low 0.040*

Memory

Trial 1 free recall −1.60 (0.91) Borderline −2.05 (0.50) Extremely low 0.029*

Total free recall −2.23 (0.62) Extremely low −2.43 (0.48) Extremely low 0.224

Total recall −1.36 (1.86) Borderline −1.72 (1.67) Borderline 0.496

Delayed free recall −2.09 (0.59) Borderline −2.21 (0.65) Borderline 0.526

Delayed total recall −1.80 (1.41) Borderline −1.53 (1,91) Borderline 0.59

Executive function

Phonemic fluency P words (corrects) −1.35 (1.18) Borderline −1.81 (1.03) Borderline 0.138

Stroop (interference) −1.69 (1.19) Borderline −1.87 (1.03) Borderline 0.575

Wisconsin sorting cards (total corrects) −0.78 (1.08) Low average −1.19 (1.24) Borderline 0.065

Wisconsin sorting cards (perseveratives) −1.01 (0.73) Borderline −0.24 (1.51) Average 0.029*

Wisconsin sorting cards (categories) −0.72 (1.00) Low average −0.87 (1.13) Low average 0.632

Phonemic fluency (FAS) −0.64 (1.30) Average −1.29 (1.03) Borderline 0.052

Language

Semantic fluency total (animals) −2.28 (1.38) Extremely low −2.50 (1.45) Extremely low 0.661

Naming (Total) −1.38 (1.10) Borderline −1.68 (0.93) Borderline 0.317

Praxis

Praxis (CERAD-Col) −1.62 (2.85) Borderline −1.96 (3.23) Borderline 0.702

Speed processing

Trials-A 2.01 (7.27) High average −0.03 (0.09) Average 0.799

Student’s t-test was used to examine group differences. Presented values are Z-scores normalized for age and education (qualitative range of performance), using previously published

normative data derived from Colombian samples (18–23). Qualitative range of performance was determined as such follows: ≤1 percentile rank = extremely low; 2–9 percentile rank

= borderline; 9–24 percentile rank = low average; 25–74 percentile rank = average; 75–90 percentile rank = high average; 91–97 percentile rank = superior; ≥98 percentile rank =

very superior.

*P < 0.05.

FIGURE 1 | Global cognition, memory, and executive functions between FTD and PPA patients.

the bvFTD patients. The clinical dementia stage mean was four
(4) measured by the FAST scale (22) with no differences between
groups. The participants were evaluated while presenting mild to
moderate dementia. Assessing the participants in the course of

those stages is timely to have relevant data to be extrapolated
in the clinical practice mostly in Colombia where patients
usually access to neurological consultation when the dementia
stage is advanced; accordingly, it is considered even more
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TABLE 3 | Profile of errors, false positives, perseverations, and MOCA subtest of bvFTD and PPA patients.

BvFTD n = 35 Mean–(SD) PPA n = 20 Mean–(SD) P-value

Global functioning

MoCa (total) 12.4 (7.23) 10.9 (7.47) 0.645

MoCa (visuospatial/executive) 2.21 (1.77) 2.05 (1.36) 0.074

MoCa (naming) 1.76 (1.13) 1.20 (1.19) 0.089

MoCa (attention) 2.65 (2.01) 2.10 (2.29) 0.374

MoCa (language) 1.15 (1.02) 0.45 (0.76) 0.011*

MoCa (abstraction) 0.62 (0.82) 0.45 (0.76) 0.450

MoCa (delayed recall) 0.53 (1.08) 0.70 (1.22) 0.608

MoCa (orientation) 3.24 (2.00) 3.70 (2.06) 0.423

Memory

Intrusions 6.55 (6.25) 4.35 (4.87) 0.173

Executive function

Phonemic fluency P words (incorrects) 1.09 (1.60) 0.29 (0.46) 0.009*

Phonemic fluency P words (perseverations) 0.47 (1.05) 0.14 (0,36) 0.103

Language

Semantic fluency (animals perseverations) 0.41 (0.93) 0.10 (0.31) 0.072

Semantic fluency (animal intrusions) 0.06 (0.24) 0.05 (0.22) 0.862

Naming (descriptive errors) 1.03 (2.11) 3.85 (4.63) 0.013*

Naming (phonemic errors) 0.19 (0.40) 0.21 (0.54) 0.861

Naming (semantic errors) 3.63 (3.25) 2.74 (1.88) 0.222

Data are presented as mean and standard deviation (SD). Student’s t-test was used to examine group differences.

*P < 0.05.

TABLE 4 | Behavioral and mood profiles of bvFTD and PPA patients.

BvFTD n = 35 Mean–(SD) PPA n = 20 Mean–(SD) P-value

Behavior

FRSB behavioral change total 2.30 (2.00) 2.00 (1.61) 0.541

Mood Mean–(SD) Qualitative range Mean–(SD) Qualitative range

Geriatric depression scale (GDS) 4.57 (6.56) (No depression) 6.00 (15.3) (Mild depression) 0.705

Zung depression scale 31.9 (13.9) (No depression) 30.0 (10.7) (No depression) 0.689

Data are presented as mean and standard deviation (SD). Student’s t-test was used to examine group differences. FRSB scores were Z-scores normalized for age and education.

Scores for mood are additionally qualitative ranged using cut-points accordingly to previously published normative data.

pertinent to have data on this population in the intermediate and
advanced stages of the disease. The bvFTD group exhibited better
performance at the MMSE and the verbal memory span. They
also exhibited more deficits in executive function. We analyzed
intragroup differences in MoCA subtests, errors, perseverations,
false positives, and other pathological phenomena. We found
that the PPA patients presented a lower performance in the
MoCA language subtest and significatively a higher number
of descriptive errors in the Boston naming test. On the other
hand, the bvFTD group presented a higher number of errors
at the executive function test phonemic fluency (p words). In
summary, we found that bvFTD patients had worse performance
in executive function tests, and the PPA presented with the
lower performance in language tests and the global score of
MMSE. Those results are the same with that of Osher et al. (27)
where PPA patients presented with a lower decline in the MMSE
compared to bvFTD patients who correlated strongly with the

decline inMMSE and the Activities of Daily LivingQuestionnaire
(ADLQ) overtime.

After running the linear discriminant model, we found three
functions of cognitive test and subtests combination and three
functions made by the MoCA language subtest and performance
errors that predicted group belonging with a global discriminant
capacity of 74 and 71%. Our results are the same as the findings
of Kramer et al. (28). They found that the combination of
some performance errors and cognitive test, such as Boston
Naming, modified Rey recall, CVLT-SF recall, category fluency,
and executive errors produced two canonical functions able to
discriminate between bvFTD, a linguistic variant of FTD and AD
with a global discriminant capacity of 87.7% (28).

Other previous studies included MoCA subtests like Milani
et al. (29) who found in a large sample study that, among
Hispanics, the MoCA subtests had higher discrimination and
more diagnostic utility (29). Similarly to our study, another study
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FIGURE 2 | Classification of dementia by the discriminant functions as a combination of cognitive test.

FIGURE 3 | Classification of dementia by the discriminant functions (subtest and errors).

analyzed the capability of subtest from a cognitive battery to
contribute to differential diagnosis in dementia. The authors
reported that the subtests provide efficient and valid measures of
neurocognition that are key for differential diagnosis (30).

Studies of clinicopathological correlation have shown that
the most common underlying pathology in PPA is bvFTD (31,
32). Hence a high heterogeneity has been reported among the
symptoms and clinical variants. In most cases, primary pathology
of PPA and bvFTD is associated with neuropathological changes
including tau or ubiquitin/TDP-43-positive inclusions; still,
atypical Alzheimer’s disease (AD) may also occur (33).

Current evidence demonstrates the existence of a consistent
heterogeneity in the cognitive presentation of bvFTD syndrome
(34–37) and, a large overlap between early bvFTD and other
neurodegenerative diseases (including AD) (38). Similarly, PPA
presentation includes an important range of heterogeneity,
making it difficult to differentiate clearly between language
affection as the hallmark described in PPA and other cognitive
impairments that may co-occur, such as learning and memory,
executive, and visuospatial functions (39).

A previous research has found that executive dysfunction is
not necessarily the main trait of FTD and may even be absent
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on formal neuropsychological evaluation, particularly when
examining total quantitative scores rather than using a qualitative
approach to examine errors (40). Our findings are highly
aligned with this study. We found that errors as perseverations
were able to show significant differences among groups; those
errors are attributable to executive function failures and altered
linguistic performance. Similarly, other previous research aimed
to analyze qualitative differences between FTD and AD. They
reported that concrete thought, perseveration, confabulation,
and poor organization, which disrupted performance across the
range of neuropsychological tests, contributed to distinguish
between both diagnostic entities. The authors explained that
quantitative scores alone are limited in discriminative capacity,
but performance characteristics and error types enhance the
capacity to differentially diagnose, and qualitative information
should be included in neuropsychological research and clinical
assessments (41).

In this study, the combination of language and executive
function subtest presented the highest discriminant capacity to
discriminate between bvFTD and PPA cases. Previous research
found similar results after analyzing cognitive subtests to
discriminate among dementia groups. For instance, a research
study found that the subtest of naming and executive functions
has the most capability to distinguish between FTD and other
dementias (42). Similarly, a group of authors performed a linear
discrimination function for distinguishing between AD and FTD
in the earlier dementia stages. They found that the combination
of executive function subtest plus behavioral questions accurately
classified 97% of individuals (43). Other research used the
discriminant analysis model to differentiate among PPA variants;
they found that linguistic subtests were able to classify correctly
between 78 and 80% (44).

Different studies have studied the capacity of the cognitive
tests to differentiate among different types of dementia, mainly
between FTD and AD or within PPA variants. Nonetheless,
the test discriminative capacity to distinguish globally between
vbFTD and PPA cases has been scarcely addressed. Even more,
it has not had been tested until now for the Spanish version
of the cognitive tests assessed or among the Latino and,
specifically, Colombian population. The distinction between FTD
and PPA is relevant to clinical practice and reliable assessment
of language, memory, and executive deficits, and it is paramount
to distinguish the two conditions because, currently, it is well-
known that PPA cases often start and/or develop with behavioral
changes (45). Hence, the correct characterization of the cognitive
deficits happening in the development of those conditions is key
for diagnostic accuracy.

In conclusion, our study supports that the combination of
an individual test of executive function and language, MoCA’s
subtest, and performance errors as well have good accuracy to
discriminate between bvFTD and PPA. In our models, the tests
were more accurate in classifying bvFTD cases. Those results
point out that the neuropsychological examination of FTD and
PPAmust include linguistic and executive function tests together
and that the qualitative analyses of neuropsychological results
during the routine neuropsychological evaluation should include
the performance errors and subtest to improve clinical reliability

in distinguishing bvFTD from PPA. Our results also brought out
the need to standardize MoCA subtests and the performance
mistakes in the cognitive tests to improve the predictive
capacity of neuropsychological evaluation to distinguish among
FTD variants.

Limitations
This study encompasses as a limitation the lack of genetic
confirmation for FTLD mutations. Further research is needed
to correlate the genetic confirmatory status, clinical diagnosis,
and the capacity of the cognitive tests to discriminate among
FTLD variants. Additionally, it is necessary to include in
further research the PPA variants to assess the individual
test capacity to differentiate among them. Since the sample
size of this study is limited, we consider it as a pilot study
to be continued, which should include a larger number
of patients.
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Behavioral variant frontotemporal dementia, unlike other forms of dementia, is primarily

characterized by changes in behavior, personality, and language, with disinhibition being

one of its core symptoms. However, because there is no single definition that captures

the totality of behavioral symptoms observed in these patients, disinhibition is an umbrella

term used to encompass socially disruptive or morally unacceptable behaviors that may

arise from distinct neural etiologies. This paper aims to review the current knowledge

about behavioral disinhibition in this syndrome, considering the cultural factors related

to our perception of behavior, the importance of phenomenological interpretation,

neuroanatomy, the brain networks involved and, finally, a new neuroscientific theory that

offers a conceptual framework for understanding the diverse components of behavioral

disinhibition in this neurodegenerative disorder.

Keywords: disinhibition, semantic variant primary progressive aphasia, brain networks, semantic cognition,

frontotemporal dementia, behavioral variant frontotemporal dementia, behavioral disinhibition

INTRODUCTION

Human behavior is complex and results from the interaction of psychological, social, cultural,
and biological factors. Furthermore, we know that specific brain structures play a leading role in
directing behavior, as evidenced by the social behavior disorders that occur after events that directly
or indirectly affect the brain. Among these structures, the prefrontal cortex has a central role (1).

Behavioral variant frontotemporal dementia (bvFTD) is a neurodegenerative clinical syndrome
that affects the frontal and temporal lobes and is characterized by personality and behavior changes.
These changes include apathy, loss of empathy, disinhibition, compulsive/ritualistic behavior, and
hyperorality, often overlapping with one another (2, 3). Of the above, behavioral disinhibition
is one of the most frequent and distinctive symptoms (2, 4). Yet there is no single definition of
disinhibition that encompasses the vast number of behaviors that could be labeled as such. Thus,
the concept of “behavioral disinhibition” becomes an umbrella term associated with a myriad of
clinical presentations.

Much emphasis has been placed on discriminating frontotemporal dementia (FTD) from other
neurodegenerative diseases, primarily Alzheimer’s disease, as there may be symptomatic overlap
(5–7), but because bvFTD is a disorder of behavior changes, one of the main diagnostic challenges
is to differentiate bvFTD from primary psychiatric disorders (PPD) (8–10). Of the many psychiatric
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disorders that overlap syndromically with bvFTD, bipolar
disorder and schizophrenia are uniquely problematic (11). This
can lead to a significant delay in diagnosis, increasing the stress
that this disease generates for patients and family members.

Behavioral disinhibition is a complex phenomenon that can
arise as a result of cognitive deficits in different domains and not
only due to a loss of inhibition. This paper aims to review the
current knowledge about this symptom, considering the cultural
factors related to our perception of behavior, the importance
of phenomenological interpretation, neuroanatomy, the brain
networks involved and, finally, a new neuroscientific theory
that offers a conceptual framework for understanding behavioral
disinhibition in bvFTD and related FTD syndromes.

WHAT IS BEHAVIORAL DISINHIBITION?

As previously mentioned, there is no single, universally accepted
conception of “behavioral disinhibition.” Definitions often used
point to the manifestation of socially disruptive or morally
unacceptable behaviors (12). Current diagnostic criteria for
bvFTD describe that behavioral disinhibition may manifest as
“socially inappropriate behavior,” “loss of manners/decorum,”
or “impulsive, rash or careless actions” (2). While this
description provides a framework for clinical interpretation,
certain behaviors may be controversial when considering them
as a symptom of the disease. Of the vast number of factors
that may condition our interpretation of behavioral phenomena,
two components are of particular importance. First, premorbid
psychological factors should be probed to determine whether
the problematic behavior is new or longstanding. One of the
characteristics of bvFTD is that the behavioral changes emerge as
a result of frontotemporal lobar degeneration (FTLD) pathology,
thus at the time of disease onset there is a marked change
in the behavioral pattern compared to a previous, premorbid
status. By contrast, many patients with PPD may also exhibit
behaviors that are interpreted as inappropriate, but these are
intrinsic to their usual conduct, meaning that there has not been
a marked change in the behavioral pattern. On the other hand,
we now know that many FTLD gene mutation carriers present
with psychiatric manifestations years before meeting criteria for
a bvFTD diagnosis (10, 13, 14), making this distinction of timing
less definitively diagnostic.

Second, cultural factors are important to consider, and
the clinician must always ask the question whether or not
the behavior atypical for that person’s cultural background.
Social conventions, a product of a community’s history and
cultural traditions, may be seen as inappropriate or bizarre from
the perspective of another cultural paradigm. Some of these
behaviors are so far from the norm that they are easily interpreted
as a foreign cultural practice in the eyes of the observer.
For example, when seeing a person in San Francisco wearing
the ceremonial clothing of an Andean aboriginal community,
one assumes that this is someone from another culture rather
than someone who is breaking social norms. Sometimes these
cultural differences are more subtle, however, and can lead to
misinterpreting a behavior as pathological. For example, in Latin

America, it is common to salute one another with a kiss or hug,
even if there is no great familiarity between individuals, while this
conduct may be seen as highly inappropriate in an Anglo-Saxon
society such as the U.S. or the U.K. As these examples highlight,
there are individual and cultural aspects that shape which acts are
interpreted as socially inappropriate or disinhibited.

THE IMPORTANCE OF PHENOMENOLOGY

Because human behavior is potentially boundless in its
manifestations and differs enormously among subjects, clinicians
have historically attempted to categorize these behaviors to study
them phenomenologically. One objective for carefully classifying
the observed phenomena is to enable a search for the causes,
and the underlying biological mechanisms, that produce these
behaviors. An example of this process is the description made
by Marin in 1991 of apathy, describing in his first paper
3 types of apathy (behavioral, cognitive, and affective) (15).
With the advance of new neuroimaging techniques and deeper
knowledge of the neuropsychological processes these categories
changed over time (16–20). At present, Radakovic’s classification
for apathy contemplates 3 categories (initiation, executive, and
emotional) and he developed the dimensional apathy scale (DAS)
to differentiate them (21).

Much of the information currently available on
neuropsychiatric symptoms in dementia, and the
phenomenology of disinhibition in particular, comes from
research conducted in recent years using the Neuropsychiatric
Inventory (NPI), one of the most commonly used scales in the
dementia field (1, 11, 22–24). The NPI is frequently employed for
the detection of behavioral symptoms in dementia as it assesses
several symptomatic domains at once. Yet scales as broad as this
one may fail to differentiate among real-life situations that could
be categorized as disinhibition (7, 25, 26).To address this, and
conduct a more thorough study of disinhibition, some studies
use multiple scales simultaneously (7), and may further break
down the symptom into various subcategories through principal
component analysis (26, 27). Although these strategies offer a
broader assessment of behavioral symptoms, there is still no
consensus on how to classify disinhibited behavior to overcome
the important limitations described above.

Other behavioral scales that are also used to objectively
assess disinhibition in dementia patients include the Frontal
Assessment Battery (FAB) (28), the Behavioral Inhibition Scale
(BIS/BAS) (29), and the Frontotemporal Dementia Rating Scale
(FRS) (30). These scales measure behavior either through the
clinician’s assessment (e.g., by performing specific tests or by
qualitatively rating behavior), or through data provided by a
family member or caregiver informant. As previously established,
however, psychological factors and cultural differences may
impact our assessment of the patient’s behavior, affecting which
behaviors each measure labels as disinhibited. Because of this,
contextual information provided by informants can help to
bridge this cultural barrier.

In an attempt to explore the phenomena behind behavioral
disinhibition in FTD, Paholpak et al. (26) used the Frontal
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System Behavioral Scale (FrSBe) to subcategorize it into two
modalities: (1) disinhibition related to the transgression of social
norms and personal boundaries, which they called “person-based
disinhibition,” and (2) disinhibition linked to the inability to
refrain behavior, which they categorized as “impulsivity.” With
similar results, an ecological study by Godefroy and Tanguy
evaluated the reactions of 17 bvFTD patients with disinhibited
behaviors simulating real-life situations, and they were able to
differentiate a group with social disinhibition and another with
a mixture of impulsivity and compulsivity (31). Thus, similar to
the previous work done in the phenomenology of apathy, new
ways of classifying disinhibited behavior may allow us to better
identify the underlying mechanisms involved in bvFTD.

THE EVOLVING CONCEPT OF
BEHAVIORAL DISINHIBITION

The classical neuroanatomical conception of behavioral
disinhibition arises from the premise that there are brain
structures that generate impulses or actions that the individual
wishes to perform, and these, when they could be construed as
socially inappropriate or disadvantageous, are inhibited by the
frontal lobe (12, 32). Thus, there are at least two mechanisms
by which disruptive behavior may arise. First, there may
be a compromise of the frontal structures responsible for
inhibiting the impulse (i.e., “loss of brakes”), or there may be
a hyperactivation of the structures that generate the impulse
(i.e., “excess gas”). This inhibitory model has its roots in the
mid-nineteenth century in studies of motor function, when it was
noted that the motor cortex exerts inhibitory control over spinal
reflex arcs. From this discovery, Ferrier, observing that lesions
in the prefrontal cortex (PFC) of monkeys caused behavioral
changes, hypothesized that the PFC has an inhibitory function
on behavior (12). This model was reinforced by the famous
Phineas Gage behavioral disinhibition case, in which a massive
lesion in the left PFC caused the behavioral changes Harlow
described as “fitful, irreverent, indulging at times in the grossest
profanity (which was not previously his custom), manifesting
but little deference for his fellows, impatient of restraint or
advice when it conflicts with his desires, at times pertinaciously
obstinate, yet capricious and vacillating, devising many plans
of future operation, which are no sooner arranged that they are
abandoned in turn for others appearing more feasible” (33).

Clinical cases of behavioral disinhibition, such as Phineas
Gage’s, laid the groundwork for the lesion-based studies that led
to the emergence of the modular model of brain functioning,
which posits that specialized processing is performed by
well-defined brain regions. Under this model, when studying
behavioral disinhibition in FTD syndromes, several studies
found similar patterns of brain involvement implicating the
OFC (34–37) and right anterior temporal lobe (ATL) (1, 36–
38). Nonetheless, there are discrepancies among studies. For
example, some papers demonstrated involvement of the striatum
in relation to disinhibition (1, 38), while others related it to
symptoms such as apathy and eating disorders (34). Something
similar occurs with the anterior cingulate cortex (ACC), where

some authors relate it to behavioral disinhibition (36, 37), while
others highlight its relationship to apathy (1, 34, 35). One possible
explanation for these discrepancies is that different aspects
of the same symptom are included under the broad concept
of behavioral disinhibition, but these variants have different
anatomical correlates. Support for this is found in the previously
cited work of Paholpak et al. that subclassifies behavioral
disinhibition into person-based and impulsive components. In
analyzing the neural correlates, they found that person-based
disinhibition correlated with the left superior temporal sulcus;
whereas impulsivity was more closely related to changes in the
right orbitofrontal cortex (OFC) (21).

As computational brain imaging techniques have evolved,
another framework for understanding neural functions has
arisen to complement and enhance structural explanations. In
the connectivity model, cognitive processes, which result in
social or moral behavior, are a consequence of evolutionary
pressures that have shaped the brain circuits that structure
emotion, motivation, and social cognition (39, 40). We now
know that inhibitory control involves a set of complex cognitive
processes that operate online and in synchrony, evaluating
and modulating the response to external stimuli (25, 41,
42). Advances in functional neuroimaging have identified
the intrinsically connected networks (ICNs) that form these
neural circuits.

ICNs are a set of large-scale functionally connected brain
networks that form the organizational elements of the brain’s
architecture (43–45). ICNs offer insight into the way in which
cognition is performed by sets of structures organized into
distinct modular systems. Each subsumes a different higher-
order cognitive function that is more complex than any one
structure can perform alone, such as grammar sequencing,
controlled visual search, or salience-driven attention. Some ICNs
are selectively vulnerable to FTLD neuropathology and therefore
are particularly compromised in bvFTD, and these are central to
understanding the phenomena of behavioral disinhibition (46).
These ICNs are the salience network (SN), the semantic appraisal
network (SAN), and the task control networks (47, 48).

The SN is related to socioemotional processing because it is
responsible for the assessment of internal and external stimuli
that are particularly salient for the individual. This network has
two main cortical hubs in the ventral anterior insula and ACC,
as well as several subcortical nodes (amygdala, hypothalamus,
dorsomedial thalamus, and periaqueductal gray matter) (48, 49).
In both the ACC and the frontoinsular cortex there are Von
Economo neurons, which have been attributed a central role
in social cognition. These neurons are uniquely part of the SN
and their dysfunction is proposed to be a driver of bvFTD (50).
Degree of intrinsic connectivity in the SN has been directly
linked to socioemotional sensitivity (51), a central component of
social cognition that allows for adequate alertness to social cues.
Thus, dysfunction of this network can lead to failure to recognize
negative reinforcers, such as punishment signals, that inhibit us
from socially inappropriate behavior, which may in turn lead to
behavioral disinhibition.

Another network closely related to socioemotional processing
is the SAN. This network plays a central role in comprehending
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emotions and automatically assigning emotional valence to
stimuli so that the SN can then recognize their personal
salience (48). Thus, the SAN is key in correctly guiding
behavior toward reward and away from punishment, and its
dysfunction is associated with semantic deficits, and therefore
errors in evaluation of potential outcomes, that may contribute
to behavioral disinhibition (52). This network has its hub in the
dorsomedial anterior part of the temporal lobe and has nodes
in the subgenual cingulate, the head of the caudate, nucleus
accumbens, amygdala, and cerebellum (48).

The third mechanism of paramount importance for
understanding behavioral disinhibition in bvFTD are the
ICNs related to task control. Dosenbach et al. (53) describe
two networks whose activity is oriented to the adaptive and
stable aspects of task control. The frontoparietal network,
linked to adaptive task initiation and adjustment of control
in response to feedback, has nodes in the intraparietal sulcus,
dorsolateral prefrontal cortex, inferior parietal lobe, precuneus,
and midcingulate cortex. The cinguloopercular network, related
to the stable maintenance of resources necessary to carry out an
operation, consists of dorsal anterior cingulate/medial superior
frontal cortex, anterior insula/frontal operculum, anterior
prefrontal cortex and thalamus (53). Although both networks
function in parallel, the frontoparietal network seems to be
crucial for selecting and initiating online control processes that
inhibit behavior, while the cinguloopercular circuit is central in
focusing attention on maintaining inhibition for the duration
of the task. Thus, dysfunction of either circuit may lead to
behavioral disinhibition.

TOWARD A NEW PARADIGM?

Behavioral disinhibition, being strongly associated with the
disruption of social norms is traditionally studied through the
paradigms of social cognition, however, there are reasons to
think that this phenomenon is more fundamentally related to
neuroscience models of language and object knowledge (48).
In this line of research, Lambon Ralph et al. proposed the
controlled semantic cognition (CSC) model (54), in which
the term “semantic cognition” describes a set of supramodal
verbal and non-verbal processes that underpin how meaning is
structured from the environment, including but not limited to,
social environments. Under the CSC paradigm, two interrelated
systems subsume semantic cognition: the representational system
and the process control system.

The representational system is related to the acquisition and
long-term storage of conceptual knowledge. This system has a
“hub-and-spoke” architecture in the brain, where the modality-
specific processing systems (“spoke nodes”; e.g., audition, face-
processing, valence, etc.) provide the blocks of sensory, motor,
linguistic, and affective information to build concepts. A
particular feature of this system is that it proposes the existence
of a supramodal “hub,” located bilaterally in the ATL, which is
responsible for integrating the incoming transmodal information
from each spoke and encoding it at a more abstract level of
representation. The connection between the hub and the spokes

is bidirectional, and knowledge conceptualization emerges from
joint processing across the levels of this representational system.

The second system of this model, the process control system,
is responsible for directing conceptual knowledge to produce
an operation. The logic behind this mechanism is that it is
not necessary to access all the information that exists about
an object to make decisions about it or operate on it. Thus,
this control system guides the efficient and fast retrieval of
only the most practically relevant information out of the
representational “library” to enable decisions and action in real-
time. Anatomically, this control system is located bilaterally in
the ventrolateral prefrontal and temporoparietal cortex.

The CSC paradigm provides a framework for understanding
the acquisition, consolidation, and evocation of conceptual
knowledge regardless of its modal source. Recently, Binney and
Ramsey proposed that by bridging socioemotional processing,
language and behavior, this model is especially relevant to
social cognition (55). This paradigm may be of particular
interest for understanding symptoms in FTD like behavioral
disinhibition (Figure 1). The impairment of the representational
system may lead to the loss of the knowledge necessary to
recognize, understand, and evaluate social rules and, thus, to
prevent inappropriate behaviors. On the other hand, dysfunction
of the process control system may compromise the executive
mechanisms necessary to prevent impulsive, inattentive, or
disorganized behavior choices. Evidence in favor of this is
provided by the example of semantic variant of primary
progressive aphasia (svPPA), a variant of FTD, which primarily
affects semantic knowledge and particularly involves the ATL.
Importantly, svPPA is associated with the early appearance
of major neuropsychiatric symptoms, behavioral disinhibition
being one of the most frequent (56, 57). Moreover, in other
forms of FTD such as non-fluent primary progressive aphasia
(nfvPPA), with more frontal than temporal involvement, milder
disinhibition that is predominantly related to impulsivity can
often be found (27, 58).

Models such as the CSC seem particularly interesting to
understand the underlying neurobiological processes in bvFTD
since, it seems to respect and unify several of the previous
findings. Thus, when faced with disinhibited behavior in a
patient with bvFTD, it is possible to conjecture from the type of
disinhibition (person-based or impulsivity), which brain regions
are affected, which ICNs are involved, and which component of
the CSC model the behavior corresponds to Table 1.

DISCUSSION AND CONCLUSIONS

Behavioral disinhibition is one of the most prominent and
disturbing manifestations of bvFTD. However, its interpretation
and analysis is a complex task, thus the phenomenon has
multiple edges and challenges for its study. One of the first
limitations we encounter is that many of the instruments we
use to objectively evaluate behavioral disinhibition are imprecise.
Our measurement of the symptom is only as specific as the
instruments we use. Thus, scales that assess disinhibition globally,
such as the NPI, do not capture the spectrum of manifestations
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FIGURE 1 | Model of disinhibition conceptualized via Controlled Semantic Cognition theory (CSC). This figure shows the two interconnected systems that are part of

the CSC theory. On the left of the figure is the representational system, whose function is to acquire and store conceptual knowledge. For this, in the center, there is a

supramodal semantic hub (anterior temporal lobes) that receives modality-specific information from different systems (“spokes”) throughout the brain. On the right is

the process control system, involved in the successful application of conceptual knowledge, composed of semantic retrieval and general domain processes. The

figure shows how components of the CSC system support different aspects of cognition that are involved in behavioral inhibition and disinhibition.

associated with behavioral disinhibition, or provide information
on the key neural contributors to the observed behavior.
Ideally, and following the example cited on apathy and its
subcategories, a scale for behavioral disinhibition should be
able to capture the subtype of deficit seen in the patient,
such as whether the phenomenon we observe is due to a lack
of understanding of social norms, a loss of impulse control,
or both.

Numerous hypotheses attempting to elucidate the
causes behind behavioral disinhibition have emerged,
and they have evolved from their original conceptions
at the end of the nineteenth century to the present day.
The first lesion-based models, which led to modular
localizationist theories, have culminated in the current
functional connectivity model, where cognition is the result
of complex interactions among different hubs connected
through ICNs. Among these intrinsic brain networks, some
seem to be particularly affected in bvFTD, such as the
SN, SAN, and networks involved in task control, and thus
appear to be directly related to these patients’ behavioral
disinhibition syndromes.

With a phenomenological perspective, some authors
have created subcategories of behavioral disinhibition to
be able to better study the neural processes linked to this
behavior. Thus, it is possible to find at least two types

of behavioral disinhibition, a person-based etiology, with
greater involvement of the ATL and OFC; and a version
of disinhibition closely related to impulsivity, with greater
dorsal PFC involvement. Considering that both the ATL and
OFC are hubs of the SAN, we believe that this network is
of paramount importance to better understand the person-
based mechanisms leading to behavioral disinhibition, while
the adaptive and stable task control networks comprising
dorsomedial and dorsolateral frontoparietal regions appear to be
particularly important for behavioral control and management
of impulsivity.

In the past decade, neuroscientific accounts of behavior have
matured and flourished, and insights from this domain can
be highly relevant and provide a more nuanced understanding
of patients’ symptoms. The distinct interrelated systems for
representation and control in the CSC model provide a useful
framework for understanding various aspects of behavioral
disinhibition in FTD. The impairment of the representational
system may explain the occurrence of socially inappropriate
behavior due to the loss of semantic knowledge of social
norms or the compromise of the emotional valence attached
to such information. In turn, deficits in the process control
system may explain how patients’ behaviors may became
disinhibited through impairment of the online executive task
control system.

Frontiers in Neurology | www.frontiersin.org 5 July 2021 | Volume 12 | Article 70779954

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Magrath Guimet et al. Decoding Disinhibition in Frontotemporal Dementia

TABLE 1 | Correlation model between clinical scenarios and interpretations of different conceptual frameworks.

Real life situation

example

Clinical interpretation Disinhibition

phenotype

Main brain regions

affected

Brain network

involved (ICN)

Controlled semantic

cognition system

(CSC)

Patient stops to initiate

conversations with

strangers in public places

and asks about private

matters.

The patient does not

understand that it is socially

inappropriate to ask about

private matters to strangers.

May correspond with loss of

knowledge of social norms

and expectations.

Person-based Subgenual

cingulate cortex.

Anterior temporal lobe.

Semantic appraisal

network (SAN)

Representation

Male patient enters the

women’s restroom at his

place of employment

because he is attracted to a

female colleague and

wanted to see her. When the

situation is brought to his

attention, he understands

that this behavior is socially

inappropriate, however, he

repeats it.

The patient understands

and knows that the act is

inappropriate/immoral in

nature, however, when

confronted with the situation

this does not resonate

emotionally with them and

performs the action anyway.

May correspond with loss of

sensitivity to punishment

cues.

Person-based Ventrolateral

prefrontal cortex.

Ventral anterior insula

Salience network (SN) Representation

Patient enters a store, sees

an object he wants and

takes it without paying for it.

When questioned about

this, he says that he knows

it is wrong and feels guilty

about it.

Patient understands the

situation, it resonates on an

emotional level, but

nevertheless they cannot

stop the action or fails to

analyze the cost/benefit of

the action.

Impulsivity Intraparietal sulcus.

Dorsolateral

prefrontal cortex.

Fronto-parietal network Control

During the clinical interview

the patient seems

distracted, gets up from the

seat, changes the topic of

conversation, asks

constantly if he/she can

leave now even though

he/she does not seem

anxious or to be discussing

a disturbing topic.

Patient understands the

situation he/she is, but

cannot sustain the

resources to maintain

conversation or behavior for

a prolonged period of time.

May correspond with

cognitive impersistence or

motor restlessness.

Impulsivity Dorsal anterior

cingulate cortex.

Middle frontal gyrus.

Frontal operculum.

Caudate.

Cinguloopercular

network

Control

Throughout this paper, we have reviewed the existing barriers
to diagnosing and interpreting the phenomena associated
with what we understand as behavioral disinhibition. Despite
these limitations, important advances have been made toward
identifying key processes and structures involved in the
genesis of this complex symptom. In this way, it is clear that
progress in the neuropsychiatry of disinhibition can only
arise through greater collaboration with other disciplines,
including by incorporating novel imaging methods and
neuroscientific models to refine our theories and enhance
our discoveries.
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Latin America is a vast heterogeneous territory where chronic diseases such as mild

cognitive impairment or dementia are becoming higher. Frontotemporal dementia (FTD)

prevalence in this region is estimated to be around 12–18 cases per thousand persons.

However, this prevalence is underestimated given the lack of awareness of FTD even

among healthcare professionals. Family members are responsible for the care of patients

with FTD at home. These caregivers deliver care despite being ill-equipped and living in

the context of austerity policies and social inequities. They often face unsurmountable

financial and social burdens that are specific to the region. The most important step to

support caregivers in Latin America is to increase awareness of the disease at all levels.

Healthcare diplomacy is fundamental to create joint efforts that push policies forward to

protect caregivers of FTD patients.

Keywords: caregivers, frontotemporal dementia, Latin America, caregiver burden, dementia

INTRODUCTION

In Latin America, dementia numbers are rapidly rising (1). The incidence of dementia diagnosis has
been estimated between 9.10 and 13.8 per 1,000 people/year (2, 3). The global dementia prevalence
in Latin American among older adults is 11% with Alzheimer’s Disease being the most frequent
type (4). In Latin American middle-income countries, the mortality risk is 1.56–5.69 times higher
than in individuals without dementia (5). FTD is a term used to encompass the clinical syndromes
that result from frontotemporal lobar degeneration pathology. These clinical syndromes include
the behavioral variant of FTD (bvFTD), semantic and non-fluent variants of primary progressive
aphasia (PPA), and the overlap syndromes with amyotrophic lateral sclerosis (FTD-ALS) or with
other parkinsonian syndromes (i.e., corticobasal syndrome, progressive supranuclear palsy) (6).
There is little information about the prevalence of FTD in Latin America, but it is estimated
to be around 12 to 18 cases per thousand persons in community-dwelling settings (7), which
is in line with estimates in other countries (10.84/100,000) (8, 9). In high-income countries,
studies of FTD have increased considerably over the last decade and FTD is now considered the
second leading cause of dementia for those under 65 years (10), thanks to the many advances in
neuropathology, biochemistry, and genetics that clarified correlations between molecular profiles
and clinical phenotypes (11).
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In contrast, in Latin America, these resources are extremely
limited and most healthcare professionals, even specialists, are
unaware of FTD and lack the training to diagnose it (12, 13).
The model of memory clinics that is commonly found in
developed countries is extremely limited in Latin America and
constrained mostly to big cities (14). In rural settings, economic
and geographical barriers limit access to specialized healthcare
even more (15). Scarce financial and social resources, limited
knowledge about the disease, and competing health and social
needs challenge caregivers around the world, however, in low-
income countries, inequality has substantially affected capacity
building for diagnosis and follow-up care in FTD. In Latin
America, informal employment is the source of income of more
than half of the households, resulting in limited access to medical
services, disability insurance, and other benefits associated with
formal employment (16, 17). The few public services that ensure
continuity of care for patients such as in-home care, long-
term care, and palliative care cover only a very small sector
of the population (18). Additionally, few private resources are
available and are accessible only for patients who have financial
resources to cover the high costs (19). In high-income countries,
the estimated annual cost for care for patients with FTD can
be over $100,000 (twice the cost of care for a patient with
Alzheimer’s disease) (20). In Latin America, FTD care represents
an insurmountable financial burden.

Caregiving for FTD Patients in LAC
Since research in FTD is a niche science in Latin America
with only a few published manuscripts, research on caregiving
in FTD is practically non-existent in the region. In fact, we
conducted a literature search of the published literature on
PubMed, EMBASE, and Web of Science databases up to April
2021. The search strategy that retrieved themajority of the studies
used the keywords “caregiver burden” AND “frontotemporal
dementia.” From the 268 retrieved articles, just two of them were
conducted in Latin America and just one covered the relationship
between caregivers and patients with FTD. Due to the scarcity
of published work around this topic, our effort was focused on
contextualizing the challenges and lived experiences of caregivers
of patients with FTD in Latin America, setting the stage for future
avenues of research on this topic.

In Latin America, most of the caregivers for patients with FTD
are family members. They compensate for the lack of formal
governmental support and insufficient financial resources by
taking care of patients with FTD at home. This responsibility
can consume more than 8 h a day (21). Often influenced by
cultural factors, caregiver roles are mainly fulfilled by females
(22, 23). These women oftentimes have low education and live
in multigenerational households where taking care of the patient
is not their main role (21, 22). Female caregivers have to play
multiple roles such as wives, daughters, mothers, or employees,
and more often than is the case with men, women’s caregiving
roles interfere with other life activities, which may ultimately lead
to “role-captivity” (caregiver feelings of being “trapped” in their
role) (24). Caregivers frequently take care of patients at home,
setting an example for their children about family obligation and
intergenerational reciprocity (25). In the context of FTD, it is
important to account that genetic variants of the disease such as

mutations in C9ORF72, MAPT, GRN, TARDBP, etc. have been
described to affect large families in Latin America and a caregiver
may be in charge of the care of multiple sick members of a
family (26).

Challenges for Caregivers of Patients With
bvFTD
The trajectory of perceived caregiver burden depends largely on
the clinical phenotype of the patient and the practical daily issues
that derive from each syndrome (27). bvFTD is characterized by
behavioral disinhibition, apathy, loss of empathy, perseverative,
stereotyped, or compulsive/ ritualistic behaviors, binge eating
behavior, and dietary changes (28). Common behaviors include
inappropriate sexual conduct, shoplifting, aggression, loss
of manners, and tactlessness. The study of Lima Silva et
al. showed that, compared to Alzheimer’s disease, Brazilian
participants with FTD presented more agitation/aggression
(0.001), apathy (<0.001), disinhibition (<0.001), euphoria
(0.021), and irritability (0.003) (29). All of these behavioral
symptoms place a heavy toll on caregivers from the beginning
of the patient’s disease. Brazilian caregivers of participants
with FTD doubled the distress scores of their counterparts
caring for participants with Alzheimer’s disease measured by the
Caregiver Distress Scale part of the Neuropsychiatric Inventory
obtaining 13.22 (±7.94) vs. 6.13 (±4.67) points respectively
with a p < 0.001. The participant’s symptoms that generated
the statistically significant differences in caregivers’ distress
were apathy, disinhibition, irritability, and aggression (29). It
can be particularly emotionally taxing when caregivers do not
understand these behaviors to be symptoms of dementia because
of cultural views or because it is difficult to obtain a diagnosis
from a healthcare provider.

Since behavioral symptoms often present in patients
before the age of 65 without other neurological and/or
cognitive complaints (28), they are frequently not interpreted
as pathological by physicians. The study conducted by
Gleichgerrcht et al. showed that <30% of general practitioners
in Latin America have heard of bvFTD during their medical
training (12). Coping with a patient presenting misunderstood
behavioral symptoms can lead to emotions of shame, irritation,
guilt, exhaustion, and fear in the caregivers. These negative
emotions can affect their interpersonal relationships with
the patients and even lead to mistreatment (30, 31). In Latin
America, there is also a strong culture of unconditional respect
for the patriarch. Women and young family members caring for
an oldermalemay find it uncomfortable to redirect inappropriate
behaviors, not wishing to be seen as lacking respect (32, 33).
Further complicating matters, caregivers may be less likely to
seek professional help if the presenting behavioral symptoms
consist of inappropriate sexual comments, excessive drinking,
and/or aggressivity, as these actions are often dismissed or
even accepted within Latin American cultures. As a result of this
sociocultural setting, caregivers themselves may see the behaviors
as intentional, not recognizing them as symptoms of bvFTD
(33), potentially delaying interventions of benefit to the patient.
On the positive side, since pathological behaviors are within
the accepted social norms, caregivers might experience less
burden when caring for these patients. This could be a possible
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explanation for the unexpected findings of Lima-Silva et al. that
reported that in a predominantly masculine cohort in Brazil,
caring for participants with FTDwith behavioral symptoms, even
whenmore distressful, was not more burdensome than caring for
patients with Alzheimer’s disease measured by the Zarit Burden
Inventory (p = 0.150) (29). If these same behaviors are present
in women with FTD, particularly impulsivity related to sexual
behaviors, caregivers may feel shame and isolate themselves
and the patients from society to avoid public embarrassment
(34, 35). The CUIDEME Study reported that in a predominantly
female cohort with dementia in Chile, a higher number of
neuropsychiatric symptoms in the Neuropsychiatric Inventory
correlated with a higher caregiver burden (p < 0.001) (23).
Chronic stress from constant aggression and social isolation
increase burden and the caregiver’s risk for physical and mental
illness (36).

There can also be a substantial financial burden of caring
for patients with bvFTD, even when families are not paying
for formal care. Symptoms like apathy, impulsivity, inability to
engage in complex activities can result in loss of employment
early in the course of the disease. With a relatively young age of
onset, many families of patients with bvFTD are still reliant on
the patient’s income and this loss can represent a considerable
financial strain as the family will need to take care of the patient
while establishing a new primary source of income. Furthermore,
family members who become caregivers have less opportunity to
advance their own careers or to support the educational or career
advancement of their children (21). The COVID-19 pandemic
has been especially challenging for the caregivers of patients
with bvFTD as behavioral and cognitive symptoms make these
patients less likely to follow the safety recommendations, putting
themselves and their caregivers at a higher risk of contracting
the virus.

Limited public healthcare resources and the high cost of
private care can also increase the burden that caregivers of
patients with bvFTD experience. Patients with bvFTD are usually
referred for a psychiatric evaluation as behavioral symptoms
progress (37). For many caregivers, getting the patient to
specialized medical care represents a huge challenge. Mental
health services in general hospitals are very limited. Outside of
Argentina and Uruguay, Latin American countries have fewer
than 10 psychiatrists per 100,000 citizens (38). Therefore, families
who do not live in urban areas often need to travel long
distances to receive this specialized care and they must cover
those expenses out of pocket, which can present a high financial
burden. Additionally, the proportion of psychiatrists in Latin
America who answered affirmatively to whether they diagnose
dementia went from (yes to no ratio) 6:1 to 1.49:1 when asked
if they make the differential diagnosis of bvFTD (12). Therefore,
since few psychiatric specialists are trained to identify bvFTD,
diagnosis may be delayed, further referrals could be requested,
or the patient could be misdiagnosed with a psychiatric
disorder (31). Misdiagnosis or delay in correct diagnosis
reduces the caregiver’s ability to understand the patient’s
symptoms and seek any supportive resources that could exist
locally, further increasing the burden of care (39). Fortunately,
some countries including Mexico, Costa Rica, Colombia, and
Chile, have begun incorporating psychiatrists in their memory

clinics, which is slowly increasing awareness of bvFTD in
the field.

In terms of services for caregivers that could mitigate the
burden, only a handful of specialized support groups for patients
with bvFTD can be found and exist mainly in big cities in Brazil,1

Argentina,2 and Colombia.3 Most of these groups are focused on
creating printed materials and informative sessions to support
caregivers. The content of these sessions is mostly focused
on decreasing the burden of care by offering techniques to
manage difficult behavioral symptoms of patients. Unfortunately,
there are still places like Nicaragua where, due to the lack of
appropriate FTD diagnosis, the creation of services and resources
has been stymied. Frequently, family caregivers who have already
lost income to provide care, face the additional expense of
hiring outside caregivers to further assist (21). In Uruguay, the
government subsidizes costs for in-home care assistance for
people with disabilities. However, in this system, the priority is
given to people under 30 years of age and over 80 in a situation
of severe dependency, and people over 65 in a situation of mild
and moderate dependency so, it is not ideal for bvFTD where
symptom onset occurs between those ages (40). Frequently,
family caregivers who have already lost income to provide care,
face the additional expense of hiring outside caregivers to further
assist (21).

For many caregivers of patients with bvFTD, as the disease
progresses, the burden becomes greater, and the social network
becomes more limited. In this situation, institutionalization
may be considered as the last resource (25). There are a
limited number of long-term care institutions in Latin America.
Governmental support is extremely limited and private markets
are not regulated, allowing private facilities to chargemore to care
for people with behavioral symptoms. Most families willing to
access these services would need to pay high out-of-pocket costs
that are not possible for most middle- and low-income families
(41, 42). Caregivers must also contend with the reluctance of
patients with bvFTD to be institutionalized and a sense of guilt
in the context of cultures that view institutionalization as a form
of disrespect or betrayal (43). Since most of these institutions are
designed to care for older patients, individuals with bvFTD may
lack a sense of belonging. Frequently, patients with bvFTD end
up in psychiatric institutions. Brazil and Chile, the countries with
the highest number of psychiatric beds in public long-term care
facilities, provide only 0.3 beds per 100,000 population and they
are not exclusive or specifically equipped to care for patients with
bvFTD (38).

Challenges for Caregivers of Patients With
Other Forms of FTD
In contrast to bvFTD where caregiver burden is higher earlier in
the course of the disease, in PPA and ALS, caregiver burden tends
to increase over time (27). Semantic (sv) and non-fluent variants
of PPA are typically characterized by language impairments when
they affect the left side of the brain (44). Although not a Latin
American example, a study conducted by Koyama et al. in Japan,

1https://ipqhc.org.br/
2https://www.ineco.org.ar/patologias/demencia-frontotemporal-dft/
3https://www.fundacionudea.com/sitio/neurociencias/
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compared the Zarit Burden Interview score from caregivers of
participants mostly in mild stages of right svPPA, left svPPA,
and bvFTD. Caregivers of participants with bvFTD reported the
highest Zarit Burden Interview scores (0.002). No significant
differences in ZBI scores were found in the right vs. left svPPA
(p = 0.166). However, the effect size was large (d = 0.89)
(45). These results aside, behavioral symptoms do emerge with
disease progression and they can be somewhat unexpected for the
caregivers. When behavioral symptoms emerge, caregivers might
experience a greater sense of burden since they will no longer
be caring for a family member with only a language difficulty
(27). Individuals with right-sided predominant semantic variant
PPA exhibit prosopagnosia and early behavioral changes similar
to those seen in bvFTD, such as social awkwardness, job loss, loss
of insight, and difficulty with personal identification (46). Their
caregivers will experience similar challenges to those experienced
by caregivers of patients with bvFTD. In the study conducted by
Hsieh et al. in an Australian population, the authors showed an
increase in behavioral symptoms and the Zarit Burden Interview
score (p < 0.001) over a 3-year follow-up period in participants
with svPPA compared to their caregivers of bvFTD participants
counterparts whose Zarit Burden Interview score remained high
throughout the follow-up (27).

As with bvFTD, caregivers of patients with PPA face difficulties
in getting an early and accurate diagnosis. Aphasia might
be incorrectly attributed to stroke or trauma, especially in
rural settings where brain imaging is not available (12, 47).
Importantly, the svPPA diagnostic criteria were developed for
English speakers, and challenges with applying these criteria in
patients who speak Portuguese, Spanish or indigenous languages
can delay diagnosis (48, 49).

In Latin America, the family unit is the central part of society
and an essential element of well-being and it is considered
necessary to provide optimal care to the members who need it.
Tight family bonds are built through communication between
its members. Breakdowns in communication resulting from
language deficits could lead to a loss of the sense of family and
result in social isolation among caregivers and patients (50, 51).
As the patient loses the ability to communicate, family roles
need to change, especially in those circumstances in which the
patient lost his or her job as a consequence of aphasia (51).
This is especially important for very traditional Latin American
families with very pre-determined gender roles in which spouses
are not equipped with the skills to fulfill their partner’s role.
Fulfilling opposite gender roles might lead to frustration, stress,
anxiety, and embarrassment that importantly increase caregiver
burden (52). For Latin American indigenous families, language
plays a critical role in sustaining the ancient culture. Oral
tradition represents an important part of the inheritance from
one generation to the next. Caregivers who are children of
people with PPA are unable to receive that knowledge and can
experience additional frustration and guilt for not being able to
carry and transmit the heritage of their family line (53, 54).

Speech therapy can ameliorate the burden of the disease
for patients while also providing indirect relief to caregivers.
Brazil has made an important effort to increase the number of
phonoaudiologists and language therapists and to raise awareness
of PPA among this group. While speech rehabilitation services

can be effective at addressing symptoms, they are limited in
Latin America (55, 56). Other barriers to access include financial
constraints, caregiver availability and transportation limitations.
As improvements will be short-term in the context of a disease
that will inevitably result in language deterioration, the costs for
caregivers in participating in these programs may outweigh the
benefits (57, 58). Notably, some online programs have emerged
during the COVID-19 pandemic that may provide solutions for
geographical issues (see text footnote 2, 3).

Patients with FTD-ALS experience the shortest mean and
median survival of the FTD subtypes (59). Each patient displays a
unique set of symptoms that come with the motor manifestations
such as changes in behavior, personality, and language skills.
As pointed out by Hsieh et al., caregivers of participants with
FTD-ALS can experience a steeper caregiver burden increase
compared to patients with svPPA and bvFTD over a 3-year
follow up. High Zarit Burden Interview (p < 0.001) and Motor
Neuron Disease Behavioral Scale (p < 0.001) scores at baseline
showed to be the best predictors of caregiver burden over
time (27). Aside from the challenge that their behavioral and
language impairment may present for caregivers, these patients
require significant physical help with basic activities of daily
living as the disease progresses (60). Caregivers are often ill-
equipped to offer the type of care required to cope with the
patient’s motor and respiratory impairments and since it is
physically demanding work, it is less likely that people within the
caregiver’s social network will help them with caregiving duties
(61, 62). Worsening of symptoms and physical concerns may
lead to increased stress, anxiety, and depression for caregivers,
diminishing energy for leisure activities and time to fulfill their
own needs (60). Caregivers who experience feelings of depression
may find it even more challenging to cope with the caregiving
demands placed on them and can neglect the patients (30, 62).

All types of FTD will follow a progressive fatal trajectory.
Medical, financial, and end-of-life decisions need to be
considered by caregivers, particularly in FTD-ALS where the
disease progresses most rapidly (27). From diagnosis, all
patients with FTD should receive information about advance
care planning and caregiver assistance with understanding and
consideration of the patient’s wishes (63). Unfortunately, the
training of specialists in palliative care is still insufficient,
even in developed countries (64). Lack of planning can bring
avoidable distress to caregivers since the ethical and emotional
responsibilities to make such complex decisions are great
(e.g., artificial nutrition/hydration, antibiotics, etc.). This is
particularly true for caregivers with low education, greater
financial burden, and limited access to providers and support
services (65). In Latin America, these decisions are usually
made through family consensus, sometimes even involving the
extended family or respected members of the community (66).
The role of religion is important in Latin American societies,
and caregivers might seek a religious leader to also support their
decisions (67). The absence of the support network formed by
family and sometimes religious leaders when these decisions
need to be made in emergency contexts can leave important
emotional sequelae in the caregivers (68). It is important to
note that only six countries in Latin America (Argentina,
Brazil, Colombia, Mexico, Panama, and Uruguay) have specific
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TABLE 1 | Interventions for caregivers and implementation observations in Latin America.

Type of FTD Intervention Author and

country

Comments for implementation in Latin America

FTD Caregivers learned coping strategies such as

problem-solving, reframing and seeking support in 16 weekly

sessions or over 12 months, reducing caregiver burden.

Australia

Mioshi et al. (71)

Pros:

- Low cost

Cons:

- Facilitators with long-term experience in FTD are required

- Support systems need to exist to be considered

an alternative

FTD Caregivers attended 5 positive affect intervention sessions

including themes of gratitude and mindfulness, resulting in

reduced burden, depression, and perceived stress.

USA

Dowling et al. (72)

Pros:

- Intervention was tested online and in person

- Short homework that keeps the participant engaged all

week (Although this could unintentionally add burden to

very collapsed caregivers)

Cons:

- Specialized nurses/psychologist are needed to deliver the

intervention

- High number of staff hours since it is an

individual intervention

FTD FTD caregivers attended 90-min support groups held on a

weekly basis for 7 weeks, with improved caregiver coping

and reduced social isolation.

Germany

Diehl et al. (73)

Pros:

- Low costs and maximum number of opportunities to share

experiences within caregivers

Cons:

- A specialized social worker and a physician were required

in this intervention

bvFTD Ten weekly 1-h FTD caregiver video-based support groups

were held, with caregivers reporting greater emotional

support and diminished burden.

Canada

Marziali and

Climans (74)

Pros:

- Hybrid program alternating facilitated and non-facilitated

interventions sparing personnel time

Cons:

- Intervention tested in computer literate participants who had

experience accessing the internet

- A handbook and disease-specific support systems for

referral are required

bvFTD Caregivers attended a multimodal intervention over 6 months

that included coping skills training and social support,

reducing perceived stress and improved mood.

The Netherlands

Gossink et al. (75)

Pros:

- Improves sense of competence in caregivers

Cons:

- Trained psychologist and physician are required

PPA Participants with PPA and their caregivers attended to 4 3-h

PPA-specific group sessions that covered education,

strategies for managing negative feelings and enhance

successful communication, and opportunities for peer

support. The intervention increased PPA knowledge,

management of worry and low mood, reduced feelings of

isolation, and increased feelings of support

Australia

Taylor-Rubin et al.

(76)

Pros:

- Caregiver and patients assist together eliminating the need

to look for a substitute caregiver

- Adequate for all types of PPA

Cons:

- This intervention was conducted by a specialized and

experienced speech pathologist

PPA Five 90-min session where caregivers received an educational

curriculum and peer support. An art component was added.

An increase in PPA knowledge, self-confidence, coping

abilities and sense of belonging were perceived

United Kingdom

Morhardt et al. (77)

Pros:

- It gave enough space for caregivers to have a central role in

the program

- Caregivers were able to create part of the program

according to their preferences.

Cons:

- It requires specialized profesionals to deliver the curriculum.

legislation regarding an advance directive document and the
requirements to create one, therefore, the family’s discussion of
these topics early in the course of these diseases is fundamental
to avoid adverse outcomes in the caregiver (67).

Next Steps in Supporting Caregiving for
Patients With FTD in Latin America
Awareness of FTD in Latin America is scarce (7). Therefore, the
first and most important point moving forward is to increase

awareness of the disease at all levels, informing members of
community-dwelling populations and healthcare providers alike.
Generating awareness is fundamental to reducing stigma (69).
Awareness should also be paired with the education of all sectors
of the population to help caregivers to be informed about the
disease (70).Table 1 highlights literature that included reportable
outcomes following FTD caregiver interventions in different
parts of the world. From this table we identified that caregivers
of individuals with FTD benefitted from support groups, and
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education programs which addressed their specific needs with
participants reporting improved knowledge and understanding
of the disease, and valuing mutual support and sharing of coping
strategies (73–77) The limitations for most of these interventions
to be applied in Latin America is the lack of specialized providers,
specialized resources and the inability to leverage technology
that could include caregivers living in remote areas. On a large
scale, two institutions, the Global Brain Health Institute4 as
an international organization and the BrainLat Institute5 as a
Latin American organization are taking some steps forward
in training Latin American multidisciplinary professionals on
FTD. The hope is to get a multi-directional effect in which
they educate and raise awareness among other professionals,
general population and policy makers and increase the creation
of dementia resources in Latin America.

Specialized caregiver support groups and psychoeducational
programs need to be subsidized to be available on a larger
scale for caregivers and their funding should contemplate
providing technological resources and support to people in
remote areas in order to increase access. In the United States,
the Association for Frontotemporal Degeneration6 formed by
healthcare providers and caregivers represents a model that
provides caregivers support resources and educational materials.
In Spain, the Frontotemporal Dementia Association7 is a similar
model that also provides resources to caregivers. These examples
could be adapted to local needs in Latin America if the
appropriate resources existed. The Alzheimer’s Associations and
the local groups (see text footnote 1–3) have taken the lead in
supporting caregivers of patients with FTD on a smaller scale.
These Associations must join efforts with caregivers, healthcare
providers, and policymakers from all Latin America to advance
FTD care in Latin America.

It is important to highlight the scarcity of literature on the
caregiving for FTD patients in Latin America. Researchers’
associations like the International Society for Frontotemporal
Dementias8 and the Latin America and the Caribbean
Consortium on Dementia9 keep raising awareness on this
gap among their members and promote increasing research
on this topic. Since FTD diagnosis is low in the region at this
moment, even small group caregiver intervention strategies like
the ones being put in place in different places in Latin America
(see text footnote 1–3) are valuable, can inform the literature and
provide guidelines to health providers in the region.

Health policies and infrastructure are fundamental to provide
support to caregivers of persons with FTD. Even when national
dementia plans from Costa Rica (78), Argentina (79), Uruguay
(80), Chile (81), Perú, and Mexico (82) include caregiver support
for dementia patients, in reality, more services and infrastructure
are needed to fulfill the needs of caregivers, particularly in rural
areas. The Uruguayan model of caregiver support functions as a
first example to inform the region how policies on this topic can

4www.ghi.og
5www.brainlat.uai.cl
6www.theaftd.org
7http://adef.es/site/
8www.isftd.org
9www.lac-cd.org/

be made, implemented and improved over time to provide social,
economic, and legal support to caregivers. It also provides a
telehealth model that can benefit the sector of the population that
has access to internet services and can be used as proof that such
services need to be widely available for caregivers (40). Healthcare
diplomacy is fundamental to create joint efforts that push policies
forward to protect caregivers of patients with FTD in which all
the aforementioned organization can act as stakeholders.

Finally, we must consider that despite the many barriers to
care patients with FTD face in Latin America, there are also
strengths inherent to its cultures and traditions. For instance,
there is more emphasis on aging in the community and within
the family, where it may be easier to find solidarity and tolerance
even if the disease is not well-understood. Leveraging this as an
advantage, it is very likely that in future circumstances, once
better education and infrastructure exist, new models of care
will emerge. Blending the resourcefulness that exists within the
region while implementing broad changes that benefit patients
with FTD and their caregivers. The goals are that patients and
caregivers get the tools they need to seek care in the early
stages of the disease, primary care providers become able to
identify the disease and make an early referral, and specialists
become able to provide a timely diagnosis that will help patients
and caregivers obtain appropriate resources and plan for the
future including palliative care. Ideally, services with adequately
trained personnel become available and help reduce the burden
of care for caregivers and the society becomes more educated and
tolerant with patients with FTD reducing the stress of caregivers
in social interaction situations.
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Beyond canonical deficits in social cognition and interpersonal conduct, behavioral

variant frontotemporal dementia (bvFTD) involves language difficulties in a substantial

proportion of cases. However, since most evidence comes from high-income countries,

the scope and relevance of language deficits in Latin American bvFTD samples remain

poorly understood. As a first step toward reversing this scenario, we review studies

reporting language measures in Latin American bvFTD cohorts relative to other groups.

We identified 24 papers meeting systematic criteria, mainly targeting phonemic and

semantic fluency, naming, semantic processing, and comprehension skills. The evidence

shows widespread impairments in these domains, often related to overall cognitive

disturbances. Some of these deficits may be as severe as in other diseases where they

are more widely acknowledged, such as Alzheimer’s disease. Considering the prevalence

and informativeness of language deficits in bvFTD patients from other world regions, the

need arises for more systematic research in Latin America, ideally spanning multiple

domains, in diverse languages and dialects, with validated batteries. We outline key

challenges and pathways of progress in this direction, laying the ground for a new regional

research agenda on the disorder.

Keywords: behavioral variant frontotemporal dementia, language, Latin America, cognitive markers, dimensional

approach

INTRODUCTION

Behavioral variant frontotemporal dementia (bvFTD) is the most frequent form of frontotemporal
dementia, a disease that affects between 1.2 and 1.8% of Latin American residents above age
55 (1). Patients exhibit insidious changes in personality and behavior, typically manifested as
disinhibition, compulsion, apathy, hyperorality, and loss of empathy, alongside executive deficits
and spared memory and visuospatial skills (2, 3). These domains have been the focus of
neurocognitive studies on the disease, producing rich theoretical and clinical insights (4, 5).
However, research on these predominant alterations has progressed to the detriment of less
salient but still pervasive and debilitating impairments. Such is the case of language deficits.
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Except for stereotypy of speech, difficulties with language
production and comprehension are unmentioned in current
international consensus criteria for bvFTD (3). These are also
downplayed in overviews of the disease, which briefly present
language as a widely preserved domain (6–8). Yet, several
linguistic skills may be disrupted in bvFTD (9). For example, in a
large group (10), naming deficits are as frequent as hyperorality
(a core diagnostic feature) in the sample informing Rascovsky
et al.’s criteria (55%). Moreover, specific language deficits often
co-occur with typical bvFTD symptoms (11) and they can be
observed even in pre-clinical stages (12). Also, despite lower
severity, they may also resemble linguistic deficits in primary
progressive aphasia (PPA) in their manifestation (13, 14) and
progression rate (15). In addition, canonical atrophy patterns
in bvFTD (2, 16) overlap with language-preferential regions,
including the frontal, insular, cingulate, and temporal cortices
(17–20). Thus, the neglect of language characterization in bvFTD
research seems unwarranted.

The latter point may be particularly true in Latin America,
where a major increase in the prevalence of bvFTD and other
dementias (1, 21, 22) calls for precise clinical phenotyping beyond
classical symptoms. Language testing is notoriously scant in
regional bvFTD studies. Out of 320 reports that meet inclusion
criteria in a systematic review of the topic (23), only 7.5%
involve Latin American samples (Figure 1). This hinders valuable
opportunities to face mounting regional challenges in the fight
against dementia. Indeed, while some gold-standard diagnostic
and monitoring methods (e.g., biomarkers) are either limited
or broadly unavailable in most local centers (22), linguistic
assessments are widely accessible and capture early deficits in
bvFTD cohorts across the globe (9) as well as in Latin American
individuals with other non-language-dominant disorders, such as
Parkinson’s and Huntington’s disease (24–29).

Moreover, findings from other languages may not generalize
to those spoken in Latin America. English, for example, is typified
by abundant consonant clusters, genderless nouns, few verb
forms, and greater reliance on syntax than prosody for sentential
distinctions (30). Conversely, Spanish and Portuguese, the two
dominant languages in the region (31), present less frequent
consonant clusters, gendered nominal systems, dozens of verb
forms, and greater reliance on prosody than syntax to distinguish
among sentence types (32). Given that different languages may
recruit distinct neural mechanisms (33) and become differently
affected by similar brain disruptions (34, 35), novel, language-
specific efforts are needed to understand the linguistic profile of
Latin American bvFTD (LA bvFTD) patients.

As an initial step, here we contextualize and review
language assessments in LA bvFTD cohorts. First, we describe
general linguistic features of bvFTD as revealed in research
from other world regions. Second, we summarize research
conducted in Latin America. Available findings came from
fluency, naming, semantic processing, and comprehension tasks.
Third, we provide a critical discussion of the evidence and
distill its emerging empirical patterns. Finally, we outline key
challenges and future directions for the field. This way, we
aim to lay the groundwork for a linguistic agenda in LA
bvFTD research.

THE GENERAL LINGUISTIC PROFILE OF
bvFTD

Evidence from other world regions reveals general patterns of
affected and spared linguistic functions across bvFTD cohorts,
with marked variability for some domains (23). Available results
come mainly from studies from North America, Western Europe
and Australia, with a marked predominance of English over
other languages.

Motor speech is mostly spared (36). Even when they present
a strangled-strained voice and articulation difficulties, patients
do not exhibit more distortions, false starts, or irregular
articulation breakdowns than healthy controls (37). In (semi-)
spontaneous tasks, patients may produce shorter segments and
abnormal pauses than controls (37). Similar patterns have been
documented during text reading (37). However, their production
rate is typically normal (38), and so is their rate of phonetic,
phonemic, and global speech errors (39).

Performance is also mostly spared in tasks that may be
performed through sub-lexical mechanisms. Patients seem
unimpaired in phonological manipulation as well as word and
sentence repetition (13). Repetition deficits have been observed
in only 5% of cases within a large bvFTD cohort (10). On the
whole, segmental phonology is widely unaffected inmost patients
(10, 37). However, patients often exhibit single-word reading (40)
and writing (13) deficits.

Conversely, lexical and semantic functions are more
systematically impaired in bvFTD. Verbal fluency, across
phonemic and semantic conditions, is typically compromised
(41, 42). These alterations have been linked to executive deficits
(42). As for word retrieval, most studies show picture naming
difficulties (43), which may prove more marked for (action)
verbs than (object) nouns (13). However, patients seem only
sporadically affected when naming faces (44) and smells (45),
and they seem unimpaired in sound naming (46). Still, the
compromise of semantic abilities appears to be widespread
in bvFTD, as deficits have been reported in studies tapping
conceptual knowledge (47), word comprehension and definition
(48), concept association (38), semantic categorization (49),
analogy processing (50), and idiom comprehension (51).
Semantic disruptions are also ubiquitous in connected speech.
Even though diverse lexical categories are produced with normal
frequency (13), patients exhibit more word-finding problems and
semantic paraphasias (52). More globally, they have difficulties
in accurately reporting events, guiding communication,
maintaining global coherence, and organizing discourse (53).

Syntactic processing appears to be preserved in receptive tasks
using simple sentences (13). However, impairments are typically
observed when using more complex stimuli, such as ambiguous
sentences, constructions with synthetic or thematic violations, or
discourse-level tasks (51). These difficulties may be secondary
to executive deficits (54). Conversely, patients exhibit correct
grammar and syntax in (semi)spontaneous production tasks (39).

Briefly, evidence from regions other than Latin American
reveals general linguistic patterns in bvFTD patients. Some
language domains, such as motor speech and phonology, are
partly preserved. Results are more mixed for syntactic skills,
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FIGURE 1 | Articles reporting language measures in behavioral variant frontotemporal dementia (bvFTD) cohorts. A systematic review (see Supplementary Material)

reveals that, unlike North America (where numerous bvFTD studies have reported language measures), Latin America has produced little evidence on the topic

(ranging from low to null, depending on the country).

with difficulties appearing only during complex tasks. Finally,
lexico-semantic abilities, including verbal fluency, appear to
be widely impaired. These patterns represent a benchmark
for interpreting results from Latin American cohorts, as
reviewed next.

LINGUISTIC RESEARCH IN LA bvFTD

Following systematic criteria (see Supplementary Materials 1, 2)
used in a larger systematic review of language impairments
in bvFTD patients (23), we identified 24 papers reporting
language assessments in LA bvFTD patients. Beyond one study
assessing global language abilities, findings pertain to four
main domains: phonemic fluency, semantic fluency, picture
naming, and semantic processing (including comprehension).
Key findings are described below and detailed in the Table 1.
Also, see Supplementary Material 3 for a risk of bias assessment,
revealing that only four out of the 24 papers presented high risk
of bias.

Global Language Skills
One study (55) assessed global language abilities in LA bvFTD
patients via the ACE-R language subscale, which includes
measures of naming, comprehension, repetition, reading, and
writing. Results revealed a significant impairment for patients
relative to controls. Of note, deficits in the bvFTD cohorts
were not milder than those observed in Alzheimer’s disease
(AD) patients.

Phonemic Fluency
LA bvFTD patients have impaired phonemic fluency relative
to healthy controls (56–58, 60, 68–70, 72, 74, 75). This has
been observed for both Spanish-speaking (57, 60, 74, 75) and
Portuguese-speaking (68, 72) cohorts, across different age groups
(mean age varying from 64.4 to 70.2 years old) and education
levels (years of education ranging from 10.8 to 16.0 years).
Non-significant differences were reported by Torralva et al.
(62), although these results came from a smaller sample with
higher MMSE scores than those reported in other studies. Also,
phonemic fluency outcomes do not differ significantly between
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TABLE 1 | Summary of studies reporting language measures in Latin American bvFTD cohorts.

Author, year Participants Language

domain

Task Main results

Lima-Silva et al. (55) 20 bvFTD

(mean age: 67.1)

30 AD

34 healthy participants

Global ACE-R language bvFTD were impaired when compared to controls but

had higher scores than AD patients

Baez et al. (56) 37 bvFTD

(mean age: 66)

30 healthy participants

Verbal fluency Phonological fluency

(DKEFS)

A decreased phonological fluency was found in patients

Baez et al. (57) 16 bvFTD

(mean age: 65.8)

16 bipolar disorder

22 healthy participants

Verbal fluency Phonological fluency

(“P”)

A decreased phonological fluency was found in patients

when compared to control participants but there was no

difference when compared to bipolar patients; Lower

scores on the phonological fluency test were positively

associated with lower GM volumes in the bilateral insula

and putamen, the right amygdala, fusiform and inferior

frontal gyri, and the left superior temporal gyrus and

orbitofrontal cortex

Gleichgerrcht et al. (58) 25 bvFTD

(mean age: 70.0)

25 AD

26 healthy participants

Verbal fluency Phonemic fluency Phonemic fluency score was lower in bvFTD than in

controls but did not differ from AD patients; Phonemic

fluency score was correlated to both IFS and FAB scores

Roca et al. (59) 16 high-functioning bvFTD

(mean age: 69.1)

19 low-functioning bvFTD

(mean age: 65.0)

14 healthy participants

Verbal fluency Phonemic fluency (FAS) Phonemic fluency was lower in low-functioning bvFTD

when compared to controls and high-functioning bvFTD;

these two groups did not differ from each other; these

differences were no longer significant when a global

mnesic and executive score was introduced as covariate

Russo et al. (60) 27 bvFTD

(mean age: 66.5)

46 AD

17 PPA

40 healthy participants

Verbal fluency Phonemic fluency Phonemic fluency was lower in bvFTD compared to

controls and AD patients patients and did not differ from

PPA patients

Santamaria-García

et al. (61)

18 bvFTD with apathy (mean

age: 58.0)

16 bvFTD with disnhibition

(mean age: 57.0)

Verbal fluency Phonemic fluency Phonemic fluency scores did not differ between the two

bvFTD subgroups

Torralva et al. (62) 20 bvFTD

(mean age: 67.2)

10 healthy participants

Verbal fluency Phonemic fluency (“P”) Phonemic fluency scores did not differ between the two

groups

Torralva et al. (63) 26 mild bvFTD

(mean age: 65.8)

14 moderate bvFTD

(mean age: 69.9)

18 healthy participants

Verbal fluency Phonemic fluency (“P”) Phonemic fluency scores were lower in moderate bvFTD

when compared to mild bvFTD and controls and lower in

mild bvFTD when compared to controls; Phonemic

fluency scores correlated positively with the Faux-Pas

scores but not with the Reading Mind in the Eyes scores

Bahia and Viana (64) 12 bvFTD

(mean age: 55.9)

12 AD

Verbal fluency Semantic fluency

(animals)

Semantic fluency scores did not differ between bvFTD

and AD patients

Boson-Gambogi et al.

(65)

29 bvFTD without psychiatric

history

(mean age: 67.9)

17 bvFTD with psychiatric history

(mean age: 65.3)

Verbal fluency Semantic fluency

(animals)

No difference were found between the two groups

Torralva et al. (66) 66 non-vascular bvFTD

(mean age: 69.6)

23 vascular bvFTD

(mean age: 78.3)

Verbal fluency Semantic fluency

(animals, vegetables)

Non-vascular bvFTD had lower scores for semantic

fluency with animals but the scores did not differ for

vegetables between the two groups

Wajman et al. (67) 16 bvFTD

(mean age: 61.9)

39 AD

22 LBD

48 Amnesic multi-domain MCI

33 Amnesic single-domain MCI

78 healthy participants

Verbal fluency Semantic fluency

(animals)

Semantic fluency scores, number of switches and

number and size of clusters did not differ in bvFTD when

compared to AD, Amnesic multi-domain MCI and DLB;

bvFTD produced less words and less clusters than

Amnesic single-domain MCI but did not differ on other

measures (cluster size, number of switches); bvFTD

produced less words, less and shorter clusters and less

switches than controls

(Continued)
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TABLE 1 | Continued

Author, year Participants Language

domain

Task Main results

Bahia et al. (68) 18 bvFTD

(mean age: 70.2)

20 AD

15 healthy participants

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Both fluency scores were lower in bvFTD than in controls

and did not differ between the two patients groups

Couto et al. (69) 22 bvFTD

(mean age: 69.8)

10 non-fluent PPA

18 healthy participants

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Both fluency scores were lower in bvFTD than in controls

and did not differ between the two patients groups

Gleichgerrcht et al. (58) 13 bvFTD without dilemma

judgment impairment

(mean age: 71.4)

9 bvFTD with judgment

impairment

(mean age: 71.2)

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Both fluency scores were lower in bvFTD with dilemma

judgment impairment than in bvFTD without

Gleichgerrcht et al. (70) 35 bvFTD

(mean age: 68.5)

10 PPA

14 healthy participants

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Both phonemic and semantic fluency scores were lower

in bvFTD than in controls; Semantic fluency was lower in

PPA than in bvFTD and phonemic fluency did not differ

between the two groups

Manes et al. (71) 30 bvFTD with impaired

neuropsychological performance

(mean age: 69.3)

13 with normal

neuropsychological performance

(mean age: 67.5)

14 healthy participants

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Both fluency scores were lower in the

neurospychologically impaired bvFTD than in controls

but did not differ between non-impaired bvFTD and

controls; While phonemic fluency scores were lower in

the impaired bvFTD group than in the non-impaired

bvFTD group, semantic fluency scores did not differ

between the two groups; in the impaired bvFTD

subgroup, phonemic and semantic fluency scores

correlated with a decision-making task

Mariano et al. (72) 27 bvFTD

(mean age: 68.0)

24 AD

25 healthy participants

Verbal fluency Phonemic fluency

(FAS), semantic fluency

(animals)

Both fluency scores were lower in bvFTD than in controls

and did not differ between the two patients groups

Ramanan et al. (73) 44 bvFTD

(mean age: 65.3)

48 AD

Verbal fluency Phonemic fluency (“A”),

semantic fluency

Both fluency scores did not differ between bvFTD and

AD patients; phonemic fluency score did not correlate

with ToM task score

Reyes et al. (74) 50 bvFTD

(mean age: 65.9)

12 nfvPPA

14 svPPA patients

32 healthy participants

Verbal fluency Phonemic fluency (“P”

and “M”), semantic

fluency (animals)

Both fluency scores were lower in bvFTD than in controls

and higher in bvFTD compared to both nfvPPA and

svPPA patients groups

Reyes et al. (75) 26 bvFTD

(mean age: 64.4)

20 nfvPPA

20 svPPA patients

33 healthy participants

Verbal fluency Phonemic fluency,

semantic fluency

Both fluency scores were lower in bvFTD than in controls

and higher in bvFTD compared to both nfvPPA and

svPPA patients groups

Torralva et al. (76) 16 high-ACE bvFTD

(mean age: 69.1)

19 low-ACE bvFTD

(mean age: 65.0)

10 healthy participants

Verbal fluency Phonemic fluency (“P”),

semantic fluency

(animals)

Phonemic fluency was lower in low-ACE bvFTD when

compared to controls and high-ACE bvFTD; these two

groups did not differ from each other; Phonemic fluency

scores did not correlate with a global social cognitive

score but did positively correlate with the Reading Mind

in the Eyes scores

Couto et al. (69) 22 bvFTD

(mean age: 69.8)

10 nfvPPA

18 healthy participants

Naming Boston Naming Test Picture naming was impaired in bvFTD patients as well

as in the non-fluent PPA patients. bvFTD performance

was better than non-fluent PPA.

Gleichgerrcht et al. (58) 13 bvFTD without dilemma

judgment impairment

(mean age: 71.4)

9 bvFTD with judgment

impairment

(mean age: 71.2)

Naming Boston Naming Test No difference were found between the two groups.

(Continued)
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TABLE 1 | Continued

Author, year Participants Language

domain

Task Main results

Gleichgerrcht et al. (70) 35 bvFTD

(mean age: 68.5)

10 PPA

14 healthy participants

Naming Boston Naming Test Picture naming was preserved in bvFTD patients. bvFTD

patients presented higher scores than PPA patients.

Manes et al. (71) 30 bvFTD with impaired

neuropsychological performance

(mean age: 69.3)

13 with normal

neuropsychological performance

(mean age: 67.5)

14 healthy participants

Naming Boston Naming Test Picture naming scores were lower in the

neuropychologically impaired bvFTD than in controls but

did not differ between neuropsychologically

non-impaired bvFTD and controls. The

neuropsychologically impaired bvFTD group scores were

lower than the non-impaired bvFTD group.

Reyes et al. (75) 26 bvFTD

(mean age: 64.4)

20 nfvPPA

20 svPPA patients

33 healthy participants

Naming Confrontation naming

test from Montanes

et al. (77)

Picture naming was preserved in vbFTD patients

compared to controls. bvFTD patients presented higher

scores for both nfvPPA and svPPA.

Roca et al. (59) 16 high-functioning bvFTD

(mean age: 69.1)

19 low-functioning bvFTD

(mean age: 65.0)

14 healthy participants

Naming Boston Naming Test Low-functioning bvFTD differed from both

high-functioning bvFTD and healthy controls groups.

High-functioning bvFTD patients did not differ from

healthy controls.

Russo et al. (60) 27 bvFTD

(mean age: 66.5)

46 AD

17 PPA

40 healthy participants

Naming Boston Naming Test All patients’ groups differed from healthy controls. The

bvFTD’s group did not differ with the remaining patient’s

groups.

Santamaria-García

et al. (78)

20 bvFTD

(mean age: 58.9)

24 AD

20 healthy participants

Naming Picture-naming task

from Snodgrass and

Feenan (79)

No significant differences between groups (groups

matched by picture naming scores).

Torralva et al. (62) 20 bvFTD with early/mild stage

(mean age: 67.2)

10 healthy participants

Naming Boston Naming Test Picture naming was impaired in bvFTD patients.

Torralva et al. (76) 16 high-ACE bvFTD

(mean age: 69.1)

19 low-ACE bvFTD

(mean age: 65.0)

10 healthy participants

Naming Boston Naming Test Low-ACE bvFTD differed from both high-ACE bvFTD

and healthy controls groups. High-ACE bvFTD patients

also differed from healthy controls.

Torralva et al. (63) 66 bvFTD without vascular event

history

(mean age: 69.6)

23 bvFTD with vascular event

history

(mean age: 78.3)

Naming Boston Naming Test No significant differences between groups.

Gleichgerrcht et al. (70) 35 bvFTD

(mean age: 68.5)

10 PPA patients

14 healthy participants

Semantic

association

Pyramids and Palm

trees

Semantic association was impaired in bvFTD patients

compared to controls. BvFTD patients did not differ from

PPA patients.

Roca et al. (59) 16 high-functioning bvFTD

(mean age: 69.1)

19 low-functioning bvFTD (mean

age: 65.0)

14 healthy participants

Semantic

association

Pyramids and Palm

trees

Low-functioning bvFTD differed from healthy controls.

The high-functioning bvFTD group did not differ from

both low-functioning and healthy controls groups.

Torralva et al. (62) 20 bvFTD with early/mild stage

(mean age: 67.2)

10 healthy controls

Semantic

association

Pyramids and Palm

trees

Semantic association was impaired in bvFTD patients.

(Continued)
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TABLE 1 | Continued

Author, year Participants Language

domain

Task Main results

Gleichgerrcht et al. (58) 13 bvFTD without dilemma

judgment impairment

(mean age: 71.4)

9 bvFTD with judgment

impairment

(mean age: 71.2)

Comprehension Token Test No difference were found between the two groups.

Gleichgerrcht et al. (70) 35 bvFTD

(mean age: 68.5)

10 PPA patients

14 healthy participants

Comprehension Token Test Comprehension was preserved among all patients

groups.

Torralva et al. (62) 20 bvFTD with early/mild stage

(mean age: 67.2)

10 healthy controls

Comprehension Token Test Comprehension was preserved in bvFTD patients.

Torralva et al. (76) 16 high-ACE bvFTD

(mean age: 69.1)

19 low-ACE bvFTD

(mean age: 65.0)

10 healthy participants

Comprehension Token Test Low-ACE bvFTD differed from both high-ACE bvFTD

and healthy controls groups. High-ACE bvFTD patients

did not differ from healthy controls.

Reyes et al. (75) 26 bvFTD

(mean age: 64.4)

20 nfvPPA

(mean age: 63.6)

20 svPPA patients

(mean age: 60.3)

33 healthy participants

Comprehension Proverbs Proverbs comprehension was impaired in the bvFTD

group compared to healthy participants. Moreover,

bvFTD also showed better performance than the svPPA

group.

Reyes et al. (74) 50 bvFTD

(mean age: 65.9)

12 nfvPPA

(mean age: 63.63)

14 svPPA patients

(mean age: 60.3)

32 healthy participants

Comprehension Proverbs All patients’ groups differed from healthy controls. The

bvFTD group did not differ with the remaining patient

groups.

bvFTD, behavioral variant frontotemporal dementia; AD, Alzheimer’s disease; PPA, primary progressive aphasia; svPPA, semantic variant PPA; nfvPPA, non-fluent variant PPA; lvPPA,

logopenic variant PPA; ACE, Addenbrooke’s Cognitive Assessment.

bvFTD and AD [(58, 68, 72, 73), but see (60)]. Comparisons
with PPA have yielded mixed results: while some studies report
better performance for bvFTD than non-fluent variant PPA
and semantic variant PPA patients (74, 75), other found no
significant difference between groups (60, 69, 70).1 Phonemic
fluency performance in LA bvFTD patients has been shown
to correlate with the volume of core affected regions –e.g.,
the bilateral insula and putamen, the right amygdala, fusiform
and inferior frontal gyri, and the left superior temporal and
orbitofrontal cortices (57).

These impairments may be linked to overall cognitive
functioning. LA bvFTD patients with global cognitive
difficulties are outperformed by both healthy controls and
cognitively preserved LA bvFTD patients (59, 63, 71, 76),
there being no difference between the latter two groups
[(59, 71, 76), but see (63)]. Phonemic fluency may
also be associated with executive (59, 80) and mnesic
(59) skills.

The links between this domain and social cognitive
functioning are less clear. Phonemic fluency does not seem

1For comparisons of other fluency measures in connected speech, see Reyes (75).

to be associated with measures of theory of mind (73, 76),
empathy (56), or global socio-cognitive skills (76). Also, no
difference has been reported in phonemic fluency scores between
patients with utilitarian and non-utilitarian moral profiles (80).
Note that, beyond social cognition domains, similar phonemic
fluency outcomes have been reported between apathetic and
disinhibited patients (61). However, positive correlations
have been reported between phonemic fluency scores and the
Reading-the-Mind-in-the-Eyes test, a Faux-Pas task (63), and a
decision-making task (71).

In short, phonemic fluency appears to be compromised in LA
bvFTD patients. The severity of this impairment resembles that
observed in AD and may even reach the degree of impairment
seen in non-fluent and semantic PPA. Reported deficits seem
driven by wider executive impairment, whereas their relationship
to social cognitive functioning remains poorly understood.

Semantic Fluency
Semantic fluency assessments also reveal systematic deficits in
LA bvFTD samples (58, 67–70, 72, 74, 75). As is the case
with phonemic fluency, this impairment is consistent for both
Spanish (74, 75) and Portuguese (67, 68, 72), in cohorts with
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different mean ages (varying from 61.9 to 70.2 years old)
and education levels (year of education ranging from 8.7 to
16.0 years). In particular, emerging evidence (67) suggests that,
compared with healthy controls, LA bvFTD patients produce
fewer and smaller semantic clusters (words retrieved according
to semantic subcategories such as pets, birds, or felines, for
animals) as well as fewer switches (shifts from one semantic
subcategory to another). Semantic fluency deficits in LA bvFTD
patients seem less strong than those observed in non-fluent and
semantic variant PPA [(70, 74, 75), but see (69)] but as severe as
those of patients with amnestic mild cognitive impairment (67)
and AD (64, 67, 68, 72, 73).

Such difficulties may be related to global cognitive alterations.
Indeed, sub-group analyses reveal that deficits are present
in cognitively compromised, but not in cognitive spared, LA
bvFTD patients (71, 76). In a similar vein, Wajman et al. (67)
found significant positive correlations between semantic fluency
measures and MMSE scores.

Additional evidence suggests a link with social cognition
skills. Although semantic fluency scores may not differ between
patients with utilitarian and non-utilitarian moral profiles (80),
they are correlated with decision-making scores (71). Semantic
fluency in LA bvFTD cohorts may also be influenced by
cerebrovascular disease, as patients without such comorbidity
had lower scores on specific categories (animals) (66). Finally,
there seems to be no difference in semantic fluency between
bvFTD patients with and without psychiatric history (65).

In sum, semantic fluency is systematically impaired in LA
bvFTD patients. Deficits are lessmarked than in PPA variants, but
they prove comparable to those of persons with mild cognitive
impairment or AD. Such difficulties seem related to more global
cognitive and socio-cognitive deficits.

Picture Naming
Picture naming appears to be mostly impaired in LA bvFTD
samples. Available evidence comes from Spanish speakers aged
between 65 and 70, with a range of roughly 12–15 years of
education. Most studies employed the Boston Naming Test,
revealing significant differences between patients and controls
(60, 70, 71, 74–76); but see (70). Interestingly, no significant
deficits were revealed via an experimental naming test designed
for AD (75). Moreover, separate studies reported that naming
performance in LA bvFTD patients was better than in non-fluent
variant and semantic variant PPA (75) and heterogeneous PPA
cohorts (70).

Naming deficits might be related to the patients’ global
cognitive impairment levels, as they prove significantly greater in
low- vs. high-functioning LA bvFTD cohorts (59, 71, 76). Indeed,
normal naming performance has been reported in the latter
subgroup (59). Conversely, picture naming did not differ between
patients with utilitarian and non-utilitarian moral profiles (80) or
prior history of stroke or silent brain infarcts (66).

Briefly, picture naming seems compromised in LA bvFTD
patients, though not as markedly as in PPA variants. These
deficits might be driven by the patients’ cognitive status,
but they seem uninfluenced by socio-cognitive abilities or
neurovascular events.

Semantic Processing and Comprehension
Concept association, as tapped with the Pyramids and Palm Trees
test, seems to be impaired in LA bvFTD cohorts (59, 62, 70).
However, this pattern seems driven by cognitively impaired
patients. In fact, these are outperformed by high-functioning
ones, who actually reach normal scores (62). Patients also exhibit
deficits in proverb comprehension (74, 75), suggesting impaired
figurative language skills. Still, these difficulties are significantly
less marked than those of semantic variant PPA and non-fluent
variant PPA patients (75).

Conversely, comprehension of increasingly complex
commands, as captured by the Token Test, seems globally
preserved in LA bvFTD individuals (62, 70). However, this
domain also seems sensitive to cognitive decline, as poorer
performance has been observed in low- relative to high-
functioning patients (76). Furthermore, this domain does
not seem to differ between patients with utilitarian and
non-utilitarian moral profiles (80).

In sum, LA bvFTD patients seem to exhibit concept
association and figurative language comprehension deficits, with
preserved abilities to grasp verbal commands. At least some of
these patterns might be driven by overall cognitive skills.

DISCUSSION

Though moderate in quantity and scope, existing findings
allow the identification of potential empirical patterns. First,
LA bvFTD cohorts exhibit systematic deficits in phonemic
and semantic fluency. This impairment is consistent across
education levels, age ranges, and in the two languages most
widely spoken by Latin Americans: Spanish and Portuguese (31).
Interestingly, fluency is also the most consistently disrupted
domain across bvFTD patients from other regions, yielding
deficits in 76% of cases (10). The detection of naming
deficits also aligns with reports showing their presence in
more than half of patients (10), matching the incidence of
hyperorality, a core diagnostic symptom (3). Difficulties have
also been observed in tasks requiring semantic processing and
comprehension of complex commands, probably driven by
global cognitive deficits.

Despite the widespread dismissal of language deficits in
bvFTD, such patterns are not fully surprising. Indeed, the above
domains have all been linked to brain regions canonically
disrupted in bvFTD. This is true of phonemic fluency, subserved
by inferior frontal, insular, and medial temporal regions (81);
semantic fluency, linked to frontal, posterior temporal, and
inferior parietal regions (81); naming, associated with middle
temporal, angular, dorsolateral prefrontal, and inferior frontal
regions (82, 83); and semantic processing, underpinned by
temporal, inferior/medial prefrontal, occipital, and subcortical
regions (84). Compatibly, limited evidence in our review
shows that phonemic fluency deficits in Spanish-speaking
bvFTD patients are associated with atrophy in inferior frontal,
orbitofrontal, and anterior, superior and mesial temporal regions
(57). Such links reinforce the relevance of language deficits in
the disease.
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Comparisons with other diseases illuminate the severity of
these impairments in LA bvFTD patients. Deficits in semantic
fluency (60, 69, 70), naming (70, 75), semantic association,
and comprehension (75) are milder than in PPA variants,
which are mainly typified by language impairments (85).
One study reported comparable semantic fluency difficulties
in LA bvFTD and non-fluent PPA patients (69), potentially
driven by partly similar atrophy patterns along frontal regions.
Phonemic fluency, which hinges on both linguistic and
executive control mechanisms, more consistently yielded
similar deficits in LA bvFTD and non-fluent PPA (60, 69, 70),
which is mainly distinguished by disruption of language-
sensitive fronto-insular networks (85). The latter point
could suggest that impaired performance in each syndrome
might be driven by different factors, such as executive
dysfunction in LA bvFTD and linguistic impairment in
PPA (39).

More interestingly, several domains seem as markedly
impaired in bvFTD as in AD, a disease in which specific verbal
dysfunctions range from frequent (in amnestic presentations)
to systematic (in linguistic presentations) (86). In our review,
comparable outcomes between these diseases have been reported
for global language skills, as evaluated with the ACE-R language
scale (55), as well as phonemic (58, 68, 72, 73) and semantic (64,
67, 68, 72, 73) fluency tasks. The same pattern has been reported
among speakers of English (87) and Italian (88). However, other
domains recruiting both linguistic and executive mechanisms,
such as picture naming and syntax, may be differentially affected
in LA bvFTD and AD (13, 89), calling for further research on
cross-nosological and disease-specific markers.

More generally, evidence from Latin America aligns with
global findings supporting the relevance of linguistic assessments
in bvFTD, even if these are not primarily affected in the disease
(9). In the same vein, previous research has emphasized the
usefulness of social cognition assessments in PPA variants,
although these syndromes are characterized primarily by
language deficits (90). Such approaches underscore the clinical
value of assessments that go beyond core symptoms, leading to
more exhaustive characterizations to establish individual profiles
and personalized plans to treat each patient’s more salient
disruptions. At the same time, they align with transnosological
and dimensional perspectives that frame cognitive outcomes in
a continuum between normal and pathological extremes cutting
across diseases with different core symptomatology (4). Even
deficits that escape core diagnostic criteria may be informative
for clinical purposes.

CHALLENGES AND FUTURE DIRECTIONS

Gaps in the Study of Language in LA
bvFTD Patients
The study of language impairments in bvFTD across Latin
America is already informative and promising. However, it
is marked by important gaps, especially when compared to
work conducted elsewhere. First, the evidence is scant and it
secondarily covers only a few, coarse-grained domains, whereas

research in other world regions proves more abundant, varied,
and granular. In addition, few studies have examined associations
between linguistic outcomes, non-verbal cognitive skills, and
neural correlates, while none has employed longitudinal designs
to evaluate language impairment progression. This hinders the
detection of robust and clinically useful patterns, as well as the
integration of local results with global findings. The scenario is
further complicated by the overlap of patients across reports from
the same groups, a problem that also challenges interpretability of
findings in other parts of the world.

Second, despite the vast extension of the territory, available
results come from only a few centers distributed in three
countries (Argentina, Brazil, and Colombia). Accordingly,
existing findings may fail to represent the diversity of Latin
Americans across regional subgroups–a factor known to affect
other aspects of dementia presentation (91). More extensive
recruitment across regional clinics and hospitals would be
critical to extend the cross-national scope of the evidence.
Finally, available data comes only from Portuguese- and Spanish-
speaking cohorts, which falls short of capturing the region’s
linguistic diversity, with over 450 languages (31) and an even
larger number of dialects (92). Note that different languages (34),
and even different dialects of the same language (93, 94), may
become differentially affected by brain disease, so that existing
results may not be readily extrapolated across the territory.

Future work should strongly aim to cover these gaps, mainly
by acknowledging diversity as a pressing matter and encouraging
the exploration of culture-specific variables in a cross-regional
agenda. This could be achieved through multicentric efforts,
such as those spearheaded by the Consortium to Expand
Dementia Research in Latin America–ReDLat (95), offering
adequate sample sizes, socio-cultural and dialectal diversity, and
ecologically valid measures. In fact, ReDLat is already poised to
implement classical (e.g., picture naming) and cutting-edge (e.g.,
automated speech analyses) tools capturing linguistic features
in over 1,000 LA bvFTD patients spanning six countries, two
languages (Spanish and Portuguese), and numerous dialects.
Moreover, the consortium’s multicentric structure is already
being leveraged to launch language-focused projects, including
novel assessments in bvFTD and AD samples through a
combination of automated (acoustic and textual) measures,
gold-standard multi-level tests, and validated language profile
questionnaires. In the near future, the cross-dialectal scope of
these efforts could be fruitfully extended beyond the region
through direct contrasts between bvFTD cohorts from Latin
America, Spain, and Portugal. This would also cater for a more
balanced representation of sites from different countries, as
language measures, so far, have been reported in only three
bvFTD studies from Spain (96–98) and one from Portugal (99).

Furthermore, these limitations also apply to several other
world regions where language studies in bvFTD range from
incipient to fully absent. This is the case, for instance, with
African countries, most Asian countries, and Russia. Therefore,
from a more global perspective, our present call for further
Latin American research on the topic should be seen as
an instantiation of a broader, cross-national need to be met
by the field.
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Clinical and Research Recommendations
This review also highlights the need for Latin American
researchers and clinicians to use more sensitive and specific
language measures. One of the most systematically assessed
domains in LA bvFTD patients is verbal fluency. Although highly
useful to detect cognitive impairment in this population, fluency
tests are not sufficient to investigate language functioning in
bvFTD, calling for more specific tasks.

The Boston Naming Test was the most frequently used
naming task in the reviewed studies. However, this test
can underestimate Spanish proficiency (100). In this sense,
the Multilingual Naming Test might be more culturally and
linguistically appropriate to investigate naming abilities in
monolingual and multilingual Spanish speakers, and it has
been shown to be useful clinically in neurodegenerative
populations (101).

The Pyramids and Palm Trees Test was the most frequently
used semantic task in our review. As semantic memory
is one of the most culturally specific cognitive domains,
researchers have developed and validated a culturally and
linguistically appropriate version for Spanish speakers, the
Pyramids and Pharaohs Test (102). In addition to being
shorter (20 vs. 52 trials), this new version also shows a higher
sensitivity and specificity to semantic impairments in a Spanish-
speaking population.

Finally, the Token Test, which was used frequently in
primary studies in the present review, appears appropriate for
Latin American patients and it has Spanish and Portuguese
norms (103, 104). Nonetheless, no study has investigated
motor speech, phonology or syntax in LA bvFTD patients.
Prosodic and discourse-based measures, which have also shown
to be extremely useful to characterize language impairments
in bvFTD patients, have not been used either. Besides a few
general language instruments, such as the Bilingual Aphasia
Test (105), the Communicative Abilities in Daily Living battery
(106), and the Boston Diagnostic Aphasia Examination (107),
there is a dearth of fine-grained tools for assessing language
in Latin American individuals. The development of such
instruments could stimulate regional research on bvFTD and
other neurodegenerative conditions.

Moreover, major strides could be made by incorporating
automated speech analysis tools (108, 109), which allow
capturing multiple acoustic (e.g., prosodic, articulatory) and
linguistic (e.g., lexico-semantic, morphosyntactic) features from
brief excerpts of natural speech. Relative to standard assessments,
this approach presents numerous advantages (e.g., low cost,
objective results, ecological validity, scalability), and it has already
proven sensitive to bvFTD patients from other world regions
(110). In line with recent works on Latin American patients with
other neurodegenerative disorders (25, 26), automated speech

assessments could open new vistas for translational research on
regional bvFTD cohorts.

CONCLUSION

The prominence of behavioral and personality changes in bvFTD
may have led to a partial dismissal of other cognitive deficits,
including linguistic ones. This is unfortunate for underserved
regions, such as Latin America, given that language assessments
in bvFTD may be sensitive, discriminative, less costly, and
more scalable than other diagnostic and monitoring methods.
Our review indicates that deficits in verbal fluency, naming,
and semantic domains are common and informative across LA
bvFTD cohorts, but it also highlights the paucity of evidence,
the lack of studies employing fine-grained and cutting-edge tools,
and the poor coverage of languages and dialects across the region.
Looking forward, multicentric approaches to language in LA
bvFTD samples could be of great clinical value, paving the way
for more thorough characterizations of patient profiles and novel
avenues to support mainstream diagnostic tests.
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Introduction: Frontotemporal dementia (FTD) is a complex syndrome characterized

by changes in behavior, language, executive control, and motor symptoms. Its annual

economic burden per patient in developed countries has been classified as considerable,

amounting to US$119,654 per patient, almost double the patient costs reported for

Alzheimer’s disease. However, there is little information regarding cost-of-illness (COI)

for FTD in Latin-America (LA).

Aim: To describe the costs related to FTD in LA.

Methods: We included COI studies on FTD conducted in LA published in English,

Spanish, or Portuguese from inception to September 2020. We carried out a systematic

search in Pubmed/Medline, Scopus, Web of Science, Scielo, Cochrane, and gray

literature. For quality assessment, we used a COI assessment tool available in the

literature. All costs were reported in USD for 1 year and adjusted for inflation.

Results: We included three studies from Argentina, Brazil, and Peru. Direct costs (DCs)

included medication (from US$959.20 to US$ 4,279.20), health care costs (from US$

2,275.80 to US$7,856.16), and caregiver costs (from US$9,634.00 to US$28,730.28).

Indirect costs (ICs) amounted to US$43,076.88.

Conclusions: In LA countries, the reporting of costs related to FTD continues to be

oriented toward DCs. They remain lower than in developed countries, possibly due to

the limited health budget allocated. Only one Brazilian report analyzed ICs, representing

the highest percentage of the total costs. Therefore, studies on the COI of this disease in

LA are essential, focusing on both out-of-pocket spending and the potential economic

loss to patients’ homes and families.
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INTRODUCTION

Frontotemporal dementia (FTD) is a complex syndrome
characterized by clinical disorders that include progressive
changes in the functions of behavior, language, executive control,
and motor symptoms associated with anterior and frontal
temporal lobe degeneration (1, 2). This dementia includes
three different clinical phenotypes: the behavioral variant of
primary progressive aphasia, the semantic variant, and the non-
fluent/agrammatic variant of primary progressive aphasia; the
most common being the behavioral variant of FTD (3).

Worldwide, FTD represents up to 5–6% of all dementias.
Although less frequent than Alzheimer’s disease (AD) (2, 4, 5),
it is the second most common dementia in people under 65. FTD
has an incidence of 1.61/100,000 and a mortality of 1.56/100,000
person-years (6). It is considered as early-onset dementia since
it can present with an incidence of up to 10.8/100,000 people
with a peak between 65 and 69 years of age (2, 7). In Latin
American (LA) countries, FTD prevalence rates of 1.2–1.8/1,000
people have been described in populations over 60 years of age in
Venezuela, Peru, and Brazil (8).

According to theWorld Health Organization (WHO), in 2015
the societal cost of dementia worldwide was US$818 billion,
being equivalent to 1.1% of the global gross domestic product.
Consequently, some reports classify the annual economic burden
per FTD patient as considerable, amounting to US$119,654 per
patient, being almost double the patient costs reported for AD
(9). In developed countries, in which the annual income is
high, these expenses are related to productivity, since the annual
income of a patient can be reduced by up to US$ 50,000 at 12
months after diagnosis due to lost workdays and early layoffs (9).
In LA countries, the expected socioeconomic impact of FTD is
much more significant since the health budget allocated to this
type of disease is small and may represent only 0.02% of the
budget allocated to the health sector in low- and middle-income
countries (9). Additionally, precarious labor systems assign low
wages compared to those in developed countries, generating
more significant uncertainty regarding the costs associated with
FTD in the region.

The cost of illness (COI) is the value of resources spent
or abandoned because of a health problem. It includes the
costs of the health sector (direct costs [DCs]), the value of
productivity diminished or lost by the patient (indirect costs
[ICs]), and the cost of pain and suffering (intangible costs)
(10, 11). DCs for the health sector include hospital expenses
(hospitalization, treatment, and medical care) and, also, non-
reimbursable expenses incurred by patients and family members
concerning health care (medications, transportation for hospital
visits, home modifications because of illness, and costs of caring
for the patient at home). On the other hand, ICs can result from
lost wages or benefits due to illness, premature death, side effects
of illness or treatment, or time spent receiving treatment. ICs also
affect family members who reduce or cease employment to care
for the patient (10). There is an ongoing debate about whether
caregiver costs represent DCs or ICs, as a caregiver can be formal
or informal. However, there is growing consensus regarding the
former (12, 13).

Although its calculation is complicated, COI analysis provides
essential information on the financial impact of the disease in
order to make more efficient use of resources (for example, select
a specific treatment strategy) by health managers, researchers,
and medical specialists. However, most studies on the economic
burden of disease focus only on direct medical costs, as they
are the easiest for the health sector to identify, and this
underestimates the total costs (TCs) of the disease. Therefore,
the objective in this systematic review was to describe the costs
related to FTD in LA countries.

METHODS

We performed a scoping review to describe the costs related to
FTD in LA countries with a protocol registered in the Figshare
repository with doi: 10.6084/m9.figshare.14100797 (14).

Search Strategy
We carried out a systematic search in Pubmed/Medline,
Scopus, Web of Science, Scielo, and Cochrane (OVID interface)
from inception to September 2020. Additionally, we explored
records of the Health Technology Assessment and assessed
economic evaluation databases through https://www.crd.york.ac.
uk/CRDWeb/. Finally, we carried out a manual search in the
repositories of the WHO and the world bank.

We developed the search strategy from Medical Subject
Headings–MeSH (Pubmed) for “Frontotemporal dementia” and
related words for “Cost of the illness,” “Cost-Benefit Analysis,”
and “Economics,” employing a PICO structure approach as much
as possible as there was no intervention in our research question.
Additionally, we developed a search filter for LA countries. The
complete search strategy is shown in Supplementary Material 1.

Selection of Studies
Two independent authors (MM & ARC) performed title
and abstract screening, and ambiguities were discussed until
consensus was reached. This was repeated for full-text selection,
and a third author (CAD) participated if there was any
discrepancy through discussion and consensus. Consensus was
reached in every case.

We included studies conducted in LA countries published
in English, Spanish or Portuguese. We considered studies of
socioeconomic evaluation that provided data on the disease costs
of FTD. Studies had to include a population diagnosed as FTD
in accordance to the Lund and Manchester criteria (15). The aim
of the study could either be to estimate COI, cost-effectiveness,
cost-utility or cost-benefit.We excluded publication types such as
letters, notes, conference papers, short surveys, and clinical trials,
as well as studies not available in full text.

Data Extraction and Quality Assessment
Two authors (MM & ARC) carried out the data collection
independently using a standardized form in Microsoft Excel. A
third author (VVR) verified the quality of the data before analysis.
Additionally, authors were contacted to request unreported data.

The data extracted was made up of antecedents: author, year
of publication, country, number of patients included in the study
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and the analysis, data collection method, calculation of costs, and
quality of the articles. We categorized the cost components into
direct medical costs and ICs. The first was made up of medication
costs, health care services, direct social care costs, and caregiver
expenses, while ICs included loss of productivity (10, 11).

Finally, we adjusted the costs for inflation using the Consumer
Price Index inflation calculator of the US Bureau of Labor
Statistics for all costs reported in US dollars (US$) by similar
studies (16). We performed this calculation according to the year
the exchange rate took place to its January 2021 value. The studies
identified reported disease costs in US$ for one annual quarter
or 1 month. We present all costs for 1 year for consistency,
assuming there were no seasonal variations in resource use. We
performed a qualitative analysis, as it was impossible to perform
a meta-analysis due to the heterogeneity of the studies included.

For quality assessment, we adapted a tool developed for COI
studies designed initially for diabetes by Afroz et al. (16). This
tool has 15 indicators, which can be no score (0 points), a partial
score (0.5 points), or a total score (1 point), with a maximum
obtainable score of 15. However, three items were specific to
the disease used for its development and did not apply to our
studies, and therefore, the maximum obtainable score was 12.
Two researchers (MM & ARC) independently assessed the risk
of bias for each outcome.

RESULTS

Selection and Characteristics of the
Studies Included
We identified 920 studies in the databases. We eliminated 145
duplicates and screened a total of 775 by title and abstract. Of
these, we assessed 20 studies in the full-text phase and selected
three studies from four records for qualitative synthesis (17–19).

One study was developed in a Brazilian population (19) and
the others, in a Peruvian (17) and an Argentinian population
(18). There was a total of 333 patients with dementia, 61 of
whom had FTD. The studies collected data from clinical records
and an interview in one study (17, 20), only an interview in
one (18), and a semi-structured questionnaire in another (19).
Custodio et al. (17) and Rojas et al. (18) performed a single-
center, retrospective cohort with a 3-month follow-up, while
Ferreti et al. (19) carried out a single-center cross-sectional study.
Only Ferreti et al. used the Resource Utilization in Dementia
instrument for data collection (19). The characteristics of these
studies are shown in Table 1.

Risk of Bias of the Studies Included
The median score was 9 (range 9–9.5). In the general domain,
only one study specifically defined FTD and the criteria employed
for its diagnosis. Additionally, two of the studies (18, 19) collected
data based only on self-assessment (questionnaire or semi-
structured interview), while only one used records from care
providers (17, 20). The follow-up time varied. Two studies (17,
18) covered 3 months of follow-up, and the other study (19, 20)
involved only 1 month.

Although the reported costs and their components were not
similar among studies, they were included individually as they

agreed with the study objective. Additionally, not all studies
discussed limitations.

As FTD patients were a minority of patients in all of
the studies, none presented a sample representative of the
population. However, the cost calculation approach was adequate
in all studies, using a bottom-up approach, meaning that costs
were obtained at the service provider level. Moreover, all the
studies reported deviation standards and means and adequately
performed and described the statistical analyses. Two studies
(17, 18) performed multivariate regression analyses, while one
(19) compared categories using the Chi-square test and ANOVA.

Cost of Illness Analysis
Direct Costs

Table 2 summarizes the findings of each study and the definitions
used in Supplementary Table 1. In broad terms, DCs included
medical and social costs. The first was composed of medication
and health care services, while social costs included non-medical
costs such as clothing, transportation, or diapers, depending on
each study. Additionally, we included caregiver expenses as DCs
in our analysis.

The criteria to define medication costs in the studies of
Custodio et al. (17) and Rojas et al. (18) were similar, namely
disease-specific drugs prescribed by a physician. Ferreti et al.
included any medication-related costs, which ranged from
US$959.20 in Argentina to US$ 4,279.20 in Peru per year. In both
of these studies, anti-psychotic drugs were reported as making
up a higher share of total medication costs, while Ferreti et al.
did not report costs for specific drugs (19). Meanwhile, health
care costs mainly included physician visits, medical tests, and
hospitalizations. Ferreti et al. (19) included the cost of insurance.
The annual health care costs varied from US$ 2,275.80 in Peru to
US$ 7,856.16 in Brazil.

Thus, medical costs, which had the most homogeneous
definition across studies, amounted to a total of US$5,423.00,
US$6,555.00, andUS$10,166.64 per year per patient in Argentina,
Peru, and Brazil, respectively (17–19).

Social care costs were not reported by Rojas et al. (18).
Custodio et al. (17) only reported diaper consumption per day,
being US$0.00 (mode). In Brazil, the mean cost was US$ 631.91,
which included diapers, transportation, and clothing (19).

Caregiver costs were analyzed separately as the definition
varied across studies. Ferreti et al. reported the cost of informal
caregivers, calculated using the time spent in patient care and
the minimum wage the caregiver would receive (19). Rojas et al.
reported only the cost of formal caregivers (18), while Custodio
et al. included both approaches (17). These costs ranged from
US$ 677.64 in Argentina to US$ 10,980.72 in Brazil.

Indirect Costs

Only the Brazilian study by Ferreti et al. (19) described ICs,
reporting the projected annual loss of productivity for all patients
with dementia according to their stage, mild, moderate, or severe,
at $13,468.8, $18,106.8, and $ 19,736.4 US dollars, respectively.
However, for FTD, the mean value across all stages was reported
as US$43,076.88 per year.
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TABLE 1 | Characteristics of cost-of-illness studies in frontotemporal dementia in Latin America.

References Country Study design Follow-up Patient population Data collectin RUD Applied

Setting Center N FTD

Custodio et al. (17) Peru Retrospective cohort 3 months Outpatient Private 136 18 Records & interview No

Rojas et al. (18) Argentina Retrospective cohort 3 months Outpatient Public 104 34 Interview No

Ferreti et al. (19) Brazil Cross-sectional 1 month Outpatient Public 93 9 Questionnaire Yes

FTD, Frontotemporal Dementia; N, number; RUD, Resource Utilization in Dementia instrument.

TABLE 2 | Annual cost-of-illness based on studies on frontotemporal dementia in Latin America.

Study Custodio et al. (17) (n = 18) Rojas et al. (18) (n = 34) Ferreti et al. (19) (n = 9)

Direct costs X(%) Medical costs Medication $4,279.20 $959.20 $2,310.48

Anti-dementia $0.00 $177.48 –

Anti-psychotic $4,279.20 $539.32 –

Health care $2,275.80 $4,463.80 $7,856.16

Subtotal $6,555.00 $5,423.00 $10,166.64

Social care costs – – $7,582.92

Caregiver costs $3,079.00 $677.64 $10,980.72

Total Direct Costs $9,634.00 $6,100.64 $28,730.28

Indirect costs: Productivity loss – – $43,076.88

Total Costs $9,634.00 $6,100.64 $71,807.16

–, Data not reported.

Total Costs

Each study calculated TCs differently. In Brazil, Ferreti et al. (19)
included medical costs, social care costs, caregiver expenses, and
ICs (productivity loss), totaling up to US$71,807.16 per year.
Meanwhile, Custodio did not include ICs and reported annual
costs of US$9,634.00 (17). Finally, Rojas et al. did not account for
either ICs or social care costs, reporting a total of US$6,100.64 per
patient per year (18). Figure 1 shows a comparison among costs
reported by the three studies.

Out-of-pocket expenses could not be quantitatively
summarized for all studies, as the authors did not report
them directly. Rojas et al. mentioned that all social-care costs
were considered out-of-pocket expenses, but did not report them
(18). However, the national health system covered all other costs.
In Brazil, out-of-pocket expenses included both the medical costs
not subsidized by the health care system and an undisclosed
proportion of social-care costs (19). Finally, Custodio et al.
conducted their study in a private health care center, including
both insured and uninsured patients, but a breakdown in the
costs between the two groups was not reported (17).

DISCUSSION

In this qualitative review, we describe the costs related to FTD in
LA countries. We identified three studies from Peru, Argentina,
and Brazil (17–19). In these moderate quality studies, TCs were
reported in a range of $ 6,100.64 to $ 71,807.16 three studies and
$ 43,076.88 in ICs in only one study.

The majority of LA studies focused their analysis on DCs
related to medication and health service acquisition. These costs
contrast to the experience in high-income countries, in which
the focus of the ICs are on evaluating the economic impact by
unemployment, decreased productivity, or individual-family care
expenses (9). Most of the studies in LA countries did not report
ICs, which could be due to the important difficulty in estimating
these costs because of the lack of adequate data collection on
labor productivity losses due to disease in LA countries. Despite
this, in the study by Ferrati et al. (19), ICs were higher than
in developing countries, similar to what is reported in high-
income countries.

Medication expenses, from $ 5,423.00 to $ 10,166.64 annually,
are still lower than those reported in countries with a higher
development index, with DCs associated with annual dementia
being from US$10,000 to US$60,000 (21–23). This difference
may be due to the larger budget devoted to the health sector
and subsidies in developed countries, providing better coverage
for FTD patients than LA countries (24, 25). However, these
expenses continue to be the most representative, corroborating
their prominence and increase in LA as highlighted by theWorld
Bank in 2019 (26).

Additionally, the reported caregiver costs ranged from $

677.64 to $ 10,980.72. These DCs related to patient care are

the highest, since the expenses related to the management of
disability and dependency in FTD are as high as in other
dementia conditions (27, 28). Therefore, the costs reported by
caregivers and family members for the support of patients with

Frontiers in Neurology | www.frontiersin.org 4 August 2021 | Volume 12 | Article 68485083

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Alva-Dìaz et al. Latin American Frontotemporal Dementia Costs

FIGURE 1 | Frontotemporal dementia annual direct cost components in US Dollars for three Latin-American Countries.

FTD represent a significant percentage of the TCs identified in
a similar way as in other reports, highlighting their negative
economic impact on household income (29, 30). This percentage
may be related to the special care and rehabilitation required
by FTD patients to improve their functionality to provide
well-being and better quality of life (31, 32). Consequently,
this suggests that an important part of the costs are for
expenses for the daily support of FTD patients. However, the
economic impact of the loss of productivity of the patient
and caregiver cannot be ignored, especially when the caregiver
is a relative of the FTD patient, who could be prevented
from working and being productive (29, 30). Policies in
countries with socialized health care, in which the state can
subsidize expenses related to outpatient care, including the
assignment of a pension to health personnel or the relative in
charge of home support, would greatly benefit patients in LA
countries by reducing the individual expenses incurred by their
families (33, 34).

Ferreti et al. (19) described out-of-pocket expenses as
representing a large percentage of technical cooperation
operations and TCs. Accurate identification of these costs is
important because they represent the expenses that patients
and families assume in their entirety, and therefore, represent
the deterioration of the economic stability of the household.
Unfortunately, quantifying these costs is very difficult due to
the need for close surveillance to obtain reliable data. Reports
indicate that out-of-pocket expenses in LA families may make
up the central part of health spending, representing 10% to up
to 60% of total spending, thereby being catastrophic expenses
that can lead to and perpetuate family poverty (35, 36). COI
studies must indicate out-of-pocket costs to propose public
health measures that allow more adequate coverage of patients
with FTD and their families in terms of medication and

care expenses, reducing the significant economic impact on
the families.

We critically evaluated the studies included using a COI-
specific assessment tool (16). Overall, the quality of these studies
was average, with heterogeneous data collection methods and
small sample sizes, but they were transparent in cost descriptions
and components and the statistical methods used. However, as all
the studies were either retrospective or cross-sectional, there is a
high risk of recall bias. Moreover, the follow-up period may have
been too short to determine all the costs (from one to 12months),
and mainly ICs, which may be more clearly analyzed over more
extended periods.

The main limitation of this review was the small number
of patients included in the studies from only three countries,
which affects the extrapolation of the results in the LA
region. Furthermore, poor comparability due to different
definitions and classifications of FTD patients produced poor
comparability among studies. Additionally, the heterogeneity due
to different data sources, different study design and different
component of the costs should be considered. Therefore,
the establishment of guidelines for COI studies in dementias
other than AD would homogenize published information and
future reviews. However, our report of the different types of
costs was exhaustive. We adjusted the costs for inflation and
for an annual period, which allows comparison of the costs
reported in this work with other studies from different regions
and countries.

CONCLUSIONS

Withmoderate quality studies, we estimated a range of $ 6,100.64
to $ 71,807.16 in TCs and $ 43,076.88 in ICs. In LA countries, the
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reporting of costs related to FTD continues to be focused on DCs.
These costs remain lower than in developed countries, possibly
due to the limited health budgets allocated. Only one Brazilian
report analyzed ICs, representing the highest percentage of the
TCs. Therefore, studies on the COI of this disease in LA are
essential and should be focused on both out-of-pocket spending
and the potential economic losses to patients and families.

Expenditures should be appropriately distributed at
public and individual health levels so that managers and
specialists can provide efficient treatment options and well-
being to patients with FTD. The knowledge gap related to
indirect and intangible cost expenses in FTD creates an
opportunity for interventions by interest groups in research and
public managers.
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Introduction: Corticobasal syndrome (CBS) is a progressive neurological disorder

related to multiple underlying pathologies, including four-repeat tauopathies, such as

corticobasal degeneration and progressive supranuclear palsy, and Alzheimer’s disease

(AD). Speech and language are commonly impaired, encompassing a broad spectrum

of deficits. We aimed to investigate CBS speech and language impairment patterns in

light of a multimodal imaging approach.

Materials and Methods: Thirty-one patients with probable CBS were prospectively

evaluated concerning their speech–language, cognitive, and motor profiles. They

underwent positron emission tomography with [18F]fluorodeoxyglucose (FDG-PET) and

[11C]Pittsburgh Compound-B (PIB-PET) on a hybrid PET-MRI machine to assess their

amyloid status. PIB-PET images were classified based on visual and semi-quantitative

analyses. Quantitative group analyses were performed on FDG-PET data, and atrophy

patterns on MRI were investigated using voxel-based morphometry (VBM). Thirty healthy

participants were recruited as imaging controls.

Results: Aphasia was the second most prominent cognitive impairment, presented in

67.7% of the cases, following apraxia (96.8%). We identified a wide linguistic profile,

ranging from nonfluent variant-primary progressive aphasia to lexical–semantic deficits,

mostly with impaired verbal fluency. PIB-PET was classified as negative (CBS-A– group)

in 18/31 (58%) and positive (CBS-A+ group) in 13/31 (42%) patients. The frequency of

dysarthria was significantly higher in the CBS-A– group than in the CBS-A+ group (55.6

vs. 7.7%, p = 0.008). CBS patients with dysarthria had a left-sided hypometabolism

at frontal regions, with a major cluster at the left inferior frontal gyrus and premotor

cortex. They showed brain atrophy mainly at the opercular frontal gyrus and putamen.

There was a positive correlation between [18F]FDG uptake and semantic verbal fluency
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at the left inferior (p = 0.006, R2 = 0.2326), middle (0.0054, R2 = 0.2376), and

superior temporal gyri (p = 0.0066, R2 = 0.2276). Relative to the phonemic verbal

fluency, we found a positive correlation at the left frontal opercular gyrus (p = 0.0003,

R2 = 0.3685), the inferior (p = 0.0004, R2 = 0.3537), and the middle temporal gyri

(p = 0.0001, R2 = 0.3993).

Discussion: In the spectrum of language impairment profile, dysarthria might be helpful

to distinguish CBS patients not related to AD. Metabolic and structural signatures

depicted from this feature provide further insights into the motor speech production

network and are also helpful to differentiate CBS variants.

Keywords: corticobasal syndrome, frontotemporal lobar degeneration, nonfluent primary progressive aphasia,

positron emission tomography, amyloid-PET, fluorodeoxyglucose F18, corticobasal degeneration

INTRODUCTION

Corticobasal syndrome (CBS) is a rare progressive neurological
disorder distinguished by asymmetric motor features and
higher cortical dysfunction associated with general cognitive
impairment (1). Initially described as a clinicopathological entity
(2), it is now considered a clinical phenotype related to multiple
underlying pathologies (3). The majority of cases are due to four-
repeat (4R) tauopathies (4), mainly corticobasal degeneration
(CBD) (5), followed by progressive supranuclear palsy (PSP)
(6, 7). Also, possible underlying pathologies include Alzheimer’s
disease (AD) (8, 9) and frontotemporal lobar degeneration with
transactivation response (TAR) DNA binding protein 43 kDa
(TDP-43) inclusions (7), among others (10–12).

Besides motor symptoms, cognitive and behavioral
disturbances are common and often recognized as the first
presentation in CBS (13, 14). Additionally, prominent language
dysfunction is usually present from the early stages or during
the disease course (1, 15, 16) and incorporated into previous
diagnostic criteria (17).

Previous studies assessing the broad spectrum of speech and
language in CBS patients have reported a phenotype similar
to the nonfluent variant of primary progressive aphasia (nfv-
PPA) and the primary progressive apraxia of speech (PPAOS)
(18). Individuals may fulfill the criteria for nfv-PPA (19) or
PPAOS (20) and only, later on, fit into probable CBS criteria
(21, 22). Moreover, other studies described a wide variety
of language deficits: Broca’s aphasia, anomic aphasia, and
fluent aphasia (23).

Recently, studies using imaging biomarkers such as structural
magnetic resonance (MRI) (24), [18F]fluorodeoxyglucose (FDG)-
positron emission tomography (FDG-PET) (25), and amyloid-
PET (26) identified neural correlates from different aspects of
language in CBS. Nevertheless, language impairment’s profile
in CBS and its relation to specific pathologies are still
poorly understood.

This study aimed to investigate language and motor speech
impairment in CBS patients in light of a multimodal imaging
approach. Our main purpose was to compare speech–language
deficits in CBS patients related to the presence or absence of brain
amyloid deposition on amyloid-PET, a surrogate for underlying

AD pathology. We also intended to explore metabolic and
structural signatures related to these speech–language profiles.

MATERIALS AND METHODS

Participants
Thirty-one patients meeting the probable CBS (1) criteria were
prospectively recruited at the movement disorders and cognitive
neurology clinics at Hospital das Clínicas, University of São
Paulo School of Medicine (São Paulo, Brazil), between February
2017 and December 2019. First, they were classified by assistant
doctors (all board-certified neurologists) at both clinics as having
probable CBS. Later, all individuals were further evaluated
regarding their clinical profile to perform the study protocol by
two neurologists (JBP and SMDB) with board certification in
both movement disorders and cognitive neurology. All patients
showed a progressive disease course with a duration of at least
1.5 years. They also presented an asymmetric combination of
at least two out of three motor features, including akinetic-
rigid parkinsonism, dystonia, and myoclonic movements, as well
as two out of three higher cortical features, including limb or
orobuccal apraxia, alien limb phenomena, and cortical sensory
deficit (1). Then, alternative diagnoses among neurodegenerative
diseases could be excluded, such as Creutzfeldt-Jakob disease,
other atypical parkinsonian syndromes, Parkinson’s disease,
typical AD, and others.

Exclusion criteria included relevant non-degenerative brain
lesions such as stroke sequelae, tumors, hydrocephalus, and
remarkable premorbid psychiatric disease. All participants or
their caregivers provided written informed consent for the
study. The ethical committee of our institution approved the
investigation procedure and informed consent under protocol
number 2.046.113.

We also included 30 cognitively healthy participants
(NC group) from the community as imaging controls after
neuropsychological and neurological evaluations. They were all
participants of another prospective research of our group (under
protocol number 62047616.0.0000.0068). They matched the
CBS patients by age (median age 67.0, interquartile range [IQR]
62.25–70.0) and scanner type. Data concerning demography
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and neuropsychological evaluation obtained from the healthy
controls are available in Supplementary Table 1.1.

Clinical Assessment
All patients received a standardized predefined clinical
evaluation. Global cognitive impairment was assessed with
Addenbrooke’s Cognitive Examination-Revised (ACER) (27–29)
and the Mini-Mental State Examination (MMSE) (30), both
previously validated in Brazilian cohorts. Episodic memory
was investigated with the Brief Cognitive Screening Battery
(BCSB) (31), a test used to assess individuals with different
educational backgrounds and attention or working memory
with the backward digit span. Functional decline was assessed
with the Clinical Dementia Rating scale (32) and Functional
Activities Questionnaire (33).

Higher cortical functions were clinically evaluated by
the presence of limb or orobuccal apraxia, cortical sensory
deficits, alien limb phenomena, and Balint and Gerstmann
syndromes. We characterized the presence of limb apraxia by
imitation of meaningful and meaningless gestures and with
imaginary tool use and orobuccal apraxia by meaningless
orobuccal gestures (34).

A detailed examination of the motor signs was performed
through a neurological examination that characterized the
presence of parkinsonism, dystonia, and myoclonus. The
motor impairment was also categorized by the Hoehn and
Yahr scale (35).

The neurologists also questioned the participants and
caregivers about their first symptoms and, together with
major signs at first examination, designated the predominant
clinical initial phenotype as mainly cognitive, motor, or
language impairment. The extended motor and cognitive clinical
assessment were described in a previous publication (36).

Speech and Language Assessment
A comprehensive speech and language evaluation was performed
by two speech–language pathologists (IJA and MLS), including
the Western Aphasia Battery-revised (WAB-R) (37), the
American Speech–Language–Hearing Association Functional
Assessment of Communication Skills (ASHA-FACS) (38), and
verbal fluency tests. From the WAB-R, the following subtests
were utilized: spontaneous speech, verbal comprehension,
repetition, naming, and word finding. The aphasia quotient
(AQ), a measure of aphasia severity, was derived from those tests.
ASHA-FACS is a scale that measures functional communication.
It evaluates the level of assistance that the patient needs to
communicate effectively.

We also evaluated the presence of apraxia of speech (AOS),
agrammatism, and dysarthria. AOS was evaluated based on all
the speech productions and complemented by the following
tasks: oral diadochokinesis, repetition of polysyllables, multiple
repetitions of the same polysyllable, repetition of words that
increase in length by suffix and prefix derivation, repetition of
dissyllables, and dissociation between voluntary and automatic
production. The presence of agrammatism was judged based on
all oral productions and, when available, written productions.

Dysarthria was characterized as present or absent considering
the different manifestations in the motor speech bases
(i.e., breathing, phonation, articulation, resonance, and
prosody), through the evaluation of reflexes (coughing and
swallowing), saliva control, breathing, tonus, and mobility of
phonoarticulatory structures (tongue, lips, jaw, palatine veil, and
larynx), and speech intelligibility.

To characterize the presence of aphasia, we compared the AQ
score of each CBS patient to the median value of the AQ of other
24 healthy control subjects with the same age and education level.
If these data were not available, we categorized aphasia based
on the language score at ACE-R with a cutoff obtained from a
previous Brazilian study, based on age and formal education (29).

For the semantic fluency task, participants were asked to
name as many animals as possible in 1min. Participants named
words beginning specifically with the letter P for the phonemic
fluency task, which was assessed using the ACE-R. Based on
a previous survey of a Brazilian sample, we determined cutoff
scores of 9 for semantic fluency for illiterates or individuals with
<8 years of formal education and 13 for persons with more than
8 years of formal education (39). We determined cutoff scores
of 13 for phonemic fluency for illiterates or individuals with <8
years of education and 15 for persons with more than 8 years
of education (40).

Neuroimaging Data Acquisition
Both [11C]Pittsburgh Compound-B (PIB) and [18F]FDG were
produced in an on-site cyclotron (PET trace 880, GE Healthcare)
at the Nuclear Medicine Center of the Institute of Radiology
(CMN InRad, São Paulo, SP, Brazil) of our hospital. PIB-PET
and MRI images were simultaneously acquired on a hybrid 3.0-
T SIGNA PET/MRI scanner (GE Healthcare, Milwaukee, WI).
The MRI protocol included volumetric sequences weighted on
T1, T2, and T2/FLAIR (fluid attenuation inversion recovery)
sequences, as well as diffusion-weighted imaging (DWI) in 6
and 33 directions, and susceptibility-weighted imaging (SWI).
All images were visually inspected for the detection of structural
lesions of the brain, skull, and head and neck lesions, as
well as for the assessment of imaging artifacts that could
impair imaging processing. Complete parameters of the MRI
sequences are detailed as follows: T1-weighted (spoiled gradient
recalled, SPGR), TR = 8ms, TE = 3ms, FOV (cm) = 25.6,
slice thickness = isometric voxels of 1.0 × 1.0 × 1.0mm,
frequency = 256, phase = 256, NEX = 1, scan time = 5min
16 s, [TI] = 600ms, flip angle [FA] = 8, r, 196 sagittal slices;
T2-weighted (CUBE technique), TR = 2,500ms, TE = 88ms,
FOV (cm) = 25,6, slice thickness = isometric voxels of 1.0 ×

1.0 × 1.0mm, frequency = 256, phase = 256, NEX = 1, scan
time (min) = 3min 43 s, [TI] = 600ms, flip angle [FA] = 90,
r, 196 sagittal slices; FLAIR, TR = 6,500ms, TE = 141ms, FOV
(cm)= 25.6, slice thickness (mm)= isometric voxels of 1.3× 1.3
× 1.3mm, frequency = 192, phase = 192, NEX = 1, scan time
(min) = 4min 4 s, [TI] = 1,905ms, flip angle [FA] = 90, r, 152
sagittal slices; DTI 33 dir and DTI 6 dir, TR (ms) = 1,300ms, TE
(ms) = 73.9, FOV (cm) = 25.6, slice thickness (mm) = 2.2× 2.2
× 2.2mm, frequency = 116, phase = 116, NEX = 1, scan time
(min) = 9min 32 s and 2min 36 s, [TI] = 1,905ms, flip angle
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[FA] = 90, r, 152 sagittal slices b-value 1,000, 33 directions; T2
images, 10 and 6 directions, no of T2 images = 5; Ax SWAN
QSM, TR (ms) = minimum, TE = 29ms, FOV (cm) = 24, slice
thickness (mm) = 2, frequency = 480, phase = 480, NEX = 1,
scan time (min) = 13min 37 s, [TI] = 1,905ms, flip angle
[FA]= 90, r, 152 sagittal slices.

FDG-PET was acquired in a Discovery 710 PET/CT scanner
(GE Healthcare, Milwaukee, WI). The radiotracer [18F]FDG
was injected intravenously in bolus with a mean activity of 5–
6 mCi. Before the radiopharmaceutical injection of FDG, the
subjects fasted for at least 6 h, and their blood glucose level was
<180 mg/dl. The time interval between injection and scan start
was at least 30min, and scan duration was 15min. Each PET
scan was corrected for attenuation with CT data. Images were
reconstructed using an ordered subset expectation maximization
(OSEM) algorithm.

The production of the radiopharmaceutical compound PIB
was entirely carried out in the cyclotron of our center and
previously validated in our environment (41). The images of
cortical amyloid deposition were analyzed in the acquisition
time of 30min, obtained in rest conditions, between 40 and
70min after intravenous administration of 10–15 mCi of
the radiopharmaceutical.

The FDG-PET was performed within 1 month after clinical
examination, and the time between FDG and PIB-PET/MRI
varied from 2 days to 6 months.

[11C]PIB-PET Visual Classification
Two nuclear medicine physicians performed a visual evaluation
of the PIB-PET images assisted by a 3D-SSP semi-quantitative
software (Cortex ID Suite, GE healthcare). Participants were
rated as “CBS-A+” or “CBS-A–” if they were positive or negative,
respectively, for the presence of cortical amyloid deposition,
according to previously established criteria (42). A previous study
from our group observed a high interrater agreement and similar
amyloid positivity rates from the literature (43).

Quantitative [18F]FDG-PET Analysis
Quantitative FDG-PET group analyses were performed to
investigate (1) which brain areas were more consistently
hypometabolic in CBS patients compared to healthy controls; (2)
which were the most consistently hypometabolic areas in CBS
patients concerning the difference in language performance; and
(3) which brain areas were correlated to the scores on phonemic
and semantic verbal fluency tests.

PET images were co-registered with their respective MRI
images (volumetric T1 sequence) and spatially normalized
using the Statistical Parametric Mapping 8 (SPM8) software
(Wellcome Department of Cognitive Neurology, Functional
Imaging Laboratory, London, UK) into an anatomic template
(44). To perform the first investigation mentioned above, we
flipped the images to represent the hemisphere contralateral to
the most affected limbs on the right side of the image because
of CBS’s asymmetric nature. The second and third analyses were
performed within the images in their original lateralization to
evaluate aspects of language hemisphere dominance.

The spatial normalization of FDG-PET scans was performed
using a dementia-optimized brain FDG-PET template (44). Scans
were smoothed with an 8-mm full width at half maximum
Gaussian kernel to reduce misregistration into the template space
and improve the signal-to-noise ratio. A default threshold of 0.8
of the mean uptake inside the brain was selected to ensure that
the analysis included only voxels mapping cerebral tissue. Global
uptake differences were adjusted using the “proportional scaling”
SPM8 option.

For the group analyses, statistical parametric maps were
generated with SPM8 threshold at the voxel level at p uncorrected
(punc) = 0.001, with a minimum extension of 100 voxels in
the cluster. Statistical results were considered valid when they
survived correction formultiple comparisons with the familywise
error (FWE) or false discovery rate (FDR) methods (pFWE/FDR
≤ 0.05). Relevant peak voxels from the statistical parametric
maps were identified in the Montreal Neurologic Institute (MNI)
coordinate system.

The numeric values representing the mean [18F]FDG uptake
for each individual (a proxy for regional brain glucose
metabolism, rBGM) in the clusters with statistically significant
results in the SPM group analyses) were obtained with the
toolbox MarsBar for SPM (http://marsbar.sourceforge.net/) and
later investigated using GraphPad Prism version 6.0 (GraphPad
Software, La Jolla, CA, USA).

Voxel-Based Morphometry Analysis
We performed quantitative voxel-based MRI group analyses to
investigate (1) brain atrophy patterns in CBS patients compared
to healthy controls and (2) brain atrophy patterns in CBS patients
in relation to the difference in language performance compared
to healthy controls.

Like in the FDG-PET quantitative analysis, we flipped
the images to represent the hemisphere contralateral to the
most affected limbs on the right side in the first step of
the investigation. The second analysis was performed within
the images in their original lateralization to evaluate language
hemisphere dominance aspects.

MRI T1-weighted volumetric images were processed
using VBM on SPM8 using the SPM toolbox Diffeomorphic
Anatomical Registration using Exponentiated Lie algebra
(DARTEL) algorithm. This algorithm segmented MRI images
into liquor, gray matter, and white matter.

Study Design
First, the patients were prospectively selected and clinically
assessed (sections Participants, Clinical Assessment, and Speech
and Language Assessment). They underwent FDG-PET, MRI,
and PIB-PET and were classified as CBS-A– and CBS-A+,
according to the PIB-PET status (described in section [111C]PIB-
PET visual classification). After this initial distribution, both
groups were compared concerning the clinical evaluation and
speech and language assessment, aiming to possibly delineate
the different clinical variants based on the presence of cortical
amyloid deposition. Later, we performed quantitative group
analyses to compare brain metabolic patterns and brain atrophy
patterns between the whole CBS group and healthy controls
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and between CBS patients concerning differences in language
performances and healthy controls.

Statistical Analysis of Clinical Data
Demographic, clinical, and language data analysis was conducted
in R (https://www.r-project.org/). Categorical variables were
expressed as absolute and relative frequencies and compared
with Pearson’s chi-square (or Fisher’s exact test, as appropriate).
Continuous variables were compared using the Mann–Whitney
test after failing to satisfy normality through visual inspection
of their distribution. Data were expressed as median [IQR]
or as number [frequency]. All tests were two-sided. Statistical
significance was set as p < 0.05.

RESULTS

Demography and Clinical Features
Thirty-one CBS patients were included and underwent a
comprehensive clinical evaluation. Demographic data are shown
in Table 1. Eighteen patients presented initially with a cognitive
clinical phenotype (58.1%), followed by 10 patients with motor
(32.3%) and 3 (9.7%) with a predominant language profile
(Table 1). These three patients possibly could have shown an
nfv-PPA phenotype, based on chart review or patient report,
and then evolved into probable CBS before enrollment in
the study.

The motor features included asymmetric akinetic-rigid
parkinsonism in all cases (100%). Dystonia was present in 10
(32.3%) and myoclonus in 21 (67.7%) patients. Limb apraxia
was the most frequent cognitive sign, demonstrated in 30
(96.8%) patients. Buccolingual apraxia was less common, found
in only five (16.1%). Cortical sensory deficits and alien limb
phenomena were both present in eight (25.8%) cases. Two
patients (6.45%) had Balint and Gerstmann syndromes (Figure 1
and Table 2).

Concerning speech and language features, 21 patients (67.7%)
had aphasia according to standard deviations of the AQ at
WAB-R test or normative values on language subtest at ACE-R
(Figure 1 and Table 2). Most measures obtained from WAB-R
showed impairment in naming, sentence comprehension, and
spontaneous speech (Table 1). Phonemic and semantic verbal
fluency tests were below the normative values in 29 (93.5%) and
26 (84%) patients of the whole sample, respectively. Dysarthria
was detected in 11 (35.5%) and AOS in 7 (19.4%). Two patients
(6.45%) presented agrammatism (Figure 1 and Table 2).

Language, Cognitive, and Motor Features
According to Amyloid-PET Status
PIB-PET was classified as negative (CBS-A–) in 18/31 (58%) and
positive in 13/31 (42%) patients after visual and semi-quantitative
classification of amyloid deposition. Demographic variables did
not differ between CBS-A– and CBS-A+ groups (Table 1).

The CBS-A+ group performed significantly worse on
cognitive assessment throughMMSE and some ACE-R subscores
(attention, memory, and visuospatial) but did not differ in
total ACE-R score (Table 1). CBS-A+ patients had worse BCSB
delayed recall performance, although it did not reach statistical

significance (Table 1). There were no significant differences in
higher cortical or motor symptoms or signs between groups
(Figure 1 and Table 2).

Concerning motor speech and language deficits, patients with
negative amyloid deposition on PIB-PET displayed dysarthria
significantly more often than did the CBS-A+ group (10/18,
55.6% vs. 1/13, 7.7%, p = 0.008, Fisher’s exact) (Figure 1
and Table 2). The main characteristics were mixed hypokinetic
and spastic dysarthria. There were no statistically significant
differences in the frequency of aphasia (p= 0.452, Fisher’s exact)
(Table 2) and scores in the functional language assessment at
ASHA-FACS between CBS-A- and CBS-A+ groups (p = 0.961,
Mann–Whitney) (Table 1). Only patients classified as CBS-A–
showed agrammatism (two patients). Also, CBS-A– patients
had AOS more often than did CBS-A+ patients, although
not statistically significant (p = 0.35). All patients with a
predominant language phenotype had negative amyloid-PET
status (Table 1).

Interestingly, CBS-A– patients appeared to show more
compromised phonemic verbal fluency (17/18, 94.4%) than
semantic fluency (13/18, 72%), although this did not reach
statistical significance (p = 0.177, Fisher’s exact). Conversely, all
patients (13/13, 100%) of the CBS-A+ group showed impaired
semantic verbal fluency, and phonemic verbal fluency was
impaired in 92.3% (12/13) of patients.

Metabolic Patterns on FDG-PET
Compared to healthy controls, group analysis on SPM from the
whole cohort showed an extended pattern of rBGM reduction at
frontoparietal areas, striatum, and thalamus, mostly contralateral
to the affected body side (Figure 2A).

Patients with dysarthria were characterized by a predominant
left-side hypometabolic pattern (Figure 2B), and more
prominent rBGM reduction surviving correction for
multiple comparisons at the cluster level at frontal regions,
with a significant cluster at the left inferior frontal gyrus
(opercular area) and left premotor cortex (Figure 2B), with
additional features typical of CBS (inferior parietal cortex
and striatum).

Conversely, patients without dysarthria showed bilateral
rBGM reduction, with major clusters at the posterior cingulate,
dorsolateral prefrontal cortex, posterior temporoparietal areas,
striatum, and thalamus and no hemisphere predominance.
See Figure 2 for details. Peak voxels of rBGM are shown in
Supplementary Tables 1.1–1.3.

Additionally, we investigated which brain regions on FDG-
PET correlated with semantic and phonemic verbal fluency task
performance. There was a positive correlation between rBGM
and semantic verbal fluency at the left inferior (p = 0.006,
R2 = 0.2326), middle (p = 0.0054, R2 = 0.2376), and superior
temporal gyri (p = 0.0066, R2 = 0.2276) (Figure 3). Relative
to the phonemic verbal fluency, we found a positive correlation
between [18F]FDG uptake and letter P fluency at the left frontal
opercular gyrus (p = 0.0003, R2 = 0.3685) and the inferior
(p= 0.0004, R2 = 0.3537) and middle temporal gyri (p= 0.0001,
R2 = 0.3993) (Figure 3).
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TABLE 1 | Demography, functional, cognitive, and language assessment of patients with CBS and comparison by amyloid-PET results.

CBS (n = 31) CBS-A– (n = 18) CBS-A+ (n = 13) p-value

Demography

Age at symptom onset, years 61 (58–67) 60 (55–68) 63 (60–66) ns

Age at main assessment, years 65 (61–71) 63.5 (59–71) 66 (64–71) ns

Symptom duration at main assessment, years 4.0 (3.0–4.5) 3.5 (2.2–4.7) 4.0 (3.0–4.0) ns

Gender (female) 14 (45.2%) 7 (38.9%) 7 (53.8%) ns

Education, years 10 (6–15) 9.5 (6–15) 10 (6–15) ns

Side of more severely involved limbs (right) 13 (41.9) 8 (44.4%) 5 (38.5%) ns

Handedness (right-handed) 26 (83.9%) 16 (88.9%) 10 (76.9%) ns

Phenotype

Cognitive 18 (58.1%) 8 (44.4%) 10 (76.9%)

Motor 10 (32.3%) 7 (38.9%) 3 (23.1%)

Language 3 (9.7%) 3 (16.7%) 0 (0.0%) ns

Functional assessment

Clinical Dementia Rating 2.0 (1.5–2.0) 2.0 (0.6–2.0) 2.0 (1.0–2.0) ns

Functional activities questionnaire 22 (14–26) 18.5 (11–25) 25 (16–27) ns

Hoehn and Yahr scale 2 (2–3.5) 3.00 (2–3.75) 2.00 (2–3) ns

ASHA-FACS scale 3.2 (1.8–5.3) 3.2 (2.4–5.0) 3.0 (1.6–5.0) ns

General cognitive assessment

ACE-R total 41 (30–62) 49 (31.5–74.5) 34 (27.5–46.5) ns

ACE-R attention 11 (9–13.75) 12.5 (11–16.25) 9 (8–10.5) 0.008

ACE-R memory 8 (5.25–15.75) 12.5 (7.75–18.25) 5 (2.25–8) 0.008

ACE-R fluency 2.5 (1–6) 3 (2–6.25) 1.5 (1–4.5) ns

ACE-R language 16.5 (14–24.5) 19 (14.25–25) 14.5 (14–20.75) ns

ACE-R visuospatial 7 (4–8.75) 8 (7–11.25) 4 (3.25–5.75) 0.001

MMSE 18 (13–21.50) 20.5 (16.5–25.75) 14 (11–17) 0.005

Digits backward 2 (0–3.75) 3 (2–3) 0 (0–4) ns

Delayed recall (BCSB) 3 (0.5–6) 5.50 (1.75–6) 1 (0–3) ns

Language assessment

Aphasia quotient (WAB-R) 68.8 (51.1–88.2) 70.35 (38.7–83.3) 68.8 (63.7–90.2) ns

Total spontaneous speech (WAB-R) 16.0 (9.5–17.5) 17.0 (10.0–18.0) 14.5 (10.0–16.75) ns

Auditory word recognition (WAB-R) 54.0 (19.0–57.5) 57.0 (48.0–60.0) 50.0 (25.0–55.0) ns

Sequential commands (WAB-R) 63.0 (25.0–80.0) 63.0 (28.0–80.0) 48.0 (15.2–73.2) ns

Total repetition (WAB-R) 8.6 (3.3–9.1) 8.6 (3.8–9.2) 7.6 (3.0–8.9) ns

Naming and word finding (WAB-R) 6.2 (3.25–8.45) 7.1 (3.3–8.5) 5.4 (2.5–7.1) ns

Phonemic fluency (letter P) 3 (1.75–6) 3 (2–6.25) 2.5 (1–5.25) ns

Semantic fluency (animals) 5.5 (3.75–10) 6.5 (3–11.75) 5 (4–7) ns

Clinical data comparison between CBS-A+ and CBS-A–. Data expressed as median (IQR) or number (frequency). Statistical significance was set as p< 0.05 (Mann–Whitney or Fischer’s

exact test). ns, nonsignificant; AD, Alzheimer’s disease; CBS, corticobasal syndrome; MMSE, Mini-mental State Examination; ACE-R, Addenbrooke Cognitive Examination-Revised;

BCSB, Brief Cognitive Screening Battery; ASHA-FACS, Functional assessment of Communication Skills for Adults.

Brain Atrophy Patterns on VBM
Compared to healthy controls, the whole CBS cohort showed
a widespread brain atrophy pattern with major clusters at the
bilateral striatum, supplementary motor area (SMA), posterior
cingulate cortex, and posterior temporoparietal areas mostly
contralateral to the affected body side (Figure 2D).

In CBS patients with dysarthria, a major cluster of brain
atrophy was found predominantly in the right inferior frontal
gyrus and putamen, with other significant areas such as the
left SMA, premotor cortex, and putamen (Figure 2E), whereas
patients without dysarthria showed gray matter loss at posterior
temporal and inferior parietal areas (Figure 2F). There was,
however, no evident predominant left-side brain atrophy in

patients with dysarthria. Peak voxels of VBM contrasts are shown
in Supplementary Tables 1.5, 1.6.

DISCUSSION

This prospective cross-sectional study described speech and
language profiles in a cohort of 31 CBS patients assessed
with a specific ligand for brain amyloid deposition. Our goal
was to distinguish language and motor speech deficits related
to amyloid-positive and amyloid-negative CBS patients and
explore its brain metabolic and structural signatures through a
multimodal imaging approach.
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FIGURE 1 | Motor, cortical, and language deficits in the whole CBS cohort and according to subgroups with positive (CBS-A+) and negative (CBS-A–) amyloid-PET.

Data are presented as the frequency of the symptoms or the percentage of altered verbal fluency tasks among the CBS sample and in the subgroups according to

cortical amyloid deposition. The symbol * indicates statistically significant differences between CBS-A+ and CBS-A– groups. Dysarthria 10/18, 55.6% vs. 1/13, 7.7%,

p = 0.008, Fisher’s exact test.

TABLE 2 | Clinical symptoms and signs of patients with CBS and comparison by amyloid-PET results.

CBS (n = 31) CBS-A– (n = 18) CBS-A+ (n = 13) p-value

Cortical symptoms

Limb apraxia 30 (96.8%) 17 (94.4%) 13 (100.0%) ns

Orobuccal apraxia 5 (16.1%) 2 (11.1%) 3 (23.1%) ns

Cortical sensory deficits 8 (25.8%) 3 (16.7%) 5 (38.5%) ns

Alien limb phenomena 8 (25.8%) 5 (27.8%) 3 (23.1%) ns

Motor symptoms

Parkinsonism 31 (100.0%) 18 (100.0%) 13 (100.0%) ns

Myoclonus 21 (67.7%) 10 (55.6%) 11 (84.6%) ns

Dystonia 10 (32.3%) 7 (38.9%) 3 (23.1%) ns

Language symptoms

Aphasia 21 (67.7%) 11 (61.1%) 10 (76.9%) ns

Dysarthria 11 (35.48%) 10 (55.6%) 1 (7.7%) 0.008

Agrammatism 2 (6.45%) 2 (11.1%) 0 (0.0%) ns

Apraxia of speech 7 (22.6%) 5 (27.8%) 2 (15.4%) ns

Abnormal semantic fluency 26 (83.9%) 13 (72.2%) 13 (100.0%) ns

Abnormal phonemic fluency 29 (93.5%) 17 (94.4%) 12 (92.3%) ns

Comparison between amyloid-PET positive (CBS-A+) and negative (CBS-A–). Data expressed as number (frequency). Statistical significance was set as p < 0.05 (Fischer’s exact test).

As our main findings, CBS patients with negative amyloid-
PET presented dysarthria significantly more often than did
patients with positive amyloid deposition. Additionally,

quantitative FDG-PET and MRI group analyses showed
differential hypometabolic and brain atrophy patterns in
patients with and without dysarthria compared to healthy
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FIGURE 2 | Brain glucose metabolism and brain atrophy patterns in patients with CBS and according to the presence or absence of dysarthria. (A) Clusters with

differences in rBGM in individuals with CBS compared to healthy controls (NC). Reduced [18F]FDG uptake in the whole CBS cohort is consistently seen in the

frontoparietal and temporal areas, striatum, and thalamus, mainly contralateral to the most affected side. (B) Clusters with differences in rBGM in CBS individuals

presenting dysarthria. Reduced [18F]FDG uptake surviving correction for multiple comparisons at the cluster level is predominant at left frontal regions, with a major

cluster at the left inferior frontal gyrus (opercular area) and left premotor cortex. (C) Hypometabolism in CBS patients without dysarthria showing bilateral rBGM

reduction, mainly at the temporoparietal areas, striatum, and thalamus, and without hemisphere predominance. (D) VBM analysis showing brain atrophy patterns in

CBS patients compared to NC: widespread brain atrophy pattern with major clusters at the bilateral striatum, SMA, and posterior temporoparietal areas, mostly

contralateral to the affected body side. (E) VBM showing brain atrophy patterns in CBS patients with dysarthria compared to NC: predominantly in the frontal areas

and striatum. (F) VBM showing brain atrophy patterns in CBS patients without dysarthria compared to NC: posterior temporal and inferior parietal areas. Parametric

maps were generated with an unpaired t-test (p < 0.001, uncorrected) in the SPM8 software and plotted on surface maps with the Surf Ice software—http://www.

nitrc.org/projects/surfice/). Bars in the right side indicate z scores, ranging from p = 10−3 (z-score = 3.0) to p = 10−4 (z-score = 4.0).
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FIGURE 3 | Metabolic correlations between brain regions and verbal fluency tasks. Upper row: positive correlation between glucose uptake on FDG-PET and

semantic verbal fluency at the left inferior, middle, and superior temporal gyri. Lower row: positive correlation between glucose uptake on FDG-PET and phonemic

fluency at the left frontal opercular gyrus and the inferior and middle temporal gyri. Parametric maps were generated with an unpaired t-test (threshold: p < 0.001,

uncorrected) in the SPM8 software and plotted on surface maps with the Surf Ice software http://www.nitrc.org/projects/surfice/). Bars in the left side indicate z

scores, ranging from p = 10−3 (z-score = 3.0) to p = 10−4 (z-score = 4.0).

controls. Namely, CBS patients with dysarthria had a left-sided
hypometabolism and bilateral brain atrophy pattern mainly
at the opercular frontal region, premotor cortex, and SMA
(see Figures 2B,E).

Motor speech production deficits such as dysarthria and
AOS have been previously linked to CBS with underlying 4R
tauopathy pathologies, such as CBD or PSP (9, 21, 22, 45).
Dysarthria is considered a CBD and PSP frequent symptom from
its first descriptions (2, 46) until their latest criteria (1, 47). Our
results are in line with these previous studies. Furthermore, the
regions with significant clusters of brain atrophy at MRI-based
VBM in CBS patients with dysarthria were previously described
to be anatomically involved in the motor speech production
network (48). It is worth mentioning that AOS was also more
commonly found in CBS-A– patients, although not achieving
statistical significance.

In this cohort, aphasia was one of the most prominent
cognitive impairments, present in 67.7% of the cases, second

only to apraxia (96.8%). We identified a broad spectrum of
the linguistic profile, ranging from the nfv-PPA phenotype to
lexical-semantic deficits. The CBS-A+ group showed aphasia
(77%) more often than did the CBS-A– group (61%) but
without a statistically significant difference. Our data are
congruent with a previous systematic literature review (1) and
a recent clinicopathologic study (49) which demonstrated that
aphasia occurred in more than 50% of CBS cases during the
disease course.

Likewise, a prior retrospective study with a large cohort
suggested that CBS consisted of a primarily language-motor
disease with a predominant phenotype of mixed aphasia, thereby
being the main cognitive feature (15). Our findings, along with
these reports, strengthen the concept that language impairment,
initially underscored in CBS, should be considered a cognitive
hallmark of the disease.

In a previous study from our group with the same cohort,
differences in rBGM in CBS patients were investigated according
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to amyloid imaging status. A quantitative group analysis showed
hypometabolism comprising the posterior temporoparietal areas,
mainly contralateral to the most affected side, as the areas with
the most consistent hypometabolism in amyloid-positive CBS
patients. Amyloid-negative patients, conversely, showed more
heterogeneous metabolic patterns and disclosed areas of rBGM
reduction at the thalamus and SMA (36).

In this present study, patients with dysarthria showed clusters
of rBGM reduction at frontal regions, mainly at the left opercular
region, premotor cortex, and SMA, corroborating a previous
finding that patients with nfv-PPA who later evolved into
CBS shared a left-sided pattern involving the inferior frontal
gyrus and the supplementary motor cortex (25). In this article,
the authors provide further evidence that the topography of
brain hypometabolism could reflect dysfunctional signatures
of different language deficits. Although most patients with
dysarthria in our cohort did not fulfill the criteria for nfv-PPA,
they might pertain to the same language dysfunctional spectrum
commonly found in the group with CBS with underlying
4R tauopathies.

It is acknowledged that the wide variety of aphasic syndromes
in CBS probably derive from the diversity of underlying
pathologies or is a function of the stage when the clinical
assessment occurs (23). A logopenic-like aphasia phenotype,
with poor sentence repetition, anomia, and word retrieval
problems, has been associated with an underlying AD pathology
in a previous clinicopathological series (49) and a study using
amyloid-PET (26). However, we could not replicate these prior
findings of logopenic-PPA phenotype in the CBS-A+ group from
our cohort. Meanwhile, patients in the CBS-A+ group presented
worse cognitive performances at MMSE and ACE-R attention,
memory, and visuospatial subscores, findings earlier highlighted
in postmortem (7, 45) and in vivo biomarkers-based (15, 36)
research works. We hypothesize that the advanced functional
stage and compromised cognition detected in the CBS-A+
group may have prevented us from obtaining this observation.
Otherwise, one additional possibility is that the language profiles
are too heterogeneous in CBS and it is often not possible to
delineate a unique pattern.

The majority of our patients demonstrated phonemic and
semantic verbal fluency impairment. It is recognized that verbal
fluency performance relates not only to language dysfunction but
also to other cognitive domains such as executive function and
attention, reflecting initiation and processing speed. Notably, the
CBS-A– group tended to show a more compromised phonemic
verbal fluency, while the CBS-A+ group had a worse semantic
verbal fluency performance, even though it did not reach
statistical significance. Most studies have reported reduced word
fluency in CBS patients (15, 50), especially concerning phonemic
fluency. In line with our findings, a previous research work
revealed significant impairment in the CBS-A– group regarding
the phonemic verbal fluency task compared to the CBS-A+
group (51). As we consider that cases from the CBS-A– group
probably encompass CBD and PSP pathologies and adding the
fact that PSP studies have shown even more impairment related
to phonemic verbal fluency, we might thus find a rationale to this
pattern (23, 27).

Additionally, we assessed neural correlates from verbal fluency
performance in CBS patients, a matter that has not been
extensively investigated (23). Semantic verbal fluency correlated
positively with glucose metabolism in the left superior, middle,
and inferior temporal gyri, whereas phonemic verbal fluency
correlated with metabolism in the left frontal areas, mainly at
the left inferior frontal gyrus, and with left temporal areas,
comprising the middle and inferior temporal gyri (see Figure 3).
These findings are consistent with data from functional imaging
in healthy adults (52).

The main limitation of our study was the lack of
histopathological data or other pathology in vivo tracers, such as
tau-PET. In its absence, we could not correctly distinguish the
language profile concerning underlying pathologies in the group
with negative amyloid deposition or investigate the influence
of comorbid pathologies in language dysfunction. In a previous
study, patients with nfv-PPA and underlying PSP pathology
showed more dysarthria than those with nfv-PPA with CBD
pathology (24). Therefore, there is a possibility that our patients
in the CBS-A– group with dysarthria had more underlying PSP
pathology than CBD. Positive aspects are a relatively significant
number of CBS patients from a unique center, with standardized
neurological, cognitive, and speech–language assessment,
studied with multimodal imaging from the same protocols with
blinded analysis for the diagnosis, including a specific ligand for
amyloid pathology.

Finally, we could depict two groups (CBS-A+ and CBS-A–)
with distinct motor speech features and cognitive performances,
but without a clear difference concerning language profile. Our
results shed light on dysarthria as an aspect related to the CBS-
A– variant, and thus, it might be a helpful clinical clue suggesting
the underlying CBS pathology. Also, we found metabolic and
structural signatures related to the presence of dysarthria that
provide insights into the motor speech production networks.
Further longitudinal studies with larger samples are warranted to
encompass the diversity of language impairment in distinct stages
of CBS disease progression.
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Frontotemporal dementia (FTD) is a highly heritable condition. Up to 40% of FTD is familial

and an estimated 15% to 40% is due to single-gene mutations. It has been estimated

that the G4C2 hexanucleotide repeat expansions in the C9ORF72 gene can explain up

to 37.5% of the familial cases of FTD, especially in populations of Caucasian origin. The

purpose of this paper is to evaluate hereditary risk across the clinical phenotypes of FTD

and the frequency of the G4C2 expansion in a Colombian cohort diagnosed with FTD.

Methods: A total of 132 FTD patients were diagnosed according to established criteria

in the behavioral variant FTD, logopenic variant PPA, non-fluent agrammatic PPA, and

semantic variant PPA. Hereditary risk across the clinical phenotypes was established in

four categories that indicate the pathogenic relationship of the mutation: high, medium,

low, and apparently sporadic, based on those proposed by Wood and collaborators.

All subjects were also examined for C9ORF72 hexanucleotide expansion (defined as

>30 repetitions).

Results: There were no significant differences in the demographic characteristics of

the patients between the clinical phenotypes of FTD. The higher rate phenotype was

bvFTD (62.12%). In accordance with the risk classification, we found that 72 (54.4%)

complied with the criteria for the sporadic cases; for the familial cases, 23 (17.4%) fulfilled

the high-risk criteria, 23 (17.4%) fulfilled the low risk criteria, and 14 (10.6%) fulfilled the

criteria to be classified as subject to medium risk. C9ORF72 expansion frequency was

0.76% (1/132).

Conclusion: The FTD heritability presented in this research was very similar to the

results reported in the literature. The C9ORF72 expansion frequency was low. Colombia

is a triethnic country, with a high frequency of genetic Amerindian markers; this shows

consistency with the present results of a low repetition frequency. This study provides an
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initial report of the frequency for the hexanucleotide repeat expansions in C9ORF72 in

patients with FTD in a Colombian population and paves the way for further study of the

possible genetic causes of FTD in Colombia.

Keywords: C9ORF72, frontotemporal dementia, Colombia, family inheritance, heritability

INTRODUCTION

Frontotemporal dementia (FTD), a heterogeneous
neurodegenerative disorder, is a highly heritable condition
with reports of a positive family history in as many as
60% of cases (1, 2). In order to estimate the heritability of
the family history, some criteria have been standardized—
following the Goldman score and the one proposed by
Wood and collaborators—according to the number of
first- and second-degree relatives affected by FTD (3, 4).
These efforts suggest a disease mechanism regarding the
likelihood of an identifiable genetic cause and variability
across clinical phenotypes (4, 5). A strong family history and
higher frequency has been found in the behavioral variant
of FTD (bvFTD), but less so in the semantic variant PPA
(svPPA), the logopenic variant PPA (lvPPA), and the non-
fluent agrammatic PPA (nfaPPA) (5–9). The heritability of
FTD with motor neuron disease (FTD-MND), and atypical
parkinsonian disorders are less clear, possibly due to the number
of studies reported until today (5, 10). However, the G4C2
(GGGGCC) hexanucleotide repeat expansions in the C9ORF72
gene is the most common genetic cause of ALS and FTD
(11, 12), and although the expansion mechanism is uncertain,
it is suggested that the cause of disease in FTD includes
“gain-of-toxicity” or reduction in function of the C9ORF72
protein (13).

It has been estimated that G4C2 can explain up to 37.5%
of the familial cases of FTD, in particular, in populations of
Caucasian origin (14). G4C2 has also been reported as a major
cause of the disease in northern Europe, mainly Finland, and in
North American FTD and ALS cohorts (11, 15). C9ORF72 also
accounts for a significant proportion of Australian and Spanish
FTD cases (16). By contrast, the C9ORF72 repeat expansion was
not present or extremely rare in patients of Native American,
Pacific Islander (11), Asian (17, 18), andMiddle Eastern countries
(19), and China (20, 21). Very few studies on the frequency
of C9ORF2 have been carried out in Latin America. The first
report was in an Argentinian population, where the expansion
frequency in a FTD group was similar to that reported for
patients in Europe and North America (14). In a Brazilian
population (22, 23), the frequencies of the mutation in pure
ALS and pure FTD cases were much lower than those observed
in Finnish patients (11, 24), but similar to what was found for
Germany (11) and Flanders-Belgium (25). There are no data as
yet on the frequency and heritability of this expansion in an
FTD population in Colombia (26). As such, in this study, we
expect to estimate the frequency and heritability of C9ORF72
hexanucleotide repeat expansion in a group of patients with FTD
diagnosis in Colombia.

MATERIALS AND METHODS

Population
A total of 132 patients were diagnosed with FTD according
to consensus criteria for bvFTD, PPA: lvPPA, nfaPPA, and
svPPA (27–29), at the Memory and Aging Clinic at the Hospital
Universitario San Ignacio and Pontificia Universidad Javeriana
in Bogotá, Colombia. The ethnicity of our sample could not be
directly verified, but all patients are Colombian, and reported to
be of Hispanic origin. This study was approved by the Ethics
Committee at the same institution, and written consent was
obtained from all participants and their legal representatives.

Pedigree
Family trees of the patients with FTD diagnosis were drawn
up using information provided by the patients’ families and
caregivers. Pedigree information was obtained using the Proband
application, where at least three generations of each of the
subjects were described. The heritability of the disorder was
classified by a geneticist with experience in the field of
neurodegenerative diseases. The classification criteria were
based on those proposed by Wood and collaborators. This
classification method has four categories that indicate the
pathogenic relationship of the mutation: high, medium, low, and
apparently sporadic. These criteria are based on the number of
first- and second-degree relatives affected with the spectrum of
FTD disorders or other neurodegenerative diseases (4).

Gene Sequencing and Genotyping
Genomic: All evaluated patients had a 3-cc blood sample
taken in EDTA (ethylenediaminetetraacetic acid) tubes from
which the genomic DNA was extracted using the Salting Out
protocol. TheDNAwas then quantified using aNanoDrop R© ND-
1000 spectrophotometer. C9ORF72 hexanucleotide expansion
(defined as>30 repetitions) was analyzed and tested with repeat-
primed PCR and capillary electrophoresis as previously described
(30). The sizes of the PCR fragments were analyzed using
GeneMapper software (Applied Biosystems, Foster City, CA).

Statistics
A frequency distribution was performed taking into account the
risk classification of the pedigrees together with phenotypic (sex,
age, and diagnosis) and genotypic (presence of the C9ORF72
expansion) characteristics. For the statistical analysis, absolute
and relative measures were obtained for quantitative data.
Central tendency and dispersion measures were evaluated for
quantitative data.
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TABLE 1 | FTD spectrum disorder pedigree categorization according to sex, age of onset, phenotype, and C9orf72 genotype.

Apparent sporadic Low Medium High Total

n n n n n

Sex Female 40 4 8 12 64 (48.48%)

Male 32 19 6 11 68 (51.51%)

Age of onset Median (IQR) 59 57 59 63.1 59

Phenotype bvFTD 44 14 8 16 82 (62.12%)

PPA 11 5 3 5 24 (18.18%)

svPPA 14 3 3 1 21 (15.90%)

lvPPA 2 0 0 2 4 (3.0%)

nfaPPA 1 0 0 0 1 (0.76%)

C9orf72 Presence of the expansion 1 0 0 0 1 (0.76%)

IQR, interquartile range; bvFTD, behavioral variant frontotemporal dementia; nfaPPA, non-specific PPA; PPA, primary progressive aphasia; PPA-lv, primary progressive aphasia logopenic

variant; PPA-nfv, primary progressive aphasias non-fluent variant; PPA-sv, semantic variant.

RESULTS

Of the 132 patients, 51.52% were males and 48.48% were females.
The latter presented a lower prevalence in the low-risk group
than the male group. The main age of onset was of 59 years (12
IQR) (Table 1). The higher rate phenotype was bvFTD (62.12%),
followed by non-specific PPA (18.18%), svPPA (15.90%), lvPPA
(3.03%), and nfaPPA (0.75%). In categorizing by genetic risk
based on the Wood pedigree classification, we found that 72
(54.4%) complied with the criteria for the sporadic cases; for
the familial cases, 23 (17.4%) fulfilled the criteria for being high
risk; 23 (17.4%) fulfilled the criteria for low risk; and 14 (10.6%)
fulfilled the criteria for medium risk. Females and males were
similarly distributed in three of the risk classification groups:
apparent sporadic (40/32), medium risk (8/6), and high risk
(12/11). The low-risk classification included more men than
women (4/19).

C9ORF72 expansion was observed in 0.76% (1/132) of
the sample. The positive case is a female patient diagnosed
with bvFTD. The family pedigree was classified as a high-risk
familial case (Figure 1), and the simple brain MRI with contrast
revealed moderate supratentorial cortical atrophy predominantly
in frontal and temporal regions.

DISCUSSION

The present results show that the Colombian FTD sample data
are similar to what is described in the literature regarding
heritability, age of onset, and time of evolution of the disorder
(31). Most of our patients exhibited the bvFTD followed by
language variants (11, 32). One previous study demonstrated
that bvFTD and the non-fluent/agrammatic variant of primary
progressive aphasia (nfv-PPA) appeared to be more heritable
than the semantic variant of primary progressive aphasia (sv-
PPA) (33).

We observed no differences in the overall percentage of men
and women in the study population, as has been reported in
studies of populations in Argentina, southern Italy, and Brazil

where the percentage of female patients has been higher (14,
23, 34). However, we note that our only case with the G4C2
expansion was presented by a woman and that our percentage of
women classified as being of low heritable risk was much lower
than that presented in other risk groups, which could support
the hypothesis that female G4C2 repeat mutation carriers are
more likely to develop cognitive or behavioral impairment (35).
Given previous reports where C9ORF72 expansions have been
found in non-familial cases (11), we found only one patient
with the bvFTD that presented the C9ORF72 expansion from
the high-risk cases, with a total frequency of 0.76% (1/132). The
repeat expansions in the C9ORF72 gene is responsible for one
of the FTD cases but not all FTD diagnoses in a Colombian
cohort, revealing that there may be causes other than C9ORF72
to account for FTD cases in Colombia.

Wood and collaborators found C9ORF72 expansion in 25/306
(8.2%) of FTD patients, with the mutation-detection rate being
highest in the low category and apparent sporadic cases (12,
24). This finding is consistent with prior reports of C9ORF72
expansion in sporadic families, and it coincides with findings
from other studies (11, 36). Although we found C9ORF72
expansion in the high-risk group, we found no other patients
that fulfilled the high-risk criteria and presented the expansion,
supporting the importance of performing molecular analysis of
this expansion in the idiopathic forms (11, 37–39).

The low frequency of the G4C2 expansion in the patient
group with FTD 0.76% (1/132) is similar to what has been
reported for Asian and Amerindian populations (17–21). There
are even studies where no cases with this expansion 0/52 were
identified (40). In Europe and North America, much higher
frequencies have been established for the G4C2 expansion, with
Finland and Sweden with overall frequencies of 29.33 and
20.73%, respectively, and Spain with 25.49%. Lower frequencies
have been observed in Germany with 4.82% (41). In North
America, C9ORF72 expansion accounted for almost 25% of
familial FTD cases and 6% of sporadic cases (11). So far,
only two studies have been conducted for the Latin American
population, one in Argentina (14) where a frequency of
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FIGURE 1 | Family Pedigree of the patient with C90RF72 expansion. Circles: female, square: males. Black symbols reflect individuals affected with Alzheimer disease

or bvFTD, lines represent those who are deceased. The arrow identifies the proband.

expansion of 18.2% (6/33 cases) of patients with FTD was
observed (14), and the other in Brazil, where a frequency
of 7.1% (n = 67) for patients with pure familial FTD was
found (23).

As it was shown before, the high frequency of the C9ORF72
expansion is associated with populations of European origin
(11, 14). According to the human settlement hypothesis, Asian
populations arriving through the Bering strait settled in North
and South America, making the Amerindian populations very
similar to the original ones and homogeneous with each
other. This would support the absence of the C9ORF72
repetition in populations of Amerindian origin and this coincides
with the results found for Amerindian groups in North
America (11).

The populations of European ancestry with high frequencies
present similar frequencies. An example of this is the Argentine
population among which frequencies similar to those of
European countries have been found, corroborating the
Caucasian origin of this repetition (14, 42, 43). Colombia
is a triethnic country, made up of a population of Native
American, African, and European origin. Bogotá, the capital
of Colombia, has a typical multiple ancestry population,
showing a high proportion of people of European ancestry,
followed by Native American and African (42). The higher
frequency of Amerindian genetic markers presents a
coherent result with a low frequency of repetition. This
study provides an initial report of the frequency of expansions
of hexanucleotide repeats in C9ORF72 in patients with
FTD in the Colombian population and paves the way
for further study of the possible genetic causes of FTD
in Colombia.
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Introduction: Older-age bipolar disorder (OABD) may involve neurocognitive decline

and behavioral disturbances that could share features with the behavioral variant of

frontotemporal dementia (bvFTD), making the differential diagnosis difficult in cases of

suspected dementia.

Objective: To compare the neuropsychological profile, brain morphometry, and

structural connectivity patterns between patients diagnosed with bvFTD, patients

classified as OABD with an early onset of the disease (EO-OABD), and healthy

controls (HC).

Methods: bvFTD patients (n = 25, age: 66 ± 7, female: 64%, disease duration: 6

± 4 years), EO-OABD patients (n = 17, age: 65 ± 9, female: 71%, disease duration:

38 ± 8 years), and HC (n = 28, age: 62 ± 7, female: 64%) were evaluated through

neuropsychological tests concerning attention, memory, executive function, praxis,

and language. Brain morphometry was analyzed through surface-based morphometry

(SBM), while structural brain connectivity was assessed through diffusion tensor

imaging (DTI).

Results: Both bvFTD and EO-OABD patients showed lower performance in

neuropsychological tests of attention, verbal fluency, working memory, verbal

memory, and praxis than HC. Comparisons between EO-OABD and bvFTD

showed differences limited to cognitive flexibility delayed recall and intrusion errors

in the memory test. SBM analysis demonstrated that several frontal, temporal,

and parietal regions were altered in both bvFTD and EO-OABD compared

to HC. In contrast, comparisons between bvFTD and EO-OABD evidenced

differences exclusively in the right temporal pole and the left entorhinal cortex. DTI
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analysis showed alterations in association and projection fibers in both EO-OABD and

bvFTD patients compared to HC. Commissural fibers were found to be particularly

affected in EO-OABD. The middle cerebellar peduncle and the pontine crossing tract

were exclusively altered in bvFTD. There were no significant differences in DTI analysis

between EO-OABD and bvFTD.

Discussion: EO-OABD and bvFTD may share an overlap in cognitive, brain

morphometry, and structural connectivity profiles that could reflect common underlying

mechanisms, even though the etiology of each disease can be different andmultifactorial.

Keywords: neurodegeneration, structural connectivity, surface-based morphometry, diffusion tensor imaging,

neuropsychology, frontotemporal dementia, early-onset older-age bipolar disorder

INTRODUCTION

Bipolar disorder (BD) is a chronic psychiatric disease associated
with excitotoxicity and neuroinflammation processes that
may contribute, among other factors, to accelerate normal
aging mechanisms (1, 2); therefore, its progression as a
neurodegenerative disorder has been explored (3, 4). Patients
with BD frequently suffer from cognitive deficits that may
persist during periods of euthymia (5–7). However, cognitive
impairment in BD is heterogeneous (8, 9); it may remain
stable over time (10–13) or may have a progressive course
(14) that could be accompanied by progressive loss of gray
matter (15) and disability (9, 16). Indeed, a history of BD
may significantly increase the risk of dementia in older adults
(17); nonetheless, a differential diagnosis regarding the type of
dementia may represent a challenge. The existence of a specific
dementia derived from the evolution of BD and characterized by
a different profile from typical neurodegenerative conditions has
been proposed (18). However, other authors have suggested that
elderly BD patients may progress to neurodegenerative disorders
that could fall into syndromes belonging to the frontotemporal
lobar degeneration (FTLD) spectrum (19, 20).

Patients with BDwho are around the sixth decade of their lives
are defined as older-age bipolar disorder (OABD). It represents
a heterogeneous group that includes both patients with an
early onset of the disease (EOBD), referring to those patients
who have their first manic/hypomanic episode at <50 years
old, and patients with a late onset of the disease (LOBD),
referring to those patients who have their first manic/hypomanic
episode aged >50 years. Nonetheless, a cut-point of 40 years
has been also proposed to discriminate between EOBD and
LOBD, and a cut-point of >50 years old has been proposed
as the age to consider patients as belonging to the group
of OABD given the reduced lifespan and the high medical
burden reported in BD (21). The link between OABD and
FTLD, particularly with the behavioral variant of frontotemporal
dementia (bvFTD), is complex and heterogeneous. On the
one hand, clinical reports have described that early-onset
OABD patients may develop progressive cognitive impairment,
particularly in executive functions (EF), together with behavioral
changes and predominant atrophy in frontotemporal regions,
constituting cases in which a differential diagnosis regarding

frontotemporal dementia (FTD) is challenging (19, 20, 22–25).
However, the link between bvFTD and BD involves also late-
onset OABD, with patients who initiate mood and behavioral
alterations at ≥50 years old and that may exhibit similar
symptoms to those observed in bvFTD (26–28). Likewise, in
bvFTD the probability of receiving an erroneous diagnosis of
psychiatric disease such as BD is significantly higher than in other
neurodegenerative disorders (29). A retrospective study based
on the psychiatric history of 137 patients with bvFTD found
that 10.2% of patients had a previous history of BD, which is
significantly higher than the prevalence in the general population
(2.6%) (30). Moreover, a shared genetic pre-disposition between
BD and FTLD has been considered due to evidence of mutations
in the C9ORF72 gene in a BD patient that evolve to FTD (22) and
in a family that included both BD and DFT diagnosis (31). Also,
mutations in the progranulin gene in patients with FTLD and
premorbid bipolar spectrum disorders (19) and in a case of late-
onset BD that develop bvFTD (32) as well as lower progranulin
plasma levels reported in BD compared to healthy controls (HC)
(33, 34) point to common genetic pre-disposing factors. In this
context, it has been suggested that BD could constitute a long-
standing pre-clinical phase that precedes some FTLD disorders
(19). Although the presence of common molecular mechanisms
underlying both BD and FTD has been extensively explored (35),
whether BD in particular may progress to dementia associated
with bvFTD remains to be elucidated.

In addition to common clinical profiles regarding cognitive
dysfunction, common neuroanatomical changes have also been
described in prefrontal regions, anterior temporal lobes, and
limbic structures in both BD (4, 36, 37) and bvFTD (38, 39),
with deficiencies in functional and structural connectivity that
may particularly involve frontal networks (40, 41). However,
comparative studies between OABD and bvFTD are scarce. A
previous study in which OABD patients were compared with
bvFTD patients (42) found that although both clinical conditions
exhibited alterations in EF, in bvFTD cognitive deficits and
atrophy in frontal, temporal, and parietal regions were greater;
moreover, the morphometric profile was associated with EF and
social cognitive performance only in the bvFTD group. Likewise,
a recent study combining magnetic resonance imaging (MRI)
and positron emission tomography (PET) techniques report
that although both elderly BD and bvFTD patients showed
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prefrontal cortex (PFC) reduction, the first group showed greater
alteration in the ventrolateral prefrontal cortex (VLPFC), while
the latter group showed deeper alteration in the dorsolateral
prefrontal cortex (DLPFC); moreover, bvFTD patients showed
more extensive alterations in limbic regions than elderly BD
and particular volumetric and metabolic reductions in regions
within the temporo-parietal network (43). These results suggest
differential characteristics between BD and bvFTD that deserve to
be further explored. Since structural and functional connectivity
may change due to reorganization derived from the evolution of
neurodegenerative and psychiatric diseases, it is relevant to study
connectivity features in BD and bvFTD.

On the one hand, white matter (WM) abnormalities are
frequent in BD (44, 45), in which alterations in oligodendrocytes
and myelination constitute possible underlying disease
mechanisms (41) and may significantly affect connectivity
patterns. Indeed, BD does not appear to be correlated with
changes in specific brain areas. Still, it possibly corresponds
to disruption in several brain networks, which is reflected
by a large constellation of symptoms that characterize
this clinical condition, including emotional, cognitive,
behavioral, autonomic, neuroendocrine, immune, and circadian
disturbances (46). On the other hand, in bvFTD, it has been
reported that changes in gray matter tend to occur together
with WM disruptions (47–49) and that the alterations in
multiple cognitive functions observed in bvFTD may result as a
consequence of the poor integration of networks which reduce
the ability to combine specialized information from distributed
brain regions (50). Thus, even when both clinical conditions
have been described as “connectivity disorders” (41, 51, 52),
so far, no study has compared structural connectivity features
between OABD and bvFTD. We conducted this investigation
to identify neurocognitive and neuroimaging markers based on
WM integrity measured through tract-based spatial statistics,
cortical thickness explored through surface-based morphometry
(SBM), and neuropsychological profiles in patients with an
early-onset older-age bipolar disorder (EO-OABD) compared
with patients diagnosed with bvFTD and HC.

METHODS

Participants
Overall, 25 patients with a diagnosis of bvFTDwere consecutively
enrolled for the present study. The diagnosis was determined
through consensus by a multidisciplinary group of specialists
(neurology, geriatrics, psychiatry, and neuropsychology) at the
Memory Clinic of the Hospital Universitario San Ignacio
(Bogotá, Colombia) based on the guidelines developed by an
international consortium for the diagnosis of FTD (53). Since
histopathological evidence of FTLD was not available and the
presence of a known pathogenic mutation was not tested, a
definitive diagnosis of bvFTD was not established. However, all
patients fulfilled the diagnosis of Probable bvFTD, so that they
met clinical criteria for possible bvFTD and showed significant
functional impairment, and imaging results showed frontal
and/or anterior temporal atrophy on MRI. We also included
17 patients diagnosed with BD attending the Memory Clinic,

who reported a history of more than 20 years of evolution
of the psychiatric disease. The inclusion criteria for the BD
group consisted of a Diagnostic and Statistical Manual of Mental
Disorder (DSM)-5 diagnosis of BD (I–II), euthymic phase
confirmed by a total score <7 in the Hamilton Depression
Rating Scale (HDRS) (54), and the absence of manic symptoms
based on the psychiatric interview. The psychiatric evaluation
was performed by a psychiatrist expert on psychogeriatrics
using both a semi-structured interview and complementary
scales that included, besides the HDRS, the Cornell Scale for
Depression in Dementia (55) and the Columbia University
Scale for Psychopathology in Alzheimer’s Disease, which allows
evaluating symptoms of psychosis, behavioral disturbance, and
depression (56). In this way, through the overall evaluation,
information about symptoms such as agitation, aggression,
irritability, thought disturbance, and changes in sleeping and
eating patterns was collected, which allowed discarding a
manic/hypomanic episode. Exclusion criteria for both clinical
groups include visual and hearing impairments, severe alteration
of mobility, delirium, absence of caregiver or informant, and
significant cerebrovascular disease. HC were enrolled through
a public call. Inclusion criteria for HC involved a negative
history of psychiatric or neurologic disorders, no complaints
of recent cognitive or behavioral changes, and a Montreal
Cognitive Assessment test (MoCA) (57) score higher than 24.
All eligible subjects were asked to provide written informed
consent after receiving a complete description of the study
and having an opportunity to ask questions before joining
the study. This study was approved by the Ethics Committee
of the Hospital Universitario San Ignacio and the Pontificia
Universidad Javeriana.

Neuropsychological Assessment
Cognitive functions concerning attention, memory, EF, praxis,
and language were evaluated through the Symbol Digit
Modalities Test (SDMT) (58) and the Grober–Buschke test
for explicit verbal memory, which evaluates immediate and
delayed recovery using a paradigm of Free and Cued Selective
Reminding Test (FCSRT) (59), the Rey–Osterrieth Complex
Figure (ROCF) (60), the Semantic and Phonological verbal
fluency (61), the Wisconsin Card Sorting Test (WCST) (62),
and the Institute of Cognitive Neurology (INECO) Frontal
Screening (IFS), which measures different aspects of EFs
such as motor programming, motor and verbal inhibitory
control, working memory, and abstraction capacity (63). In
addition, the MoCA (57) test was used to establish a global
cognitive profile.

Image Acquisition and Processing
MRI Data Acquisition
The structural MRI scans were obtained on a 3T MR Scanner
(Philips Achieva). The T1-weighted images of the whole brain
(220 sagittal slices, 0.5 × 0.5 × 0.5mm) were acquired with a
gradient-echo sequence: repetition time = 7.7ms, echo time =

3.7ms, field of view= 256× 256.
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Data Processing
The SBM analysis was performed with the CAT12 Toolbox
(http://dbm.neuro.uni-jena.de/cat/) in SPM12 (Wellcome
Center for Neuroimaging, http://www.fil.ion.ucl.ac.uk/spm/)
(64), implemented on MATLAB R2017b software (MathWorks,
Natick, MA, USA). The CAT12 Toolbox contains a processing
pipeline for SBM, which includes an established novel algorithm
for extracting the cortical surface (65), thus allowing the
computation of multiple morphometric parameters (including
cortical surface and gyrification index).

In order to estimate WM distances, the T1-weighted
images were subjected to tissue segmentation. Local maxima
were then projected to other gray matter voxels by using a
neighbor relationship described by the WM distance (65). These
values equal cortical surface. This projection-based method
also includes partial volume correction, sulcal blurring, and
sulcal asymmetries without sulcus reconstruction. A topological
correction was performed through an approach based on
spherical harmonics. For inter-patient analyses, an algorithm
for spherical mapping of the cortical surface was included (66).
An adapted volume-based diffeomorphic anatomical registration
through the exponentiated lie algebra (DARTEL) algorithm was
then applied to the surface for spherical registration (67).

In addition to cortical surface analysis, we extracted the local
gyrification index based on the absolute mean curvature (68).
Central cortical surfaces were created for both hemispheres
separately. Finally, all scans were re-sampled and smoothed
with a Gaussian kernel of 15mm full width at half-maximum
(FWHM) for the cortical surface and with a 20mm FWHM for
the gyrification index.

Statistical Analysis
Significant differences between groups were evaluated based on
post-hoc comparisons (p < 0.05), following a one-way analysis
of variance (ANOVA) significant at p < 0.05 or Kruskal–
Wallis for variables with no normal distribution. We used R
software (version. 3.5.0) for the statistical analysis of clinical and
neuropsychological features.

Regarding the SBM analysis, we applied the general linear
models to the individual maps and then carried out a multiple
regression analysis on the individual cortical surface and
gyrification index maps. Age was considered as a nuisance factor
to correct for age differences. For themultiple regression analysis,
threshold-free cluster enhancement (TFCE) was used (69) after
correcting for multiple comparisons across space using false
discovery rate (FDR) correction. The anatomical locations of the
significant clusters were determined with reference to the multi-
modal analyses of magnetic resonance images from the Human
Connectome Project (HCP) (70).

A post-hoc analysis was conducted to test the correlation
between cortical thickness and cognitive performance, with
a particular interest in the cognitive domains that showed
significant differences between BD and bvFTD. The average
thickness value of a series of regions of interest (ROIs) was
automatically produced by the CAT12 Toolbox (71). Correlations
between average thickness and clinical measurements, including

disease duration and neuropsychological tests of memory and EF,
were analyzed using a Spearman test significant at p < 0.05.

RESULTS

Sample Description
A sample of 25 patients with diagnosis of bvFTD (age: 66 ± 7,
females: 64%), 17 patients with diagnosis of BD (type I: n =

14, type II: n = 3), in euthymia (age: 65 ± 9, females: 71%),
as well as 28 age- and education-matched HC (age: 62 ± 7,
females: 64%) were included in this study. Significant differences
(p < 0.001) were found between the clinical groups regarding
the onset age and the disease duration, being significantly longer
in the BD group than in the bvFTD group. The onset age of
the neurodegenerative disease in the bvFTD group was 59 ±

7 (median 59, range: 41–74) with a disease duration of 6 ± 4
years (median 7, range: 1–16). In the BD group, the onset age
of the psychiatric disease was 27 ± 7.5 (median 27, range: 17–
41), and the disease duration was 38 ± 8 years (median 36,
range: 23–51). Based upon the hierarchical terminology proposed
by the International Society of Bipolar Disorders (ISBD) task
force on OABD (21), our sample may be classified as OABD
since the overall sample aged ≥50 years old. Moreover, our
samplemay be classified as early-onset BD (EOBD), since the first
manic/hypomanic episode was presented at <40 years old in the
94% of cases [Only one patient reported his first manic episode
at 41 years old: close to the cut-point proposed by the ISBD (<40
years old) and among the range generally considered as early-
onset (<50 years old)]. Therefore, our sample was classified as
early-onset Older Age Bipolar Disorder (EO-OABD). A history
of mixed episodes was identified in three patients (17%), and
a baseline cyclothymic disorder was described in one patient
(5.8%). Psychotropic drugs administered to the EO-OABD group
at the moment of the evaluation included: mood stabilizers
such as antiepileptics (64.7%) and lithium (29.4%), antipsychotic
drugs (88.2%), antidepressants (29.4%), benzodiazepines (BZD)
(35.3%), and hypnotics/sedatives no BZD (17.6%). In the
bvFTD group, psychotropic drugs were also present, including
antidepressants (40%), BZD (40%), and antipsychotics (4%).
Moreover, one bvFTD patient was being treated with lithium
as a mood stabilizer. These drugs in the bvFTD group were
administered to treat behavioral and mood changes produced in
the context of the neurodegenerative disease. Only one bvFTD
patient has a personal history of a depressive episode reactive to a
stressful event and not related to the actual disease. Comparisons
of the comorbidities and other clinical data between the group
of patients showed significant differences regarding the familial
history of psychiatric disease (p < 0.001), where EO-OABD
patients showed a higher prevalence than bvFTD patients (94
vs. 32%, respectively). Significant differences were also found
concerning the history of alcohol consumption, being more
prevalent in EO-OABD than in bvFTD (35.3 vs. 4%, respectively).
Risk factors for vascular disease showed differences regarding
the history of diabetes mellitus, with a higher prevalence among
EO-OABD than in bvFTD (23 vs. 4%, respectively). As expected,
patients also differ in the history of psychotic symptoms, being
more prevalent in EO-OABD than in bvFTD (52.9 vs. 12%,
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TABLE 1 | Demographic data and neuropsychological profiles.

EO-OABD n = 17 bvFTD n = 25 HC n = 28

Mean (SD) Median

(min–max)

Mean (SD) Median

(min–max)

Mean (SD) Median

(min–max)

p-value

Age 65 ± 9 64 (54–81) 66 ± 7 65 (51–78) 62 ± 7 61 (50–80) 0.120d

Years of education 14 ± 6 16 (2–22) 13 ± 5 16 (4–20) 15 ± 5 16 (5–20) 0.271e

Onset age 27 ± 7.5 27 (17–41) 59 ± 7 59 (41–74) - - <0.001

Disease duration (in years) 38 ± 8 36 (23–51) 6 ± 4 7 (1–16) - - <0.001

FCSRT Free recall totala,b 21 ± 7 23 (10–31) 14 ± 9 12 (2–33) 28 ± 6 29.5 (13–37) <0.001e

FCSRT Recall totala,b 40 ± 8 43.5 (22–48) 32 ± 13 32 (6–48) 46 ± 2 47 (40–48) <0.001e

FCSRT Delayed recalla,b,c 8 ± 3 7 (2–15) 5 ± 4 4 (0–13) 11 ± 2 11 (6–115) <0.001d

FCSRT Delayed recall totala,b,c 14 ± 3 14 (6–16) 10 ± 6 11 (0–16) 16 ± 1 16 (13–16) <0.001e

FCSRT Intrusion errorsa,c 3.4 ± 4.5 1 (0–13) 14.5 ± 16.7 6 (0–53) 1.1 ± 1.6 0 (0–6) <0.001e

IFS total scorea,b 16.6 ± 6.5 18 (5–25) 12.6 ± 6.0 12.5 (0–24) 22.7 ± 3.2 22.7 (13–27) <0.001e

WorkMem IFSa,b 3.0 ± 1.8 3 (2–7) 3.6 ± 1.3 4 (0–6) 5.6 ± 1.6 5.5 (3–9) <0.001e

WCST Conceptualizationa,b,c 55 ± 26 44 (21–92) 43 ± 24 44 (8–86) 79 ± 16 85 (48–100) <0.001e

WCST Correcta 28 ± 11 32 (10–42) 26 ± 10 25 (7–41) 35 ± 5 36 (26–43) 0.003e

WCST Categoriesa 4 ± 2 4 (1–6) 3 ± 2 2 (0–6) 5 ± 1 6 (2–6) <0.001e

WCST Perseverationsa 20.4 ± 19 11 (2–63) 22.8 ± 22 18 (2–83) 8.8 ± 8 7 (0–29) 0.010d

WCST Attentional Errorsa 1 ± 1 0 (0–3) 2 ± 3 1 (0–9) 0 ± 1 0 (0–3) 0.011e

SDMTa,b 34 ± 21 32 (3–66) 28 ± 16 24 (3–60) 51 ± 16 52 (20–81) <0.001d

Semantic VFa,b 12.7 ± 5 14 (6–21) 11.8 ± 5.3 12 (3–23) 17.1 ± 2.7 16.5 (12–22) <0.001d

Phonological VFa,b 11.7 ± 5.7 13.5 (2–22) 11.3 ± 4.9 10.5 (5–21) 15.5 ± 4.5 15.2 (7–24) 0.005d

ROCF Correctiona,b 23.7 ± 11 27 (9–36) 22.7 ± 11.5 26 (0–36) 34 ± 2 34 (30–36) <0.001e

ROCF Time (seg)b 258 ± 54 285 (180–300) 216 ± 88.4 240 (77–300) 163 ± 66.6 156 (60–300) 0.015e

Results are presented in mean (SD) and median (range). Comparisons between groups were performed through one-way ANOVA for normal distribution (Shapiro–Wilk test, p > 0.05)

or Kruskal–Wallis analysis for variables with no normal distribution. Comparisons including only clinical groups (BD vs. bvFTD), as for disease duration and Onset age variables, were

performed through Student’s t-test. Significant differences were considered at p < 0.05.
aThe post-hoc results are presented as significant differences between HC and bvFTD.
bThe post-hoc results are presented as significant differences between HC and BD.
cThe post-hoc results are presented as significant differences between BD and bvFTD.
dANOVA, post-hoc: Bonferroni test.
eKruskal–Wallis test.

EO-OABD, early-onset Older Age Bipolar disorder; bvFTD, behavioral variant frontotemporal dementia; HC, healthy controls; SD, standard deviation; FCSRT, Free and Cued Selective

Reminding Test; IFS, INECO Frontal Screening; WorkMem IFS, Subtest on working memory, INECO frontal screening; INECO, Institute of Cognitive Neurology; WCST, Wisconsin Card

Sorting Test; SDMT, Symbol Digit Modalities Test; VF, verbal fluency; ROCF, Rey–Osterrieth Complex Figure; ANOVA, analysis of variance.

respectively). Demographic and clinical data are summarized in
Tables 1, 2.

Neuropsychological Profile
Between-group comparisons and post-hoc analysis (Table 1)
revealed that in the cognitive screening test (MoCA), the
performance was significantly lower in the bvFTD (18.5 ± 6.2,
p < 0.001) and EO-OABD (22.1 ± 4.8, p < 0.05) groups when
compared to HC (26.3 ± 2.5), while no significant differences
were found between EO-OABD and bvFTD. Similarly, in
memory variables of immediate free and cued recovery (FCSRT
Free recall total and FCSRT Recall total), lower performances
were observed in bvFTD (p < 0.001) and EO-OABD (p
< 0.05) when compared to HC, while no differences were
found between EO-OABD and bvFTD. In memory variables
of delayed free and cued recovery (FCSRT Delayed recall and
FCSRT Delayed recall total), the performance was significantly
lower in bvFTD (p < 0.001) and EO-OABD (p < 0.05)
when compared with HC; in addition, in the bvFTD group,
lower scores were found than in EO-OABD (p < 0.05). A

significantly greater number of intrusion errors—a variable
that quantifies the number of not related information that
emerged during recall processes—was observed in bvFTD when
compared with both HC and EO-OABD (p < 0.001). In tests
evaluating EF, both bvFTD and EO-OABD patients showed
lower performances than HC, including the IFS total score (p
< 0.001 and p < 0.05, respectively), the working memory test
(p < 0.001 and p < 0.05, respectively), WCST conceptualization
(p < 0.001 and p < 0.05, respectively), and the phonological
verbal fluency (p < 0.05 in both cases). Among the EF tests
described, only the variable WCST conceptualization showed
significant differences between bvFTD and EO-OABD, with a
lower performance in the bvFTD group compared to EO-OABD
(p < 0.001). In other variables derived fromWCST, performance
was significantly lower only in bvFTD when compared to
HC, including the number of correct responses (p = 0.003),
categories completed (p < 0.001), perseveration (p = 0.010),
and attentional errors (p = 0.011). Regarding other cognitive
processes, significantly lower performances were found in both
bvFTD and EO-OABD patients when compared to HC in

Frontiers in Neurology | www.frontiersin.org 5 September 2021 | Volume 12 | Article 713388109

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Cruz-Sanabria et al. Exploring Neurodegeneration in Bipolar Disorder

TABLE 2 | Comorbidities and psychotropic medications.

EO-OABD

(n = 17)

bvFTD

(n = 25)

p-value

Clinical data and comorbidities N (%) N (%)

Psychotic symptoms 9 (52.9%) 3 (12%) 0.006

Familial history of dementia 6 (35.3%) 11 (44%) 0.75

Familial history of psychiatric disease 16 (94%) 8 (32%) <0.001

Cigarette consumption 9 (52%) 11 (44%) 0.74

Alcohol consumption 6 (35.3%) 1 (4%) 0.01

Hypertension 5 (29.4%) 7 (28%) >0.999

Diabetes mellitus 4 (23%) 1 (4%) 0.07

Hyperlipidemia 3 (12%) 2 (11%) 1.000

Coronary artery disease 3 (17%) 1 (4%) 0.173

Psychotropic medications

Antidepressant 5 (29.4%) 10 (40%) 0.531

Mood stabilizers (antiepileptic) 11(64.7%) 0 <0.001

Lithium 5 (29.4%) 1 (4%) 0.032

Benzodiazepines (BZD) 6 (35.3%) 10 (40%) >0.999

Antipsychotics 15 (88.2%) 1 (4%) <0.001

Hypnotics/sedatives (no BZD) 3 (17.6%) 0 0.059

Categorical variables were compared through the Fisher test. Significant values were

considered at p < 0.05.

EO-OABD, early-onset Older Age Bipolar disorder; bvFTD, behavioral variant

frontotemporal dementia.

tests evaluating attention through SDMT (p < 0.001), language
evaluated through the semantic verbal fluency test (p < 0.001),
and praxis as evaluated through the ROCF (p < 0.001), while no
significant differences were found in these variables between EO-
OABD and bvFTD. Finally, the EO-OABD group showed lower
processing speed, as measured through ROCF time, compared to
HC (p= 0.015).

Brain Morphometry
Differences in cortical surface, as evaluated through SBM
with FDR correction (p < 0.05), showed that compared
to HC, EO-OABD patients exhibited decreased surface in
cortical regions of the right hemisphere (R) belonging to the
frontal lobe (rostral middle frontal, caudal middle frontal, pars
opercularis, pars triangularis, superior frontal, and pre-central),
temporal lobe (superior temporal, transverse temporal, middle
temporal, and inferior temporal), parietal lobe (supramarginal
and superior parietal), and occipital lobe (lateral occipital
and cuneus). Likewise, in the left hemisphere (L), decreased
cortical surface was observed in the frontal lobe (rostral
middle frontal, superior frontal, caudal middle frontal, pars
opercularis, pars triangularis, pars orbitalis, frontal pole, pre-
central, and paracentral), temporal lobe (superior temporal and
transverse temporal), parietal lobe (post-central, supramarginal,
paracentral, and precuneus), and occipital lobe (cuneus). See
Figure 1A and Table 3.

Significant reduction in the cortical surface was found
in bvFTD when compared to HC in R cortical regions
belonging to the frontal lobe (pars opercularis, pars orbitalis,

pars triangularis, rostral middle frontal, caudal middle frontal,
superior frontal, and pre-central), temporal lobe (superior
temporal), and parietal lobe (inferior parietal, precuneus,
superior parietal, and post-central), as well as in L cortical regions
belonging to the frontal lobe (superior frontal and rostral middle
frontal), temporal lobe (fusiform and parahippocampal), parietal
lobe (precuneus, supramarginal, post-central, and superior
parietal), and occipital lobe (lingual), as well as in posterior
and isthmus regions of the cingulate. See Figure 1B and
Table 4.

Between EO-OABD and bvFTD, significant differences in
cortical surface were found in the right temporal pole and the
left entorhinal cortex, where the bvFTD group showed a more
substantial decrease. See Figure 1C and Table 5.

Structural Connectivity
Comparisons regarding fractional anisotropy (FA), a measure of
WM integrity, using a threshold of p < 0.05 (FDR corrected),
did not show significant differences between groups in any of
the contrasts performed (HC > bvFTD, HC > EO-OABD, EO-
OABD > bvFTD, bvFTD > EO-OABD). However, using a less
restrictive threshold (p < 0.001, uncorrected), some differences
emerged for comparisons between HC and bvFTD, as well as
between HC and EO-OABD.

In the EO-OABD group, when compared to HC patients, FA
differences were found in commissural fibers such as the body
of corpus callosum (L/R) and the forceps minor and major; in
association fibers including the superior longitudinal fasciculus
(SLF) (L/R), uncinate fasciculus (L), inferior fronto-occipital
fasciculus (IFOF) (L), cingulum (L/R), and inferior longitudinal
fasciculus (ILF) (L/R); in projection fibers such as the anterior
thalamic radiation (ATR) (L/R), anterior corona radiata (L),
corticospinal tract (CST) (R), and posterior thalamic radiation
(PTR), as well as in WM of the superior cerebellar peduncle
(L/R), cerebellum (L/R), and adjacent to the lateral occipital
cortex superior division (L/R), angular gyrus (L), precuneus
cortex (L), frontal orbital cortex (L), middle frontal gyrus (L),
post-central gyrus (R), frontal medial cortex (R), superior frontal
gyrus (L), planum temporale (L), subcallosal cortex (L), lateral
occipital cortex inferior division (R), precuneus cortex (R), and
middle temporal gyrus (L). See Table 6 and Figure 2.

Patients with bvFTD compared to HC showed differences in
FA values in association fibers such as the ILF (L), IFOF (L),
SLF (L), and SLF (R); in projection fibers such as the ATR (R),
CST (R), and pontine crossing tract (R), as well as in the right
cerebellum, medial lemniscus (R), middle cerebellar peduncle,
and WM adjacent to lateral occipital cortex superior division
(L), angular gyrus (L/R), temporal occipital fusiform cortex (R),
lateral occipital cortex inferior division (R), and pre-central gyrus
(R). See Table 7 and Figure 2. No differences were found in FA
between EO-OABD and bvFTD.

Correlations Between Clinical Variables
and Brain Morphometry
Correlations between clinical variables and cortical thickness
as measured through SBM showed that the IFS scores were
correlated with the left pars opercularis in both EO-OABD (r =
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FIGURE 1 | Brain regions showing significant statistical differences between groups in morphometric profiles. (A) HC vs. EO-OABD; (B) HC vs. bvFTD; (C) EO-OABD

vs. bvFTD. False discovery rate (FDR) correction for multiple comparisons was applied with cluster significance of p < 0.05 and cluster size >30. HC, healthy controls;

EO-OABD, early-onset older-age bipolar disorder; bvFTD, behavioral variant of frontotemporal dementia.

0.56, p = 0.01) and bvFTD (r = 0.46, p = 0.02) (Figure 3A), as
well as with the left pars triangularis (r = 0.74, p = 0.001) in the
EO-OABD group (Figure 3B). The WCST (conceptualization)
correlated with the left pars orbitalis in the EO-OABD group
(r = 0.57, p = 0.01) (Figure 3C). Moreover, only in bvFTD

patients, the long-termmemory (FCSRTDelayed recall total) was
correlated with a decrease in the left entorhinal thickness (r =
0.52, p = 0.006) and in the left temporal pole (r = 0.53, p =

0.005). Likewise, intrusion errors were negatively correlated with
the right entorhinal (r = −0.38, p = 0.05), where the more the
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TABLE 3 | Regional brain differences in morphometric profiles between HC and EO-OABD patients.

Cluster equivk Peak p (FDR-corr) MNI Coordinates

x y z

772 0.032 42 1 38 Precentral, rostral middle frontal, pars opercularis, caudal middle frontal R

281 0.032 27 −64 53 Superior parietal R

291 0.032 −29 −14 62 Precentral, superior frontal, caudal middle frontal L

989 0.032 53 −30 32 Supramarginal, superior temporal, transverse temporal R

63 0.032 −40 32 −2 Pars triangularis L

794 0.032 −40 19 28 Pars opercularis, precentral, caudal middle frontal, rostral middle frontal L

343 0.032 −47 −26 47 Postcentral, supramarginal L

177 0.032 −48 −24 10 Superior temporal, transverse temporal L

885 0.032 −19 42 33 Rostral middle frontal, superior frontal, caudal middle frontal L

130 0.032 −15 −40 53 Paracentral, precuneus L

90 0.032 13 −90 24 Superior parietal, cuneus, lateral occipital R

207 0.032 68 −33 −6 Middle temporal, inferior temporal R

86 0.032 42 32 −1 Pars triangularis R

114 0.032 24 22 55 Superior frontal R

122 0.032 24 −8 56 Precentral, superior frontal R

42 0.032 −12 59 −15 Rostral middle frontal, frontal pole L

203 0.032 −5 −10 61 Superior frontal, paracentral, precentral L

62 0.033 −44 44 −4 Rostral middle frontal, pars triangularis, pars orbitalis L

54 0.034 −12 −65 18 Cuneus, precuneus L

52 0.035 57 7 −29 Middle temporal R

51 0.039 48 2 −23 Superior temporal R

HC, healthy controls; EO-OABD, early-onset Older Age Bipolar disorder; FDR, false discovery rate; MNI, Montreal Neurological Institute; R, right hemisphere; L, left hemisphere.

TABLE 4 | Regional brain differences in morphometric profiles between HC and bvFTD patients.

Cluster equiv k Peak p (FDR-corr) MNI Coordinates

x y z

9,702 0.001 22 10 −36 Superior temporal, inferior parietal, precuneus, superior parietal R

11,705 0.001 −30 16 −41 Superior frontal, precuneus, rostral middle frontal L

318 0.001 −2 −23 32 Posterior cingulate, isthmus cingulate L

1,135 0.001 −41 −28 43 Supramarginal, postcentral, superior parietal L

1,177 0.002 44 9 30 Precentral, pars opercularis, rostral middle frontal, pars triangularis, caudal middle frontal R

1,362 0.002 25 −7 61 Superior frontal, precentral, caudal middle frontal R

313 0.009 −25 −72 −9 Fusiform, lingual L

82 0.018 32 −43 45 Superior parietal R

125 0.02 37 −27 60 Postcentral, precentral R

58 0.026 −31 −43 −6 Lingual, fusiform, parahippocampal L

63 0.033 28 −35 54 Postcentral R

42 0.041 49 39 −11 Rostral middle frontal, pars orbitalis, pars triangularis R

HC, healthy controls; bvFTD, behavioral variant frontotemporal dementia; FDR, false discovery rate; MNI, Montreal Neurological Institute; R, right hemisphere; L, left hemisphere.

decrease in cortical thickness, the more the intrusion errors. In
EO-OABD and HC groups, no correlations were found between
these memory variables and temporal regions (data not shown).
Disease duration was correlated with several regions (R cuneus,
L rostral middle frontal, L superior temporal, and R temporal
pole) in the EO-OABD group (Figure 3D). In contrast, in bvFTD,
disease duration was correlated exclusively with the R cuneus.

DISCUSSION

This study found that most of the cognitive tests and
neuroimaging analysis showed significant differences between
HC and clinical groups. In contrast, comparisons between
EO-OABD and bvFTD showed few differences. EO-OABD
and bvFTD patients differed in cognitive measures of delayed
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TABLE 5 | Regional brain differences in morphometric profiles between EO-OABD

and bvFTD patients.

Cluster Peak MNI Coordinates

Equivk p (FDR-corr) x y z

283 0.02 38 17 −42 Temporal pole R

119 0.04 −26 −5 −36 Entorhinal L

EO-OABD, early-onset Older Age Bipolar disorder; bvFTD, behavioral variant

frontotemporal dementia; FDR, false discovery rate; MNI, Montreal Neurological Institute;

R, right hemisphere; L, left hemisphere.

recall and intrusion errors in the memory test and in
the variable WCST conceptualization. Morphometric analysis
showed differences limited to the right temporal pole and the
left entorhinal cortex, where the bvFTD group showed lower
cortical thickness than EO-OABD. In contrast, the structural
connectivity analysis did not show significant differences between
EO-OABD and bvFTD. Our results suggest that after a long
evolution of a chronic psychiatric disease such as EO-OABD,
structural features of gray matter and WM may be affected
in regions that may overlap with the areas involved in
bvFTD, which may possibly explain similarities in the clinical
features observed in both clinical conditions. However, greater
alteration in corpus callosum integrity observed in EO-OABD
and the compromise in pontocerebellar fibers observed in
bvFTD could suggest different regions that are particularly
vulnerable in each disease. We discuss the findings in relation
to neuropsychological profiles, followed by morphometry and
structural connectivity patterns that may constitute similarities
as well as differential markers between EO-OABD and bvFTD.
Moreover, we will discuss our results in light of previous
reports in comparison to HC. Finally, some implications for
the differential diagnosis and for further research in the area
are discussed.

Neuropsychological Profiles
The clinical groups (bvFTD vs. EO-OABD) did not differ in
several variables belonging to the different cognitive domains
evaluated, including immediate recall in the memory test, EFs
(measured through the IFS and most of the WCST variables),
attentional processes, praxis, and verbal fluency (phonological
and semantic). Although the performance of the bvFTD group
was lower than the EO-OABD in all variables, except for the
ROCF-time in which the EO-OABD group showed reduced
processing speed than bvFTD, none of these differences reached
statistically significant differences. These results are relevant
because they suggest that deficits involving multiple cognitive
domains may be present in both clinical conditions.

Indeed, both clinical groups showed significantly lower
performances than HC in the IFS total score, which is in
accordance with previous reports that have documented a
significant impairment in EFs in both BD (6, 7, 13, 72, 73) and
bvFTD (74–79). The absence of significant differences between
EO-OABD and bvFTD in EF measurements may be explained
by the extended alterations observed in regions belonging to

the PFC in both clinical groups. In fact, we found correlations
between IFS and cortical thickness of the left pars opercularis in
both EO-OABD and bvFTD groups. Other regions, such as the
left pars triangularis and the left pars orbitalis, were correlated
with the IFS only in the EO-OABD group. The last result may
suggest that in the EO-OABD group, decreased performance in
EF seems to be closely related to focal atrophy in the frontal
regions. The clinical groups only differ in an EF variable related
to cognitive flexibility (WCST conceptualization). The WCST
is considered a highly sensitive tool to evaluate EFs and may
involve complex thought processes, being considered a specially
demanding test that recruits diverse cognitive components and
several neural correlates, including not only regions typically
associated to EFs such as the DLPFC but also regions as the right
posterior cingulate and cerebellar regions (80). The bvFTD group
showed alterations in gray matter of the left posterior cingulate
and in WM at the level of the cerebellum that were not present
in the EO-OABD group. It could suggest a more widespread
structural compromise that may influence diverse cognitive
components, possibly explaining the major sensitivity of the
WCST to detect differences between EO-OABD and bvFTD.

Regarding the memory domain, the clinical groups did not
differ in terms of immediate recall (free and cued), while
in delayed recall trials the EO-OABD group showed better
performances than bvFTD. Moreover, the number of intrusions
was significantly higher only in the bvFTD group, suggesting
that the inhibitory mechanisms required to suppress unrelated
responses during recall in memory tests may be particularly
altered in this clinical condition. On the other hand, although
EO-OABD patients showed lower performances than HC in all
memory measurements, the higher scores obtained in delayed
recall trials in comparison to bvFTD and the absence of
significant intrusion errors suggest that the alteration in memory
processes tends to be milder in EO-OABD than in bvFTD. This is
the first time that EO-OABD and bvFTD are compared regarding
memory processes by which no previous results can be discussed.
Nonetheless, it is relevant to consider that in comparison to HC,
in bvFTD the alteration in memory processes has been typically
described as predominant in retrieval processes, while the storage
of new information is described as relatively preserved (78, 81).
However, our results suggest that bvFTD patients may present
failures in both storage and retrieval processes as reflected by
significantly low performances in immediate and delayed recall
in both free and cued trials. Moreover, only in the bvFTD
group, intrusion errors were negatively correlated with the right
entorhinal, while delayed recall scores were correlated with the
left entorhinal and the left temporal pole, which may suggest
that the memory profile may be more relevant as a marker of
neuropsychological dysfunction in bvFTD than in EO-OABD,
probably due to the more widespread alteration of temporal
regions observed in the bvFTD group.

Generally, one of the most altered processes in BD is
attention (6, 7, 13, 82); we consistently found low scores in
structured tests (SDMT) and a decrease in processing speed in
the EO-OABD group. We also found disturbances in praxis
and in the phonological and semantic verbal fluency, even
when deficits in these cognitive domains are not generally
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TABLE 6 | Regional brain differences in structural connectivity as measured by FA between HC and EO-OABD patients at p < 0.01, corrected for multiple comparisons.

Cluster equivk Peak MNI coordinates Region with FA differences

p (unc) x y z

5,775 0.008 −9 −22 27 Body of corpus callosum L

967 0.005 −40 −32 32 Superior longitudinal fasciculus L

564 0.004 5 −55 −17 WM in right cerebellum

389 0.004 −21 −60 47 WM adjacent to lateral occipital cortex, superior division L, and angular gyrus L

363 0.010 −31 32 −6 Uncinate fasciculus L, inferior fronto-occipital fasciculus L

347 0.005 −29 22 39 WM adjacent to middle frontal gyrus L

254 0.010 −10 7 26 Body of corpus callosum L

253 0.007 30 −31 42 Superior longitudinal fasciculus R

241 0.001 42 −23 50 WM adjacent to postcentral gyrus R

234 0.009 −16 −56 31 Cingulum (cingulate gyrus) L

208 0.007 −43 31 5 Inferior fronto-occipital fasciculus L

166 0.006 −11 −68 41 WM adjacent to precuneus cortex L

153 0.009 −24 −68 28 WM adjacent to the inferior longitudinal fasciculus L

148 0.006 −33 −77 15 Inferior longitudinal fasciculus L

141 0.009 −27 44 −4 Inferior fronto-occipital fasciculus L

133 0.008 49 −52 −1 Adjacent to the superior longitudinal fasciculus R

122 0.006 8 45 −20 WM adjacent to frontal medial cortex R

120 0.010 −11 15 55 WM adjacent to superior frontal gyrus L

110 0.010 −18 42 8 Anterior corona radiata L, forceps minor L

94 0.007 −51 −32 7 WM adjacent to the planum temporale L

92 0.005 −7 30 −22 Cingulum (cingulate gyrus) L

91 0.005 12 −40 67 Corticospinal tract R

91 0.008 7 −42 −27 Anterior thalamic radiation R, superior cerebellar peduncle R

89 0.005 −20 29 27 Anterior thalamic radiation L

87 0.007 38 −70 8 Adjacent to the inferior longitudinal fasciculus

81 0.010 −27 −62 17 Posterior thalamic radiation, forceps major, inferior longitudinal fasciculus L

71 0.009 11 −64 36 WM adjacent to precuneus cortex R

70 0.005 −5 26 −1 Forceps minor, genu of corpus callosum L

69 0.008 −11 −38 31 Cingulum (cingulate gyrus) L

68 0.008 −51 −56 7 WM adjacent to middle temporal gyrus, temporo-occipital part L

62 0.009 −17 38 −4 Anterior corona radiata L, forceps minor, uncinate fasciculus L

57 0.008 −29 −58 15 Posterior thalamic radiation L, forceps major, inferior fronto-occipital fasciculus L

FA, fractional anisotropy; HC, healthy controls; EO-OABD, early-onset Older Age Bipolar disorder; MNI, Montreal Neurological Institute; L, left hemisphere; WM, white matter; R,

right hemisphere.

described as part of the cognitive impairment profile in BD
(6) and bvFTD (74, 79). Although these results suggest a
compromise in multiple cognitive functions, it is relevant to
consider that wide variability in the distribution of cognitive
performance was observed in both clinical groups, where some
patients obtained extremely low scores, while others showed
performances within the expected range. The variability in
cognitive performance in bvFTD could be related to disease
duration. The initial symptoms of bvFTD involve mainly the
behavioral component, while cognitive impairment often appears
after disease progression (77, 83, 84). In the present study,
disease duration in the bvFTD group ranged from 1 to 16 years,
which could explain the variability in cognitive profiles. In BD,
neurocognitive alterations seem to be related to multiple factors,
such as pharmacological treatments, comorbidities with other
psychiatric disorders and cardiovascular disease, and particularly

the number of prior episodes (85). However, other studies have
not found a clear association between cognitive performance
and episode recurrence (86). Our effort to objectively establish
the number of episodes was not enough to obtain precise
information. Due to the long disease duration, this information
tended to be very imprecise, due to which we were not able
to explore the correlation between clinical and neuroimaging
variables and the number of mood episodes in our EO-
OABD group.

Morphometric Profiles
Although in comparison to HC cortical surface reduction
was more evident in bvFTD than in EO-OABD, comparisons
performed within the two clinical groups showed significant
differences only in the right temporal pole and the left entorhinal
cortex, in which the bvFTD group showed reduced cortical
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FIGURE 2 | Brain regions showing significant statistical differences between groups in structural connectivity as measured by fractional anisotropy (FA). Correction at

p = 0.01. Findings in HC vs. FTD are shown in yellow-red. Findings in HC vs. EO-OABD are shown in blue. The background images on each panel are study-specific

templates in MNI space. The right side of the images represents the left side of the brain. HC, healthy controls; FTD, frontotemporal dementia; EO-OABD, early-onset

older-age bipolar disorder; MNI, Montreal Neurological Institute.

TABLE 7 | Regional brain differences in structural connectivity as measured by FA between HC and bvFTD patients at p < 0.01, corrected for multiple comparisons.

Cluster equivk Peak MNI Coordinates Region with FA differences

p (unc) x y z

1,036 0.002 5 −55 −21 WM cerebellum R

112 0.008 −33 −79 16 Inferior longitudinal fasciculus L, inferior fronto-occipital fasciculus L

92 0.007 −43 −64 18 WM adjacent to the angular gyrus L

89 0.009 14 −30 −27 Anterior thalamic radiation R, medial lemniscus R, middle cerebellar peduncle

84 0.006 42 −48 −18 WM adjacent to angular gyrus R, WM adjacent to temporal occipital fusiform cortex R

77 0.010 41 −74 7 WM adjacent to lateral occipital cortex, inferior division R

73 0.006 9 −21 −29 Corticospinal tract R, pontine crossing tract

65 0.009 36 −8 49 Superior longitudinal fasciculus R, WM adjacent to precentral gyrus R

60 0.008 −24 −59 46 Superior longitudinal fasciculus L

FA, fractional anisotropy; HC, healthy controls; bvFTD, behavioral variant frontotemporal dementia; MNI, Montreal Neurological Institute; WM, white matter; R, right hemisphere; L,

left hemisphere.

surface. The clinical relevance of these differences remains to
be elucidated. Several studies have associated neurodegenerative
disorders belonging to the FTLD spectrum with focal alterations
in the temporal pole, a complex region related to a broad
quantity of cognitive processes, including visual processing
for complex objects, face recognition, autobiographic memory,
naming, and word-object labeling, as well as semantic processing
in all modalities and socio-emotional processing (87, 88). On
the other hand, the entorhinal cortex has been associated with
memory consolidation thanks to its connection with the medial
prefrontal/anterior cingulate cortex (89). A deeper damage in the
left entorhinal cortex observed in our bvFTD group, compared to

EO-OABD, may explain significant differences that also emerged
in memory variables, as well as the fact that correlations between
the left entorhinal cortex and delayed recall were found to be
significant only in the bvFTD group, as previously discussed.

Similarities between bvFTD and EO-OABD point to the
reduced cortical surface that both clinical groups showed when
compared to HC involving bilateral regions on the rostral middle
frontal and superior frontal cortex, as well as in the right
hemisphere at the level of caudal middle frontal, pars opercularis,
pars triangularis, superior temporal, pre-central, and superior
parietal. On the other hand, only the bvFTD group showed
decreased surface compared to HC in the left superior parietal,
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FIGURE 3 | Correlations between cortical thickness and clinical variables. (A) IFS vs. Pars opercularis left; (B) IFS vs. Pars triangularis left; (C) WCST Concepts vs.

Pars orbitalis left; and (D) disease duration vs. rostral middle frontal. IFS, INECO Frontal Screening; WCST, Wisconsin Card Sorting Test.

posterior cingulate, isthmus cingulate, fusiform, lingual, and
parahippocampal as well as in the right post-central, precuneus,
pars orbitalis, and inferior parietal. Likewise, only the EO-OABD
group showed reduced surface area when compared to HC in
the bilateral frontal pole, cuneus, and transverse temporal, in the
left pre-central, paracentral, pars opercularis, pars triangularis,
pars orbitalis, caudal middle frontal, and superior temporal,
as well as in the right supramarginal, lateral occipital, middle
temporal, and inferior lingual. Nonetheless, these regions did not
show significant differences when comparisons were performed
between the clinical groups. Only two studies have compared
brain morphometry in BD and bvFTD patients before (38,
39), finding that brain changes in elderly BD patients were
not as severe as those observed in bvFTD (42) and that PFC
gray matter reduction showed different localization between
groups, with a greater reduction in DLPFC in bvFTD and
predominant reduction in VLPFC in BD (43). Although we also
found that BD patients exhibited less atrophy than bvFTD when
compared to HC, comparisons between BD and bvFTD showed
few differences focused exclusively on temporal regions. One
explanation for the few differences that emerged between our EO-
OABD and bvFTD groups may be related to the disease duration.
In the previous studies, the disease duration was described as

more than 10 years (42) and 14.6± 7.2 years (43), respectively. In
our study, the EO-OABD group had a disease duration of 38± 8
(range: 23–51) years and an age range of 54–81 years old. Thus,
it is possible to consider that when BD patients are evaluated at
an older age or after a long time of disease progression, they may
exhibit deeper structural changes, more closely related to those
observed in bvFTD. Indeed, we found that disease duration was
correlated with the cortical surface in several regions, including
the right cuneus and temporal pole, as well as the left rostral
middle frontal and superior temporal, exclusively in the EO-
OABD group (Figure 3D), while in bvFTD, disease duration was
only correlated with the right cuneus. These results suggest that
in EO-OABD patients, the longer disease durationmay be related
to a more significant loss of gray matter, which predominantly
involves cortical regions of the frontal and temporal lobes.

Considering the results obtained by each group when
compared to HC, our results are consistent with previous reports
showing differences in cortical morphometry in BD patients
involving the frontal, temporal, and parietal regions (90–92),
in which the recurrence of mood episodes also seems to be
related to alterations of cortical morphometry (93). Although
we could not evaluate correlations between brain morphometry
and the number of mood episodes, correlations found with the
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disease duration may confirm some associations between disease
progression and cortical damage in BD. On the other hand, in
bvFTD gray matter decrease in the frontal and anterior temporal
lobes, involving mainly the orbitofrontal gyrus and the insula,
have been reported (50, 94). We have found that bvFTD patients
showed a significant reduction in cortical surface area in regions
belonging to the frontal, temporal, parietal, and occipital lobes,
suggesting extensive cortical damage in this clinical group. Our
results are consistent with the dynamic nature of the phenotypes
observed in FTD over long periods (44), highlighting that
although the early structural changes in bvFTD are relatively
focal, disease evolution conduces to a progressive alteration in
posterior brain regions.

Structural Connectivity Profiles
In this section, first, we will discuss the tracts in which FA was
significantly decreased in both BD and bvFTD in comparison
to HC. Second, we will examine the tracts that showed FA
reduction exclusively in BD when compared to HC and, finally,
the tracts that showed FA reduction exclusively in bvFTD when
compared to HC, discriminating by association, projection,
and commissural fibers. Since no previous studies have been
performed regarding comparisons of structural connectivity
patterns between EO-OABD and bvFTD, we will discuss our
results in light of the literature that involves comparisons
with HC.

Structural Connectivity Differences in Both BD and

bvFTD When Compared to HC
In comparison to HC, both bvFTD and EO-OABD patients
showed FA differences in association fibers such as the bilateral
SLF, the left ILF, and the left IFOF. These tracts have been
previously reported to be disrupted in both BD (45, 95) and
bvFTD (47, 48, 96); consequently, some insights about their
function are briefly reviewed here. The SLF connects the frontal,
occipital, parietal, and temporal lobes and constitutes a key
connectivity structure of the cognitive control network (CCN),
a network associated with attentional and executive processes
(97). Moreover, this tract has been associated with emotional
regulation and language processing (95), and its disruption is
thought to contribute to a frontotemporal disconnection that
could be involved in emotional modulation and inhibition
alterations observed in BD (45) and bvFTD (98). The ILF
connects the occipital lobe with the anterior part of the temporal
lobe, and it is associated with language and emotional evaluative
processes, as well as with visual processing of verbal information
(99–101). The IFOF connects the inferior lateral prefrontal
cortex and DLPFC with posterior temporal and occipital cortices
and has been involved in many brain functions, particularly in
inhibitory control and cognitive flexibility in BD (95), as well as in
behavioral markers related to apathy in bvFTD (98). These tracts
seem to be highly relevant in processes that involve cognitive,
behavioral, and emotional components; thus, their disruption
may explain the clinical features shared by both clinical groups.

The clinical groups also differ from HC regarding projection
fibers such as the right ATR and the CST. The ATR connects
the PFC (mainly DLPFC) and the dorsomedial thalamic nucleus

through the anterior limb of the internal capsule and functionally
is involved in EFs and complex behaviors (102). The ATR has
been reported to be altered in bvFTD (47, 48, 96) and in BD
patients (51, 102, 103), in which it has been associated with
performances in attention, information processing, and working
memory (95). On the other hand, the CST is part of the
descending motor pathway and is involved in the execution of
discrete voluntarymovements (104). Only one study has reported
alterations in the CST in BD, and the authors have proposed
that its alteration could be related to failures in motor skills
and also to serotonin and mood regulation (99). Although no
direct evidence of CST compromise has been reported in bvFTD,
syndromes belonging to the FTLD spectrum have been related to
alterations in central motor conduction and structural changes in
the CST (105, 106), particularly in patients with TDP-43 type C
pathology (107, 108), supporting some hypotheses about altered
motor system function in FTLD (105). A considerable proportion
of FTLD patients, including bvFTD, may be more at risk of
motor system dysfunction than the general population (49, 109),
and progression to a diagnosis of motoneuron disease is higher
among bvFTD patients (110); therefore, it cannot be ruled out
that some of our patients could fulfill criteria for motoneuron
disease, given the long history of disease in some patients and the
presence of motor function alterations reported in 32% of our
bvFTD group.

Finally, WM disruption in the right cerebellum was found in
our group of EO-OABD and bvFTD patients when compared to
HC. Some findings on the implication of the cerebellum have
been previously reported in both BD (111, 112) and bvFTD
(113, 114). Beyond the motor function of the cerebellum, it has
also been involved in cognitive processes (115), with evidence of
its participation in social cognition in bvFTD (114, 116), as well
as in mood regulation components in BD (51).

Structural Connectivity Differences Found

Exclusively in BD
Compared to HC, patients with BD showed FA differences in
commissural fibers such as the bilateral body of corpus callosum
and the forceps minor and major, in association fibers such as
the left uncinate fasciculus and the bilateral cingulum, and in
projection fibers of the PTR. Disruptions in the corpus callosum
and forceps minor and major have been broadly reported in BD
(45, 117, 118), due to which alterations in the interhemispheric
communication have been suggested as a relevant phenotype
in this psychiatric condition (119, 120). This neuroanatomical
marker suggests the relevance of exploring in BD patients
some clinical features of the callosal syndrome, also named
split-brain, such as the extinction of functional integration of
perceptual information, which involves surprising alterations
in consciousness processes (121). These symptoms have been
broadly described in patients with corpus callosum ablation
due to epilepsy (122). But, so far, no reports have been found
in BD patients. Thus, further studies are needed to evaluate
the clinical implications of disruptions in interhemispheric
communication in BD, considering the integration of perceptual
information, the integration between emotions and language,
and more complex processes related to the conscious experience.
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Association fibers such as the uncinate fasciculus and the
cingulum belong to the fronto-limbic network. The uncinate
fasciculus connects limbic areas such as the amygdala and
hippocampus to frontal regions (97), while the cingulum collects
projections from the cingulate gyrus and reaches the amygdala
passing around the ventral surface of the hippocampus (123).
The role of this network in emotional information processing, as
well as its disruption in mood disorders, has been consistently
demonstrated (97, 118); thus, it is not surprising to find
alterations in these tracts in elderly patients with an EOBD.
From a perspective of treatment, this network is highly relevant
since WM underlying the subgenual anterior cingulate cortex
(sACC) has been identified as a target of intervention in mood
disorders. The sACC (Brodmann area 25) is a subregion of
the subcallosal cingulate (SCC), identified as the intersection of
forceps minor, the uncinate fasciculus, the cingulum, and fronto-
striatal fiber bundles (124). Deep brain stimulation of the sACC
has demonstrated a striking improvement of treatment-resistant
depression (125), which may be mediated via strong connections
to the orbitofrontal cortex (OFC), anterior midcingulate cortex
(AMCC), hypothalamus, nucleus accumbens, amygdala, and
hippocampus (126). Although the causal relation between the
sACC and mood symptomatology is not completely clear, the
mean gray matter volume of the sACC has been reported to
be abnormally reduced in both subjects with major depressive
disorder (MDD) and subjects with BD, irrespective of mood
state. Likewise, metabolism appeared to be increased in sACC
in mood disorders (after correction for volume differences)
(127). Therefore, our results regarding the alteration of WM
surrounding subcallosal regions, and the studies described,
highlight the relevance of continuously exploring deep brain
stimulation therapies using sACC as a target of intervention
in BD, which has demonstrated a potential efficacy in BD
comparable to that obtained in patients with MDD (128).
Moreover, it remains to be elucidated whether deep brain
stimulation could represent a protective factor for a better
prognosis in OABD due to its potential capability to reduce
recurrence of mood episodes.

Structural Connectivity Differences Found

Exclusively in bvFTD
In the bvFTD group, when compared to HC, FA reduction was
found in the right middle cerebellar peduncle and the pontine
crossing tract, as well as in WM adjacent to the right angular
gyrus, the right temporal occipital fusiform cortex, and the right
pre-central gyrus. The middle cerebellar peduncle fibers connect
the contralateral pontine nuclei to the opposite hemisphere of the
cerebellar cortex (115). Although markers of disruption in the
middle cerebellar peduncle have not yet been reported in bvFTD,
changes in cerebellar function and structure may be of particular
clinical relevance in this disease (116). No other major tracts
showed significant differences in bvFTD when compared to HC.

Implications of the Results
It has been suggested that “although the lifelong BD may
go onto develop bvFTD, it is late-onset BD that carries the
most significant risk for developing bvFTD” (30); however, the

present study has been focused precisely on those patients with
“lifelong BD,” thus including only patients classified as EO-
OABD. Our approach allows us to characterize BD patients
after a long progression of the disease and is motivated by
the fact that EO-OABD patients constitute a population that
will continue to increase. They are considered as a “healthy
survivor BD sub-population” given the high mortality of the
disease (21). Thereby, studies focused on this population
may better characterize a disease that has been suggested
as “neuroprogressive” to explore whether it courses with
features similar to those observed in neurodegenerative diseases.
This approach may be especially relevant for neurologists,
geriatrists, and neuropsychologists who will continue to evaluate
elderly patients with chronic psychiatric disorders complaining
of cognitive disturbances. Also, it may be appropriate for
psychiatrists who will observe different aging courses in their
patients and who will require to identify the patients that may
present pathological aging.

We have focused our study on comparing EO-OABD with
bvFTD due to the intriguing associations with this specific
type of dementia. Several ways of approaching the question
of a relationship between BD and FTD were synthesized by
Papazacharias et al. (23), including: “(1) sharing pre-disposing
factors, mainly genetics, (2) causal relationship in which BD
patients are at greater risk for developing FTD, (3) reverse
relationship in which FTD presents with a bipolar-like syndrome,
(4) sporadic co-occurrence of BD and FTD, (5) late-onset BD
preceding the diagnosis of FTD, or (6) specific dementia syndrome
arising as a result of bipolarity but that does not seem to
correspond to the criteria of the main types of dementia,
including FTD.” Possibly all these cases can be found in clinical
practice. Among the patients evaluated in our sample of EO-
OABD, we have identified three patients (17%) to whom,
after careful evaluation in our memory clinic, a diagnosis of
dementia was suspected. Nonetheless, the differential diagnosis
was challenging, and the possible dementia was associated with
the baseline psychiatric disease. Moreover, three patients (17%)
were classified as having normal cognition. In contrast, the
remaining patients (n = 11, 64%) were classified as having a
mild deficit in cognitive processes, requiring further longitudinal
evaluations to discard progression. In general, studies evaluating
cognition in BD tend to exclude patients with dementia (129);
however, it can lead to a selection bias that does not allow
characterizing a complete profile of OABD patients.

The evolution of BD is not easily predictable, and its
pathophysiological mechanisms are not yet fully understood.
For example, the etiology of progressive impairment in BD
may involve injury due to neuroinflammatory activity and
oxidative stress, among other pathophysiological changes related
to accelerated aging (1, 82), glial loss (46), the aggregation of
vascular disease (130), sleep and circadian disruptions (131), and
pharmacotherapy, since the use of lithium or anticonvulsants
may confer various risks for dementia (132). Whatever the
etiology of the progression to dementia in BD, this seems
to be an outcome that cannot be generalized to all patients.
We have identified risk factors such as hypertension, diabetes
mellitus, and alcohol consumption in our EO-OABD sample.
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However, the reduced sample size was a limitation to conduct
regression analyses focused on evaluating the impact of these
variables and pharmacological treatments on the cognitive and
neuroimaging profiles.

Since 64% of our sample was classified as having a mild
cognitive deficit without evidence of dementia, we could consider
that this groupmay represent a population of patients with amild
neurocognitive disorder associated with EO-OABD. These patients
may not necessarily evolve to dementia but may present cognitive
deficits, behavioral changes, and neuroimaging features that may
mimic a non-progressive bvFTD syndrome (bvFTD phenocopy).
Longitudinal studies in EO-OABD, including patients with
normal cognition, patients with mild cognitive impairment, and
patients with dementia, are specially required to characterize the
progression in these different groups and to identify the factors
that may improve the prognosis of the disease.

On the opposite direction, associations between bvFTD
and previous psychiatric diagnosis are equally complex. The
retrospective study of Mendez et al. (30) revealed that 10.2% of
bvFTD patients had a previous diagnosis of BD; a deeper analysis
of their histories confirmed a BD diagnosis in 11 patients (8%),
among whom 3 patients (2.1%) had non-progressive bvFTD
while the remaining 8 patients (5.8%) fulfilled the criteria for
progressive bvFTD, concluding that the relationship between
bvFTD and BD may be rather heterogeneous (30). We did not
identify a previous history of BD in our bvFTD sample. Only one
patient reported an episode of depression occurring in response
to a stressful event several years before the onset of bvFTD,
which was not related to the actual disease. The possibility
of discriminating between bvFTD and primary psychiatric
disorders is relevant in cases of late-onset behavior changes.
In this context, the study of Vijverberg (133) identified that
variables such as gender, stereotypy, depressive symptoms, and
neuroimaging contribute to the differential diagnosis. However,
they also found that 33% of patients diagnosed with bvFTD
demonstrate depressive symptoms (133). Similarly, among our
bvFTD sample, depressive symptoms were reported in some
patients (n = 5, 20%) in the course of the actual disease,
reiterating the complexity of the interaction between mood
disturbances and the bvFTD syndrome.

From our results, the absence of differences in structural
connectivity profiles and the scarce differences regarding
SBM and neuropsychological profiles that were found in the
comparisons between EO-OABD and bvFTD may suggest the
existence of common underlying mechanisms between both
clinical conditions, even when the etiology of each disease
can be different and multifactorial. One of the hypothetical
mechanisms could involve the functional correlate typically
associated with the pathophysiology of BD: the alteration in
prefrontal-limbic connectivity whereby the prefrontal regions
fail to regulate limbic regions leading to the emotional
instability characteristic of the disorder (36, 45). It is possible
that with the disease progression and the accumulation of
excitotoxic processes, this functional correlate may lead to
structural alterations (42). Consequently, progressive damage
in regions that are vulnerable from the early stages of BD
could lead to anatomical changes that may overlap with

regions altered in syndromes belonging to the FTLD spectrum,
leading to a neurocognitive disorder associated with EO-OABD
that may mimic bvFTD syndrome, being non-progressive (as
the phenocopy syndrome) or progressive depending on the
chronicity of the disease and the particular accumulation of risk
factors for dementia.

Future Directions
Further studies are required to continue to understand the
interaction between FTD and BD. Since not all EO-OABD
cases evolve to dementia, significant efforts must continue to
be made to identify protective factors that may contribute
to a better prognosis of the disease. Long-term longitudinal
designs—including EO-OABD patients with different profiles:
normal cognition, mild cognitive impairment, and dementia—
are specially required to characterize the progression in these
groups. A complete characterization of the pharmacological
treatment and the level of adherence to the treatment must
be performed to understand the effect of episode recurrence
and pharmacotherapy on cognitive and neuroimaging outcomes
in EO-OABD patients. Our findings have shown that some
cognitive domains—particularly memory—seem to be more
characteristically altered in bvFTD than in EO-OABD. Thus,
further studies including a complete neuropsychological battery
evaluating all cognitive domains, including memory and
complex EFs such as cognitive flexibility, are recommended
to explore differential cognitive markers between EO-OABD
and bvFTD.

Since in our analyses of structural connectivity we have found
that the corpus callosum was the most prominently affected
fiber in the EO-OABD group, confirming the interhemispheric
connectivity disruption as a trait marker of the disease (134)
and that WM disruptions in ponto-cerebellar areas were
particularly prominent in the bvFTD group and suggesting an
implication of alterations in the motor system in this clinical
condition (49, 109), structural connectivity patterns may also
contribute to identifying differential markers between these
clinical conditions. A familial history of psychiatric disease may
also constitute a differential marker since in our sample a
positive familial history of psychiatric disease was significantly
more prevalent in EO-OABD patients (94%) than in bvFTD
(32%). Finally, since differences in neuroimaging profiles for
the identified genetic mutation (C9orf72 vs. GRN) have been
identified in bvFTD (135, 136), further studies should also
consider genetic risk variants in relation to neuroanatomical and
clinical features that converge between EO-OABD and bvFTD,
which may allow deepening our understanding of their shared
underlying mechanisms.

Limitations
One of the limitations of our study is the cross-sectional
design, due to which no conclusions can be drawn about
the progression of BD. Another limitation was the difficulty
in obtaining precise information about the number of mood
episodes. Future studies, preferably with a longitudinal design
that allows a careful characterization of the sample, must be
conducted to explore the impact of the number of episodes
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and pharmacological treatments on the neuroimaging and
clinical profiles observed in elderly BD patients. The setting
for the recruitment of patients, a memory clinic, may have
increased the probability of enrolling BD patients with cognitive
impairment; therefore, future studies must recruit patients
through public calls or directly in psychiatric units to obtain
a greater heterogeneity of clinical profiles. A selection bias
must be considered for the bvFTD diagnosis due to the
complexity of a differential diagnosis in neurodegenerative
diseases and the requirement of neuropathological markers as
the final confirmatory test to obtain a definitive diagnosis.
None of the cases had post-mortem confirmation after
completion of the study. Likewise, fluorodeoxyglucose (FDG)-
PET was not used to confirm the diagnosis. However, we
counteract the risk of selection bias through an interdisciplinary
evaluation and a diagnosis established through expert consensus,
following the diagnostic criteria of Rascovsky et al. (53),
based on clinical information and supported by structural MRI
images. Finally, sample size also constitutes a limitation of
this study. Although it was attempted to include a control
group that was comparable in demographic features to the
clinical groups, the results derived from this study must be
interpreted in the context of a descriptive and exploratory
approach that may guide hypotheses for further research in
the field.
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Introduction: The historical development, frequency, and impact of frontotemporal

dementia (FTD) are less clear in Latin America than in high-income countries. Although

there is a growing number of dementia studies in Latin America, little is known collectively

about FTD prevalence studies by country, clinical heterogeneity, risk factors, and genetics

in Latin American countries.

Methods: A systematic review was completed, aimed at identifying the frequency,

clinical heterogeneity, and genetics studies of FTD in Latin American populations.

The search strategies used a combination of standardized terms for FTD and

related disorders. In addition, at least one author per Latin American country

summarized the available literature. Collaborative or regional studies were reviewed

during consensus meetings.

Results: The first FTD reports published in Latin America were mostly case reports.

The last two decades marked a substantial increase in the number of FTD research in

Latin American countries. Brazil (165), Argentina (84), Colombia (26), and Chile (23) are

the countries with the larger numbers of FTD published studies. Most of the research
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has focused on clinical and neuropsychological features (n = 247), including the local

adaptation of neuropsychological and behavioral assessment batteries. However, there

are little to no large studies on prevalence (n = 4), biomarkers (n = 9), or neuropathology

(n = 3) of FTD.

Conclusions: Future FTD studies will be required in Latin America, albeit with a greater

emphasis on clinical diagnosis, genetics, biomarkers, and neuropathological studies.

Regional and country-level efforts should seek better estimations of the prevalence,

incidence, and economic impact of FTD syndromes.

Keywords: frontotemporal dementia, Latin America, history, prevalence, genetics, biomarkers

INTRODUCTION

Frontotemporal lobar degeneration (FTLD) is a
neuropathological designation used to identify a group of
neurodegenerative diseases of the frontal and anterior temporal
lobes, typically associated with specific pathologies (1). In
most cases, FTLD features pathological inclusions of either the
microtubule-associated protein tau (MAPT) or the transactive
response DNA-binding protein of 43 kDa (TDP-43), named
FTLD-tau and FTLD-TDP, respectively (2). TDP-43 is the major
pathological protein deposited in FTLD and amyotrophic lateral
sclerosis (ALS) (3–5). FTLD can be sporadic or hereditary, the
latter most commonly due to mutations in several genes, such as
MAPT, progranulin (GRN), TARDBP, or chromosome 9 open
reading frame 72 (C9orf72) expansion.

The core clinical syndromes associated with FTLD are
behavioral or language symptoms and are generally called
frontotemporal dementia (FTD). There are three main clinical
variants distinguished by early and predominant symptoms:
behavior variant frontotemporal dementia (bvFTD); semantic
variant primary progressive aphasia (svPPA); and non-fluent
variant primary progressive aphasia (nfvPPA) (6) bvFTD
accounts for roughly 60% of FTD cases, and the other 40% are
language variants of FTD (7). Related FTD disorders include
frontotemporal dementia with motor neuron disease (FTD-
MND), progressive supranuclear palsy syndrome (PSP-S), and
corticobasal syndrome (CBS).

FTD is the second most common dementia disorder in
individuals under the age of 65 years old and accounts for 5–10%
of dementia patients older than 65 years (3, 4). In the US, the total
number of cases with FTD syndromes range from 15 to 22 per
100,000 people in the US (8, 9) with ∼20,000 to 30,000 persons
living with FTD (9). The incidence of FTD is estimated to be 1.61
to 4.1 cases per 100,000 people annually (8, 9).

FTD is likely underdiagnosed due to the relatively low
recognition within the medical community, little disease
awareness in the population, and the overlap with a multitude
of psychiatric disorders (10–13). Therefore, prevalence studies
on bvFTD and the other FTD syndromes are challenging
because many cases are misclassified, as the disease is largely
unrecognized (7, 9).

The frequency and correlates of the impact of FTD are
less clear in Latin American countries. Although there is a

growing number of dementia studies in Latin America, little is
known collectively about FTD studies by country, its clinical
heterogeneity, risk factors, and genetics in Latin American
countries. Therefore, we aimed to systematically review FTD
studies reported in Latin America. This systematic review offers
an overview of the history and evolution of FTD in Latin
America and reports on FTD prevalence and clinical and
neuropsychological syndromes. This is followed by a review
of the biomarkers, neuropathology, and genetic studies in
the region.

METHODS

A systematic review was completed at identifying and describing
the frequency, clinical heterogeneity, and research studies on
FTDs in Latin American populations. The search strategy
was developed with assistance from a research committee
formed by a medical librarian, representatives from multiple
Latin American countries (local dementia experts and clinical
researchers), and other stakeholders with expertise in FTD.
The research committee provided feedback and guidance on
the proposed search strategies, selection criteria, and data
analysis approach.

The published literature was searched using strategies
designed by a medical librarian for the concepts of FTD, Latin
American countries, and related synonyms. These strategies were
created using a combination of controlled vocabulary terms
and keywords and were executed in Medline (Ovid) 1946-,
Embase.com 1947-, Scopus 1823-, PsycInfo, Cochrane Library
(including CENTRAL), LILACS 1982-, and SciElo.org. No filters
or limits were applied to the search. All searches were completed
on September 14, 2020. Full search strategies are provided in the
Supplementary Material. A total of 483 results were retrieved
from the literature search and imported into Endnote. Dementia
experts and clinical researchers from Latin America (at least
one per country) were asked to provide information on FTD
publications in the Latin American region, yielding 213 records
through hand-searching. A total of 696 citations retrieved by
these methods (literature search + dementia experts reports)
were compiled and screened for duplicates. Duplicate citations
(n = 272) were accurately identified and removed for a total of
424 unique citations.
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After removing duplicates all citations (n = 424) were
screened for appropriateness against the inclusion and exclusion
criteria. Studies were included if they reported on (1) clinical
features of FTD and (2) reports from populations living in
Latin American countries. Reports describing non-FTD studies
were excluded from this study. Studies published by Latin
American authors but that did not include Latin American
participants, as well as studies of Hispanics not living in Latin
American countries, were also excluded. Studies that were done
in collaboration (regional or international) were included if
they involved Latin American participants. Poster presentations
and meetings abstracts were excluded, except in areas where its
relevance was sought to contribute to the understanding of FTD
in Latin America (e.g., genetics and prevalence studies). After the
abstract screening phase, studies that met the inclusion criteria
(n = 398) underwent full-text assessment for eligibility (second
screening stage) and were selected based on their relevance.
Three hundred and twenty-two (322) peer-reviewed publications
were selected for the final analysis (Figure 1).

At least one author per Latin American country summarized
the FTD literature that was found in their country; collaborative
or regional studies were reviewed during consensus meetings.
From each research study, information on sociodemographic
characteristics, country report, and genetics were extracted.

Information on clinical features (age at onset, age of death,
disease duration, clinical presentation, atypical manifestations,
and neurological findings) were obtained when available.
We considered each symptom or sign as present or absent
when clearly stated in the reports. A group composed
of three of the authors (MIB, JL, and RN) received all
the comments and classified the FTD reports from Latin
American countries according to publication date (before 2000
or after 2000), epidemiology, clinical presentation, genetics,
and neuropathology.

This study was reported according to the Preferred Reporting
Items for Systematic Review and Meta-Analysis (PRISMA)
guidelines (14).

RESULTS

A total of 322 peer-reviewed publications were included in
the final review and analysis. Twenty-two peer-reviewed papers
were published during the twentieth century and provide an
overview of the history and early development of the FTD field
in Latin America. The early 2000s marked an increase in the
research related to FTD, with a spike between 2010 and 2015
(Figure 2). Brazil (165), Argentina (84), Colombia (26), and

FIGURE 1 | Diagram of the study selection process for the systematic review.
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Chile (23) are the countries with the larger number of published
reports (Table 1). Most of the research has focused on clinical
and neuropsychological features (n = 247), including the local
adaptation of neuropsychological and behavioral assessment
batteries. However, there are little to no large studies on
prevalence (n = 4), biomarkers (n = 9), or genetics (n = 36) of
FTD (Figure 3).

Evolution of FTD in Latin America
(Twentieth Century)
The first Latin America publication of bvFTD associated with
ALS was reported by Tretiakoff and Amorim in 1924 (15).
The case report described a young woman with absolute
indifference, complete absence of affective feelings, and severe

impairment of memory, which were followed by motor neuron
signs of ALS. The neuropathological examination of the case
described evidence of ALS but no signs of other dementia-
causing pathology in the brain. The authors hypothesized
that dementia was part of ALS and recommended the search
for signs of involvement of motor neurons in dementia
cases, a practice currently accepted in the clinical workup of
FTD cases.

In 1987, Nitrini et al. described three patients with
progressive supranuclear palsy (PSP) in Brazil who presented
with elementary motor perseveration before the appearance of
any other distinctive features of the disease (16). The authors
suggested that motor perseveration was an important sign for
early diagnosis and a key element for the clinical characterization
of PSP.

FIGURE 2 | Frontotemporal dementia and related disorders publications in Latin America by years.

TABLE 1 | Frontotemporal dementia and related disorders publications in Latin American countries.

Country Clinical cognitive Genetics** Biomarkers Reviews by Latin America authors Total

bvFTD* FTD-ALS PPA CBS/PSPs

Brazil 74 8 33 2 25 5 15 165

Argentina 54 – 6 9 3 3 2 77

Colombia 16 – 5 – 1 1 3 26

Chile 11 1 3 3 1 – 4 23

Peru 8 1 1 1 – – – 11

Uruguay 2 – 1 – 1 – – 4

Mexico 2 – 1 – 2 – – 5

Cuba 1 – 1 – 2 – – 4

Venezuela 3 – – – – – 1 4

Ecuador – 1 – – – – – 1

Dominican republic – – – – 1 – – 1

Puerto rico – – – – 0 – – 0

Guadeloupe 1 – – – – – – 1

Total 172 11 51 15 36 9 25 322

FTD, frontotemporal dementia; bvFTD, behavioral variant FTD; ALS, amyotrophic lateral sclerosis CBS/PSPS, corticobasal syndrome/progressive supranuclear palsy syndrome; PPA,

primary progressive aphasia. *2 additional epidemiological abstracts are discussed but not included in this table. **17 additional abstracts are discussed but not included in this table

(eight from Brazil, five from Argentina, one from Colombia, one from Cuba, one from the Dominican Republic, and one from Puerto Rico). There are 22 regional collaborative studies

(nine between Argentina, Chile, and Colombia; seven between Argentina and Colombia; two between Argentina and Chile; two between Argentina and Perú; one between Brazil and

Chile; and one between Cuba, Uruguay, and Ireland. Collaborative studies were assigned to the country of the first author or to the nationality of the patients included.

Frontiers in Neurology | www.frontiersin.org 4 September 2021 | Volume 12 | Article 710332128

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Llibre-Guerra et al. Frontotemporal Dementia in Latin America

FIGURE 3 | Frontotemporal dementia and related disorders research in Latin America by country and topics. Panel (A) describe percentage of frontotemporal

dementia studies in Latin America by research area. Panel (B), describe the number of FTD publications by country.

In 1989, Oliveira et al. reported a patient with difficulties
in comprehension of written texts that were followed by other
language disturbances and dementia (17).

In 1992, Trevisol-Bittencourt, also from Brazil, reported a case
of PSP with dementia and highlighted diagnostics challenges due
to the presence of both “subcortical dementia” and frontal lobe
syndrome (18).

In 1994, Donoso et al., from Chile, reported six cases
of degenerative dementia with frontal or frontotemporal
hypoperfusion on SPECT (19). Five cases were classified
as “frontal progressive dementia,” whereas one patient had
progressive aphasia. In the same year, Leiguarda et al., from
Argentina, in collaboration with the Institute of Neurology of
the University College of London, published a description on
apraxia and corticobasal degeneration, followed by a relevant
contribution to the knowledge of apraxia (20–23).

Several case descriptions populated the regional literature
from 1995 to the 2000s.

In a publication on the diagnosis of 100 patients evaluated in
an outpatient memory clinic in Brazil, Nitrini et al. (24), reported
two cases classified as frontal lobe dementia. In Delgado et al.
(25) from Brazil, reported a non-fluent PPA with MRI revealing
atrophy on the left perisylvian fissure region. In 1998, three
patients with neuropathologically confirmed FTD with motor
neuron disease whomanifested hallucinations were reported, and
a hypothesis about the occurrence of hallucination in dementia
associated with MND was proposed by Nitrini and Rosemberg
(26). Caixeta and Nitrini described the clinical features of
10 Brazilian patients with FTD, searching for qualitative and
quantitative behavioral changes. Disinhibition predominated
in six patients, apathy in four, while all patients manifested
repetitive behaviors (27).

In 1998 Allegri et al. (28) compared the cognitive profile
of 12 Argentinian patients with bvFTD and 20 patients
with probable Alzheimer’s disease, showing that FTD patients
scored significantly better than AD patients in memory tests,
calculations, visuospatial abilities, and the naming test. AD
patients performed better on executive tasks.

A clinical and pathological report of a case of FTD associated
with ALS was published by De Brito-Marques and DeMello (29),
describing neuropathological findings similar to those described
by Gustafson (30). In Doval and Gaviria (31), from Venezuela,
published a review on FTD emphasizing their opinion that FTD
was not a new clinical entity but a redefinition of the classical
Pick’s disease, an opinion that reflected the central concept on
dementia diagnosis during most of the twentieth century in Latin
America and most of the Western countries (32, 33).

Finally, a Chilean and an Uruguayan investigator participated
in the development of the Frontal Assessment Battery (FAB)
test (34). After these early papers, the number of scientific
publications increased exponentially (Figure 2).

Clinical Presentation and Neuropsychology
of FTD in Latin America
In the decade between 2000 and 2010, most of the publications
described clinical, neuropsychological features, and structural
imaging of FTD cases (Table 1). In addition, several authors have
raised concerns about the difficulties and under-diagnosis of FTD
and related disorders in Latin American countries (35–38).

FTD Prevalence Estimates in Latin America
There are few studies on the prevalence of FTD in Latin
American countries. In a systematic review, Custodio et al. (39)
described FTD prevalence in three Latin American countries
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[Venezuela (40), Perú (41), Brazil (42, 43)] ranging from 1.2 to 1.7
per 1,000. In a population-based study in an area of Maracaibo,
Venezuela, in subjects older than 54 years, the prevalence of all-
cause dementia was 8.04%, while the prevalence of FTD was
1.5% (44). There are also two studies presented at International
conferences: one population study from Mexico with 2003
participants estimated a prevalence of FTD of 0.9%, and another
5-year population study with nearly 3,000 participants from
Habana Cuba found a prevalence of FTD of 1.1% (45).

Other studies report the frequency of FTD within dementia
cohorts in memory clinics. One study in Brazil reported a 3.5%
frequency of FTD in 261 dementia cases assessed between 1989
and 1998, using the Brun criteria (46). Two studies fromMemory
clinics in Colombia report an FTD frequency between 11.5 and
12.9% (47, 48). Finally, one study in a memory clinic in Santiago,
Chile, found 57 FTD patients among 3,700 dementia patients
assessed between 1981 and 2008, using the Neary et al. (3) criteria
in a memory clinic in Santiago (1.5%) (49).

FTD Clinical and Neuropsychology Studies in Latin

America
The majority of the publications in Latin America (n = 247)
describe the clinical features of FTD. Brazil has the largest
number of publications on the clinical and neuropsychological
characteristics of FTD. Also, there are case reports of late-onset
(>85) bvFTD (50). It is also interesting to mention a paper
on long-term severe mental disorders preceding bvFTD in a
Brazilian cohort (51).

Argentina has several papers on the brain structural correlates
of executive and social cognition and also decision-making
cognition and moral judgment in bvFTD and PPA (52–67).

The relationship between FTD and creativity and theory of
mind has also been explored (68–70). Recent papers also report
the use of automated computational approaches and machine
learning to aid in the diagnosis of FTD (71, 72). Taragano
et al. (73–75) published several papers on mild behavioral
impairment and Tabernero et al. (76, 77) published papers on
facial emotion recognition.

There are several publications related to the validation of tests
in Spanish and Brazilian Portuguese (78–85). It is also important
to mention that a group at the Institute of Cognitive Neurology
(INECO) in Argentina developed the INECO Frontal Screening
(IFS) as a brief, sensitive, and specific tool to assess executive
functions in dementia (86). This test has also been validated in
Chile (83), Perú (87), and Brazil (88).

Finally, there are many publications of collaborative research
and between Latin-American and the US or European Countries.
It is interesting to note that there are also many joint publications
within the region, namely, Argentina–Perú (79, 87), Argentina–
Colombia–Chile (56, 66, 89, 90), Argentina–Chile (67), and
Argentina–Colombia (54, 63, 72).

Genetics of FTD in Latin America
The genetics of FTD syndromes in Latin America remains
understudied, with no FTD large genetic studies aimed at
identifying novel or functional rare variants in the region.
However, there are family reports from various countries,

including Brazil (91, 92), Argentina (93), Uruguay (94), Cuba
(95), Chile (96), and Caribbean origin families (97) (Figure 4).
Families carrying C9ORF72 have been described in Chile (96),
Cuba (95), Brazil (98, 99), and Argentina (100, 101), presenting
with a significant phenotypic heterogeneity (ALS vs. bvFTD
vs. bvFTD-MND). Families featuring GRN pathogenic variants
have been described in Brazil (91, 92), Uruguay (94), Argentina
(102), and the Caribbean (97). MAPT mutations have only been
reported in Brazilian (103), and Argentinian (104), families,
while TARDBP mutations have only been reported in Brazil.
A missense mutation (R93C) in the valosin-containing protein
(gene) was also described in a Brazilian family presenting
with progressive myopathy together with clinical and cognitive
features of FTD (105). The study of other genetic factors related
to FTD is also limited in Latin America (95, 106). Recent findings
by Nascimento et al. showed a higher frequency of TDP-43
pathology in cognitively healthy Asian Americans compared to
Caucasians living in Brazil (107); similarly, Hardiman et al. (95)
described a higher frequency of C9orf72 repeat expansions in an
Irish FTD-ALS cohort compared to a similar cohort in Cuba,
suggesting possible differences in FTD-related neuropathology
and neurodegeneration according to ethnicity. Future studies
should address whether observed differences are explained by
health and social disparities or possible ethnic-related protective
factors against clinical expression of TDP-43 proteinopathies.

FTD Biomarkers and Neuropathology in Latin

America
We found relatively few reports with extensive documentation
on neuropathology, biomarker profiles, and disease progression
in Latin American populations, making genotype–phenotype
correlations difficult in the region. Although the use of
dementia biomarkers is not widespread across Latin American

FIGURE 4 | Frontotemporal dementia and genetic in Latin America. C9orf72,

chromosome 9 open reading frame 72; MAPT, Microtubule-Associated Protein

Tau; GRN, Progranulin; TARDBP, 43-kDa transactive response

(TAR)-DNA-binding protein.
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countries, studies using biomarkers in FTD cohorts are
available in Argentina (108), Brazil (109), and Uruguay
(110). Neuroimaging studies in Latin American populations
mainly describe structural findings consistent with the atrophy
patterns reported in FTD studies from high-income countries.
Neuropathological reports were scarce and only available in
Brazilian cohorts (107, 111, 112).

Primary Progressive Aphasia
In our review, we found a relatively low number of PPA reports
in Latin America, with two reports before 2,000, 13 between 2000
and 2010, and 42 from 2011 to 2020. Similar to the findings in
bvFTD, Brazil has the greatest number of publications in Latin
America (36 vs. 63, respectively). There are PPA studies reported
in Argentina (n= 12), Chile (n= 1), Colombia (n= 4), Peru (n=
2), Cuba (n= 1), Mexico (n= 1), and three collaborative studies:
Argentina/Chile/Australia (n = 1), Argentina/Chile/Colombia,
and Australia (n = 2). Some of these manuscripts have already
been cited in the previous sections.

According to the available reports, the frequency of PPA
syndromes is low. Diagnostic classification also varies within
PPA cohorts and country reports. In a Chilean study by Donoso
et al. (49), 15.8% of the cases in an FTD cohort received a
PPA diagnosis. In a consecutive series of 100 Brazilian PPA
cases (113) using the classification proposed by Gorno-Tempini
et al. (114), 35 were diagnosed as svPPA, 29 as nfvPPA, 16 as
lvPPA, and 20 were considered unclassifiable. More recently,
Campanha et al. (115) described clinical characteristics of 19
featuring PPA syndrome; of those, 10 fulfilled criteria for svPPA,
five for nfvPPA, three for lvPPA, and one case was considered
unclassifiable. Other key features reported in the PPA have been
described in Brazilian and Argentinian cohorts. In 2016, Marin
et al. published a study of swallowing problems in 16 PPA patients
(116). Clinical presentations as “psychiatric disorders” have also
been reported (117).

Hosogi Senaha et al. (118) published the case study of a SD
patient without surface dyslexia, a sign usually found in most of
the SD cases to date. Similarly, in 2012, Wilson and Martínez-
Cuitiño (119) reported a Spanish-speaking SD case similar to the
Brazilian case. Both studies raise awareness about the possible
absence of surface dyslexia in Spanish and Portuguese speakers
presenting with SD, probably related to the relatively transparent
orthographies of both languages. It is worth noting that both
patients were able to read non-words, regular and irregular
words, and foreign words correctly but with difficulties in written
comprehension. In both studies, the authors associated patients’
performance—reading of irregular and foreign words without
meaning—with the use of the direct lexical reading process.

To the best of our knowledge, there are no large
neuropathology reports on PPA cohorts. Most of the
reports are based on case experiences. de Brito-Marques
et al. (2011) reported a nfvPPA longitudinal case study with
histopathologic analysis (120).

Strategies for languages rehabilitation in PPA has been
reported from single or multiple case studies in Brazil and
Mexico (121–124).

FTD and Motor Neuron Disease
Frontotemporal dementia and motor neuron disease (FTD-
MND) has been recognized as overlappingmultisystem disorders
(125). In this section, we focus our review on Latin American
studies describing the overlap between the two conditions.
Studies describing amyotrophic lateral sclerosis (ALS) cohorts
without assessments of cognitive measures were excluded from
this review. As mentioned above, reports of cases combining
the clinical picture of MND with mental symptoms, personality
change, or dementia in Latin America date back to 1924 (15).

Most of the reports on FTD/MND in Latin America are
case reports, including a wide range of cognitive presentations
combined with different MND syndromes, including ALS (29,
126–128) and primary lateral sclerosis (PLS) (129). There is a
relative lack of large studies describing the overlap between the
two conditions in Latin America, which might be related to
the scarcity of adequate cognitive screening methods suitable
for Spanish- and Portuguese-speaking populations with low
education. To the best of our knowledge, there are only two
cohorts studies exploring cognitive and behavioral presentations
overlapping with MND/ALS (130, 131).

Recent efforts in the region, especially in Brazil, are on the way
aimed to validate and implement adequate and more systematic
cognitive screening methods in Dementia/ALS cohorts. Branco
et al. (81) validated the Amyotrophic Lateral Sclerosis Cognitive
Behavioral Screen (ALS-CBS) in Brazil and this is now amiable
in Portuguese. A Spanish version (132) of this instrument and
education adjusted measures (133) are also available and can now
be used across the region.

DISCUSSION

The first publications of Latin American authors in the twentieth
century were mostly case reports or small series of patients
in which the clinical features were described. There were also
a few papers with deeper reasoning on apraxia in several
movement disorders and on frontal type of disinhibition in
PSP. In the last two decades, most of the papers report
on clinical and neuropsychological features of FTLD. Case
descriptions, translations, and adaptations of neuropsychological
and behavioral tests were the predominant publications by
Latin American authors. Argentina has contributed with several
interesting publications on social cognition and decision making.

Although there were only a few reports on FTD prevalence
in the region, the reported prevalence is relatively low compared
to North America and Europe. Nevertheless, future studies will
be needed to determine whether this is true or a reflection that
the disease is still underrecognized in Latin American counties.
Available data from surveys suggest that FLD is not recognized
by families and general physicians (35–38).

There are fewer studies published in Latin America related
to the language variants of FTLD in comparison to the
number of studies related to the bvFTD. Studies on PPA
have increased substantially during recent years and also
advanced from case reports to case series and, more recently,
to rehabilitation initiatives. However, more sensitive methods to
detect language variants are needed, especially as the classical
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testing methods used for English speakers cannot apply to
Spanish or Portuguese speakers.

Similarly, there is a relative lack of large studies describing
the overlap between FTD/MND in Latin America or exploring
the cognitive and behavioral manifestations in MND/ALS,
which may be related to the scarcity of adequate cognitive
screening methods suitable for Spanish- and Portuguese-
speaking populations with low education. Two instruments,
that provide adequate cognitive screening methods suitable
for Spanish and Portuguese-speaking populations with low
education, have been recently validated and are expected to
improve studies in this area.

Only a few neuropathological studies on FTLD have been
published, and all of them are from Brazil. The relatively low
number of neuropathology studies might be related to lack of
resources; brain donation protocols require the existence of brain
banks and trained personnel, which are scarce in the region.

Overall, most of the FTD studies are concentrated in a few
countries (Brazil, Argentina, Colombia, and Chile), with only
a few collaborative studies between Latin American countries
and between Latin American countries and more developed
centers in North America and Europe. Collaboration may
represent an alternative to achieve better results and more
robust studies in a region where research resources and funding
are scarce.

Genetics is another area where future studies will be required.
Much of the population of Latin American countries is a
mixture of native American, European, African, and some Asian
immigration. Therefore, it is expected to find similar mutations
to those already described in the literature. In addition, the
existence of novel mutations in the native American populations
and the effect of admixture in gene expression, disease onset, and
clinical heterogeneity should be further studied.

This systematic review also found several relevant conference
abstracts with large series of cases but, unfortunately, they did
not end up in peer-reviewed publications. This may be explained
by a lack of privileged time and grants to perform research
in Latin American countries, as well as difficulties in reaching
publications in a foreign language. Although there has been
improvement in the last few years, academic and governmental
institutions in Latin America should implement protected time
for their researchers aimed to facilitate research dissemination.
Public and private funds should be directed toward research
grants that will improve the research and consistency of reports
coming from Latin American researchers.

CONCLUSIONS

The analysis of the history of FTLD research in Latin America
shows that there are several gaps in knowledge that remain to
be explored and activities to be developed by the community.
Based on our findings, we believe research on epidemiology and
genetics of FTD in Latin America should be priorities. Several
studies show that general physicians, neurologists, psychiatrists,
and the lay public are unaware of these diseases. More
collaborative studies are needed, both between Latin American
countries and with developed centers in HIC, mainly on genetics
and biomarkers. The interchange of undergraduate, graduate,
and post-graduate students and academic professors between
research centers in Latin America with those in the developed
world has already started, and this is likely to change the history
of FTD in Latin America. The recent formation of the Latin
America network (RedLat) to study FTLD is tasked to increase
these collaborations.
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Background: The behavioral variant of frontotemporal dementia (bvFTD), characterized

by early behavioral abnormalities and late memory impairment, is a neurodegenerative

disorder with a detrimental impact on patients and their caregivers. bvFTD is often difficult

to distinguish from other neurodegenerative diseases, such as Alzheimer’s disease (AD),

using brief cognitive tests. Combining brief socio-cognitive and behavioral evaluations

with standard cognitive testing could better discriminate bvFTD from AD patients. We

sought to evaluate the diagnostic accuracy of brief socio-cognitive tests that may

differentiate bvFTD and AD patients with low educational levels.

Methods: A prospective study was performed on 51 individuals over the age

of 50 with low educational levels, with bvFTD or AD diagnosed using published

criteria, and who were receiving neurological care at a multidisciplinary neurology

clinic in Lima, Peru, between July 2017 and December 2020. All patients had a

comprehensive neurological evaluation, including a full neurocognitive battery and

brief tests of cognition (Addenbrooke’s Cognitive Examination version III, ACE-III),

social cognition (Mini-social Cognition and Emotional Assessment, Mini-SEA), and

behavioral assessments (Frontal Behavioral Inventory, FBI; Interpersonal Reactivity

Index—Emphatic Concern, IRI-EC; IRI—Perspective Taking, IRI-PT; and Self-Monitoring

Scale—revised version, r-SMS). Receiver operating characteristic (ROC) analysis to

calculate the area under the curve (AUC) was performed to compare the brief screening

tests individually and combined to the gold standard of bvFTD and AD diagnoses.
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Results: The AD group was significantly older than the bvFTD group (p < 0.001).

An analysis of the discriminatory ability of the ACE-III to distinguish between patients

with AD and bvFTD (AUC = 0.85) and the INECO Frontal Screening (IFS; AUC = 0.78)

shows that the former has greater discriminatory ability. Social and behavioral cognition

tasks were able to appropriately discriminate bvFTD from AD. The Mini-SEA had high

sensitivity and high moderate specificity (83%) for discriminating bvFTD from AD, which

increased when combined with the brief screening tests ACE-III and IFS. The FBI was

ideal with high sensitivity (83%), as well as the IRI-EC and IRI-PT that also were adequate

for distinguishing bvFTD from AD.

Conclusions: Our study supports the integration of socio-behavioral measures to the

standard global cognitive and social cognition measures utilized for screening for bvFTD

in a population with low levels of education.

Keywords: social cognition, behavioral scales, frontotemporal dementia, low education, screening

INTRODUCTION

The prevalence of frontotemporal dementia, a neurodegenerative

disease characterized by difficulties with memory often preceded
by significant behavioral changes, has been reported to range
from two in 100,000 to 31 in 100,000 (1). Although a rare
neurodegenerative disorder, it can have a detrimental impact on
patients and their caregivers given the significant associated early
behavioral abnormalities that can impede activities of daily living,
decrease the quality of life of the patient, and increase caregiver
burden (2, 3). Frontotemporal dementia is characterized by two
distinct syndromes presenting with differing clinical symptoms
and regional cerebral atrophy patterns on neuroimaging. The
first syndrome, characterized by prominent abnormal behavioral
symptoms, is called the behavioral variant of frontotemporal
dementia (bvFTD). The second, primary progressive aphasia,
is characterized by an abnormal language pattern but less
so by behavioral disturbances (4). Patients with bvFTD are
frequently misdiagnosed with a primary psychiatric disorder or
a neurological syndrome with a frontal lobe syndrome leading
to behavioral disturbances (5, 6). Given the extensive differential
diagnosis for bvFTD, its rarity, and its detrimental impact on
the quality of life, it is crucial to identify the disease early
on in its course to offer appropriate counseling, monitoring,
and prognostication to patients, families, and caregivers. More
sensitive and specific screening tools are needed to correctly
diagnose this disorder in the clinical setting and differentiate
it from other dementias, such as Alzheimer’s disease (AD) or
primary psychiatric disorders.

The presenting symptoms in the early stages of bvFTD
are behavioral and personality changes and executive function
difficulties, with memory impairment occurring in more
advanced stages of the disease (4). Apathy in bvFTD manifests
as poor motivation, lack of interest in previously enjoyable
activities, and progressive social isolation, which is often
misdiagnosed as depression (7). Disinhibition may coexist with
apathy that is oftenmistaken for mania or hypomania, obsessive–
compulsive disorder, or a personality disorder (8). Disinhibition

leads to impulsivity, manifesting as an inability to express
oneself in a socially acceptable manner, excessive spending,
inappropriate sexual acts, or socially embarrassing behaviors (i.e.,
childish behaviors, excessive and inappropriate familiarity with
strangers, and disobedience of socially appropriate rules) (9). In
some patients with bvFTD, the first symptoms are pathological
gambling (10) or hyper-religiosity (11, 12). In other patients,
the first symptoms may be stereotyped behaviors, including
repetitive motor routines or more complex obsessions (13).
Moreover, patients may have altered eating habits, such as
increased appetite, ingesting food between meals, or overeating
at meals that does not adhere to social norms (14, 15). These
behavioral and neuropsychological changes often precede the
development of region-specific brain atrophy on neuroimaging
(6), leading to a low suspicion of bvFTD and delaying its
diagnosis (16). Given these diagnostic challenges and the
prominence of executive function and behavioral abnormalities
in bvFTD, it is important to evaluate these neuropsychological
markers by screening for executive dysfunction, social cognition
disorders, and behavioral disturbances to distinguish bvFTD
from psychiatric disorders (6, 17).

To improve the diagnostic accuracy of bvFTD, the use
of brief psychological assessment tools evaluating social and
emotional cognition has been proposed, particularly when
cognitive screening tests that are routinely utilized in clinical
practice appear to be normal or mildly abnormal (18–20). Tools
such as the Social Cognition and Emotional Assessment (SEA)
and its abbreviated version, the Mini-SEA, have demonstrated an
ability to distinguish patients with bvFTD from controls (21–24)
and bvFTD from major depressive disorders (22). The addition
of other neuropsychological markers, such as social–emotional
tasks and social–behavioral questionnaires, would improve the
ability to distinguish between the early stages of bvFTD and early
AD (6, 18, 21, 25), as these early alterations of the fronto-limbic
circuitry are not observed in AD (26, 27).

Few research studies assessing bvFTD have been performed
in Latin America, and a low prevalence of the disease
throughout the region has been reported in one study (28).
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This low prevalence may be largely due to underreporting
of and unfamiliarity with bvFTD in the primary care setting
or among physicians lacking training in cognitive disorders
(29, 30). Of the few studies that considered bvFTD, one
study from Colombia found that behavioral disturbances were
most common in patients with bvFTD but were also common
in AD (31), emphasizing the need to tailor screening tests
specific to the Latin American context to distinguish between
these two entities. Various efforts have been made to combine
cognitive and behavioral assessments for the detection of bvFTD
with tests for social cognition and behavior, including global
cognitive assessments (various versions of the Addenbrooke’s
Cognitive Examination, ACE), executive function (INECO
Frontal Screening, IFS), and social cognition tests (32, 33).
However, to date, there are no studies utilizing neurobehavioral
scales that may help discriminate bvFTD from primary
psychiatric disorders in Latin America.

Moreover, it is crucial to confirm this in low educational
levels, as there are few reports of patients with bvFTD with
low educational levels. One study from China found that
educational levels were positively associated with a diagnosis
of FTD and that patients with FTD tend to be more highly
educated compared with patients with AD (34). For these
reasons, bvFTD patients with lower educational levels are often
not reported on. Therefore, we sought to compare the cognitive
and socio-behavioral performance among Peruvian patients with
a low educational level but who met the diagnostic criteria for
bvFTD compared with a group who met the criteria for typical
AD. We sought to evaluate the diagnostic accuracy of various
neuropsychological markers that may be used to differentiate
between the two neurodegenerative diseases, particularly in
settings with a high prevalence of patients with low educational
levels, such as in Peru.

METHODS

Participants
A prospective study was performed, including 51 individuals,
selected using convenience sampling, who presented for routine
and regular neurological care at the Cognitive Impairment
Diagnosis and Dementia Prevention Unit of the Instituto
Peruano de Neurociencias (IPN) in Lima, Peru, between July
2017 and December 2020 (Supplementary Figure 1). These
patients are followed regularly by their neurologist at the IPN,
and following the study evaluation detailed below, they were
classified into one of two study groups. Two groups of patients
with low educational levels were studied: 33 patients with a
diagnosis of typical AD and 18 with probable mild bvFTD
after a diagnostic consensus using the gold-standard diagnostic
criteria detailed below. The inclusion criteria were male or female
individuals over 50 years of age who met the diagnostic criteria
for dementia as per the DSM-V (35). The diagnosis of bvFTDwas
made by (1) a current revised diagnostic criteria from Rascovsky
et al. (4) and (2) a clinical follow-up visit at least 2 years after the
baseline visit confirming the initial diagnosis. The comparison
group consisted of patients with a diagnosis of typical AD
according to the published criteria from McKhann et al. (36).

All participants had low educational levels (as described below)
and mild to moderate cognitive impairment based on complete
neuropsychological testing.

The exclusion criteria included the following: individuals with
an inability to perform cognitive testing due to hearing or visual
impairment or another physical health condition that interfered
with performance, individuals whose primary language was
not Spanish; individuals with a prior diagnosis of depression,
individuals who had a stroke leading to cognitive deficit,
individuals who had active psychiatric disorders, individuals who
had a history of addiction or substance abuse, and individuals
with cognitive impairment that could be explained by another
cause, such as hypothyroidism, vitamin B12 deficiency, liver
disease, chronic kidney disease, neurological infections (HIV-
associated infections and syphilis), severe head trauma, and
subdural hematoma. We excluded patients with severe dementia
with complete dependence on a caregiver for activities of daily
living, impairing their ability to complete the brief cognitive,
and behavioral assessments. We also excluded individuals who,
in the seven nights prior to the clinical evaluation, were taking
the followingmedications: opioid analgesics, decongestants, anti-
spasmodics, anti-emetics, anti-cholinergics, anti-arrhythmics,
anti-depressants, anti-psychotics, anti-anxiety, or anti-epileptics.
If the patients were chronically taking any of the aforementioned
medications, cessation of the medication 7 days prior to the
cognitive evaluation was recommended if safe to do so.

In addition, the participants of low educational levels were
selected based on the following screening questions: First, the
subjects were asked, “Howmany years of school did you attend?”
Those who reported more than 6 years of formal education
were excluded. Those who reported never attending school or
completing <1 year of formal schooling were asked, “Are you
able to read and write?” Those who reported not being able to
read and/or write were excluded. Thus, our cohort was comprised
of patients who had between 3 and 6 years of formal education.

Ethical Considerations
All participants and their caregivers signed an informed consent
form in accordance with the ethical guidelines for research
with human subjects. The study protocol was approved by the
institutional research ethics committee of the Hospital Nacional
Docente Madre Niño San Bartolomé, CIEI 13184-17.

Clinical and Neuropsychological Evaluation
The individuals underwent the following successive evaluations
divided into three phases (screening, diagnosis of dementia,
and designation of dementia type). During the screening
phase, the individuals underwent a comprehensive clinical
assessment and brief cognitive tests, including the Mini Mental
State Examination (MMSE) (37), Clock Drawing Test—Mano’s
Version (PDR-M) (38, 39), and Pfeffer Functional Activities
Questionnaire (PFAQ) (40). The individuals who scored below
the threshold score for a diagnosis of dementia according to
our inclusion criteria underwent a second assessment in which
a second MMSE and PDR-M were administered by a different
evaluator. The cutoff score on the MMSE for suspected dementia
was adjusted according to the number of years of education
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of the patient: a score of 27 for individuals with more than 7
years of education (although no participants with more than 7
years of education were included in this study), 23 for those
with 4 to 7 years of education, 22 for those with 1 to 3 years
of education, and 18 for those who were illiterate. The PDR-M
assesses the individual’s ability to arrange the numbers 1 through
12 on a drawn circle as they would appear on a clock and then
assesses the direction and proportionality of the clock’s hands
as they attempt to draw the time 11:10. The maximum score is
10, and in Peruvian individuals a score lower than 7 indicates
cognitive impairment (38). The PFAQ includes 11 questions
about activities of daily living, with scores ranging from 0 to 3
according to disability severity in each activity. The maximum
score is 33, and a score >6 indicates functional dysfunction (40).

The individuals who were confirmed to have a “cognitive
impairment” during the second round of testing then underwent
blood tests (hemoglobin levels, glucose, urea, creatinine, liver
function tests—AST and ALT, serum albumin, and globulin
levels), vitamin B12 and folic acid levels, VDRL (to rule out
syphilis), HIV ELISA, thyroid profile (T3, T4, and TSH), and
serum electrolyte levels (sodium, potassium, and chlorine).
These participants also underwent a brain MRI and depression
screening using the Beck Depression Inventory-II to rule out
pseudo-dementia and the Clinical Dementia Rating Scale (CDR).
The sum of boxes on the CDR was applied to stage disease
severity (41). In this second phase, a complete cognitive battery
was administered by neuropsychologists (JC and CG) blinded
to the clinical diagnosis of the patients. In the IPN, all patients
were routinely administered this complete neuropsychological
battery once yearly; thus, the results from the baseline and 2-
year follow-up visit were used to determine the final dementia
diagnosis. The battery consisted of the following tests: Rey
Auditory Verbal Learning Test, Logical Memory Subtest of the
revisedWeschler Memory Scale, Trail Making Tests A and B, Rey
Complex Figure, Boston Naming Test, Wisconsin Card Sorting
Test, Letter-Number (subtest of the Weschler Adult Intelligent
Scale III), Digit Span, Strub-Black Picture Copying, and the
WAIS-III Cubes Test, as has previously been described (42). This
battery also included an executive and social cognition battery
consisting of five tests: Hotel Task, Multiple Errands Test—
hospital version, Iowa gambling task, The Mind in the Eyes Test,
and the Faux Pas Test.

In the last phase, the dementia type (AD or bvFTD) was
determined by utilizing results from blood tests, neuroimaging,
and complete neuropsychological testing by a consensus between
neurologists (NC and MP-C), neuropsychologists (JC and CG), a
neurorehabilitation specialist (RM), and a team psychiatrist (LC).

Brief Cognitive, Social Cognition, and
Behavioral Assessment Tests
These patients selected from these screening phases then went
on to have the brief cognitive (ACE-III), social cognition
(Mini-SEA), and behavioral assessments (FBI, IRI, and r-
SMS) described below. The battery included measurements of
global cognition (ACE-version III), executive function (IFS),
social cognition (Mini-SEA), and behavioral symptoms (FBI:

Frontal Behavioral Inventory; IRI-EC: Interpersonal Reactivity
Index—Emphatic Concern; IRI-PT: Interpersonal Reactivity
Index—Perspective Taking; r-SMS: Self-Monitoring Scale—
revised version). The Mind in the Eyes Test and the Faux
Pas Test were briefer versions of the original complete
versions administered previously as part of the complete
neuropsychological battery in the second screening phase. The
brief social cognition and behavioral assessments tests were
performed by evaluators different from those who administered
the complete neuropsychological battery (VR-F—a medical
epidemiologist and LM—a neuropsychologist) who were blinded
to the results of the complete neuropsychological assessment. All
scores used for analysis were from the baseline study visit.

Addenbrooke’s Cognitive Examination, Version III
The Spanish version of the Addenbrooke’s Cognitive
Examination version III (ACE-III), adapted by a committee
of expert investigators from Chile and Argentina, was used for
this study (43). The test is comprised of five subscales (attention,
memory, language, verbal fluency, and visuospatial skills) with a
maximum score of 100. For each of the subscales, the following
changes were made: the orientation and attention subscales were
unified into one scale, and within them the question asking for
the spelling of the word “WORLD” backwards was eliminated,
leaving only the subtraction series of numbers. For the language
subscale, the sentence “close your eyes” was removed, and the
sentence writing task was changed to writing two sentences on
a common theme. The complex commands were replaced by a
three-step command with an increase in syntactic complexity;
the two sentences previously used for the repetition test were
modified; and in the naming test, the first two objects “watch
and pencil” were replaced by two other familiar objects (spoon
and book). In the visuospatial skills domain, the pentagons were
replaced by intersecting infinity loops. The memory and verbal
fluency domains were not modified.

INECO Frontal Screening
We used the Spanish version of the IFS validated for a Peruvian
population (44). The IFS provides a detailed assessment of
various executive functions (eight subtests), for a maximum of
30 points total (motor programming= 3, conflicting instructions
= 3, motor inhibitory control = 3; reverse-order digit span
= 6, verbal working memory = 2, spatial working memory =

4, abstraction = 3, and verbal inhibitory control = 6) where
lower scores indicate a worse cognitive performance. The IFS
begins by evaluating the motor series, asking the individual to
consecutively perform the Luria series (fist, edge, and palm).
Next, conflicting instructions and inhibitory motor control are
evaluated by performing a series of instructions. Then, backwards
digit repetition is evaluated, and verbal working memory is
assessed by naming the months of the year backwards starting
with the last month. For visual or spatial working memory, the
individual is asked to point out the series of cubes drawn in
reverse order of the one drawn by the evaluator. To evaluate
abstraction, the individual is asked to interpret the meaning of
three phases. Finally, to test for verbal inhibitory control, the
individual is asked to complete an incomplete sentence with one
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word as quickly as possible (the initiation phase), while in the
second phase (the inhibition phase), the individual is asked to
complete the sentence with a word that does not make any sense
in the context of the sentence.

Mini-Social Cognition and Emotional Assessment
We used the Spanish version of the Mini-social Cognition and
Emotional Assessment (Mini-SEA) (22) adapted by Henriquez
and collaborators for the Manual of Best Practices for the
Diagnosis of Dementia (45). It is comprised of two subtests, the
faux pas and the facial emotion recognition test. The faux pas
assesses the theory of mind and consists of different “social”
scenes that test the ability of a patient to detect social faux pas
as well as explain why and how a faux pas occurred in each scene.
Ten social scenes (plus one example scene) are presented in this
subtest. The patient reads each story by himself/herself before the
clinician asks a few questions about the story. The patient can
read the story aloud, if preferred, and can re-read it at any time,
including after each question. The facial emotion recognition test
requires the patient to identify emotions from various faces. The
patient is shown 35 male and female Caucasian faces and can
choose from seven emotions for each face: happiness, surprise,
neutral, sadness, fear, disgust, and anger.

Frontal Behavioral Inventory
The FBI is an informant-based behavioral questionnaire
developed to identify bvFTD (46) and comprised of two
subscales, one for negative symptoms (e.g., apathy, indifference,
or loss of insight) and another for positive symptoms
(inappropriate social behavior, aggression, or hyper-orality), with
scores ranging from 0 to 72, where high scores indicate severe
behavioral disturbances. The Spanish version of the FBI was used
in this study (47).

The Interpersonal Reactivity Index
The IRI is comprised of four independent measures of seven
items each: (a) “fantasy” which denotes a tendency of the subjects
to identify with fictional characters such as book and movie
characters (e.g., “after watching a play or movie, I feel as if I
were one of the main characters”), (b) “perspective taking” which
contains items that reflect the tendency or ability of the subjects
to adopt the perspective or point of view of other people (e.g.,
“Sometimes I try to understand my friends better by imagining
how they see things from their perspective”), (c) “empathic
concern” which contains items that assessed the tendency of
the subjects to experience feelings of compassion and concern
toward others (e.g., “I often have feelings of compassion and
concern toward people less fortunate than myself ”), and (d)
“personal distress” which includes items that indicated that the
subjects experienced feelings of discomfort and anxiety when
witnessing the negative experiences of others (e.g., “I sometimes
feel helpless when I am in the middle of a very emotional
situation”). Caregivers were interviewed to answer each of the 28
items that reflect on the behavior of the patient on a scale from 1
(does not describe the behavior of the patient) to 5 (describes the
behavior of the patient very well) (48). The Spanish version of the
IRI was used for this study (48).

Self-Monitoring Scale—Revised Version
The r-SMS is a questionnaire designed to assess the degree to
which the subjects attend to the social-emotional cues of other
individuals and allow these cues to influence their own behavior.
This assesses the ability of the patients to adapt their behavior
to a particular social context. It consists of subscales designed
to measure the cognitive elements of empathy: the expressive
behavior subscale which measures the sensitivity of the subjects
to express the behavior of others and the self-presentation
subscale which measures the tendency of the subjects to monitor
their self-presentation. An informant (close relative) is asked to
rate how well each of the 13 statements in the questionnaire
describes the ability of the patient to modulate his or her behavior
in various social situations on a six-point Likert scale (1 =

certainly—always false to 6 = certainly—always true) (49). The
validated Spanish version of the r-SMS was used (50).

Statistical Analyses
We compared the results between patients with AD and
those with bvFTD. We used descriptive statistics (means with
standard deviations and proportions with absolute frequencies)
to summarize numerical and categorical variables, respectively.
We used Student’s t-test and chi-square test, as appropriate,
to assess the significance of differences between groups. We
performed receiver operating characteristic (ROC) analysis to
calculate the area under the curve (AUC) using the diagnosis
of the patient as the gold standard to compare the brief
screening tests of interest (ACE-III, Mini-SEA, IFS, FBI, IRI-
EC, IRI-PT, and r-SMS) individually. In addition, we compared
various combinations of these tests. We calculated the sensitivity,
specificity, and percentage of correctly classified diagnoses for
each cutoff point of the individual tests being compared. The
analyses were performed with the statistical package STATA,
version 16, with a significance level of 5%.

RESULTS

Baseline Demographic and Cognitive
Characteristics of the Study Groups
Fifty-one patients that met the inclusion criteria were included
in this study. The AD group was significantly older than the
bvFTD group (p < 0.001), but years of education (p = 0.4101),
female sex (p = 0.394), and disease duration (p = 0.2407) were
similar between groups.We also observed greater disease severity
in patients with bvFTD measured by the CDR sum of boxes
scale; however, the difference in disease severity between the two
groups was not statistically significant (P = 0.8461; Table 1).

All scores reported are from the baseline visit. The
bvFTD group performed significantly worse in global cognitive
assessment scores compared with the AD group in both the ACE-
III total score (p < 0.001) and the IFS (p < 0.001; Table 1).
However, an analysis of the discriminatory ability of the ACE-
III to distinguish between patients with AD and those with
bvFTD (area under the ROC curve = 0.85) and the IFS (area
under the ROC curve = 0.78) shows that the former has greater
discriminatory ability to distinguish patients with bvFTD from
those with AD (Table 2). For the ACE-III total score, a cutoff
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score of 70 had a sensitivity of 67% and a specificity of 94%. For
the IFS, a cutoff score of 19 demonstrated a sensitivity of 76% and
a specificity of 67%, but when the ACE-III was combined with
the IFS, there was a slight increase in its discriminatory capacity
(Figure 1; Table 2).

Other Neuropsychological Markers
The social and behavioral cognition tasks were able to
appropriately discriminate bvFTD from AD. The bvFTD group

TABLE 1 | Baseline demographic and clinical data of patients with Alzheimer’s

disease or behavioral variant of frontotemporal dementia (Instituto Peruano de

Neurociencias, Lima; 2017–2020).

AD

(n = 33)

bvFTD

(n = 18)

P-value

(AD vs. bvFTD)

Female, (%) 21 (63.64) 10 (55.56) 0.394

Age in years, mean (SD) 72.21 (3.48) 64.28 (5.44) <0.001

Education in years, mean (SD) 4.79 (0.99) 4.72 (0.96) 0.4101

Disease duration in months,

mean (SD)

38.21 (8.77) 36.56 (7.92) 0.2407

CDR sum of boxes score, mean

(SD)

3.88 (1.65) 4.39 (1.76) 0.8461

ACE-III score, mean (SD) 70.33 (4.53) 62.61 (5.87) <0.001

IFS score, mean (SD) 20.12 (2.09) 17.17 (3.43) 0.0014*

Mini-SEA score, mean (SD) 21.55 (1.33) 16.06 (2.51) <0.001

FBI score, mean (SD) 9.88 (3.71) 24.83 (5.09) <0.001

IRI-EC score, mean (SD) 24.56 (2.53) 20.5 (2.28) <0.001

IRI-PT score, mean (SD) 18.33 (2.39) 13.11 (1.91) <0.001

r-SMS score, mean (SD) 39.42 (3.60) 30.72 (3.71) <0.001

AD, Alzheimer’s disease; bvFTD, behavioral variant of frontotemporal dementia; SD,

standard deviation; CDR, Clinical Dementia Rating scale; FTD, frontotemporal; ACE-

III, Addenbrooke’s Cognitive Examination—version III; IFS, INECO Frontal Screening;

Mini-SEA, Mini-social Cognition and Emotional Assessment; FBI, Frontal Behavioral

Inventory; IRI, Interpersonal Reactivity Index; IRI-EC, Empathic Concern Subscale of

IRI questionnaire; IRI-PT, Perspective Taking subscale of the IRI questionnaire; r-SMS,

revised-Self Monitoring Scale.

*p-value < 0.05.

performed significantly worse (p < 0.001) on the Mini-
SEA compared with the AD group (Table 1). The sensitivity
of the Mini-SEA for discriminating between bvFTD and
AD was ideal with high moderate specificity (83%), which
increased when combined with the brief screening tests ACE-
III and IFS (Figure 2, Table 2). As expected, behavioral changes
characterized patients with bvFTD to a greater degree than those
with AD. The bvFTD group performed significantly worse on
the FBI (higher mean scores) compared with the AD group
(p < 0.001; Table 1). The specificity of the FBI was ideal with
high sensitivity (83%) and reflected the severe social cognition
impairment of the patient as judged by their caregivers (Table 2).
The bvFTD group had significantly lower scores, representing
worse performance, in both the IRI-EC and IRI-PT (p < 0.001
for both tests; Table 1). The sensitivity of the IRI-EC was
high with moderate specificity and with ideal AUC, and the
IRI-PT also demonstrated high sensitivity and specificity for
distinguishing bvFTD from AD (Table 2, Figure 3). The r-SMS
had an ideal AUC and sensitivity with moderate specificity
(Figure 4), demonstrating its less ability to adapt behaviorally to
a given social situation.

DISCUSSION

In our study, we evaluated the combined utility of social
cognition and social–behavioral tools in diagnosing bvFTD
among a sample of patients living in an urban setting with low
educational levels from a developing country. Although both
groups had statistically similar disease severity (based on the
CDR sum of boxes), the bvFTD group performed worse on
global cognitive assessment (ACE-III) and executive function
assessment (IFS) compared with the AD group. As expected,
the bvFTD group had more significant impairment in behavioral
scales (FBI, IRI-EC, and IRI-PT), all with high sensitivity
in differentiating bvFTD from AD. We also found that the
sensitivity for detection of bvFTD was greatest when combining
the Mini-SEA, ACE-III, and IFS in a population of Peruvian

TABLE 2 | Baseline cutoff scores and diagnostic performance for the global cognition, social cognition, and behavioral tests to discriminate patients with Alzheimer’s

disease and behavioral variant frontotemporal dementia (Instituto Peruano de Neurociencias, Lima, Peru; 2017–2020).

Cutoff score AUC Sensitivity, % Specificity, % Correctly classified, % LR+ LR–

ACE-III 70 0.85 66.67 94.44 76.47 12.00 0.3529

IFS 19 0.78 75.76 66.67 72.55 2.27 0.3636

Mini-SEA 19 0.96 100 83.33 94.12 6.00 <0.001

ACE-III + IFS 0.91 77.78 90.91 86.27

ACE-III + IFS + Mini-SEA 0.96 88.89 100 96.08

FBI 19 0.5 83.33 100 94.12 0.1667

IRI-EC 22 0.89 87.88 66.67 80.39 2.64 0.1818

IRI-PT 16 0.97 93.94 88.89 92.16 8.45 0.0682

r-SMS 32 0.95 100 72.22 90.20 3.60 <0.001

AUC, area under curve; LR+, positive likelihood ratio; LR-, negative likelihood ratio; ACE-III, Addenbrooke’s Cognitive Examination-version III; IFS, INECO Frontal Screening; Mini-SEA,

Mini Social Cognition and Emotional Assessment; FBI, Frontal Behavioral Inventory; IRI, Interpersonal Reactivity Index; IRI-EC, Empathic Concern subscale of IRI questionnaire; IRI-PT,

Perspective Taking subscale of IRI questionnaire; r-SMS, revised-Self Monitoring Scale.
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FIGURE 1 | Receiver operating characteristic curve for the Addenbrooke’s Cognitive Examination plus the INECO frontal screening in 51 patients to discriminate

between behavioral variant frontotemporal dementia and Alzheimer’s disease (Instituto Peruano de Neurociencias, Lima, Peru; 2017–2020).

FIGURE 2 | Receiver operating characteristic curve for the Addenbrooke’s Cognitive Examination plus the INECO frontal screening plus Mini-social Cognition and

Emotional Assessment in 51 patients to discriminate between behavioral variant frontotemporal dementia and Alzheimer’s disease (Instituto Peruano de

Neurociencias, Lima, Peru; 2017–2020).

patients with<6 years of formal education and would also be less
time-consumptive (about 50min) to administer compared with a
complete neuropsychological battery.

The recent guidelines for the diagnosis of bvFTD include
the administration of at least one social cognition or social–
behavioral task embedded within a standard neuropsychological
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FIGURE 3 | Receiver operating characteristic curve for Interpersonal Reactivity Index, Perspective Taking subscale in 51 patients to discriminate between behavioral

variant frontotemporal dementia and Alzheimer’s disease (Instituto Peruano de Neurociencias, Lima, Peru; 2017–2020).

FIGURE 4 | Receiver operating characteristic curve for revised-Self Monitoring Scale in 51 patients to discriminate between behavioral variant frontotemporal

dementia and Alzheimer’s disease (Instituto Peruano de Neurociencias, Lima, Peru; 2017–2020).

battery. Other recommendations include using validated visual
atrophy rating scales and volumetric analyses of brain regions on
MRI, 18F-fluorodeoxyglucose PET, neurofilament light chain in
serum or cerebrospinal fluid (CSF), and screening for C9orf72

mutation in patients with prevalent psychiatric symptoms (6).
However, these guidelines are not standards of care in most
clinical settings worldwide and are reserved for research purposes
or for cases in which the clinical diagnosis is unclear based
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on clinical presentation or neuropsychological testing (51).
Despite the importance of these diagnostic modalities, there are
significant logistical challenges in their practical application for
the diagnosis of bvFTD across Latin America and throughout
many low- and middle-income countries (LMIC) that have
limited access to these resources. Therefore, it is crucial to adapt
and validate brief social cognition and behavioral tests that are
easily applicable in the clinical setting and may decrease the
frequency of false negatives in diagnosing bvFTD, particularly
among those with lower educational levels.

In our study, the ACE-III, a test of global cognitive function,
demonstrated better specificity than the IFS in discriminating
patients with bvFTD from AD in low educational levels.
However, in our study, the cutoff score with the best specificity
was 70, well-below a score of 88 previously found to discriminate
patients with degenerative dementias (including FTD) from
those with depressive disorders (52) (to date, there are no
studies in the literature that have identified the ideal cutoff score
for distinguishing between AD and bvFTD). This lower ideal
cutoff may be explained by the mean low educational level of
our population, with most participants not having completed
up to only primary school. Similar effects on the ideal cutoff
of the ACE-III for differentiating between AD and cognitively
healthy controls have been previously described among a sample
of patients from Argentina with low educational levels (53).
Alternatively, the IFS, an executive function-specific cognitive
screening tool, provides valuable information on the early
deterioration of executive function abilities in degenerative and
psychiatric conditions (54). Patients with bvFTD perform worse
in several sub-items of the IFS compared with patients withmajor
depressive disorder and bipolar disorder (54). Additionally,
educational levels are known to influence the IFS results (55, 56),
making it an ideal tool in LMIC given the high prevalence of
individuals with low educational levels. TheMini-SEA developed
by Bertoux et al. has adequate sensitivity in the detection of
ventromedial prefrontal dysfunction in patients with bvFTD (23)
compared with the classical executive function tasks (57). These
changes usually precede the onset of the dysexecutive syndrome
that develops later in bvFTD (difficulty with planning, abstract
thinking, and behavioral control) (58). Our study suggests that
patients with bvFTD consistently perform poorly on these social
cognition tools, supporting the ability of these tools to distinguish
bvFTD from AD. Although the specificity of the Mini-SEA
increased when combined with the ACE-III and the IFS, given
the administration time of all three combined tests and the
time constraints of physicians in developing countries, the most
practical approach may be a combination of the IFS and the
Mini-SEA as the first screening tools for the detection of bvFTD.

Social cognition includes several domains affected in bvFTD,
including emotion recognition (cognitive and affective), theory
of mind, empathy, and moral judgment (59). Theory of mind
tasks, such as Reading the Mind in the Eyes test (included
within the Mini-SEA) (57), are useful for the detection of
FTD, particularly for longitudinal assessments of FTD (60), and
related neurodegenerative disorders, such as amyotrophic lateral
sclerosis (ALS) (61). Importantly, our findings support the utility
of the Mini-SEA tasks in the neuropsychological evaluation of

patients with suspected bvFTD for a more precise and early
diagnosis. However, social cognition tasks can be altered in
other FTD disorders, such as in the semantic variant of primary
progressive aphasia or cortico-basal degeneration (62, 63), in
AD (64), and in bipolar disorders, posing a problem to their
application (65). Therefore, the sensitivity of social cognition
screening tools, such as the FBI, IRI, and r-SMS, is important
to explore in various populations, including those with low
educational levels, as they may serve as an early diagnostic
screening tool for bvFTD in assessing socio-behavioral changes
by evaluating responses to real-life situations (20, 59, 66).

As expected, patients with bvFTD more often presented
with severe behavioral disturbances, with at least 50% of our
study group with bvFTD meeting the cutoff point for frontal
behavioral syndrome on the FBI. Although the FBI is considered
an efficient and accurate scale for early diagnosis of bvFTD (67),
the proposed cutoff point of 19 was ineffective for the detection
of bvFTD in our study (AUC 0.5 in our study); a finding similar
to that was found in a study in Italy (46), in which a cutoff
point of 23 was suggested for bvFTD detection (6, 67, 68).
Moreover, the total score on the FBI does not distinguish between
bvFTD and primary psychiatric disorders; however, specific FBI
sub-items that support this distinction include aphasia and
verbal apraxia, emotional indifference/flattery, foreign hand,
and inappropriate social behavior (inappropriateness), whereas
irritability has been found to be indicative of a primary
psychiatric disorder (68). In our sample of patients with bvFTD,
the IRI was able to measure empathy deficit, consistent with the
findings previously published by Eslinger et al. (26). Analyzing
regional brain atrophy patterns (62), functional connectivity
(69) and pathological studies may demonstrate the relationship
between loss of emotional empathy (measured by the IRI-EC)
and alteration of specific neuronal networks among patients with
bvFTD and ALS (70). In our study, the IRI-PT subscale achieved
better discriminative ability than the IRI-EC, which is likely
because patients with bvFTD have impaired self-monitoring
skills (66, 71, 72). Our study demonstrated that the r-SMS has
good discriminative ability to detect socio-emotional symptoms
even at mild stages and proves to be optimal for screening as early
r-SMS changes are sensitive to disease progression (73).

Cognitive dysfunction and socio-behavioral changes typical
of bvFTD reflect the extent of neuronal damage and regional
cerebral atrophy of the ventro-medial and dorso-lateral pre-
frontal cortex, areas responsible for socio-behavioral conduct
(74). This is also seen in brain networks responsible for social
cognition, including a network involving the anterior insula,
anterior cingulate, lateral orbitofrontal, amygdala, thalamus,
and peri-aqueductal gray (66, 70) and the semantic appraisal
(limbic) system (75, 76). The results of our analysis suggest
that a combination of cognitive (global cognition and social
cognition total scores) and behavioral (frontal and social–
emotional behavioral change total scores) measures is the
best neuropsychological marker for screening for bvFTD and
may be used as an adjunct to the clinical and standard
neuropsychological batteries for the diagnosis of bvFTD.
Importantly, the detection of social–behavioral changes are
crucial for the early and timely identification of bvFTD, given
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the high sensitivity of these symptoms in the diagnosis of
bvFTD; however, they may be insufficient to differentiate this
syndrome from other neurodegenerative conditions because of
their low to moderate specificity (17, 25). Individually, none of
the global cognitive tests alone are sufficient to provide data for
the diagnosis of bvFTD (17, 19). However, the ACE-III seems to
have high discriminatory capacity to distinguish between bvFTD
and AD (52, 77), but given its long administration time and the
use of pencil and paper, it poses challenges to implementation
within the primary care setting (78), particularly among low-
education and low-literacy populations. Therefore, briefer tests
in combination that increase the sensitivity for the detection of
bvFTD are needed. Our findings suggest that a test for executive
function (IFS) combined with a social cognition test (Mini-
SEA) and a social-emotional test (r-SMS) could improve the
diagnostic and discriminative capacity of patients with cognitive
impairment in situations where memory is not the predominant
feature at symptom onset, as is often seen in bvFTD.

Our study has some limitations that are worth noting. First,
the gold standard for the diagnosis of AD and bvFTD was
based on clinical history, MRI brain imaging, and complete
neuropsychological testing, without access to pathological,
genetic, or CSF studies (recommended for the diagnosis of
bvFTD) (6), which could limit the implications of our findings.
However, we utilized the most sensitive brief cognitive and
specialized neuropsychological tests that have been previously
validated in our population at our clinic, MRI brain findings, and
re-assessed the patients at 2-year follow-up to ensure that the
diagnosis of bvFTD was accurate (44, 78, 79). These diagnostic
criteria have been utilized in other studies of patients with
bvFTD (80, 81). Additionally, no bvFTD cases had temporo-
parietal damage associated with frontal atrophy onMRI, a typical
pattern of frontal variant AD (82), further supporting the correct
classification of patients. In addition, we ensured the appropriate
diagnosis of bvFTD by including a clinical evaluation 2 years
after the baseline visit, as the diagnosis is often made over time
(6, 74). We also could not determine if there were age-related
effects on the brief tests administered, which may be a limitation.
A second limitation of the study worth noting is the lack of
validation of the behavioral and socio-emotional assessment
tools applied in this study within Peru and within our specific
population of persons with low educational levels living in an
urban environment. However, we applied the Spanish versions of
these tools that have been previously validated in Latin American
countries with a similar sociocultural context as that of Peru
(47, 48, 50). Third, our small sample size is a limitation worth
noting, limiting the generalizability of our results to populations
different from that of our study. However, there is an overall low
prevalence of FTD, and FTD is particularly difficult to diagnose in
resource-limited settings without access to MRI due to financial
constraints. Despite these challenges, to our knowledge, this is
the first study in the literature to analyze socio-emotional and
behavioral screening tools to distinguish AD from bvFTD in a
population of persons with low education. Next, we excluded
persons living in rural areas and persons with a native language
other than Spanish; thus, our results cannot be extrapolated to
these vulnerable populations. Lastly, this was not a prospective

validation study, limiting the applicability of our results into
clinical practice.

In conclusion, our study supports the integration of socio-
behavioral measures to the standard global cognitive and social
cognition measures utilized for screening for bvFTD in a
population with low levels of education. This is particularly
useful in primary care settings, given their easy applicability
and shorter administration time. Our findings suggest that
a combination of tests—the Mini-SEA, r-SMS, and IFS—
could improve the diagnostic and discriminative capacity of
patients with cognitive impairment and behavioral symptoms.
This combination of tests may increase the detection of cases
in the Latin American region where a “low prevalence” of
bvFTD was previously suspected, largely due to underreporting
or misclassification of the condition (28). However, a larger
prospective validation study of these tools in our population
is warranted for further confirmation of our findings. Using
these screening tests may help reduce the need for neuroimaging
(MRI or PET), particularly in LMIC with less access to these
modalities, may help reduce healthcare costs, may increase the
early identification of this condition, and may increase awareness
in the medical community of bvFTD.
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Introduction: Neuropsychiatric symptoms in patients with frontotemporal dementia

(FTD) are highly prevalent and may complicate clinical managements.

Objective: To test whether the Neuropsychiatry Inventory (NPI) could detect change

in neuropsychiatric symptoms and caregiver’s distress in patients diagnosed with

behavioral variant frontotemporal dementia (bvFTD) and Alzheimer’s disease (AD) from

baseline to a 12-month follow-up and to investigate possible predictors of change in

NPI scores.

Methods: The sample consisted of 31 patients diagnosed with bvFTD and 28 patients

with AD and their caregivers. TheMini-Mental State Examination (MMSE), Addenbrooke’s

Cognitive Examination Revised (ACE-R), the INECO Frontal Screening (IFS), the Frontal

Assessment Battery (FAB), the Executive Interview (EXIT-25) and the NPI were applied.

Descriptive statistics, Mann-Whitney U test,Wilcoxon test, Chi square (χ2) test and Linear

Regression Analysis were used.

Results: NPI total and caregiver distress scores were statistically higher among bvFTD

patients at both assessment points. MMSE, ACE-R scores significantly declined and NPI

Total and Distress scores significantly increased in both groups. In the bvFTD group, age

was the only independent predictor variable for the NPI total score at follow up. In the

AD group, ACE-R and EXIT-25, conjunctively, were associated with the NPI total score

at follow up.

Conclusions: In 12 months, cognition declined and neuropsychiatric symptoms

increased in bvFTD and AD groups. In the AD group only, cognitive impairment was

a significant predictor of change in neuropsychiatric symptoms.

Keywords: neuropsychiatric symptoms, behavioral dementia frontotemporal (bvFTD), Alzheimer’s disease (AD),

elderly, aging
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INTRODUCTION

Behavioral variant frontotemporal dementia (bvFTD) is a
neurodegenerative syndrome which is usually diagnosed in
midlife (mean age at onset around 58 years). Prevalence peaks in
the early sixties, at about 13 cases per 100,000 individuals. Among
the frontotemporal dementias, bvFTD is the most common one
as it represents 50% of the cases (1).

The diagnosis of bvFTD is a challenging one, mainly in the
initial stage of the disease, when its clinical expression is limited
to personality and behavioral changes (2). Close inspection of
behavioral changes could support accurate differential diagnosis
from psychiatric diseases and other dementias (3).

In bvFTD, identifying neuropsychiatric symptoms and
following them up over time is relevant for treatment and disease
management, as they may relate to the progressive decline in
social and emotional functions. The frequency and intensity of
such symptoms may alsohelp to distinguish bvFTD from other
disorders. For instance, during bvFTD course, apathy can be the
most frequent and intense symptom (2, 4).

In a previous study from our group (5), the most frequently
reported symptoms among bvFTD patients were apathy (present
in 85% of this patient group), irritability (65%), disinhibition
(60%) and agitation/aggression (55%). Among patients with
AD, depression (67%) and anxiety (63%) were most frequently
reported. Those findings were in line with those from Riedijk
et al. (6) and de Vugt et al. (7).

In a comparison between patients with bvFTD and
Alzheimer’s disease (AD), Kumfor et al. (8) reported that
60% of AD patients and 84% of bvFTD patients had apathy,
and it was more severe and frequent in bvFTD patients. Besides,
bvFTD patients presented higher affective and cognitive apathy,
while AD patients presented only higher cognitive apathy.
Findings on affective apathy were related to changes in the
ventral prefrontal cortex areas, behavioral apathy was related to
the basal ganglia and cognitive apathy was related to changes
in the dorsomedial prefrontal cortex. In addition, the authors
pointed out that care burden is an expected outcome of affective
and behavioral apathy in bvFTD patients (8).

Clinical studies with follow-up data regarding
neuropsychiatric symptoms in bvFTD and possible predictors
of change are lacking (9). Therefore, we investigated whether
there was significant change in neuropsychiatric symptoms
and caregivers’ distress in patients with bvFTD and AD, from
baseline to the 12-month follow-up. We also investigated if there
were associations between sociodemographic variables, cognitive
performance and neuropsychiatric symptoms at both assessment
points. This study is particularly important to describe clinical
symptoms along the disease course in bvFTD and AD aiming to
support treatment and disease management.

METHODS

Materials
Demographic Information
Questions about age, sex, and years of education were answered
by the caregivers.

Cognitive Assessment
University-based neurology outpatient services databases were
queried, and patients and their family caregivers were recruited
for the study. Specialized dementia centers across three Brazilian
universities were involved: the Cognitive and Behavioral
Neurology Group (GNCC-SP) and the Program for the Elderly
(PROTER) at the University of São Paulo; the Cognitive
and Behavioral Neurology Group (GNCC-MG) at the Federal
University of Minas Gerais and the Department of Neurology at
the State University of Campinas (UNICAMP).

Participants
A total of 59 individuals, comprising 28 diagnosed with AD
and 31 with bvFTD, were included in the study. Patients with
bvFTD and with AD were matched for disease severity
on the Clinical Dementia Rating scale–frontotemporal
lobar degeneration [CDR-FTLD, (10, 11)], with scores
from 0 to 3.

The diagnosis of bvFTD and AD was performed by
neurologists, geriatricians and psychiatrists, based on clinical,
neurological history, neuropsychological assessments and
screening for reversible causes of dementia along with laboratory
and neuroimaging exams: functional Magnetic Resonance
Imaging (fMRI) and Fluorodeoxyglucose PET (FDG-PET
patterns). Dementia was diagnosed based on the criteria from
the Diagnostic and Statistical Manual 5th Edition [DSM-V,
(12)]. International diagnostic criteria were employed for
diagnosing probable bvFTD (13). The National Institute on
Aging - Alzheimer’s Association (NIA/AA) criteria were used for
AD diagnosis McKhann et al., (14).

Inclusion criteria for patients were age ≥ 40 years, education
> 2 years and the presence of an informant who was involved
in the daily routine of the patient (formal or informal carer;
usually spendingmore than 8 h/day with the patient). Individuals
presenting with visual, auditory or motor deficits preventing
them from understanding instructions or performing cognitive
tasks, individuals with other uncontrolled clinical diseases
(such as hypertension and diabetes), serious and debilitating
psychiatric disorders such as major depression, schizophrenia,
bipolar disorder, clinical evidence or neuroimaging exam
findings suggestive of vascular problems, dementias or etiologies
other than bvFTD or AD, were excluded.

General cognition was assessed with the MMSE (0–30
points) [Folstein, (15)], (16) and the Addenbrooke’s Cognitive
Examination-Revised (ACE-R) [Mioshi et al., (17)], (18) (0–
100 points).

Executive functions were assessed with the INECO Frontal
Screening (IFS) (0–30 points), the Frontal Assessment
Battery (FAB) (0–18 points) and the Executive Interview
(EXIT-25) (0–50 points). The IFS items assess: response
inhibition and set shifting [motor programming, conflicting
instructions, go-no go test, verbal inhibitory control (Modified
Hayling test)], abstraction (proverb interpretation) and,
working memory (backward digit span, verbal working
memory and spatial working memory). The IFS generates
a separate score for working memory which varies from
0 to 9 (19, 20). The FAB is comprised of six subtests
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which assess conceptualization, mental flexibility, motor
programming, sensitivity to interference, inhibitory
control, and environmental mastery (21, 22). The EXIT-
25 assesses verbal fluency, design fluency, anomalous
sentence repetition, sensitivity to interference, among others
(23, 24).

Neuropsychiatric Symptoms
The NPI assesses neuropsychiatric symptoms commonly
found in dementia. It evaluates 12 domains (delusion,
hallucinations, dysphoria, anxiety, agitation/aggression,
euphoria, disinhibition, irritability/emotional lability, apathy,
aberrant motor activity, night-time behavioral disturbances
and appetite and eating abnormalities); thus yielding a
composite symptom domain score (total score) (frequency
× severity) ranging from 0 (absence of behavioral symptoms)
to 144 points (maximum severity of behavioral symptoms)
(25). The scale for assessing caregiver distress has scores
ranging from 0 to 5 points (0 = no distress; 1 = minimal
distress; 2 = mild distress; 3 = moderate distress; 4 = severe
distress; and 5 = extreme distress) and the total distress
score (NPI Distress) is calculated as the sum of the scores for
each symptom.

Statistical Analyses
Initially, all quantitative variables (continuous and discrete) were
analyzed using the Kolmogorov-Smirnov test to assess whether
or not they followed a normal distribution. The absence of
normal distribution was observed in most quantitative variables,
so non-parametric tests were used: Chi-square (x2) test, Mann-
Whitney U test and Wilcoxon test.

The Mann-Whitney U test was used, at different times, to
compare bvFTD vs. AD groups. To analyze the differences
between baseline and the 12-month follow up within the
same clinical group, the Wilcoxon test was used. To analyze
the influence of sociodemographic and cognitive variables on
the NPI scores, linear regression analysis was used, with
a multivariate model, and stepwise forward criteria for the
selection of independent variables (age, gender, years of
education, MMSE, ACER, EXIT-25, IFS, FAB), from the simplest
to the most complex model (26).

The computer program Statistica 7.0 was used. The level
of significance adopted for the statistical tests was 5%, that is,
p-value < 0.05.

Procedures and Ethical Aspects
This study was approved by the Ethics Committee of the Hospital
das Clínicas, protocol number 311.601. The study was conducted
in compliance with international ethical standards, according to
the Declaration of Helsinki.

RESULTS

The demographic and clinical characteristics of the patients are
presented in Table 1. At baseline, 29 men (49.15%) and 30
women (50.85%) were included in the study. The mean age was
70.29± 9.85 years (range 50–87 years).

TABLE 1 | Demographic and clinical characteristics of patients diagnosed with

Alzheimer’s disease (AD) and behavioral variant frontotemporal dementia (bvFTD).

Characteristics bvFTD (n = 31) AD (n = 28)

Mean SD Mean SD p-value

Women n (%) 13 (41.90%) 17 (60.71%) 0.195a

Age (range: 50–87) 66.94 9.26 74.15 9.22 0.004b

Schooling (0–21 Years) 11.74 4.57 9.43 4.49 0.055b

Clinical characteristics

MMSE (Baseline) 23.61 4.96 23.35 3.54 0.397b

MMSE (1 Year) 22.50 4.69 22.87 3.91 0.775b

0.005c 0.043c

ACER (Baseline) 71.71 16.36 67.57 11.77 0.173b

ACER (1 Year) 69.32 15.54 66.61 11.51 0.563b

0.001c 0.028c

EXIT-25 (Baseline) 14.96 9.36 12.43 7.82 0.353b

EXIT-25 (1 Year) 16.74 10.28 12.90 9.04 0.256b

0.028c 0.753c

IFS (Baseline) 15.42 6.35 16.41 5.06 0.973b

IFS (1 Year) 15.02 6.34 16.06 5.13 0.942b

0.423c 0.108c

FAB (Baseline) 12.42 4.07 13.75 2.69 0.607b

FAB (1 Year) 12.35 4.02 13.60 2.74 0.386b

1.00c 1.00c

NPI Total (Baseline) 45.58 23.85 25.64 16.92 0.001b

NPI Total (1 Year) 47.90 22.88 28.36 19.46 0.001b

0.008c 0.043c

NPI Distress (Baseline) 19.16 10.19 12.29 8.20 0.007b

NPI Distress (1 Year) 20.13 9.76 13.11 8.63 0.006b

0.005c 0.028c

aChi-square Test.
bMann-Whitney U Test.
cWilcoxon Matched Pairs Test.

AD, Alzheimer’s disease; bvFTD, behavioral variant frontotemporal dementia; MMSE,

Mini Mental State Examination; ACE-R, Addenbrooke’s Cognitive Examination-Revised;

EXIT-25, Executive Interview with 25 items; IFS, INECO Frontal Screening; FAB, Frontal

Assessment Battery.

Patients with AD were significantly older than the patients
with bvFTD. MMSE and ACE-R scores decreased significantly
from baseline to follow-up in both clinical groups. EXIT-25
scores significantly declined for the bvFTD group only, indicating
that the executive dysfunction may have increased over time in
this group. IFS and FAB scores remained unchanged for both
groups (Table 1). NPI Total and Caregiver Distress scores were
significantly higher for the bvFTD group at both assessment
times. For both clinical groups, NPI Total and Distress scores
significantly increased from baseline to follow up.

For a better graphical display of the NPI results, a radar chart
was used (Figure 1). In this type of chart, the value axes start from
a common center. For this study, the vertical main axis represents
the 12 dimensions of the NPI. A line connects the score obtained
in each assessment, forming a polygon. The scores obtained
at baseline and at follow-up by different groups can be easily
compared by looking at the area of the 12-sided polygon. The
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FIGURE 1 | Frequency (%) of patients with neuropsychiatric symptoms (baseline and 1-year follow-up) for each clinical group.

larger the area of the polygon, the higher the reported symptoms.
The shape of the polygon is also relevant, since asymmetries
indicate that there are differences in the investigated domains.

When the clinical groups were compared at baseline,
significant differences emerged, as higher scores can be seen
for the bvFTD group for: agitation, eating disturbances and
disinhibition (Figure 1; Table 2), the latter two were also
observed in the NPI Distress subdomains (Table 3).

The groups were significantly different at baseline and follow-
up, with higher scores for the bvFTD group, in NPI agitation,
disinhibition, and eating disturbances, see Figure 1 and Table 2.
For NPI hallucination and irritability significant differences
between the groups emerged only at follow up. For the NPI
distress, hallucinations, agitation and eating disturbances scores
were significantly higher for the bvFTD group at follow up
(Table 3).

We did not find significant correlations between NPI data
and cognitive variables. However, using the Linear Regression
Analysis, as seen in Tables 4, 5, age was the only independent
predictor variable for the NPI Total score in the bvFTD Group in
the follow up. And in the AD group, ACE-R and EXIT-25 (follow-
up) were associated with the NPI Total score in the follow-up.

DISCUSSION

The aim of the present study was to test the hypothesis that
there was significant change in neuropsychiatric symptoms,
assessed by the NPI, in patients with bvFTD and AD, from
baseline to the 12-month follow-up. We also investigated if there
were changes in the NPI Caregiver Distress score and explored
potential links between sociodemographic variables, cognitive
performance and neuropsychiatric symptoms at baseline and
follow-up. The groups were statistically similar in terms of
sex, education, cognitive and functional assessment scores. The
mean age was higher in the AD group. The clinical groups
differed from the start in terms of NPI Total and Distress scores
(bvFTD > AD).

In the present study, after 12 months, both groups presented
with a reduction in MMSE and ACE-R scores and an increase
in the NPI Total and Distress scores. An increase in executive
dysfunction was also observed, according to the EXIT-25 scores,
in the bvFTD group.

Neuropsychiatric symptoms (NPI Total and Distress scores)
were statistically higher among bvFTD patients. Separately,
agitation, disinhibition and eating disorders symptoms were
higher in the bvFTD group, at baseline and follow-up
assessments. Hallucination, agitation and irritability were higher
in bvFTD at follow-up assessment in NPI Distress. These data
confirm previous studies results (27, 28) as they indicate higher
severity of NPI symptoms in bvFTD than in AD.

Not many studies have looked at differences between
dementia subtypes in clinic-based samples using the NPI. In
the first study that looked at differences in the NPI between
AD and bvFTD, disinhibition, euphoria, apathy and aberrant
motor behavior were found to be significantly higher in FTD
(29). The same differences were noted in an Italian sample of
patients with AD and FTD [Leroi et al., (30)]. Mendez et al. (31)
had also observed higher scores for FTD patients in the verbal
outbursts and inappropriate activity subscales of the BEHAVE-
AD rating scale, while AD patients had higher scores on the
affective disturbance and anxieties/phobias subscales.

In a recent study, with bvFTD, AD patients, and primary
progressive aphasia (PPA) patients, Radakovic et al. (32) used
the Dimensional Apathy Scale (DAS), which assesses: executive,
emotional and initiation apathy. A total of 12 patients with
PPA, 12 with bvFTD, and 28 with AD, and their caregivers (or
relatives and close friends) answered the DAS and the apathy
subtype awareness was obtained by the caregivers, to assess the
discrepancy rate. There was higher emotional apathy and lower
awareness for emotional apathy in bvFTD patients than in AD
patients (32).

Liu et al. (28) suggested that neuropsychiatric symptoms
are significant predictors of institutionalization (28). In bvFTD,
patients’ caregivers seem to experience higher levels of burden
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TABLE 2 | Mean neuropsychiatric inventory scores reported by caregivers for

each symptom.

Characteristics bvFTD (n = 31) AD (n = 28)

Mean SD Mean SD p-value

Delusions Baseline 0.84 2.45 0.11 0.57 0.192a

1 year 0.97 2.51 0.14 0.76 0.108a

1.000b 1.000b

Hallucinations Baseline 1.00 2.61 0.21 1.13 0.105a

1 year 1.26 2.74 0.29 1.51 0.032a

1.000b 1.000b

Agitation Baseline 6.03 4.61 3.21 4.55 0.031a

1 year 6.61 4.43 3.32 4.72 0.009a

1.000 b 0.789b

Depression Baseline 2.90 3.62 2.18 3.57 0.245a

1 year 3.29 3.87 2.00 3.33 0.119a

0.248b 1.000b

Anxiety Baseline 4.32 4.17 4.00 4.32 0.693a

1 year 4.58 4.07 3.68 4.27 0.356a

1.000b 1.000b

Euphoria Baseline 2.81 3.99 1.21 2.50 0.148a

1 year 2.58 3.82 1.54 2.89 0.322a

1.000b 1.000b

Apathy Baseline 6.29 4.41 4.32 4.15 0.103a

1 year 6.35 4.32 4.75 4.30 0.187a

1.000b 1.000b

Disinhibition Baseline 5.13 4.54 2.18 3.75 0.005a

1 year 5.16 4.56 3.04 4.10 0.044a

1.000b 0.109b

Irritability Baseline 5.00 4.37 2.89 3.93 0.075a

1 year 5.29 4.27 3.04 4.04 0.042a

1.000 b 0.789b

Aberrant motor behavior Baseline 2.94 4.11 1.50 2.56 0.333a

1 year 3.26 4.07 2.04 3.28 0.311a

1.000b 0.109b

Sleep disturbances Baseline 2.77 3.66 1.29 3.03 0.056a

1 year 2.84 3.66 1.93 3.70 0.230 a

1.000b 1.000b

Eating disturbances Baseline 5.45 4.20 2.46 3.49 0.007a

1 year 5.71 3.97 2.75 3.92 0.005a

1.000b 1.000b

aMann-Whitney U Test.
bWilcoxon Matched Pairs Test.

and suffering than AD patients’ caregivers do. Neuropsychiatric
symptoms seem to be associated with greater burden and
suffering in bvFTD patients’ caregivers, as observed in the present
study and previous ones (2, 5).

There is limited information regarding the trajectory of
neuropsychiatric symptoms over time in AD and bvFTD.
Present results suggest there was significant worsening in
NPI (Total and Distress) in both groups. For some NPI
domains, group differences reached significance at follow
up, with worse scores in the bvFTD group, which suggests

TABLE 3 | Mean neuropsychiatric inventory distress reported by caregivers for

each domain.

Characteristics bvFTD (n = 31) AD (n = 28)

Mean SD Mean SD p-value

Delusions Baseline 0.35 0.98 0.07 0.38 0.209a

1 year 0.42 1.03 0.14 0.76 0.121a

1.000b 1.000b

Hallucinations Baseline 0.45 1.21 0.11 0.57 0.111a

1 year 0.55 1.29 0.18 0.94 0.034a

1.000b 1.000b

Agitation Baseline 2.55 1.80 1.54 2.03 0.074a

1 year 2.81 1.70 1.50 1.99 0.018a

1.000b 1.000b

Depression Baseline 1.58 1.73 1.00 1.52 0.188a

1 year 1.68 1.72 0.89 1.47 0.069a

1.000b 1.000b

Anxiety Baseline 1.84 1.61 1.61 1.64 0.620a

1 year 2.06 1.59 1.50 1.64 0.205a

1.000b 1.000b

Euphoria Baseline 1.06 1.55 0.75 1.38 0.380a

1 year 0.94 1.46 0.82 1.39 0.730a

1.000b 1.000b

Apathy Baseline 2.52 1.81 2.29 1.80 0.700a

1 year 2.55 1.77 2.43 1.77 0.881a

1.000b 1.000b

Disinhibition Baseline 2.16 1.92 1.18 1.87 0.023a

1 year 2.19 1.96 1.61 2.02 0.172a

1.000b 0.109b

Irritability Baseline 1.97 1.68 1.46 1.79 0.317a

1 year 2.03 1.64 1.50 1.86 0.248a

1.000b 0.789b

Aberrant motor behavior Baseline 1.10 1.56 0.96 1.62 0.676a

1 year 1.26 1.57 1.04 1.62 0.527a

1.000b 1.000b

Sleep disturbances Baseline 1.29 1.70 0.54 1.20 0.062a

1 year 1.32 1.76 0.82 1.49 0.248a

1.000b 1.000b

Eating disturbances Baseline 2.23 1.65 0.75 1.29 0.001a

1 year 2.29 1.60 0.82 1.42 0.001a

1.000b 1.000b

aMann-Whitney U Test.
bWilcoxon Matched Pairs Test.

changes in NPI scores were of higher magnitude in this
group. These results, in a short follow up period, suggest
that it is relevant to track changes in neuropsychiatric
symptoms over time, to better caregivers regarding care
challenges. Higher emotional overload may be present in
bvFTD patients’ caregivers, due to behavior and personality
changes, as assessed with the NPI scale (5). Additionally,
studies have reported the difficulty of caregivers of patients
with bvFTD in managing day-to-day cognitive and behavioral
impairments (33).
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TABLE 4 | Linear regression analysis for NPI total score (baseline and 1-year

follow-up) among bvFTD patients.

Dependent variable Independent variables Beta Std.Err. p-level

NPI Total (baseline)a Age −0.330 0.197 0.107

NPI Total (1 Year)b Age −0.464 0.200 0.030

Schooling −0.209 0.200 0.306

aR = 0.330, R2 = 0.108, Adjusted R2 = 0.070; F(1, 23) = 2.810 p < 0.107 Std. Error of

estimate: 23.089.
bR = 0.445, R2 = 0.199, Adjusted R2 = 0.127, F(2, 22) = 2.7453 p < 0.086 Std. Error of

estimate: 21.467. Dependent variables: Total NPI (baseline and follow-up). Independent

variables: sex (1 = woman; 0 = man), age, education, MMSE, ACER, EXIT-25, IFS, FAB.

TABLE 5 | Linear regression analysis for NPI total score (baseline and 1-year

follow-up) among AD patients.

Dependent variable Independent variables Beta Std. Err. p-level

NPI Total (baseline)a Schooling −0.283 0.266 0.307

NPI Total (1 Year)b ACE-R Total −0.623 0.290 0.045

EXIT-25 −0.658 0.289 0.035

aR = 0.283, R2 = 0.080, Adjusted R2 = 0.009, F(1, 13) = 1.131 p < 0.307 Std. Error of

estimate: 17.119.
bR = 0.494, R2 = 0.244, Adjusted R2 = 0.159, F(2, 18) = 0.904 p < 0.080 Std. Error of

estimate: 17.947. Dependent variables: Total NPI (baseline and follow-up). Independent

variables: sex (1 = woman; 0 = man), age, education, MMSE, ACER, EXIT-25, IFS, FAB.

Finally, we highlight that neuropsychiatric symptoms in AD
only were associated with cognitive scores in the regression
analyses. This finding may perhaps be explained by the fact
that cognitive impairment is a core symptom in AD since
the early disease stages and, therefore, cognition may drive
neuropsychiatric symptoms.

As to study limitations, we cite that the present study was
based on relatively small samples, and this may have hindered
the identification of group differences of small magnitude. As to
its strengths, we indicate the inclusion of a follow up assessment.

Due to the epidemiological significance of bvFTD, further
research studies on the clinical characterization of the disease
course are needed. Research studies with larger samples,
including different dementia subtypes, examining the links
between cognitive performance, neuropsychiatric symptoms and
caregiver burden are recommended.
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Objective: To describe the demographic characteristics, initial psychiatric diagnoses,

and the time to reach a diagnosis of probable behavioral variant frontotemporal dementia

(bvFTD) in a public psychiatric hospital in Cali, Colombia.

Methods: We retrospectively reviewed the medical records of 28 patients who were

diagnosed with probable bvFTD based on a multidisciplinary evaluation that included

a structural MRI, neuropsychological testing, functional assessment, and neurological

exam. Prior to this evaluation, all patients were evaluated by a psychiatrist as part of their

initial consultation at the hospital. The initial consultation included the Neuropsychiatric

Inventory and diagnoses based on the DSM-V. Demographics, clinical features, and initial

psychiatric misdiagnoses were extracted from clinical records and summarized in the full

sample and by gender.

Results: The study sample had a mean education of 10.0 years (SD = 4.9) and 68.0%

were female. In the full sample, 28.6% were initially diagnosed with dementia, and 71.4%

with a psychiatric disorder. The psychiatric diagnosis at initial consultation differed by

gender. Women were most likely to be diagnosed with depression (26.3%) or bipolar

disorder (26.3%), while the men were most likely to be diagnosed with anxiety (33.3%)

or a psychotic disorder (22.2%). Psychotic symptoms were common (delusions, 60.7%

and hallucinations, 39.3%), and the pattern of neuropsychiatric symptoms did not differ

by gender.

Conclusions: This is one of few case series of bvFTD in a Colombian population, where

bvFTD is a recognizable and prevalent disorder. In this psychiatric hospital, the majority

of patients with bvFTD were initially diagnosed with a primary psychiatric condition. There
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was a gender difference in psychiatric diagnosis, but not in neuropsychiatric symptoms.

In this sample, the rate of psychiatric misdiagnosis, as well as the psychotic symptoms,

were higher compared to rates described in other countries. These results highlight the

need for interventions to improve bvFTD diagnosis in under-represented populations.

Keywords: frontotemporal lobar degeneration, frontotemporal dementia, behavioral variant frontotemporal

dementia, BPSD (behavioral and psychological symptoms in dementia), neuropsychiatric symptoms in dementia,

dementia caregivers, psychiatric misdiagnosis, frontotemporal dementia (FTD) spectrum

INTRODUCTION

The clinical presentation of the behavioral variant of
frontotemporal dementia (bvFTD) may include alterations
in behavior, mood, or changes in personality, language, and
motor symptoms (1). Psychiatric symptoms frequently precede
cognitive manifestations and commonly include behavioral
disinhibition, apathy, and obsessive-compulsive behaviors
(2). Psychotic symptoms are seen in the early stages of the
disorder in 10 to 32% of patients, with a higher frequency
in patients with familial forms of the disease (3–5) and in
younger patients with a family history of mental illness
(6). In high income countries, bvFTD patients are often
initially misdiagnosed as major depressive disorder, bipolar
affective disorder, or schizophrenia (7–10). For example, a
retrospective chart review of 69 patients with bvFTD diagnosis
at a neurology clinic in San Francisco, CA found that 51% had
an initial psychiatric diagnosis, and this misdiagnosis was more
common for women than men (7). Despite the predominance
of psychiatric symptoms in bvFTD, most case series come
from teams led by neurologists. Furthermore, most of the
studies of bvFTD have focused on people from high income
countries (11), and there have been few studies from Central or
South America.

Distinguishing patients with bvFTD from patients with
primary psychiatric disorders (PPD) is key, because of the
drastically different prognosis, differences in patient treatment,
family counseling and caregiver education, and the necessity to
accurately identify patients with bvFTD in the early stages for
future clinical trials (12). Misdiagnosis can delay an early and
appropriate diagnosis, prevents adequate support for caregivers,
delays the performance of specific medical examinations, genetic
counseling, and adequate patient management. It also carries
financial risks for patients and their families (13, 14). The
bvFTD-PPD differentiation seems to be more challenging in
Latin America, as in comparisons with other region such as US
or Europe, the health professionals receive less specific training
around this condition (15), have less access to biomarkers (16),
and the caregivers can experience more burden as consequences
of misdiagnosis (15). The goal of the present study is to
describe the clinical presentation characteristic of bvFTD in
a Latin American population that has been under-represented
in research. In Cali, the population is admixed and diverse,
with African, Indigenous, and European origins. We focused
on the demographics, the neuropsychiatric symptoms, the initial
psychiatric misdiagnoses and the time interval it took to reach the
correct diagnosis.

METHODS

Participants
We retrospectively reviewed the medical records of all the
patients (n = 28) diagnosed with probable bvFTD (19
women and 9 men) at the Hospital Departamental Psiquiátrico
Universitario del Valle (HDPUV) in Cali, Colombia in the
last 5 years. 36.7% of the patients were referrals from other
institutions in the same region. 64.3% of the patients consulted
directly to the HDPUV. The diagnosis was made using the
diagnostic criteria for probable FTD of the international
Behavioral Variant FTD Criteria Consortium (2) and based
on results from a neurological exam, functional assessment,
neuropsychological testing, and brain imaging; all participants
had structuralMRI, 14 had a fluorodeoxyglucose (FDG)-positron
emission tomography (FDG-PET) and 11 had a single-photon
emission computerized tomography (SPECT). Neuroradiologists
interpreted the neuroimaging, and they reported frontal and
anterior temporal atrophy in the cerebral MRI, frontal and
anterior temporal hypometabolism in the FDG-PET, and frontal
and anterior temporal hypoperfusion in the SPECT. All the
patients presented at least with 3 of the behavioral/cognitive
symptoms of the consortium criteria. The results and the
diagnosis were discussed in a consensus group made of one
neuropsychiatrist, one psychiatrist and one neuropsychologist.
The research was approved by the ethics committee at the
HDPUV, which is a secondary care public psychiatric hospital
in the southwest region of the country. At this hospital, the
specialists are psychiatrists, and it embraces a diverse population
of patients with low education and socioeconomic status.

Assessment of Demographics, Clinical
Features, and Neuropsychiatric History
For each patient we reviewed all medical records from the
psychiatric hospital, which included demographics (age, gender,
education, marital status), caregiver information (gender and
relationship), family history (family report of dementia in
a first or second degree relative to the person), age of
symptom onset, and age of bvFTD diagnosis. From the initial
consultation by the psychiatrist, we reviewed the DSM-V
diagnosis and standardized review of neuropsychiatric symptoms
(Neuropsychiatric inventory; NPI) (17). The time intervals
examined were the time elapsed since the onset of symptoms
and the first time seen by a psychiatrist at the hospital, the
time between the first psychiatric diagnosis and bvFTD diagnosis
and the time interval between the onset of symptoms and the
bvFTD diagnosis.
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TABLE 1 | Demographic, caregiver and family history data.

Variant Female (N = 19) Male (N = 9) Total (N = 28) P (Student’s t) P (Chi-squared test)

Age Mean (SD) 63.5 (8.0) 62.1 (11.7) 63.0 (9.1) 0.719 -

Education Mean (SD) 9.5 (5.2) 11.0 (4.9) 10.0 (5.1) 0.467 -

Marital status (%) Married 47.4 77.8 57.1 - 0.172

Not married 52.6 22.2 42.9 - -

Caregiver role (%) Mother 0.0 22.2 7.1 - NS

Sister 26.3 0.0 17.9 - NS

Spouse 26.3 66.7 39.3 - NS

Child 47.4 11.1 35.7 - NS

Family history of dementia Negative 89.5 88.9 89.4 - NS

Positive 10.5 11.1 10.7 - NS

p-values were calculated using the Student’s t-test and the chi-squared test (X2). Alpha level set at 0.05.

Data Analysis
Variables were summarized overall and by gender, and compared
using independent groups Student’s t-test for continuous
variables and chi-squared or Fisher’s exact test for categorical
variables. Results are reported as means and standard deviations
for continuous variables and frequencies and percentages for
categorical variables. Stata 16.1 and SPSS 27.0 were used for the
statistical analysis.

RESULTS

The sample consisted of 19 women and 9 men, who were similar
in terms of age and education. The most frequent caregivers in
the case of women were their children (38.8% daughters, 10.5%
sons), followed by their siblings (26.3% sisters, 0.0% brothers)
and their husbands (26.3%). In the case of men, the group
of caregivers was generally represented by their wives (66.7%),
followed by their children (22.2% daughters, 0.0% sons), and
their mothers (11.9%). Most of the patients evaluated (89.3%),
did not report a family history of dementia, and there were no
differences based upon gender (Table 1).

During the first visit to the hospital, 71.4% of the patients
(73.7% of women and 66.7% of men), were misdiagnosed with
a psychiatric disease, and only 28.6% were correctly diagnosed
with dementia. In women, the most frequent psychiatric
diagnoses were depression (26.3%), and bipolar disorder (26.3%),
while in men it was anxiety disorders (33.3%) and psychotic
disorders (22.2%). Women were significantly more likely to be
misdiagnosed with a bipolar disorder, and men were significantly
more likely to be misdiagnosed with an anxiety disorder
(Table 2).

On average, the age of onset of symptoms, based on medical
chart review, was 54.9 years. The age of the first consult averaged
57.0 and the age of the FTD diagnosis was 59.3 years (Table 3).
The time elapsed between the onset of symptoms and the first
consultation at the hospital averaged 2.1 years (2.6 for women,
1.1 for men). The time between the first psychiatric consultation
and the diagnosis of probable FTD was 2.3 years (2.2 for women,
2.3 for men). On average, the time elapsed between the onset of
symptoms and the diagnosis of probable FTD was 4.4 years, (4.8
for women, 3.4 for men; Table 3).

TABLE 2 | Initial psychiatric diagnostics.

Female Male Total p

(N = 19) (N = 9) (N = 28)

Dementia (%) 26.3 33.3 28.6 NS

Anxiety disorders (%) 5.3 33.3 14.5 0.045

Depressive disorders (%) 26.3 11.1 21.4 NS

Bipolar Affective disorders (%) 26.3 0.0 17.9 0.032

Psychotic disorders (%) 15.8 22.2 17.9 NS

Percentage of the initial diagnosis during their first psychiatric visit, separated by gender.

p-values were calculated using the chi-squared test (X2 ). Alpha level set at 0.05.

TABLE 3 | Time lapses between onset of symptoms and diagnosis [Mean (SD)].

Female

(N = 19)

Male

(N = 9)

Total

(N = 28)

Age onset of symptoms (Time in

years)

54.5

(7.9)

55.7

(10.8)

54.9

(8.7)

Age first consult (Time in years) 57.1

(8.3)

56.8

(10.5)

57.00

(8.8)

Age diagnosis of probable bvFTD

(Time in years)

59.3

(8.5)

59.1

(10.7)

59.3

(9.0)

Onset Symptoms—1st consult (Time

in years)

2.6

(2.5)

1.1

(0.8)

2.1

(2.2)

1st consult—bvFTD diagnosis (Time

in years)

2.2

(1.2)

2.3

(2.1)

2.3

(1.5)

Total time (onset symptoms—bvFTD

diagnosis) (Time in years)

4.8

(2.7)

3.4

(2.3)

4.4

(2.6)

The diagnosis was made based on the criteria of the
international consortium (2) with a total average of 4.1 (0.7)
criteria in the case of women and 4.2 (0.7) in the case of men. In
all cases, the patients presented with apathy (Table 4). All women
also presented socially inappropriate behaviors and executive
dysfunction, which was reported at the neuropsychological
assessment. Regarding men, the most frequent criteria, after
apathy, were socially inappropriate behaviors, alteration in diet
and executive dysfunction.
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TABLE 4 | Criteria for possible bvFTD.

bvFTD international criteria Female % Male % Total % p

(N = 19) (N = 9) (N = 28)

A.1. Socially inappropriate behavior 100 88.9 96.4 NS

A.2. Loss of manners or decorum 57.9 77.8 64.3 NS

A.3. Impulsive, rash or careless actions 42.1 33.3 39.3 NS

B.1. Apathy 100.0 100.0 100.0 NS

B.2. Inertia 84.2 77.8 82.1 NS

C.1. Diminished response to other people’s needs and feelings 89.5 77.8 85.7 NS

C.2. Diminished social interest, interrelatedness or personal warmth 89.5 77.8 85.7 NS

D.1. Simple repetitive movements 15.8 22.2 17.9 NS

D.2. Complex, compulsive or ritualistic behaviors 15.8 11.1 14.2 NS

D.3. Stereotypy of speech 0.0 11.1 3.6 NS

E.1. Altered food preferences 73.7 88.9 78.6 NS

E.2. Binge eating, increased consumption of alcohol or cigarettes 15.8 33.3 21.4 NS

E.3. Oral exploration or consumption of inedible objects 10.5 22.2 14.3 NS

F.1. Deficits in executive tasks 100.0 88.9 96.4 NS

F.2. Relative sparing of episodic memory 26.3 0.0 17.9 NS

F.3. Relative sparing of visuospatial skills 73.7 55.6 67.9 NS

p-values were calculated through the chi-squared test (X2 ). Alpha level set at 0.05.

Neuropsychiatric evaluation, using NPI, showed that all
patients presented with apathy/indifference. In the case of
women, the most frequent symptoms were anxiety, sleep
disturbances, and depression/dysphoria. In men, the most
common symptoms were depression/dysphoria, anxiety, and
sleep disturbances (Figure 1).

DISCUSSION

We reviewed the medical records of 28 patients who were
diagnosed with bvFTD at a public psychiatric hospital in
Cali, Colombia and who had undergone a systematic review
of neuropsychiatric symptoms at initial presentation to the
hospital. We found that 71.4% of the patients were initially
misdiagnosed with a psychiatric disorder. Despite similar
demographics, bvFTD diagnostic criteria, and neuropsychiatric
symptoms between male and female patients, they exhibited
different patterns of misdiagnosis. Women were significantly
more likely to be misdiagnosed with bipolar affective disorder,
and men with an anxiety disorder. Depression was also a
common misdiagnosis for women, and psychotic disorder
for men.

We also described the demographics and clinical history
of our sample. The sample had an average age of 63 years
at the time of diagnosis, and an average time from first
symptom to diagnosis of 4.3 years, which is consistent with
previous studies from North America and Europe (18, 19). We
found a gender difference compared to previous reports with
more than twice as many women with bvFTD compared to
men (3, 20). It is unknown whether this difference represents
something unique about the prevalence of bvFTD in this
region, or if it is the result of other factors, such as a
referral bias. The average educational level of the sample (10

years) was typical for Colombia (21), yet much lower than
prior studies of bvFTD cohorts from the United States and
Europe (7, 22).

We found high rates of delusions (60.7%) and hallucinations
(39.2%), which may be due to our setting at a psychiatric
hospital. Psychotic symptoms are more frequent in patients
with genetic mutations (38%), than in those without (4%),
but psychosis was higher in this study than any genetic
cohort previously described (3). The C9orf72 mutation
has been identified as the most frequent genetic cause
of FTD. The most common psychiatric presentation is
psychosis (21–56%), with delusions, and/or hallucinations
(23). Hallucinations were present in 12% of patients with
FTD in a clinicopathological correlation study, related to
TDP-43 pathology including, but not exclusively, C9orf72 (24).
Paradoxically, only 10.7% of this sample reported a family
history of dementia. A more systematic evaluation of family
history and ideally genetic assessment will be required to better
establish the potential origin of these psychiatric symptoms.
Preliminary results from the Multi-Partner Consortium to
Expand Dementia Research in Latin America ReDLat, (25, 26)
found several genetic causative mutations in patients coming
from Colombia who had no apparent family antecedents
of dementia.

The presence of psychiatric symptoms and their possible
overlap in patients with bvFTD make differential diagnosis
difficult (27). While psychiatric misdiagnosis of bvFTD
is common in high-income countries (2, 5), we found
an even higher rate. This is likely due, at least in part,
to the location of our clinic at a psychiatric hospital,
but could be explained by the greater challenges in
diagnosis in our population due lower awareness about
dementia among the public (16), insufficient professional
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FIGURE 1 | Neuropsychiatric symptoms.

training (28), limited access to biomarkers (16) or
perhaps more frequent psychiatric presentations in this
under-represented sample.

In our sample, the majority of caregivers were women. In the
case of women patients, themajority of caregivers were daughters
while in the case of men, their caregivers were more likely to
be their wives. Studies of FTD caregivers’ demographics are not
extensive in Latin America (15). However, the impact of bvFTD
caregiver burden and financial strains in the region seem to be
higher than other dementias (29–31), and it appears, as with
other dementias, that this burden falls disproportionately on
women (32–35). This is the first study we are aware of to report
on bvFTD caregiver demographics in Colombia.

Our results underscore the importance of considering
a bvFTD etiology for patients with late-onset psychiatric
symptoms, with urgent referral to a dementia specialist (when
feasible) to reduce delays in diagnosis and care. Based on
our study, several red flags can be identified. Diminished
social interest and response to others’ feelings, which may be
misinterpreted as signs of depression, was very common in
our sample. In addition, socially inappropriate behavior and
loss of manners, which might be interpreted as mania in
some cases, was also common. Red flags may also differ by
gender such that signs of bipolar affective disorder in women
and anxiety in men may suggest review of bvFTD criteria is
indicated. Standardized cognitive testing could be valuable given
the high rates of executive function impairment and sparing of
visuospatial skills.

LIMITATIONS

This is a retrospective study, and the data depend on the quality
of the psychiatrist’s assessments and records. In addition, all the
specialists who evaluated the patients are psychiatrists, which
could imply a diagnostic bias, and so results must be understood
in this context. Also, the neuropsychology assessment was
performed by different neuropsychologists in the city and the
evaluation protocol varied, and so these data are not reported.
The size of the sample does not allow the results to be generalized
and the distribution by gender is not equitable. Additionally,
the patients do not have a definite FTLD pathology, since a
confirmatory autopsy is not performed, and genetic testing has
not yet been performed in our region.

CONCLUSIONS

We reviewed the medical charts of 28 patients with bvFTD
at a public psychiatric hospital in Cali, Colombia. It is the
main psychiatric hospital in the southwest of the country,
were psychiatrists see an underrepresented population with
low socioeconomic status and educational level. At the initial
evaluation misdiagnosis of bvFTD was high even though these
patients met research criteria for bvFTD. Psychotic symptoms
were higher in this sample than in previous studies. Regarding
the caregiver, the majority are women and there is a difference in
the caregiver-patient relationship according to the gender of the
patient. Diagnostic pathways for bvFTD should be incorporated
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into evaluations for adults with behavioral disturbances including
use of a family tree. In the future, the implementation of
blood and cerebrospinal fluid biomarkers and genetic testing
will help to improve the diagnosis of bvFTD. Autopsy programs
are also needed. We want to highlight the importance of
educational programs and trainings for health professionals in
our community, for a better diagnosis of bvFTD in this part
of Colombia.
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Background: The diagnosis of the behavioral variant of frontotemporal dementia

(bvFTD) can be especially challenging and is relatively underdiagnosed. There is scarce

information on training and attitudes from care providers facing bvFTD in settings with

limited resources. We aim to describe clinical knowledge and attitudes facing bvFTD from

neurologists, psychiatrists, and residents in Peru.

Methods: Potential participants received invitations by email to complete an online

questionnaire. In addition, we reviewed 21 curricula from undergraduatemedical schools’

programs offered by the main schools of medicine in Peru during 2020 and 2021.

Results: A total of 145 participants completed the survey. The responders were

neurologists (51%), psychiatrists (25%), and residents in neurology or psychiatry (24%).

Only 26% of the respondents acknowledged receiving at least one class on bvFTD

in undergraduate medical training, but 66.6% received at least some training during

postgraduate study. Participants identified isolated supportive symptoms for bvFTD;

however, only 25% identified the possible criteria and 18% the probable bvFTD

criteria. They identified MoCA in 44% and Frontal Assessment Battery (39%) as

the most frequently used screening test to assess bvFTD patients. Memantine and

Acetylcholinesterase inhibitors were incorrectly indicated by 40.8% of participants.

Seventy six percentage of participants indicated that they did not provide education

and support to the caregiver. The dementia topic was available on 95.2%, but FTD in

only 19%.

Conclusion: Neuropsychiatry medical specialists in Peru receive limited training

in FTD. Their clinical attitudes for treating bvFTD require appropriate training

focused on diagnostic criteria, assessment tools, and pharmacological and

non-pharmacological management.

Keywords: attitude, bvFTD, frontotemporal dementia (FTD), health knowledge, practice
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INTRODUCTION

Frontotemporal dementia (FTD) is considered the second most
common cause of dementia between 45 and 64 years (1). FTD
is a clinical syndrome caused by degeneration of the frontal
and anterior temporal lobes and clinical manifestations include
behavioral disturbances, language and executive dysfunction,
and sometimes motor symptoms. The main FTD subtypes
are behavioral variant frontotemporal dementia (bvFTD), non-
fluent/agrammatic variant of primary progressive aphasia, and
semantic variant of primary progressive aphasia (2). The
complexity of the pathological substrate of FTD is shared by
other overlapping degenerative disorders including corticobasal
degeneration, progressive supranuclear palsy and amyotrophic
lateral sclerosis (3).

Behavioral variant frontotemporal dementia is the
most common clinical variant in the FTD spectrum. The
presentation age varies from 21 to 85 years of age at
onset (4). Clinical discriminating features include early
behavioral disinhibition, apathy or inertia, loss of sympathy or
empathy, perseverative, stereotyped or compulsive/ ritualistic
behavior, hyperorality/dietary changes and dysexecutive
neuropsychological profile (5). Psychiatric symptoms are also
part of the clinical performance of these patients (6).

Diagnosis of bvFTD can be especially challenging and
this entity is relatively underdiagnosed. Some barriers that
difficult the diagnosis are: behavioral disturbances in bvFTD
can mimic primary psychiatric disorders, validated tools for
neuropsychological and social cognition are rarely used in
clinical practice, symptoms may be interpreted differently in
different cultures and bvFTD is not included as part of medical
or residency training (7, 8). Disparities across regions and a
little knowledge among health care professionals do not allow
timely and accurate diagnosis of bvFTD, which can significantly
impact the patients’ quality of life and their caregivers’ lives,
and hinder the development of effective disease-modifying drug
treatments (9–11).

Peru is a middle-income country located on the western side
of South America on the Pacific Ocean. Peru has about 30
million inhabitants, most of them with mixed ethnicities and an
Amerindian ancestry predominance (12). Lima, the capital city,
is located on the central coast of the country, and hosts one
third of the country’s population within it. Most of the largest
hospitals and all seven national specialized healthcare institutes
in the country are in Lima. Education in Peru is highly unequal,
with an overage adult literacy rate of 5.6%1. The healthcare
system in Peru is administered by five different subsystems, and

includes the Ministry of Health (60%), EsSalud for employees
(30%), Police and Army forces and private clinics2. Since 2020,

allPeruvians have been offered a free basic health insurance,

called SIS (Seguro integral de Salud), for who not documenting

other health insurance. There are about 348 neurologists, 78
neurology residents and 690 psychiatrists currently registered in
the Peruvian Society of Neurology, the Peruvian Consortium of
residents in Neurology and the Peruvian Psychiatric Association.

1https://www.macrotrends.net/countries/PER/peru/literacy-rate
2https://www.who.int/workforcealliance/countries/per/en/

Most of these healthcare professionals work in the capital city.
There are 19 neurology residency programs and 18 psychiatry
residency programs offered by a total of 10 universities across
the country3.

We aim to describe the clinical knowledge and attitudes facing
bvFTD from neurologists’ and psychiatrists as well as the level of
undergraduate training in bvFTD in Peru.

MATERIALS AND METHODS

Subjects
Both residents and specialists in neurology and psychiatry from
the main cities of Peru were invited to participate in the study.
The approach to participants included personal invitations as
well as invitations through the Peruvian Society of Neurology,
the Peruvian Consortium of Residents in Neurology, and
the Peruvian Psychiatry Association. All potential participants
were invited to voluntarily participate in the study by an
email that contained a description of the study. Participants
gave their informed consent by checking on the “yes”
button when they decided to participate in the study and
filled out an anonymous online questionnaire. The online
questionnaire was accessible for a 3-month period (from April
to Jun 2021).

We also used a Snowball or Chain-referral sampling method,
a non-probability sample technique, in which existing subjects
provided referrals to recruit samples for the study. Therefore, the
primary data source was the database of the Peruvian Society of
Neurology, the Peruvian Consortium of Residents in Neurology,
and the Peruvian Psychiatry Association, which nominated
other potential data sources that were able to participate in
the study.

The Online-Questionnaire
The online questionnaire was developed by the authors based
on current clinical and diagnostic criteria of bvFTD. The
content is divided into four main sections: (1) background
information, including gender, current work, and medical
specialty/ roles at work. (2) Clinical practice related information,
including whether they had studied “bvFTD” as part of their
medical training, postgraduate education, or had heard or
learned about the topic in scientific events or via their own
interests. We also added questions regarding the diagnosis
or referral of bvFTD cases. (3) Knowledge of diagnosis of
bvFTD, including age at onset, supporting symptoms, diagnostic
criteria, ancillary lab testing and the neuropsychological
patterns of bvFTD, and associated diseases. And (4) Treatment
and care of bvFTD patients, including pharmacological and
non-pharmacological approaches, caregivers support and
palliative care.

The initial questionnaire was further reviewed by six clinicians
with expertise on dementias (5 neurologists and 1 geriatrician)
for internal validation. A pilot test with the revised version of
the questionnaire was performed by 3 health-care professional
and trainees (1 medical student, 1 general physician and 1
cardiovascular surgeon) improving unclear phrases. The final

3https://www.conareme.org.pe/web/proceso-de-admision-2021.php
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FIGURE 1 | Specialists by region of Peru.

questionnaire has a total of 25 multiple-choice questions and
needed∼8min to be completed.

Research on Schools of Medicine: Syllabi
We gathered available curricula for internal medicine (neurology
unit) offered by the main schools of medicine in Peru during
the 2020 and 2021 period, and then contacted former neurology
residents from many hospitals and medical student scientific
societies from different public and private universities in
Peru to provide us with the syllabi available to them. Each
syllabus was extensively reviewed looking for topics related to
frontotemporal dementia.

Data Analysis
Demographics and main variables were summarized by
frequencies and percentages for each multiple-choice question
and presented in tables and bar-graphs. To explore differences
among neurology and psychiatry subgroups we used chi-square
of Fisher exact test (p < 0.05, for statistical significance).
Statistical analysis was performed on Stata v16.

RESULTS

A total of 145 participants (40% female) completed the
survey. Most participants were neurologists (51%), followed by
psychiatrists (25%), residents in neurology (13%) and residents
in psychiatry (11%). The vast majority (75%) of them work in
public institutions (73%) in Lima (Figure 1).

Overall, only 26% of the respondents acknowledged receiving
at least one class on bvFTD as part of their medical undergraduate

TABLE 1 | Academic profile across specialty.

Academic profile item Neurologists

(n = 93)

Psychiatrists

(n = 52)

p-value*

Heard of

bvFTD during

pre-graduate

Yes 23 15 0.318

No 56 25

I don’t

remember

14 12

Heard of

bvFTD during

post-graduate

Yes 74 22 <0.001

No 19 29

Heard of

bvFTD during

scientific

events

Yes 67 18 <0.001

No 26 29

Read about

bvFTD out of

self-interest

Yes 81 32 0.001

No 12 19

Specialist time Residents 21 16 0.128

<5 years 21 18

5–10 years 17 7

>5 years 34 11

*Chi-square.

training. During residency or other postgraduate training, 66.6%
of participants acknowledge classes on bvFTD, and these were
mostly in the neurology subgroup (51.38% compared to 15.28%).
Similarly, neurologists mostly reported hearing about bvFTD
in scientific events like courses, conferences, symposia, or
workshops (Table 1).

Regarding experience on clinical practices, 89% of
respondents managed at least one dementia case over the
past 5 years and about 50% of them managed 1 to 5 bvFTD cases
in the same period.

When asked which behavioral/cognitive symptoms must
be present to meet the criteria of bvFTD (several signs and
symptoms were shown) they (Neurologist and psychiatrist)
identified behavioral disinhibition in 91% (p = 0.032), followed
by early perseverative, stereotyped or compulsive/ritualistic
behavior symptoms in 67% (p = 0.511). (The two least

identified symptoms by respondents) were early apathy or

inertia and executive/generation deficits (56%). Despite this,

only 25% identified the possible bvFTD criteria (three of six
the behavioral/cognitive symptoms must be present to meet the

criteria). Probable bvFTD criteria were identified by 18% of the

respondents. Histopathological evidence of frontotemporal lobar

degeneration was considered as part of the criteria for probable
bvFTD by 9% of the participants.

Table 2 reveals the top-ranked most-related disorders when

considering distinct clinical phenotypes associated with multiple

neuropathologic entities of bvFTD. Forty five percentage of

the participants indicated that Corticobasal degeneration is the
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TABLE 2 | Clinical phenotypes associated with multiple neuropathologic entities

of bvFTD.

Neurologists

n = 93

Psychiatrists

n = 52

Total n (%) p-value*

Corticobasal

degeneration (CBD)

47 15 62 (44.6) 0.011

Lewy body dementia

(LBD)

35 21 56 (40.3) 0.744

Motor neuron disease

(MND)

41 13 54 (38.8) 0.023

Progressive

supranuclear palsy

(PSP)

35 11 46 (33.1) 0.041

Parkinson’s disease (PD) 18 19 37 (26.6) 0.023

Multiple system atrophy

(MSA)

22 6 28 (20.1) 0.076

*Chi-square.

most relevant disease related to bvFTD, followed by motor
neuron disease and progressive supranuclear palsy. Neurologists
identified those diseases better than psychiatrists; these results
were statistically significant. However, the participants identified
Lewy Body Disease 56 (40%) and Parkinson’s disease 37 (27%)
as related disorders associated with multiple neuropathologic
entities of bvFTD.

The professionals checked all screening test options they
usually employ to assess bvFTD patients. The Montreal cognitive
assessment (MoCA), Frontal Assessment Battery (FAB), Mini-
mental state examination (MMSE) and INECO frontal screening
(IFS) were the most widely used tests with 44, 39, 38, and
36%, respectively.

The participants checked all treatment options they usually
recommend for patients with bvFTD diagnoses. Memantine
and Acetylcholinesterase inhibitors are indicated by 40.8% of
participants who diagnose and treat bvFTD. Selective serotonin
reuptake inhibitors (39.4%), other pharmacological (gingko
biloba, antipsychotics) and non-pharmacological treatment
(cognitive rehabilitation) that are usually indicated were (7%).
Besides, 12.7% of responders in this study answered that there
is not a pharmacological treatment for the patients.

We asked about strategies that maximize comfort for
bvFTD patients and their families, such as information,
psychosocial support, and caregiver education. The vast majority
of participants (76%) indicated that they do not provide
education, information, and support to the caregiver of the
bvFTD patient. Of the group that provides this type of support
(24%), 91.3% do so as part of their outpatient consultation.
Participants reported that 88% of patients with advanced bvFTD
were not followed by a palliative care team.

We reviewed 21 curricula from 34 different undergraduate
medical schools’ programs between 2020 and 2021. The dementia
topic was available on 95.2% of them and the frontotemporal
dementia topic was specifically described in 19% of them,
specifically the behavioral variant of frontotemporal dementia
was not mentioned (Figure 2).

DISCUSSION

Based on the online-survey results, most of the participants
declared having limited training activities related to behavioral
variant frontotemporal dementia both as undergraduate students
and as postgraduate residents in neurology or psychiatry. There
are several social, economic, and educational factors that might
be affecting proper FTD training in clinicians in developing
countries such as Peru.

Lower rates of training activities in undergraduate medical
programs might affect the quality of management of FTD in
Peru. The lower training levels in FTD (19%) in medical school,
is not only explained by formal curricula, but also by low
awareness of the impact of dementia and its implications for
health and the economy. None of undergraduate medical school
curricula formally includes specific topics for bvFTD, as these
are mostly focused on Alzheimer’s disease and vascular cognitive
decline, neglecting other causes of dementia. This contrasts with
curricula from European and North-American countries (13).
Despite low rates of formal training, early exposure of medical
students during clinical rotations, which was not systematically
addressed on our survey, and this might positively increase the
medical skills for working with these dementias. Considering
that most of these specialists are concentrated in the Capital city
and other main cities of the country, it is quite possible that
primary care physicians are the first point of contact by FTD
patients. Therefore, primary care providers must be adequately
trained to identify or suspect FTD and refer these cases for
better evaluations at bigger institutions. As a result, changes
in undergraduate and graduate curricula in accredited medical
schools in our country is warranted.

About of half of the participants declared having been
trained in bvFTD during neurology or psychiatry residency
program, consistent with a previous Peruvian survey performed
in 2017 (14), but this is much lower than overall Latin
American reporting 86 to 96% postgraduate training rates (7).
Progressive harmonization of postgraduate medical curricula
among universities, just as has happened for undergraduate
programs, are required to improve the current situation. In
addition, it will be important to conduct studies that explore
the factors that influence the learning process of future
health professionals.

The vast majority of participants are unclear or unfamiliar
with the diagnostic criteria for possible and probable
bvFTD. We observed, that clinicians may identify isolated
behavioral/cognitive supportive symptoms for bvFTD;
however, they fail to recognize the minimum number
of symptoms required for considering a possible bvFTD
diagnosis (5). Diagnostic workup turns more complicated since
neuroimaging supporting features (MRI, CT, hypoperfusion
or hypometabolism on PET or SPECT) are also required for
considering probable bvFTD (5). There is a clear preference
of respondents to use the most common screening cognitive
assessment tools, like MMSE and MoCA, over more specific
tests with higher diagnostic index for FTD. The MMSE and
MoCA are screening cognitive assessment tools that do not
differentiate FTD from other dementias (15). There are validated

Frontiers in Neurology | www.frontiersin.org 4 January 2022 | Volume 12 | Article 786448167

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Castro-Suarez et al. Knowledge in Management of bvFTD

FIGURE 2 | Topical of Frontotemporal dementia (FTD) by medical school category.

cognitive tests with over 90% of specificity for bvFTD, such
as the Adddenbrooke’s Cognitive examination (ACE) (15)
and IFS (16). Both theoretical conferences and case-scenario
workshops are needed to improve clinical competencies for FTD
diagnosis. Disseminating and promoting the use of validated
assessment tools in our population for bvFTD patients will be an
essential task in the coming years, and involving the universities,
neurology and psychiatry associations could prove strategic for
achieving this goal.

The low identification rate of FTD will affect early diagnosis
and management of these disorders in clinical practice. We
found <50% of the participants identified motor neuron disease
(MND), progressive supranuclear palsy (PSP) and corticobasal
degeneration (CBD) as FTD related disorders. Therefore,
patients experiencing combined symptoms might be even more
challenging for early diagnosis. The identification of overlapping
syndromes is important because it helps predict tau-positive
pathology from a CBD- or PSP-like presentation, whereas
frontotemporal dementia syndrome and MND almost certainly
predicts TDP-43 pathology (17, 18). It is noteworthy that 26–
40% identified synucleinopathies like dementia with Lewy bodies
and Parkinson’s disease (PD) as FTD related disorders, reflecting
the large number of scientific activities related to PD and
related disorders.

Most of the respondents declare that they manage
bvFTD based on pharmacological-only management and
are mostly focused on AD-related medication. Memantine
and Acetylcholinesterase inhibitors were the most common
drugs used for treating bvFTD, consistent with previous reports
from Latin American countries (7). This relatively common

practice might negatively affect bvFTD, since memantine
(NMDA antagonist) and cholinesterase inhibitors failed to
improve behavior and worsened cognition in patients with
bvFTD in several studies (18, 19). Only 40% of respondents
identified Selective serotonin reuptake inhibitors (SSIRs) as
a pharmacological treatment option for patients, which is in
accordance to current recommendations highlighting SSRIs for
control FTD behavior abnormalities (18). Very few participants
(<10%) considered non-pharmacological strategies as part
of bvFTD management. Coordinated work between affected
patients and caregivers, including regular personalized activities
that prevent abnormal behaviors, among other strategies, are
strongly recommended as part of global and multidisciplinary
care (20). Despite all these features, most respondents declared
an interest in receiving training on diagnosis and management
of bvFTD, and, as such, training programs must be implemented
to address these gaps. A multidisciplinary approach is strongly
recommended for involving care providers, patients and their
families, caregivers, and patient’s associations to improve the
patient’s quality of life.

Survey respondents do not regularly educate caregivers on
disease-related aspects nor on end-of-life care. It is fundamental
that the caregivers receive information and training on complex
medical symptoms, psychosocial issues, spiritual well-being, and
planning for the future (21). This interdisciplinary approach to
care improves the quality of life and reduces the suffering of the
patients and their families. In addition, discussions on identifying
signs of distress, anxiety or depression in caregivers would allow
them to prevent or manage these disorders earlier (22). The
fact that not having caregiver-oriented programs focused on
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bvFTD in Peru might also affect caregiver education. Palliative
care approaches are quite limited among respondents; this is
probably related to the scarcity of palliative care programs
in Peru, which mainly focus on oncological pathology (23).
Establishing palliative care programs in institutions could also
improve health outcomes and lower costs when taking care of
these patients.

We recognize the limitations of the study and that only
including neurologists and psychiatrists that mostly work in
the capital city may mean that there is an overestimation of
some training and management aspects that are likely much
more difficult to address in remote regions of the country.
The survey used for this study has been elaborated by authors
with further review and feedback by experts in the field,
but is not validated, then it might be possible that some of
the answers might be biased. A more representative sample
of health care providers from different specialties and from
diverse regions together with a more robust survey model
designs might better explain some of the gaps found in
this survey.

In conclusion, neurology and psychiatry residents and
specialists in Peru receive limited training in FTD. Training
programs should focus on diagnostic criteria, assessment tools
and pharmacological and non-pharmacological management,
and palliative care.
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Background: The cognitive and neuropsychiatric deficits present in patients with

behavioral variant frontotemporal dementia (bvFTD) are associated with loss of

functionality in the activities of daily living (ADLs). The main purpose of this study was

to examine and explore the association between the cognitive and neuropsychiatric

features that might prompt functional impairment of basic, instrumental, and advanced

ADL domains in patients with bvFTD.

Methods: A retrospective cross-sectional study was conducted with 27 patients

with bvFTD in its early stage (<2 years of evolution) and 32 healthy control

subjects. A neuropsychological assessment was carried out wherein measures of

cognitive function and neuropsychiatric symptoms were obtained. The informant-report

Technology–Activities of Daily Living Questionnaire was used to assess the percentage

of functional impairment in the different ADL domains. To identify the best determinants,

three separate multiple regression analyses were performed, considering each functional

impairment as the dependent variable and executive function, emotion recognition,

disinhibition, and apathy as independent variables.

Results: For the basic ADLs, a model that explains 28.2% of the variability was found, in

which the presence of apathy (β = 0.33, p = 0.02) and disinhibition (β = 0.29, p = 0.04)

were significant factors. Concerning instrumental ADLs, the model produced accounted

for 63.7% of the functional variability, with the presence of apathy (β = 0.71, p < 0.001),

deficits in executive function (β = −0.36, p = 0.002), and lack of emotion recognition
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(β = 0.28, p = 0.017) as the main contributors. Finally, in terms of advanced ADLs, the

model found explained 52.6% of the variance, wherein only the presence of apathy acted

as a significant factor (β = 0.59, p < 0.001).

Conclusions: The results of this study show the prominent and transverse effect of

apathy in the loss of functionality throughout all the ADL domains. Apart from that, this

is the first study that shows that the factors associated with loss of functionality differ

according to the functional domain in patients with bvFTD in its early stage. Finally, no

other study has analyzed the impact of the lack of emotion recognition in the functionality

of ADLs. These results could guide the planning of tailored interventions that might

enhance everyday activities and the improvement of quality of life.

Keywords: frontotemporal dementia, functionality, activities of daily living, apathy, executive function, functional

impairment, emotion recognition

INTRODUCTION

Frontotemporal dementia (FTD) is the second most frequent
form of young-onset dementia (<65 years old onset) after
Alzheimer’s disease dementia (ADD) (1, 2). Furthermore, FTD
accounts for 15.3% (6.7–29.6% range) of patients with young-
onset dementia (3). The main clinical manifestation is the
behavioral variant (bvFTD) (4), which is characterized by
personality changes, disinhibition, apathy, lack of empathy,
changes in eating habits, and stereotypical behaviors. In addition,
patients with bvFTD present cognitive deficits, particularly in
executive functions (5, 6).

The aforementioned cognitive and neuropsychiatric deficits
underlie the functional changes observed throughout the course
of the disease (7). These functional changes consist of a loss
of independence and functionality in the activities of daily
living (ADLs) in their different domains: basic ADLs (BADLs),
instrumental ADLs (IADLs), and advanced ADLs (a-ADLs).
BADLs are defined as the daily activities directly related to basic
physiological and self-maintenance needs, including tasks like
eating, using the toilet, or getting dressed (8), while IADLs
include essential activities to maintain an independent life,
such as managing finances, shopping, handling medications,

or using public transport (9). Finally, a-ADLs are more
complex and voluntary activities. They include participation

in social, productive, and leisure activities, such as working,

playing games, planning social events, going on holidays,

and active participation in communities (10–12). However, it
remains unknown how and which ones are the main cognitive
and neuropsychiatric deficits that affect the functionality of
these patients.

Most of the current studies have been conducted on patients
with ADD, wherein a dissociation has been reported regarding
the influence of neuropsychiatric symptoms and cognitive factors
on functional impairment at different stages of dementia and
on each ADL domain (13). In mild cognitive impairment and
mild ADD, apathy, and depression are relevant predictors of
functional impairment in both IADLs and a-ADLs (13–15), while
for patients with mild to moderate ADD, the main predictors

of functional impairment in BADLs and IADLs are cognitive
abilities (13, 15).

In the case of bvFTD, both cognitive and behavioral
features have been associated with functional loss. In terms
of cognitive function, some studies have identified global
cognition and executive function as relevant predictors of global
functional impairment (7, 16, 17). With regard to behavioral
factors, apathy has been identified as the most critical variable
influencing functional performance (7, 16, 18). Other studies
have reported that executive, visuospatial, and language functions
in conjunction with less severe disinhibition, aggression, and
night-time behavior symptoms are associated with functional
impairment (18, 19). Nevertheless, no study has yet identified
predictive factors of functional impairment for basic ADLs.
Moreover, most of the studies have been focused on the analysis
of instrumental ADLs in patients with bvFTD, setting aside
advanced ADLs, which are the first to be affected.

Another important component of bvFTD is the impairment
of social cognition, deficits of which are markedly present in
patients with bvFTD (20, 21). Social cognition is defined as
the ability to recognize how other people are feeling and make
judgments based on their inferred thoughts (22), and it includes
domains such as the theory ofmind (the ability to infer the beliefs,
intentions, and mental states of others), emotion recognition
(identifying facial expressions of emotions), and attributional
style/bias (the explanation of individuals to understand others’
intentions concerning social events and interactions) (23, 24).
Deficits in social cognition could be related to disabilities in
ADLs, specifically in a-ADLs, since this domain is directly
related to social skills and can interfere in the achievement of
personal goals and resolution of social problems (25). There are
scarce studies on the association of disorders of social cognition
and functional impairment. Only one study has evaluated the
influence of social cognition on the functionality of patients
with bvFTD, which found that the performance of ADLs was
more strongly associated with motivation than with emotion
processing (26, 27).

The studies on functional factors associated with bvFTD
have only addressed IADLs and/or global functional impairment
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(16, 18, 28, 29). To the best of our knowledge, no studies have
addressed factors associated with impairment in a-ADLs. Thus,
it remains unknown how the different levels of ADL complexity
(basic, instrumental, and advanced) are influenced by different
neuropsychiatric and cognitive factors. Moreover, despite the
paramount relevance of impairment in social cognition in
bvFTD, studies on the association between social cognition and
ADLs in bvFTD are scarce.

The main purpose of this study was to explore the association
between cognitive and neuropsychiatric features that might
prompt functional impairment at the different ADL domains in
patients with bvFTD and a group of healthy control subjects.

We hypothesize that the cognitive and neuropsychiatric
factors that predict functional impairment in patients with
bvFTD differ among BADLs, IADLs, and a-ADLs. Specifically,
we anticipate that impairment in BADLs is predicted by a
lower executive function performance, presence of apathy, and
disinhibition, while impairment in both IADLs and a-ADLs
are predicted by poor executive function, social cognition, and
presence of apathy.

MATERIALS AND METHODS

Design
The research design was exploratory, analytical, cross-sectional,
retrospective, and non-experimental. Ethical approval for this
study was obtained from the University of Chile ethical
committee (FONDECYT project N◦ 1160940) and the Ethical
and Scientific Committees of the East Metropolitan Health
Service and the HCUCH (Fondecyt 1170010, 1130920 &
FONDAP 15150012).

Participants
The study sample consisted of 59 participants, divided into 27
early-stage patients with bvFTD (< 2 years of progress since its
onset) and 32 healthy control subjects. The patients with bvFTD
were referred from two public hospitals in Santiago, Chile:
Complejo Asistencial Barros Luco and Hospital El Salvador. The
clinical diagnosis was performed by two cognitive neurologists
according to the current criteria for bvFTD (30). The healthy
control subjects were recruited by dissemination through the
University buildings and social media. They were matched by
age, gender, and education level. The inclusion criteria for the
controls considered Spanish-speaking participants older than
60 years of age. All the participants have a reliable proxy
who had known them for at least 5 years. The proxy was
someone who was able to provide information about ADLs
performance, behavioral changes, and the patients’ general
medical history. For all the participants, the exclusion criteria
included <4 years of education, underlying neurological or
psychiatric illness that could affect cognition (except for patients
with bvFTD), and sensory disturbances that could interfere with
the neuropsychological assessment. All the participants and their
caregivers provided informed consent in accordance with the
Declaration of Helsinki.

Measures
The operationalized variables of this study are described
as follows:

1. Activities of daily living: They were measured using
the Technology-Activities of Daily Living Questionnaire
[T-ADLQ; (31)]. The T-ADLQ is an informant-based
report composed of 33 items. It assesses the percentage
of functional impairment for different ADLs, which are
assembled into seven subscales (self-care activities, household
care, employment and recreation, shopping andmoney, travel,
communication, and technology). Each question is rated from
0 (no problem) to 3 (no longer capable of carrying out the
activity). Furthermore, each item has an extra alternative for
cases where the patient may never have done the activity
before (ND—“Never did this activity”), stopped the activity
before the onset of dementia (e.g., working), or for which the
proxy did not have enough information to give an accurate
response (DK –“Don’t know”), which allows correcting the
score to premorbid functioning, thus avoiding gender and
cultural bias (32). The overall functional impairment and each
subscale were scored based on the procedure developed by the
authors of the scale (32) as follows:

∑
Total Score[Except itemsND/DK]

3 × numbers of items answered
× 100

[Except items with ND/DK]

By doing so, the items rated as ND/DK were excluded, which
ensures that the functional impairment score was based on
the actual functioning of the patients in comparison to their
premorbid performance. Higher percentage scores indicate a
higher functional impairment and are graded as follows: “none to
mild” (0% to 33%), “moderate” (34% to 66%), or “severe” (more
than 66%) (32). As previously reported, the T-ADLQ is divided
into three domains: BADLs, IADLs, and a-ADLs (8, 13):

1.1. BADLs percentage of functional impairment.
1.2. IADLs percentage of functional impairment.
1.3. a-ADLs percentage of functional impairment.

Detailed information about the instrument and the items used for
each variable can be found in the Supplementary Material.

2. Cognitive functioning: The Chilean version of the Mini-
Mental State Examination (MMSE) was used in order to
assess the overall cognitive performance. This instrument has
a maximum score of 30, where a higher score indicates better
performance. The cutoff point for the Chilean version was
21/22 for the diagnosis of dementia (33).

Executive functions were evaluated with different cognitive tests.
First, we used the Frontal Assessment Battery [FAB; (34)], which
is a screening test composed of six items that assess different
functions (conceptualization, mental flexibility, programming,
sensitivity to interference, inhibitory control, and environmental
autonomy). Each item is scored from 0 to 3 points, where a higher
score represents better performance. This test shows suitable
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psychometric properties in the Chilean population (30). Second,
we used the FAS and animal version of the Controlled Oral Word
Association Test [COWAT; (35)] to assess cognitive flexibility.
This test has good psychometric properties (36) and assesses both
phonological and semantic fluency, in which the participant has
1min to name as many words as possible that start with a certain
letter (F, A, and S) or belong to a specific semantic category (e.g.,
animals). Therefore, higher scores denote better functioning.
Finally, the Digit Span Backward Task (37) was applied to
have an estimation of working memory. The task consists of
repeating back a sequence of numbers in reverse order, wherein
the sequence length increases progressively. The obtained score
represents the maximum number of items properly retrieved.
This task has also shown good psychometric properties in
Chilean population (38).

To assess social cognition, the mini-Social cognition &
Emotional Assessment [mini-SEA; (39)] was used. This test is
the short version of the SEA test (40), which is composed of
adaptations of two widely used tests: the Faux pas test (41)
to assess the theory of mind, and the Picture of Facial Affect
test (42) to assess emotion recognition. The Faux pas task
includes 10 short stories, wherein the participant must read
and identify if the main character has or has not committed
a social faux pas. On the other hand, the emotion recognition
task includes 35 faces, wherein the participant must recognize
the correct emotion, among seven possible options (happiness,
surprise, neutral, sadness, anger, disgust, and fear). Both tasks
have a maximum composite score of 15 points and the sum
of both composite scores provides the total score for the
mini-SEA (39).

3. Neuropsychiatric symptoms: These symptoms were
measured using the Chilean version of the Neuropsychiatric
Inventory Questionnaire [NPI-Q; (43)], an informant
rating questionnaire that assesses the presence and severity
of 12 neuropsychiatric symptoms, such as delusions,
hallucinations, aggression, depression, anxiety, euphoria,
apathy, disinhibition, irritability, aberrant motor behaviors,
night-time disturbances, and eating disturbances (44). The
presence scoring is based on YES/NO answers, whereas the
severity score is rated as follows: 1 (mild); 2 (moderate),
and 3 (severe). For the regression analysis, only apathy and
disinhibition were considered, which have been identified
as clinically significant in bvFTD (45–47) and might have
relevance to the ADLs impairment.

Procedure
The participants were assessed between 2016 and 2019. The
neuropsychological assessment was carried out by a specialized
neuropsychologist in two sessions of 90min each, during which
different cognitive tests were applied. Furthermore, a reliable
informant was asked to complete the T-ADLQ and the NPI-
Q at home in order to examine the participant’s functionality
in the ADL and the presence and severity of neuropsychiatric
symptoms. Prior to inclusion in the study, all patients and carers
signed an informed consent form.

Statistical Analyses
IBM Statistical Package for the Social Sciences (SPSS)
Professional Statistics v.24 (48) was used for the data analysis.
An exploratory analysis was carried out in order to identify the
distribution of each variable, using the Kolmogorov-Smirnov
test. Based on the said analysis, performances of healthy control
subjects and patients with bvFTD were compared on both
cognitive and functional measures. T-tests were used for group
comparisons of the measures with normal distribution and
Mann-Whitney U tests were used for the variables that were
not normally distributed. Likewise, Pearson and Spearman
correlation analyses were performed to study the relationship
between the different ADL domains and the cognitive and
neuropsychiatric variables. Due to the use of different executive
tests, composite scores were formed with unit-weighted z
scores by using the means and SDs of the control group. This
allowed for the creation of two composite variables: i) “executive
function” made up of the variables COWAT’s FAS version, FAB
total score, and the Digit Span Backward Task and ii) “global
composite score” formed by the variables MMSE total score,
mini-SEA total score, and the NPI-Q severity scale, which were
used for further analysis. Finally, in order to predict the best
determinants of ADL impairment in its different domains in
patients with bvFTD, three separate standard multiple regression
analyses were performed using the stepwise (backward)
procedure. For the regression analyses, BADs, IADLs, and
a-ADLs were considered as dependent variables and executive
function, social cognition, presence of apathy, and disinhibition
were considered as independent variables. p-values <0.05 were
considered significant. Only three of the four possible predictors
could be used per analysis, because of the small sample size of
this research. To handle this, the predictors were selected in line
with each hypothesis.

RESULTS

Participants’ Demographics and Clinical
Characteristics
A total of 59 participants were included, with 32 healthy control
subjects and 27 patients with bvFTD. The groups did not differ
in terms of age [t(57) = −1.7, p = 0.10] and education (U =

365, z = −1.03, p = 0.30). However, gender differences were
identified between the groups [χ2

(1) = 5.9, p = 0.02], with more
presence of women in the healthy control group (n = 23; 71.9%)
and more men among the patients with bvFTD (n = 17; 63%).
Table 1 summarizes the main findings and group comparisons.

Regarding general cognitive performance, patients with
bvFTD had lower scores on the MMSE than healthy control
subjects (U = 107, z = −5.04, p < 0.001). With regard to
executive functioning, patients with bvFTD had worse outcomes
than healthy control subjects on the FAB (U = 106, z = −5.02,
p < 0.001) and COWAT [categorical fluency: t(57) = 8.6, p <

0.001; lexical fluency: t(57) = 5.5, p < 0.001]. Similar results were
observed for social cognition (mini-SEA total score: U = 95, z
= 4.66, p < 0.001), in emotion recognition (U= 130, z= −4.23,
p < 0.001), and Faux Pas identification (U = 106, z = −4.48,
p < 0.001).
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TABLE 1 | Comparison of participant demographics and neuropsychological tests.

Variables Healthy Controls bvFTD t-test Mann-Whitney U

Median IQR or SD Median IQR or SD

Age (years) 65.3 8.1 69.1 9.4 −1.7 –

Education (years) 13.0 4.0 12.0 8.0 – 305

Gender (M/F) 9/23 17/10 – –

Basic ADLs (% impairment) 0.0 0.0 13.3 20.0 – 769**

Instrumental ADLs (% impairment) 0.9 9.7 45.2 41.7 – 811**

Advanced ADLs (% impairment) 13.8 27.7 61.1 28.6 – 796**

Global ADLs (Total T-ADLQ) 3.3 12.0 42.0 30.2 – 822**

MMSE 29.5 1.0 26.0 6.0 – 107**

Executive function

Composite a 0.0 2.7 −7.7 4.3 7.9**

FAB 16.0 3.0 12.0 5.0 – 106**

Digit Backward Test 4.0 2.0 3.0 1.0 – 239*

COWAT—FAS fluencya 43.5 12.7 23.0 15.7 5.5** –

COWAT—animal fluencya 21.3 5.5 9.6 4.8 8.6** –

Social cognition

mini-SEA emotion recognition composite score 12.0 1.7 10.1 3.4 – 130**

mini-SEA Faux pas identification composite score 14.3 2.3 10.9 4.9 – 106**

Total score mini-SEA 25.4 3.1 18.6 7.4 – 95**

NPI-Q severity score 1.5 2.5 12.0 6.0 – 199**

Global composite scorea −0.2 0.7 −1.0 1.9 2.2 –

IQR, Interquartile range; bvFTD, behavioral variant of Frontotemporal Dementia; ADLs, Activities of Daily Living; MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery.
aVariables normally distributed, therefore, results are presented in mean and SD.

*p <0.01.

**p < 0.001.

Activities of Daily Living
The percentage of functional impairment in patients with bvFTD
increased along with the complexity of ADLs, meaning that mild
impairment was observed in BADLs (Median = 13.3; IQR =

20.0), followed by moderate impairments in IADLs (Median =

45.2; IQR = 41.7) and a-ADLs (Median = 61.1; IQR = 28.6).
A similar direction was detected in healthy control subjects
(BADLs: Median = 0.0; IQR = 0.0; IADLs: Median = 0.9; IQR
= 9.7; a-ADLs:Median= 13.8; IQR= 27.7).

As expected, the bvFTD group showed higher levels of
functional impairment in comparison with the healthy control
subjects, and significant group differences were found in BADLs
(U = 769, z = 5.61, p < 0.001), IADLs (U = 811, z =

5.83, p < 0.001), and a-ADLs (U = 796, z = 5.57, p <

0.001). In patients with bvFTD, a-ADLs and IADLs were the
most affected, with 48.1% and 25.9% showing severe functional
impairment and 29.6 and 51.9% showing moderate functional
impairment, respectively. Figure 1 illustrates the distribution of
the participants’ functional impairment.

Neuropsychiatric Symptoms
Overall, there were significant differences between the control
group and patients with bvFTD in terms of neuropsychiatric
symptoms’ severity score (U = 199, z = −5.06, p < 0.001).
In terms of each symptom, apathy was the most frequent
neuropsychiatric symptom observed in patients with bvFTD,

reaching 88%. It was followed by eating disturbances (76%),
disinhibition (72%), and irritability (72%). The frequency of
all these symptoms, excluding hallucinations and euphoria, was
significantly higher than the control group [6.7 > χ

2
(1) < 30.4,

p < 0.001) (Figure 2).

Correlations Between Cognitive and
Neuropsychiatric Functioning and
Functional Impairment at the Different ADL
Domains
Overall, within all the participants, the three ADL domains
weremore strongly correlated with the neuropsychiatric variables
(0.55 < rs < 0.76, p < 0.01) than with the cognitive variables
(−0.45 < rs < −0.58, p < 0.01). Apathy was strongly correlated
with the percentage of functional impairment across all ADL
domains (BADLs: rs = 0.68, p < 0.01; IADLs: rs = 0.76, p
< 0.01; a-ADLs: rs = 0.72, p < 0.01), wherein disinhibition,
emotion recognition, and executive function showed moderated
correlations with the ADL domains (Table 2).

Determinants of Functional Impairment in
bvFTD
A preliminary analysis showed that mini-SEA total composed
score and mini-SEA Faux Pas score did not impact functionality
(advanced and instrumental ADLs) (49) (refer to the
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FIGURE 1 | Boxplots with the distribution of participants percentage of functional impairment in BADLs, IADLs, and a-ADLs according to severity of impairment. The

whiskers represent the range values of each group.

Supplementary Material for further details). Therefore,
only the mini-SEA emotion recognition score was used as a
potential predictor in the regression analyses.

For the regression analyses, BADs, IADLs, and a-ADLs were
considered as dependent variables, and executive function (i.e.,
executive function composite score), social cognition (i.e., mini-
SEA emotion recognition score), apathy, and disinhibition were
considered as independent variables.

For a-ADLs, the best fit model explained 52.6% of the
variance [F(2,52) = 31.0, p < 0.001, adjusted R2 = 0.526].
This model included apathy and executive function. However,
only apathy was a statistically significant factor (β = 0.59,
p < 0.001), with a unique contribution of 33% of the
variance explained.

With regard to IADLs, the best fit model explained 63.7%
of the variance obtained [F(3,51) = 32.6, p < 0.001, adjusted
R2 = 0.637], and apathy, emotion recognition, and executive
function were included (Table 3), wherein apathy (β = 0.71, p <

0.001), executive function (β = −0.36, p = 0.002), and emotion
recognition (β = 0.28, p = 0.017) accounted for 66% of the
variance explained (44% apathy, 17% executive function, and 4%
emotion recognition).

Finally, for BADLs, the best fit model explained 28.2% of the
variance obtained [F(2,54) = 11.9, p< 0.001, adjusted R2 = 0.282]
and included apathy (β = 0.33, p = 0.02) and disinhibition (β
= 0.29, p = 0.04). Moreover, apathy and disinhibition uniquely
contributed 9 and 8%, respectively, of the variance explained
(Table 3).
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FIGURE 2 | Prevalence of neuropsychiatric symptoms in healthy controls and bvFTD patients. *Significant difference between groups (p < 0.001).

TABLE 2 | Correlations (Spearman’s Rho) for functional impairment of basic, instrumental, and advanced activities of daily living (ADL) with cognitive and neuropsychiatric

features.

Variable N Median IQRa 1b 2 3 4 5 6 7 8

Functionality

1. Basic ADLs 59 0.00 13.30 –

2. Instrumental ADLs 59 21.05 45.80 0.75* –

3. Advanced ADLs 59 33.33 47.20 0.59* 0.59* –

4. Global ADLs 59 19.79 38.54 0.77* 0.99* 0.89* –

Cognitive performance

5. Executive Function Composite scorec,d 59 −3.51 5.21 −0.46* −0.58* −0.53* −0.59* –

6. Emotion Recognition composite score 56 11.57 2.60 −0.48* −0.35* −0.39* −0.33* 0.53* –

Neuropsychiatric symptoms

7. Apathy 57 0.00 1.00 0.68* 0.76* 0.72* 0.76* −0.62* −0.63* –

8. Disinhibition 57 0.00 1.00 0.59* 0.61* 0.55* 0.63* −0.63* −0.47* 0.59* –

a IQR, Interquartile Range. b1, Basic ADLs; 2, Instrumental ADLs; 3, Advanced ADLs; 4, Global ADLs Cognitive performance; 5, Executive Function Composite score; 6, Emotion

Recognition composite score Neuropsychiatric Symptoms; 7, Apathy; 8, Disinhibition.
cResults presented in mean and SD.
dPearson r.

p < 0.01 (two-tailed). * p <0.01.

DISCUSSION

The present study reveals that, in patients with bvFTD, the
factors associated with functional impairment of the ADLs vary
in their combinations and proportions across the different ADL
domains. As expected, the performance of patients with bvFTD
on all cognitive tasks and ADLs was significantly worse than
the healthy control subjects, which is in line with several studies
(28, 49, 50).

In terms of functionality, a-ADLs and IADLs were the most
affected in patients with bvFTD. A similar pattern was observed
in some healthy control subjects, which suggests that they
could have other pathologies affecting their functionality. In
the case of a-ADLs, almost half of the patients with bvFTD
presented severe functional impairment (48.2%). Regarding
IADLs, a similar proportion was observed (51.9%) in moderate
functional impairment. These results are consistent with previous
publications. For instance, Mioshi, Kipps (28) reported that
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TABLE 3 | Standard multiple regression analyses with the percentage of functional impairment for basic activities of daily living (BADLs), instrumental activities of daily

living (IADLs), and advanced activities of daily living (a-ADLs) scores as dependent variables.

Predictor B SE β p-value sr2

Basic ADLs (BADLs)

Apathy 11.59 4.96 0.33 0.020 0.09

Disinhibition 11.35 5.42 0.29 0.040 0.08

Instrumental ADLs (IADLs)

Executive function −1.98 0.61 −0.36 0.002 0.17

Emotion recognition 3.47 1.41 0.28 0.017 0.04

Apathy 39.00 6.01 0.71 <0.001 0.45

Advanced ADLs (a-ADLs)

Executive function −1.12 0.64 −0.21 0.090 0.06

Apathy 32.59 6.38 0.59 <0.001 0.33

B, Unstandardized regression coefficient; β, Standardized coefficient; sr, Semi-partial correlation squared.

Adjusted R2 for BADLs = 0.282, p < 0.001; adjusted R2 for IADLs = 0.637, p < 0.001; adjusted R2 for a-ADLs = 0.526, p < 0.001. Bold values indicates the significant results (p

< 0.01 or p < 0.05).

50% of patients with bvFTD have moderate impairments on
IADLs. Interestingly, even if the patients of our study were in
the mild and moderate stage of the disease, we observed that
67% of them reported mild impairment in BADLs and 18.5%
reported moderate impairment in BADLs. This is also congruent
with the findings of Mioshi, Kipps (28), who described marked
impairment of both BADLs and IADLs in patients with bvFTD.

Concerning neuropsychiatric symptoms, 88% of patients with
bvFTD presented apathy, 76% presented eating disturbances, and
72% presented disinhibition. These results are similar to those
reported by Ranasinghe, Rankin (51). They described that in the
mild stage of bvFTD, the most prevalent behavioral disturbances
were apathy, followed by disinhibition and eating disturbances.
Likewise, Johnson and Kumfor (52) found that 90% of patients
with bvFTD presented apathy.

Regarding the factors associated with functional impairment,
our regression model accounted for 28.2% of the BADL
functional variability, wherein the presence of apathy and
disinhibition plays a significant role. Contrary to expectations,
poor performance on executive function does not contribute to
the functional impairment of BADLs. Nonetheless, our results
should be considered carefully since the patients analyzed were
within the first stages of dementia, which usually presents
scarce BADL impairment (53). Interestingly, Yassuda et al. have
previously reported that neither cognition nor neuropsychiatric
symptoms were associated with BADLs, measured with the
Disability Assessment for Dementia (DAD), in bvFTD. Finally,
further studies are needed to explore the factors associated with
BADL impairment in patients with different severity stages of
the disease.

Regarding IADLs, a model that explained 63.7% of the
functional variability was produced, wherein the main
contributors were apathy, executive function, and emotion
recognition. These results are different from those reported
by Yassuda, Lima da Silva (16). They obtained a model that
explained 35.6% of the IADL variance, in which only global
cognition acted as a significative predictor. One possible
explanation is the fact that their sample was larger than ours;

additionally, six out of seven of the predictors used in their
model were behavioral. Moreover, they did not include specific
measurements for executive functions and social cognition,
which have been reported as the main domains impaired by
bvFTD (20). Our findings are in line with the existing cognitive
models since the tasks and activities that are supported by the
executive functions play a central role in IADL performance (54).

Finally, the functional impairment of a-ADLs was best
portrayed by a model that explained 52.6% of the variance,
wherein only apathy was observed as a statistically significant
predictor. This is the first study that explored the impact
of cognition and neuropsychiatric symptoms in a-ADLs of
patients with bvFTD. Thus, it was not possible to make
direct comparisons with other research. Nevertheless, similar
results were found in patients with ADD, wherein apathy was
the strongest factor associated with both IADL and a-ADL
impairment (13).

Overall, our study shows associations between the functional
domains and other neuropsychiatric and cognitive factors, but
it is not clear if these factors might affect a worse prognosis.
One longitudinal study found that worse executive, visuospatial,
and language functions in conjunction with more severe
disinhibition, aggression, and night-time abnormal behavior
symptoms also influenced a faster rate of functional impairment
(19). In another longitudinal study, O’Connor, Clemson (18)
examined 21 patients with bvFTD throughout 5 years, during
which they observed that, while apathy symptoms increase,
disinhibition with stereotypical behavior decreases during the
disease progression. Even though they did not perform a
prediction analysis, a longitudinal correlation was found between
the detriment of these symptoms and a reduction of daily life
functioning (18).

In terms of social cognition, emotion recognition was found to
play a significant role in the functionality of instrumental ADLs.
Our findings are in line with a study performed by Torralva,
Gleichgerrcht (55), which concluded that in the early stages of
bvFTD, emotion recognition deficits are significantly altered in
comparison with Theory of Mind (ToM). This contrasts with the
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findings of Kipps, Mioshi (27), who did not find any relationship
between emotion recognition and ADL performance in patients
with bvFTD but was associated with the lack of motivation
instead. Nevertheless, they used a different test to assess emotion
recognition (the Emotion Hexagon). Another study concludes
that social dysfunction in bvFTD appears to be multifactorial
(25). Impairments in emotion processing may cause patients
with bvFTD to be indifferent to social cues and thus, unable
to respond to signals of social discontent. This deficit may
prompt a lack of empathy or difficulty identifying situations
that could embarrass them (27). In general, information is
insufficient in order to conclude how social cognition deficiencies
impact daily life functionality in bvFTD, and it should be
explored in more detail. Nevertheless, this relationship has been
examined in other pathologies, such as schizophrenia, bipolar
disorder, traumatic brain injury, and Alzheimer’s disease, where
an independent contribution and significant correlations have
been reported between social cognition, social behavior, and
functional impairment (56–61).

Apathy was the main factor associated with functional
impairment for all the ADL domains in patients with bvFTD.
It showed a predictive power of 44% for the IADL functional
variability and 33% for a-ADLs. These results are concordant
with the findings of Yassuda, Lima da Silva (16), who showed
that in patients with bvFTD, apathy, and global cognition
act as predictors for global functional impairment. Moreover,
similar outcomes were found in ADD, where apathy was the
stronger predictor of functional impairment in both instrumental
and a-ADLs (13). From a neurobiological perspective, it has
been proposed that apathy involves three main domains:
cognitive, affective, and behavioral (goal-directed), which have
different underlying neural circuits (62). From a clinical
perspective, the current diagnostic criteria for apathy include
the following dimensions: (i) behavior and cognition, (ii)

emotion, and (iii) social interaction (63). It is unclear how these
three dimensions of apathy interact and influence functional
impairment. Because of the strong effect that apathy has on
functional impairment, future research is needed in order
to improve the current comprehension of the underlying
mechanisms of apathy on the functionality of ADLs. In
order to do that, apathy should be assessed considering its
multiple aspects, with the incorporation of different clinical
instruments, such as behavioral tests, questionnaires, and even
wearables. Currently, Zeghari, Robert (64) are working on
a novel multidimensional protocol for apathy assessment in
dementia, in order to achieve a better characterization of its
different dimensions.

To date, this is the first study that has analyzed the functional
impairment of a-ADLs in a sample of patients with bvFTD.
This is clinically relevant since these activities are the
first to be impaired once the disease starts its progression
(53, 65). Nonetheless, there is a lack of studies that have
addressed this dimension in patients with dementia. One
of the possible reasons is the few instruments available
to measure this construct. Currently, there are several
tools available that have been designed and include a-
ADLs as an exclusive type of ADL or join them together

with other domains (8, 11, 12, 66, 67). More research
is needed to increase the knowledge of this dimension
and thus, incorporate the assessment of a-ADLs into
clinical protocols, especially in those for the detection of
early-onset dementias.

It is worth highlighting that our models only partially address
functional impairment in ADLs, wherein apathy accounted
for the prediction of <50% for the IADLs and a-ADLs’
functional impairment, which implies that there are other factors
that may influence the performance of each ADL domain.
For instance, in a longitudinal study, Josephs, Whitwell (19)
analyzed the contribution of cognitive, behavioral, genetic, and
anatomical factors in the rate of functional decline in patients
with bvFTD. As a result, they found that the atrophy pattern
was the strongest predictor (R2 = 0.22) for a faster rate of
functional impairment. Furthermore, there is a possibility that
other manifestations of the disease, such as motor impairment,
comorbidity, and sensorial deficit, could be interfering in the
performance of ADLs.

The main limitation of this study is the small sample
of patients with bvFTD, which implies that our results may
not be generalizable, especially because bvFTD is a very
heterogeneous disease. Further research with larger samples is
needed to reach robust conclusions. In addition, with a larger
sample size, other explanatory variables, such as perseverative
behavior, eating disturbances, and irritability can be included
that may provide models with a higher percentage of explained
variance, and thus would contribute to the generalizability of
the results. In the same way, there has been reported a high
gender variability in patients with FTD (3, 68, 69), which
also accounts as a limitation for the generalization of our
results. Moreover, further studies should include other factors
such as lack of insight and judgment problems, given that
these are clinical characteristics of bvFTD (70–72) and may
influence functional impairment of both IADLs and a-ADLs.
Another limitation is related to the use of informant-based
questionnaires for the assessment of functional impairment and
neuropsychiatric symptoms, and the way it was conducted (at
home), which could be susceptible to reporter bias. Nevertheless,
despite these caveats, until today, they represent the best
approach to evaluate functional impairment in dementia. This
limitation could be overcome by carrying out clinical assessments
such as semi-structured interviews with the patient and two
close informants.

In summary, the present study found relevant clinical
associations with functional impairment in the different types
of ADLs. This study contributes to clarifying the association
between some of the main cognitive and neuropsychiatric
features present in patients with bvFTD and the different
dimensions of ADLs. The main novelty of this study is the
analysis of the functional determinants of a-ADLs in a sample
of patients with bvFTD who are in the initial phase of dementia.
The results provided have relevant clinical implications, which
can guide the planning of early interventions and subsequent
treatments. Moreover, early treatments could improve the quality
of life, not only for the patients but also for their families
and relatives.
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Frontotemporal dementia (FTD) is the third most common form of dementia across

all age groups and is a leading cause of early-onset dementia. The Frontotemporal

dementia (FTD) includes a spectrum of diseases that are classified according to their

clinical presentation and patterns of neurodegeneration. There are two main types of

FTD: behavioral FTD variant (bvFTD), characterized by a deterioration in social function,

behavior, and personality; and primary progressive aphasias (PPA), characterized by a

deficit in language skills. There are other types of FTD-related disorders that present

motor impairment and/or parkinsonism, including FTD with motor neuron disease

(FTD-MND), progressive supranuclear palsy (PSP), and corticobasal syndrome (CBS).

The FTD and its associated disorders present great clinical heterogeneity. The diagnosis

of FTD is based on the identification through clinical assessments of a specific clinical

phenotype of impairments in different domains, complemented by an evaluation through

instruments, i.e., tests and questionnaires, validated for the population under study,

thus, achieving timely detection and treatment. While the prevalence of dementia in

Latin America and the Caribbean (LAC) is increasing rapidly, there is still a lack of

standardized instruments and consensus for FTD diagnosis. In this context, it is important

to review the published tests and questionnaires adapted and/or validated in LAC for
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the assessment of cognition, behavior, functionality, and gait in FTD and its spectrum.

Therefore, our paper has three main goals. First, to present a narrative review of the

main tests and questionnaires published in LAC for the assessment of FTD and its

spectrum in six dimensions: (i) Cognitive screening; (ii) Neuropsychological assessment

divided by cognitive domain; (iii) Gait assessment; (iv) Behavioral and neuropsychiatric

symptoms; (v) Functional assessment; and (vi) Global Rating Scale. Second, to propose

a multidimensional clinical assessment of FTD in LAC identifying the main gaps. Lastly,

it is proposed to create a LAC consortium that will discuss strategies to address the

current challenges in the field.

Keywords: frontotemporal dementia, neuropsychological assessment, functional assessment, gait assessment,

behavior assessment, neuropsychiatric symptoms, multidimensional assessment, consortium

INTRODUCTION

Frontotemporal dementia (FTD) is a clinical neurodegenerative

syndrome characterized by alterations in behavior, executive

functions, and language (1–3). The FTD constitutes a spectrum

of diseases classified according to their clinical presentation

and patterns of neurodegeneration (4, 5). There are two
main types of FTD: the first is the behavioral FTD variant
(bvFTD), characterized by impaired social function, behavior,
and personality; and the second are the language variants,
namely, semantic dementia (SD), non-fluent or agrammatical
aphasia (nfv-PPA), and logopenic aphasia (lv-PPA), which are
characterized by progressive deficits in language skills (2, 4, 6).
There is a current controversy surrounding lv-PPA, regarding
whether to maintain its inclusion as an FTD variant, given
that the neuropathological studies show a stronger association
with Alzheimer’s Disease (AD) pathologies (7, 8). Nevertheless,
some current criteria maintain it as an FTD syndrome variant
(6). Other types of FTD-related disorders present with motor
symptoms and/or parkinsonism. The main disorders associated
withmotor difficulties are FTDwithmotor neuron disease (FTD-
MND) and FTD with atypical parkinsonism, i.e., progressive
supranuclear palsy (PSP) and corticobasal syndrome (CBS) (2, 9,
10).

FTD is one of the most common causes of early-onset
dementia (patient age < 65 years) and is the third leading
cause of dementia after AD (11, 12) and Lewy body dementia
(LBD) (1). Its prevalence ranges between 3 and 26% worldwide
(1, 13). Precise data regarding its prevalence in Latin America
is unknown despite the consequences it causes (14). It is
also frequently underdiagnosed, being confused with psychiatric
pathologies (15, 16). Studying this syndrome is greatly relevant as
it impairs the capacity of the patient to perform activities of daily
life (ADL), affecting both basic (feeding, dressing, and bathing)
and instrumental (economic management, cooking, housework)
activities of daily living (BADLs and IADLs, respectively) (17, 18).
This significantly interferes with the capacity of the patient to
live independently, their quality of life, along with that of their
relatives (19, 20).

Diagnosis is based on identifying the clinical phenotype
described above, i.e., behavioral or neuropsychiatric symptoms

and/or language impairment, accompanied by impairment in
other domains, namely, social cognition, executive functions,
functionality, and motor function (2). The clinical interview
and examination are complemented by a multidimensional
assessment, defined as the evaluation of cognition, behavior,
functionality, and motor capacity, with the administration of
validated and standardized tests and questionnaires to obtain
reliable and accurate information regarding impairment in these
domains (21). Broadly speaking, these tests and questionnaires
could be administered in the clinical context as a brief screening
evaluation, but they can also be a complementary exam
when applied as an extensive neuropsychological assessment
(22). Cognitive screening tests are brief and straightforward
instruments aimed at detecting signs of dementia or cognitive
impairment and monitoring the evolution of the disease and
response to treatment (22, 23). These instruments are routinely
used in a clinical practice. They are crucial for identifying
cognitive impairment and for initiating the diagnostic process,
which is further supported by blood tests, neuroimaging, and a
formal neuropsychological assessment (22, 23), which includes
an evaluation to collect information on various dimensions
of cognition, behavior, and functioning (24). The validity and
reliability of data gathered with brief screening tests and
neuropsychological tests depend on their validity in the cultural
contexts in which they were applied (25, 26). A test with good
psychometric characteristics allows comparing the performance
of a subject with groups of the same age, sex, race, and
educational level, given that all these factors influence the
performance and interpretation of the instruments used. This
comparison determines whether a subject performs as expected
or with diminished capabilities, which can be quantified and
interpreted (24). Although the screening tests are a powerful tool
to detect cognitive impairment, there is no specific screening for
FTD due to the heterogeneity of the syndrome, which implies a
significant difficulty for a timely diagnosis.

Diagnosing FTD is indeed challenging due to its complex
clinical phenotype and its insidious presentation, especially
in cases with non-specific behavioral features and without
brain atrophy (27–31). Usually, an FTD diagnosis is clinically
recognized later than AD (15, 16, 32). A significant delay in
diagnosis of up to 5 years from the onset of the first symptoms
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and a high rate of misdiagnosis with psychiatric conditions have
been reported (33, 34). Several diagnotic barriers have been
reported, such as (i) the heterogeneity of FTD, whose clinical
features frequently overlap with other neurological diseases, e.g.,
the behavioral/dysexecutive variant of AD (35) or psychiatric
disorders (36–39); (ii) Lack of knowledge and training of health
professionals in Latin America and Caribbean (LAC) on FTD (25,
40, 41); (iii) Limited access to medical care, neuropsychological
evaluations, and advanced neuroimaging facilities to support
FTD diagnosis in LAC (42, 43); and (iv) Lack of validated
instruments for the LAC population that is capable of detecting
and differentiating FTD from other pathologies. For these
reasons, it is important to review the available evidence on
tests and questionnaires for the assessment of FTD in LAC and
propose a strategy to address challenges in the field.

Therefore, our paper has three main goals. First, to present a
narrative review of the main tests and questionnaires published
in LAC to assess FTD and its spectrum. Second, to propose a
multidimensional clinical assessment of FTD in LAC, identifying
the main gaps. Lastly, it is proposed to create an LAC consortium
that will discuss strategies to address current challenges in
the field.

METHODS

First, experts in FTD and its spectrum from Argentina, Brazil,
Chile, and Colombia were invited to participate based on
two criteria: (i) neurologists, neuropsychologists, and physical
therapist working in clinical evaluation and research in FTD
and its spectrum, or (ii) clinical researchers in the clinical
assessment of FTD and its spectrum. Second, an online
literature search for journals indexed by Pubmed Central,
Scopus, Lilacs, and Scielo databases was conducted between
March 2021 and July 2021 (performed by FH and VC).
The Scielo database was incorporated since it indexes many
national and Latin American journals from all areas of
knowledge. For this review, we searched for articles with
the following keywords in English: Frontotemporal Dementia,
Primary Progressive Aphasia, Progressive Supranuclear Palsy,
Corticobasal Degeneration, Amyotrophic Lateral Sclerosis AND
Neuropsychology, Neuropsychiatric, Activities of Daily Living,
Functional Assessment, Cognitive Assessment, Screening Test,
Gait, Behavior, AND Latin America, South America, Caribbean.
Subsequently, the procedure was reproduced with the exact
keywords translated into Spanish and Portuguese.

Once the results of the literature review were provided to
the experts, they wrote the different sections of the narrative
review based on their expertise (LCD, LO, AS, and FH: cognitive
screening; SB and TT: neuropsychology assessment; DMP:
gait assessment; PL and FH: behavior and neuropsychiatric
symptoms; and FH and AS: functional assessment and global
rating scale). After the experts wrote the different sections, they
met in several online meetings to reach an agreement on the
different sections of the narrative review, and to propose a
multidimensional clinical assessment and identify the main gaps
in the field.

RESULTS

Description of Available Evidence for
Multidimensional Assessment in LAC
In the following section, we will present the available evidence
divided into six dimensions: (i) Cognitive screening; (ii)
Neuropsychological assessment divided by cognitive domain;
(iii) Gait assessment; (iv) Behavioral and neuropsychiatric
symptoms; (v) Functional assessment; and (vi) Global rating
scale. We will discuss the relevance of each dimension for the
assessment in the FTD diagnosis, describing the instruments
generally used along with the available evidence in LAC.

Brief Cognitive Screening
As discussed previously, FTD diagnosis is based on clinical
grounds and requires a high level of suspicion from health
professionals. When evaluating a patient with suspected
dementia, a brief cognitive screening (BCS), defined as an
instrument used to detect signs of dementia that does not include
caregiver or information interviews, is the first line of cognitive
assessment (23). BCSs are crucial for identifying the presence
of a cognitive syndrome, initiating the diagnostic process, and
contributing to a timely diagnosis (44).

However, there are no specific tools for screening for
neurodegenerative syndromes. In line with this, epidemiological
surveys on the prevalence of FTD in community-based studies
in LAC employed a three-step procedure to establish FTD
diagnosis, namely, (1) demographic and clinical questionnaires,
including a brief cognitive battery, e.g., Mini-Mental State
Examination (MMSE) (45), Montreal Cognitive Assessment
(MoCA) (46), third version of Addenbrooke’s Cognitive
Examination (ACE-III) (47), and a functional assessment such as
the Pfeffer Functional Activities Questionnaire (PFAQ) (48); (2)
detailed clinical (neurological) and cognitive evaluations, and (3)
laboratory and neuroimaging investigation. Thus, FTD diagnosis
is established with a consensus diagnosis (14). Moreover, most
clinical studies on FTD conducted in LAC included patients
selected from the reference centers to diagnose and manage
dementia. These studies usually adopt a consensual diagnostic
framework. Indeed, cognitive screening tests are recommended
for detecting dementia but not for the differential diagnosis of
dementia. Thus, it is crucial to use cognitive screening tools
sensitive to FTD (49).

BCS is generally used in FTD research, such as the INECO
Frontal Screening (IFS) (50), the Frontal Assessment Battery
(FAB) (49, 51), or the Mini-social cognition and emotional
assessment (mini-SEA) (52, 53). In addition, the behavioral
and psychiatric scales answered by an informant, such as the
Neuropsychiatric Inventory (54), may also be helpful for FTD
diagnosis (55, 56). However, these tools may not be adapted for
use in primary care scenarios as they may require specialized
training and are time-consuming (23). Moreover, their accuracy
for FTD screening in the general population has, so far, not
been investigated.

This context, thus, warrants the development or adaptation
and validation of screening tools for FTD diagnosis. The ideal
FTD screening tool should combine high sensitivity and short
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application time and should not require specialized training,
thus, being beneficial for primary care settings.

In LAC, brief cognitive assessments are available for use in
clinical settings. However, evidence on their diagnostic utility
in FTD is still limited. Addenbrooke’s Cognitive Examination-
Revised (ACE-R) was adapted in Argentina (57), Brazil (58),
and Chile (59). Another work conducted in Argentina and
Chile has validated the third version of Addenbrooke’s Cognitive
Examination (ACE-III) in a population of patients with bvFTD,
AD, and healthy control subjects (60). The ACE-III showed good
psychometric properties and allowed differentiating patients
with dementia from healthy controls, and demonstrated good
discriminative ability between these two groups of patients (60).

Torralva et al. (50) designed the IFS in Argentina, a cognitive
instrument that allows a brief assessment of executive functions.
The validity and discriminative capacity of the IFS was studied
in patients with bvFTD, AD, and healthy controls. The IFS
differentiates patients with dementia from healthy controls (50,
61) and patients with bvFTD from AD (50). Two studies, one in
Argentina and the other in Peru, suggested that the IFS presented
greater clinical utility in differentiating bvFTD from AD in
comparison with the FAB (62, 63). In Brazil, Bahia et al. (64)
reported that the IFS showed good psychometric properties, but
provided a low accuracy, differentiating between bvFTD and AD.
In Chile, the psychometric properties and diagnostic accuracy
of IFS were studied in a sample of patients with dementia
(bvFTD, AD, vascular dementia (VD), LBD, and SD) and healthy
controls (65). The Chilean IFS presented adequate indicators of
reliability and good diagnostic accuracy in detecting patients with
dementia (65).

Neuropsychological Assessment Divided by Domain

Memory
Although relative sparing of episodic memory has been proposed
as one of the distinctive characteristics of FTD (66, 67),
recent evidence questions the validity of the preservation of
this domain, particularly in bvFTD. For instance, evidence
from a recent meta-analysis (68) showed that patients with
bvFTD perform intermediately between healthy controls and
patients with AD. However, patients with bvFTD showed severe
memory impairments in line with previous studies reporting
episodic memory impairments in patients with bvFTD (69,
70). In contrast, several studies demonstrate that patients with
AD experience even more significant memory problems than
patients with bvFTD (71–74), with delayed memory testing being
the most discriminative (73, 75). In addition, some patients
with bvFTD have shown genuine amnesia affecting storage
and consolidation abilities, which are independent of executive
dysfunctions (76), and are observed in a similar degree in AD
(77, 78).

Concerning PPA, episodic memory seems to be compromised
in all variants compared to healthy controls (78, 79). However,
patients with SD are impaired to a similar extent as patients
with lv-PPA who are in turn more impaired than patients with
nfv-PPA. In addition, patients with SD perform better on tests
using non-verbal material and show overall better performance
on recognition tests (78). Episodic memory deficits in lv-PPA and

nfv-PPA, on the other hand, are observed on both verbal and
non-verbal measurements, although patients with lv-PPA show
more pronounced episodic and working memory deficits when
compared to patients with nfv-PPA (79–81). Thus, given that
differentiating the language profiles of the PPA variants remains
challenging (80), especially for lv-PPA and nfv-PPA, memory
testing could be of potential benefit to better differentiate between
these variants.

The most frequent tests used to assess memory in FTD
(82) are the Rey Auditory-Verbal Learning Test (RAVLT)
(83) or similar word list-learning tests, such as the Hopkins
Verbal Learning Test (HVLT-R) (84) or the California Verbal
Learning Tests (CVLT) (85), the computerized Paired Associate
Learning Test (PAL) (86), the Free and Cued Selective Reminding
Test (FCSRT) (87), the autobiographical memory interview
(88), and the Cambridge Behavioral Prospective Memory Test
(CAMPROMPT) (89). These instruments are also commonly
used in LAC [e.g., (52, 90)], although most of them are not
validated for this population.

LAC validations are available for the RAVLT (91, 92), the
HVLT-R (93), and the FCSRT (94). Other validated memory
tests for the assessment of patients with dementia include
the Rivermead Behavioral Memory Test (RBMT) (95) and the
Logical Memory Subtest of the Wechsler Memory Scale (WMS)
(96) for the Brazilian population, and the Signoret battery for
amnesic efficiency (BEM 144) for the Argentinian population
(97). In addition, the Short-term Memory Binding (STMB) test
has been used to assess patients with bvFTD in Brazil (98). Results
showed that patients with AD performed significantly worse
than controls and patients with bvFTD in the STMB test, while
both clinical groups showed equivalent performance. Therefore,
this test can be used for clinical purposes and may aid in the
differential diagnosis of AD (98). Finally, the visual memory test
from the Brief Cognitive Screening Battery (99) has also been
employed to investigate episodic memory of patients with bvFTD
in Brazil (100).

In conclusion, findings suggest that clinicians should carefully
use memory performances and interpret them in conjunction
with other diagnostic information, namely, medical history,
behavioral observations and questionnaires, neuroimaging, and
neuropsychological data from other cognitive domains (68, 101).

Visuospatial and Constructional Skills
Visuospatial function is usually conceptualized in three
components: visual perception, construction, and visual memory
(101). The relative preservation of visuospatial abilities is
suggested to be among the critical features that distinguish
FTD from other degenerative disorders and, particularly,
from AD (67) and LBD (102). However, a recent study (103)
showed that the visuospatial measures demonstrate a limited
ability to distinguish between AD and bvFTD unless disease
severity is considered. Controlling for disease severity reveals
a disproportionate visuospatial impairment in AD compared
to bvFTD.

One of the most commonly used instruments to assess
visual perception is the Visual Object and Space Perception
Battery (VOSP) (104). In this battery, patients with the three
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language FTD variants obtain lower scores than controls, while
patients with bvFTD perform normally (105). However, scores
deteriorate with the dementia progression in all patient groups
(105). Drawing tasks, such as the Clock Drawing Test (CDT)
(106) and the Rey-Osterrieth Complex Figure (ROCF) (107)
test, are commonly used to assess constructional abilities. Grossi
et al. (108) found that patients with bvFTD and patients
with AD achieve similar scores on copying tasks, present
similar drawing procedures in the ROCF, and make a similar
quantitative and qualitative pattern of errors when copying
simple geometrical drawings, which suggests that relative
preservation of visuospatial abilities in FTD may be found in
early stages of the disease. Finally, some tests are widely used to
assess visual memory, including the delayed recall component of
the ROCF and the Benton Visual Retention Test (BVRT) (109).
In this line, a comprehensive systematic review (110) found that
ROCF recall and topographical memory tasks show the greatest
diagnostic potential in dementia, while the BVRT shows potential
as a prognostic marker.

Regarding the PPA variants, patients with lv-PPA have shown
significantly lower scores on all visuospatial skills (111). The nfv-
PPA variant shows significant difficulty in all visuospatial abilities
except the delayed recall. In contrast, SD performs poorly only
on delayed recall of visual information. The lower scores of all
patients with lv-PPA on visuospatial skills could be explained
by the fact that part of the clinical criteria for this disease
includes parietal atrophy on structural MRI or hypometabolism
on PET/SPECT (111). One possible reason patients with nfv-PPA
displayed difficulty on these tasks is that several of the tasks rely
on visuomotor abilities, and nfv-PPA has been associated with
the degradation of white matter pathways connecting the left
inferior frontal gyrus to the premotor and supplementary motor
regions (112, 113). Thus, the deficits may relate more to motor
planning and sequencing (111). Further, investigation is needed
to determine the underlying mechanism.

Some of the most employed measures have been validated for
LAC, including the CDT (114–118) and the ROCF test (119, 120).
In addition, the VOSP has also been validated for the Brazilian
population (121).

Language Assessment
Although language in bvFTD is initially spared (101), some
patients with this variant may present difficulties in naming
action words. Such a deficit has shown an association with
executive abilities (122). In addition, due to apathy, patients
with bvFTD may not participate in communication, and, thus,
may present a reduction in spontaneous speech (101). Social
and emotional aspects of speech may also be impaired in
bvFTD, with an inability to understand the subtleties and
context of conversations (123). Fluency may also be helpful in
differentiating bvFTD and AD. While semantic fluency is usually
impaired to a greater degree in AD, phonemic fluency is more
affected in bvFTD (123).

Regarding PPA, the most prominent early feature of SD
is a reduced expressive vocabulary. Word finding is severely
impaired, and speech is empty of content (124). Compared
to SD, the hallmark feature of nfv-PPA is effortful non-fluent

speech. Nfv-PPA is characterized by grammatical errors and
omissions, along with the simplification of grammatical forms
(125). The third subtype of PPA, lv-PPA, is mainly characterized
by problems in lexical retrieval during conversational speech and
impaired repetition of sentences and phrases.

Tests of word comprehension, speech production (fluency,
naming, and repetition), as well as oral reading (to detect
surface dyslexia) and writing (to detect surface agraphia), should
be used in the language assessment of FTD variants (82).
The main instruments used for language assessment are the
Boston Diagnostic Aphasia Examination (BDAE) (126) and
the Sydney Language Battery (SYDBAT) (127). The SYDBAT
contains four subtests: nomination, repetition, comprehension,
and semantic association. The most commonly used instruments
for the assessment of memory or semantic knowledge are the
Pyramids and Palm Trees (PPT) Test (128), which measures
the accessibility of semantic information of words and images,
and the Repeat and Point Test (RPT) (129), which assesses the
comprehension and repetition of words, differentiating patients
with DS and nfv-PPA.

Some of these languagemeasures have been validated for LAC.
For example, normative data on the BDAE and verbal fluency
tests exist for the LAC Spanish-Speaking Population (130) and
for Brazilian Portuguese (131–135).

Praxis
Apraxia is one of the major sources of disability in patients
with brain injury, as it significantly affects Activities of Daily
Living (ADLs) (136). Although apraxia is a main sign of other
neurodegenerative pathologies, such as CBS, it is also known
to present as an additional early cognitive marker in bvFTD
(137), and therefore, its assessment is important (138). Some
findings also suggest a relationship between praxis and working
memory in this type of patients, since frontal involvement, with
its corresponding difficulties in executive memory, hinders the
performance, for example, of gestures (137, 139). Additionally,
there are FTD variants or diseases with overlapping symptoms
where this function is particularly affected. For instance, PPA
presents speech apraxia (140), and CBS is characterized by the
presence of progressive and asymmetric apraxia (141–143).

Scientific evidence in LAC supports apraxia as an early
manifestation of bvFTD and as themost significantmanifestation
in the previous variants described. Several of the findings on the
subject have studied a positive relationship between the severity
of apraxia and the degree of cognitive impairment (136).

The most commonly used tests to measure this function in
FTD are the ROCF Test (83, 107), the CDT (144), the block
design Wechsler Adult Intelligence Scale (WAIS) construction
subtest (145), the Cognitive Assessment of Apraxias battery
(146), and the Mattis Dementia Rating Scale (MDRS) (147).
Some of these praxis measures have been validated for LAC.
For example, normative data exist on the ROCF (119, 148), on
the WAIS IV construction subtest with cubes (149), and on
the MDRS (150–152). In addition, the Cognitive Assessment of
Apraxias battery (153) was created in Argentina.
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Executive Functions
Executive functions are defined as an umbrella concept,
encompassing multiple functions commanded by the frontal
lobe, such as planning, organization, sequencing, inhibitory
control, and cognitive flexibility (154, 155). In FTD, their
assessment is of vital importance as it implies the involvement
of the prefrontal cortex and some of its variants present a
dysexecutive profile (82, 156).

The most commonly used tests to measure this function in
FTD can be of three types. Executive screening tests, such as
the IFS (50, 157) discussed above, provides a general idea of
the preservation or impairment of these functions. A group of
classic executive functions assessment tests includes the Trail
Making Test A and B (TMT) (158), the Wisconsin Card Sorting
Test (WCST) (159), the Stroop test (160), the Hayling Test
(161), the Tower of London (162, 163), the Tower of Hanoi
(164), the Porteus Maze (165), Raven’s Progressive Matrices Test
(166), WAIS Matrix Reasoning subtests (145), Iowa Gambling
Test (IGT) (167), and the classic working memory tests, such
as the reverse digits, arithmetic, and WAIS letter ordering
(145). Finally, there are ecological evaluation tests, such as
the Hotel Test (168) and the Behavioral Assessment of the
Dysexecutive Syndrome (BADS) (169), which optimally evaluate
the functioning of the patient with tasks designed similarly to
their daily life.

Some of these executive functions measures have been
validated for LAC. For example, normative data exists on the
TMT A and B (118, 170, 171), on the Modified Wisconsin Card
Sorting Test (M-WCST) (172, 173), on the Stroop Color-Word
Interference Test (173, 174), on the executive subtests WAIS IV
(149), on the Hayling Test (175, 176), on the BADS (177), and
on the Hotel Test (52, 178). In addition, the IFS was created in
Argentina (50).

The existing scientific evidence in Latin America
predominates in patients with bvFTD, who, in addition to
behavioral symptoms, present a predominant dysexecutive
profile in the neuropsychological assessment (179–181).

Social Cognition
Social cognition refers to the set of cognitive processes involved
in the perception, interpretation, and generation of responses to
the intentions, dispositions, and behaviors of others (182). This
domain plays a very relevant role in FTD as it is predominantly
affected in the behavioral variant, one of the most common
variants of FTD, particularly regarding recognition of emotions,
theory of mind, empathy, and moral judgment tasks. These
failures occur mostly due to the effects on the orbitofrontal
cortex and temporal poles (183–187). Various findings highlight
difficulties, such as impaired moral judgment, where patients
with FTD score are significantly lower on personal moral
dilemma tasks and theory of mind tests than the control subjects
(183). In addition, other studies suggest that patients with FTD
judge intentional damage as more permissible than accidental
damage due to a decrease in gray matter in the temporal pole
(188). Investigations studying empathy in this group of patients
are also especially relevant, finding that patients with FTD

present difficulties in the affective, cognitive, and moral aspects
of empathy (184).

Therefore, the most commonly used tests for evaluating
these difficulties in social cognition are the Facial Expressions
Recognition Test (189), the Mind in the Eyes (190), the Faux
Pas Test (191), the Social cognition and Emotional Assessment
(SEA) (192), and the short version of the Social Cognition and
Emotional Assessment (Mini-SEA) (193). Some of these praxis
measures have been validated in LAC, or new versions have
been created, such as the Facial Expressions Recognition Test for
elderly Argentinians (194) and the Facial Emotions Recognition
Test in Brazil (195). In addition, normative data exists on the
Mind in the Eyes (52, 196), and the Faux-pas tests (52). The Faux-
pas test has also been adapted in Brazil (197) and used for bvFTD
investigation (198).

Numerous studies on social cognition in patients with FTD
have been carried out in LAC, especially the relation to moral
judgment, theory of mind, and the recognition of emotions
(53, 183–187, 198, 199).

Gait Assessment
Motor control has long been understood as a mechanical
function and reflex, but an extensive body of research shows
that motricity depends on different cognitive processes, such as
attention, memory, language, and executive function (200, 201).
Especially relevant in motor assessment is the study of gait.
Gait is a complex task integrating the participation of multiple
systems in order to achieve a cyclic pattern of body movements
with cognitive function (202, 203), encompassing multiple
independent domains [e.g., pace, rhythm, variability, asymmetry,
and postural control (204)]. Gait analysis has shown to be a
good predictor for health status in older adults and is a global
health marker (205, 206). In the dementia population, studies
have shown a strong association between gait and cognition (207)
where an assessment according to serial quantitative measures
of gait velocity prove to be a good predictor of dementia
development (208).

Gait speed has been one of the most reported locomotion
variables because of its robust properties in clinical settings (209)
and its utility in differentiating between healthy older adults
and patients with dementia (210). More recently, gait study
has incorporated more accurate and sophisticated measurement
systems, showing that gait assessment is a more complex
multidimensional construct than the gait speed. For instance,
Ijmker and Lamoth (211) found that during walking (single
task) and walking while performing a letter fluency (dual
task) tasks, patients with FTD presented a significantly longer
stride time, lower gait speed, and higher stride variability than
healthy older adults. In another study, Rucco et al. (212) found
that patients with bvFTD performing single and dual tasks
(walking while serially subtracting 7s starting from 100) present
a significant difference in gait velocity (speed, stride length,
cadence) and instability (stance time, swing time) compared to
the healthy group.

Despite the scarcity of research regarding gait assessment
in FTD (213), it has shown to be critical when differentiating
between neurodegenerative diseases. For instance, the study
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developed by Allali et al. (214) found that patients with bvFTD
showed an increase in stride time coefficient variation during a
single (walking) and dual tasks (walking and counting backward
by one) in comparison to the AD group. A longitudinal study
developed by de Cock et al. (215) found multiple significant
associations between different components in gait assessment
and the future dementia type (AD, FTD, VD, and LBD).

Despite the increasing evidence demonstrating the potential
of gait assessment for the diagnostic discrimination between FTD
and other dementias, there is no study of these features in LAC.

Behavior and Neuropsychiatric Symptoms
The core of bvFTD are behavioral features, as stated in the
Current Consortium Criteria for bvFTD (67). These symptoms
must present within the first 2–3 years from the onset of
disease. Onset is insidious and these features are usually reported
by family members or caregivers, as the patients often lack
insight. Disinhibition is one of the prominent symptoms and is
evident in 76% of the cases. It is manifested through impulsivity,
inappropriate social behavior, and lack of decorum. Apathy, the
other predominant feature, reaches 84% of the cases, presenting
inertia and a lack of motivation. Loss of empathy and/or
sympathy and stereotyped behaviors are frequent manifestations
reaching up to 70% of patients with bvFTD, while almost 60% of
cases present eating disturbances (67, 216). Psychotic symptoms,
such as delusions and hallucinations, have been described as
less commonly (217). One study reported that 14% of patients
with FTD presented delusions, mostly of a paranoid or somatic
type (218).

Several assessments, mostly caregiver-based questionnaires,
have been used to evaluate neuropsychiatric and behavioral
symptoms in FTD. One of them is the Frontal Behavioral
Inventory (FBI), which can help to distinguish FTD from other
types of dementia but cannot differentiate between bvFTD
and psychiatric conditions (219). Nevertheless, sub items such
as indifference/emotional flatness, inappropriateness, aphasia,
verbal apraxia, alien hand, and apraxia are more suggestive of
bvFTD (220). The Frontal Systems Behavior Scale (FrSBe) is
another test designed to evaluate apathy, executive dysfunction,
and disinhibition (221). The Cambridge Behavioral Inventory
Revised (CBI-R) is a questionnaire evaluating a wide range
of neuropsychiatric features and everyday functionality. This
test was able to discriminate the behavioral profiles of the
various neurodegenerative diseases, including AD, Parkinson’s
Disease (PD), and bvFTD (222, 223). The Neuropsychiatric
Inventory Questionnaire (NPI-Q) (224), a short version of
the Neuropsychiatric Inventory (NPI) (54), is a tool used to
evaluate neuropsychiatric symptoms and response to treatment
in patients with dementia, and it has also been used for bvFTD.
A behavioral inventory based on the current International
Consensus Criteria, DAPHNE (225), allows differentiating the
bvFTD from the bipolar disorder. Ducharme et al. (226)
developed a 17-item tool, the FTD vs Primary Psychiatric
Disorder Checklist, which may be useful in clinical settings and
showed good diagnostic accuracy.

There are several scales for more specific symptoms, such
as: (a) Apathy may be assessed by the Apathy Evaluation

Scale (AES) (227) or with the Starkstein Apathy scale (SAS)
(228); (b) The Stereotypy Rating Inventory (SRI) (229), which
recognizes stereotypies as more frequent features in bvFTD than
in other conditions; (c) Lack of empathy can be measured by the
Interpersonal Reactivity Index (IRI) (230); and (d) The Appetite
and Eating Habits Questionnaire APEHQ used to assess dietary
disturbances (231).

Several studies in LAC have investigated neuropsychiatric
symptoms in FTD. In Brazil (55), the NPI was used to verify
accuracy in the differential diagnosis between FTD and AD. The
results showed that all patients with FTD and only half of those
with AD presented neuropsychiatric symptoms (55). Similarly,
another Brazilian study (232) demonstrated the usefulness of
the FBI for the differential diagnosis between FTD and AD.
In Colombia, the Columbia University Psychopathological Scale
for Alzheimer’s Disease (CUSPAD) and the NPI were used to
assess how neuropsychiatric symptoms could influence cognitive
and functional impairment in patients with FTD and AD (56).
Another study that assessed apathy using the Starkstein Apathy
Scale (SAS) showed that patients with bvFTD had higher scores
than healthy controls. In addition, the severity of apathy was
associated with a decreased gray matter volume in the midline
prefrontal regions (233). A case study of FTD with late-onset
compulsions and cinephilia was described by Slachevsky et al.
(234). Pathological gambling was also reported in a case with
bvFTD (235).

Functional Assessment
Impaired ability to carry out ADLs, resulting in a loss of
independence, is central to the diagnosis of dementia and
establishes the boundary between dementia and pre-dementia
(67, 236). Impairment in functional capacity is a common
outcome of all dementia syndromes, and their assessment
is critical for diagnosing and monitoring disease progression
(237). The assessment of functional capacity has focused on
the development of objective and sensitive tools (19), which
are based on indirect (i.e., informant-based questionnaires) and
direct (i.e., performance-based tests) measures (238). These
tools assess BADLs, which represent the most basic level of
functioning and are necessary for survival, and IADLs, which
require more complex skills and enable independent living in
the community (19). Recently, Advanced Activities of Daily
Living (AADLs) have been incorporated, which are the activities
necessary for complex interpersonal and social functioning (239,
240).

This is important considering that the functional decline is
present in all types of dementia and that the same functional
assessment tools are used for different types of dementia.
Research on functional decline assessment in FTD has focused
on establishing if there is a specific pattern of functional decline,
its progression, associated factors, and its neural basis. Indeed,
the rate of functional impairment is marked more significantly
in FTD than in AD (17, 237). In this line, one of the research
lines has established ADL assessment measures to differentiate
between different types of dementia.

In LAC, the study of functionality in FTD is limited. In
Argentina (19), the Activities of Daily Living Questionnaire
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(ADLQ) (241) is available to assess functional impairment in
different types of dementia (AD, FTD, and other subtypes).
In Chile, the Technology-ADLQ (T-ADLQ) was developed,
expanding the ADLQ with an additional subscale to evaluate the
use of technology in patients with dementia (AD, FTD, DV, and
LBD) (242, 243).

In Brazil, several studies have evaluated the usefulness of
different tests: Bahia et al. (232) applied the Disability Assessment
for Dementia (DAD) questionnaire (244) for estimating the
functional capacity of patients with FTD (bvFTD, SD, and nfv-
PPA) and AD, showing promising results. The Direct Assessment
of Functional Performance (DAFS) (245) was administered for
the study of patients with FTD (238) (unlike the DAD, this is a
performance-based test). In addition, Carvalho et al. (246) used
the Functional Assessment of Adult Communicative Skills (Asha-
Facs) (247) in patients with FTD and AD. The results showed
similar performances in both groups of patients (246). Finally,
in Chile, the T-ADLQ showed promising results for evaluating
functional impairment in FTD (243).

Importantly, all these tools showed good psychometric
properties in the applied populations, making them valuable
instruments for assessing the functional capacity of patients
with FTD in LAC (19, 246). These instruments are sensitive in
identifying impaired functional ability and differentiate patients
with dementia from control subjects. Although some tools failed
to significantly distinguish between FTD and AD, patients with
FTD presented a worse performance in some indices of these
scales (238, 246).

Two works explored the association of functional impairment
with cognitive and behavioral symptoms in bvFTD. A
multicentric study in Brazil, Australia, England, and India
(20) showed an association between impairment in a global
functional capacity and IADLs, evaluated through the DAD, with
global cognitive impairment and apathy (20). More recently, a
study explored factors associated with domains of functional
impairment as assessed with the T-ADLQ [i.e., BADLs, IADLs,
and AADLs (243)]. Interestingly, factors associated with the
loss of functionality differ according to the functional domain,
i.e., impairments in IADLs were associated with apathy and
disinhibition, in IADLs with apathy, deficits in executive
function, lack of emotion recognition, and in IADLs with
apathy. This study suggested that the factors associated with loss
of functionality differ according to the functional domain in
patients with bvFTD in its early stage, along with a prominent
and transverse effect of apathy in the loss of functionality
throughout all the ADL domains, and the association of social
cognition with functional impairment (243).

Global Rating Scale
Global assessment scales allow clinical characterization and
longitudinal assessment of patients with neurodegenerative
diseases (248). In addition, these scales allow proper
clinical management and personalized care of patients with
dementia, monitoring the progression of the disease and
the effects of treatments that could modify the course of the
illness (249).

The main instrument used for the global classification of
dementia is the Clinical Dementia Rating (CDR) (250), which
provides information on cognitive and functional aspects of
the disease (251). The CDR is a semi-structured interview
administered to the patient and to the primary caregiver,
which provides information on six specific domains (memory,
orientation, judgment and problem solving, community affairs,
home, hobbies, and self-care). Each domain and the scale as a
whole reports values ranging from low to high severity: 0 (no
impairment), 0.5 (very mild), 1 (mild), 2 (moderate), and 3
(severe) (252). However, the CDR was developed based primarily
on AD symptoms, making it a less sensitive scale for other types
of dementia, such as FTD (30, 249, 253).

To address the low sensitivity of the CDR, Knopman et al.
(254) proposed a new version, the Clinical Dementia Rating
Scale for Frontotemporal Lobar Degeneration (CDR-FTLD).
This scale incorporated language and behavioral domains (249,
252), providing specific information on FTD and its variants
(252). On the other hand, Mioshi et al. (30) proposed a specific
scale for FTD, the Frontotemporal Dementia Rating Scale (FTD-
FRS). The FTD-FRS was designed based on the DAD and the
Cambridge Behavioral Inventory (CBI). This scale allows staging
the severity of FTD in its different variants, such as bvFTD and
PPA (30, 252, 253).

In LAC, the CDR-FTLD was adapted and validated in
Argentina (251) and Brazil (249). Lima-Silva et al. (252, 253)
translated, adapted, and validated the FTD-FRS into Portuguese
and administered it together with the FTD-FRS and the CDR
to patients with FTD (bvFTD, PPA), AD, and healthy controls.
In these studies, the CDR was observed to underestimate FTD
severity, as it classified patients with mild severity (CDR =

1), unlike the FTD-FRS, which indicated moderate levels of
severity (253). The same Lima-Silva group evaluated the ability
of the FTD-FRS in comparison with the CDR-FTLD and CDR
to detect the functional and behavioral changes in patients with
bvFTD, PPA, and AD after 12 months of follow-up (249). All
three scales detected an increase in symptom severity after the
initial assessment. However, the FTD-FRS and CDR-FTDL were
more sensitive in establishing the severity level in bvFTD and
PPA (249).

In conclusion, global staging scales used to assess FTD in
LAC can determine the stage and progression of the disease by
identifying changes in behavior and language that the CDR does
not consider (253). Therefore, these instruments are appropriate
for clinical use in addition to being well-tolerated by patients and
their caregivers (253). Finally, global rating scales show excellent
psychometric and diagnostic properties for assessing FTD and its
spectrum in LAC.

Proposition for the Multidimensional
Clinical Evaluation of FDT and Its
Spectrum in LAC
Considering the evidence on the adaptation, validity, diagnostic
utility, and standardization in LAC of the reviewed instruments,
we propose a multidimensional clinical assessment and the
identification of gaps that represent essential barriers for
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a comprehensive evaluation of FTD. Importantly, cognitive
assessment could be limited to cognitive screening in patients
with mild symptoms or with a well-established diagnosis in
whom further assessment will not contribute to the diagnosis.
Otherwise, we recommend a multidimensional evaluation
organized in three steps: (1) Tests to be administered to all
patients regardless of variant; (2) Specific tests for specific
variants, i.e., language or behavior; and (3) Additional tests for
the assessment of specific symptoms.

In Table 1, we propose tests for the first level of the
multidimensional clinical assessment. The first step, the tests
to be administered to all patients, allows assessing the
fundamental dimensions for a proper diagnosis of FTD, i.e.,
cognition, functionality, neuropsychiatry, and motor symptoms.
Significantly, clinical symptoms reported by people with
dementia and/or a reliable proxy do not necessarily predict the
pattern of cognitive impairment or whether they are preserved
(255). Therefore, assessing the main cognitive domains in all
patients with suspected FTD is necessary to establish the pattern
of cognitive impairment correctly.

In Table 2, corresponding to the second level, some of the
recommended instruments have been widely used for clinical
assessment and investigation of FTD in LAC. However, we must
mention that the results of our review suggest that in most LAC
countries, there is no information on the adaptation, validation,
and standardization of these instruments. Additionally, the
diagnostic utility of these tools has been studied mainly for
AD but not for other subtypes of dementia. This second
step involves specific testing for the different variants of FTD,
i.e., behavioral or language variants. Finally, the third step
should include evaluating some patients with more atypical
or complex presentations who will benefit from additional
testing. However, it is challenging to recommend further
testing for these atypical presentations. Therefore, more research
is needed.

DISCUSSION

Notably, our review suggests an important variety of practices
in the assessment of FTD in LAC. The recommendation
of a comprehensive multidimensional assessment of FTD is
limited due to the existence of the main knowledge gaps
that could be divided into three main areas. First, there
is a lack of validated cognitive, functional, behavioral, and
motor instruments for diagnosing FTD. Second, there are
almost no tools to evaluate the illiterate and indigenous
population. Third, there are no guidelines to orient clinicians
on which patients would benefit from a multidimensional
assessment. Finally, we will propose how to address the
future challenges.

Domains Without Adequate Assessment
Tools
To the best of our knowledge, there are no properly
adapted and validated tests for assessing semantic memory
and social cognition in LAC. The available tools raise doubts

about their validity and diagnostic utility. Currently, social
cognition is primarily assessed with the Mini-SEA. Although
there are promising results on the diagnostic utility of the
Mini-SEA for the differential diagnosis of bvFTD of PD
and AD (61, 198), social cognition assessment still faces
essential limitations.

The investigation of behavioral and neuropsychiatric
symptoms is of utmost importance for the correct diagnosis of
FTD. While behavioral and psychiatric scales are of value for
screening and measuring these symptoms, the cultural context
should also be considered in the neuropsychiatric assessment.
Indeed, the examiner may perceive some characteristics of
interpersonal interaction as “normal” or “abnormal” according to
cultural, personal, and social factors. For instance, interpersonal
distance and voice volume are features that vary across cultures
and may be described as “normal” or “disinhibited” according
to the socio-cultural factors. Therefore, it is not enough to
have “adapted and validated” tools to measure neuropsychiatric
symptoms, but also ways to correctly interpret individual signs
in interpersonal interactions in the perspective of a correct
clinical diagnosis.

We think it is important to emphasize that gait dysfunction
and, more generally, motor dysfunction have a large amount
of overlap in genetics and molecular biology with cognitive
disorders (256). Nevertheless, they are not part of the routine
assessment of patients with dementia (257). This situation
must be improved given that, for example, Parkinson’s disease
dementia (PPD), PSP, CBS, and Huntington’s disease (HD),
among others, present motor impairments as their main clinical
features. Indeed, the apraxia profile or the applause sign could
contribute to the differential diagnosis of diseases included in
the FTD spectrum (258). Therefore, this manuscript proposes a
gait assessment based on quantitative assessment systems (e.g.,
3D motion capture, 2D kinematics, and spatiotemporal gait
analysis system). However, the main difficulty in incorporating
these systems is that they are expensive, making them difficult
to access in the hospitals and clinics in LAC. A viable and
much more inexpensive alternative is the wearable devices for
gait analysis. Recent studies have found that wearable devices
can differentiate gait alteration in dementia disease subtypes
(259, 260). Nevertheless, we must remain cautious regarding
this wearable technology because they have shown limitations in
quantifying gait (e.g., the diversity in the sensor placements and
the abundance of inertial algorithms) (203).

Unfortunately, as far as we know, there is no validated brief
tool for motor assessment in FTD and its spectrum (256, 261).
Concerning gait, we still require systematic studies to understand
its contributions in FTD diagnosis. Ideally, a motor assessment
tool in patients with dementia should include assessment of
the gait pattern, parkinsonian gait, cerebellar gait, and higher-
order symptoms such as praxis and motor sequencing (261).
Such a tool would most likely benefit from the incorporation of
wearable devices that could allow a more objective measurement
of motor impairment.

Finally, it is important to highlight that the tools reviewed
here have been mostly validated in studies with clinical-based
FTD diagnoses without a pathological diagnosis confirmation.
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TABLE 1 | Tests to be administered to all patients regardless of variant.

Tests to be administered to all patients regardless of variant

Recommendations:

test or

assessments

Recommendations: research Recommendations: clinical*

Global cognitive

screening

ACE-III Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

ACE III may be used to compare LAC populations

ACE III should be complemented with an Executive

Screening

Not appropriate for evaluating the

illiterate population

Frontal screening IFS Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Cultural adaptation of the proverbs section

IFS should be complemented with a Global

Cognitive Screening

Episodic memory RAVLT

FCSRT pictorial

and verbal

Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Need for studies to assess sensitivity in FTD

These instruments allow differentiating the

processes of encoding, storing, and retrieving

learned information. This differentiation is

necessary to show the FTD performance profiles

and their spectrum

Language: fluency Phonological

Fluency

Categorical Fluency

Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

In case of evaluation time limit, ACE-III fluency task

can be used

Denomination BDAE (30 items) Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational level

In case of evaluation time limit, ACE III

denomination stimuli can be used

Praxis No specific task can

be recommended at

this time

Need for adaptation, validation, and standardization for this

specific cognitive domain in LAC countries

Praxis requires evaluation. Although no evaluation

instrument is recommended, evaluating gestures

with and without meanings is suggested to obtain

clinical information

Semantic memory ACE-III: 4 semantic

memory stimuli as

an index

Need for adaptation, validation, and standardization for this

specific cognitive domain in LAC countries

Need for a reliable semantic memory index

Need for validation in low educational levels and in

indigeneous populations

If the ACE-III index of semantic memory is altered,

explore semantic memory with more specific tests

We recommend caution when interpreting the

result of these tests due to the importance of

socio-cultural factors in semantic memory

Visuoconstructive

abilities

ROCF: Copy Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Evaluate final score and strategies used to estimate

planification figure construction

Simple figures of ACE-III can be used to evaluate

this cognitive domain

Visual memory ROCF: memory Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

ROCF copy score is necessary for the

interpretation of the scores

Executive

function

Phonological

Fluency

Categorical Fluency

M-WCST

Hayling Test

TMT A and TMT B

TMT Color

Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Apply Verbal Control Inhibitory subtest of IFS in

case there is no access to Hayling Test

IFS subtest can be used to evaluate Working

Memory

TMT-A can be used to assess information

processing speed

Use Color version of TMT for low educational levels

Social cognition Mini-SEA

Subtest: Faux Pass

Subtest:

Face Recognition

Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Separate research about the diagnostic value of Mini-SEA

and its subtests

Study on the clinical utility of tests with high ecological validity

to predict social behavioral disorders in research

Need for clinically validated instruments to assess other areas

of social cognition such as empathy and moral emotion

In Faux Pass: use clear and standardized

instructions for this task, specifically explain that the

questions are about social norms and not about

personal opinions. Also, the control questions

evaluate comprehension for the total score result

MiniSea is not suitable for the illiterate and

low-educated population

(Continued)
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TABLE 1 | Continued

Tests to be administered to all patients regardless of variant

Recommendations:

test or

assessments

Recommendations: research Recommendations: clinical*

Gait assessment Single task

Dual task (cognitive

task while person

is walking)

Need for adaptation, validation, and standardization for this

specific domain in LAC countries

Need for quantitative gait measurement studies for FTD and

its spectrum

Gait Assessment should be complemented with a

Cognitive Screening

Neuropsychiatric

assessment

FBI

FrSBe

NPI-Q

Need for adaptation, validation, and standardization in several

LAC countries

Need for validation in low educational levels and in

indigeneous populations

Need for cross-cultural validation of the diagnostic utility of

FBI and FrSBe.

FBI is a good tool to structure the clinical interview

The long time required to administer FrSBe limits

its incorporation into clinical practice

Functional

assessment

T-ADLQ

DAD

Need for adaptation, validation, and standardization in several

LAC countries

T-ADLQ is a good tool to structure clinical interview

Global rating scale CDR-FTLD

FTD-FRS

CDR

Need for adaptation, validation, and standardization in several

LAC countries

If the CDR (focused on AD assessment) is applied,

it is necessary to add the CRD-FTLD language and

behavioral task

*Clinical recommendations are based on the knowledge acquired during daily practice over several years by the experts who constructed this recommendation table.

ACE-III, Addenbrooke’s Cognitive Examination—Third version; IFS, INECO Frontal Screening; RAVLT, Rey Auditory-Verbal Learning Test; FCSRT, Free and Cued Selective Reminding

Test; BDAE, Boston Diagnostic Aphasia Examination; ROCF, Rey-Osterrieth Complex Figure; M-WCST, Modified Wisconsin Card Sorting Test; TMT, Trail Making Test; Mini-SEA,

Social Cognition and Emotional Assessment; FBI, Frontal Behavioral Inventory; FrSBe, Systems Behavior Scale; NPI-Q, The Neuropsychiatric Inventory Questionnaire; T-ADLQ, The

Technology - Activities of Daily Living Questionnaire; DAD, Disability Assessment for Dementia; CDR-FTLD, Dementia Rating Scale for Frontotemporal Lobar Degeneration; FTD-FRS,

Frontotemporal Dementia Rating Scale; CDR, Clinical Dementia Rating; LAC, Latin America and the Caribbean; FTD, frontotemporal dementia; AD, Alzheimer’s Disease.

TABLE 2 | Specific tests for specific variants of FTD.

Specific tests for specific variants of FTD

Recommendations: test or

assessments

Recommendations: research Recommendations: clinical*

Language variants BDAE

Sydbat

PPT

RPT

Need for adaptation, validation, and standardization

in several LAC countries

Need for validation in low educational levels and in

indigeneous populations

Development of instruments for language variants of

FTD suitable for LAC

RPT may differentiate between nfv-PPA and SD

Behavioral variant SEA

Mind in the eyes

Need for adaptation, validation, and standardization

in several LAC countries

Need for validation in low educational levels and in

indigeneous populations

In case of diagnostic doubt, a complementary

evaluation is suggested

To complement evaluation of Social Cognition apply

SEA with Mind in the Eye

To complement evaluation of executive functions

apply the Hotel Test

*Clinical recommendations are based on the knowledge acquired during daily practice over several years by the experts who constructed this recommendation table.

BDAE, Boston Diagnostic Aphasia Examination; Sydbat, Sydney Language Battery; PPT, Pyramids and Palm Trees Test; RPT, Repeat and Point Test; SEA, Social cognition and

Emotional Assessment; LAC, Latin America and the Caribbean; FTD, Frontotemporal dementia; nfv-PPA, non-fluent or agrammatical aphasia; SD, semantic dementia.

Considering a huge amount of evidence suggesting that FTD-
related clinical syndromes are associated with heterogeneous
pathology (262), it is important to emphasize that recommended
tests allow prediction of a clinical syndrome, but not of a
given specific pathological diagnosis (263). Either way, predicting
neuropathology is beyond the scope of neuropsychology, and
an etiopathogenic diagnosis of FTD requires a multilevel
assessment including clinical, neuroimaging, and molecular
biomarkers (264).

In sum, the translation and the validation of
neuropsychological tests and their cultural adaptation are
warranted to improve cognitive, functional, behavioral, and
motor assessment of patients with FTD in LAC.

Patient Selection for Assessment
As suggested in international consensus studies, it is advisable
to follow a multi-step approach to define the proper flow for
each patient (261, 265). The first step should be applying a
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brief global screening instrument to all subjects with suspected
cognitive impairment. Global tools, such as the ACE-III and
the IFS, are recommended in the Spanish and Portuguese-
speaking population (see Table 1). If these instruments and
the clinical assessment suggest cognitive impairment and a
diagnostic doubt persists, a multidimensional assessment should
be performed (266).

Nevertheless, there are no clear guidelines on which patients
would benefit from a multidimensional assessment. Considering
the barriers to access specialist bvFTD evaluation centers (42,
267), the diagnosis process of bvFTD could be improved with the
availability of evidence-based guidelines to help identify patients
that could benefit from a multidimensional assessment.

Populations for Which We Need Better
Assessment Tools
Most of the instruments that have been validated in LAC are
specifically for a literate population with, in general, a minimum
of 4 years of education, which presents a significant drawback
for the assessment of the illiterate and low-educated population
(268). The absence of validated tests for the low-educated
population is a significant limitation in assessment since years
of education and age are two of the main variables affecting
performance in cognitive assessments (261). Educational level
affects instruments with low specificity given the difficulty in
classifying subjects who possess diminished academic levels and
how these patients obtain low scores despite being healthy. This
situation also occurs with low-sensitivity instruments. Classifying
subjects with a high academic level and high scores can be
difficult despite presenting cognitive impairment (261).

Indeed, almost 4% of the illiterate population or with very low
education levels of the world is found in LAC (269). Functional
illiteracy is significant in LAC (270). In addition, about 10–17%
of the LAC population is indigenous, with an estimated 400
indigenous languages spoken, along with Spanish and Portuguese
(271). Finally, there is an increased percentage of non-Spanish
or Portuguese-speaking migration (268). For example, in Chile, a
large population of Creole-speaking Haitian citizens has recently
arrived in the country, which generates a challenge and a
limitation regarding the tools currently used in Chile. Economic
factors should also be considered when proposing tests for these
populations, as their financial vulnerability hampers access to
expensive assessments.

Consortium for Multidimensional
Assessment of FTD
In LAC, research and clinical evaluation of FTD and its spectrum
have been conducted by a small group of professionals who
share common needs and interests (61, 272). Nevertheless,
transfer from research to clinical practice is restricted and
significant knowledge gaps limit the implementation of
multidimensional assessments. Following multicentric and
multi-country initiatives in Europe and North America to
improve assessment of neurodegenerative diseases, we propose
the creation of a LAC consortium as the best strategy to address
current challenges in the multidimensional clinical assessment

of FTD. In fact, we are not aware of any organized working
group to transfer research to a clinical practice. Regarding the
clinical practice, there is currently an enormous heterogeneity
of tools used in different countries, a lack of standardization of
administration and scoring methods, and scarce information
on the psychometric properties and diagnostic utility of some
instruments. Moreover, the number of reliable instruments
to assess the different dementias is limited, and there is no
consensual evaluation protocol (261, 273). This problem directly
affects the study of FTD and its spectrum, hindering the
advancement of clinical and research practice in this type of
dementia and not allowing the comparison and sharing of results
from different studies conducted in LAC.

As suggested by international initiatives on the dementia
assessment (261, 274), the formation of a consortium to share
the works of professionals within LAC is probably the best
strategy to establish a consensual multidimensional evaluation
of FTD and its spectrum, and to overcome the shortcomings
and the regional needs. A key point, as widely discussed and
demonstrated in international consensus studies for dementia
evaluation (261, 274), is the need for evaluation protocols that
are consensual and homogenized by different countries and their
local study centers. In addition, these evaluation protocols must
have a standardized administration and a scoring procedure
(274). In this line, the necessity of a standardized evaluation
responds to the different backgrounds of the professionals who
apply the evaluation instruments, including neuropsychologists,
speech therapists, nurses, occupational therapists, and physicians
(274). The contexts where the evaluation instruments are applied
are also varied, such as primary care facilities, memory clinics,
specialized centers, or in a research context (261).

A homogeneous evaluation practice based on a professional
consensus for the assessment of cognitive, functional, behavioral,
and motor abilities of patients with dementia (261) could guide
the framework for different professionals, generating knowledge
and shared data repositories of FTD studies and its spectrum
in LAC. This effort could be critical for advancing studies on
the adaptation, validation, and standardization of assessment
tools (which are critical for the correct interpretation of study
results) and possible educational processes and training for LAC
professionals. Additionally, a homogenous evaluation practice
could enable providing guidelines for implementing a multiple
step approach in the evaluation. This is particularly relevant in
LAC considering the lack of knowledge on FTD and its spectrum
in health professionals (40, 61). In this effort, integrating clinical
practice and research is relevant for generating new knowledge
to evaluate the clinical utility of a multidimensional assessment,
identifying patients that could benefit from this assessment, and
elaborating the evidence-based guidelines to define the correct
flow for each patient.

Steps for the Development of a Consensus
International evidence regarding consortiums highlights the
main steps to succeed in the establishment of a definitive
consensus. European experience suggests that the first step
is the creation of a working group or a consortium that
brings together different researchers and clinicians (neurologists,

Frontiers in Neurology | www.frontiersin.org 12 February 2022 | Volume 12 | Article 768591194

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Henríquez et al. Multidimensional Assessment in Frontotemporal Dementia

FIGURE 1 | Preliminary standard assessment protocol. This protocol shows the different phases and evaluations to which each patient should be submitted

according to the clinical characteristics presented. Suppose we are in the presence of a patient with mild symptoms or with a well-established diagnosis. In that case,

it is advisable to evaluate with screening tools (see tools in Table 1). If there is diagnostic doubt, the patient should undergo a multidimensional evaluation (cognitive,

functional, behavioral, and motor; see tools in Table 1). After this last step, the administration of additional assessment instruments associated with the specific variant

of FTD studied is suggested (see tools in Table 2).

neuropsychologists, occupational therapists, speech therapists,
and among others) from different countries (261). Each country
should have one or two representatives from their main centers of
dementia care or research who have specific skills in the diagnosis
and evaluation of FTD and its spectrum. These representatives
should be available to participate in periodic online working
sessions. A general organization of the work plan should be
established as follows: (i) Review the totality of assessment

tools available in the different LAC centers, (ii) Define a global
screening assessment for patients with FTD, and (iii) Establish
a detailed assessment of the different variants of FTD covering
cognitive, functional, behavioral, and motor dimensions.

Researchers or clinicians from different LAC countries,
separated in groups, will seek which assessment tools are
currently available to study cognitive, behavioral, functional,
and motor dimensions. They will search for the psychometric
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properties (validity and reliability) and diagnostic utility
(sensitivity and specificity) of the tools, their main issues, and
propose solutions to solve the respective issues. The information
obtained from the different working groups will allow for
establishing a definitive consensus and develop a standardized
evaluation protocol, which will indicate the instruments to
be used in each dimension. This standardized protocol will
allow the different centers studying patients with FTD in
LAC to use a similar method of data collection. It will also
allow the development of training and education processes
for professionals through websites and free access to manuals
and instruments that will have to be adapted and validated in
different cultures.

A common methodology should be proposed regarding the
adaptation, validation, and standardization of the evaluation
instruments. Establishing a strategy is necessary for carrying
out these studies among the different LAC countries, allowing
the development of multicenter FTD data repositories. Finally,
the support and financing of local and international initiatives
should be sought out, along with the support and advice
of different consensuses carried out in different parts of the
world. This will help our local initiative to be carried out
successfully. As seen in the international experience, the way to
carry out these initiatives starts from formal entities that have
sufficient funding to execute consensus regarding the evaluation
of patients with dementia (261, 265). This same idea could be
replicated in LAC, seeking entities or creating a consortium that
can lead this process and establish a multidimensional clinical
assessment in FTD and its spectrum. Initiatives, such as the
Multi-Partner Consortium to Expand Dementia Research in
Latin America (ReDLat), the Latin America and the Caribbean
Consortium on Dementia (LAC-CD), or the United Kingdom–
Brazil Dementia Workshop, could constitute the first step in
this effort.

CONCLUSION

Our paper is the first joint initiative to establish a
multidimensional clinical assessment for FTD and its spectrum
in LAC. Our proposal provides valuable input to a future
consortium and to the different LAC countries to adopt a
uniform assessment method that considers the different local
realities of each country.

The multidimensional assessment proposal, which arises from
the published evidence and the recent experiences in FTD
studies in LAC, allows the establishment of a preliminary
standard assessment protocol for this region (see Figure 1).
This protocol aims to assess the primary cognitive, functional,
behavioral, and motor domains altered in FTD and its spectrum,
which can be used to study patients with suspected or
established diagnoses. The proposed protocol is broad enough
to contribute to the clinical differentiation between FTD and
other types of dementia. It could also help differentiate FTD from
psychiatric pathologies.

Although this work does not provide information on the
normative and psychometric data, or diagnostic utility of all
the recommended instruments, it is a first compilation of
the minimal and necessary tools for the assessment of FTD.
Importantly, valid and reliable tools are recommended in the
assessment and follow-up of patients with dementia according to
the international evidence.

Patients with FTD and its spectrum face difficulties in access
to diagnosis, thereby increasing the burden on patients and
their caregivers (267). Therefore, promoting a consensual and
multidimensional assessment of FTD and its spectrum through
an LAC consortium with validated and reliable tools for the
main clinical dimension of FTD, i.e., cognition, functional,
behavioral, and motor, could contribute toward addressing
diagnosis barriers. The implementation of a multidimensional
assessment requires the joint effort of an interdisciplinary
team involving physicians, neuropsychologists, occupational
therapists, speech therapists, kinesiologists, among others,
working to foster both research and sharing of clinical practices.
A consortium that brings together an interdisciplinary group
represents the best strategy to create the knowledge necessary
to facilitate access to diagnosis for patients with FTD in
LAC, and to become a more equitable community with better
capabilities when facing FTD and its spectrum. Finally, a similar
effort is much more needed for dementia in general and its
different types, for which we also lack a common approach
in LAC.
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GLOSSARY

AADL, Advanced Activities of Daily Living; ACE-III,
Addenbrooke’s Cognitive Examination - Third version;
ACE-R, Addenbrooke’s Cognitive Examination - Revised;
AD, Alzheimer’s disease; ADLQ, Activities of Daily Living
Questionnaire; ADL, Activities of Daily Living; AES, Apathy
Evaluation Scale; ALS, Amyotrophic Lateral Sclerosis;
APEHQ, Appetite and Eating Habits Questionnaire; Asha-
Facs, Functional Assessment of Adult Communication Skills;
BADL, Basic Activities of Daily Living; BADS, Behavioral
Assessment Dysexecutive Syndrome; BCS, Brief Cognitive
Screening; BDAE, Boston Diagnostic Aphasia Examination;
BEM 144, Signoret battery for mnesic efficiency; bvFTD,
behavioral variant of FTD; BVRT, Benton Visual Retention
Test; CAMPROMPT, Cambridge Behavioral Prospective
Memory Test; CBI, Cambridge Behavioral Inventory; CBI-R,
Cambridge Behavioral Inventory Revised; CBS, Corticobasal
syndrome; CDR, Clinical Dementia Rating; CDR-FTLD, Clinical
Dementia Rating Scale for Frontotemporal Lobar Degeneration;
CDT, Clock Drawing Test; CUSPAD, Columbia University
Psychopathology Scale for Alzheimer’s Disease; CVLT, California
Verbal Learning Test; DAD, Disability Assessment for Dementia;
DAFS, Direct Assessment of Functional Performance; FAB,
Frontal Assessment Battery; FBI, Frontal Behavioral Inventory;
FCSRT, Free and Cued Selective Reminding Test; FrSBe, Frontal
Systems Behavior Scale; FTD, Frontotemporal Dementia; FTD-

FRS, Frontotemporal Dementia Rating Scale; FTD-MND, FTD
with motor neuron disease; HD, Huntington’s disease; HVLT-R,
Hopkins Verbal Learning Test; IADL, Instrumental Activities
of Daily Living; IFS, INECO Frontal Screening; IGT, Iowa
Gaming Test; IRI, Interpersonal Reactivity Index; LAC, Latin
America and the Caribbean; LBD, Lewy Body Dementia; lv-PPA,
Logopenic variant of PPA; MDRS, Mattis Dementia Rating
Scale; Mini-SEA, Social cognition and Emotional Assessment -
short version; MMSE, Mini-Mental State Examination; MoCA,
Montreal Cognitive Assessment; M-WCST, Modified Wisconsin
Card Sorting Test; nfv-PPA, Non-fluent or agrammatical
variant of PPA; NPI, Neuropsychiatric Inventory; NPI-Q,
Neuropsychiatric Inventory Questionnaire; PAL, Paired
Associate Learning Test; PD, Parkinson’s Disease; PFAQ, Pfeffer
Functional Activities Questionnaire; PPA, Primary progressive
aphasia; PPD, Parkinson’s disease dementia; PPT, Pyramids
and Palm Trees Test; PSP, Progressive supranuclear palsy;
RAVLT, Rey Auditory-Verbal Learning Test; RBMT, Rivermead
BehavioralMemory Test; ROCF, Rey-Osterrieth Complex Figure;
RPT, Repeat and Point Test; SAS, Starkstein Apathy Scale; SD,
Semantic Dementia; SEA, Social cognition and Emotional
Assessment; SRI, Stereotypy Rating Inventory; STMB, Short-
Term Memory Binding; SYDBAT, Sydney Language Battery;
T-ADLQ, Technology-ADLQ; TMT, Trail Making Test; VD,
Vascular Dementia; WAIS, Wechsler Adult Intelligence Scale;
WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory
Scale; VOSP, Visual Object and Space Perception Battery.

Frontiers in Neurology | www.frontiersin.org 23 February 2022 | Volume 12 | Article 768591205

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


ORIGINAL RESEARCH
published: 18 February 2022

doi: 10.3389/fneur.2022.695253

Frontiers in Neurology | www.frontiersin.org 1 February 2022 | Volume 13 | Article 695253

Edited by:

Bruce Miller,

University of California, San Francisco,

United States

Reviewed by:

Gustavo C. Roman,

Houston Methodist Research Institute,

United States

Hui-Wen Yang,

Brigham and Women’s Hospital and

Harvard Medical School,

United States

*Correspondence:

Elkin Garcia-Cifuentes

elkingarciaci@gmail.com

Specialty section:

This article was submitted to

Dementia and Neurodegenerative

Diseases,

a section of the journal

Frontiers in Neurology

Received: 14 April 2021

Accepted: 21 January 2022

Published: 18 February 2022

Citation:

Garcia-Cifuentes E,

Botero-Rodríguez F, Ramirez

Velandia F, Iragorri A, Marquez I,

Gelvis-Ortiz G, Acosta M-F,

Jaramillo-Jimenez A, Lopera F and

Cano-Gutiérrez CA (2022) Muscular

Function as an Alternative to Identify

Cognitive Impairment: A Secondary

Analysis From SABE Colombia.

Front. Neurol. 13:695253.

doi: 10.3389/fneur.2022.695253

Muscular Function as an Alternative
to Identify Cognitive Impairment: A
Secondary Analysis From SABE
Colombia
Elkin Garcia-Cifuentes 1,2*, Felipe Botero-Rodríguez 3, Felipe Ramirez Velandia 1,

Angela Iragorri 2, Isabel Marquez 1, Geronimo Gelvis-Ortiz 1, María-Fernanda Acosta 1,

Alberto Jaramillo-Jimenez 4,5,6,7,8, Francisco Lopera 4 and Carlos Alberto Cano-Gutiérrez 1,9

1 Facultad de Medicina, Semillero de Neurociencias y Envejecimiento, Instituto de Envejecimiento, Pontificia Universidad

Javeriana, Bogotá, Colombia, 2Unidad de Neurología, Hospital Universitario San Ignacio, Bogotá, Colombia, 3Departamento

de Epidemiologia Clínica y Bioestadística, Pontificia Universidad Javeriana, Bogotá, Colombia, 4 Facultad de Medicina, Grupo

Neurociencias de Antioquia, Universidad de Antioquia, Medellín, Colombia, 5Centre for Age-Related Medicine (SESAM),

Stavanger University Hospital, Stavanger, Norway, 6 Faculty of Health Sciences, University of Stavanger, Stavanger, Norway,
7 Facultad de Medicina, Grupo Neuropsicología y Conducta, Universidad de Antioquia, Medellín, Colombia, 8 Facultad de

Medicina, Semillero de Investigación SINAPSIS, Universidad de Antioquia, Medellín, Colombia, 9Unidad de Geriatría,

Hospital Universitario San Ignacio, Bogotá, Colombia

Background: Identification of cognitive impairment is based traditionally on the

neuropsychological tests and biomarkers that are not available widely. This study

aimed to establish the association between motor function (gait speed and handgrip

strength) and cognitive performance in the Mini-Mental State Examination, globally and

by domains. A secondary goal was calculating a cut-off point for gait speed and handgrip

strength to classify older adults as cognitively impaired.

Methods: This is a secondary analysis of SABE Colombia (Salud, Bienestar &

Envejecimiento), a survey that was conducted in 2015 on health, wellbeing, and

aging in Colombia. This study used linear regression models to search for an

association between motor function and cognitive performance. The accuracy of motor

function measurements in identifying cognitive impairment was assessed with receiver

operating characteristic (ROC) curves. This study also analyzed other clinical and

sociodemographical variables.

Results: Gait speed was associated with orientation (r2 = 0.16), language (r2

= 0.15), recall memory (r2 = 0.14), and counting (r2 = 0.08). Similarly, handgrip

strength was associated with orientation (r2 = 0.175), language (r2 = 0.164), recall

memory (r2 = 0.137), and counting (r2 = 0.08). To differentiate older adults with

and without cognitive impairment, a gait speed cut-off point of 0.59 m/s had

an area under the curve (AUC) of 0.629 (0.613–0.646), and a weak handgrip

(strength below 17.5 kg) had an AUC of 0.653 (0.645-0.661). The cut-off points

for handgrip strength and gait speed were significantly higher in male participants.
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Conclusions: Gait speed and handgrip strength are similarly associated with the

cognitive performance, exhibiting the most extensive association with orientation and

language domains of the Mini-Mental State Examination. Gait speed and handgrip

strength can easily be measured by any clinician, and they prove to be useful screening

tools to detect cognitive impairment.

Keywords: gait speed, handgrip strength, cognitive impairment, biomarker, pre-clinical dementia, motor

dysfunction

INTRODUCTION

Dementia has become a worldwide health priority that affects
the quality of life of older adults and their caregivers
(1). In Colombia, identification of cognitive impairment has
been traditionally based on neuropsychological tests, imaging,
and molecular biomarkers that are not widely available.
This poses a major challenge in the timely diagnosis of
dementia. The use of non-cognitive biomarkers is an emerging
approach for early diagnosis of cognitive impairment (2)
and, consequently, for setting up preventive strategies for
dementia in low- and middle-income countries such as
Colombia (3).

Growing evidence suggests that dementia, particularly
Alzheimer’s Disease (AD), is a continuum with a long
pre-clinical stage that may present with early motor
symptoms (4–6). In recent years, identification of the
association between cognitive and motor performance
suggests that these functions share neural networks in the
frontal-hippocampal cortex. Impairment of this neural
network can manifest as a concurrent decline of the motor
and cognitive functions (7). This means motor function
assessment can be a useful correlate with cognition and a
promising predictor of mild cognitive impairment (MCI) and
dementia (2).

In Colombia, prior reports demonstrate an association
between motor dysfunction and dementia (8, 9). In addition,
the 5th Canadian Consensus Conference suggested that
individuals with subjective memory complaints and motor
dysfunction (i.e., gait speed disturbances, and dual-task
gait impairment) are prone to developing cognitive decline
and should undergo close follow-up and screening (10).
However, currently in the Latin America, no standardized
screening protocols for cognitive impairment use motor
function measurements.

Handgrip strength (HS) assessed with a hand-held
dynamometer is proven as a good indicator of the whole
muscular strength and wellbeing in the older adults. The
HS is influenced by factors such as age, sex, socioeconomic
status, and level of physical activity (11). Several reports in
the literature suggest that HS might be a good predictor for
the risk of cognitive decline (8), chronic diseases, depression,
frailty, and dependency in instrumental activities of daily
living (IADL) (12, 13).

Gait speed (GS) is another muscular function associated with
cognitive function (14, 15) since it integrates motor, perceptual,

and cognitive processes. Abnormalities in GS precede cognitive
decline by the several years (16–18). A recent publication
considered GS measurement as a novel biomarker of cognitive
decline, MCI, AD, and other dementias (19).

Measurements of HS and GS are easy to perform, objective,
non-invasive, low cost, widely available, and safe. Those
characteristics make them acceptable, easy to generalize, and
valuable in the clinical assessment of older adults. There is limited
knowledge, however, about the cognitive domains predominantly
related to motor performance.

This study aimed to establish the association between motor
function, assessed with GS and HS, and cognitive function,
assessed with the Mini-Mental State Examination (MMSE). A
secondary goal was to determine a cut-off point for GS and HS
and the accuracy of these motor tests in the identification of
cognitive impairment. Based on preliminary reports (8, 9), it can
be hypothesized that reducedmotor functionmight be associated
with global cognition in the MMSE and some specific domains,
such as orientation and memory.

MATERIALS AND METHODS

Study Design
This is a secondary analysis of SABE Colombia (Salud, Bienestar,
& Envejecimiento) a population-based, cross-sectional study of
health, wellbeing, and aging that was conducted in Colombia in
2015. The SABE Colombia included a representative sample of
the Colombian population −23,694 non-institutionalized adults
aged 60 years or older. The probability sampling method was
clustered, multistage stratified by urban and rural areas. Methods
and procedures conducted in SABE Colombia were based on
those used in the international multicenter SABE study to
obtain comparability, generalizability, and harmonized protocols
(20) adapted to the Colombian population. The information
was integrated within the general framework of the Colombian
National Surveys System. Other technical details of the SABE
Colombia study can be found in the official website of the
Colombian Ministry of Health and Social Protection, and other
independent publications (21–23).

Inclusion and Exclusion Criteria
The present analysis took a subsample of 5,381 SABE Colombia
participants who were able to complete the GS and HS
measurements. For the GS test, this study excluded outliers,
who were participants with GS values below the percentile 1
or above percentile 99, as these could have been individuals
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who ran during the test or whose data were entered incorrectly
by an examiner. Figure 1 shows a detailed flowchart with
eligibility criteria and the selection of the subsample for
this study.

Variables
The dependent variables assessed in this study were the
cognitive variables: the MMSE and its 4 domains (orientation,
recall, counting, and language). The independent variables
were the HS and GS (muscular function measurements).
The possible confounders were sociodemographics (age and
gender), functionality measures (Barthel and Lawton scores),
comorbidities (high blood pressure, diabetes, myocardial
infarction, stroke, arthropathies, and mental diseases), and
anthropometrics (body mass index).

Hand grip strength: The HS was measured with an adjustable
digital handgrip dynamometer (Takei Scientific Instruments Co.,
Tokyo, Japan). An examiner instructed each participant in the
use of the dynamometer and recorded in kilograms (kg) the best
score for each hand. Calculated HS was the average of the left and
right hands (24).

Gait speed: The GS was computed from a subtest of the
Short Physical Performance Battery (SPPB), validated for the
Colombian population, and applied in SABE Colombia (19).
Participants were asked to walk 3 meters at their regular pace two
times from a standing position. The GS was the best time of the
two trials (9).

Functional status: The study assessed basic activities of daily
living with the Barthel index (from 0 to 100). Lower scores
indicated a functional dependency (25). The Lawton and Brody
scale (from 0 to 54), scored instrumental activities of daily living,
with higher scores signaling functional impairment (26, 27).

Comorbidities: The study presented the frequency of self-
reported comorbidities that had been diagnosed by a physician,
including high blood pressure, myocardial infarction, stroke,
diabetes, arthropathies (including arthrosis, arthritis, and
rheumatoid arthritis), and mental disease.

Cognitive performance: The MMSE was used to classify
individuals as cognitively impaired. The MMSE has optimal
psychometric characteristics, with 88.3% sensibility and 87%
specificity. There is wide support for the use of the MMSE
in the initial assessment and follow-up of memory, language,
orientation, and visuo-constructional capacity in people with
neurocognitive disorders. The MMSE total score ranges from 0
to 30, with low values indicating worse cognitive performance
(28, 29). This study used an MMSE score cutoff of≤24 to classify
individuals as cognitively impaired (30, 31).

Statistical Analysis
This study performed a descriptive analysis of the subsample,
given the quantitative nature of the variables. Central tendency
and dispersion measures were calculated with the program
R (32). The Kolmogorov-Smirnov (Lilliefors’s correction) test
served to determine the normal distribution of each variable.

FIGURE 1 | Flow-chart of the exclusion process before the statistical analysis. *Values below the p1 and above the p99 on the time spent wqalking 3m were

excluded from the analysis. **HS, Handgrip strenghth (only a subsample were indicated to use the an adjustable digital handgrip dynamometer).
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Assessment of the Association Among
Muscular Function and Cognitive Variables
The study used various linear regression models with the
cognitive variables (the MMSE total score and by domains)
as dependent variables, and the other variables of interest as
independent variables. The p-value coefficients and McFadden’s
R-squared were used to test the models. For the analysis of the
relationship among variables, three different regression models
were tested. The first model included GS, age, and gender as
the independent variables, with the cognitive variables (the
MMSE total score and by domains) as dependent variables. The
second model included HS, age, and gender as independent
variables, and the MMSE domains as the dependent variables.
The third and final model included GS and HS, comorbidities,
functionality, and sociodemographic variables as independent
variables, and the MMSE domains as the dependent variables. In
all these models collinearity among independent variables was
ruled out by calculating the Spearman correlation coefficient,
where no pair of variables had a high correlation; with Rho values
ranging between −0.58 and 0.36. Also, possible interactions
(or confounding effects among them) were evaluated. The
independent variables in the final model were selected using
backward elimination.

Muscle Function for Assessment of
Cognitive Impairment
To assess GS and HS performance in the identification of
cognitive impairment, the authors, for each variable (GS and
HS independently), applied the Youden index, identified optimal
cut-off points with receiver operating characteristics (ROC)
curve analyses, and calculated the areas under the curve (AUC).
Considering that gender may affect motor performance, the
authors defined different cutoff points stratified by gender with
a post-hoc analysis, running a new ROC curve analysis for each
motor function.

RESULTS

The SABE Colombia cohort included 23,694 older adults.
Cognitive impairment was identified in 4,690 individuals, for
an overall prevalence of 19.79%. In the group with cognitive
impairment, 62.3% (N = 2,922) were females and 37.7% (N =

1,768) were males. The median age for this group was 77 years
(IQR 14), 9 years older than individuals with normal cognition
(median 68, IQR 11). In addition, the body mass index (BMI)
was lower in the cognitively impaired group (median 24.64 IQR
6.59 vs. median 26.39, IQR 6.23).

Table 1 summarizes the descriptive analysis of the subsample
(N = 5,831) by cognitive status. Out of the 5,381 participants,
4,035 had normal cognition and 1,346 had cognitive impairment.
The median age was 68 years for individuals with normal
cognition and 75 years for individuals with cognitive impairment.
The education median was 4 and 1 year, respectively. In the
group with normal cognition, 57.62% were females and 42.38%
were males. In the group with cognitive impairment, 62.78%
were females and 37.22% were males. In terms of muscular

TABLE 1 | Descriptive analysis by cognitive status.

Total

(n = 5,381)

Normal

cognition,

n = 4,035

(74.99%)

Cognitive

impairment,

n = 1,346

(25.01%)

Variable n (%)

Gender

Female 3,180

(59.1%)

2,325

(57.62%)

845

(62.78%)

Male 2,201

(40.9%)

1,710

(42.38%)

501

(37.22%)

Comorbidities

Hypertension 3,027 2,184

(54.21%)

843

(62.17%)

Myocardial

infraction

778 550

(13.64%)

228

(16.79%)

Stroke 238 149

(3.7%)

89

(6.55%)

Diabetes 897 657

(16.34%)

240

(17.69%)

Arthropathies* 1,513 1170

(29.05%)

343

(25.33%)

Mental

Diseases**

485 326

(8.10%)

159

(11.76%)

Median (IQR)

Demographics

Age (years) 68 (10) 75 (14)

Schooling (years) 4 (4) 1 (3)

Anthropometrics

Body mass index (BMI) 26.39 (6.23) 24.64 (6.59)

Muscular function

Hand grip strenght (kg)$ 23.18 (8.84) 18.74 (8.7)

Gait speed (m/s)$ 0.723 (0.23) 0.586 (0.23)

Functionality

Lawton total 0 (2) 4 (10)

Barthel index 100 (0) 100 (5)

*Includes arthrosis, arthritis and rheumatoid arthritis.

**Major mental disorders.
$Mean (SD) t-test.

function, HS and GS were lower in the group with cognitive
impairment.

Table 2 summarizes the demographic-adjusted linear
regression models to predict cognitive variables. The GS
was associated with orientation (r2 = 0.16), language (r2

= 0.15), recall memory (r2 = 0.14), and counting (r2 =

0.08). Similarly, HS was associated with orientation (r2

= 0.175), language (r2 = 0.164), recall memory (r2 =

0.137), and counting (r2 = 0.08). Table 3 shows the final
fully adjusted model exploring associations among motor
function and cognitive variables. This model included
covariates such as age, presence of mental disorder (the
only comorbidity selected after backward elimination),
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TABLE 2 | Association between motor function and cognitive domains.

Measurement Mini mental state examination

Orientation Recall Counting Language Total

R2 p-value R2 p-value R2 p-value R2 p-value R2 p-value

Gait speed* 0.16 <0.001 0.14 <0.001 0.08 <0.001 0.15 <0.001 0.18 <0.001

Handgrip strength* 0.175 <0.001 0.137 <0.001 0.08 <0.001 0.164 <0.001 0.19 <0.001

*Both measures presented significat interaction with age.

TABLE 3 | Association’s model for cognitive variables.

Measure Mini mental state examination

Orientation Recall Counting Language Total

R2 R2 R2 R2 R2

0.291 0.193 0.109 0.273 0.303

β (SE) p-value β (SE) p-value β (SE) p-value β (SE) p-value β (SE) p-value

Gait speed 0.66

(0.16)

<0.001 0.29

(0.07)

<0.001 0.33

(0.11)

0.002 0.46

(0.13)

0.003 1.73

(0.38)

<0.001

Handgrip Strength −0.14

(0.03)

<0.001 −0.04

(0.02)

0.03 −0.04

(0.02)

0.107 −0.09

(0.3)

0.37 −0.3

(0.09)

<0.001

Age 0.15

(0.09)

0.07 0.07

(0.04)

0.06 0.14

(0.05)

0.03 0.06

(0.07)

0.14 0.43

(0.21)

0.044

Mental disease −0.16

(0.12)

0.17 −0.16

(0.05)

0.027 −0.03

(0.08)

0.74 −0.14

(0.09)

0.068 −0.44

(0.28)

0.118

Barthel 0.19

(0.07)

0.005 0.08

(0.03)

0.006 0.14

(0.05)

0.004 0.1

(0.05)

<0.001 0.51

(0.16)

0.001

Lawton 0.3

(0.08)

<0.001 0.09

(0.04)

0.009 −0.03

(0.06)

0.58 0.11

(0.07)

<0.001 0.48

(0.19)

0.017

Handgrip

Strength: age◦
0.002

(0.001)

<0.001 0.001

(0.010)

0.047 0.001

(0.001)

0.022 0.001

(0.001)

<0.001 0.005

(0.001)

<0.001

Barthel: age◦ −0.002

(0.001)

0.005 −0.001

(0.001)

0.005 −0.001

(0.001)

0.004 −0.001

(0.001)

0.065 −0.007

(0.002)

0.001

Lawton: age◦ −0.008

(0.001)

<0.001 −0.002

(0.001)

<0.001 −0.001

(0.001)

0.299 −0.004

(0.001)

<0.001 −0.015

(0.003)

<0.001

◦ Interaction; β, Beta coefficient; SE, standard error.

and functionality with its interactions. The analysis
revealed that 29.1% of the variability in orientation is
attributed to the described model. Also, the coefficient
in this model was large for language (r2 = 0.273),
medium for memory recall (r2 = 0.193), and small for
counting (r2 = 0.109).

Figure 2 shows the ROC curves that evaluated GS and HS
as markers of cognitive impairment. Regarding GS, a cutoff
point of 0.599 m/s was identified, and the curve had an AUC
of 0.653 (95% CI: 0.645–0.661). Conversely, the curve for HS
had an AUC of 0.629 (95% CI: 0.613–0.646), and the cutoff
point that was established was17.50 kg. Supplementary Figure 1

shows the ROC curves for HS comparing cutoff points and
AUC between women and men, with cutoff points of 16.5 kg in
women, and 25.5 kg in men. The GS analysis by gender revealed
a cutoff point of 0.59 m/s for females and 0.74 m/s for males
(Supplementary Figure 2).

DISCUSSION

Results in this study support an association between muscular
function and cognition. Motor function exhibited the largest
association with the orientation domain, followed by language.
Our findings complement preliminary reports showing
associations among early motor function loss, dysexecutive
symptoms, and impairments in the semantic memory (33).

The underlying neural mechanisms that may explain the
motor-cognition relationship would be in the hippocampal place,
grid, speed, and acceleration cells. Located in the entorhinal
cortex, these cells play an important role in the spatial orientation
and movement (34–36). In individuals without cognitive
impairment, there is a reported correlation between a small
volume of the left entorhinal cortex and muscular dysfunction
in a dual-task gait assessment. The dysfunction consisted of
gait slowing while performing a demanding cognitive task,
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FIGURE 2 | ROC curves. Receiver operating characteristic (ROC) curves defining cutoff points for HS (A) and GS (B) as markers for cognitive impairment. The dot

represents the point with the largest AUC. Area under the curve: (A) 0.629 (CI 95%: 0.613–0.646), (B) 0.653 (CI 95%: 0.645–0.661). AUC, area under the curve; HS,

handgrip strength; GS, gait speed.

such as counting backward, subtracting numbers, and naming
animals (37). Previous reports suggest that executive functions
are essential for gait control since gait requires the integration
of sensory and perceptual information, a continuous updating
of input, and quick adaptations of the gait pattern (38–40).
Similarly, in a longitudinal study that performed a dual-task gait
assessment, most of the GS variance was attributed to the level
of executive attention (27.4%), and there was a link between
orientation and attention (41).

Similarly, speech and language are among the most reliable
markers distinguishing types of dementia that include motor
dysfunction (42). Speech and language are also cognitive domains
strongly associated with the supplementary motor area (SMA), a
very important structure in motor execution. Alterations in the
SMA and associated circuits (subcortical circuits, basal ganglia)
may present clinically as alterations in language and motor
performance (43). Muscle strength, specifically HS, can be an
overall indicator of central nervous system integrity. Higher HS
is associated with better performance on functional tasks, and it
may indicate the ability to walk, rise from a chair, and hold small
items such as a toothbrush or a comb (13).

Results in this study showed that for the MMSE domains,
the determination coefficients (r2) are similar for GS and
HS analyses. This suggests that GS and HS have a similar
performance when assessing the correlation between motor
function and cognitive state. It is relevant though, that this study
did not find a strong correlation between GS and HS (Rho
Spearman = 0.39). In addition, the AUC of GS and HS were
significantly similar (0.65 and 0.63), which leads to the hypothesis
that the two motor variables may be used independently to
assess cognitive impairment with similar performance, especially
when both variables do not present collinearity. Further studies

may be needed to confirm this hypothesis. The GS has emerged
as one of the motor domains strongly correlated with the
incident dementia. Results in this study showed that GS and HS
may be alternative parameters for the assessment of individuals
at the risk of developing dementia, and also other geriatric
syndromes such as frailty (44). Handgrip dynamometers are
inexpensive, easily portable, non-invasive, and reliable. Their
use does not require extensive training, and results are not
biased by learning effects that can be seen in neuropsychological
tests (13).

In line with our findings, previous reports have shown that
poor physical performance is associated with cognitive decline.
As well, GS and HS represent a core determinant of physical
frailty and sarcopenia, both associated with cognitive impairment
(45). It has recently been proposed that physical and cognitive
decline can occur simultaneously and that they can share
common etiologies (46). Hormonal levels and inflammatory
biomarkers are thought to be implicated in cognitive dysfunction.
For example, irisin myokine is expressed not only in the
muscle, but also in the brain. It reduces neuroinflammation
and post-ischemic oxidative stress, suggesting that this molecule
may play an important role in neuroprotection and synaptic
plasticity (47). Similarly, higher levels of proinflammatory
cytokines, such as IL-6, were associated with greater cognitive
decline and lower HS. Associations between impaired cognitive
performance and poor physical performance in GS and balance
suggest that abnormalities in the nervous system’s processing
speed might also be linked to changes in the cognitive
function (13).

In this analysis, the accuracy of GS and HS as methods to
identify cognitive impairment was 65 and 63 %, respectively.
The cutoff point set for GS was 0.59 m/s and for HS 17.5 kg.
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Significant differences were seen between males and females
in the HS ROC curve analysis, with cutoff points of 16.5 kg
in women, and 25.5 kg in men. Similar values have been
reported; in a cross-sectional study about the comprehensive
geriatric assessment and GS, performed by the Chongqing
Medical University, GS below 0.73 m/s had an AUC of 0.716
(48). Even so, a multivariate logistic regression reported by
DeCock et al. (49) with a GS below 0.43 m/s predicted cognitive
impairment with 88% accuracy. Also, a cross-sectional study
using photocells and the Optogait System revealed that a gait step
coefficient of variability above 3.9 s predicted the development
of MCI with 85.2% accuracy (50). The model in this study
did not include gait parameters such as cadence, step length,
normalized speed, dual-task cost, swing time, and cycle time
variability, all included in the aforementioned papers. Regarding
HS, a cutoff of 20.65 kg was predicted with 71.2% accuracy
functional decline in a hospitalized male cohort (51). In that
cohort, more variables were included in the model, explaining
its accuracy.

One of the main contributions of this study is that it
proposes a non-cognitive method to identify older adults with
cognitive impairment in a nationally representative sample of a
middle-income country. It fills knowledge gaps in biomarkers
in this field. This could, consequently, improve the prognosis
of a population with access difficulties and give them an
opportunity to receive specialized care. Given that there is
no sufficient evidence using GS or HS to identify cognitive
impairment, many recent publications suggest combining motor
and cognitive measures to improve the classification of older
adults at risk of dementia (52–55). So far, studies have reported
the usefulness of these motor biomarkers, but there is a little
evidence of which specific cognitive domains are related to the
motor performance. This represents another contribution of this
study, since measuring cognitive status with the MMSE allowed
identification of the main cognitive domains associated with
motor variables.

Around the world, and most particularly in middle-
income countries, there is a pressing need to find low-cost,
accurate, and accessible biomarkers to identify pre-clinical
stages of dementia (56). The results of this study contribute
to and enhance the opportunity for diagnosis in countries
without access to expensive exams, such as Positron
Emission Tomography (PET) and molecular biomarkers.
This study’s results also present an opportunity to establish
preventive strategies based on risk assessments made
with inexpensive and easy-to-apply measurements. This
facilitates the access and training of health personnel, even
in remote areas where populations have a high burden of
disease and prevalence of dementia, but limited resources.
Further research in this area may allow study findings to
be generalized.

This study has some limitations. First, given that SABE is
a cross-sectional study, this study could not establish causality.
This demonstrates the importance of conducting longitudinal
studies evaluating the predictive validity of HS and GS and
standardizing the optimal cutoff for detecting individuals with

impaired cognition. Second, this study did not include, in its ROC
analysis, covariates such as age and schooling that may contribute
to the discriminative power of the analysis. The statistic analysis
did not include further covariates, since the intention when
calculating cutoff points was for these to be generally applicable
in a certain population. This possibility could be lost if multiple
covariates (age, education, and other demographic variables)
were taken into account. Even so, these covariates should be
considered and included in future studies if they represent a
significant difference between groups (cognitively normal and
cognitively impaired).

It is also important to point out that the MMSE provides
no information about executive functions, which represent
a crucial cognitive domain in the evaluation of dementia
in the elderly. Its deterioration is directly related to gait
disturbances, as has been consistently found in the multiple
studies (57, 58). Regardless, using the MMSE in this study’s
analysis allowed an evaluation of cognitive domains that had
not been previously explored, and with which we found
relationships with clinical relevance, as mentioned. Finally,
the GS in the 3-meter test is not widely recommended,
as results may underestimate a subject’s speed (59). The
authors do not consider that these biases study results,
as it has been used in the previous research (9, 15).
Furthermore, SABE Colombia includes the largest sample of
Latin American older adults, providing good statistical power
to this analysis, so long as the application of the results is
carried out in populations with similar sociodemographic and
anthropometric characteristics.

CONCLUSION

DiminishedGS andHS are associated with cognitive impairment,
with the largest association in orientation and language domains.
The GS and HS appear to be useful screening tools that can
be used by any clinician to identify cognitive impairment. Both
motor function tests share similar operational characteristics and
can be used independently. These easy-to-use and accessible tools
may be particularly helpful in low- andmiddle-income countries,
reducing the costs associated with a full neuropsychologic
assessment, PET imaging, or biomarkers, especially in the
remote areas.
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Primary Progressive Aphasia (PPA) is a neurological syndrome characterized by impaired

language due to neurodegeneration. It is subdivided into three variants: semantic,

agrammatic or nonfluent, and logopenic. Pieces of evidence have suggested that

learning disabilities in childhood, such as dyslexia, might be susceptibility factors in the

occurrence of PPA in adulthood. The objective of this study was to verify the existence

of the relationship between PPA and the history of learning disabilities of patients and

their children, compared to a control group of individuals with Alzheimer’s disease (AD). A

questionnaire was applied to investigate the presence of indicators of learning disabilities

and difficulties in individuals with PPA and AD and their children. Twenty subjects with PPA

and 16 with AD participated in the study. Our findings are presented and discussed in

light of the current scientific evidence and the social, educational, and economic Brazilian

scenario. Despite the challenges of doing research with individuals with PPA in Brazil, we

present the first evidence about the investigation of association between the history of

learning disabilities and difficulties and PPA in native Brazilian Portuguese speakers.

Keywords: primary progressive aphasia, Alzheimer’s disease, learning disabilities, dyslexia, differential diagnosis

INTRODUCTION

Primary Progressive Aphasia (PPA) is a neurodegenerative syndrome characterized by language
impairment due to the degeneration in the frontal and temporal regions, mainly in
the left hemisphere (1–4). PPA is confirmed in the presence of the insidious onset of
language impairment, presence of a neurodegenerative process, and emergence of language
complaints without significant impairments in other cognitive domains (3, 5). PPA is
subdivided into three variants, which have specific diagnostic criteria and characterization
(1, 2, 4, 6). The semantic variant (svPPA) presents with fluent spontaneous speech,
occurrence of anomia episodes, and difficulty in understanding single words. It is caused by
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atrophy in the temporal pole of the left and/or right hemispheres.
The nonfluent/agrammatic variant (nfvPPA) is characterized by
apraxia of speech, agrammatism, and interrupted and disfluent
speech. It presents atrophy in the frontal or insular brain
regions of the left hemisphere. The logopenic variant (lvPPV), is
characterized by difficulty in repeating sentences and in finding
words, with occurrence of phonological errors in speech. In
this variant, the neurodegeneration predominates in the left
temporoparietal junction.

The growing research in the field of PPA has shown
the possible existence of some susceptibility factors to the
development of PPA (7), including learning disorders in
childhood and suggesting that dyslexia might be a risk factor
in the occurrence of the lvPPA. In addition, other secondary
factors, such as traumas (traumatic brain injuries or tumors),
history of vasectomy, and neurodegenerative diseases in the
family, were also discussed in the literature as possible risk
factors in the development of PPA (7, 8). Regarding the learning
disabilities, there is a possibility that some genes responsible
for the development of dyslexia may be linked to PPA (7);
and that dyslexia may remain compensated for most of life
manifesting as PPA in adulthood through a selective vulnerability
of the language cortex to neurodegeneration (7, 9). It is known
that learning disabilities such as dyslexia present neuroimaging
findings with impairments in the brain areas responsible for
the oral and written language abilities, mainly in the left
hemisphere (10). This may justify the vulnerability of these brain
areas, which become more susceptible to the development of
neurodegenerative diseases, such as PPA.

The occurrence of learning disabilities among people with
PPA and their first-degree relatives is significantly higher than
among other neurodegenerative diseases, such as Alzheimer’s
disease (AD) or the behavioral variant of frontotemporal
dementia (FTD) (11). It is important to understand if this finding
would be found in other populations, especially in non-English
speakers since PPA is a language-based disorder. In the case of
Brazil, the early detection of PPA is difficult as well as the accurate
diagnosis due to our social, economic, and educational scenario
(12). As a consequence, it is difficult to recruit this population
for research, and there is a scarcity of studies characterizing
the Brazilian population with PPA (13). Given this context,
and in order to collaborate with the characterization of the
PPA Brazilian Portuguese speakers, the aim of this research
was to investigate the relationship between PPA and the history
of learning difficulties in the childhood of patients and their
children in comparison to a control group with AD.

METHODS

Participants
This is a quantitative, descriptive, and cross-sectional study. The
sample was collected for convenience. The participants in this
study were proceeding from the Neurology Outpatient Clinic
of the Irmandade Santa Casa de Misericórdia de Porto Alegre
(ISCMPA), and the Outpatient Clinic for Cognitive Neurology
and Behavior at the Hospital das Clínicas da Universidade
Federal de Minas Gerais (HC-UFMG).

The patients diagnosed with PPA (1) and AD (14) were
included in the study, following the consensus of current
diagnostic criteria, and who had a family member or a caregiver
who knew the patient well enough to answer the questionnaire.
The participants or their responsible caregivers consented to
participate in the study by signing the informed consent form
(ICF). Those who did not agree to participate in the study
and those who did not have a family member or a responsible
caregiver to answer the questionnaire were excluded from
the study.

The neurological diagnosis of all the participants was
made by a neurologist expert in cognitive disorders. For the
diagnosis process, the neurologist considered information from
interview with a patient and a caregiver; physical examination;
neuropsychological and speech and language assessment (this
is only for patients in suspicion of PPA); blood tests; and
neuroimaging tests (magnetic resonance imaging-MRI). Some
participants carried out cerebrospinal fluid examination with
dosage of biomarkers of AD and functional neuroimaging tests
(FDG-PET or SPECT). Our sample consisted of patients from
both the public and private health systems. The Brazilian public
health system does not cover the costs of the cerebrospinal fluid
examination for AD biomarkers or functional neuroimaging, so
such tests were only performed by the patients who could afford
to pay for these tests privately or had health insurance to cover
their costs. A few patients from the public universities had results
of AD biomarkers in the cerebrospinal fluid as part of other
research protocols.

This study was conducted in line with local ethical standards
and was approved by the ISCMPA ethics committee (#3.117.790),
and also by the HC-UFMG ethics committee (#2.018.855).

Procedures
The researchers reviewed the medical records of the patients
from the outpatient clinics involved in this study to select
potential participants according to the criteria described above.
Afterwards, the participants were invited to participate in the
study and those who agreed were submitted to the collection of
specific data for this study.

Data collection was performed through a structured
questionnaire about history of learning disabilities/difficulties
prepared by the researchers. To construct the questionnaire,
the researchers were based on their experience and literature
that suggest that there are barriers in the population’s access to
the detection and diagnosis of learning disorders, especially in
the older generations, who are a large part of the participants
in this study. Based on this, the researchers thought to include
questions that could be suggestive of learning difficulties since
the diagnosis was probably not possible.

First, the questionnaire was applied as a pilot in 5 dementia
caregivers to verify if the questions were understandable. The
authors made the corrections needed, and then the questionnaire
was applied as an interview with a family member or a
caregiver who had the best knowledge about the patient. The
patients were asked to accompany the interview, but also that a
caregiver was present together to transmit the information to the
interviewer due to the participants’ communication difficulties.
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The questionnaire was applied in person, or by telephone contact
previously scheduled. The participants were informed about
the study procedures, and then read and signed the ICF, and
finally answered the interview. When the contact was made
by telephone call, the ICF was read and agreed through an
online document.

The questionnaire consisted of three blocks of questions,
most of which were closed questions: 1. Personal and
sociodemographic information; 2. Clinical data of the disease-
PPA and AD; and 3. History of learning disabilities or difficulties.
As it was, to our knowledge, that, in Brazil, at the time when the
participants attended school, the investigation and the diagnosis
of learning disorders were probably infrequent and very difficult,
the questions of the questionnaire were not only about the
occurrence of diagnosis of those disabilities but also questions
that could infer that those people had learning difficulties (See
the questionnaire in Appendix 1). The options of answers in the
third section were categorized as “yes”, “no”, and “I do not know”.

The questionnaire was administered by one of the researchers,
who is a speech and language pathologist with expertise
in dementia and a Brazilian-Portuguese native speaker. This
examiner was not involved in any part of the diagnostic process
of our participants since they were already diagnosed when they
were selected to participate in this study. The questionnaire took
about 15min to be administered.

Data Analysis
Pearson’s Chi-Square test and Fisher’s exact test were used to
investigate the existence of an association between history of
indicatives of learning disabilities/difficulties and the participant’s
diagnosis. A significance level of 5% was adopted.

RESULTS

Twenty subjects with PPA participated in the study group, 8 with
svPPA, 7 with nfvPPA, 3 with lvPPA, and 2 with non-classifiable
PPA (n = 2). The control group was composed of 16 individuals
with AD. The participants’ descriptive data are shown in Table 1.

Statistical comparisons on demographic variables were
applied between AD and PPA groups. There was no significant
difference for sex (p = 0.51) and race (p = 0.16), but the PPA
group was significantly younger (p < 0.01) and with more years
of education (p < 0.01).

Statistical analyses were conducted, comparing the responses
between PPA and AD groups, as shown in Figure 1, and among
the PPA variants (Figure 2). Regarding the comparison between
patients with PPA and AD, and their children, no significant
differences were observed regarding the occurrence of: a report
of learning difficulties in childhood (patients, p = 0.32; children,
p = 0.85); take it longer than children the same age to learn to
read and write (patients, p = 0.71; children, p = 0.54); history of
diagnosis of any learning disability (patients, p = 0.36; children,
p = 0.25); need for tutoring or addition classes due to learning
difficulties (patients, p= 0.35; children, p= 0.20); school dropout
(children, p = 0.09); repetition of any school grade (patients, p
= 0.14). However, there was a significantly higher occurrence
of school dropout among people with AD, when compared to

people with PPA (p< 0.01), and a significantly higher occurrence
of repetition among children of people with AD when compared
to PPA (p < 0.01).

The same variables were compared among the PPA variants
(svPPA, lvPPA, nfvPPA, and unclassified cases of PPA). There
was no statistically significant difference for any of the variables
studied for both people with PPA and their children: history of
learning difficulties (patients, p = 0.41; children, p = 0.79); take
it longer than children the same age to learn to read and write
(patients, p = 0.278; children, p = 0.196); history of diagnosis of
any learning disability (patients, p = 0.64; children, p = 0.56);
need for tutoring or addition classes due to learning difficulties
(patients, p= 0.75; children, p= 0.10); school dropout (patients,
p = 0.92; children, p = 0.12); repetition of any school grade
(patients, p= 0.30; children= 0.70).

DISCUSSION

Learning disabilities have been treated as a potential risk factor
in the development of PPA. There is evidence indicating that the
history of learning disabilities, such as dyslexia, is significantly
higher in patients with PPA and their first-degree relatives than
in healthy controls or in patients with the behavioral variant of
FTD or with AD (7, 9, 11, 15–17).

One of the main studies that demonstrated the association
between PPA and learning disabilities is the study by Rogalski
et al. (11). The study evaluated 699 subjects splitted into three
groups of dementia: PPA, typical AD and behavioral variant
of FTD, and a control group of healthy elderly people. This
research investigated the occurrence of learning difficulties in
patients and their first-degree relatives through self-reported
questions about school learning. The results indicated higher
concentrations of reading and writing difficulties in the families
of individuals with PPA. One hypothesis to explain this
association is the existence of susceptibility genes that could
interfere with the initial language development, leading to
developmental dyslexia in some individuals, while, in other cases,
the effect could remain compensated for years but reappears as
PPA in adulthood due to selective vulnerability of the language
cortex to neurodegeneration (7, 11, 15). It is believed that
some genetic risk factors linked to dyslexia may interact with
the neurodegenerative process and increase the impact on the
language network (7).

The fact that some neuropathological entities can cause PPA
in some individuals while causing other dementias (amnestic
or behavioral) in others justifies the search for susceptibility
factors that interact with the neurodegenerative disease to
collaborate with the differential diagnosis (7). Due to the
difficulties to differentiate syndromes, such as PPA, AD, and
the behavioral variant of FTD, studies have sought to gain a
better understanding of the pathological processes involved in
each disease.

Based on the pieces of evidence, the present study aimed
to verify whether this association is also present in a sample
of Brazilian individuals with PPA who are native speakers of
the Brazilian Portuguese. However, unlike the findings in the
literature, we did not find in our sample a higher occurrence
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TABLE 1 | Sociodemographic characteristics of the participants.

PPA (total) Semantic PPA Logopenic PPA Nonfluent PPA Non-classifiable PPA AD

(N = 20) (N = 8) (N = 3) (N = 7) (N = 2) (N = 16)

Sex (F)–N (%) 10 (50.0) 2 (25.0) 2 (66.7) 4 (57.1) 2 (100) 10 (62.5)

Age-mean (SD±) 68.1 (7.7) 65.0 (8.5) 67.0 (9.6) 72.4 (5.9) 67.0 (2.8) 79.9 (9.0)

Age of first symptoms–mean (SD±) 63.0 (8.6) 59.7 (3.1) 64.0 (6.2) 66.4 (3.3) 63.5 (6.2) 68.8 (8.4)

Educational level–average (SD±) 13.5 (4.3) 13.9 (3.6) 13.3 (4.6) 13.3 (5.0) 13.0 (8.5) 5.2 (4.0)

Hand dominance (right-handed)–N (%) 20 (100) 8 (100) 3 (100) 7 (100) 2 (100) 16 (100)

Race–N (%)

White 18 (90.0) 7 (87.5) 3 (100) 6 (85.7) 2 (100) 10 (62.5)

Mixed 2 (10.0) 1 (12.5) 0 (0) 1 (14.3) 0 (0) 3 (18.8)

Black 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (12.5)

Indigenous 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (6.3)

PPA, primary progressive aphasia; AD, Alzheimer’s disease; F, female; SD, standard deviation.

FIGURE 1 | Description of the percentage of responses in the questionnaire of learning difficulties history of the AD and PPA groups. AD, Alzheimer’s disease; PPA,

primary progressive aphasia. (A) responses of PPA patients; (B) responses of AD patients; (C) responses of PPA children; (D) responses of AD children.
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FIGURE 2 | Description of the percentage of responses in the questionnaire of learning difficulties history of the PPA variants. AD, Alzheimer’s disease; PPA, primary

progressive aphasia; lvPPA, logopenic variant primary progressive aphasia; svPPA, semantic variant primary progressive aphasia; nfvPPA, nonfluent/agrammatic

variant primary progressive aphasia; ncPPA, non-classifiable primary progressive aphasia. (A) responses of lvPPA patients; (B) responses of svPPA patients; (C)

responses of nfvPPA patients; (D) responses of ncPPA patients; (E) responses of lvPPA children; (F) responses of svPPA children; (G) responses of nfvPPA children;

(H) responses of ncPPA children.
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of learning disabilities or difficulties among people with PPA or
even among their children when compared to the group with
AD and their children. Instead, there was an association between
AD and the occurrence of school dropout and grade repetition,
respectively, in people with AD and in the children of people
with AD.

The non-association between the aspects evaluated and PPA
may have occurred for different reasons. PPA is a disease centered
on language disorders, and, therefore, it is possible that some
risk factors are dependent on the language spoken by the subject.
Our results may indicate that the behavior and development of
the disease may be different in speakers of other languages than
English since most of the studies produced so far focused on
native English speakers (7, 9, 11, 16, 17). Other possibility is
that, at the time when the generation of people investigated in
this study was in school, the knowledge of learning disabilities
among education and health professionals was scarce, and such
conditions were not investigated, much less diagnosed. And last
but not least, the absence of significant associations between the
aspects evaluated and PPA could be due to the small sample of
our study since we can observe a trend for elevated prevalence of
learning difficulties in childhood of people with lvPPA and svPPA
and their children. This trend is in line with a previous study
that found higher prevalence of history of learning disabilities
among the lvPPA (9), which is most often caused by AD
pathology. The authors of that study argue that this finding
suggests a susceptibility of the neural networks involved in the
most commonly described form of dyslexia and lvPPA since they
share similar cognitive (phonological) and anatomical (posterior
temporoparietal) substrates.

For this reason, our questionnaire aimed not only to know
if the participants had been diagnosed with learning disabilities
but also the occurrence of other factors that could be suggestive
of these difficulties, such as grade repetition, school dropout, the
need for tutoring, or addition classes due to learning difficulties
and delay in learning to read and write. However, all of these
factors are also dependent on socioeconomic aspects, such as
social inequality and the difficulty in access to basic education,
which are relevant characteristics of the Brazilian society (18).
Therefore, this argument could also explain the higher incidence
of school dropout and grade repetition, respectively, among
people with AD and their children since, in our sample
participants with AD (and probably their family members) had
a lower educational level than people with PPA.

The findings of our study related to the AD sample could also
be supported by the literature that describes a possible association
between other disorders that interfere with learning, such
as attention deficit hyperactivity disorder (ADHD). Previous
ADHDwas associated with a higher risk of developing dementias
other than PPA, such as AD and dementia with Lewy bodies
(DLB) (19). Golimstok et al. (20) in a case-control study identified
that ADHD symptoms were present at a significantly higher rate
in patients later diagnosed with DLB. In agreement with these
findings, Tzeng et al. (21) showed that, in a health service in
Taiwan, over a period of 10 years, adults with ADHD were 3.4
times more likely to be diagnosed with dementia when compared
to controls matched by gender and age without ADHD. However,
Ivanchak et al. (22) did not find definitive evidence of association

between ADHD in childhood and late degeneration related
to dementia. In this study, a scale was applied to identify
suspected cases of ADHD in 310 geriatric individuals with
normal cognition, mild cognitive impairment, and diagnosis of
dementia, and no associations were found between the variables.
Thus, the correlation between ADHD and AD remains in need
of further investigation and more accurate data to be confirmed.
Such investigations may help to elucidate findings such as those
in our research.

The main limitations of this study are the small sample size,
especially the sample size of the different variants of the PPA,
and the sociodemographic differences between the PPA and AD
groups. These limitations are consequences of the difficulties
in the detection and diagnosis of individuals with PPA in the
Brazilian context. Although it is considered a low-frequency
syndrome, research and clinical knowledge about PPA are still
scarce (13). The knowledge of the diagnostic criteria and the
differential factors between PPA and AD in Brazil is discussed in
the study of Beber and Chaves (23) that indicates a tendency of
the clinicians to generalize memory complaints toward a single
diagnosis, identifying almost all these patients with FTDs as
AD or leaving them undiagnosed. In addition, when patients
with PPA receive the diagnosis, many of them are already in
advanced stages of the disease, which makes it difficult to include
this population in clinical research. Other limitations were the
absence of a healthy control group and the use of a non-validated
questionnaire to investigate the history of learning disabilities
and related aspects. Despite that, we still consider that it is
more reliable to interview participants using a non-validated
but structured questionnaire than collecting data from medical
records since information from medical records might not be
collected from a standardized way. Finally, our study obtained
information from caregivers, and some of them might not be
lived with the participants during their childhood. To minimize
this bias, we asked for the caregiver that had the best knowledge
about the patient.

Despite the challenges of doing research with individuals
with PPA in Brazil, we present the first evidence about the
relationship between learning disabilities/difficulties and PPA
among native Brazilian Portuguese speakers. We consider this
an inaugural study on this topic, and we call attention for the
fact that the results should be analyzed carefully, considering
the limitations of the study since they indicate the importance
of further investigations with larger and more homogeneous
samples, and with neuroimaging and neuropsychological data.
Long-term monitoring of patient cohorts can also favor the
better understanding of the relationship between PPA and
learning disabilities.
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Sentence-comprehension deficits have been described in patients with primary

progressive aphasia (PPA). However, most instruments to address this domain in more

detail and in a clinical context have not been adapted and translated into several

languages, posing limitations to clinical practice and cross-language research.

Objectives: The study aimed to (1) test the applicability of the Brazilian version of

the Test for Reception of Grammar (TROG2-Br) to detect morphosyntactic deficits in

patients with PPA; (2) investigate the association between performance in the test and

sociodemographic and clinical variables (age, years of formal education, and disease

duration); (3) characterize the performance of individuals presenting with the three more

common variants of PPA (non-fluent, semantic, and logopenic) and mixed PPA (PPA-Mx)

and analyze whether TROG-2 may assist in the distinction of these clinical profiles.

Methods: A total of 74 cognitively healthy participants and 34 individuals diagnosed

with PPA were assessed with TROG2-Br. Overall scores (correct items, passed blocks),

types, and categories of errors were analyzed.

Results: In controls, block scores were significantly correlated with years of formal

education (Spearman’s r = 0.33, p = 004) but not with age. In PPA, age, education,

and disease duration were not significantly associated with performance in the test.

Controls presented a significantly higher performance on TROG2-Br compared to

PPA individuals and their errors pattern pointed to mild general cognitive processing

difficulties (attention, working memory). PPA error types pointed to processing and

morphosyntactic deficits in nonfluent or agrammatic PPA, (PPA-NF/A), logopenic PPA

(PPA-L), and PPA-Mx. The semantic PPA (PPA-S) subgroup was qualitatively more

similar to controls (processing difficulties and lower percentage of morphosyntactic

errors). TROG2-Br presented good internal consistency and concurrent validity.
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Discussion: Our results corroborate findings with TROG-2 in other populations. The

performance of typical older adults with heterogeneous levels of education is discussed

along with recommendations for clinical use of the test and future directions of research.

Keywords: TROG, language comprehension, primary progressive aphasia, syntax, sentence comprehension,

grammar, morphosyntactic

INTRODUCTION

Sentence comprehension is a complex language function that
goes beyond the identification of single words and their
meanings. Additional stages include accessing the argument
structure of the verb (transitivity) and its associated thematic
roles (who did what to whom); a mapping stage in which
thematic roles are assigned to the syntactic positions and the
activation of the meaning of the sentence (1, 2). Working
memory also plays an important role in sentence comprehension,
as the meaning of the sentence and its structure must be held
online to be integrated into upcoming information or while a
particular mental process or physical action is undertaken (3–5).
Sentence length and syntactic complexity are known to modulate
the allocation of processing resources for comprehension.
Concerning syntactic complexity, noncanonical sentences, such
as passives (e.g., the boy is being chased by the dog), where
the order of the elements is different from subject-verb-object
(actives), are thought to demand more from working memory
resources. The same can be said about the subordinate sentences,
where there is one clause embedded within another (e.g., The
man who is eating is watching the cat) (3).

Primary progressive aphasia (PPA) refers to a group of
clinical syndromes, caused by a neurodegenerative disease. The
predominant symptom of PPA is a slow progressive disorder of
language abilities, in the absence of significant cognitive, motor,
or behavioral impairments (6, 7). There are three recognized PPA
subtypes: the semantic (PPA-S), the logopenic (PPA-L), and the
non-fluent or agrammatic (PPA-NF/A) variants. In PPA-S, lexical
and semantic knowledge are the most impaired features, while
the PPA-L is characterized by phonological working memory
impairment and word-finding difficulties. In PPA-NF/A, patients
have motor speech deficits and/or progressive agrammatism (6,
8–10). Some individuals with PPA do not fit into these three
main variants and are usually reported as clinically unclassified
or mixed PPA (PPA-Mx) cases (10–12).

Sentence comprehension deficits have been described
in patients with PPA. The current consensus criteria
(6) recommends the assessment of this function for PPA
subclassification and suggests types of tasks, namely, answering
“yes”/“no” questions, following directions, or matching oral
presented sentences to pictures. However, most instruments used
to address this domain in more detail, and in a clinical context,
have not been adapted and translated into several languages,
posing limitations to clinical practice and for research and
cross-language comparisons. A comprehensive morphosyntactic
assessment is invaluable to monitor symptom progression in
PPA and to devise tailor-made interventions to remediate,

reorganize, and/or compensate for grammatical and syntactical
deterioration in PPA. Additionally, a thorough assessment of
receptive language may support orientations to family and
carers and indirectly assist patients in the achievement of
communication goals.

Morphosyntactic deficits in PPA-NF/A are more often
investigated in production tasks involving connected speech (13–
17) (refer to Thompson and Mack (18); Boschi et al., (19), for
a review). Nevertheless, many studies reported deficits in the
comprehension of grammatically complex sentences (8, 13, 20–
24), particularly noncanonical sentences or those containing
subordinate and center-embedded clauses. In addition, cleft
sentences, such as “It is the man that the women poked” were
reported to be differentially impaired in PPA-NF/A compared
to other PPA subgroups (23). In PPA-S, although syntax and
grammar are generally spared (6, 9, 25), it is not uncommon
to find a higher error rate compared to controls in sentence
comprehension tasks (8, 11, 26, 27), or even patients performing
at the same level as PPA-NF/A (11). Impairments in sentence
comprehension in PPA-S are explained in terms of difficulties
at the word level, which affect the semantic processing of
the lexical components of the sentence (8, 9) and/or, at the
sentence level due to the inability to manipulate and combine
semantic representations to understand the global meaning of the
sentence (26). Although the anterior temporal lobe has not been
particularly related to sentence comprehension, some individuals
with PPA-S may have atrophy extending to the left posterior
temporal regions and/or anterior insula bilaterally, regions
involved in syntactic processing in controls (26). Sentence
comprehension may also be affected by the progression of
neurodegeneration in PPA-S (21). In individuals with PPA-L,
difficulties in sentence comprehension are also frequent (6, 25,
28) and their performance maybe even worse than PPA-NF/A
(3, 25, 28). In this variant, deficits are usually explained by
phonological working memory impairments, related to sentence
length, and frequency rather than syntactic complexity (6, 13, 24,
25). Compared to other variants, PPA-L is also more impaired in
other domains in the neuropsychological assessment (29, 30) and
those deficits (particularly in attention and executive function
measures) may impact the performance in language tests.

Different types of tests have been used to evaluate oral
sentence comprehension and this ability is usually included in
aphasia assessment batteries, such as Boston Diagnostic Aphasia
Examination (BDAE) (31), Western Aphasia Battery revised
(WAB-R) (32), and Montreal-Toulouse Language Assessment
Battery (33). However, a more comprehensive assessment may
be necessary to design and evaluate the effects of interventions
as well as for monitoring the progression of language symptoms
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in adults with aphasia and PPA (34, 35). The Token Test
(36) is often employed and has been translated and adapted
into several languages, including Brazilian Portuguese (37,
38). It evaluates comprehension at the sentence level by
asking the participants to execute commands. By manipulating
sentence length and, to a lower degree, syntactic complexity,
this test provides important information about the influence
of phonological short-term memory vs. syntactic deficits on
sentence processing. Despite its wide use, the Token Test
does not present varied syntactic structures to characterize
morphosyntactic deficits, as most sentences are presented in
the canonical order. Syntactic complexity is added using lexical
terms, such as “except for” or “before doing X”, instead of
testing grammatical contrasts, such as reversibility, pronoun
reference, and inflections. Besides, it requires activemanipulation
of tokens which is a disadvantage when testing individuals
with ideational apraxia or associated motor disorders which
are not uncommon in the progression of PPA. Noncanonical
sentences are relevant for the assessment of grammar and
syntactic processing in aphasia as well as for the investigations of
the neural basis of language comprehension (refer to Walenski
et al. (39) for a review and meta-analysis). Additionally, these
types of sentences may differentiate PPA-L and PPA-NF/A
profiles (3, 22).

The Test for Reception of Grammar (TROG-2) was proposed
by Bishop (40) as a comprehensive evaluation of auditory
sentence comprehension; this has been widely used in children
and adults to characterize and diagnose morphosyntactic deficits.
It includes 20 different sentence types (blocks) of four items each,
devised to evaluate specific grammar structures and syntactic
movements (i.e., reversibility and embedded sentences). Each
item is formed by a phrase or a sentence that is read aloud to
the participant, whose task is to choose among four pictures the
one that best represents the content of the sentence. The foils
include a modified lexical or grammatical element in relation
to the content of the sentence. The participant is instructed to
give his/her answer by either pointing to the chosen figure or
saying its corresponding number. The first version of TROG was
published in 1983 and slightly modified in 1989 to investigate
developmental language disorders. TROG-2 was standardized in
a sample of 792 children aged 4 to 16 years and 70 adults from
10 regions across the United Kingdom and consists of a revised
version of TROGdeveloped to expand the assessment of syntactic
comprehension to samples of older children, secondary students,
and adults (TROG-2, pearson clinical.co.uk).

The Test for Reception of Grammar has been utilized
in some studies on individuals presenting with PPA. Burrell
et al. (41) used TROG to compare patients with PPA-NF/A
to patients with progressive supranuclear palsy. Both groups
were impaired in this test. Another study demonstrated that
patients with motor neuron disease and patients with PPA-
NF/A had similar impaired performance on TROG (41). In the
study by Knibb et al., patients with PPA-NF/A were impaired
in sentence comprehension using TROG. A longitudinal study
utilized TROG to monitor sentence comprehension in a patient
with PPA-S (42, 43). The authors showed that syntactic abilities
remained intact while semantic knowledge suffered degradation

over time. The TROG has also been used to monitor therapeutic
improvements (44, 45).

Primary progressive aphasia is a rare syndrome, and cross-
cultural studies are needed to address the impact of language on
its clinical manifestations. There are few studies that investigate
the reception of grammar and syntactic processing in the three
variants of PPA, and most of these studies were conducted
in English-speaking samples. One of the necessary steps to
reduce this gap involves the translation and cultural adaptation
of tools to evaluate language abilities in different languages.
A more comprehensive assessment of grammar contrasts is
needed, particularly in languages with rich morphology, such as
Portuguese. The great heterogeneity of schooling among older
adults also demands a characterization of typical performance to
obtain parameters for an accurate diagnosis of language deficits.

In this study, we introduce TROG2-Br, a tool for research
and clinical assessment of auditory sentence comprehension for
Brazilian Portuguese speakers. Our objectives are as follows: (1)
To test the applicability of this tool to detect morphosyntactic
deficits in patients with PPA; (2) To investigate the association
between performance in the test and age and years of formal
education in controls and PPA and disease duration, defined as
years from the onset of symptoms, in PPA; (3) To characterize
the performance of individuals presenting with the three more
common variants of PPA (nonfluent, semantic, and logopenic)
and PPA-Mx and analyze whether TROG-2 may assist in the
distinction of these clinical profiles.

As TROG2-Br is being used for the first time in research
with a large sample of patients and controls with PPA, we also
report evidence on the validity of the instrument, namely its
internal consistency (the correlation among TROG2-Br blocks
as an indication that they are measuring the same psychological
construct) and its concurrent validity (correlation between
TROG2-Br and the Brazilian version of the Token Test, applied
at the same session in controls and PPA). In addition, we suggest
a shorter version with five blocks to be investigated and validated
in future studies on PPA.

MATERIALS AND METHODS

Subjects
The sample comprised 74 cognitively healthy participants and 34
individuals diagnosed with PPA.

The cognitively healthy controls were participants aged 60 or
over, who had completed at least 2 years of formal education,
selected from a larger sample that includes teenagers and younger
adults with a view to validating and obtaining normative data
for the use of TROG-2 in the Brazilian Portuguese speakers
[preliminary data collected from Pereira et al. (46) and Oliveira
et al. (47)]. They were native Brazilian Portuguese speakers,
functionally preserved, with no cognitive-related self-reported
deficits. They were recruited from institutions that provide
courses and leisure activities to seniors in the greater São Paulo
region. Advertisements and information about the study were
disseminated in these locations, and participants filled out forms
with contact information and were invited by the research team
to take part in the study. The study was approved by the
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Ethics Committee of the University of the City of São Paulo
(CAAE 0110.0.186.000-11/Research Protocol 13622453) and all
participants signed an informed consent form after receiving full
information about the study procedures.

Inclusion criteria for controls were defined based on
the guidelines of Mayo Older American Normative Studies
(MOANS) (48), for individuals without neuropsychological
impairment: (1) absence of active psychiatric or neurological
diseases; absence of complaints of cognitive difficulties at
the anamnesis, and absence of evidence of disorders that
could potentially affect cognition; (2) absence of psychotropic
medication in doses that may compromise cognitive functions or
suggest a neuropsychiatric disorder; (3) independent living style
(no functional incapacity); (4) participants with chronic medical
diseases, such as diabetes mellitus or hypertension were included
only when receiving regular treatment for these conditions,
as attested by their physicians. Exclusion criteria: Cognitive
impairment screened with the mini-mental state examination
(MMSE) (49) and applying the following education-adjusted
scores (50):<20,<24, and<27 points to 1–3, 4–7, and 8 years or
more of schooling, respectively; (2) subjective cognitive decline
(scores higher than 3 or 5 points in the informant questionnaire
on cognitive decline in the elderly (IQCODE) (51, 52); and a
score of 6 or more points in the geriatric depression scale (GDS)
(53), which is suggestive of depression.

Patients with PPA were recruited from the Behavioral
and Cognitive Neurology Outpatient Clinic of Hospital das
Clínicas (HC), Federal University of Minas Gerais (UFMG),
in Belo Horizonte, Brazil. They were invited to participate
in the study after receiving a clinical diagnosis of PPA, by
a senior neurologist (PC) in an interdisciplinary consensus
meeting. For the diagnosis, clinical history, laboratory, and
neuroimaging results, neurological assessment including brief or
semi-structured cognitive screening, and speech and language
assessment were analyzed against current criteria (6). Patients
that met PPA criteria but could not be classified into the three
variants were defined as PPA-Mx. Recruitment took place from
2014 to2020. Exclusion criteria were as follows: the first language
not being Portuguese; illiteracy or <2 years of formal education;
severe sensory and/or motor deficits and severe aphasia,
precluding testing with TROG2-Br. The study was approved
by the Ethics Committee of the School of Medicine of Federal
University of Minas Gerais (CAAE 60390116.9.0000.5149/
Research Protocol 2.018.855) and individuals with PPA and/or
legally responsible signed an informed consent form. Speech
and language assessment for diagnosis of PPA included a semi-
structured interview to evaluate language and motor speech
deficits, as well as functionality for communication. Language
assessment also included the Boston Naming Test and the
following subtests of the BDAE (31, 54): auditory comprehension
(commands and complex ideational material), repetition of
words and sentences of low and high frequency, automatic
speech, reading comprehension of sentences and paragraphs, and
narrative writing. The Cambridge Semantic Memory Research
Battery (CSMRB) (55–57) and the Reading and Writing tasks of
the HFSP protocol (56) were used for the assessment of semantic
memory and reading and writing deficits.

MATERIALS

The Brazilian Version of the Test for
Reception of Grammar-2 (TROG2-Br)
The first author of this paper obtained written authorization from
the Pearson Assessment (UK) to translate and culturally adapt
the test to Brazilian Portuguese as part of a study investigating
language comprehension in frontotemporal neurodegenerative
syndromes [CAPES grant BEX 4335/074 (58–60)]. The English
version of TROG-2 was translated to Brazilian Portuguese
and back-translated to English. Two independent translations
followed by two independent back-translation were undertaken.
The back-translations were analyzed for compatibility with the
original test and inconsistencies were discussed and consensually
solved. The final version was analyzed by a committee of experts,
including speech and language therapists and linguists, and
modifications were proposed to achieve: (1) the correspondence
and relevance of syntactic structures evaluated in English and
in Portuguese (content validity) and (2) the maintenance of test
properties (number of blocks, number of stimuli, and sentence
length) to allow for cross-cultural comparison studies. The
resulting version was then applied to adult individuals of different
levels of education for cultural adaptation and evaluation of
test procedures. While being tested with TROG2-Br, these
participants commented on each item, providing additional
information regarding the suitability of graphic material, and
sentences that sounded ambiguous according to target and
foils. After this phase, the committee of experts proceeded
with minor final adjustments to create TROG2-Br (46). The
final version was considered suitable both in terms of language
(translation), test administration, content (syntactic structures),
and graphic material and was also applied preliminarily in
patients with frontotemporal dementia (61) and in neurotypical
elderly individuals (47). TROG2-Br sentence stimuli are available
upon request to the correspondent author. The stimulus book,
manual, and record forms are available from pearson https://
www.pearsonclinical.co.uk/.

Twenty syntactic constructions are assessed by TROG-2.
According to the manual, the test should be discontinued when
a participant fails five consecutive blocks (20 items). However,
given TROG2-Br was being applied for the first time in elderly
individuals and Brazilian patients with PPA, the 20 blocks (80
stimuli) were assessed for the entire sample. The test score
is the number of blocks whose four items were answered
correctly (passed blocks). The number of errors per block can be
interpreted as indicative of the level of impairment concerning
the syntactic structure evaluated in that block: four items
(systematic errors) indicate an inability to interpret the sentence
construction and reveal severe receptive impairment; two to
three items (random errors) indicate difficulty with grammatical
constructions and chance performance level; one error (sporadic
error) suggests processing difficulties (i.e., limited attention
and working memory) but no genuine syntactic deficit in the
auditory comprehension of the constructions. The maximum
possible overall score is 20 blocks or 80 items. The test was
applied according to the manual instructions except for NOT
interrupting the test after 5 failed blocks.
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As TROG2-Br is a translation and adaptation of TROG-
2, it is important to have estimators of its validity and
reliability to establish the capacity of the test to measure the
underlying construct (grammar comprehension) in the most
accurate and consistent way, without much variation by random
error. We investigated two aspects: test homogeneity (internal
consistency/construct validity) and the equivalence of TROG2-
Br to another valid measure of the same construct (concurrent
validity). To assess the internal consistency and construct
validity, we calculated Cronbach’s alpha for the version of 20
blocks. Correct (passed) blocks were coded as 1 and incorrect
(failed) ones, as 0. As the original test, the sum of scored
blocks was used to quantify the general ability of sentence
comprehension of the individual being tested. Cronbach’s alpha
is one of the ways to quantify the internal consistency of a test,
which is an indicator of its construct validity. If the itemsmeasure
a single psychological construct, the responses must correlate
strongly but not perfectly; otherwise, the test loses power in
discriminating between individuals performing at the higher
or lower level. To estimate the concurrent validity, we applied
the Brazilian version of Token Test (36, 37) in a subsample of
PPA and controls and evaluated its correlation with TROG2-
Br. Token and TROG2-Br were applied at the same session in
controls and patients with PPA.

A Shorter Version of TROG2-Br
Another applicability of Cronbach’s alpha is to use it as a
parameter to create a shorter version of a test, which is
useful to test populations with limited sustained attention or in
contexts of time constraints. For this purpose, the items that
contribute negatively to the internal consistency are excluded in
successive iterations, one at a time. Items with lower or negative
contributions to the test are excluded first. For each iteration,
a test of internal consistency without that item is determined
until reaching a composition of items with maximal internal
consistency. Iterations can be done until Cronbach’s alpha values
remain high or until reaching a predetermined number of items.
We followed this procedure using LTM, a package of R (62), to
obtain a new estimate of the internal consistency of the shorter
version. For the selection of items, we used the data from 21 PPA
and 73 controls. We excluded subjects with scores lower than 5
blocks (1 control, 6 PPA-Mx, 3 PPA-S, 2 PPA-L, and 2 PPA-NF/A)
in order not to bias the selection of items with extreme results.

Assessment Procedures
Controls were tested individually at the Human Cognition
Lab at UFABC or on the premises of institutions where
they were recruited for the study. A typical interview and
assessment session lasted for 1 h 30min and included the
following: (1) questionnaires and brief cognitive tests to check
if the participant complied with inclusion and exclusion criteria
including Addenbrooke’s Cognitive Examination Revised (ACE-
R) (63–65) assessment with TROG2-Br. A subsample was also
tested with the Brazilian version of the Token Test (37), which
has been validated for use in elderly individuals in Brazil.

Patients with PPA were assessed in the Behavioral and
Cognitive Neurology Outpatient Clinic of HC-UFMG where

they were assessed with TROG-2 and a subsample also with the
Token Test.

Statistical Analysis
All computations were performed using SPSS software, version
17 (SPSS INC) (66) and R packages (67).

Descriptive Statistics
We reported sociodemographic and clinical data on PPA and
the control group (CG). As most variables were not normally
distributed, we employed nonparametric tests. For between-
group comparisons, we employed the Mann–Whitney U test
(for 2 independent samples and for post-hoc tests) and the
Kruskal-Wallis H test (three or more independent samples).
For within group comparisons, we used the Wilcoxon Z-
test. Pearson’s chi-squared test was employed to investigate
differences between the expected and observed frequencies in
categorical variables. Performance in TROG2-Br was reported
in terms of correct blocks (blocks in which all four sentences
were correctly responded, maximum 20) and of the total number
of correct items (maximum 80). We have also analyzed the
types of errors that were classified as follows: sporadic, 1 error
per block; random, 2 errors per block; consistent, 3 errors per
block; and systematic, 4 errors/block. In the TROG-2 manual,
3 errors are also named “random” but for the current study,
we defined that these errors are consistent as they are above
the chance level performance. To characterize the nature of
errors, we conducted within-group comparisons on the percent
of two categories of errors: (1) general cognitive processing/ mild
morphosyntactic dysfunction: percent of sporadic plus random
errors; (2) morphosyntactic/moderate-severe deficit: percent of
consistent and systematic errors.

To investigate the association between performance in the
test and age, education (controls and PPA), and disease duration
(PPA), we used Spearman’s correlation test.

A p-value <0.05 was considered statistically significant and
Bonferroni correction was employed to account for post-hoc tests.

RESULTS

Subjects: Characterization
The sample consisted of 108 individuals, 74 controls (54
women), and 34 PPA (19 women) (Table 1). A chi-square test
of independence was performed to examine the relationship
between gender and group. Although the relationship between
these variables was not significant, X2 (1, N = 108) = 3.106,
p = 0.078, we observed a higher proportion of women in
the control group (73%) compared to the PPA group (55.9%).
The distributions of age and education in the two groups
differed significantly (Mann–Whitney U = 699.5, p = 0.000
two-tailed and Mann–Whitney U = 529, p = 0.000 two-tailed,
respectively), with controls being older and exposed to fewer
years of formal education than the individuals with PPA. PPA
subgroups (logopenic, semantic, non-fluent/agrammatic, and
mixed) did not present significant differences regarding age
(Kruskal–Wallis H = 2.568, p = 0.101, two-tailed) and years of
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TABLE 1 | Demographic and clinical characteristics of PPA groups and controls.

Sex (% Women) Education (years) Age Disease duration (years)

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Controls (N = 74) 73.0% 7.66 (5.12) 2.0–17.00 72.51 (7.78) 60–92 – –

PPA(n = 34) 55.9% 13.24 (4.60) 4.00–21.00 66.00 (7.68) 52–81 2.41 (1.65) 0.6–7.0

PPA-L(N = 5) 80,0% 13.40 (3.44) 8.0–16.00 61.80 (8.07) 56–76 2.0 (1.22) 1.0–4.0

PPA-S(N = 12) 50.0% 15.42 (4.85) 4.0–21.00 66.33 (7.87) 52–78 2.3 (1.70) 0.6–7.0

PPA-NF/A(N = 6) 50.0% 11.50 (6.35) 4.0–19.00 67.83 (6.59) 60–78 2.8 (2.40) 1.0–7.0

PPA-Mx(N = 11) 54.5% 11.73 (2.94) 7.0–16.00 66.55 (8.21) 55–81 2.5 (1.78) 1.0–6.0

PPA, Primary Progressive Aphasia group; PPA-L, Logopenic variant of Primary Progressive Aphasia; PPA-S, Semantic variant of Primary Progressive Aphasia; PPA-NF/A,

Nonfluent/Agrammatic variant of Primary Progressive Aphasia; PPA-Mx, Mixed (unclassified) variant of Primary Progressive Aphasia. SD, Standard Deviation.

formal education (Kruskal–Wallis H = 6.218, p = 0.463, two-
tailed). Gender distribution was also not significantly different
among the groups X2 (4, N=108)= 4.727, p= 0.316.

Tables 2, 3 show the demographic, clinical, and
linguistic characterization of the PPA sample. For a brief
neuropsychological characterization of the control group,
the Brazilian version of the revised Addenbrooke’s Cognitive
Examination (ACE-R) was applied. The mean ACE-R total score
was 84.84 (SD = 8.82), range 67–97; Attention and orientation
subscore was 16.71 (SD= 1.28), range (13–18); Fluency subscore
was 10.01 (SD = 2.09), range 4–14; Language was 23.43 (SD
= 3.34), range 14–26; Memory was 21.05 (SD = 3.66), range
(12–26); Visuospatial was 13.62 (SD = 2.02) range 8–16; MMSE
27.47 (SD=1.93), range 23–30.

Influence of Demographic and Clinical
Characteristics of Controls and PPA
Subjects on TROG2-Br
Pearson’s chi-square test of independence was performed to
examine the relationship between gender and the number of
blocks passed. We did not find significant differences associated
with gender neither in the control group [X2 (15, N = 74) =
15.463, p = 0.419] nor in the PPA group [X2 (17, N =34) =
14.202, p= 0.653].

In the control group, we found a significant positive
correlation between the number of passed blocks and years of
formal education: Spearman’s r= 0.33, p= 0.004. The correlation
between age and the number of passed blocks was not significant,
Spearman’s r = 0.06, p= 0.579.

In the PPA group, the correlations between the number of
correct blocks and education, age, and disease duration were not
significant: r = 0.27, p = 0.120; r = −16 p = 0.358; r = −0.30, p
= 0.08, respectively.

Performance of Controls and PPA on
TROG2-Br
Table 4 and Figure 1 present the results of controls and PPA on
TROG2-Br: overall score on blocks and items, types of errors
(sporadic, random, consistent, and systematic), and categories
of errors (general processing or morphosyntactic). Controls

presented a higher number of correct responses (Mann–Whitney
U = 334.5, p =0.000, two-tailed) and passed blocks (Mann–
WhitneyU= 402.0, p=0.000, two-tailed) compared to PPA. The
median of correct blocks in the control group was 15 and the
scores for the 10, 25, 75, and 90 percentiles were, respectively,
10, 13, 18, and 20 blocks. Most PPA patients presented scores
below the median of controls (n = 30). The patients with more
preserved sentence comprehension (median or above compared
to controls) were cases 16 (PPA-Mx); 22 (PPA-NF/A); and 33 and
34 (both PPA-S). Comparing the four PPA subgroups, we found
no significant differences in the performance both considering
the correct items (Kruskal-Wallis H=3.918, p=0.270, two-tailed)
and the number of passed blocks (Kruskal–WallisH= 2.724, p=
0.436, two-tailed).

Eight controls presented 100% accuracy, so for error analysis,
the total number of control participants is 66. No PPA patient
scored 100%. The analysis of errors evidenced that the control
group had a higher proportion of sporadic errors (p < 0.0001)
and a lower proportion of consistent and systematic errors (p <

0.0001) compared to the PPA and PPA subtypes. The percent
of random errors was not significantly different between the
controls and the other groups (p= 0.860 in the comparison with
PPA; p = 0.284; p = 0.780; p = 0.07; p = 0.05 in comparisons
with PPA-S, PPA-Mx, PPA-L, and PPA-NF/A, respectively). In
the comparisons between PPA subtypes, the differences were
not statistically different, although there was a trend toward a
different proportion of processing vs. morphosyntactic errors
in PPA-S compared to PPA-Mx (p = 0.07); in PPA-Mx, errors
were similarly distributed in both categories, whereas PPA-S
had more processing than morphosyntactic errors and between
PPA-NF/A and PPA-Mx in random errors (p = 0.045), the
proportion was higher in PPA-NF/A (refer to Table 4). Within-
group comparisons pointed to a greater proportion of processing
(sporadic+ random errors) than morphosyntactic (consistent+
systematic errors) in the control group (Wilcoxon Z=−7.65; p<

0.0001) and a similar profile although only marginally significant
for PPA-S (Wilcoxon Z =−1.706; p= 0.08). In the other groups,
the proportion of processing vs. morphosyntactic errors was not
significantly different: PPA-NF/A (Wilcoxon Z = −0.105; p =

0.917); PPA-L (Wilcoxon Z = −0.730; p = 0.465), and PPA-Mx
(Wilcoxon Z=−0.764; p= 0.445).
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TABLE 2 | Primary Progressive Aphasia subjects: Demographics, clinical characterization and neuroimaging.

Cases Ppa Variant Gender Age Education

(years)

Disease

duration

(years)

Neuroimaging exams

1 PPA-L M 59 12 2 Hypoperfusion in the left temporal cortex, more severe in the medial and inferior

temporal lobe (SPECT)

2 PPA-L F 76 8 1 Left posterior atrophy (temporo-parieto-occipital junction) (MRI)

3 PPA-L F 60 16 4 Generalized brain atrophy, more severe in the posterior region (MRI)

4 PPA-L F 56 15 1 Bilateral parieto-occipital atrophy (MRI)

5 PPA-L F 58 16 2 Hypointensities in the right parieto-occipital cortex and in the left fronto-parietal

cortex (MRI)

6 PPA-Mx M 55 11 5 Generalized bilateral brain atrophy

7 PPA-Mx M 75 15 1 Generalized bilateral atrophy, worse in the left hemisphere (MRI)

8 PPA-Mx F 71 11 2.5 Generalized bilateral atrophy, worse in the left hemisphere (MRI)

9 PPA-Mx M 62 10 1.6 Left fronto-temporo-parietal atrophy (MRI)

10 PPA-Mx F 58 14 1.5 Generalized bilateral atrophy, worse in the left hemisphere (MRI)

11 PPA-Mx F 66 11 4 Left temporo-parietal and posterior cingulate hypometabolism, extending to the

left frontal lobe

12 PPA-Mx F 81 7 6 Generalized bilateral atrophy and white matter hyperintensities (MRI)

13 PPA-Mx F 74 15 2.6 Temporo-parietal atrophy, worse in the left hemisphere (MRI)

14 PPA-Mx F 67 11 1 Generalized bilateral atrophy and white matter hyperintensities (MRI)

15 PPA-Mx M 66 8 1 Bilateral medial frontal lobe hypometabolism (PET-FDG)

16 PPA-Mx M 57 16 1 Left temporal atrophy (MRI)

17 PPA-NF/A M 70 4 1 Left fronto-temporo-parietal atrophy (MRI)

18 PPA-NF/A M 62 4 1 Left temporal atrophy (MRI)

19 PPA-NF/A F 78 11 4 Left superior, medial and inferior frontal hypoperfusion (SPECT)

20 PPA-NF/A M 66 15 3 Left fronto-temporal hypometabolism (PET-CT), anterior temporal lobe atrophy

(MRI)

21 PPA-NF/A F 60 17 1 Right insular atrophy (MRI)

22 PPA-NF/A F 71 16 7 Left temporal atrophy (MRI)

23 PPA-S M 66 16 3 Left temporal atrophy (MRI)

24 PPA-S F 77 17 7 Generalized brain atrophy and bilateral hippocampal atrophy

25 PPA-S F 70 16 3 Bilateral anterior temporal atrophy (MRI)

26 PPA-S M 61 17 3 Left temporal atrophy (MRI)

27 PPA-S M 65 17 2 Left fronto-temporo-parietal atrophy (MRI)

28 PPA-S M 78 4 1 Generalized bilateral atrophy, worse in the left anterior temporal lobe (MRI)

29 PPA-S F 52 11 2 Left anterior temporal lobe atrophy (MRI)

30 PPA-S M 72 17 0.6 Left fronto-temporal atrophy (MRI)

31 PPA-S F 59 11 1 Left temporal atrophy (MRI)

32 PPA-S F 60 17 2 Generalized bilateral atrophy (MRI)

33 PPA-S M 73 15 2 Generalized bilateral atrophy (MRI)

34 PPA-S F 63 15 1 Left anterior temporal hypoperfusion (SPECT)

PPA-L, Logopenic variant of Primary Progressive Aphasia; PPA-S, Semantic variant of Primary Progressive Aphasia; PPA-NF/A, Nonfluent/Agrammatic variant of Primary Progressive

Aphasia; PPA-Mx, Mixed (unclassified) variant of Primary Progressive Aphasia. SD, Standard Deviation. M, Male, F, Female.

Types of Errors and Blocks Where Errors
Occurred
Tables 5, 6 present the performance of controls and patients with
PPA on each block, according to the number of errors (0= passed
block, 1, 2, 3, or 4 errors per block). The individual performance
of patients with PPA is available in the Supplementary Materials.
Across all blocks, a higher percentage of controls (more than
60%) passes the block (zero errors), followed by a percentage
that makes a sporadic error (1 error). Few controls make more

than one error and only one control (1.4%) makes 4 errors in
the same block (blocks J and T). Sporadic and random errors
occur even in simpler blocks (A, B, and C) both in the control and
PPA groups.

Regarding patients with PPA, the performance on TROG2-
Br was qualitatively different from controls. In 3 out of 20
blocks, most patients make no errors (A, B, and D) and 50%
of PPA individuals pass block F. Blocks A, D, and F increase
the number of elements but not syntactic complexity (two,
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TABLE 3 | Primary Progressive Aphasia subjects: Language Assessment.

Cases Ppa Variant Fluency Naming Oral agility Repetition Auditory comprehension Oral Reading and reading comprehension

SVF LVF BNT CNT BNVA BVA BRW BSR CWC BC BICM BWR BSR BSPRC

(Max. 60) (Max.64) (Max.12) (Max.14) (Max.10) (Max;16) (Max.64) (Max.15) (Max.12) (Max.30) (Max.10) (Max.10)

1 PPA-L 3 15 NA 29 7 14 0 0 59 NA NA NA NA NA

2 PPA-L 10 13 40 56 7 14 10 11 56 9 7 29 8 6

3 PPA-L 14 21 52 63 11 10 6 6 63 13 10 29 10 10

4 PPA-L 13 33 41 57 12 13 10 12 63 14 9 30 10 10

5 PPA-L 8 16 30 53 5 6 10 4 55 3 2 30 7 8

6 PPA-Mx 4 1 19 37 NA 7 7 2 47 NA NA 9 5 0

7 PPA-Mx 8 5 5 NA NA 5 1 1 55 4 NA 29 8 NA

8 PPA-Mx 6 8 15 24 12 9 8 2 55 3 4 28 8 5

9 PPA-Mx 2 0 14 21 10 12 6 0 48 2 0 4 0 0

10 PPA-Mx 5 8 16 NA 0 0 10 9 NA 10 3 30 10 8

11 PPA-Mx 3 8 6 22 7 12 10 1 43 7 6 30 10 5

12 PPA-Mx 4 5 12 26 11 13 10 11 59 13 1 30 10 7

13 PPA-Mx 10 24 25 58 11 7 8 3 58 10 8 30 7 7

14 PPA-Mx 18 26 41 61 11 10 10 14 64 14 8 30 10 9

15 PPA-Mx 10 12 33 61 6 6 10 14 61 14 9 30 10 8

16 PPA-Mx 8 16 48 58 9 12 10 15 64 15 11 30 10 10

17 PPA-NF/A 3 3 21 43 9 10 7 1 53 NA NA 0 0 0

18 PPA-NF/A 1 0 NA 0 4 10 2 0 51 11 4 0 0 4

19 PPA-NF/A 5 9 33 55 10 12 9 10 55 11 6 24 9 4

20 PPA-NF/A 5 2 35 52 10 1 9 10 61 11 8 30 7 9

21 PPA-NF/A 17 27 41 61 3 2 10 10 61 14 6 30 10 9

22 PPA-NF/A 9 10 52 63 0 0 7 6 64 12 12 30 10 10

23 PPA-S 0 0 1 2 12 14 10 11 39 0 0 30 10 NA

24 PPA-S 5 6 8 0 10 13 8 9 44 9 1 24 9 5

25 PPA-S 3 1 8 26 12 13 10 4 58 7 6 27 8 6

26 PPA-S 8 21 25 47 10 10 9 12 60 15 8 30 10 9

27 PPA-S 10 13 28 51 6 5 9 8 60 12 8 30 10 9

28 PPA-S 9 2 16 34 0 0 10 12 48 12 9 30 9 5

29 PPA-S 9 32 16 30 10 10 10 13 59 13 6 29 10 4

30 PPA-S 4 29 14 27 12 14 NA NA 59 NA NA 30 10 NA

31 PPA-S 10 16 29 52 10 13 10 0 62 15 8 30 10 9

32 PPA-S 14 27 30 51 10 14 10 16 60 14 10 30 10 9

33 PPA-S 2 23 17 27 10 10 10 14 50 11 8 30 10 9

34 PPA-S 10 33 42 57 10 14 10 16 64 13 11 30 10 9

SVF, semantic verbal fluency (animals/min); LVF, letter verbal fluency [(F+A+S)/min]; BNT, Boston naming test; Subtests of the Boston Diagnostic Aphasia Evaluation, BC, Auditory Comprehension (Commands) BCIM, Auditory

Comprehension (Complex Ideational Material); BNVA, Non-verbal agility (max. 12), BVA, Verbal Agility (max.14); BRW, repetition of words; BSR, sentence repetition (sum of low and high frequency sentences), BWR, Oral reading

of words, BSR, Boston oral reading of sentences, BSPRC, sentences and paragraphs reading comprehension; subtests of the Cambridge Semantic Memory Research Battery (CSMRB) (55–57): CWC, word comprehension; CNT,

Cambridge naming test; NA, Non applied/available; PPA-L, Logopenic variant of Primary Progressive Aphasia; PPA-S, Semantic variant of Primary Progressive Aphasia; PPA-NF/A, Nonfluent/Agrammatic variant of Primary Progressive

Aphasia; PPA-Mx, Mixed (unclassified) variant of Primary Progressive Aphasia. Max, Maximum score.
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TABLE 4 | Performance of the control and PPA groups in TROG2-B—Overall accuracy, types and categories of errors.

Overall Accuracy

Group N Mean SD Range Mann-Whitney

U*

p

Correct items (N = 80) CG 74 73.58 6.05 51–80 334.50 <0.0000

PPA 34 52.91 16.65 26–79

PPA-L 5 52.20 13.08 39–68

PPA-S 12 60.33 15.22 36–79

PPA-NF/A 6 50.00 15.75 30–76

PPA-Mx 11 46.73 18.83 26–79

Correct blocks (N = 20) CG 74 15.04 3.77 4–20 402.00 <0.000

PPA 34 7.56 5.96 0–19

PPA-L 5 6.60 5.18 1–13

PPA-S 12 9.75 5.99 1–19

PPA-NF/A 6 6.67 5.72 1–17

PPA-Mx 11 6.09 6.44 0–19

Types of errors

Group N Mean SD Range Mann-Whitney U p

% of sporadic errors (1/block) CG 66 73 28.28 0–73 310.00 <0.000

PPA 34 27 28 2–100

PPA-L 5 17 6 7–25

PPA-S 12 40 36 8–100

PPA-NF/A 6 17 17 4–50

PPA-Mx 11 23 28 2–100

% of random errors (2/block) CG 66 22 24.45 0–24 860.00 0.052

PPA 34 30 18 0–83

PPA-L 5 43 25 19–83

PPA-S 12 28 19 0–67

PPA-NF/A 6 37 11 24–52

PPA-Mx 11 22 14 0–42

% of consistent errors (3/block) CG 66 5 12.31 0–12 433.50 <0.000

PPA 34 28 21 0–75

PPA-L 5 24 22 0–44

PPA-S 12 23 24 0–75

PPA-NF/A 6 31 22 0–60

PPA-Mx 11 34 18 0–61

% of systematic errors (4/block) CG 66 1 3.27 0–3 534.5 <0.000

PPA 34 15 18 0–81

PPA-L 5 16 11 0–25

PPA-S 12 9 12 0–34

PPA-NF/A 6 14 19 0–40

PPA-Mx 11 21 25 0–81

Categories of Errors

Group N Mean SD Range Mann-Whitney U p

% Processing errors CG 66 95 13.55 47–95 343.50 <0.000

PPA 34 57 28 13–100

PPA-L 5 60 27 37–100

(Continued)
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TABLE 4 | Continued

Categories of Errors

Group N Mean SD Range Mann-Whitney U p

PPA-S 12 69 29 25–100

PPA-NF/A 6 55 25 36–100

PPA-Mx 11 45 26 13–100

% Morphosyntactic errors CG 66 5 13.55 0–14 343.50 <0.000

PPA 34 43 28 0–87

PPA-L 5 40 27 0–63

PPA-S 12 31 29 0–75

PPA-NF/A 6 45 25 0–64

PPA-Mx 11 55 26 0–87

PPA, Primary Progressive Aphasia group; PPA-L, Logopenic variant of Primary Progressive Aphasia; PPA-S, Semantic variant of Primary Progressive Aphasia; PPA-NF/A,

Nonfluent/Agrammatic variant of Primary Progressive Aphasia; PPA-Mx, Mixed (unclassified) variant of Primary Progressive Aphasia. SD, Standard Deviation. *Mann-Whitney U and p

= comparisons between PPA group and Control group. 8 controls did not present errors, so for error analysis the number of controls is 66.

FIGURE 1 | Performance of PPA subjects and controls in the TROG2-Br. PPA, Primary Progressive Aphasia group; PPA-L, Logopenic variant of Primary Progressive

Aphasia; PPA-S, Semantic variant of Primary Progressive Aphasia; PPA-NF/A, Nonfluent/Agrammatic variant of Primary Progressive Aphasia; PPA-Mx, Mixed

(unclassified) variant of Primary Progressive Aphasia. Max20, Maximum score is 20 blocks.

three, and four elements, respectively). Block B tests negative
sentences. On the other blocks, performance is more varied
but on blocks S and T, most patients make 3 or 4 errors,
which is considered a consistent or systematic error. These
blocks contain noncanonical sentences, object relative clauses,
and center-embedded sentences.

Internal Consistency and Concurrent
Validity of TROG2-Br
The value for Cronbach’s alpha was α = 0.87, which is considered
a good internal consistency for test (68). It was computed for the
score of 20 blocks for a subsample of 94 participants (those who
obtained a minimum score of 5 correct blocks, 73 controls and
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TABLE 5 | Performance of individuals in the control group in each block (grammatical and syntactic structures assessed by TROG-2). Results refer to the percentage of

individuals who passed or failed the blocks and their number of errors (1,2,3 our 4), (n = 74).

Block Passed % of

individuals

1 error % of

individuals

2 errors % of

individuals

3 errors % of

individuals

4 errors % of

individuals

Structures Examples

A 79.7 14.9 4.1 1.4 Two elements The sheep is running

B 75.7 17.6 5.4 1.4 Negative The man is not sitting

C 60.8 36.5 2.7 Reversible in and on The cup is in the box

D 87.8 12.2 Three elements The girl pushes the box

E 87.8 10.8 1.4 Reversible SVO The cat is looking at the boy

F 71.6 25.7 2.7 Four elements The horse sees the cup and the book

G 75.7 16.2 6.8 1.4 Relative clause in subject The man that is eating is looking at the cat

H 68.9 29.7 1.4 Not only X but also Y The pencil is not only long but also red

I 77.0 18.9 4.1 Reversible above and below The flower is above the duck

J 71.6 18.9 4.1 4.1 1.4 Comparative/absolute The duck is bigger than the ball

K 64.9 23.0 10.8 1.4 Reversible passive The cow is chased by the girl

L 71.6 16.2 9.5 2.7 Zero anaphor The man is looking at the horse and he is

running

M 75.7 16.2 6.8 1.4 Pronoun gender/number They are carrying him

N 77 20.3 1.4 1.4 Pronoun binding The man sees that the boy is pointing at him

O 85.1 12.2 2.7 Neither nor The girl is neither pointing nor running

P 90.5 5.4 4.1 X but not Y The cup but not the fork is red

Q 75.7 14.9 8.1 1.4 Post modified subject The elephant pushing the boy is big

R 78.4 18.9 2.7 Singular/plural inflection The cows are under the three

S 66.2 29.7 4.1 1.4 Relative clause in object The girl chases the dog that is jumping

T 60.8 24.3 8.1 5.4 Center-embedded sentence The sheep the girl looks at is running

TABLE 6 | Performance of individuals in the PPA group in each block (grammatical and syntactic structures assessed by TROG-2 and TROG2-Br). Results refer to the

percentage of individuals who passed or failed the blocks and their number of errors (1,2,3 our 4) (n = 34).

Block Passed % of

individuals

1 error % of

individuals

2 errors % of

individuals

3 errors % of

individuals

4 errors % of

individuals

Structures Examples

A 73.5 26.5 Two elements The sheep is running

B 67.6 14.7 11.8 2.9 2.9 Negative The man is not sitting

C 29.4 47.1 14.7 8.8 Reversible in and on The cup is in the box

D 79.4 8.8 11.8 Three elements The girl pushes the box

E 47.1 32.4 14.7 5.9 Reversible SVO The cat is looking at the boy

F 50 20.6 14.7 11.8 2.9 Four elements The horse sees the cup and the book

G 41.2 8.8 29.4 14.7 5.9 Relative clause in subject The man that is eating is looking at the cat

H 44.1 26.5 8.8 14.7 5.9 Not only X but also Y The pencil is not only long but also red

I 38.2 26.5 23.5 11.8 Reversible above and below The flower is above the duck

J 47.1 8.8 8.8 23.5 11.8 Comparative/absolute The duck is bigger than the ball

K 11.8 11.8 38.2 26.5 11.8 Reversible passive The cow is chased by the girl

L 17.6 11.8 32.4 20.6 17.6 Zero anaphor The man is looking at the horse and he is

running

M 32.4 17.6 32.4 8.8 8.8 Pronoun gender/number They are carrying him

N 32.4 17.6 26.5 17.6 5.9 Pronoun binding The man sees that the boy is pointing at him

O 47.1 11.8 14.7 17.6 8.8 Neither nor The girl is neither pointing nor running

P 32.4 25.5 11.8 20.6 8.8 X but not Y The cup but not the fork is red

Q 17.6 26.5 29.4 17.6 8.8 Post modified subject The elephant pushing the boy is big

R 29.4 20.6 32.4 14.7 2.9 Singular/plural inflection The cows are under the three

S 17.6 8.8 17.6 41.2 14.7 Relative clause in object The girl chases the dog that is jumping

T 5.9 5.9 23.5 32.4 32.4 Center-embedded sentence The sheep the girl looks at is running
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21 PPA). All controls undertook TROG2-Br and the Brazilian
short version of Token Test (n = 74). In addition, 26 patients
with PPA were also evaluated with both tests. There was a
positive significance and high correlation between the percentage
of correct responses on TROG2-Br and the validated Brazilian
version of the Token Test (Spearman’s r = 0.765, p < 0.000),
indicating a good concurrent validity.

A Suggestion of a Shorter Version of
TROG2-Br
We used Cronbach’s alpha as a parameter to create a shorter
version of TROG2-Br, which may be useful to test populations
with limited sustained attention or in contexts of time
constraints. For this purpose, our sample was composed of 21
PPA and 73 controls, as mentioned before. Fifteen blocks were
excluded in the following order in successive iterations, from
those blocks contributing less to the internal consistency of the
test to those contributing more: D, B, A, H, F, C, O, E, R, G-J- S-
P-N-I. The internal consistency of the five suggested blocks was α

= 0.82 (blocks T-M-Q- K- L). The syntactic structures evaluated
by these blocks are described in Tables 5, 6.

DISCUSSION

Sentence comprehension is a core domain to be investigated
in patients with brain injuries and particularly in patients
with PPA, as this ability is a supplementary criterion for
the classification of PPA variants (6). There is a paucity of
tools to evaluate this domain in more depth. Moreover, few
studies characterize populations with heterogeneous exposure
to formal education and populations that use other languages
than English.

Grammar and syntax can be evaluated through reception
and production tasks, offline, or online (see Wilson et al.
(9, 14); Grossman (69); Thompson and Mack (18); Mesulam
(10) for comprehensive reviews). The latter poses less impact
on generalized cognitive resources and is more appropriate to
investigate the neural correlates of sentence processing (14,
24, 70, 71). Offline tasks are often used in clinical settings
and are more available to neuropsychologists and speech and
language therapists that are directly involved in planning and
executing interventions for PPA individuals. In PPA, most
studies focused on measures of connected speech to detect
agrammatism (13–17, 42, 72, 73) (Thompson and Mack (18),
Boschi et al. (19) for reviews), which is a core feature of
APP-NF/A (10, 21, 25, 69). Although these tasks have been
considered the gold standard for this purpose, analyzing
connected speech is not always practical in clinical contexts
(74). Compared to production, morphosyntactic processing in
reception tasks across PPA subtypes is less reported. One
reason for that may be that these tasks have shown a
considerable overlap in the overall accuracy measures between
the three subtypes of PPA or even between PPA-S and PPA-
NF/A (3, 23, 27, 74, 75), similar to the findings of the
current study. Sentence comprehension and production recruit

a frontotemporal network bilaterally and, while the former
ability engages more regions in the right hemisphere, the latter
is more left-lateralized (refer to Walenski et al. (39), for a
comprehensive review and meta-analysis). Therefore, whereas
sentence production is likely to be more selectively impaired
in PPA-NF/A, sentence comprehension can be impaired due
to lesions affecting a more widespread neural network and
reflecting processes beyond morphosyntactic deficits, such as
lexical-semantic, working memory, and executive dysfunction.
That said, a comprehensive sentence comprehension assessment
should not only be undertaken for subclassification purposes
but also for monitoring symptom progression and designing
tailor-made interventions to improve the communication and
quality of life for individuals suffering from PPA. Thus, the first
contribution of this study is to introduce and demonstrate the
applicability of the Brazilian version of TROG-2 for Portuguese
speakers, a well-designed and comprehensive tool to investigate
sentence comprehension in clinical settings.

Although TROG was initially devised to investigate grammar
and syntactic development in children (76), it has been validated
for the assessment of comprehension in the sentence level in
populations of children and adults (40). It is a comprehensive
task that allows for the detection of a more generalized
comprehension disorder, as well as for the identification of
impairments to process specific grammar contrasts and syntactic
structures. Portuguese is one of the most spoken languages
in the world. It is characterized by a rich morphology and
syntax and, to the best of our knowledge, there are no validated
instruments to assess a wide range of morphosyntactic contrasts
in adults. In the present study, we describe the procedures for
translation and adaptation of TROG-2 and introduce TROG2-
Br for the assessment of auditory sentence comprehension
in typical aging and in patients with PPA. We evaluate its
internal consistency and concurrent validity against the Brazilian
short version of the Token Test, which has been validated for
the assessment of older adults in a similar population (37).
Additionally, we investigate the association between performance
in TROG2-Br and age and years of formal education for
the whole sample and disease duration in the PPA group.
Another objective was to characterize the performance of
older adults and of a sample of individuals with PPA with
PPA-S, PPA-NF/A, PPA-L, and PPA-Mx phenotypes, speakers
of Portuguese, evaluating quantitative and qualitative aspects
of performance.

The Brazilian Version of the Test for the Reception of
Grammar keeps the basic properties of TROG-2 (number of
blocks and stimuli) and is applied using the same stimuli book
as that of TROG-2. It has shown good internal consistency and
concurrent validity, demonstrating that the tool is evaluating the
targeted domain by a correlation among its component blocks
and with a validated task of sentence comprehension. In the
following sections, we discuss the performance of typical older
adults with heterogeneous levels of education in TROG2-Br,
the findings with PPA patients, and make considerations about
the use of TROG2-Br and future directions of research with
this tool.
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Performance of Community-Dwelling
Adults (Typical Aging) and PPA on
TROG2-Br
Previous studies with TROG, conducted in samples with higher
years of formal education, reported ceiling effects (27, 42, 74,
75, 77, 78). Differently, this study included individuals with
different educational levels and evidenced a wider range of
scores and median performance of 15 blocks (refer to Table 4).
Educational level, socioeconomic status, vocabulary size, and
reading and writing habits are factors that may influence
language comprehension (and other cognitive functions) in the
elderly (54, 79–86). In the present study, education was positively
correlated to accuracy on TROG2-Br corroborating findings
of previous studies and suggesting that low educational level,
associated with aging, may potentiate the risks for language
decline (81).

Elucidating the role of schooling in sentence comprehension
in elders was directly targeted in a study with 405 Brazilian
Portuguese speakers (83). Sixty-nine percent of the sample
population had low scores in the Token Test, with 13%
classified as severely impaired. The severity of failure was
positively associated with age and schooling; thus, it was not
possible to discriminate the relative weight of each factor.
Later, in consideration of the influence of schooling, normative
scores for the elderly in the Token Test were proposed (37).
Further evidence for the influence of schooling on the Brazilian
population was gathered in a recent study that analyzed the
performance of 111 cognitively healthy elders in the Revised
Token Test (81). The authors observed that the group of low
schooling presented fewer hits than the group of high schooling
in all blocks of the test. Although the Revised Token Test
bears some differences from the TROG2-Br, the results of both
tests support the view of the impact of education on sentence
comprehension. However, this finding should be taken with a
degree of caution, given that the quality of education varies
widely in Brazil (87, 88). Additionally, studies on participants
from other countries have shown that differences in the quality
of education, when measured by reading, writing, and cultural
skills, contribute to differences in performance in cognitive
tests (89–91).

It is important to notice, however, that with few exceptions,
the general response pattern of older adults in TROG2-Br was
sporadic errors, characterized as giving an incorrect answer
to only one sentence but answering correctly the three other
sentences of the block (refer to Table 5). The occurrence of
this phenomenon is suggestive of processing difficulties rather
than genuine morphosyntactic deficits and is consistent with the
literature on language in healthy aging [Wingfield and Stine (92);
Argimon and Stein (93); Yun and Lachman (94)]. Most sporadic
errors occurred in blocks demanding syntactic processing and
working memory resources (i.e., blocks S and T). Similarly, in the
standardization study in the UK, Block T presented the highest
number of errors in aged adults, presumably because it requires
more working memory resources, in terms of sentence length
and syntactic operations. Bishop (40) pointed out that sporadic
errors in block T are expected to occur among cognitively
healthy adults. A finding that requires further exploration is the

occurrence of errors in Blocks C and H, in which we observed
sporadic errors in 36.5 and 29.7% of our sample, respectively,
and that may suggest difficulties to manipulate visuoperceptual
and visuospatial information for comprehension in older adults.
In addition, Blocks A and B should not pose any difficulty for
cognitively healthy adults; however, some individuals presented
errors. Errors in Block A in individuals who demonstrated a
high overall accuracy score suggest that instructions, examples,
and training should be maximized in the further use of this
task with older adults, especially for low-educated individuals.
Negative sentences (Block B) require more time for processing
as in formal tests, which are presented in a context that rarely
occurs in daily life, thus resulting in an increased error rate
(95). In oral language, negative sentences are typically used when
the proposition that was mentioned earlier needs corrections
and then, the speaker intends to communicate deviations from
what has been said (96, 97). In this regard, TROG-2 presents
an infrequent situation and may increase the number of errors
in individuals with lower levels of education who might be less
familiar with formal testing situations.

In several studies, gender was not found to play a major
role in sentence comprehension (37, 40, 81, 83) and in other
language tasks, such as BNT (98). In the same direction, in
the current study, we found similar performance for men and
women. However, as the sample was composed predominantly
of women, conclusions regarding the effect of gender are limited.

The block score of TROG2-Br did not present a significant
correlation with age. Our findings corroborate other clinical
studies (37, 54, 99, 100) but are different from a previous
study (82) on the Brazilian Portuguese investigating sentence
comprehension with the Token Test and in a wider aging range
(50–80 years old). In that study, the authors used a scoring
system that considered both accuracy and execution time. The
latter variable wasmore sensitive to detecting age-related changes
whereas accuracy was similar among all age groups. Carvalho
et al. (83) also found an association between age and performance
(accuracy) in the Token Test; however, in that study, the older
individuals were also less exposed to formal education compared
to the younger groups as mentioned previously. The Token Test
requires the execution of commands of different lengths and
poses high demands on working memory (82). In the normative
study of TROG-2 (40), the sample of aged individuals ranged
from 65 to 86 years, similar to the age range in the current
study. Alike our results, in the UK standardization study, age
did not have an impact on the task. The standardization of the
elderly sample had similar scores to the young and adolescents
aging 14 years and above. These data suggest that the ability to
understand literal sentences does not tend to diminish markedly
with the advance of age, as proposed for other aspects of
cognition (93, 94, 101). The relationship between TROG2-Br and
other neuropsychological variables as well as the response times
remain to be explored in future studies. Moreover, the need for
education-adjusted scores should also be investigated for wider
use of the test in clinical settings.

In sum, our results support the findings of previous studies
and claim that working memory and/or processing speed impact
the ability to comprehend more complex structures instead
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of a syntactic deficit associated with healthy aging (92, 102).
Comprehension of sentences with syntactic movements requires
lexical-semantic retrieval, working memory, and attentional
processes. Consequently, in situations of cognitive overload,
auditory comprehension can be altered in the elderly with
no direct relation to reduced linguistic cognitive abilities. An
example of such a situation would be when an elder listens to an
extremely long text, with noncanonical syntactic structures, or to
a very fast-speed speech (92, 103, 104).

Performance of Patients With PPA and
Differentiation of PPA Subtypes
Despite having more years of formal education and being
younger than the control group, patients with PPA presented
significantly impaired performance on TROG2-Br compared to
the controls. Not only the accuracy was lower (30 out of 34
patients presented scores below the median of controls) but also
the errors were qualitatively different, with a greater proportion
of 3 or 4 errors at the same block, pointing to difficulties
or total inability to process specific grammar contrasts and
syntactic structures. Our results corroborate previous findings
with TROG in different samples of PPA and frontotemporal
dementia syndromes (27, 41, 42, 58–60, 74, 75, 77, 78) that
consistently demonstrated a difference between controls and
patients with PPA. As controls presented mostly sporadic errors
and higher scores in TROG2-Br, this tool may be useful for
the detection of a receptive morphosyntactic deficit and to
characterize the sentence structures in which PPA individuals
have difficulties. It is important to mention that education, age,
and disease duration were not associated with performance in
the PPA group, pointing to a major role of morphosyntactic
processing difficulties rather than other factors as an explanation
for these findings.

Comparative studies of grammatical comprehension in PPA
variants are rare (23). In the present study, performance was
highly heterogeneous within PPA subtypes. Apart from PPA-L,
in which all patients performed below the median of controls,
the other three groups presented individuals with high scores,
at the same levels as highly performing controls. Although
the comparisons among PPA subtypes did not reach statistical
differences in our sample, performance patterns across groups
were compatible with previous studies, in which PPA-S presented
higher scores, followed by PPA-NF/A, PPA-L, and PPA-Mx.

Sentence comprehension is usually spared in PPA-S (21, 25)
(refer to Mesulam et al. (10); Wilson et al. (9); Thompson and
Mack (18) for reviews). However, in the current study, PPA-S
as a group presented lower scores in sentence comprehension
tasks compared to controls and this has been a consistent finding
across studies (3, 23, 27, 74, 75, 77). Looking more specifically
at the morphosyntactic aspects of sentence comprehension,
patients with PPA-S were found to be more preserved in
noncanonical, monopropositional, and multiclausal relative
sentences compared to the other PPA variants (3), and similarly
impaired at center-embedded sentences, involving greater
cognitive resource demands (23). Lack of statistical differences
in the comparisons between PPA-NF/A and PPA-S in the TROG

and/or similar offline tasks of sentence comprehension was also
found in previous research (3, 8, 23, 27, 74, 75, 77, 78) (refer to
Wilson et al. (9, 14) for reviews). In fact, sentence comprehension
can be impaired in the progression of PPA-S, although semantic
dysfunction is always the prominent deficit in these patients
(21, 43, 70) (refer to Thompson and Mack (18) for a review). In a
longitudinal study, Cupit et al. (105) found significant differences
in TROG performance between APP-NF/A and APP-S in the first
assessment but not on follow-up, demonstrating the decline of
PPA-S in this ability as the disease progresses. Therefore, the lack
of differentiation in overall scores between PPA subgroups may
reflect the progression of disease in some patients with PPA-S.
The underlying reason for failing the task differs among these
subgroups (8, 71). In our sample, only PPA-S patients presented
a marginally significantly lower percentage of consistent and
systematic errors compared to sporadic and random, alike
controls and compatible with general processing difficulties
rather than a genuine morphosyntactic deficit. Graham et al. (27)
reported a higher percentage of patients with PPA-S performing
in the control range compared to other variants. We did not
replicate this finding, but our sample of PPA-L and PPA-
NF/S is very small, so conclusions are limited and need to be
explored in larger samples. Different symptomatologies in PPA
align with the degree of neurodegeneration in the language
network of the left hemisphere (10). The authors explain that
sentence comprehension can be maintained if the meanings of
nouns of the sentence can be retrieved even at a generic level.
In a few cases, PPA-S may present a sentence-comprehension
deficit similar toWernicke aphasia, but with preserved repetition
because the superior temporal gyrus and temporoparietal
junction are spared, and these areas exert top-down modulation
to the anterior temporal lobe for comprehension (10).

Another interesting finding was the preservation of sentence
comprehension in PPA-NF/A in one of the patients in our
sample. This was reported in another study that used TROG (27).
The authors also investigated language production in the same
patients and found some PPA-NF/A individuals without frank
agrammatism. They stated that this feature does not preclude a
PPA-NF/A diagnosis and that differentiation between PPA-L and
PPA-NF/A may be hard in some cases. In fact, agrammatism is
more evident in production when the disease is very mild and
may be evidenced only in writing expression in some patients
(10). Thompson et al. (22) reported the need for linguistically
sophisticated tools to evaluate agrammatism in PPA. The authors
have worked on several measures that can be used in the clinical
context (22, 106) and that have been successful in differentiating
PPA subtypes. Billette et al. (74) also developed a task for sentence
production that does not require the analysis of connected speech
and suggested that this procedure is more applicable than the
connected speech for clinical practice. However, these studies
have been conducted mostly in samples of highly educated
individuals and English speakers, so it is necessary to explore
these features in more diverse populations. In fact, a more
language-diverse assessment is a necessity in the research on
dementia (107).

Except for case 22, all PPA-NF/A presented deficits in sentence
comprehension. This is a more common presentation for this
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subgroup of patients, evidencing a two-way deficit (decoding and
encoding difficulties) often reported in this clinical syndrome
(10), attributed to atrophy in the inferior frontal gyrus (IFG),
considered a critical hub for morphology, syntax, and grammar
comprehension (108–110) (refer toMesulam et al. (10);Walenski
et al. (39) for a review). PPA-NF/A has difficulties in the
comprehension of grammatically complex sentences, that include
subordinate and embedded sentences (13, 20, 21, 25). The
difficulties in this variant are influenced by the grammatical
complexity of the sentence, different from PPA-L where the
deficits are related to phonological short-term memory and
affected by sentence length and frequency (predictability of the
upcoming elements of a sentence) (6, 25).

Comparisons between PPA-NF/A and PPA-L in previous
studies are controversial. Whereas, Thompson et al. (22) found
similar performances in these groups, with a trend for more
severe impairment in noncanonical sentences in PPA-NF/A and
no differences between groups in the comprehension of canonical
forms, others have shown lower scores in PPA-L than PPA-
NF/A (23, 27), similar to our findings. Working memory has
a crucial role in auditory sentence comprehension (111, 112).
As phonological short-term memory is the core deficit in PPA-
L (25), it is expected a high impact of this deficit in tasks,
such as TROG-2 that contain many long sentences with more
than two propositions. PPA-L has shown a length effect in the
comprehension of canonical and noncanonical sentences with
worse performance for longer than shorter items (13) (refer to
Wilson et al. (9, 14); Mesulam et al. (10); Thompson and Mack
(18) for reviews).

A recent study (24) analyzed online sentence comprehension
in PPA-NF/A and PPA-L using event-related potentials (ERP)
recorded during semantic, morphosyntactic, and verb-argument
violations. In the above experiment, PPA-NF/A and PPA-L
were impaired compared to controls in all conditions but no
significant difference in accuracy was found between PPA-
NF/A and PPA-L. However, ERPs differentiated PPA-NF/A from
PPA-L. The N400 was elicited as in controls for semantic
violations in both groups. On the other hand, the P600
component was not elicited in PPA-NF/A patients both for the
morphosyntactic violations (e.g., The actors was. . . ) and verb
argument violations (e.g., Ryan was devouring on the couch). In
PPA-L, morphosyntactic violations elicited a P600, but not verb
argument violations. These findings support the different nature
of deficits in PPA-NF/A and PPA-L and highlight the importance
of more studies using online measures in combination with
techniques, such as EEG and eye-tracker to investigate the
language in PPA.

Finally, PPA-Mx presented the lower scores in our sample
which is in line with previous studies with TROG and similar
tasks. Billette et al. (74) found a significant difference between
PPA-Mx and PPA-S with greater deficits in PPA-Mx. Sajjadii
et al. (77) found that PPA-Mx performance was lower than PPA-
L and PPA-NF/A in one of the sentence comprehension tasks
used in their study. Although in most studies, PPA-Mx refers to a
more impaired group [e.g., Billette et al. (74)], this should not be
generalized. For example, in our sample, one PPA-Mx presented
with very mild semantic and working memory deficits and did

not meet the criteria either for PPA-S or PPA-L. This patient was
also preserved in TROG2-Br. Language and neuropsychological
heterogeneity in PPA has been evidenced in previous studies
(29, 30, 113).

In studies combining sentence-comprehension assessment
and neuroimaging findings, the deficit in PPA-NF/A was related
to atrophy in the left (IFG) (8, 13, 114). This region has
an important role in sentence comprehension both in the
grammatical processing of long-distance dependencies between
words in a sentence (115) and working memory to retain
the sentence for online processing (116). The findings of
Cooke et al. (114) and Peelle et al. (8) with PPA-NF/A and
the behavioral variant of frontotemporal dementia support a
functional dissociation in IFG, in which the dorsal parts are
related to working memory demands and the ventral, with
grammatical complexity.

Final Considerations
Test for the Reception of Grammar (and TROG2-Br) requires at
least 15 to 20min to be applied in high performing or severely
impaired subjects, in which the test is discontinued after 5 failed
blocks. As neuropsychological and language assessment usually
comprises the evaluation of other functions and subdomains; it is
not always feasible to implement the full task both due to time
constraints and cognitive demands over attentional processes.
For these reasons, previous studies opted for shorter versions
(42, 74, 75, 77, 78). The high occurrence of sporadic errors
both among controls and PPA in our sample is an indicator of
the demand for general cognitive resources that may be related
to the duration of the task. For this reason, we obtained the
internal consistency for a shorter version of the test to be tested
in a similar population and compared it with the full version
in further studies. We suggest that the full version of TROG-
2 should be used for a comprehensive assessment of sentence
comprehension with views to devise tailor-made intervention
programs, monitor the progression of language deterioration,
and apply cross-linguistic and basic research. For these purposes,
TROG-2 or TROG2-Br should be applied solely in a session or
split into two sessions in order not to cause fatigue and overload
attentional resources.

This study has some limitations. Although the PPA sample is
large compared to previous studies, our samples of PPA-NF/A
and PPA-L are small, and it is a clinic-based cohort. The control
group was recruited for convenience whereas a population-based
study would be more appropriate to generate norms for the use
of the test. The full validation of TROG2-Br is still in progress,
and it is necessary to establish education adjusted cut-off scores
as well as interrater and test-retest reliability. The PPA sample
was assessed over the years, and brief and full neuropsychological
assessments were not comparable or available to correlate
TROG2-Br with performance in other cognitive domains. Future
studies need to address the relationship between performance
in TROG2-Br and measures of attention, working memory, and
executive functions to better comprehend the nature of the
deficits in PPA individuals, who are speakers of Portuguese,
and the impacts of education on the performance in the task.
Despite these caveats, our findings with TROG2-Br have shown
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that this tool may be helpful to detect and characterize sentence
comprehension difficulties in PPA and no similar tool is available
for this type of assessment in Brazilian Portuguese. Some studies
have used TROG to characterize and compare phenotypes in
neurodegenerative frontotemporal syndromes as a source for
predicting neuropathology and progression of disease (24, 41,
58–60, 117). The availability of TROG2-Br may facilitate similar
studies in the speakers of Portuguese that may contribute to the
understanding of the relationship between language, perception,
and motor functions.

Grammar and syntax require specifically designed tasks for
assessment (10, 13, 15). Most studies in PPA have focused on
grammar production but sentence comprehension is affected due
to different underlying reasons in all PPAs. Quantification and
characterization of sentence comprehension may help to develop
more efficient tailor-made programs to benefit communication
in these patients (10, 118). Future studies in Latin America
should address other measures of sentence production and
sentence comprehension in Portuguese to improve the care
and quality of life of individuals with PPA as well as to
benefit cross-language and cross-cultural clinical research on
language comprehension.
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Pilar Mayorga5, Ana Isabel Sanchez6,7, Silvia Gonzalez-Nieves8,
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Italy, 4Neuroscience Group, Universidad Nacional de Colombia, Bogotá, Colombia, 5Mental Health
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Psychiatry, School of Medicine, Instituto de Envejecimiento, Pontificia Universidad Javeriana,
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Frontotemporal dementia (FTD) is a heterogeneous neurodegenerative disease

of presenile onset. A better characterization of neurodegenerative disorders

has been sought by using tools such as genome-wide association studies

(GWAS), where associations between single nucleotide polymorphisms (SNPs)

and cognitive profiles could constitute predictive biomarkers for these

diseases. However, in FTD, associations between genotypes and cognitive

phenotypes are yet to be explored. Here, we evaluate a possible relationship

between genetic variants and some cognitive functions in an FTD population.

Methodology: A total of 47 SNPs in genes associated with neurodegenerative

diseases were evaluated using the Sequenom MassARRAY platform along with

their possible relationship with performance in neuropsychological tests in 105

Colombian patients diagnosed with FTD.

Results and discussion: The SNPs rs429358 (APOE), rs1768208 (MOBP), and

rs1411478 (STX6), were identified as risk factors for having a low cognitive

performance in inhibitory control and phonological verbal fluency. Although

the significance level was not enough to reach the corrected alpha for multiple

comparison correction, our exploratory datamay constitute a starting point for

future studies of these SNPs and their relationship with cognitive performance

in patients with a probable diagnosis of FTD. Further studies with an expansion

of the sample size and a long-term design could help to explore the predictive

nature of the potential associations we identified.

KEYWORDS

frontotemporal dementia, neuropsychological tests, cognition, SNP array,

neurodegenerative disease
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Introduction

Frontotemporal dementia (FTD) is an early-onset,

heterogeneous neurodegenerative disorder with a strong

genetic component (1). Positive family history has been

reported in FTD in up to 40% of cases (2, 3), with the most

frequent mutations found in the following genes: microtubule-

associated protein tau (MAPT), granulin (GRN), and C9orf72

(2, 4). According to clinical involvement, FTD is classified

into behavioral and language variants (semantic dementia,

primary progressive aphasia) (5–7). It also coexists with

motor neuron disease (FTD-MND) and atypical parkinsonian

disorders (1, 8, 9).

The clinical and molecular heterogeneity of FTD, as well

as the overlapping of symptoms with other neurodegenerative

diseases (1, 2), have led to it being characterized through

genome-wide association studies (GWAS) (10, 11). These

typically involve the use of single nucleotide polymorphisms

(SNPs) that are common in a given population and can

establish risk by association with different phenotypes related

to the onset, development, and progression of the disease

(10, 12, 13). More than 40 risk loci have been identified for

dementia within the genome (10), reporting the APOE ε4

allele with the strongest risk factor for late-onset alzheimer’s

disease (AD), and as a modulator of the expression of

other degenerative dementias (14, 15). Specifically for

FTD, three significant SNPs (rs6966915, rs1020004, and

rs1990622) have been reported in the transmembrane protein

106B (TMEM106B) gene (7p21.3), a protein involved in

endolysosomal transport and in the modulation of GRN

protein levels (10, 16). Besides, some other loci such as

6p21.3, encompassing HLA locus, and 11q14 encompassing

RAB38/CTSC were statistically significant in GWAS for

FTD (10, 11).

An association between risk polymorphisms and

cognitive profiles in mild cognitive impairment (MCI),

AD, FTD, and amyotrophic lateral sclerosis (ALS) have

recently been explored to evaluate disease development and

progression (9, 17). The association between the studied

loci and deficits in cognitive processes such as executive

functions, language, visuospatial skills, and memory have

been found in the four diseases (12). The association

between polymorphic variants and cognitive performance

suggests that exploring this may be a useful measure to

detect risk variants that could eventually be considered

predictive biomarkers for neurodegenerative diseases. It

also makes it possible to evaluate disease development and

progression (16, 18, 19). Thus, our study’s main focus is

to evaluate a relationship between cognitive performance

and SNPs associated with neurodegenerative diseases in a

sample of Colombian patients with a probable diagnosis

of FTD.

Materials and methods

An analytical, observational, non-probabilistic convenience

study was conducted between January 2012 and December 2014

in 105 patients with a probable diagnosis of FTD, determined

through consensus by a multidisciplinary group of specialists

(Neurologist, Geriatrician, Psychiatrist, and Neuropsychologist)

at the Memory Clinic at Hospital Universitario San Ignacio

(Bogotá, Colombia). FTD patients were diagnosed according

to established criteria in the behavioral variant of FTD

(bv-FTD), non-fluent/agrammatic-variant primary progressive

aphasia (nfvPPA), and semantic-variant primary progressive

aphasia (svPPA) (6, 7), following the guidelines developed by an

International Consortium for the Diagnosis of Frontotemporal

Dementia (5, 7). Exclusion criteria include visual and hearing

impairments, severe alteration of mobility, delirium, absence

of caregiver or informant, significant cerebrovascular disease,

and other previously recognized neurological diseases. This

study was approved by the ethics committee at Hospital

Universitario San Ignacio and Pontificia Universidad Javeriana.

All participants received and signed informed consent.

Neuropsychological study

A total of seven validated neuropsychological tests (see

Table 1) on memory, praxis, verbal fluency, attention, and

executive function were used to assess the cognitive profile

of each patient (20–22, 28, 29). Taking into account as a

reference the normative data for the tests of the Neuronorma

Colombia neuropsychological evaluation battery (22, 29). The

values obtained were converted to scale scores and subsequently

dichotomized into 1 and 0. Performances that were lower

than expected, considering age and education with respect to

population parameters (percentile ≤ 6), were coded as 1, while

performances above said percentile were coded as 0 (22, 29).

Molecular study

All evaluated patients had a 3-cc blood sample taken in

EDTA tubes from which the genomic DNA was extracted using

the Salting Out protocol. The DNA was then quantified using

a NanoDrop R© ND-1000 spectrophotometer. SNP genotyping

was performed using a custom-designed panel on the

Sequenom MassARRAY platform, developed at the University

of Pennsylvania, in which 47 SNP-type genetic variants were

evaluated in genes associated with neurodegenerative diseases

(16, 23, 24), FTD, Alzheimer’s disease (AD), amyotrophic

lateral sclerosis (ALS), Parkinson’s disease, and progressive

supranuclear palsy (PSP) (see Annex 1) (16, 23). The assay

consisted of an initial locus-specific PCR reaction, followed by
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TABLE 1 Neuropsychological tests.

Neuropsychological

instruments

Cognitive domain assessed

Symbol Digit Modalities Test

(SDMT) (20, 21).

Divided attention, visual search, and

perceptual speed

Stroop Color Test (22, 23) Executive functions: inhibitory control

and processing speed

Rey-Osterrieth Complex

Figure (23, 24)

Visuospatial and constructional skills

INECO Frontal Screening

(IFS) (25)

An executive screening test that

investigates processes of thought

regulation and control, motor

programming, sensitivity to interference

and inhibitory control, working

memory, interpretation of metaphorical

information and planning

Semantic verbal fluency test

(fruits/animals) (23, 26)

Language task that studies active search

for verbal information by categories

Phonological verbal fluency

test (p/m) (23, 26).

Language/executive functions: Processes

of active information search starting

from phonological routes that require

inhibitory control

Grober-Buschke test for

short- and long-term explicit

verbal memory (Free and

Cued Selective Reminding

Test) (21, 27).

Explicit verbal memory with controlled

coding

single-base extension using mass-modified dideoxynucleotide

terminators of an oligonucleotide primer which anneals

immediately upstream of the polymorphic site of interest

(25). Although not all included SNPs are relevant for FTD,

it is more cost and time-efficient to use a single panel that

can be applied generally since there is a significant overlap in

neurodegenerative disease phenotypes (13, 26, 27, 30).

Statistical analysis

Population

The clinical and sociodemographic characteristics were

analyzed by calculating frequencies and central tendency

measures (median-range). ANOVA and chi-squared

tests were used to determine group differences in

sociodemographic variables.

Molecular

The allelic and genotypic frequencies were calculated by the

counting method, and the Hardy-Weinberg (HW) equilibrium

was determined for each SNP with the Arlequin v.3.5 software.

The allelic frequencies obtained in the study were compared with

the allelic frequencies reported in the 1,000 Genomes Global and

in 1,000 Genomes Colombia samples by the χ
2 association test,

reporting their respective p-value (Stata/MP 14.0).

Molecular study and neuropsychological test

In order to identify a possible relationship between

performance in cognitive tests and the SNPs assessed, a logistic

regression model was calculated for each test and for each

genetic variant in the R software. For all statistical tests, an

alpha value of 0.05 was established. Based on these models,

those SNPs that could significantly predict performance in

each neuropsychological test were identified. To reduce Type I

error for multiple comparisons, p-values were subjected to the

Bonferroni correction with n= 47.

Similarly, the odds ratio (OR) of the allele related to these

results was reported for each of the identified SNPs. Alleles with

an OR < 1 were interpreted as being associated with adequate

performance in the test, while ORs > 1 was associated with the

risk of poor performance in neuropsychological tests.

Results

Of the 105 patients with FTD, 61 patients met the criteria

for bv-FTD, 28 met the criteria for PPA, and 16 patients met

the criteria for SD. The median age of patients at the time of

diagnosis was 61 years (range 40–86 years). No sex differences

were found in the total sample or inside each clinical variant (see

Table 2). As for the patient’s education level, only 8.5% (9) had

primary education, 19.2% (28) completed secondary education,

and 35.6% (31) had undertaken university studies. It was not

possible to determine the education level of 38 patients.

We found four SNPs that were not in HW equilibrium:

rs7412 in APOE (p-value = 0.029), rs6656401 in CR1

(p-value= 0.024), rs983392 in MS4A6A (p-value = 0.009), and

rs1411478 in STX6 (p-value = 0.014). The first three SNPs

are associated with AD and the last one with progressive

supranuclear palsy (PSP). We also determined the frequency of

the minor or risk allele in the SNPs associated with FTD and

AD. By comparing them with the 1,000 Genomes Colombia

and 1,000 Genomes Global samples, we reported a statistically

significant difference in rs12546767 in KIAA0196 gen (p-value

< 0.001, p-value < 0.00001, respectively) (see Appendix 2).

Sixteen polymorphisms were significantly correlated with

performance in one (or more than one) neuropsychological test

(p-value < 0.05). Three of the alleles that were identified with a

risk of poor performance in these tests correspond to the minor

allele. A higher risk of poor performance in the phonological

verbal fluency task was found for the STX6 rs1411478 A allele.

Similarly,MOBP rs1768208 T allele and APOE rs429358 C allele
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TABLE 2 Sociodemographic characteristics.

Variable nfvPPA (N = 28) bvFTD (N = 61) svPPA (N = 16) p value

(N= 105)

Sex (female), N (%) 16.00 (57.14) 30.00 (49.18) 9.00 (56.25) 0,74

Age (years), median (range) 62.00 (51.00–78.00) 65.00 (18.00–89.00) 60.00 (50.00–73.00) 0,52

Age of diagnosis (range) 60.50 (48–76) 61.50 (40–86) 59.50 (48–72) 0,60

nfvPPA, non-fluent/agrammatic-variant primary progressive aphasia (nfvPPA); bvFTD, behavioral variant FTD; svPPA, semantic-variant primary progressive aphasia.

TABLE 3 OR values for SNPs with significant associations with neuropsychological test results.

Test SNP Minor allele OR (95% CI) p-value Associated gene

Symbol digit modalities test rs1020004 G 0.29 (0.09–0.94) 0.039 TMEM106B

rs2142991 C 0.11 (0.03–0. 46) 0.003 BMS1

rs4938933 C 0.17 (0.05–0.57) 0.004 MS4A4A

Rey-osterrieth complex figure rs2142991 C 0.24 (0.08–0.70) 0.009 BMS1

rs4938933 C 0.28 (0.10–0,78) 0.016 MS4A4A

Verbal phonological fluency test rs1411478 A 4.78 (1.45–15.74) 0.010 STX6

rs7571971 T 0.32 (0.10–0.98) 0.046 EIF2AK3

Stroop color test rs1468803 T 0.12 (0.02–0.58) 0.009 TMEM106B

rs1768208 T 5.8 (1.4–24.08) 0.015 MOBP

rs1990622 T 0.16 (0.03–0.72) 0.017 TMEM106B

rs3807865 C 0.12 (0.02–0.58) 0.009 TMEM106B

rs429358 C 5.60 (1.21–25.94) 0.028 APOE

rs4663105 C 0.09 (0.01–0.62) 0.015 BIN1

rs6852535 A 0.20 (0.05–0.82) 0.026 IL2, IL21

rs7571971 T 0.22 (0.05–0.96) 0.044 EIF2AK3

INECO frontal screening total score rs5848 A 0.08 (0.01–0.68) 0.021 GRN

The SNPs written in bold were associated with poor performance.

were identified as risk factors for poor performance in the Stroop

Color Test (see Table 3). However, these findings did not survive

the Bonferroni correction.

Discussion

Frontotemporal dementia is a heterogeneous disease in both

its clinical and genetic components (32–34). We find that the

sociodemographic characteristics of this cohort of patients were

consistent with what was reported in the literature. BvFTD was

the most common clinical variant followed by language variants

(35, 36). Regarding distribution by sex and the incidence of

disease, there was no significant difference between the clinical

groups (11, 26, 31). All the SNPs associated with FTD reached

HW equilibrium in our population. The SNPs that did not

reach HW equilibrium in our cohort of patients with a clinical

diagnosis of FTD were located in genes associated with AD and

PSP (APOE, CR1, MS4A6A, and STX6 genes), which can be

explained due to the sample size, or because these genes are

subject to selection with each other between FTD and other

neurodegenerative diseases (12, 37).

In addition, we compared the allele frequencies in our FTD

sample with 1,000 Genomes and 1,000 Genomes Colombia

populations, and we found that KIAA0196 rs12546767 showed

higher frequency in our sample, supporting the findings

reported in previous studies in which this SNP has an

increased disease association signal in the combined ALS and

FTD (38).

Regarding correlations between cognitive performance and

the SNP array panel, carriers of the APOE rs429358C allele and

MOBP rs1768208T allele showed deficits in inhibitory control.

Furthermore, carriers of STX6 rs1411478A allele performed

poorly in phonological verbal fluency. Although the significant

level of the identified risk between these alleles and the cognitive

performance was not enough to reach the corrected alpha

for multiple comparison correction, this information should

not underrate because in studies with a larger sample with

longitudinal data associations, associations with different SNPs

and cognitive performance have been found, as in studies with a

cumulative score, combining more than one allele (16, 38, 39).
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For our three alleles, few studies are found related to

cognitive performance; To MOBP rs1768208T allele, Massimo

and col. found that this allele is associated with a disruption

of white matter networks in frontal regions, whereby MOBP

rs1768208T + individuals demonstrated faster rates of decline

in executive function through time (16). Moreover, MOBP

rs1768208 has been independently identified as a risk factor in

confirmed cases of corticobasal degeneration (DCB) and in cases

of PSP (40). Literature on the APOE rs429358 and cognitive

processes yields variable results: some studies conducted in

healthy adults have found associations with deficits in naming

and orientation skills (41), while others have described better

cognitive performances measured by the Mini-Mental State

Examination (MMSE) (42). Specifically for APOE rs429358C,

there are no association studies with neurocognitive tests, but

Xue-Bin Li et al. suggest that the APOE rs429358C allele

genotype is associated with an increased risk of developing

post-stroke depression, and may be detrimental to the recovery

of nerve function after stroke (43). For STX6, there are no

studies of its association with cognitive performance in this

SNP to date. However, Ferrari and col. demonstrated that the

rs1411478A allele has a significantly lower expression of STX6

in white matter but not in any other brain region in PSP

(23). As mentioned previously, MOBP rs1768208T and STX6

rs1411478A alleles have been associated with disrupting white

matter. This has revealed that cognitive performances are related

to cortical thickness in frontotemporal regions and degradation

in white matter integrity (35, 44, 45).

In conclusion, as no preliminary studies have been

performed regarding the associations between cognitive

performance and these SNPs in FTD, these results highlight the

value of incorporating multiple biomarkers to help disentangle

the mechanistic heterogeneity of cognitive decline (46). Our

results may constitute a starting point for future studies

involving these SNPs and their relationship with cognitive

performance in patients with a probable diagnosis of FTD.
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