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Abstract

Introduction

Primary progressive aphasia (PPA) is a dementia syndrome whose onset and course
manifests with language deficits. There is a lack of instruments for clinical assessment of
language in dementia and further research in the area is needed. Therefore, the objective
of the present study was to identify language tasks that can aid the process of clinically
diagnosing PPA and to determine those tasks most impaired in this population.

Method

A sample of 87 individuals comprising 2 groups was assessed: a PPA group (PPAG) of 29
PPA patients; and a control group (CG) of 58 healthy subjects matched for age and edu-
cation. All participants underwent a brief cognitive battery followed by a comprehensive
language assessment using the MTL-BR Battery.

Results

A statistically significant performance difference was found between the PPAG and CG on
the following tasks: structured interview, oral comprehension of phrases, oral narrative dis-
course, written comprehension of phrases, written dictation, sentence repetition, semantic
verbal fluency, oral naming of nouns and verbs, object manipulation, phonological verbal
fluency, body part recognition and left-right orientation, written naming of nouns, oral text
comprehension, number dictation, written narrative discourse, written text comprehension
and numerical calculations (mental and written).

Conclusion

The results revealed that performance of PPA patients was poorer compared to healthy
subjects on various language tasks. The most useful subtests from the MTL-BR battery
for aiding clinical diagnosis of PPA were identified, tasks which should be prioritized when
assessing this patient group.
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Introduction

Primary progressive aphasia (PPA) is a dementia syndrome marked by a gradual loss in
communication functioning due to the effects of degeneration on brain networks involved in
speech and language processing [1]. This dementia syndrome, can have different causes such
as frontotemporal lobar degeneration (FTLD) or Alzheimer ‘s Disease (AD) has several classi-
cal variants, each of which has specific language features.

The different variants of PPA present some typical and predominant linguistic charac-
teristics but there is a wide range of symptom possibilities in addition to those mentioned.
Identifying these variants early can improve patients’ quality of life. For instance, the semantic
PPA (sv PPA) can be characterized by anomia, evident in discourse and on visual confron-
tation naming tasks, and by difficulty understanding individual words, deficits associated
with gradual loss of semantic knowledge. The non-fluent/agrammatic variant (nfav PPA) is
characterized by agrammatism, effortful hesitant speech, as well as phonemic and phonolog-
ical deficits consistent with apraxia of speech. The logopenic variant (Iv PPA) is marked by
naming difficulties due to lexical access failures, with the occurrence of anomia in discourse
and failures in phrase repetition stemming from deficits in the phonological loop of working
memory [1-3]. In addition to these variants, there is also the mixed/unclassifiable form of the
disease. These patients do not fit the profiles of any of variants because they either do not have
any of the core features of any specific variant or they have more symptoms of the classical
variants and in this case the individuals may manifest classic characteristics of more than one
subtype [4] precluding a clear diagnosis [5,6].

The language disorder might depend either on the intrinsic deterioration of the linguis-
tic system or on a more general cognitive decline and seem to be the result of an interplay
between both. In this sense, the mean of language assessment in overall dementias becomes
crucial.

PPA is a rare disease that is complex to diagnose due to the heterogeneous presentation
of cases. Despite the importance of language with regard to making differential diagnoses of
neurodegenerative diseases, there is still a lack of language assessment tools for all types of
dementia, including PPA. Instruments originally developed for assessing post-stroke aphasia
are still widely used for diagnosing dementias [7]. Although tests specifically developed for
assessing aphasia are not best suited for evaluating language deficits associated with neuro-
degenerative diseases [8,9], some aphasia symptoms secondary to acute lesions are similar
to those seen in PPA [10]. More recently, a number of tests have been proposed [11,12], and
some retrospective studies, with large PPA patients have already demonstrated that some
combined language tasks are useful to identify PPA and distinguishing patients’ subtype
syndrome [13], even though in very early stages from the disease [4] that can help to guide
linguistic-cognitive interventions.

In this sense it is also worth bearing in mind that tests should undergo full psychometric
analysis, including tests of validity, internal consistency, and reliability [14]. The Montreal
Toulouse Language-Brasil Battery (MTL-BR) [15] is the only instrument for language assess-
ment available which normative data in Brazil. It was mainly designed to assess aphasia, then
it is important to understand if its tasks (including its stimulus) are useful and suitable for
assessing language disorders due to degenerative cases. Moreover, in this context, brief batter-
ies are also needed, since the use of extended batteries are often impractical to implement [13]
and ascertaining which language assessment tasks can best identify PPA can be valuable

In view of how some instruments or language tasks can best discriminate PPA the present
study sought to identify, based on a comprehensive language assessment - MTL-BR -which
language tasks can aid identifying the most and/or early impaired language processing in this
population.
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Materials and methods

The present study was conducted at the Department of Language, Speech and Hearing Sci-
ences of the Universidade Federal de Sao Paulo (UNIFESP) - Escola Paulista de Medicina.
The study was approved by the local Research Ethics Committee under permit no. 0540/2022.
Participants were enrolled onto the study on a voluntary basis after signing the Free and
Informed Consent Form, devised in compliance with the recommendations of the National
Board of Health (CNS) pursuant to Resolution Ruling 466/12 of the CNS/MS (Ministry of
Health).

Participants

The study sample comprised two groups: an aphasia group of patients neurologically diag-
nosed with primary progressive aphasia (PPAG) and a control group of healthy subjects (CG)
matched with patients for age and education.

For the PPAG, inclusion criteria were patients referred to neurologists specialized in
dementia syndromes, with suspicion of having PPA, guided by the previously outlined criteria
[1]. All patients were exposed to a neurological and a neuropsychological evaluation and had
undergone a neuroimaging scan that differentially diagnose variant via location and severity
of atrophy. The data from all examinations also allowed the differential diagnosis between
PPA and other dementias. Individuals at the severe stage of dementia, those with less than
12 points on the Mini-Mental State Examination (MMSE) [16] or those with the absence of
speech or inability to complete the evaluation were not included, based on the premise that
participants with this status would be unable to complete the required procedures.

A convenience sample of healthy older volunteers without neurological disorders or a
history of psychiatric issues was included. The specific inclusion criteria for the CG included
normal performance on cognitive screening tests.

The exclusion criteria for the study participants were previous or current use of alcohol or
illicit drugs; use of psychoactive drugs other than atypical neuroleptics and antidepressants in
the past month; previous history of severe neurological or psychiatric disorders (i.e., epilepsy,
cancer, and schizophrenia); visual changes and hearing loss, absence of verbal expression and
complaint of predominant speech or language difficulties. This information was collected by
applying a questionnaire.

The PPAG comprised 29 patients while the CG contained 58 healthy subjects, all of whom
met the criteria for inclusion in the study.

The participants were patients assessed at the outpatient clinic of the Language and Speech
Pathology division of Sao Paulo Federal University and mainly their relatives and caregivers
formed the CG.

The participants from this study were assessed between February, 1 st, 2023 up to the last
of July.

Procedures

All participants that met the inclusion criteria underwent a neuropsychological evaluation.
Cognitive screening tests and a neuropsychological battery were applied. The MMSE was
used as a screening tool. The Portuguese translation and scoring of the MMSE was adopted
[17] with cut-off scores adapted to the subjects’ educational levels: 9 to 11 years of educa-
tion=28; and highly educated (more than 12 years) =29.The brief cognitive battery comprised
the Trail-Making Test [18], the forward and backwards Digit Span test [19], Corsi Block Test
[20-22], verbal memory test from the CERAD Battery [23], and the Clock-Drawing Test [24].
The tests were applied just to determine the overall cognitive status of the patients.
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Then, all participants were administered the Montreal-Toulouse Language Assessment

Battery (MTL-BR Battery) [15]. This test was chosen because it provides a broad assessment
of auditory/oral and written comprehension and oral and written production and is the only
validated test for acquired language disorders in Brazilian Portuguese. The test was applied

according to the instructions contained in the application manual and comprises 22 subtests

as outlined below:

L.

Structured interview: includes 13 open-ended questions to analyze speech and auditory
comprehension. 13 items with maximum score of two points each. Total score ranges from
0 to 26 points.

. Automatic speech: assesses the ability to evoke automatisms, such as numbers, days of the

week and the birthday song, evaluated for form and content. Total score ranges from 0 to
6 points.

. Oral comprehension: measures the ability to identify images that represent words and

phrases from auditory input. The task consists of a total of 19 items, five words (boards
with six stimuli comprising one target and five distracters: one phonological, one semantic,
one visual and two neutral) and 14 sentences.The maximum score is five points for words
and 14 points for phrases, with one point for each correct answer. Total score ranges from
0 to 19 points.

. Oral narrative discourse: evaluates the ability to tell a story from visual inputs. The task

consists of describing a picture depicting a bank robbery. The narrative is analyzed for the
number of words and the number of information units (IUs) produced. They IUs were
considerate the informative and relevant elements that are present in an organized dis-
course structure and the IUs expected were: bank, robbery, thieves, guard, car, running,
waiting, calling, people and money. Each IU gets point. The maximum score for IUs is

10 points.

. Written comprehension: assesses the written comprehension of words and phrases. The

task consists of a total of 13 items, five words (boards with six stimuli comprising one tar-
get and five distracters: one graphemic, one semantic, one visual and two neutral) and

8 sentences. One point is given for each correct answer, with total task score ranging from
0 to 13 points.

. Copying: a sentence must be copied while changing the allographic form. Maximum task

score is 8 points.

. Written dictation: assesses the participant’s ability to write dictated words and phrases. The

task consists of 9 items (5 regular and 3 irregular words and 1 non-word) and three sen-
tences. The maximum scores are 9 and 13 points for words and phrases respectively, with
one point is given for each word written correctly, yielding a maximum score of a

22 points.

. Repetition: measures the ability to reproduce the auditory stimuli provided. The task con-

sists of 11 items (8 words and 3 non-words) and three sentences. The maximum scores are
11 and 22 points for words and phrases respectively, with one point for each word repeated
correctly, yielding a maximum score of a 33 points.

. Reading aloud: assesses reading of words and phrases. The task consists of 12 items (3

irregular and 5 regular words and 3 non-words) and three sentences. The maximum scores
are 11 and 22 points for words and phrases respectively, with one point for each word
repeated correctly, yielding a maximum score of a 33 points.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Semantic verbal fluency: evaluates the ability for lexical production of words from the ani-
mal’s semantic category within 90 seconds. One point is given for each correctly produced
word.

Non-verbal praxis: assesses the ability to produce isolated gestures and movement
sequences involving the face and tongue, requested by the evaluator through verbal
instructions. The task consists of a total of 6 items with maximum scores of 4 points each,
giving a maximum total of 24 points.

Naming: measures lexical access using pictures that refer to nouns and verbs. Fifteen
pictures are presented (12 nouns and three actions), placed on individual boards. The
maximum score is 30 points, comprising 15 items with a maximum score of two points
each. The criteria for scoring is incorrect answer: zero; item semantic related or descrip-
tion: 1 point; and correct answer: 2 points. Score on this task ranges from 0 to 30 points.

Object manipulation by verbal command: assesses the ability to understand simple and
complex verbal commands. The individual is instructed to perform six commands given
by the clinician, using physical objects (key, comb, cup, pen, and paper). The complex-
ity of orders increases gradually. One point is given to each part of the command that is
properly performed by the individual. This task is scored from 0 to 16 points.

Phonological verbal fluency: evaluates the number of words produced beginning with the
letter M within 90 seconds. A point is given for each word produced.

Body part recognition and left-right orientation: assesses recognition of parts of the body
and laterality orientation. The maximum score is eight points, of which four points are
given for each body part (limbs) and the other four are given for the right-left orientation.

Written naming: fifteen pictures are presented (12 nouns and three actions), placed on
individual boards. The maximum score is 30 points, comprising 15 items with a max-
imum score of two points each. The criteria for scoring is incorrect answer: zero; item
semantic related or description: 1 point; and correct answer: 2 points. Score ranges from 0
to 30 points.

Oral text comprehension: assesses the ability to understand auditory input from a text
read by the clinician. The individual must answer six questions orally after listening to
the text (three open-ended and three closed-ended questions). A maximum of two points
for each of the three open-ended questions and one point for each of the closed-ended
questions Scores on this subtest range from 0 to 9 points.

Number dictation: assesses the ability to trans- code six numbers from auditory stimuli to
written form. Score ranges from 0 to 6 points.

Reading of numbers: assesses the ability to recognize six Arabic numerals and reproduce
them orally. Score ranges from 0 to 6 points.

Written narrative discourse: involves the ability to write a story from visual input. The task
consists of a picture depicting a robbery at a bakery. We analyzed the number of words and
the number of information units (IUs) produced. They IUs were considerate the infor-
mative and relevant elements that are present in an organized discourse structure and the
IUs expected for this picture were: bakery, robbery, robbers, guard, car, running, waiting,
calling and gun (one point for each word). The maximum score is 10 points for IUs.

Written text comprehension: assesses the ability to understand a written text. The indi-
vidual must answer six questions orally after reading the text (three open-ended and three
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closed-ended questions). A maximum of two points for each of the three open-ended
questions and one point for each of the closed-ended questions Score on this task ranges

from 0 to 9 points.

22. Numerical calculation: evaluates the ability to perform mathematical operations of
addition, subtraction, multiplication and division, as well as mental simple mathemat-
ical problem. Each subtest — mental and written calculations - is scored from 0 to 6

points.

Statistical analysis

For the descriptive analysis, all demographic variables and performance on the MTL-BR sub-

tests were expressed as mean, standard deviations and range.

Given the Gaussian distribution of the data, comparison between means was carried out

using parametric and non-parametric tests.

Statistical treatment was performed using Student s t-test for independent samples. Welch

correction was used to calculate p-value, where applicable.

The level of statistical significance adopted was 5%. The software SPSS Statistics, version

28.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses.

Results

Sample characteristics

The characteristics of the study sample regarding age and years of education are presented in

Table 1.

The results given in Table 1 show a statistically significant difference between the CG and

PPAG for education. Although the controls were matched by convenience, with the selec-
tion of subjects who had a similar education to patients, a small difference between PPA

and Control groups was found (15.97 versus 14.66 years of formal education), but it must be
highlighted that it does not seem that this difference could interfere on the results obtained,
first because the group with more years of education was the PPA and mainly because there
is no difference in performing MTL-BR tasks in subjects with more than 8 years of formal

education [14].

There was no statistically significant group difference for age.

Of the 29 patients in the PPAG, 13 exhibited the semantic variant, 11 the logopenic variant,
4 non-fluent and/or agrammatic variant, and 1 had the mixed variant. Regarding performance
on the MMSE, the PPA group had a mean score of 23.33 (SD +3.70), while the CG had a mean
score of 29.17 (SD +3.43). Considering the MMSE scores 12 PPA patients were at moderate
stage and 17 at mild stage of the disease. Mean time since PPA diagnosis was 30 (SD + 14.02)

months.

The results for the comparison of performance by the PPAG and CG on the MTL-BR Bat-

tery subtests are presented in Table 2.

Table 1. Descriptive values and comparative analysis of PPA and Control groups according to age and education.

Group n Mean SD Median Min. Max. p ST.
Age (years) PPA 29 68.41 7.80 69.00 56.00 87.00 0.808 0.055
Control 58 67.97 8.31 65.50 55.00 88.00
Education level (years) PPA 29 15.97 2.04 16.00 11.00 22.00 0.016* 0.491
Control 58 14.66 2.93 15.00 9.00 23.00
https://doi.org/10.1371/journal.pone.0318155.t001
PLOS ONE | hitps://doi.org/10.1371/journal.pone.0318155 February 5, 2025 6/15



https://doi.org/10.1371/journal.pone.0318155.t001

PLOS ONE

Language assessment in primary progressive aphasia

Table 2. Descriptive values and comparative analysis of PPA and Control groups according to performance on subtests of MTL-BR Battery.

MTL-BR Group Mean SD Median Min. Max. P

Structured interview PPA 23.31 3.64 25.00 13.00 26.00 0.015*
Control 25.90 0.36 26.00 24.00 26.00

Oral comprehension — words PPA 4.64 0.83 5.00 2.00 5.00 0.104
Control 4.97 0.18 5.00 4.00 5.00

Oral comprehension - phrases PPA 11.43 2.18 12.00 7.00 14.00 0.002*
Control 13.19 1.10 14.00 10.00 14.00

Oral narrative discourse - total numbers of words PPA 66.48 44.38 52.00 19.00 161.00 0.16
Control 54.09 20.38 52.00 14.00 105.00

Oral narrative discourse —information unit PPA 5.03 2.18 5.00 1.00 9.00 <0.001*
Control 6.91 1.81 7.00 2.00 10.00

Oral narrative discourse - elements PPA 2.14 0.79 2.00 0.00 3.00 0.034*
Control 2.50 0.68 3.00 1.00 3.00

Written comprehension - words PPA 4.75 0.65 5.00 2.00 5.00 0.120
Control 5.00 0.00 5.00 5.00 5.00

Written comprehension - phrases PPA 6.61 1.73 7.00 2.00 8.00 0.011*
Control 7.65 0.64 8.00 6.00 8.00

Copying PPA 7.74 0.81 8.00 5.00 8.00 0.594
Control 7.84 0.62 8.00 4.00 8.00

Written dictation PPA 18.63 3.36 20.00 11.00 22.00 0.005*
Control 21.12 1.82 22.00 11.00 23.00

Repetition — words PPA 10.50 1.04 11.00 7.00 11.00 0.202
Control 10.78 0.53 11.00 9.00 11.00

Repetition- phrases PPA 18.32 5.06 21.50 7.00 22.00 0.006*
Control 21.95 0.22 22.00 21.00 22.00

Reading aloud - words PPA 11.24 1.27 12.00 6.00 12.00 0.198
Control 11.59 0.88 12.00 7.00 12.00

Reading aloud - phrases PPA 20.72 0.59 21.00 19.00 21.00 0.064
Control 20.95 0.29 21.00 19.00 21.00

Semantic verbal fluency PPA 10.62 6.24 10.00 1.00 21.00 <0.001*
Control 2391 5.80 23.00 12.00 39.00

Non-verbal praxis PPA 22.70 2.95 24.00 12.00 24.00 0.159
Control 23.86 0.48 24.00 22.00 24.00

Naming - nouns PPA 19.34 4.83 20.00 6.00 24.00 0.003*
Control 23.69 0.65 24.00 21.00 24.00

Naming - verbs PPA 5.69 0.60 6.00 4.00 6.00 0.038*
Control 5.97 0.26 6.00 4.00 6.00

Object manipulation by verbal command PPA 14.10 2.73 16.00 8.00 16.00 0.024*
Control 15.83 0.50 16.00 14.00 16.00

Phonological verbal fluency PPA 8.21 5.42 7.00 0.00 20.00 <0.001*
Control 17.69 5.77 17.00 5.00 31.00

Body part recognition and left-right orientation PPA 8.00 0.00 8.00 8.00 8.00 0.034*
Control 7.97 0.18 8.00 7.00 8.00

Written naming - nouns PPA 19.04 6.41 22.00 2.00 24.00 0.029*
Control 22.33 1.44 22.00 18.00 24.00

Written naming - verbs PPA 5.82 0.48 6.00 4.00 6.00 0.218
Control 5.95 0.29 6.00 4.00 6.00

(Continued)
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Table 2. (Continued)

MTL-BR Group Mean SD Median Min. Max. P

Oral text comprehension PPA 4.45 2.26 4.00 1.00 9.00 <0.001%*
Control 7.97 1.23 8.00 4.00 9.00

Number dictation PPA 5.00 1.65 6.00 0.00 6.00 0.025*
Control 5.95 0.29 6.00 4.00 6.00

Reading of numbers PPA 5.70 0.72 6.00 3.00 6.00 0.105
Control 6.00 0.00 6.00 6.00 6.00

Written narrative discourse - total numbers of words PPA 34.24 19.58 32.00 0.00 76.00 0.427
Control 37.76 18.31 39.00 7.00 95.00

Written narrative discourse - information unit PPA 6.07 2.55 6.00 0.00 10.00 0.186
Control 5.24 3.00 6.00 1.00 10.00

Written Narrative Discourse- elements PPA 2.21 0.83 2.00 0.00 3.00 0.005*
Control 3.36 2.49 3.00 1.00 9.00

Written Text Comprehension PPA 5.86 2.85 6.00 0.00 9.00 <0.001%*
Control 8.57 0.73 9.00 6.00 9.00

Numerical Calculation - mental PPA 4.31 2.09 5.00 0.00 6.00 0.010*
Control 5.43 0.88 6.00 3.00 6.00

Numerical Calculation - written PPA 4.48 2.02 5.00 0.00 6.00 0.016*
Control 5.74 0.85 6.00 1.00 6.00

ST, Student s t-test for independent samples; SD, Standard deviation; Min, Minimum; Max, Maximum; ¥, statistically significant value (p < 0.05).

https://doi.org/10.1371/journal.pone.0318155.t002

The results revealed a statistically significant difference in performance between the PPAG
and CG on the following tasks of the MTL-BR Battery: structured interview, oral comprehen-
sion of phrases, oral narrative discourse, written comprehension of phrases, written dictation,
sentence repetition, semantic verbal fluency, oral naming of nouns and verbs, object manip-
ulation, phonological verbal fluency, body part recognition and left-right orientation, written
naming of nouns, oral text comprehension, number dictation, written narrative discourse,
written text comprehension and numerical calculations (mental and written). No statistically
significant differences between the PPAG and CG were evident for the other tasks of the
MTL-BR Battery.

Discussion

The results of the present study, as expected, showed that performance of the PPAG was worse
than the CG on all the language tasks assessed by the MTL-Brasil Battery.

The tasks from MTL- BR Battery allow that many linguistic processing can be investi-
gated and compared. It is very important because language processing is the expression of a
complex cognition function and each linguistic task can interact with working and long-term
memory, attentional skills, and executive control in different ways [25]. In this sense, under-
standing the deterioration of the linguistic system can help to establish compensatory mecha-
nisms in an attempt to preserve the communication.

There was a statistically significant difference in performance on the structured inter-
view, oral comprehension of phrases and text, oral narrative discourse, object manipulation,
body part recognition and left-right orientation, sentence repetition, oral naming of nouns
and verbs, phonological and semantic verbal fluency, written comprehension of phrases and
text, written naming of nouns, written dictation, number dictation, and numerical calcula-
tions mentally and on paper (Table 2). Our results suggest that maybe these tasks could be
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considerate for language screening tasks in this population. These findings will be further
discussed below. It was also found that the PPAG produced a discourse containing a greater
number of words compared to the CG. A higher number of words is not necessarily linked to
a better quality of an oral narrative since a higher wordiness or verbosity [26] can be associ-
ated with linguistic decline.

Regarding to oral comprehension, the impaired performance on phrases can be expected
in PPA because, particularly for the agrammatic/non-fluent variant, patients have difficulty
performing syntactic processing [27,28], especially for the non-canonic structures incorporated
in the sentences from the MTL-Brasil Battery. In the logopenic variant, this same difficulty may
be associated with deterioration of phonological working memory, which influences compre-
hension of long sentences made up of different syntactic structures [28-30] and although the
typical difficulty with svPPA is understanding words, these patients commonly have impaired
sentence comprehension as the disease progresses. Similarly, on the object manipulation task
by verbal command, the higher the number of command items, the greater the overload of
working memory. Likewise, this effect also occurs on the body-part recognition and left-right
orientation task, whereby the individual has to process two items of information at the same
time (body part plus side). However, when identifying body parts and notions of left and right,
difficulties involving semantic recognition may also occur. In fact, a previous study found
impaired body-part and body-side identification in AD patients, where the spatial orientation
involved in this comprehension task can be difficult for some patients with dementia [9].

Oral comprehension difficulties were also found on the structured interview task. The
structured interview task from the MTL-Brasil Battery consists of both simple and com-
plex questions, distributed hierarchically. The simpler questions require comprehension of
elements of everyday life and are therefore easier to understand. However, the more complex
questions involve analysis of situations about which the examinee is asked their opinion and,
therefore, demands more cooperation between language and other cognitive functions, par-
ticularly executive function. Similarly, comprehension of text is a complex task that requires
interaction of several cognitive domains besides language, especially episodic memory,
working memory and attention, together with the demands of oral language and executive
functions for retelling the story [27,31]. It is worth mentioning that no statistically significant
difference was found between groups considering comprehension of words. Although thirteen
patients exhibited the semantic variant, most of them were at mild stage and it seems that
MTL stimuli from this task was very familiar and easy for them.

Regarding oral production tasks, difficulties were observed on phrase repetition, possibly
due to phonological or grammatical deficits, or associated with apraxia speech. Phrase repe-
tition is one of the main tasks used for identifying logopenic PPA due to failure in short-term
phonological memory [32]. In non-fluent/agrammatic PPA, this deficit stems mainly from
impaired motor planning of speech which leads to apraxia of speech [33]. However, repetition
problems can also be caused by a deficit in syntactic processing [34].

With regard to oral naming of words, this task is especially important in assessing both
the semantic [35] and logopenic variants of PPA, due to their associated lexical-semantic or
lexical-phonologic deficits [36,37]. In semantic PPA, anomia manifests due to gradual deteri-
oration of semantic knowledge. For logopenic PPA, there are more failures in lexical access,
while semantic knowledge tends to remain preserved until moderate stages of the disease [38].
In non-fluent/agrammatic PPA, naming of verbs can be more impacted than nouns [39,40].
Although the stimuli from MTL-BR battery are considerate very easy, in the present study
they were able to discriminate groups.

Regarding oral narrative discourse, analysis of language in connected speech pro-
vides different information, which is particularly relevant in dementia due to the broad
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cognitive nature of the disorder. To produce discourse, a speaker must integrate linguistic
and non-linguistic skills. For this reason, discourse analysis is seen as a sensitive tool for
detecting language impairment [41]. In the MTL-BR battery, discourse production takes
place based on the input of a figure. Thus, the task requires adequate visual perception
and visual inference, where these elements provide the basis for producing a narrative.
The results in Table 2 show that the PPAG produced a discourse containing a greater
number of words compared to the CG, but with fewer information units. This finding

can be explained by the presence of circumlocutions which occur primarily in semantic
PPA and secondarily in logopenic PPA. In other words, despite the presence of anomia,
semantic and verbal paraphasias, besides substitution of words with unspecific generic
terms, participants with PPA seek to maintain a narrative discourse by repeating ideas and
talking around the topic [2,3,42,43]. Moreover, deficits such as agrammatism, morphemic
and phonemic paraphasias commonly found in nfav PPA [27] also affect the ability to pro-
duce discourse.

Impaired performance on the semantic verbal fluency and phonological tasks were
expected given that lexical access issues are common to all dementia syndromes [2,44,45].
Semantic verbal fluency measures the integrity of semantic memory, whereas phonologic
verbal fluency is a more sensitive measure of executive dysfunctions and impaired phonologic
processing [46]. In this respect, the present study findings corroborate the results of previous
studies showing the important role of these tasks in language assessment. Thus, evidence sug-
gests that semantic verbal fluency may be more impaired than phonologic fluency in individu-
als with svPPA. Conversely, phonological fluency may be more impaired than semantic verbal
fluency in patients with nfavPPA. In IvPPA, the evidence is conflicting, with some studies
reporting similar performance on both tasks [46,47], while others show greater impairment in
phonologic fluency [48].

Considering written comprehension tasks, differences were found between groups on com-
prehension of phrases and of written text. In the case of comprehension of phrases, dissocia-
tion between the lexical and morphosyntactic domains may hamper decoding of grammatical
structure [49]. For written comprehension of text, besides the language difficulties outlined,
performing this task involves greater cognitive demand, such as information retention, short-
term memory, working memory and attention. Moreover, although language deficits pre-
dominate in PPAs, patients already exhibited impairments to several cognitive domains, with
consequent influence on performing highly demanding tasks.

Regarding written production tasks, compared to CG subjects, patients from the PPAG had
lower performance for word dictation, written naming and narrative discourse production.

Writing difficulties are common in individuals with PPA [1], such as central dysgraphia,
which can impair word spelling, while difficulties performing grapheme-phoneme conver-
sion and peripheral dysgraphia, such as grapheme buffer failure [50] can occur, with a greater
incidence of peripheral errors than central errors in some cases [51].

The word dictation task of the MTL-BR battery consists of non-words together with both
regular and irregular words. Hence, this task involves a number of writing subsystems of the
lexical and phonological routes, which may be impaired in different variants of PPA [50,52—
54]. In addition, the association of central dysgraphia with peripheral components is not
uncommon in svPPA [50,55].

On the written naming task, specific deficits caused by the lexical and phonological routes
are associated with failures in lexical-semantic access.

In written narrative discourse, unlike in oral narrative discourse, there was a statistically
significant difference between the two groups only for the elements making up the scene
(robbery at the bakery). Written text production may require more planning time, and there is
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more opportunity for formulating and reformulating ideas [56], factors which likely contrib-
uted to better performance on this task relative to the oral discourse production. Moreover,
difficulties beyond the specific writing disorders already mentioned were expected because it
is known that producing discourse is a complex task that involves retrieving information from
memory and deciding on which elements should be included or excluded, entailing major
interaction among cognitive functions.

No group difference was detected on the non-verbal praxis tasks. Although the literature
shows that deficits on this test can be expected in patients with agrammatic PPA [33,57], the
presence of motor difficulties is relative [58]. In the present sample, only 4 patients had the
agrammatic variant, which can develop with apraxia. Furthermore, the non-verbal praxis task,
in the manner executed in the battery, without repetitive gestures or time control, appears to
have low sensitivity for detecting more subtle motor impairments.

Regarding to numerical knowledge and calculation, the PPAG had poorer performance
than the CG on tasks such as number dictation and mental calculations. In fact, the transcod-
ing tasks, since they involve language processing, may be especially hard for people with
language deficits [59], while dyscalculia may also be present, seen in both acute lesions and
PPA [59,60].

Lastly, although the MTL-BR battery seems to be an excellent instrument for language
assessment, as all instruments, it has limitations. As a battery that was originally design for
persons with aphasia some stimuli from some tasks, as pointed out before, are easy. At this
point, some tasks cannot be so good to differentiate deficits in a very early beginning of the
disease and/or for highly educated individuals.

Study limitations

Although the tasks that differentiate PPA patients from healthy subjects were identified using
the MTL-BR, further studies involving larger samples should be conducted to investigate
whether these tasks can distinguish between PPA variants.

In addition, future studies are warranted exploring potential correlations of language defi-
cits and decline in other cognitive functions and dementia staging.

Conclusions

This study identified some differences in language processing in PPA patients. Language
changes should be monitored and could make us better understand how compensatory strat-
egies aiding communication could be implemented. In this sense, an overview of language
impairment can be helpful.

Therefore, the tasks that PPA patients had poorer performance at MTL-BR such as struc-
tured interview, oral comprehension of phrases, oral narrative discourse, written compre-
hension of phrases, written dictation, repetition of phrases, semantic verbal fluency, naming
nouns and verbs, object manipulation by verbal command, phonological verbal fluency, body
part recognition and left-right orientation, written naming of nouns, oral text comprehen-
sion, number dictation, written text comprehension and numerical calculation (mental and
written) should be prioritized in assessments of patients with PPA and incorporated into brief
tools for use in routine neurologic exams and for diagnosis of PPA.

Supporting information

S1 Table. CG and PPAG data. MD = Missing Data.
(XLSX)
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