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ABSTRACT

Primary Progressive Aphasia (PPA) is a degenerative condition characterized by
progressive loss of language function. Individuals with PPA are divided into three
clinical variants based on distinct speech and language features and patterns of cognitive
decline: the semantic variant of PPA (svPPA), the non-fluent/agrammatic variant of
PPA (nfvPPA) and the logopenic variant of PPA (IvPPA). The most common types of
neurodegeneration in PPA are frontotemporal lobar degeneration (FTD) and
Alzheimer’s disease (AD).

The main aim of the research was to describe the clinical presentation of PPA and
provide a detailed cognitive-linguistic profile of PPA for the Greek-language. The vast
majority of studies in PPA involve participants whose native language is English.

Detailed reports of PPA in other languages are scarce.

To that end, 13 individuals with PPA, at the early and moderate stages of the disease,
were evaluated. Nine demographically matched adults with AD have also completed the
cognitive-linguistic battery. Fifteen neurotypical adults, matched for gender, age and
education have served as controls. The assessment battery included neuropsychological
tools for the evaluation of speech, language, other cognitive domains (attention,
memory, executive and visuospatial functions) and mood. Linguistic assessment
targeted auditory comprehension, motor speech, narrative production, naming,
repetition, reading and writing. In addition, information about the level of functioning
and the presence of neuropsychiatric symptoms was collected by each participant’s

primary caregiver.

Differences were documented in neuropsychological testing and connected speech
production between Greek-speaking individuals with AD and PPA. PPA participants
were less affected than AD participants in the delay conditions of episodic memory
measures. However, they too were impaired in executive tasks, especially for working
memory and phonemic verbal fluency. Naming, single word comprehension, auditory

comprehension of complex material, repetition, reading and writing were all affected.

The most informative measures in differentiating svPPA and IvPPA from AD
participants were repetition of long frequent sentences, frequency of phonological

errors, mean sentence length and sentence elaboration index in connected speech.
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Regarding narrative production, differences between a picture description and a story
retell task were found for fluency, lexical selection, discourse and sentence productivity
but not for grammatical accuracy measures. For the PPA group, measures of fluency,
lexical selection, discourse and sentence productivity correlated with executive control,
short-term memory and to a lesser degree with working memory. Fewer differences

between the tasks were documented for the AD group.

Both tasks were able to capture connected speech deficits in PPA and AD and in that
sense, both methods can be used interchangeably. However, story retell seems to be
more sensitive in identifying deficits at the syntactic level of language production and
may assist in the differential diagnosis between PPA and AD.

Inspection of individual profiles in individuals with PPA revealed heterogeneity in
cognitive function, linguistic and narrative discourse abilities. Participants with svPPA
presented with more typical phenotypes in comparison to the participants with IvPPA.
Non-language cognitive deficits were common in IvPPA. Neuropsychiatric symptoms
were reported for IVPPA participants, but to a lesser extent than for FTD participants.
Participants with a prominent movement disorder manifested impairment in other areas,

including speech, language and cognition.

Differences were also documented for 4 participants in cognitive, linguistic abilities and
discourse production over time. The pattern of differences in performance of each
participant was different. Despite, similar cognitive status at initial assessment,
participants with IvPPA have shown greater decline than a participant with svPPA. All
three were further affected in memory, writing and lexical retrieval. The IvPPA
participants exhibited further difficulty with sentence repetition. One participant
presented with a naming impairment. Naming was further affected, and a mild semantic

deficit was documented in his second assessment.

Further studies with large PPA cohorts and balanced representation of each PPA
variant, combining neuropsychological, linguistic and neuroimaging testing could better

explore PPA subtyping.

Keywords: Primary progressive aphasia, Alzheimer disease, semantic variant, non-

fluent agrammatic variant, logopenic variant

viii



HEPIAHYH EPEYNHTIKHX EPTAXIAY XTA EAAHNIKA

H Ipwrtomadnig [1Ipoodevtikn Apacia (ITITA) eivar pio orndvia popen Avolog 1 oroio
yopoaktnpileton amd pia apyd eEedocdpuevn yYAwooikn dwutapayn. Ta dropa pe IITA
UTOPOVV VO KOTIYOPLOoTomBovV 6€ Tpelg KMVIKEG TopaALayES (OMLOGIOAOYIKY, 1N
PEOLGO/AYPOULOTIKY KOl AOYOTTEVIKT TOPOAANYT) PAGEL CLYKEKPILEVMV YVOPICUATOV

opMog Kot Adyov.

YKomdG TN TOPOVGOS EPEVVNTIKNG LEAETNG EIVOL 1] AETTOUEPTG KOTAYPOPT TV
YAOOOIKOV YopaktpioTik®v g [ITTA kot tov mtaporiaydv g oty EAAnvikn
YAOOOoW, KAODS KoL | GUGYETICY| TOVG LE GUVLTAPYOVTO YVOOTIKG eAleippata. Ot
TeEPLoGOTEPES £peuveg 6to Ywpo g IITIA €yovv deEayBel oty AyyMkn YA®GGH Kot

pUovo évag moA Hkpog aptBpdc peketdv eotidleton og pn ayyAd@wvoug acOeveic.

[Na tov okomd avtd eEetdotnkav 13 dropa pe TITA kabmng kKot 9 dtopa pe voco
Alzheimer (NA) pe coumtdpata g Kot pétpog Papdnrag. AeKomEVE vYlelg
EVNAIKES, EE1I0UEVOL MG TPOG TO PVAO, TNV NAKIN Kot TO €MimEdO EKTAIdELONC,

ATOTELEGAY TNV OUAdO EAEYYOV.

H a&oroyntikn dadikacio meptlapupove vevpoyuyoroyikés SOKIILAGIES Yo TNV
EKTIUNON TOV YA®OOIKAOV, TOV YVOCTIKOV IKAVOTNTOV Kol TG 01d0eong twv
ocoppeteyoviov. H yvootikn aloAdynon e0TIdGTNKE GTOVS TOUEIS TG TPOGOYNGS, TNG
LVAUNG, TOV EMTEAIKOV KOL TV OTTIKOXWPIKOV Kavottev. EmmAéov, a&loloynonke n
AEKTIKN KATOVONOT], O KIVIITIKOG UNYOVIGLOG TNG OUIMOAG, O a1 ynUatikdg AOYos, M
KAVOTNTO KATOVOUAGTOG, ETAVAANYNGC, avayvmong Kot ypaens. IIAnpogopieg oyetikd
He TN AgttoupykdTnTa Kot Thavd Guvodd Yoylotpikd GUUTTOUATA GVAAEYONKAY aTd

TOVG PPOVTIGTEG TOVG LLE TN YPNOT) EPMTNUATOAOYIMV.

Koataypdonkoav 610popé oTig YVOOTIKEG Kol YAOGGIKEG Aettovpyieg LETAED TV
ovppeteyoviov pe IITA koat NA. Ot dokipoacieg mov Bpédnie 6t pmopel va fondncovv
oTN SLPOPOIAYVOOT Elval 1] EMAVAAN YT TPOTAGE®V [LE LEYAAO UNKOG Kot AuENUEVT
oLYVOTNTA ELEAVIONS, O OPLOLOG TOV POVOLOYIKOV TAPAPACIDV, TO LEGO UNKOG

pdTaoNG Kol 0 OeikTng avamTuéng TpoTaong.

ZuyKpivovtog TNV TopoymY] a@nynUATikod Adyov KOTA TNV TEPTYPUPT HIOG EIKOVOS KOl

NV ovoduynon pog wtopiag, Ppédnie 0Tt kat ot dVo SOKIHAGIEG LTOPOVV VL



APNOLOTOMBOVV yio TNV KoTaypaen eAleiupdtov. H avadumynon wog wotopiog

eatvetol 6Tt emTpénel emmpOcHeTa TNV d10POoPodLdyvwon TV atdpmy pe TIITA kot NA.

To yvooTiKo Kot YAWGGIKO TPoeid KaOe cupupuetéyovia cuintmonke oe oyéon Le Ta
1GYVOVTO KAVIKG KprTipia. AVaADOVTOG TIG YVOOTIKEG Kol YAMGGIKES TOLG 0eE10TNTEC,
SMIGTOONKE TOIKIAOHOPPIa, 1310ITEPA Y10 TOVG GUUUETEYOVTEG LLE TN AOYOTEVIKN

TapoAAay| TNG VOGOV.

A6 ™ PELETN TECOAP®V TEPMTMOOENMY OV aloAoynOnKav Eava LETE amd ddoTnua
€vOG £€T0VG, PpEdnke OTL 01 VO CLUUETEXOVTEG UE TN AOYOTEVIKT] TOPOAAAYT
TAPOLGIOGAY YPNYOPOTEPT EKTTMGT, KOAOMG Kol EKTTMOT G€ TEPIGGOTEPOVS TOUELS, OE
oxéoM e TOVG AAAOVS SVO GUUUETEXOVTEC.

[Tpoomtikéc HeEAETES e LEYOADTEPO APIOUO CUUUETEXOVTOV KOL IGOPPOTNLLEVT
avtimpoodnevon tov 3 maporiaydv g [ITA eivar anapaitnteg Tpokepuévov va,

dtepeuyn oV TEPAUTEP® Kot VO SIEVPLVOOVV TOL GLUTEPACILATO AVTNG TNG LEAETNG.

Keywords: ITpowtonadng tpoodevtikn apacio, Nocog Alzheimer, Aoyomeviky,

QY POLLLLATIKY], CTLAGLOAOYIKN TTapOAAayn
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1 Introduction

1.1 Overview

Primary Progressive Aphasia (PPA) is a degenerative condition characterized by
gradual, progressive loss of language function. Cognitive abilities as well as activities of
daily living are preserved during the first two years of the disease. Language symptoms
remain predominant during much of the course of the disease (Gorno-Tempini et al.,
2011; Mesulam, 2003; 2001).

Patients diagnosed with PPA, are divided into clinical variants based on specific speech
and language features according to International Consensus Criteria (Gorno-Tempini et
al., 2011). Investigators agree that the proposed classification is more applicable at the
relatively early stages of the disease (Gorno-Tempini et al., 2011). The semantic variant
(svPPA) is associated with difficulties in single word comprehension and naming. The
non-fluent/agrammatic variant (nfvPPA) is characterized by apraxia of speech and
production errors in syntax. The logopenic variant (IvVPPA) is characterized by
difficulties in repetition and word finding. Individuals with the latter variant often make

phonological errors and their rate of speech is slow.

PPA results from a variety of underlying diseases, but the most common types of
neurodegeneration are frontotemporal lobar degeneration (FTLD) and Alzheimer’s
disease (AD) (Spinelli et al., 2017). For the vast majority of patients with AD, the most
prominent clinical symptom is memory loss rather than an impairment of language.
However, the logopenic variant of PPA tends to be associated with AD pathology. The
most typical pathology of svPPA and nfvPPA is FTLD.

The prevalence of PPA is estimated in the range of 1.1-6 per 100.000 (Grossman,
2014). PPA usually occurs before the age of 65, with approximately equal prevalence
between the sexes (Mesulam et al., 2014). Survival is about 7 years (Grossman, 2014).
Mean survival is longer in nfvPPA (8 years) and median survival in svPPA (12 years).
Survival in FTD is comparable to AD survival with the exception of the amyotrophic
lateral sclerosis-frontotemporal dementia complex FTD-ALS (Kansal et al., 2016).

The vast majority of studies involving individuals with PPA have been conducted with

participants whose native language is English. Detailed analysis of language in PPA in



other languages are scarce (Auclair-Ouellet, 2015). Only a small number of studies have
been conducted in Greek speakers with PPA. Most of the research is single-case studies
or studies with few participants, and focus on isolated aspects of language,
predominantly morphosyntax. More evidence is needed to understand the clinical
presentation of PPA in Greek-speaking individuals in order to improve speech and

language assessment and therapy provision for this under-researched population.
1.2 Aims and Research Questions

The main aim is to document the clinical presentation of PPA in Greek-speaking
individuals with PPA at the early and moderate stages of the disease. This involves
developing a detailed profile of the speech and language abilities in Greek-speaking
individuals with PPA and investigating how speech and language characteristics

correlate with other areas of cognitive functioning.
The main research questions that drive this research are four-fold:

1. What are the existing neuropsychological instruments, for Greek, that can be
used in the evaluation of the speech, language, and other cognitive deficits in
individuals with PPA?

2. What are the measures that differentiate Greek-speaking individuals with PPA

from neurotypical controls?

3. What are the measures that differentiate Greek-speaking individuals with PPA
from individuals with AD?

4. Which instruments are useful in diagnosing PPA and classifying individuals into
the established variants of PPA?
Phase One: Development of the evaluation protocol

Literature review on the neuropsychological tests used in the evaluation of individuals
with PPA

Aim: To identify the cognitive and linguistic domains of interest and specify the
neuropsychological instruments in the Greek language that can be used in

documenting the deficits encountered in PPA.

Pilot study one: Bilingualism in a case of the non-fluent/agrammatic variant of PPA



Aim: To compare the participant’s connected speech production to that of
Greek-speaking normal controls and determine whether Greek (first language)

and French (second language) are differentially impaired.

Pilot study two: A case study of a Greek-speaking individual with the semantic variant
of PPA

Aim: To evaluate the assessment battery and describe the clinical presentation of

the disease in a Greek-speaking individual with the semantic variant of PPA.

Pilot study three: Comparing two Greek-speaking individuals with the non-fluent and
semantic variant of primary progressive aphasia using neuropsychological, narrative,

and acoustic measures.

Aim: The aim of this study was to evaluate the battery of neuropsychological
tests, narrative analysis and acoustic measures and compare the clinical
presentation of nfvPPA and svPPA, in two Greek-speaking individuals with
PPA.

Phase Two: Research Studies: linguistic and cognitive profiles of Greek-speaking
individuals with PPA

Study one: Comparing Greek-speaking individuals with PPA to individuals with AD and

neurotypical controls

Aim: To establish which measures can differentiate Greek-speaking individuals
with PPA from individuals with AD and neurotypical adults.

Study two: Comparing two narration tasks in PPA and AD: picture description and

story retell.

Aim: To compare performance on two frequently used narration tasks and
examine whether the two elicitation tasks placed different cognitive demands on
individuals with PPA and AD.

Study three: Cognitive-linguistic profiles of Greek-speaking individuals with a

degenerative disease: a case-control study



Aim: To explore the range of cognitive and language symptoms in PPA and
FTD and document the challenges associated with the clinical diagnosis of PPA

and classification of the PPA variants.

Study four: A case-series study of disease progression: how do cognitive-linguistic

profiles of individuals with PPA change in one year as the disease evolves?

Aim: To gain an insight into how performance on the neuropsychological
assessment battery changed after a one-year period, in relation to which

language/cognitive abilities deteriorated, and which remained stable over time.

1.3 Literature Review

1.3.1 Historical Overview and Conceptual Framework

The first reports of patients with a progressive language disorder go back to the 1980’s.
Pick and Serieux (in Gorno-Tempini et al., 2011) were the first to describe language
deterioration due to atrophy of the left frontal and temporal lobes. The term primary
progressive aphasia (PPA) was first used by Marsel Mesulam in the 1980s (Mesulam,
1982) to described the distinct syndrome of a slowly progressive language impairment.
For approximately two decades PPA was divided into semantic dementia and
progressive non-fluent aphasia. However, not all cases could be classified into these two
subtypes. A third subtype, logopenic primary progressive aphasia, was first described by
Gorno-Tempini et al (2004). The current consensus criteria for PPA recognize three
variants: the semantic variant of PPA (svPPA), the non-fluent/agrammatic variant of
PPA (nfvPPA) and the logopenic variant of PPA (IvPPA) (Gorno-Tempini et al., 2011).

Each variant has a distinct profile of language impairment, a specific distribution of
atrophy on neuroimaging, and a different likelihood of the exact underlying molecular

pathology.
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Figure 1: Characteristic patterns of brain atrophy in PPA variants affecting frontal, parietal and
temporal lobes.

Each PPA variant shows a distinct pattern of underlying brain atrophy in the left
hemisphere (Gorno-Tempini et al., 2011). Typically, nfvPPA is associated with fronto-
insular atrophy, IVPPA with atrophy of temporo-parietal regions and svPPA with
atrophy of the anterior and inferior temporal lobe, more pronounced in the left

hemisphere.

PPA overlaps clinically and pathologically with Frontotemporal Dementia (FTD) and
Alzheimer’s disease AD). FTD is an umbrella term that encompasses degenerative
disorders of the frontal and anterior temporal lobes that affect behavior and language.
FTD typically includes the behavioral variant of FTD (bvFTD) and the two language
variants of PPA, nfvPPA and svPPA (figure 1). Amyotrophic lateral sclerosis (ALS)
(also known as Motor Neuron Disease, MND) and the atypical parkinsonian syndromes
of Corticobasal syndrom (CBS) and Progressive supranuclear palsy (PSP) are also
included in the FTD spectrum (Olney, Spina, & Miller, 2017). FTD is (together with
AD) the most common cause of dementia in individuals with early-onset dementia,
before the age of 65 (Bang, Spina, & Miller, 2015).



nfvPPA

SVPPA

FTD PPA

Figure 2: A schematic diagram of the diagnostic overlap between FTD and PPA

The term frontotemporal lobar degeneration (FTLD) is used from a neuropathological
perspective. Three histopathological inclusions characterize FTLD: FTLD-Tau, FTLD-
TDP and FTD-FET (Mackenzie & Neumann, 2016). SvPPA has been correlated with
FTLD-TDP, while nfvPPA with FTLD-Tau (Josephs et al., 2011; Spinelli et al., 2017).
Although strong associations exist, the relationship between clinical diagnoses and

specific pathologies is not always clear cut (figure 3).
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Source: (Olney et al., 2017)

Figure 3: Clinical and pathological correlations in FTD spectrum disorders

The logopenic variant of PPA is strongly associated with Alzheimer's disease
pathology. AD which is the most frequent type of dementia (60—70%), is clinically
characterized by memory deficits and pathologically by the presence of two proteins:

amyloid, and tau (Reitz, Brayne, & Mayeux, 2011). Amyloid beta (B) peptides



accumulate to form extracellular plaques, while TAU proteins form intracellular

neurofibrillary tangles.

Most cases of PPA are sporadic. However, around one third of the persons with PPA
have a family history of PPA or another disorder within the FTD spectrum (Flanagan et
al., 2015; Goldman et al., 2005; Rohrer, 2014). A gene mutation has been found in a
small proportion of affected people. Two mutations, in the progranulin (GRN) and the
chromosome 9 open-reading-frame 72 (C9ORF72) genes, are considered to be the
major cause of familial cases of PPA (Flanagan et al., 2015; Rohrer, 2014) . Genetic
predisposition varies among the different PPA variants. In particular, nfvPPA has been
found to be more hereditary than the semantic and the logopenic variant (Rohrer, 2014).

Currently, there is no pharmacological treatment for FTD that can stop or alter the
course of disease progression. Treatment of FTD is symptomatic. Medications that have
been used to improve behavioral, cognitive, and motor symptoms include
antidepressants, antipsychotics, antiepileptics, N-methyl D-aspartate glutamate
(NMDA\) receptor antagonists, acetylcholinesterase inhibitors and dopamine
replacement (Tsai & Boxer, 2016). Acetylcholinesterase inhibitors, commonly used in

AD, may worsen symptoms in FTD (Olney et al., 2017).

Individuals with FTD and their caregivers may benefit from non-pharmacological
therapies. Physical exercise, caregiver education are among the treatments that have
been found to have a positive effect (Shinagawa et al., 2015). Moreover, speech and
language intervention can improve language outcomes in individuals with PPA
(Cadorio, Lousada, Martins, & Figueiredo, 2017; Carthery-Goulart et al., 2013; Tippett,
Hillis, & Tsapkini, 2015).

1.3.2 Diagnostic criteria of PPA variants

According to the established criteria, the diagnosis of a PPA variant is made in two
stages. First, a person must meet Mesulam’s criteria for PPA (Gorno-Tempini et al.,
2011; Mesulam, 2001). For a diagnosis of PPA to be established, the language deficits
must be the most prominent deficit at symptom onset and for the early stages of the
disease, as well as the principal cause of impaired activities of daily living. Furthermore,
the existing deficits should not be better accounted for by other medical,

neurodegenerative or psychiatric disorders. Finally, the prominent initial behavioral



disturbances, episodic memory, visual memory or visuoperceptual impairments should

not be present at the time of diagnosis.

Once an individual is diagnosed with PPA, speech and language features guide the
classification process into a PPA variant. The language domains that contribute to this
process include the following: speech production, repetition, single-word
comprehension, comprehension of syntax, naming, semantic knowledge, reading and
spelling. The diagnosis is clinical and can be supported by neuroimaging such as MR,
SPECT or PET scan and/or supported by histopathology or genetic evidence of definite
pathology. Histopathological confirmation can only be made at post-mortem. The
diagnostic criteria of the three variants of PPA are presented in Table 1.

Table 1: Diagnostic criteria for the three PPA variants

nfvPPA SVPPA IVPPA

I. Clinical Diagnosis

At least one of the following Both of the following Both of the following core
core features must be core features must be features must be present
present: present

1. Agrammatism in 1. Impaired confrontation 1. Impaired single-word
language production naming retrieval in spontaneous

speech and naming

2. Effortful, halting speech 2. Impaired single-word 2. Impaired repetition of
with inconsistent speech comprehension sentences and phrases
sound errors and distortions

(apraxia of speech)

At least 2 of 3 of the At least 3 of the At least 3 of the following
following other features following other features  other features must be
must be present: must be present: present:

1. Impaired comprehension 1. Impaired object 1. Speech (phonologic)

of syntactically complex knowledge errors in spontaneous

sentences speech and naming



2. Spared single-word 2. Surface dyslexia or 2. Spared single-word

comprehension dysgraphia comprehension and object
knowledge
3. Spared object knowledge 3. Spared repetition 3. Spared motor speech
4. Spared speech 4. Absence of frank
production agrammatism

I1. Neuroimaging-supported diagnosis
Both criteria must be present
1. Clinical diagnosis of the specific PPA variant

2. Neuroimaging must show one or more of the following results:

Predominant left posterior- ~ Predominant anterior Predominant left posterior
fronto-insular atrophy on temporal lobe atrophy on  perisylvian or parietal
MRI or MRI or atrophy on MRI or
Predominent left posterior Predominent anterior Predominent left posterior

frontoinsular hypoperfusion  temporal hypoperfusion  perisylvian or parietal

or hypometabolism on or hypometabolism on hypoperfusion or
SPECT or PET SPECT or PET hypometabolism on
SPECT or PET

I11. Diagnosis of PPA variant with definite pathology
1. Clinical diagnosis (criterion 1 below) and either criterion 2 or 3 must be present:
2. Clinical diagnosis of the specific PPA variant

a. Histopathologic evidence of a specific neurodegenerative pathology (e.g.
FTLD-tau, FTLD-TDP, AD, other)

b. Presence of a known pathogenic mutation

Source: Gorno-Tempini et al. (2011)

PPA can reliably be classified into 3 subtypes in around 75-80% of cases (Nickels &
Croot, 2014). A patient may display a central feature of a specific variant, but not other

supporting features at a particular time in the disease course (Sapolsky, Domoto-Reilly



& Dickerson, 2014). Sometimes, a patient may present with characteristics which
comply with more than one subtype (e.g. Vandenberghe, 2016). To accommodate these
inconsistencies, it has been suggested that classification should include other variants,
such as primary progressive apraxia of speech (PPAQOS) (Duffy et al., 2015; Josephs et
al., 2012), anomic PPA (Vandenberghe, 2016) and mixed PPA (Mesulam et al., 2014).
The classification of some patients remains challenging and this has important

implications for clinical management, as well as scientific investigations.
1.3.3 The clinical characteristics of PPA variants

1.3.3.1 Overview

Within PPA, there is great heterogeneity with varying symptoms and trajectories. The
characteristic profiles of PPA variants include linguistic, as well as non-linguistic
features, namely apraxia in nfvPPA, behavioral changes in svPPA and working memory
deficits in IvPPA. The profiles evolve with disease progression and this is one of the
main reasons that renders the analysis of deficits in PPA complex (Leyton & Ballard,
2016). The distinctive features of the PPA variants can be more clearly identified in the

early stages of the disease.

Aphasia is an impairment of language which affects the production and/or
comprehension of speech, as well as the ability to read or write, and carry out arithmetic
calculations. In PPA, aphasia is the most prominent deficit at onset, but there may be
subtle evidence of deficits in other domains, reflecting a spread of the disease to areas
adjacent in the language network. These may include ideomotor apraxia, dyscalculia,
disinhibition (i.e. lack of restraint, impulsivity), and constructional deficits.
Nevertheless, these types of non-language deficits do not restrict daily living activities

to a significant degree.

As the disease progresses, other domains are increasingly affected, most notably
executive functions and behavior. Memory deficits for recent events, face and object
recognition deficits, mild pyramidal (e.g. spasticity, weakness, hyperactive reflexes) and
extrapyramidal (e.g. bradykinesia, rigidity, tremor) deficits may arise. At the advanced
stages, aphasia is characterized by severe comprehension deficits. Similarly, expressive

language is significantly reduced to single words, palilalic repetitions of syllables or
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grunts. All persons with PPA become mute at the end stage of the disease-complex
(Harciarek, Sitek, & Kertesz, 2014).

The literature on linguistic, other cognitive and behavioral deficits in PPA is quite
extensive. The following review will focus on the distinctive features of the PPA

variants.

1.3.3.2 Speech/language characteristics

Speech and language can be evaluated using structured production and comprehension

tasks, as well as connected speech analysis of spontaneous speech or discourse genres.
Motor speech

Motor speech disorders include two major entities: apraxia of speech (AOS) and
dysarthria. Poole et al. (2017) reviewed the evidence on motor speech impairment in
PPA. Motor speech disorders, usually AOS, occur frequently in nfvPPA. Dysarthria has
also been reported although less commonly. Dysarthria, when present, is usually of the
spastic or the hypokinetic type (Ogar et al., 2007). The most common perceptual
features of AOS in nfvPPA include impaired prosody, slow speech rate and articulation
errors, both phonemic and phonetic. In PPA, apraxia of speech (AOS) has been linked
to pathology of the speech motor regions of the frontal cortex. Neither AOS, nor
dysarthria has been documented in svPPA. Slow speech rate and the presence of
hesitations in this variant may be attributed to anomic difficulties. Finally, there have
been reports of motor speech deficits in IVPPA. It must be noted, however, that
production errors in this variant are more likely to represent phonemic paraphasias
(Poole, Brodtmann, Darby, & Vogel, 2017).

Connected speech production

The evaluation of connected speech enables a multi-level naturalistic assessment of
language production (Marini, Andreetta, del Tin, & Carlomagno, 2011). All linguistic
levels, phonetics, phonology, morphology, syntax, semantics, pragmatics, and discourse
can be evaluated when analyzing connected speech samples.

Boschi et al. reviewed the evidence from studies focusing on connected speech deficits
in neurodegenerative disorders (Boschi et al., 2017). People with the non-

fluent/agrammatic variant of PPA typically speak at a slower speech rate than healthy
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controls and make frequent speech sound errors (Ash et al., 2009; Wilson et al., 2010).
At the lexical level, an increased number of errors in closed class words (less nouns
with determiners) has been reported (Knibb, Woollams, Hodges, & Patterson, 2009;
Sajjadi, Patterson, Tomek, & Nestor, 2012b). At the syntactic level, they make syntactic
and inflectional errors (Graham, Patterson, & Hodges, 2004; Sajjadi et al., 2012b) and
produce simplified sentences with lower number of words per utterance, clauses, verb
phrases and coordinated sentences (Fraser et al., 2014; Knibb et al., 2009; Wilson et al.,
2010). Concerning discourse abilities, individuals with nfvPPA produce a reduced
number of words, limited relevant information and they have difficulty maintaining the
topic (Graham et al., 2004; Wilson et al., 2010; Sajjadi et al., 2012; Ash et al., 2013;
Fraser et al., 2014). It should be noted that agrammatic features may also be evident in
writing (Bettcher & Sturm, 2014).

In svPPA speech rate is slower than in healthy controls and it is associated with false
starts (Ash et al., 2006, 2013; Meteyard and Patterson, 2009; Wilson et al., 2010). At the
lexical level, reduced proportion of open class words, use of high-frequency words and
increased number of pronouns and semantic errors have been reported (Meteyard and
Patterson, 2009; Sajjadi et al., 2012a Fraser et al., 2014a Wilson et al., 2010). At the
syntactic level, compared to normal controls, reduced mean length of utterance,
syntactic complexity and range of syntactic constructions have been verified (Sajjadi et
al., 2012a; Meteyard et al., 2013 Wilson et al., 2010; Fraser et al., 2015b Ash and
Grossman, 2015). Difficulties in discourse planning (impairment of local coherence)
have been shown (Ash et al., 2006; Ash and Grossman, 2015).

LVPPA is characterized by the presence of phonological errors, slower speech rate and
increased number of dysfluencies (pauses, false starts, filled pauses, repaired sequences)
in comparison to controls (Ash & Grossman, 2015; Ash et al., 2013; Wilson et al.,
2010). In the same studies, reduced proportion of well-formed sentences, reduced

number of open class words but increased number of pronouns used was reported.

The presence of distortions has been found to be the most informative measure for
distinguishing between nfvPPA and IVPPA (Wilson et al., 2010). Additional measures
that may assist in differentially diagnosing these subtypes are proportion of verbs and
number of embeddings used in spontaneous speech, which are higher in IvPPA. Faster

speech rate, less distortions, higher proportion of pronoun and verb usage, and

12



production of nouns of higher frequency and or familiarity were found in svPPA
compared to nfvPPA (Ash et al., 2013; Fraser et al., 2014; Wilson et al., 2010).

Inflectional morphology

Formal structured testing has yield inconsistent results regarding morphological
difficulties in PPA (Auclair-Ouellet, 2015). At a group level, individuals with nfvPPA
are impaired, whereas morphological processing is preserved in IvPPA. Individual
patient data however indicate variable performance. In svPPA, morphology is spared,
though difficulty inflecting irregular and low-frequency verbs has been displayed in

some studies (Meteyard, Quain, & Patterson, 2014).
Sentence comprehension

Impaired comprehension of complex sentences attributed to morphosyntactic deficits is
one of the hallmark features of nfvPPA that has been attested in several studies (eg.
Thompson et al., 2013; Wilson, et al., 2010). Difficulty with complex sentences has also
been found in IvPPA, but has been associated with verbal working memory deficits
(Thompson & Mack, 2014). Sentence comprehension is relatively preserved in svPPA,

but may be affected at later stages of the disease (Thompson & Mack, 2014).
Naming

Naming impairment and naming decline has been documented in all PPA variants (eg.,
Sebastian et al., 2018). Migliaccio et al. (2016) assessed picture naming in 30 patients
with PPA. All svPPA, IVPPA and one fifth of the nfvPPA patients were impaired on
confrontation picture naming. Naming was more impaired in svPPA than in IvPPA and
least impaired in nfvPPA. Semantic paraphasias and no responses were more likely to

occur in svPPA, whereas phonemic paraphasias were prominent errors in nfvPPA.

Anomia in svPPA has been linked to degraded semantic representations or impaired
access to phonological representations from semantics, whereas in IvVPPA and nfvPPA

to impaired phonological representations (Meyer, Tippett, Turner, & Friedman, 2019).
Writing and Reading

Reading and writing impairments are common in PPA and different profiles of deficits

have been reported in the different variants of PPA. Handwriting, although generally
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preserved, can also be affected in PPA in the presence of a constructional, visuospatial
or motor deficit in the later stages of the disease (Graham, 2014).

The semantic variant of PPA is characterized by surface dysgraphia (difficulty with
exceptional and low-frequency words and regularization errors) (Faria et al., 2013;
Henry, Beeson, Alexander, & Rapcsak, 2012). Non-phonologically plausible errors can

be expected with disease progression (Graham, 2014).

Impairment patterns are more variable in the other variants. In the non-
fluent/agrammatic variant, most commonly, there is phonological dysgraphia
(impairment in lexical spelling and phoneme-to-grapheme conversion and production of
non-phonologically plausible errors). Phonological dysgraphia is usually accompanied
by the presence of phonologically plausible errors (Graham, 2014). Several cases of
graphemic buffer disorder (difficulty with letter sequencing) have also been reported
(Graham, 2014). Deep dysgraphia (characterized by the production of semantic errors)
Is rare, but has been reported in a small number of nfvPPA cases (Faria et al., 2013;
Tree, Kay, & Perfect, 2005).

In the logopenic variant, dysgraphia can be the presenting symptom (Rapp & Glucroft,
2009). Similarly to nfvPPA, any type of writing disorder can be observed in this variant
(Graham, 2014). Most studies have documented the presence of phonological
dysgraphia. Surface dyslexia has also been reported. Finally, a graphemic buffer
disorder is less likely to be found in IvPPA (Graham, 2014).

Recently, it has been proposed that spelling may assist classification. Neophytou et al.
used words and pseudowords in a spelling task and employed automated classification
to sybtype PPA variants (Neophytou, Wiley, Rapp, & Tsapkini, 2019). Classification
accuracy was 70% for nfvPPA, 66% for svPPA and 59% for IVPPA.

Regarding reading abilities, surface dyslexia has been associated with svPPA, whereas
phonological dyslexia with IvPPA (S. M. Brambati, Ogar, Neuhaus, Miller, & Gorno-
Tempini, 2009; Matias-Guiu et al., 2017) and nfvPPA (Matias-Guiu et al., 2017).

1.3.3.3 Language-specific characteristics

A limited number of studies indicates that some symptoms are unique in different

languages (Tee & Gorno-Tempini, 2019).
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In Italian, stress assignment errors in reading aloud have been documented in a person
with svPPA and have been interpreted as indications of surface dyslexia (Galante,
Tralli, Zuffi, & Avanzi, 2000). Japanese individuals with svPPA, even with mild
impairment, have been found to perform considerably better with alphabetic script
(kana) than with logographic script (kanji) (Ikeda et al., 2011). The authors of this study
recognize that the early discovery of Gogi aphasia/SD in Japan was related to the
demanding nature of the Japanese written language. In Chinese, which is a logographic
language, individuals with svPPA exhibit deep dyslexic errors (Ting, Chia, & Hameed,
2016).

Finally, Canu et al. directly compared Italian and English-speaking individuals with
nfvPPA (Canu et al., 2020). They found that the Italian speakers were more impaired in
measures of syntactic productivity and comprehension, whereas the English-speaking
participants were more impaired in measures of motor speech ability, despite higher
level of education.

These findings suggest that there may be language specific presentations of PPA, which

depend on the specific characteristics of each language (Canu et al., 2020).

1.3.3.4 Cognitive functions

Neuropsychological testing may reveal additional areas of cognitive impairment in PPA

variants. In this section, memory, executive, and visuospatial functions are reviewed.
Memory

Memory deficits have been reported in PPA. In a recent meta-analysis, effect sizes of
memory deficits were estimated for each variant (Eikelboom et al., 2018). The largest
effect size was for IVPPA. Memory deficits, both verbal and non-verbal, seem to be
more pronounced in the logopenic than in the non-fluent/agrammatic variant. Impaired
verbal memory is also found in the semantic variant. Progression of IvPPA to posterior
temporal regions and involvement of the hippocampus may explain the memory deficits
displayed by persons with IvPPA (Bettcher & Sturm, 2014).

Executive functioning

Individuals with nfvPPA have shown executive deficits on verbal tasks of working

memory, verbal fluency, as well as on non-verbal tasks of mental flexibility and abstract
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reasoning (Macoir, Lavoie, Laforce, Brambati, & Wilson, 2017). There are however
reports of unimpaired non-verbal executive functioning (e.g., Butts et al., 2015).

Executive functions seem to decline over the course of the disease (Libon et al., 2009).

In svPPA, a person may have difficulty comprehending instructions and/or stimuli due
to the underlying semantic impairment. This difficulty affects performance on
neuropsychological tests. Mixed results have been reported about the presence of
executive deficits in the early stages of this variant and the progression of the decline
(Macoir et al., 2017).

In IVPPA, executive deficits have been found on the Trail-Making Test (TMT) (Bultts et
al., 2015). Time to complete part B of the TMT test was significantly slower than in
sVPPA. Impairment has also been reported in a few other studies, but more research is

needed to better describe executive decline in IvVPPA (Macoir et al., 2017).
Visuospatial functioning

SVPPA is the variant in which visuospatial functioning is less affected in comparison to
the other two variants (Butts et al., 2015). However, individuals with svPPA are more
impaired in recalling visual information (Watson et al., 2018). Individuals with IvPPA
may display deficits on visuospatial tasks (visual localization and construction) such as
copying a complex figure at the early stages of the disease (Bettcher & Sturm, 2014).
Persons with nfvPPA are also impaired in visuospatial functioning but perform better in
delayed recall than persons with IVPPA. Both variants show decline in visuo-

construction, namely figure copying, over time (Watson et al., 2018).
Mathematical calculations

Early in the course of the disease, individuals with IvPPA may display deficits on
calculation tasks (e.g., multiplication or complex addition) (Stenclik et al., 2013).
Individuals with nfvPPA may have trouble with complex mathematical calculations due
to executive deficits (Bettcher & Sturm, 2014). In svPPA, some persons may have lost
the knowledge of arithmetic facts (e.g. basic multiplications) and not remember the
significance of an operation sign, but still be capable of performing mathematical
calculations (Bettcher & Sturm, 2014).

In summary, executive deficits are more common in nfvPPA, followed by IVPPA. The

logopenic variant is characterized by difficulty in calculation ability and visuospatial
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functioning. Memory functions are more impaired in IvPPA. Individuals with the
semantic variant may display a memory impairment which can be attributed to the loss

of semantic knowledge.

1.3.3.5 Behavioral symptoms

Although marked behavioral changes are atypical at the initial stages of PPA, a variety
of neuropsychiatric symptoms have been documented with disease progression.
However, very few studies have directly compared the neuropsychiatric symptoms in

the three PPA variants using different neuropsychiatric and behavioral scales.

In a review of the relevant literature, Modirrousta et al. noted that neuropsychiatric
symptoms are relatively infrequent initially in the non-fluent/agrammatic and logopenic
variant, whereas they are more common in early stages of svPPA (Modirrousta, Price, &
Dickerson, 2013). Loss of empathy, changes in eating, compulsive behavior and
disinhibition are typically found in svPPA. The nfvPPA variant is associated with
apathy, depression and irritability. Finally, agitation, irritability and apathy have been
found in cases of IVPPA (Modirrousta et al., 2013).

Singh et al. (2015) investigated the neuropsychiatric symptoms exhibited by persons
with PPA and PPAQOS from the perspective of the primary caregiver using a
questionnaire. Significant differences between the PPA variants were found comparing
the occurrence of neuropsychiatric symptoms. The most significant distinguishing
features among the three variants were disinhibition and appetite. Disinhibition was
more frequent in sSVvPPA, whereas appetite changes were more likely to be found in
svPPA and nfvPPA. Delusion and hallucination were found only in IvPPA. Although
individuals with PPA presented initially with depression related symptomatology,
probably as a response to their communication difficulties, with disease progression,
disinhibition and aberrant motor behavior were more likely to be reported. Apathy was
correlated with the diagnosis of PPAOS.

In a longitudinal investigation of behavioral changes in PPA variants (Van Langenhove,
Leyton, Piguet, & Hodges, 2016) individuals with svPPA, in the mild stages of the
disease, presented with more behavioral disturbances compared to the nfvPPA and
IVPPA group. Stereotypical behavior, loss of empathy, and presence of apathy were the
most prominent symptoms, followed by disinhibition and changes in eating. The
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nfvPPA and the IVPPA groups did not differ at initial assessment. In both groups,
manifesting of apathy was the most frequent symptom. When examined one year later,
loss of empathy was greater in svPPA and nfvPPA than in IvPPA. Stereotypical

behavior remained the most discriminating feature of svPPA.

Most behavioral symptoms in FTD are associated with right frontal and temporal areas.
Rohrer and Warren (2010) proposed a similar neural finding in PPA for symptoms of
anxiety, apathy, irritability, and appetite changes. Disinhibition has been correlated with
reduced gray matter density in the left hemisphere. Individuals with PPA exhibit
atrophy in the left hemisphere. However, a subtle atrophy in homologous regions of the
right hemisphere which may explain initial behavioral symptoms, is not uncommon
(Modirrousta et al., 2013). At later stages, right hemisphere involvement underlies
behavioral disturbances (Gainotti, 2019).

1.3.3.6 Functional ability

Typically, an individual’s functional ability is measured by performance in activities of
daily living (ADL). Activities such as eating, dressing, and bathing are considered to be
more basic than instrumental activities, like using the telephone, managing money and
shopping, which are more complex. PPA impacts communication. As a consequence, all
activities of daily living that depend on communication are compromised. Individuals
with PPA may experience restrictions in participating in conversations and social
events, making phone calls and accessing social support (O’Connor, Ahmed, & Mioshi,
2014; Taylor et al., 2014).

Preservation of activities of daily living that do not depend on language and
communication at the early stages of the disease is considered to be a criterion for
establishing a diagnosis of PPA. Functional abilities remain intact for the first five years
from disease onset (O’Connor et al., 2016). However, with disease progression,

generalized dementia affects multiple functional domains.

In IVPPA and svPPA, functional impairment is initially limited to instrumental ADLSs.
In the nfvPPA variant both basic and instrumental ADLs are affected, and changes are
more pronounced compared to the other variants (Jang, Cushing, Clemson, Hodges, &
Mioshi, 2012). Cognitive factors seem to underly the functional decline in svPPA,

whereas baseline behavioral and functional scores seem to predict decline in nfvPPA
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(O’Connor et al., 2016). Cognition and behavior are the main predictors of ADL decline
in AD (O’Connor et al., 2016) .

1.3.3.7 Summary and Implications

Speech and language deficits may be the core features of PPA variants, but other
cognitive and psychosocial domains are also affected, especially with disease
progression. In order to develop an accurate profile of deficit patterns in PPA variants,
linguistic and additional neuropsychological testing should cover manifestation of all
symptoms. Neuropsychological evaluation should document functional status, as well as
specific behavioral, speech, language and other cognitive symptoms which are integral
to PPA. Moreover, it should identify the features that can assist in differential diagnosis

of PPA variants.
1.3.4 Studies of Greek-speaking individuals with PPA

Studies of Greek-speaking individuals with PPA are limited and there is no overall

description of the speech and language clinical presentation.

All group studies of Greek-speakers with PPA are non-linguistic in nature.
Konstantinopoulou et al. (2011) included a group of 19 individuals with FTD in the
Greek adaptation study of Addenbrooke’s Cognitive Examination-Revised (ACE-R)
screening test, but no further details are provided about the performance of the different

FTD groups which comprise two out of three variants of PPA.

The largest study to date, involving 33 patients with PPA, was conducted in the context
of investigating the role of cognitive reserve in FTD (Maiovis, loannidis, Gerasimou,
Gotzamani-Psarrakou, & Karacostas, 2017; Maiovis, loannidis, Nucci, Gotzamani-
Psarrakou, & Karacostas, 2016). The sample consisted of 25 participants with the
nfvPPA variant and 8 participants with the svPPA variant. The two subgroups did not
differ in any demographic or basic neuropsychological variable. Demographic and
neuropsychological variables were reported for the PPA group as a whole. Half of the
PPA group were males. The mean age was 68.06 years (SD = 8.21), mean duration of
disease was 2.39 years (SD = 1.3) and mean duration of formal education was 10.18
years (SD = 4.21). PPA participants mean sum of boxes score on the Frontotemporal
Lobar Degeneration-Modified Clinical Dementia Rating Scale (FTLD-CDR) was 8.03
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(SD = 4.8) and mean score on the Frontotemporal Dementia Rating Scale (FRS) was
0.48 (SD = 1.35). It should be noted that the first score provides an indication of disease
severity (max = 24), whereas the second an estimate of the functional impairment (max
= 1). Maiovis et al. (2016) concluded that cognitive reserve may have a protective role
in PPA, as in participants with the same level of temporal lobe perfusion, disease
severity was correlated with cognitive reserve. Language was evaluated using the
language composite score of the Addenbrooke's Cognitive Examination (ACE-R)
(Konstantinopoulou et al., 2011). This test includes a written command and a 3-step
verbal command, repetition of 4 words and 2 sentences, confrontation naming of 12
pictures and 2 objects, word-picture semantic association of 4 items (comprehension),
reading of 5 words and written production of one sentence. Again, data about the

language performance of their participants with PPA was not made available.

Linguistic studies on PPA in Greek have focused on isolated phenomena in a specific
variant, such as, compound naming in nfvPPA (Kordouli et al., 2018) and verb retrieval,
argument structure and inflection marking in svPPA (Koukoulioti, Stavrakaki,

Konstantinopoulou, & loannidis, 2018).

Kordouli et al. (2018) examined compound naming in one agrammatic participant with
stroke aphasia and two participants with the non-fluent/agrammatic variant of PPA. All
participants were impaired in producing compound words compared to healthy controls,
although with distinct error patterns. Different error patterns were attributed to the

different nature of the two diseases and the different level of PPA severity.

Koukoulioti et al. (2018) evaluated the performance of 7 individuals with svPPA on two
sentence elicitation tasks. The aim of this study was to investigate verb production in
respect to the number and type of arguments required, as well as the interaction between
verb retrieval and inflection marking. The findings suggested difficulty with verb

retrieval, whereas inflection was affected in the more severe stages of the disease.

Kambanaros and Grohmann (2012) explored bilingualism in a case-study of a
multilingual person with PPA. The authors provided a detail account of their
participant’s performance on the Bilingual Aphasia Test (BAT) in 3 languages (Greek,
English and Czech), consistent with the clinical diagnosis of IVPPA.
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In addition to these studies, several unpublished reports have been presented at national
and international conferences (e.g., Karpathiou, Kambanaros, Papatriantafyllou,
Potamianou, Kartsaklis & Sakka, 2017; Stavrakaki, Manouilidou, Konstantinopoulou,
& loannidis, 2012). They share the same limitations with the aforementioned studies:
they have a single or a small number of participants and they examine an isolated aspect
of language. These features hinder the generalization of their results and do not

contribute to the description of the clinical presentation of the PPA variants.
1.3.5 Conclusion

The characteristic profiles of the PPA variants extend beyond language and include
other cognitive and behavioral deficits. Profiling both language and non-language
impairments plays an important role in diagnosing PPA and differentiating between
PPA variants. The review of the available research on Greek-speaking individuals with
PPA highlights the critical need for further research in this area. The available studies
do not provide information about the specific speech and language features encountered
in Greek-speaking individuals with PPA. The inherent assumption that the deficits
established in the English-speaking population are experienced the same by speakers of
other languages, does not take into account the linguistic characteristics of each
language. Furthermore, lack of data on discourse abilities and performance on
neuropsychological tests does not allow clinicians to determine whether an observed
behavior or result is normal or deficient. Completing a detailed profile of strengths and
weaknesses has clinical implications, as it forms the basis for effective language
rehabilitation.
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2 Development of the assessment battery and pilot studies

2.1 Overview

Two phases were planned for this research program. Phase one focused on developing
an assessment battery for Greek-speaking individuals with PPA through a literature
review of the available assessment tools, and three pilot studies. The first pilot study
evaluated the use of a connected speech analysis protocol in a bilingual person with
nfvPPA, whereas the second pilot study evaluated the use of a neuropsychological
battery of tests in a person with svPPA. In the third pilot study these two individuals
were compared across all cognitive and linguistic domains using the research battery.
Phase two involved recruitment of participants and assessment of their speech,
language, and other cognitive abilities. Analysis of the findings was completed in 4

separate studies in order to address the research questions.

2.2 Literature review on the neuropsychological tests used in the

evaluation of individuals with PPA

2.2.1 Introduction

Diagnosing PPA is challenging. Different research groups employ different
methodologies and several instruments have been used for the overall description of
speech and language abilities in PPA, and the evaluation of individual cognitive
domains. The strengths and limitations of the assessment measures are not always
straightforward. A published review of the neuropsychological tests that have been
developed for the assessment of speech and language disorders in PPA (Battista et al.,
2017) has provided information about the available neuropsychological tools in English
and the relevant methodological concerns. There is no agreement in the literature or in
practice on how language assessment should be performed. This is more complex in
languages like Greek where available tools for the assessment of speech and language
are extremely limited. More research has been conducted regarding cognitive
functioning. Current research has yet to explore which instruments or battery of tests

can be used to evaluate language and cognitive performance in Greek-speaking
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individuals with PPA. This review seeks to illustrate current practices and identify

potential assessment tools.
222 Aim

To identify the cognitive and linguistic domains of interest and specify the
neuropsychological tools in Greek that can be used in documenting the deficits
encountered in PPA.

2.2.3 Method

For the first part of the review regarding the cognitive and linguistic domains of interest,
a selection of published articles, previously identified and used in the description of the
clinical characteristics of PPA variants, was reviewed.

For the second part, a more systematic search was performed from June 2017 until
December 2017. The review focused on published validation studies of tests in Greek
assessing behavior, mood, cognition, speech and language or specific domains of these
functions in individuals with primary progressive aphasia, dementia or aphasia after
stroke. The following key words were used for the literature search in several databases
(e.g., PUBMED, CINAHL, PsycARTICLES) through the Cyprus University of
Technology library service ‘Pantognostis’: (Greek) AND ((primary progressive aphasia
OR logopenic OR non-fluent OR agrammatic OR semantic OR dementia OR aphasia)
AND (cognition OR language OR speech OR memory OR executive OR visuospatial
OR behavior* OR neuropsychiatric OR neuropsycholog* OR synta* OR phonolog* OR
gramma*) AND (assessment OR evaluation OR testing OR validation OR battery OR
test OR instrument)). Reference lists were checked manually to find additional studies.
The search was limited to peer-reviewed academic journals and papers published in
Greek or English. Studies using experimental tasks were excluded from the review. The
final selection was made by inspecting the title and the abstract of all relevant papers.

The methodological quality of the primary studies was not assessed.
2.2.4 Results

Areas of testing (table 2) were primarily recognized applying the diagnostic criteria of

PPA variants (Gorno-Tempini et al., 2011). Additional domains have been identified
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reviewing studies that sought to describe in detail the core features of PPA variants, as
well as the associated deficits (e.g. Harris, Saxon, Jones, Snowden, & Thompson, 2018;
Hoffman, Sajjadi, Patterson, & Nestor, 2017; Marshall et al., 2018; Mesulam, Wieneke,
Thompson, Rogalski, & Weintraub, 2012).

Table 2: Areas of testing

Cognitive Speech/Language

Executive function Motor speech

Working memory Connected speech production
Memory Fluency

Visuospatial abilities Repetition

Object semantics Single word comprehension
Other domains Complex sentence comprehension
Disease severity/Staging Syntactic comprehension
Functional status Confrontation naming

Neuropsychiatric symptoms (behavior/mood) Reading

Praxis Writing

Concerning validated tests in Greek, 35 studies and a total of 43 tests (table 3) were
included in the review of the available neuropsychological instruments in Greek. The
instruments are presented in table 3, organized in terms of the domain tested. They are
heterogeneous in form and scope. They include general cognitive and language
measures and domain-specific tools. Some tests can be used for screening, others for in-
depth assessment and others for staging PPA. Most tests are performance-based. Other
tests rely on an informant’s feedback to determine level of functioning. The majority of
the tests focus on cognitive functioning. As for the language instruments, one study
evaluated a general aphasia battery (Tsapkini, Vlahou, & Potagas, 2009), three studies
focused on confrontation naming (Patricacou, Psallida, Pring, & Dipper, 2007; Simos,

Kasselimis, & Mouzaki, 2011a, 2011b) and three studies on verbal comprehension
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(evaluating five tests) (Simos et al., 2011a, 2011b; Simos, Kasselimis, Potagas, &
Evdokimidis, 2014). Only one paper was in Greek (Solias et al., 2014). No test has been
validated in persons with PPA. Nevertheless, the Pyramid and Palm Trees Test (PPTT)
was administered to a small sample of Greek-speaking individuals with PPA (n =12) in
a cross-cultural study to inform selection of culturally appropriate items for the PPTT
(Breining, Lala, Martinez, & Manes, 2015).

Table 3: Neuropsychological instruments available in Greek

General aphasia battery

Boston Diagnostic Aphasia Examination - Short Form (Tsapkini et al., 2009)

Confrontation naming

The Boston Naming Test (BNT) (Patricacou et al., 2007)
BNT-45 (Simos et al., 2011a)

BNT-20 (Simos et al., 2011b)

Single word comprehension (lexical semantics)

Peabody Picture Vocabulary test PPVT (Simos et al., 2011a)
Peabody Picture Vocabulary test PPVT-32 (Simos et al., 2011b)

Vocabulary subtest from the Wechsler Abbreviated Scale of Intelligence (WASI)
(Simos et al., 2011a)

Vocabulary subtest from the Wechsler Abbreviated Scale of Intelligence (WASI)-15
(Simos et al., 2011b)

Sentence comprehension

Comprehension of Instructions in Greek (CIG) (Simos et al., 2014)

Reading

Reading fluency - Words & Non-words (Simos, Sideridis, Kasselimis, & Mouzaki,
2013)

Object semantics
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Pyramid & Palm Trees Test (Breining et al., 2015)

Face recognition

The Hellenic famous face screening test (Proios, Malatra, & Farmakis, 2007)

Severity/Staging

Frontotemporal Lobar Degeneration-Modified Clinical Dementia Rating Scale
(FTLD-CDR) (Maiovis et al., 2017)

Functional Status

Frontotemporal Dementia Rating Scale (FRS) (Maiovis et al., 2017)

Functional Cognitive Assessment Scale (FUCAS) (Kounti, Tsolaki, & Kiosseoglou,
2006)

Instrumental Activities of Daily Living (IADL) (Theotoka et al., 2007)

Composite cognitive measures

Mini Mental State Examination (MMSE) (Fountoulakis, Tsolaki, Chantzi, & Kazis,
2000; Solias et al., 2014)

Addenbrooke's Cognitive Examination-Revised (Konstantinopoulou et al., 2011)

Montreal Cognitive Assessment (MOCA) (Konstantopoulos, Vogazianos, & Doskas,
2016)

The Cambridge Cognitive Examination (CAMCOG) (Tsolaki, Fountoulakis, Chantzi,
& Kazis, 2000)

Mattis Dementia Rating Scale (Katsarou et al., 2010)

Alzheimer's Disease Assessment Scale (ADAS) (Tsolaki, Fountoulakis, Nakopoulou,
Kazis, & Mohs, 1997)

Greek severe impairment battery (SIB) (Konsta et al., 2014)

The Seven-Minute Screen (Tsolaki et al., 2002)

Executive function
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Clock Drawing Test (Bozikas, Giazkoulidou, Hatzigeorgiadou, Karavatos, &
Kosmidis, 2008)

The verbal fluency task (Kosmidis, Vlahou, Panagiotaki, & Kiosseoglou, 2004)
The Trail making test A and B (Zalonis et al., 2008)

Color Trails Test (Messinis, Malegiannaki, Christodoulou, Panagiotopoulos, &
Papathanasopoulos, 2011)

Memory

The 5 word test (Economou, Routsis, & Papageorgiou, 2016)
The 5 Objects Test (Papageorgiou, Economou, & Routsis, 2014)
Rey’s Auditory Verbal Learning Test (Messinis et al., 2016)
Greek Verbal Learning Test (GVLT) (Vlahou et al., 2013)

Test your memory (latraki et al., 2017, 2014)

Visuospatial abilities

Hooper Visual Organization Test (HVOT) (Kosmidis, Tsotsi, Karambela, Takou, &
Vlahou, 2010)

Judgement of Line Orientation (JLO) (Kosmidis et al., 2010)
Group Embedded Figures Test (GEFT) (Kosmidis et al., 2010)
Rey Osterrieth Complex Figure Test (R-O) (Kosmidis et al., 2010)
Visuospatial Tasks (VOSPT) (Kosmidis et al., 2010)

Face Recognition (FR) (Kosmidis et al., 2010)

Neuropsychiatric symptoms

Geriatric Depression Scale -short (GDR) (Fountoulakis et al., 1999)

Hellenic Neuropsychiatric Inventory (H-NPI) (Politis, Mayer, Passa, Maillis, &
Lyketsos, 2004)

Cognitive reserve

Cognitive Reserve Index Questionnaire (CRIqg) (Maiovis et al., 2016)
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Quality of life

Stroke and Aphasia Quality of Life Scale (SAQOL)-39 (Efstratiadou et al., 2012;
Kartsona & Hilari, 2007)

2.2.5 Conclusions

Most of the tests used in the evaluation of speech and language abilities in PPA have
been originally devised for assessing individuals with other conditions. Assessment
tools that come from the stroke-induced aphasia tradition, like the BDAE or the WAB,
are commonly used in assessing individuals with PPA. However, classification into
traditional aphasia syndromes that reflects the vascular distribution of stroke is not
relevant for PPA which is characterized by a more diffuse and progressive pattern of
damage. The speech and language profiles in PPA variants are different from the
profiles in stroke-induced aphasia. For example, agrammatism in nfvPPA may be
milder than in Broca’s aphasia and semantic loss in svPPA more severe than in stroke
aphasia (Henry & Grasso, 2018). Moreover, these batteries may not be sensitive to the

early, subtle deficits that characterize PPA.

Other tests used in the assessment of PPA have been specifically designed for this
condition. Nine of the tests that assess speech and language abilities were included in a
review by Battista et al. (2017); three were developed for the differentiation between the
PPA variants, two for the assessment of language disorders in PPA and four for staging
severity of speech and language deficits in PPA. An example of a test that has been
developed for differentiating between the PPA variants is the Sydney Language Battery
(Syd-Bat) (Savage et al., 2013). It comprises tasks for assessing picture naming, word
comprehension, semantic association and repetition. Another example is the Make A
Sentence Test (MAST) and the SEntence Comprehension Test (SECT) (Billette, Sajjadi,
Patterson, & Nestor, 2015), which assess an isolated linguistic function (grammatical
ability) at the sentence level.

These tests have important limitations. Methodological issues that have been brought to
light include use of inappropriate reference tests, non-representative samples, lack of
information about consecutive enrolment, diagnostic accuracy analysis, and blinding
procedures (Battista et al., 2017).
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There is evidence to suggest that connected speech analysis may be a valuable tool in
profiling speech and language in PPA, as it is able to capture the distinctive features of
the PPA variants (e.g., Ash et al., 2013; Boschi et al., 2017; Fraser et al., 2014; Wilson
et al., 2010b). It is an ecologically valid measure, as connected speech production is the
most representative form of an individual’s everyday language production (Ash &
Grossman, 2015). However, it is time-consuming and lacks normative data.
Furthermore, different protocols have been employed for the elicitation of speech
samples and the analysis of speech output. These disadvantages may limit its clinical

application (Battista et al., 2017).

To conclude, there is general consensus in the research literature that comprehensive
assessment of PPA should address both speech and language functions, as well as other
cognitive and behavioral aspects of functioning. On the other hand, there is no
agreement on which test, or battery of tests should be used in PPA for documenting
linguistic and neuropsychological deficits and subtyping PPA variants. The available

instruments should be used cautiously taking their limitations into careful consideration.

The outcome of this literature review was the informed selection of appropriate
instruments for an assessment battery specifically designed to assess Greek-speaking
individuals with PPA.

The battery can be divided into three sections. The first section assesses severity of
aphasia and functional status using the Progressive Aphasia Severity Scale (PASS)
(Sapolsky et al., 2010) and the Frontotemporal Rating Scale (FRS) (Mioshi, et al.,
2010), respectively. The second section comprises measures that assess speech and
language abilities. The third section focuses on tools that measure neuropsychological
domains (e.g., behavior/mood, executive skills, visuospatial perception, memory, object
semantics and praxis). The tests that were selected are presented in tables 4 and 5. It
should be noted that for the domains of motor speech, connected speech, repetition and
morphosyntax, no validated tests were available in the Greek language. Moreover, the
available instrument for the assessment of visuospatial abilities in Greek, was found to
be too difficult for use with this population. For these domains, a non-validated test was
selected. A brief description for each test and a rational for its selection is provided in
the methodology section of the research studies.
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Table 4: Speech and Language Assessment Battery

Domain

Test/Task

Motor Speech Assessment

Language

Connected Speech Analysis

Repetition

Naming

Single word comprehension

Language comprehension

Morphosyntax

Motor speech evaluation

Phonation time

DDK rates

Repetition of polysyllabic words

Repetition of words of increasing length
Repetition of sentences

Reading Grandfather passage

Boston Diagnostic Aphasia Examination (BDAE)-Short
Picture description, Story retell, Spontaneous speech
QPA- measures

Other Fluency measures

Error analysis

MAIN macrolinguistic measures

WAB- words and phrases

Bayles’ Repetition of sentences

Boston Naming Test (BNT)

BDAE - BNT-15

PPVT

BDAE-words

BDAE-commands

BDAE-complex ideational material
BDAE-3 sentence-picture matching (syntax)

Grammaticality judgment task
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Reading Reading Fluency - Words

Reading Fluency - Non-words

BDAE- reading sentences

BDAE- comprehension of written words

BDAE- comprehension of written sentences

Writing Spelling - words

Spelling - non-words

BDAE - Picture description

Table 5: Cognitive Assessment Battery

Domain

Test/Task

Cognitive functioning (composite

measure)

Executive functioning

Memory

Visuospatial functioning

Object Semantics

Mini Mental State Examination (MMSE)

Trail Making Test - A

Trail Making Test - B

Digit Span

Verbal Fluency Test

Clock Drawing Test

5 Words Test

5 Objects Test

Benson Complex Figure Recall Condition
Pentagons copy (from MMSE)

Benson Complex Figure Copy Condition
Clock Drawing Test

Pyramids and Palm Trees-52

Pyramids and Palm Trees-14
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Neuropsychiatric Symptoms Neuropsychiatric Inventory (NPI)
Geriatric Depression Scale

Praxis Western Aphasia Battery — Apraxia subtest

The literature review of the available instruments for the assessment of PPA had
contributed to the selection of tests and the development of an assessment battery that

was evaluated in the following pilot studies.

2.3 Pilot Study 1

The study was published in Frontiers in Communication:

Karpathiou, N., Papatriantafyllou, J., & Kambanaros, M. (2018). Bilingualism in a case of the non-
fluent/agrammatic variant of primary progressive aphasia. Frontiers in Communication, 3, 52. doi:
10.3389/fcomm.2018.00052

Part of this study was presented at a national conference:
Karpathiou, Nomiki, Maria Kambanaros, Dimitra Potamianou, John Papatriantafyllou, &
Paraskevi Sakka (2018). Quantitative connected speech analysis in a case of non-

fluent/agrammatic primary progressive aphasia. 1% National congress of Neuropsychology, Athens,

Greece. (April 27-29). Dialogues in Clinical Neuroscience and Mental Health, 1(3), 24.

The published paper and the poster can be found in Appendix 3.

2.3.1 Overview

The study examined fluency, lexical, discourse and grammatical abilities of a late
bilingual (Greek-French) male with the non-fluent/agrammatic variant of primary
progressive aphasia (nfvPPA). Speech samples derived from three different narrative
tasks in both languages were analyzed using quantitative production analysis (QPA) and

fluency measures.
232 Aim

The first aim of the study was to compare the participant’s connected speech production
to that of Greek-speaking normal controls. The second aim was to determine whether
Greek (L1) and French (L2) were differentially impaired.
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2.3.3  Study design
The study combined a case study and a case-control study design.
2.3.4 Participant

Participant L.J. is a chef in his early sixties, with 6 years of formal education. He is a
right-handed late bilingual whose native language (L1) is Greek. At the age of 25, he
moved to a French-speaking country and worked as a cook in a French-speaking
environment for 7 years. On his return to Greece, he continued to use French (L2) both

at work and at home with his wife who is a French native speaker.

LJ reported a progressive deterioration of speech and language functions. Language
impairment was the primary impairment for at least the first two years. L.J. was
initially assessed five years after symptom onset. He was diagnosed with PPA, as
neuroimaging results ruled out other causes of focal brain damage and extensive white

matter disease (figure 4) and was given a clinical diagnosis of non-fluent/agrammatic

PPA according to current criteria (Gorno-Tempini et al., 2011).

Figure 4: Coronal T1-weighted (A), axial T1-weighted (B) and axial diffusion-weighted (C)

brain imaging at initial assessment showing left perisylvian atrophy.

The present study was conducted 9 months after the initial evaluation (5 years and 9
months after the reported onset of the disease). At the time of the study, L.J. had a
FTLD-modified Clinical Dementia Rating (CDR) sum of boxes score of 9 (MMSE =
17/30).
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2.3.5 Control group for QPA

QPA measures for the picture description task in Greek were compared to the measures
of a control group included in a previous study by Varkanitsa (2012). Varkanitsa used
the QPA protocol in order to compare the connected speech of Greek-speaking persons
with aphasia following stroke to that of neurologically healthy adults. The same picture
description task was used in the present study to elicit speech samples. Taking into
account the fact that in Greek isolated verbs may constitute grammatical utterances,
Varkanitsa categorized utterances as ‘utterances with verb’, ‘utterances without verb’
and ‘single-word utterances’. The QPA protocol was applied without other
modifications. The control group consisted of six normal native Greek speakers (3
males and 3 females) with a mean age of 61.17 (SD = 5) years and a mean of 9 (SD =

4.15) years of education.
2.3.6 Procedure

2.3.6.1 Elicitation and transcription of speech samples

Three different speech samples were collected in both Greek and French, under 3
conditions: a picture description task (‘Cookie Theft’, from Boston Diagnostic Aphasia
Examination, BDAE), a story retell task, the dog story protocol from the Multilingual
Assessment Instrument for Narratives, MAIN (Gagarina et al., 2012) and a semi-
spontaneous speech task where L.J. was asked to talk about his job. Interruptions and
questions by the examiner (first author) were kept to a minimum. The examiner is a
monolingual Greek-speaking clinician who is also a proficient speaker of French.
Samples were collected in 4 sessions, first for the Greek language and 2 weeks later for

French. All samples were audio-recorded.

Speech samples were transcribed orthographically using ELAN (Sloetjes & Wittenburg,
2008). Phonological paraphasias unintelligible or incomprehensible words were
transcribed phonetically using the International Phonetic Alphabet. Dysfluent variables,
such as silent and filled pauses, sound errors, repetitions and false starts were also

coded.
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2.3.6.2 Quantitative analysis of speech samples

Speech samples were analyzed following the procedures described by Saffran et al.
(1989) for quantitative production analysis (QPA) (Saffran et al., 1989; Berndt et al.,
2000). The QPA procedures were followed for all samples with the exception of the
direct discourse utterances produced in the story retell task, as these structures were
modelled in story telling.

Narrative samples were formed by extracting comments on the narrative, direct
responses to the examiner, repetitions of the examiner’s utterances, stylistic and
dysfluent repetitions, subsequently repaired utterances, and discourse markers. The
narrative samples were then segmented into utterances based on semantic, syntactic, and

prosodic information. Utterances and narrative words were used in subsequent analysis.

The QPA summary measures were classified into four categories: discourse
productivity, sentence productivity, grammatical accuracy and lexical selection
(Gordon, 2006). A set of additional measures were used to quantify dysfluent speech

and narrative variables.

2.3.6.3 Speech rate and other fluency variables

Speech rate for each sample was calculated by dividing total completed words by
sample duration in minutes. Samples were timed, and total time duration was computed

by subtracting the examiner’s interjections.

Pauses longer than 1 second were coded according to QPA instructions and counted for
the calculation of the pause frequency measure. However, a threshold of 0.250 ms was
used in the calculation of pause duration (de Jong & Bosker, 2013) and speaking time
was calculated by subtracting silent pausing time from total time in order to control for
the effect of pauses. Articulation rate was computed by dividing total completed words

by speaking time.

Speech sound errors included distortions, which were defined as phonetic errors
resulting in distorted phonemes, and phonological paraphasias defined as words with
non-distorted phonemic insertions, deletions, or substitutions. Whole-word immediate

repetitions were counted as dysfluent repetitions. Words or phrases repeated later in the
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narratives were counted as speech repairs. Partially produced words were coded as false

stars and small words, such as ‘eh’, as filled pauses.

Speech samples were of different duration and direct comparison of the aforementioned
frequency measures was not possible. Thus, these measures were calculated as
proportions of total words produced. They were also corrected for speaking length by
dividing dysfluency counts by speaking time (de Jong, 2016).

2.3.6.4 Discourse measures

QPA discourse productivity measures included speech rate, number of narrative words,
and proportion of narrative to total words produced, as a measure of discourse

efficiency.

An additional discourse variable, Guiraud’s index (the square root variant of Type-
Token Ratio, TTR) was also measured. Guiraud’s index is a measure of lexical richness
that is less affected by sample size/length in comparison to TTR (Van Hout and
Vermeer, 2007). This was derived by dividing the number of unique words (types) by
the square root of narrative words (tokens). Number of unique words (types), lemmas

and utterances are also reported.

2.3.6.5 Lexical measures

Grammatical category class (closed/open class, nouns, verbs, adjectives, adverbs,
pronouns, prepositions, conjunctions) was coded for each narrative word. Their
proportion was calculated by dividing the number of words in each category by the
number of narrative words. Nouns, verbs, and adjectives were considered as open class.
All other words were counted as closed class. Proportion of verbs to nouns and verbs
was also computed. Proportion of pronouns was derived by dividing the number of

pronouns by the total number of nouns and pronouns.

Finally, mean log word frequency of open class words was calculated for each narrative
sample. Calculations were based on data about word frequencies per million taken from
the ‘ILSP PsychoLinguistic Resource’ for the Greek language (Protopapas et al., 2012)
and ‘Lexique’ for the French language (New et al., 2001).
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2.3.6.6 Grammatical measures

QPA sentence productivity measures encompass proportion of words in sentences,
mean utterance length (in words), median utterance length (in words), sentence
elaboration index (number of open class words per phrase for noun and verb phrases)

and an embedding index (proportion of embeddings to sentences).

QPA grammatical accuracy measures consist of proportion of well-formed sentences,
verb inflection index (proportion of inflectable verbs inflected) and determiner index
(proportion of determiners produced in obligatory contexts). The auxiliary complexity
index, a measure of morphological complexity of the main verb indicating change from
its base form, was also calculated.

Table 6: QPA measures

Measures Connected Speech Level

Total Time (min)
Number of Complete Words (Total Words)
Pause Duration (min)
Speaking Time (min) (excluding pauses)
Articulation Rate wpm
Dysfluencies per Total Words
Pauses >1sec
Fillers
Distortions
Phonological errors
False Starts
Repetitions
Total

Lexical Distribution per Narrative Words
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Nouns
Verbs
Adjectives
Adverbs
Pronouns
Prepositions

Conjunctions

Speech Rate wpm

Number of Narrative Words (Tokens)
Narrative / Complete Words

Other Discourse Measures

Number of Utterances

Number of Types (Unique words)

Number of Lemmas

QPA Discourse Productivity Measures

Guiraud’s index (Type Token Ratio square root variant)

Closed Class Words

Pronouns / Nouns & Pronouns

Verbs / Nouns & Verbs

*Mean Log Frequency (open class words)

Proportion of Words in Sentences
Mean Utterance Length

Median Utterance Length

QPA Lexical Selection Measures

QPA Grammatical Productivity Measures

38



Sentence Elaboration Index
Embedding Index
QPA Grammatical Accuracy Measures
Proportion of Well-formed Sentences
Auxiliary Complexity Index
Verb Inflection Index

Determiner Index

Key: * additional measures, not included in QPA

2.3.6.7 Macrolinguistic analysis (MAIN)

Narrative assessment focused on the analysis of microlinguistic aspects of language
production. Macrolinguistic aspects were addressed for the ‘Dog story’ retell task with
the story structure score and the structural complexity measures proposed by MAIN
(Gagarina et al., 2012). Although the MAIN was originally designed to assess narrative
skills of bilingual children, it is controlled for macro-and microlinguistic features across
Greek and French. As there is no other standardized procedure for adults, it was deemed

appropriate for comparing story retell abilities in both languages.

The ‘Dog story’ starts with a setting statement and consists of three short episodes. Each
episode consists of an initiation, a goal, an attempt, an outcome and a reaction
statement. Credit is given for the production of each initiation, goal, outcome, reaction

when computing the story structure score.

Five structural complexity measures are included in the MAIN: number of sequences
where an attempt and outcome statement has been generated (but no goal), number of
single goal statements, number of incomplete episodes which they include a goal and an
attempt statement sequences, number of incomplete episodes which they include a goal
and an outcome statement, and number of complete episodes which include all three
goal-attempt-outcome components. Comprehension of the story structure was also

assessed by means of questions targeting the main macrostructure components.
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2.3.6.8 Error Analysis

The following type of errors were also identified and measured as a proportion of
narrative words. Syntactic errors were recorded when L.J. produced ungrammatical
sentences. Morphological errors, affecting articles, nouns, adjectives and verbs, were
counted separately. Semantic errors included selections that were semantically
inappropriate for the context. Code switching errors were defined as words produced in

languages other than the target language (number of tokens not in the target language).
2.3.7 Statistical analysis

LJ’s narrative scores for the picture description task in Greek were compared to the
scores of a neurologically healthy control group (Varkanitsa, 2012). T-values were
calculated using Crawford and Howell’s method which enables the comparison of
performance of a single subject with that of a small control sample (Crawford and
Garthwaite, 2012). Differences between L.J. ’s performance in Greek (L1) and French
(L2) were calculated using the Wilcoxon signed-rank nonparametric test for related
samples because of the small sample size. Finally, scores from both languages were
collapsed and correlations between errors and fluency, lexical productivity, grammatical
accuracy, and productivity measures were calculated using the nonparametric Kendall's
tau-b correlation coefficient due to the limited number of samples used in the analysis.

2.3.8 Ethical considerations

The study was approved by the ethics committee of the Athens Alzheimer’s
Association. The research was conducted in accordance with the latest version of the
Declaration of Helsinki. L.J. was informed about the purpose and procedures of the
study and gave written consent for participating in the study, as well as for the

recording, analysis, and publication of the study data.
2.3.9 Results/Conclusions

Compared to neurologically healthy controls, L.J. was impaired in lexical, discourse and
grammatical productivity measures, but did not differ in measures of grammatical
accuracy (see Appendix 1). The presence of dysfluencies, reduced speech rate and

simplified syntax is consistent with the pattern of impairment reported for nfvPPA.
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Results showed that narrative production measures did not differ significantly between
languages. However, they suggest a slightly worse performance in his second, non-
dominant, language despite a similar pattern of impairment in both languages. These
findings indicate shared lexical and grammatical representations for both languages.
Lengthier exposure to L2 and daily use of L2 at work and home may explain the
preservation of discourse abilities in his non-dominant language. Connected speech
analysis using QPA, fluency variables and error analysis has enabled the documentation
of speech and language deficits present in this case of nfvPPA and the comparison of

performance between the participant’s languages.
2.4 Pilot Study 2

2.4.1 Overview

In this pilot study, a Greek-speaking participant with the semantic variant of PPA was
evaluated using the language and cognitive assessment battery that was developed by
reviewing the available literature. The main objective was to establish whether the
proposed battery of tests can identify the distinctive features of this variant, namely
anomia, single word comprehension deficit, surface dyslexia and dysgraphia, alongside

with preserved repetition and syntactic comprehension.
242 Aim

The aim of this pilot study was first to evaluate the feasibility of the assessment
procedure and the specificity of the proposed battery and second to describe the clinical
presentation of the disease in a Greek-speaking individual with the semantic variant of
PPA.

2.4.3 Study design
This pilot study employed a case study design.
2.4.4 Participant

The participant E.R. is a 73 years old retired handyman with 9 years of formal

education. He was diagnosed with the semantic variant of PPA, 3 years post-onset. His
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MRI scan showed the typical pattern of anterior temporal lobe atrophy, with left greater
than right volume loss. He presented with mild disinhibition and logorrhea (i.e.
excessive talking). His speech was fluent with word finding difficulties, circumlocutions
and semantic paraphasias. E.R. was well oriented in time and place and able to drive
and navigate around independently. He could recall autobiographical details and recent
events. Cognitive testing established relatively preserved memory, attention,
visuospatial skills, and executive function. Language assessment revealed a significant
naming impairment and semantic difficulties. At the time of the study he was 5 years

into the disease.
2.4.5 Procedure

ER was recruited from the memory clinic of the Dementia Day Care Center of the
Athens Alzheimer Association. The assessment battery derived from the literature
review was used for the linguistic and cognitive evaluation. Cognitive-linguistic testing

was completed in six sessions of 45 minutes each.
2.4.6 Data analysis

The participant’s scores were compared to the scores of neurologically healthy adults
from the respective normative studies. The standard deviation method (z-scores) was
used to provide estimates of impairment for each neuropsychological test. Estimated z-
scores were calculated for raw scores taking into account, when available, the
demographic predictors of gender, age and education. The criterion of 2 SDs below
normative means (Hillis, 2015) was employed for determining the presence of
impairment on a specific measure, indicating a significant change in scores. Crawford’s

t values were calculated in cases there was a control sample.

For two measures (GDS and TMT), test scores were transformed by multiplying by
minus one, so that all tests have the same polarity, i.e. higher scores indicate better

performance.

This type of analysis enables confirmation of the impairment in terms of severity

(degree of impairment) and performance profile (number of domains impaired).

42



2.4.7 Ethical Considerations

The study was approved by the ethics committee of the Athens Alzheimer’s
Association. The research was conducted in accordance with the latest version of the
Declaration of Helsinki. The participant was informed about the purpose and procedures
of the study and gave written consent for participating in the study, as well as for the
recording, analysis and publication of the study data.

2.4.8 Results

Results on neuropsychological tests are presented in Appendix 1. Based on the language
measures, E.R. was found to be severely impaired in confrontation naming (z = -13.4)
and single word comprehension (z = -5.25). Repetition and comprehension of syntax
was preserved, as well as reading aloud and spelling. Comprehension of auditory
complex material was affected (z = -2.41), although his ability to follow commands was
within normal limits and performance for syntactic comprehension on the BDAE-3 was
at ceiling. Comprehension of written sentences was 5.11SD below the mean of the

normative sample.

ER's Linguistic Profile (core PPA features)

-14.00 -12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 zscores

| BNT-15
| BDAE-Repetition Words
BDAE-Repetition Sentences
I PPVT Peabody Picture Vocabulary Test
] BDAE-Comprehension of words
u BDAE-commands
I BDAE-complex ideational material
BDAE-3 sentence-picture matching (syntax)
- Reading Fluency - Words
- Reading Fluency - Non-words
1 BDAE- reading sentences
I BDAE- comprehension of written words
—— BDAE- comprehension of written sentences
BDAE Spelling - basic words
| BDAE Spelling - regular words
u BDAE Spelling - irregular words
[ | BDAE - Picture description

Figure 5: E.R.’s linguistic deficits profile.

43



Regarding neuropsychological functioning, E.R. was found to be impaired in object
semantics (t =-2.982, p <.006, one-tailed on PPTT-14). The effect size (zc) (plus 95%
Cl) was -3.103 (-4.490 to -1.695). He was also impaired in semantic category fluency (z
=-3.42). Non-verbal stimuli were better recalled (z = 0.39) than verbal (z = -1.76). This
finding has previously been reported and attributed to loss of conceptual knowledge
(Bettcher & Sturm, 2014). Performance on the Benson complex figure test — copy

condition and the WAB-Apraxia subtest was at ceiling.

ER's Neuropsychological Profile

-8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00 zscores /t crawford scores

MMSE
Trail Making Test - A
Trail Making Test - B
] Digit Span Test (total)
Verbal Fluency Test Phonological (3 L)
Verbal Fluency Tes Semantic (3 categories)
Clock Drawing Test
5 Words Delayed Recall (total)
5 Words Test Free Delayed Recal
- 5 Objects Test (total)

Benson Complex Figure Copy

Pyramids and Palm Trees-52

Pyramids and Palm Trees-14
- Geriatric Depression Scale
WAB-Apraxia subtest

Figure 6: E.R.’s neuropsychological deficits profile.
2.49 Conclusions

E.R. was found to be impaired primarily in lexical and semantic knowledge. The
assessment battery successfully identified impaired and preserved domains of
functioning and degree of the impairment. This suggests that the selected tests can be
used in profiling language and cognition in this participant with the semantic variant of
PPA.

An important limitation of this study was the absence of control data. Only validated

instruments were used in evaluating the participant’s performance.
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A conclusion that can be drawn from this pilot study is the worth of undertaking
detailed testing in order to reveal deficits that cannot always be captured by screening
tests. This was the case with single-word comprehension that was found to be intact
when evaluated using the BDAE-short form but was found to be severely impaired upon
administration of the Peabody Picture VVocabulary test (PPVT). E.R. has mild dementia,
as suggested by his CDR sum of boxes score (CDR = 3) and at this stage, semantic
deficits may be masked during neuropsychological testing. The same may be true for
other linguistic domains, like spelling. This issue could be further explored once control

data are available for all the selected instruments.

2.5 Pilot Study 3

Results from this study have been presented at two international conferences.

Nomiki Karpathiou & Maria Kambanaros (2019). Comparing two cases of the non-fluent and semantic
variants of primary progressive aphasia using neuropsychological, narrative, and acoustic measures. 57
Annual Meeting of the Academy of Aphasia, Macau, Hong Kong. (October 27-29) Front. Hum. Neurosci.
Conference Abstract: doi: 10.3389/conf.fnhum.2019.01.00004

Nomiki Karpathiou & Maria Kambanaros (2019). Frontotemporal dementia: a comparative case
study of Greek-speaking individuals with the non-fluent and semantic variants of Primary

Progressive Aphasia. Science of Aphasia XX, Rome, ltaly. (September 23-26)

The posters are available in Appendix 3

2.5.1 Overview

In this final pilot study, the two participants presented in the previous studies are

compared with each other with reference to a control group.
252 Aim

The aim of this study was to compare the clinical presentation of nfvPPA and svPPA, in
two Greek-speaking individuals with PPA, using a battery of neuropsychological tests,

narrative analysis and acoustic measures.
2.5.3 Study design

This pilot study employed a case-control study design.
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2.5.4 Participants

The first participant with nfvPPA was a 61-year-old male with 6 years of formal
education. The second participant with the semantic variant of PPA was a 73-year-old
male with 9 years of education. His MRI scan showed the typical pattern of asymmetric
anterior temporal lobe atrophy. Both participants were assessed five years post-onset.
The first participant had a sum of boxes score of 9 on the FTLD-modified Clinical

Dementia Rating, whereas the second had a score of 6.

The control group consisted of 12 neurologically healthy adults, native Greek speakers,
with a mean age of 68.08 (SD = 5.52) years and a mean of 13 (SD = 3.19) years of

education.
2.5.5 Procedure

Participants were evaluated using a comprehensive battery of neuropsychological tests.
Quantitative production analysis (QPA) (Saffran, Berndt, & Schwartz, 1989) was used
for the analysis of a picture description and a story retell task. Acoustic analysis was

performed in order to calculate temporal measures of the participants’ speech.
2.5.6 Statistical analysis

The performance of each participant was compared to that of the control sample using
the Crawford and Howell method (Crawford, Garthwaite, & Porter, 2010). T-values
were also calculated to compare the scores of the two participants with reference to the
control sample (Crawford, Garthwaite, & Wood, 2010).

2.5.7 Results

The participant with nfvPPA performed worse than the participant with svPPA on the
Digit Span — reverse recall task (p = .025), Clock Drawing Test (p < .001), syntactic
comprehension (Boston Diagnostic Aphasia Examination, BDAE-3, p =.014) and
reading fluency for words (p < .001). Furthermore, he was slower in temporal measures

of speech production (Table 7).

Table 7: Temporal measures for diadochokinetic rates, passage reading and sentence repetition

for pilot study 3.
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Temporal measures Case 1l Case2 tvalues Controln=12 Mean

nfvPPA  svPPA (SD)

Diadochokinetic rates (rep/sec)

Ipa/ 3.478** 8349 438 6.97 (0.74)
Ita/ 3.765* 7278 -3.029 6.93 (0.82)
Ika/ 3.106** 7.145  -4.023 6.24 (0.71)
Ipataka/ 4.629* 7.697 -3.055 6.86 (0.72)
Passage Reading Duration 142.092** 63.701 8.386 49.44 (6.61)
Passage Reading Syll/sec 1.696* 3.783 -2.635 494 (0.56)
Repetition of Sentences (sylls/sec)

S1 (15 syllables) 0.223 0.164 1989 0.17 (0.02)
S2 (11 syllables) 0.881**  0.220 17.748 0.20 (0.03)
S3 (14 syllables) 0.343* 0161 4100 0.18 (0.03)
S4 (16 syllables) 0.339* 0167 4316 0.17 (0.03)
S5 (12 syllables) 0.263 0192 1632 0.19 (0.03)

*p <.05; **p < .01 level of statistical significance for differences between case 1 and 2.

The participant with svPPA was more impaired in confrontation naming (Boston
Naming Test-15, p <.001), single word comprehension (Peabody Picture VVocabulary
Test, p <.001) and object semantics (Pyramid and Palm Trees Test, p = .001).
Comprehension of auditory complex material, written words and sentences were
affected (p = .022, p =.005 and p < .001, respectively), although his ability to follow
commands was within normal limits and performance for syntactic comprehension was
at ceiling. Both participants were impaired in the Trail Making Test A and B, verbal

fluency, spelling, and written picture description.

The narrative production measures that differed significantly between the two
participants were speech rate (slower for the nfvPPA participant, p = .007), average
pause duration (longer for the nfvPPA participant, p <.001), false starts per min (more
for the nfvPPA participant, p = .045), proportion of nouns (lower for the svPPA
participant, p = .012) and closed class words (lower for the nfvPPA participant, p =
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.016). Compared to the control group, the nfvPPA participant produced shorter
sentences (p =.023), fewer closed class words (p = .006), made longer pauses (p < .001)
and spoke at a slower rate (p < .001). The svPPA participant used fewer nouns (p =
.027), more pronouns (p = .02) and fewer narrative words as a proportion of the total

words produced (p = .003).
2.5.8 Conclusions

The results confirm the distinctive features of both PPA variants, namely anomia, a
single word comprehension deficit, preserved repetition and syntactic comprehension
for the participant with svPPA, as well as motor speech and syntactic processing
difficulties alongside with intact repetition, semantic knowledge and naming ability for
the nfvPPA participant.

Taking into account the neuroimaging findings, these two cases illustrate the different
distribution of atrophy in the language variants of FTD and highlight the role of the left

anterior temporal lobe in naming and single word comprehension.

Neuropsychological testing combined with narrative and acoustic analysis have enabled
the documentation of speech and language deficits present in these cases of PPA and the

comparison of the two participants.
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3 Methodology for research studies

3.1 Overview

Four research studies were completed in the second phase of the research program.
Common methodological details are presented in this section, whereas information

concerning individual studies are discussed in the respective chapters.
3.2 Research Studies

Study 1: Comparing Greek-speaking individuals with PPA to individuals with AD and

neurotypical controls
Aim
To establish differences on neuropsychological testing and connected speech production

and investigate whether specific measures or tasks can differentiate individuals with

PPA from individuals with AD and neurotypical adults.

Study 2. Comparing two narration tasks in PPA and AD: picture description and story

retell.
Aim
To compare performance on two frequently used narration tasks and examine whether

the two elicitation tasks placed different cognitive demands on individuals with PPA
and AD.

Study 3. Cognitive-linguistic profiles of Greek-speaking individuals with a degenerative

disease: a case-control study
Aim
To explore the range of cognitive and language symptoms in PPA and FTD and

document the challenges associated with the clinical diagnosis of PPA and classification
of the PPA variants.

Study 4. A case-series study of disease progression: how do cognitive-linguistic profiles
of individuals with PPA change in one year as the disease evolves?

Aim
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To gain insight into how performance on the neuropsychological battery alters over
time, specifically, in the course of 12 months in order to determine which abilities are

more affected, and which remain stable.
3.3 Research Studies Design

Studies were prospective and followed a case-series-control study design. Case studies
enable the detailed description of an observed phenomenon and have been found to be
valuable in the study of rare disorders, when recruitment of large samples is problematic
(Nock, Michel, & Photos, 2007). Moreover, case studies are useful for documenting the
development of new assessment techniques and procedures which require considerable
time and resources (Nock, Michel, & Photos, 2007). However, case studies have been
criticized for lacking methodological rigor and the capacity to draw valid conclusions
from the results (Kazdin, 2011). However, objective assessment, systematic data
collection and analysis can be incorporated into case studies to increase their internal
validity. Observational studies using a case-control design can be informative when
employing appropriate methodological and statistical analysis techniques (Crawford &
Garthwaite, 2012).

3.4 Participants

For the studies of the second phase of this research program, experimental data were
collected from a total of 40 (25 female and 15 male) individuals. Their mean age was
68.55 (SD = 8.8) and they had a mean of 12.93 (SD = 3.78) years of formal education.

Thirteen individuals had a prominent speech and language deficit and met the basic
PPA criteria. Nine individuals met criteria for one of the three PPA variants (7
logopenic, 2 semantic) whereas four did not meet the criteria for any of the PPA
variants. Three participants with PPA were excluded from the first studies (study 1,
study 2 and study 3) due to advanced dementia (MMSE < 12, BDAE severity < 2, mean
PASS sum of boxes score = 10.5, SD = 2.78). One of them was not able to complete the
experimental assessment. Participants in the ‘early’ PPA group had a mean BDAE
severity score of 3.40 (SD = 0.97) and their mean PASS sum of boxes score was 5.05
(SD = 1.67).
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Fifteen demographically matched neurologically healthy adults served as controls.

Nine individuals were diagnosed with Alzheimer’s disease, with a mean CDR sum of
boxes score of 2.28 (SD = 1.99). One of them was diagnosed with amnestic mild
cognitive impairment (MCI) one year before participating in the current study. She
exhibited further decline in follow-up assessment and reported difficulty in managing
her finances. A consensus clinical diagnosis of early Alzheimer disease was reached.
However, her original CDR score was used in data analysis, as it has not been updated.
All AD participants had been diagnosed in the memory clinic of the Dementia Day Care
Center of Athens Alzheimer’s Association, using a different neuropsychological battery
of tests which included among others the Addenbrooke's Cognitive Examination (ACE),
the Greek Verbal Learning Test (GVLT) and the Georgia Complex Figure Test.

Another three individuals were diagnosed with a non-language variant of FTD (FTD-
ALS, PSP and CBS). The participants with FTD are included in the third case-control
study.

Information about staging, severity of the communication disorder, cognitive,

neuropsychiatric and functional status can be found in table 8.

Table 8: Communicative, cognitive, neuropsychiatric and functional status of the participants.

Group BDAE MMSE Years NPl NPI impact FRS

severity post-onset

(Max. Score)  (/5) (130) (/144)  (/60) (/100)

Neurotypical Mean 5.00 28.87
Median 5.00 29.00

SD .00 1.06

AD Mean 4.78 24.89 3.22 13.60 8.00 77.84
Median 5.00 26.00 3.00 14.00 7.00 92.86

SD 44 247 1.54 13.43 7.48 28.53

PPA early Mean 3.40 24.30 2.10 4.25 3.38 79.78

Median  3.50 25.00 2.00 4.50 2.00 80.00
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SD 97 3.65 7 2.12 3.74 15.69

PPA moderate Mean 1.67 11.00 3.67 3.67 4.00 41.24
Median 2.00 11.00 4.00 3.00 3.00 36.00
SD .58 1.00 1.53 4.04 4.58 9.08

FTD Mean 3.00 27.00 2.50 25.33 11.67 41.56
Median 3.00 27.00 3.00 19.00 15.00 21.11

SD 1.00 .00 .87 13.65 10.41 38.27

Total Mean 4,15 25.35 2.74 9.95 6.00 68.61
Median 5.00 27.00 2.00 5.00 3.00 69.62

SD 1.19 5.09 1.28 11.34 6.51 28.15

BDAE: Boston Diagnostic Aphasia Examination-Severity Scale: evaluates the severity of the
communication problem; MMSE: Mini Mental State Examination: evaluates general cognitive status;
NPI: Neuropsychiatric Inventory: evaluates the presence, severity and impact of neuropsychiatric

symptoms; FRS: Frontotemporal dementia Rating Scale: evaluates functional status.
All participants were right-handed, apart from one neurotypical male who was

ambidextrous. All individuals were native Greek speakers. They all reported to have

normal or corrected-to-normal vision and hearing.
Demographic information of the sample is presented in figures 7 to 10.

Participants N=40

[JMeurctypical
B aiz

W rra early
CIPPA moderate
ErTD

Figure 7: Number of participants in each diagnostic group.
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Figure 8: Participants gender and group membership based on gender.
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Figure 9: Age distribution and boxplots for each diagnostic group.
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Figure 10: Distribution of the years of formal education and boxplot of years of education of
each group of participants.
53



Four individuals with PPA were assessed one year after their first baseline assessment.
Data from these follow up assessments are analyzed separately in the fourth case-study

which evaluates progression of the disease.
3.4.1 Inclusion criteria

a. Participants should have a clinical diagnosis of PPA, based on Mesulam’s
criteria (2001), probable/possible AD or FTD, according to currently acceptable
research criteria (Albert et al., 2013; Chare et al., 2014; McKhann, 2012). Clinical
diagnosis was based on neurological examination and standard neuropsychological

testing and was brain imaging-supported by MRI scan.

b. Participants should be in the mild or moderate stage of the disease, as specified
by severity ratings (CDR and FTLD-CDR score < 3, BDAE aphasia severity scale >3)

C. Greek should be their native language

d. Participants should have at least 6 years of formal education.
3.4.2 Exclusion criteria

The following factors constituted reasons for exclusion from participating in the study:

a. other major systemic, psychiatric or neurological diseases
b. uncorrected visual and hearing impairment
C. difficulty completing the assessment procedure

3.5 Recruitment and enrollment

Participants were recruited through the memory clinic of the Dementia Day Care Center
of the Athens Alzheimer’s Association and referral from other memory clinics and
specialists (neurologists and psychiatrists) working in the private sector. Referrals from

multiple sources limit selection bias (more representative of the broader population).

Enrollment was consecutive. All individuals that were identified as eligible during the
registration period (from January 2018 to January 2020), were included in the study.

They were assessed in the order in which they were first identified.
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3.6 Assessment

3.6.1 Assessment procedure

Eligible patients were identified upon reviewing referral information. In most cases,
referral from a specialized center or specialist includes information about medical
history, neurological examination, clinical staging, medication, as well as results from a
brief neuropsychological assessment. The Clinical Dementia Rating (CDR) and the
Frontotemporal Lobar Degeneration-Modified Clinical Dementia Rating (FTLD-CDR)
(Knopman et al., 2009) are typically used for dementia clinical staging.

An initial session was conducted for screening. If the patient fulfilled the inclusion
criteria subsequent sessions were scheduled. Assessment was completed over 3 or 4
hourly sessions depending on disease severity and practical issues, such as fatigue and
time constraints. Assessment of the neurotypical individuals was completed in two 90-

minutes-sessions.
3.6.2 Initial evaluation - Screening

Detailed case history information regarding cognition, communication, speech and
language was collected from the participants and/or their primary caregiver with the aid
of a clinical case history form, (see Appendix 2). The case history form was adapted
from a generic case history form for adults with a neurogenic disease, to specifically

address issues relevant to the clinical presentation of PPA.

The screening assessment consisted of a composite measure of cognitive function, the
Mini Mental State Examination (MMSE; Folstein, Folstein and Hughes, 1975;
Fountoulakis et al., 2000, Solias et al., 2014) and the short form of the Boston
Diagnostic Aphasia Examination (BDAE; Goodglass and Kaplan, 1983; Messinis et al.,
2013).

Additional information about severity of the disease, functional status and co-existing
neuropsychiatric symptoms was gathered from the primary caregiver through the use of

the following informant questionnaires.

— Progressive Aphasia Severity Scale (PASS) (Sapolsky et al., 2010; Karpathiou et
al., 2018) (see Appendix 2)
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— Frontotemporal Dementia Rating Scale (FRS) (Mioshi et al., 2010; Maiovis et
al., 2016)
— Neuropsychiatric Inventory (NPI) (Cummings et al., 1994, Politis et al., 2004)

Neuroimaging reports and/or scans were also gathered when available. Brain imaging
was used to exclude other causes of focal brain damage (e.g. stroke, tumor).

3.6.3 Neuropsychological Assessment Battery

The assessment battery included the tests that have been selected in the first phase of the

research program.

3.6.3.1 Severity / Staging / Functioning

Two instruments have been specifically devised for measuring aphasia severity and
tracking disease progression in PPA: the Progressive Aphasia Severity Scale (PASS)
(Sapolsky et al., 2010) and the Progressive Aphasia Language Scale (PALS) (Leyton et
al., 2011). The PALS is based on formal testing. The Progressive Aphasia Severity
Scale (PASS) was developed to rate severity of impairment in ten domains of language
and monitor disease progression. A global PASS score is derived from scores on all
domains (articulation, fluency, syntax and grammar, word retrieval — expression,
repetition, auditory comprehension, single word comprehension, reading, writing and
functional communication). The scoring system is similar to that of CDR. Ratings are
based upon informant reports, standardized assessment and clinical judgment. Although
the PASS scale has not been fully validated in Greek, it has been cross-culturally
adapted, and PASS ratings were found to be reliable between raters, while the scale was

proven to be valid against other established measures (Karpathiou et al., 2018).

Another tool that can been used for the same purposes is the FTLD-modified CDR
(Knopman, Weintraub, & Pankratz, 2011; Maiovis et al., 2017) which, compared to the
original CDR, includes two additional domains, one for language and one for behavior.
A score of 0 denotes normal functioning, whereas 1, 2 and 3 mild, moderate and severe
impairment. In the studies of this research, FTLD-CDR is provided at referral (usually

scored by a neurologist) and is used as an indicator of disease severity.

The Frontotemporal Dementia Rating Scale (FRS) (Maiovis et al., 2016; Mioshi, et
al., 2010) is an alternative scale used as a measure of severity and functional ability.
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Scoring is based on the reported frequency of behaviors and daily activities explored by
a 30-item informant questionnaire. Raw scores are converted into percentage scores and
with the aid of a logit table to logit scores ranging from 5.39 (normal) to -6.66
(profound impairment). The FRS looks into activities such as going on outings and
shopping, household chores and using the telephone, managing finances and
correspondence, medications, meal preparation and eating, self-care and mobility. It
also includes 7 items about behavioral changes. The scale was able to show different
decline rates in the three variants of PPA and detect functional deterioration over one
year (Hsieh, Hodges, Leyton, & Mioshi, 2012; Mioshi et al., 2010). This scale has been
preferred over the IADL (Theotoka et al., 2007) as it has been developed specifically for
FTD and used in PPA.

3.6.3.2 Neuropsychiatric symptoms

The Neuropsychiatric Inventory (NPI) (Cummings et al., 1994) has been widely used
to measure the frequency and severity of neuropsychiatric symptoms in PPA
(Modirrousta et al., 2013). The NPI assesses 12 domains: delusions, hallucinations,
agitation-aggression, depression, anxiety, euphoria, apathy, disinhibition, irritability,
aberrant motor behavior, sleep, and appetite. Each domain is scored for its frequency, its
severity, and the distress that the symptom causes to the caregiver. Higher scores
indicate more severe deficits and distress. The Frontal Behavioral Inventory (FBI) or the
behavioral domain of the FTLD-modified CDR have also been utilized in studies of
PPA. The Greek version of NP1 will be used in this research. The Hellenic NPI was
validated in a clinical sample of AD patients and was proven to detect
neuropsychological changes (Politis et al., 2004). This is the third instrument of the

assessment battery that is completed by interviewing the caregiver.

Mood was evaluated through the use of a 15-item questionnaire, the short form of the
Geriatric Depression Scale (GDS) (Fountoulakis et al., 1999; Sheikh & Yesavage,
1986). For younger participants (< 65years of age), the Beck Depression Inventory
(BDI) (Beck, Steer, & Brown, 1996; Giannakou et al., 2013) was administered. Lower
scores on these scales are indicative of better mood. Depression can affect cognitive
performance. In PPA, depression has been associated with the communication

difficulties experienced, and may necessitate appropriate management (Medina &
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Weintraub, 2007). For data analysis, scores on the BDI were rescaled to match the GDS
scoring system. The new combined variable was labeled Mood-15.

3.6.3.3 Cognitive Functioning

The Mini-Mental State Examination (Folstein, Folstein, & McHugh, 1975) was used
as a screening tool and measure of general cognitive status. In PPA, the MMSE may
overestimate cognitive impairment, as it relies on language processing. The validation

data from Solias et al. (2014) was used in the present studies.

Attention and executive functioning was assessed by the Trail Making Test (TMT)
(Zalonis et al., 2008). The TMT-A is a test of scanning and visuomotor tracking and is
considered to measure information processing speed. The TMT-B assesses divided
attention and cognitive flexibility. For data analysis, the scores are reversed. Actual
completion time was deducted from the maximum allowed time for completion, that is,
180s for TMA-A and 300 for TMA-B. In this way, higher scores reflect better

performance.

The Verbal Fluency Test (Kosmidis et al., 2004) measures executive functions.
Phonemic and semantic fluency was assessed using 3 letters and 3 categories. In each
task, the participant needs to generate as many items as possible in 1 minute. A total
score is calculated based on the number of responses for each verbal fluency category.

The Clock Drawing Test (Bozikas et al., 2008) measures both executive and
visuospatial abilities. The scoring scheme of the original validation study was used in

the research studies.

The Digit span test from the WAIS-1V was used as a measure of working memory.
Individuals with IVPPA have been found to be more impaired on this measure compared

to individuals with the other variants of PPA.

Both verbal and non-verbal episodic memory were evaluated through the five words
test (Economou et al., 2016) and the five objects test (Papageorgiou et al., 2014)
respectively. The first test uses written words which are encoded using explicit semantic
information. Total scores are calculated for free and cued recall of the words. The
second test is based on recalling the positioning of 5 objects. Finally, the recall

condition of the Benson Complex Figure (Possin, et al., 2011) was used as a measure
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of visuospatial memory. The copy condition of the Benson Complex Figure test is
considered to assess perception and constructional praxis. The test has not been

validated in Greek.

3.6.3.4 Linguistic assessment

The Boston Diagnostic Aphasia Examination (BDAE) (Goodglass and Kaplan, 1983)
is a widely used tool that is used to document language abilities in stroke-induced
aphasia and PPA. The version that was selected for use in this assessment battery is the
commercially available Greek short version of the BDAE (Messinis et al., 2013). In the
short form of the test, multiple language domains are assessed to document an
individual’s strengths and weaknesses, namely, auditory comprehension, automatic
speech, naming, repetition, reading and writing. It also includes a 15-item naming test
(BNT-short), an aphasia severity rating scale and the ‘Cookie Theft’ picture that has
been extensively used in eliciting spontaneous speech samples. It takes approximately
40 to 60 minutes to administer. Some of the limitations of the test are the limited
number of items used in the sentence repetition task, the limited range of
psycholinguistic features evaluated in the spelling section, as well as the fact that it does
not assess comprehension of syntactic structures. For this reason, a short sentence-
picture matching task, the “embedded sentences” from BDAE-3 which examines
syntactic comprehension of 10 reversible sentences (subject object relative clauses) with
5 verbs (hit, kiss, call, kick, chase) and 5 agents/patients (boy, girl, mother, woman,

man) was selected, even though this task has not been validated in Greek.

The Boston Naming Test is a picture confrontation naming test included in the full
BDAE test that can be administered independently. A 45-item version of the test
validated in Greek by Simos et al. (2011) was used in the battery, as there is normative
data available stratified by gender, age and education level. A longer version of the
naming test provided in the BDAE-short form, may prove useful in cases where there is
a subtle naming deficit, as in early stages of PPA. This may also be the case for other
linguistic domains. Aphasia tests that have been devised for stroke-induced aphasia are

not always sensitive enough in early-stage PPA deficits (Henry & Grasso, 2018).

The Western Aphasia Battery (WAB) — Revised (Kertesz, 2006) has also been
developed for stroke-induced aphasia. It has been used in PPA and has been found
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useful in documenting language deterioration (Harciarek et al., 2014). The test has not
been formally adapted in Greek. The WAB fluency scale incorporates lexical,
grammatical and motor speech aspects to rate fluency on a scale from 0 (no speech) to
10 (fluent speech) and is more appropriate for use in PPA than the BDAE rating scale of
speech characteristics that evaluates articulation, grammatical and word finding abilities
individually. Fluency is affected in all PPA variants for different underlying reasons,
phonological and lexical in IvPPA, grammatical/motor in nfvPPA and lexical in svPPA.
Individuals with nfvPPA and IVPPA are less fluent than individuals with svPPA. The
WAB repetition subtest also shows some advantages over the repetition tasks of the
BDAE-short, mainly the inclusion of a larger number of items, the stepwise increase of
word and phase length and the detailed scoring which is more sensitive to detect
different levels of impairment. (see Appendix 2). The WAB also includes a praxis
subtest that assesses face and limb ideomotor apraxia. All these subtests have been
widely used, either individually or combined, in studies of PPA (e.g. Adeli, Whitwell,
Duffy, Strand, & Josephs, 2013; Butts et al., 2015).

In order to be able to document a repetition deficit at an early stage (a core feature of
IVPPA), more thorough testing may be needed. The sentence repetition test by Bayles
et al. (1996) examines the effect of sentence frequency and length, as well as semantic
content on repetition. It consists of 25 sentences organized in 5 sets: short meaningful,
short non-meaningful, long meaningful, long non-meaningful and long frequent
sentences. It has originally been used for language testing in AD, but has also been used
in PPA (Henry et al., 2013; Lukic et al., 2019). This test was adapted to Greek in order

to be used in the research studies (see Appendix 2).

Motor speech evaluation included oral motor assessment, maximum phonation time,
diadochokinetic (DDK) rates, repetition of utterances of increasing articulatory
complexity (two-syllable words, polysyllabic words, sentences) and passage reading.
No validated instrument is available in Greek, thus, the motor speech evaluation by
Wertz et al. (1984) was used. The test was adapted to Greek and can be found in

Appendix 2.

A spoken word-picture matching test was used for assessing single word
comprehension. The short form of the Peabody Picture Vocabulary Test (Simos et al.,

2014) comprises of 32 items which are presented in graded difficulty. The test can be a
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challenge for individuals with svPPA as they have to select the picture that corresponds
to a spoken word among four semantically related pictures.

Object knowledge is another domain that is impaired in persons with svPPA. In order to
assess picture semantics the Pyramids and Palm Trees Test (PPTT) (Howard &
Patterson, 1992) was selected. In this test a person needs to identify two semantically
related pictures in the presence of a third distractor. A short form of the Pyramids and
Palm Trees Test (Breining et al., 2015) was previously administered to a small number
of Greek-speaking individuals with svPPA and found to be culturally appropriate. The
complete version was administered to the participants of the research studies, but scores
were calculated for both tests and used as separate variables in analysis.

A grammaticality judgment test developed by Fyndanis (unpublished) was used to
assess receptive ability and knowledge of tense, aspect and agreement. In this task, the
participant has to decide on the grammatical status of sentences which are presented in

written form.

Reading and writing can assist with the differentiation between PPA variants. Three
psycholinguistic parameters are the most relevant in assessing written processing: word
frequency, regularity and lexicality (words/non-words). These factors are controlled for
in all the relevant tasks that have been selected. Twenty words (10 high frequency and
10 low frequency words) from Sideridis (2008) and 14 matched non-words from Simos
et al. (2013) were selected for assessing spelling of words and non-words. The
selected words and their linguistic properties are provided in Appendix 2. Written
description was evaluated using the ‘Cookie Theft’ picture and scoring instructions
from the BDAE.

Reading fluency (Simos et al., 2013) for words and non-words was assessed in two
tasks, in which the participant has to read as quickly as possible a list of words and non-
words. Performance is evaluated by counting the number of items that have been read
correctly in 45 seconds.

3.6.4 Connected Speech Analysis

Concerning connected speech analysis the Quantitative Production Analysis (QPA)
(Gordon, 2006; Saffran, Berndt, & Schwartz, 1989; Varkanitsa, 2012) was selected for
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the quantification of fluency, discourse, lexical and grammatical production. The
procedure was employed for the analysis of two narrative productions from a picture
description task (‘Cookie Theft’ from the BDAE) and a story retell task (from the
Multilingual Assessment Instrument for Narratives (MAIN) (Gagarina et al., 2012).
These instruments are presented in pilot study 1. The stimuli can be found in Appendix
2.

3.7 Ethical considerations

The research was conducted in accordance with the latest version of the Declaration of
Helsinki (JAVA, 2013). The study was approved by the ethics committee of the Athens
Alzheimer’s Association. Participants and, when appropriate, caregivers were informed
about the purpose and procedures of the study and gave written consent for participating
in the study, as well as for the recording, analysis and publication of the study data (see
Appendix 2). Data were held and processed securely with an appropriate level of

protection. The EU General Data Protection Regulations (GDPR) were followed.
3.8 Data Analysis

IBM SPSS Statistics version 21 for windows was used for statistical analysis. Both
parametric and non-parametric procedures were applied for the analysis of the data after
examining the appropriate statistical assumptions. Crawford and Howell’s method was
employed for comparing individuals with PPA, AD and FTD with the control group
(Crawford & Garthwaite, 2012; Crawford, Garthwaite, & Porter, 2010). A p value of <

.05 was adopted to determine statistical significance.
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4 Study 1. Comparing Greek-speaking individuals with PPA to

individuals with AD and neurotypical controls

4.1 Introduction

Alzheimer’s disease (AD) is the most common cause of dementia in older people. In a
recent epidemiological study in Greece, the prevalence of dementia in adults of 65 years
old and above was estimated to be 5%. Out of all the dementia cases, 75% is attributed
to AD (Kosmidis et al., 2018).

While memory problems are typically one of the first signs of AD, other cognitive
domains such as orientation, visuospatial abilities, executive function, and language
may be affected. Language problems in AD are linked to semantic and pragmatic
processing deficits. People with AD may have word-finding difficulties or make
semantic paraphasias. They may also have trouble participating in conversations and
may repeat themselves. Lexical retrieval deficits have been reported both in formal
testing and connected speech production (Kavé & Goral, 2018).

The phonological and syntactic level of language processing seems to be more resilient
(Ferris & Farlow, 2013). However, reduced syntactic complexity, morphosyntactic
impairment, as well as phonetic and phonological manifestations have been documented
in AD (Ahmed, De Jager, Haigh, & Garrard, 2012; Cera, Ortiz, Bertolucci, & Minett,
2018; Fyndanis et al., 2018).

On the other hand, language deficits are the hallmark of Primary Progressive Aphasia.
They may arise at any level of language processing. Aphasia is the most prominent
deficit at onset even though there may be subtle deficits in additional cognitive domains.

The two conditions resemble each other more in the later stages as the diseases evolve.

There is no consensus about which tests best capture impairment in PPA. Clinicians and
research teams employ different tests, fact that may have contributed to the variability
that exists between findings (Harris et al., 2019). Furthermore, there is limited research
concerning tests that are used in the evaluation of PPA in the Greek-speaking

population.

Although PPA is the primary syndrome under investigation in this research program,
differentiation between PPA and AD is of clinical importance. Speech and language
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therapists in Greece are increasingly involved in characterizing the deficits experienced
by individuals with dementia and assisting differential diagnosis. Given the potential
sources of confusion, diagnosis poses a common and challenging clinical problem.
Information about typical performance on specific neuropsychological and linguistic
tasks is valuable in informing selection of tests and documenting deficits in PPA and
AD.

To this end, 10 individuals with PPA and 9 demographically and cognitively matched
individuals with AD took part in a comprehensive cognitive-linguistic evaluation. In an
attempt to identify optimal measures for documenting language and associated deficits,
several tools were included in the assessment battery after reviewing the respective

literature and analyzed separately.

The main aim of this study was to establish differences on neuropsychological testing
and connected speech production between Greek-speaking individuals with AD and
PPA. A secondary aim was to investigate whether specific measures or tasks can

differentiate individuals with PPA from individuals with AD and neurotypical adults.

We hypothesized that individuals with AD in comparison to individuals with PPA
would be more affected in cognitive measures tapping into memory, visuospatial and
executive function, but less affected in linguistic measures. Lexical retrieval deficits and
associated manifestations such as dysfluencies and reduced lexical diversity, were
expected to be evident in participants with AD, but to a lesser degree compared to

participants with PPA.
4.2 Method

4.2.1 Participants

A total of 34 individuals (12 male and 22 female) participated in this study. The control
group consisted of 15 neurotypical adults with a mean age of 67.93 (SD = 6.17) years
and a mean of 13.13 (SD = 3.482) years of education. The AD group consisted of 9
participants (mean age 76.22, SD = 6.833 and mean years of education 12.67, SD =
4.153). Ten individuals participated in the PPA group (mean age 66.80, SD = 7.525 with
mean years of education 13.60, SD = 4.088). Additional information about the group

can be found in section 3.4.
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Two of the PPA participants met the criteria for svPPA and six for IvPPA. One
participant did not meet the criteria for any of the three established variants. He
presented with anomia and a lower score in the picture semantics task (PPTT), but with
no other indication of a semantic deficit. The last participant with PPA, had a mixed
PPA phenotype. All PPA participants were analyzed together as a group, as no further
comparison between PPA variants would be reliable.

The three groups did not differ significantly in education and gender composition.
General cognitive status, as indicated by scores on the MMSE, was similar for AD and
PPA groups. There was a statistically significant difference in age between the groups
(H(2) = 7.943, p = .019) with a median of 69 years for neurotypical controls, 69.5 for
the PPA group and 75 for the AD group. Post-hoc analysis revealed that the AD group
was significantly older than the control group (U = 10.867 (z = 2.595), p = .028), but not
significantly older than the PPA group (U = 10.900 (z = 2.389), p = .051).

422 Procedure

Participants were evaluated using a comprehensive battery of neuropsychological tests.
Quantitative production analysis (QPA) was used for the narrative analysis of a picture
description and a story retell task. Connected speech analysis was complemented with
additional fluency and lexical measures. Acoustic analysis was also performed in order
to calculate temporal measures of participants’ speech. Detailed information about the

assessment battery and procedure can be found in sections 2.3. and 3.6.
4.2.3 Statistical analysis

As the number of participants in each group was small, the most appropriate statistical
test was the non-parametric Kruskal-Wallis H test. In cases where the test was
significant, a series of 3 Mann-Whitney U post hoc tests were conducted to compare
pairs of groups. The corrected o value (o = .016) was used to interpret the results. In
order to determine whether the distributions in each group had the same variability
(shape), the corresponding histograms were visually inspected. Median and mean ranks

are reported accordingly.
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For the measures that discriminated the PPA group, sensitivity and specificity, were

calculated, and optimum cut-off values were selected using Youden's index in Receiver

Operating Characteristic (ROC) Curve Analysis.

Correlations between cognitive and linguistic tests were performed using non-

parametric Spearman correlation coefficients.

4.3 Results

Several differences were found among the three groups that participated in the study.

Significant and non-significant differences identified by statistical analysis using the

Kruskal-Wallis H test and Mann-Whitney U post-hoc test results are provided in table

17 in the Appendix 1.

Participants with PPA performed worse than participants in the other two groups on two

repetition tasks, the BDAE sentence repetition and the long frequent sentences of the

Bayles Sentence repetition test. They produced fewer narrative words, unique words

(type) and lemmas in describing the ‘Cookie Theft’ picture from BDAE. In comparison

to the other two groups, they produced less elaborated and shorter sentences, as

measured by the sentence elaboration index, mean sentence length, mean and median

utterance length in the MAIN story retell task. Finally, they made more phonological

errors in both narrative tasks.

Table 9: Tasks and measures that differentiated participants with PPA from AD and

Neurotypical controls.

Group Control AD PPA Test Adj.
/max. score median median  median  statistic* sig
BDAE sentence repetition /2 2 2 1 20.533 <.001
Bayles Long Frequent Sentences /80 80 80 55 16.724 <.001
PD phonological errors ptw .000 .000 .032 25.475 <.001
MAIN phonological errors ptw .000 .000 .010 9.589 .008
PD narrative words 90 97 56 11.470 .003
PD type words 62 63 40.5 12.711 .002
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MAIN Mean Sentence Length 8.466 7.636 6.187 15.713 <.001

MAIN Sentence Elaboration Index 2.103 1.769 1.332 17582 <.001

*Kruskal-Wallis H test. Abbreviations: PD: picture description; ptw: per total words.

Using ROC analysis, two measures were found to be reliable and useful in
discriminating the PPA group: Mean Sentence Length (AUC = 0.925, 95% confidence
interval: 0.834-1, p <.001) and Sentence Elaboration Index for the MAIN story retell
task (AUC = 0.946, 95% confidence interval: 0.868-1, p <.001). Cut-off and related

values are provided in Table 10.
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Figure 11: Receiver Operating Curves for Mean Sentence Length and Sentence

Elaboration Index.

Table 10: Cut-off, sensitivity and specificity values for the two measures that
differentiate the PPA group.

Cut-off  Sensitivity  Specificity

Mean Sentence

<7.07 90% 87.5%
Length
Sentence
Elaboration <16 80% 95.8%
Index

Compared to neurotypical controls PPA participants recalled shorter digit sequences,

produced less words in the phonemic condition of the verbal fluency task and were as a
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group less reliable in identifying semantic relations in the PPTT. Significant differences
were found for the WAB repetition test and 3 out of 5 subtests of the Bayles sentence
repetition test (short meaningful, short non-meaningful and long meaningful sentences).
Spoken language comprehension was found to be impaired at the word level, as
suggested by scores on the PPVT (U = 13.555 (z = 3.347), p = .02) with a median of 24
correct compared to 30 for the neurotypical group. At the phrase level, the PPA group
showed greater difficulty in following commands, processing complex ideational
material and syntactically difficult sentences. Participants with PPA were impaired in
understanding written sentences and spelling real words in comparison to the control
group. Their articulation rate for passage reading was slower (mean rank = 9.44)
compared to the neurotypical group (mean rank = 21.57), U =11.917 (z = 4.064), p =
.01).

Differences for fluency and narrative measures between the PPA and the control group
that were found to be statistically significant are depicted in figures 12 and 13.
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Figure 12. Fluency measures (per total words) that differed significantly between the PPA and

control group.
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Figure 13. Narrative measures that differed significantly between the PPA and control group.

However, these measures did not differ significantly between the PPA and the AD
group. In fact, no measure could differentiate on each one the AD group from the PPA
and the control group. Participants with AD performed worse than controls on the Clock
Drawing Test, 5-Objects Test and the delayed conditions of the 5-Words Test. They
were impaired in the reading fluency test for non-words. Differences were also detected
for articulation rate in story retell, and total time, median pause duration, semantic
errors and proportion of words in sentences during picture description. There was
finally a statistically significant difference in the temporal measures for the repetition of
two sentences from the motor speech evaluation. Again, these measures did not
differentiate the AD from the PPA group.

Finally, both groups performed significantly worse than the neurotypical control group
on the MMSE, TMT-A, TMT-B, Verbal Fluency (category condition and total score), 5-
Words Test, Benson Figure delayed recall, Bayles Sentence repetition (long non-
meaningful sentences and total score), BNT, Grammaticality judgement, Reading
fluency for words, WAB-apraxia and written picture description. Concerning fluency
measures and narrative production analysis, AD and PPA participants differed from

neurotypical controls in mean pause duration, pauses per total words and mean
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logarithmic frequency of narrative words for picture description and total dysfluencies
per total words, speech rate and proportion of narrative words for the story retell task.

4.4 Discussion

The presence of phonological errors, difficulty in repeating long frequent sentences, and
the production of simple and short sentences has differentiated PPA participants not
only from neurotypical controls but from participants with AD as well. No single
measure could differentiate the AD group from the other two groups. For every
measure, that the performance of the AD participants was worse than neurotypical
participants’, performance of the PPA participants was also impaired but not to the
extent to be statistically different from controls. One possible explanation for this
finding could be the fact that the assessment battery was specifically designed to
measure language and other deficits encountered in PPA. Taken together, results of the
AD group support the presence of memory, executive and lexical retrieval deficits.

The AD group was the only group that differed from controls on measures of episodic
memory. Even though the PPA group scored lower than controls on the 5-Words Test,
as did the AD group, on the delayed conditions, the group’s performance was similar to
controls. This may be due to reduced working memory capacity as suggested by low
scores on the Digit Span Test and difficulties in almost all repetition tasks. These results
are heavily influenced by the composition of the PPA group and more specifically by
the larger proportion of individuals with the logopenic variant. Indeed, by inspecting
individual profiles, one can note that the individuals with the semantic variant do not
have repetition nor working memory deficits. This is consistent with previous studies
which underly the differential nature of working memory deficits in PPA variants
(Eikelboom et al., 2018). An opposite result can be observed for the semantic tasks.
Difficulties with non-verbal semantic associations and single-word comprehension can

be attributed to the inclusion of individuals with the semantic variant of PPA.

Several measures of language comprehension have been found to differ between the
PPA and neurotypical group. In this study, the ability to follow commands, understand
complex auditory material and process written sentences does not seem to be related to
agrammatism. Other underlying deficits, such as single word comprehension deficits

relevant to the svPPA participants or working memory difficulties pertinent to
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participants with IvPPA provide a more likely explanation for the difficulties observed
during evaluation. In the same way, difficulties in detecting grammatical violations,
evident both in AD and PPA group, are most probably associated with reduced working
memory capacity. Indeed, concerning the PPA group, performance on the grammatical
judgement task was significantly correlated with the backward condition of the Digit
Span test (r = .877, p =.001) and the B form of Trail Making Test (r = .854, p =.002).

In this study, repetition was evaluated using a number of different measures. All were
informative, albeit in a different way. The PPA group was impaired on all repetition
tasks compared to the control group. The sentence repetition subset from the BDAE-
short form which differentiated participants with PPA, and AD, is an easy task
comprising of just two sentences, one short and one long. As such, a ceiling effect is
likely to be achieved. Although it may be useful for screening, it cannot be used to
evaluate degree of deficit nor monitor change over time. AD participants could repeat
words and most sentences reasonably well. However, increasing processing difficulty
with very long sentences (e.g. last sentence in WAB) or long non-meaningful sentences
(e.g. subset in Bayles) resulted in impaired performance compared to controls. The
WAB repetition test combines in one score repetition performance for words, short
phrases and sentences, even though sentence repetition is considered to be more useful
for PPA diagnosis and classification (Clark et al., 2020). The WAB repetition test did
not differentiate participants with PPA from participants with AD. The only repetition
measure that achieved this was the long frequent sentences subset from the Bayles
Sentence Repetition Test. Given the fact that the entire test is quite long and, in our
experience, demanding for individuals with more pronounced deficits, the use of the

long frequent sentences set seems to be preferable in the clinical setting.

The Bayles Sentence Repetition test was recently used to investigate differences in
repetition among PPA variants (Lukic et al., 2019). Healthy controls, nvfPPA and
sVPPA participants had difficulty repeating long non-meaningful sentences, whereas
IVPPA participants had difficulty with short non-meaningful and all long sentences. This
suggests that inclusion of the short non-meaningful sentences in a test battery can assist

PPA classification.

The inclusion of connected speech measures has also proven valuable. Concerning

narrative production, the PPA group was impaired in discourse and sentence
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productivity measures but did not differ from the neurotypical control group in
measures of grammatical accuracy. The increased proportion of dysfluencies and more
specifically of pauses, prolongations and fillers together with the lower number and

proportion of unique words can be attributed to lexical difficulties.

The timed and temporal measures used in the battery suggest slower motor ability for
the AD participants. This is more clearly reflected in slower articulation rate which does
not include pauses and hesitations. The AD group was older than the control group and
speech rate and articulatory movement have been found to decline as a function of age
(Bilodeau-Mercure et al., 2015). Slower articulation rate was found for narrative
production and may have contributed to lower scores on the two reading fluency tasks.
However, articulation and speech rate for passage reading was within normal limits.
This suggests an additional processing difficulty factor imposed by the maximum

performance nature of the reading fluency task and discourse demands.

For the AD group, increased duration of pauses, proportion of pauses, semantic errors,
use of higher frequency words and incomplete sentences in the picture description task
are indicative of word-finding difficulties. This is also supported by lower scores on the
naming test. These results are in line with the findings of a recent meta-analysis
concerning connected speech in AD (Kavé & Goral, 2018).

The study has several limitations. Some limitations are inherent in the research design
and methodology and are pertinent to the subsequent studies as well. One could argue
that there may be some degree of circularity bias as diagnosis is based on impaired
functioning which is detected through neuropsychological testing. However, all
participants had already received a diagnosis before referral and were tested using
different assessment batteries and tests, with the exception of a limited number of tasks.
The primary areas of interest, namely memory and language were evaluated with tools

that are not typically used in memory clinics.

The main limitation is the small sample size. This is particularly relevant to the
extensive assessment battery. Statistical analysis was restricted by the fact that the
number of variables was greater than the number of observations. Another limitation
was that the non-fluent variant of PPA was not represented in the PPA group. This is
mainly due to the consecutive recruitment method that was employed. Fluency and
grammatical measures may have been more impaired with the inclusion of individuals
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with nfvPPA. Furthermore, the composition of the PPA group was unbalanced in
respect to the number of participants with the logopenic and the semantic variant.
However, the same may also be true for the AD group. The group is not homogeneous
and different single or multiple deficits were documented for AD participants. For
example, one participant (P21) with a prominent memory deficit was also impaired in
language measures at a similar degree to some of the PPA participants.

The assessment tools have been chosen by reviewing the PPA literature. Nevertheless,
there are a number of domains that have not been evaluated, most notably, calculation
and social cognition. Research for social cognition deficits, typically found in the
behavioral variant of FTD, has been extended to the PPA variants and is increasingly

receiving attention (Fittipaldi et al., 2019).

One limitation, specific to this study, is the fact that the AD group was older than the
control group. PPA participants were also younger than the participants with AD, but
the age difference did not reach statistical significance. This is due to the fact that the
control group was matched demographically to the PPA group and age of onset of PPA
is typically younger than AD.

4.5 Conclusions

Neuropsychological testing combined with narrative analysis has documented language

and other cognitive deficits in participants with IvPPA, svPPA and AD. AD participants
were, as expected, impaired in memory, speed of processing, visuospatial and executive
functions. Moreover, they exhibited lexical retrieval difficulties, as well as difficulties in

linguistic tasks with an increased processing load.

PPA participants were less affected in episodic memory measures. However, they too
were impaired in executive tasks, especially for working memory and phonemic verbal
fluency. Naming, single word comprehension, auditory comprehension of complex

material, repetition, reading and writing were all affected.

The most informative measures in differentiating PPA from AD participants were
sentence repetition, phonological errors, mean sentence length and sentence elaboration

index in a connected speech sample. These findings should be interpreted with caution
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taking into account the small sample size and the biased composition of the PPA group
which did not include participants with nfvPPA.
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5 Study 2. Comparing two narration tasks in PPA and AD: picture

description and story retell

5.1 Introduction

Single word production deficits have been extensively examined in neurodegenerative
diseases and PPA in particular. However, connected speech analysis has relatively
recently begun to be systematically studied (Sajjadi, Patterson, Tomek, & Nestor,
2012a).

Boschi et al. (2017) reviewed the evidence from studies focusing on connected speech
deficits in neurodegenerative disorders. The most commonly reported findings for
individuals with AD, in comparison to neurologically healthy controls, are slower
speech rate with frequent hesitations, greater number of closed class words produced,
higher production of high-frequency words, greater number of semantic and inflectional

errors, and production of fewer sentences and shorter utterances.

For individuals with svPPA, several studies have reported slower speech rate as a result
of false starts, reduced mean length of utterances and syntactic complexity, production
of fewer nouns but more pronouns, increased frequency of use of narrative words, and
the presence of semantic errors, compared to healthy controls (Fraser et al., 2014;
Sajjadi et al., 2012a; Wilson et al., 2010). With respect to the logopenic variant, the
most consistent findings include slow speech rate, increased number of fillers, false
starts and phonemic errors (Ash & Grossman, 2015; Ash et al., 2013; Wilson et al.,
2010). A reduced proportion of well-formed sentences has also been reported. In the
same studies, people with the non-fluent/agrammatic variant of PPA typically produced
a reduced number of narrative words, spoke at a slower speech rate and made frequent
speech sound errors. Reduced syntactic complexity and syntactic errors have been

reported, at the syntactic level.

The evaluation of connected speech enables a multi-level naturalistic assessment of
language production (Marini et al., 2011). All linguistic levels, phonetics, phonology,
morphology, syntax, semantics, pragmatics, and discourse can be evaluated when

analyzing connected speech samples.
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Different tasks have been used to elicit speech samples and evidence suggests that they
have different specificity for addressing different linguistic levels (Boschi et al., 2017).
For example, a picture description task may be more useful in documenting lexical and
semantic deficits, whereas story narration tasks favor the evaluation of discourse and
syntactic abilities. Spontaneous speech production tasks are more sensitive to
morphological, syntactic and discourse level deficits, as in unconstrained tasks it is

easier for speakers to compensate for their word-finding difficulties.

Ash et al. (2013) compared speech and language production using a picture description
task with the ‘Cookie Theft’ picture from BDAE, and a story from the picture book
‘Frog Where Are You’ (Mayer, 1969, as cited in Ash et al., 2013)They concluded that
the performance of individuals with PPA was similar under the two conditions. In two
other studies where a picture description and a semi-structured interview task were
compared, a different performance was reported on the two tasks concerning individuals
with PPA and AD (Sajjadi et al., 2012a, 2012b). The authors suggested that picture
description is better at capturing lexico-semantic deficits, whereas interviews capture

morphosyntactic deficits.

Moreover, it is recognized that different tasks place differential demands on cognitive
abilities like auditory attention, executive control and memory (Duinmeijer, de Jong, &
Scheper, 2012; Gongcalves et al., 2018). Neurodegenerative diseases like PPA provide
an opportunity for investigating the relationship between narrative tasks and cognitive
abilities, since cognitive deficits may also be present although language is the primary
domain affected.

In study 1, both the AD and PPA group scored significantly worse than neurotypical
controls on a number of cognitive and narrative measures. With respect to narrative
measures, difficulties were found for both groups with discourse productivity, sentence
productivity and lexical selection. However, findings did not show a clear pattern of
deficits; different measures were affected in the two groups and it is not clear whether
one of the two tasks favors narrative production in terms of lexical selection, discourse

and sentence productivity and accuracy.

Thus, the first aim of the study was to elaborate on the findings of the previous study,

by investigating whether there was a difference in the narratives produced by

participants under two conditions: describing a picture and re-telling a story. A second
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aim was to explore whether there was an interaction effect between group of
participants and type of task, i.e., whether there was a differential performance under
the two conditions for individuals with PPA, individuals with AD and neurotypical
controls. A final aim was to examine whether the two elicitation tasks placed different

cognitive demands on the participants.
5.2 Method

5.2.1 Participants

The same individuals from the previous study (study 1) were assigned to two
experimental groups (PPA and AD) and one control group (neurotypical adults).

5.2.2 Procedure

Two connected speech samples were collected under 2 different conditions: a picture
description task (‘Cookie Theft’ story, from the Boston Diagnostic Aphasia
Examination, BDAE) and a pictured based story retell task, ‘The Dog Story’ from the

Multilingual Assessment Instrument for Narratives, MAIN (Gagarina et al., 2012).

Samples were transcribed orthographically using ELAN software (Sloetjes &
Wittenburg, 2008). Phonological paraphasias, unintelligible or incomprehensible words
were transcribed phonetically using the International Phonetic Alphabet. Dysfluency
variables, such as silent and filled pauses, sound errors, repetitions and false starts were

also coded.

Narrative analysis of speech samples and extraction of summary measures was
completed following the quantitative production analysis (QPA) procedures (Saffran et
al., 1989). Segmentation of narratives into utterances was evaluated by a second
investigator (M.K.). Differences were discussed and resolved by consensus. Inter-rater
reliability for utterance segmentation was 91.5%. A set of additional measures was used
to quantify speech dysfluent characteristics and narrative variables not addressed by the
QPA protocol. Narrative measures were classified into four categories: discourse
productivity, sentence productivity, grammatical accuracy and lexical selection
(Gordon, 2006).
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Details about the QPA methodology and the measures reported in this study can be
found in pilot study 1.

Ten neuropsychological tasks were selected for evaluating interaction between
cognitive functioning and narrative production. These included the TMT-A for
evaluating visual attention and processing speed, the TMT-B for executive functioning,
e.g. set shifting, mental flexibility, Verbal Fluency (phonemic and semantic) for
executive control and verbal ability, the Forward and Backward Digit Span tasks as
measures of short-term auditory memory and verbal working memory, the delayed
conditions of 5-Words-Test, the 5-Objects-Test, the Benson Figure Test for auditory
and visuospatial memory, the copy condition of Benson Figure Test as a measure of
visuospatial processing and the picture version of the Pyramids and Palm Trees Test as

a measure of semantic abilities.
5.2.3 Statistical analysis

Differences between the picture description and the story retell tasks were explored
using paired sample T tests for each pair of narrative measures. In cases where
assumptions for the dependent T test were not met, comparisons were performed using
the non-parametric Wilcoxon Sign Rank Test. Significance values were adjusted for
multiple comparisons (o =.016).

In order to examine the interaction effect between group and type of task, a series of
Kruskal-Wallis H tests were performed with paired differences (Story retell — Picture
description) for each measure. Post-hoc comparisons of pairs of groups were conducted
with Mann-Whitney U tests with Bonferroni adjustment.

Correlations between neuropsychological tests and narrative measures were calculated
by computing two-tailed Spearman’s rank coefficients as several variables were not

normally distributed.
5.3 Results

A number of statistically significant differences between the narratives produced using

the two elicitation tasks was found (see Table 11).
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All participants produced words of higher frequency in the picture description condition

(Control Mdn = 2.649, AD Mdn = 2.783, PPA Mdn = 2.86) than in the story retell
condition (Control Mdn = 2.512, AD Mdn = 2.535, PPA Mdn = 2.678). Differences in

frequency were statistically significant (T =4,z =-3.045, p=.002, T=0, z =-2.666, p
=.008, T =0, z=-2.803, p = .005, respectively).

Table 11: Mean paired differences between the picture description and the story retell task per

group.
Control  Sig. AD  Sig. PPA  Sig.

Total Time (min) (np) -0.104 ns 0.117 ns -0.978 *
Total Words -24.067 ns 17.667 ns -79.700 *
Acrticulation Rate wpm -3.595 ns 16.575 * 3.944 ns
Dysfluencies
Pauses >1sec ptw 0.018 ** 0.013 ns 0.034 ns
Fillers ptw (np) 0.009 ns -0.022 * -0.026 ns
False Starts ptw -0.007 * 0.000 ns -0.006 ns
Discourse Productivity
Number of Narrative Words (np) -42.467 ** -16.000 ns -52.100 **
Narrative / Total Words -0.157 *** -0.116 ns -0.105 *
Number of Sentences (np) -3.067 * -1.333 ns -6.900 **
Number of Utterances (np) -2.467 ns 1.556 ns -5.800 **
Number of Types (np) -9.533 * -2.000 ns -18.200 **
Number of Lemmas -6.667 ns -0.222 ns -12.200 **
Type Token Ratio (np) 0.113 * 0.067 ns 0.181 **
Lexical Distribution
Number of Adjectives 0.027 ** 0.022 ns 0.024 *
Number of Nouns -0.010 ns -0.038 ** -0.014 ns
Lexical Selection
Mean Log Frequency (np) 0.230 ** 0.276 ** 0.364 **
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Sentence Productivity

Proportion of Words in Sentences -0.050 * -0.203 ** -0.027 ns
Mean Sentence Length -1.429 * -1.937 * -0.955 ns
Mean Utterance Length -1.488 * -1.814 ns -1.279 *
Median Sentence Length -0.600 ns -1.667 ns -1.400 *
Mean Length 3 Longest -4.756 *** -3.148 ns -2.967 *
Embedding Index -0.238 * -0.022 ns -0.096 ns
Auxiliary Complexity Index -0.191 ns -0.091 ns -0.255 *

*p <.05; **p <.01; ***p < .001 level of statistical significance; ns: non-significant difference; np: non-
parametric test used.

For the PPA group, significant differences between the two narrative tasks were found
for variables of lexical selection (mean logarithmic frequency of open class words),
discourse productivity (proportion of narrative to total words, number of narrative
words, types, lemmas, sentences and utterances and type token ratio) and sentence
productivity (median sentence length, mean length of the 3 longest sentences) and
auxiliary complexity index, (figures 14 and 15). Finally, the PPA group produced
significantly more adjectives in the picture description task (M = 0.033, SD = 0.032)
than in story retell (M = 0.009, SD = 0.01); t(9) = 0.024, p = .040.

Performance of the AD group was statistically different under the two connected speech
conditions in terms of fluency for articulation rate and fillers, as illustrated in figure 16,
mean logarithmic frequency and sentence productivity for proportion of words in
sentences and mean sentence length. The AD group produced significantly fewer nouns
in the picture description (M = 0.192, SD = 0.047) than in the story retell task (M = 0.23,
SD =0.035); t(8) = -0.038, p = .007.

Concerning the control group, there was a statistically significant difference for fluency
(pauses and false starts), lexical selection (mean logarithmic frequency of opened class
words), discourse productivity (proportion of narrative to total words, number of
narrative words, number of sentences and type token ratio) and sentence productivity
(proportion of words in sentences, mean length of the 3 longest sentences and

embedding index). Similar to the PPA group, neurotypical controls produced more
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adjectives in picture description than in story retell (Mean difference = 0.027, SD =
0.033); t(9) = 3.17, p = .007.
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Figure 14. Discourse productivity measures: number of narrative words and proportion of

narrative to total words produced in the two narrative tasks.

|M FD_Propwinsent
I Main_PropininSent

M FD_MeanSentLength
10,000 I 1Main_hleanSentLength

Mean
Mean

Heurotypical

Neurotypical
Group Group

|M FD_Embedding_index M FD_AuxComplextty _Index
I Mein_Embedding_index 1.500 I Main_AuxComplexity_ndex

Mean
Mean

Neurctypical AD Neurotypical AD

Group

Group

Figure 15. Sentence productivity (mean sentence length, embedding index, proportion of

words in sentences) and auxiliary complexity index for picture description and story retell.
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Figure 16. Fluency variables for picture description and story retell: articulatory rate, false

starts, silent and filled pauses.

Significant differences in the performance under the two narration conditions between
groups are reported in table 18 (see Appendix 1). Statistically significant interaction
effects between group and type of narrative were found for discourse productivity
measures (narrative words, total words, sentences, utterances, types and type-token
ratio). Post- hoc comparisons with Mann-Whitney Tests revealed differences between
the PPA and the AD group. Both groups produced more total words (PPA Mdn = 168.5;
AD Mdn = 162) and narrative words (PPA Mdn = 106; AD Mdn = 114) in story retell
than in picture description (PPA Mdn = 112.5, AD Mdn = 138 and PPA Mdn =56, AD
Mdn = 97), but for the PPA group the difference between the two narrative tasks was
significantly greater than for the AD group; U =-12.078,z=-2.64,p=.025and U = -
12.15, z = -2.657, p = .024, respectively. Participants with PPA also produced more

sentences (Mdn = 16) and utterances (Mdn = 17) in the story retell task than in the
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picture description task (Mdn = 9.5; Mdn = 10.5). Participants with AD however,
produced fewer sentences (Mdn = 12) and utterances (Mdn = 13) in story retell than in
picture description (Mdn = 13; Mdn = 16). These differences were found to be
significant (U =-11.478,z=-2.521, p =.035 and U = -14.039, z = -3.079, p = .006,
respectively). Type token ratio was reduced in picture description in comparison to
story retell for both groups, but even more so for the PPA group (Mdn = 0.715; Mdn =
0.534; U =12.044, 2 =2.632, p = .025).

A significant interaction between type of task and group was also found for semantic
errors. The PPA group made significantly more semantic errors on the story retell task
(Mdn = 0.009) than on the picture description task (Mdn = 0.003), whereas the opposite
was evident for the AD group (Mdn = 0.005 for story retell, Mdn = 0.008 for picture
description; U =-11.667, z = -2.666, p = .023)

A statistically significant interaction was also detected between type of narrative task
and group for the production of fillers per total words (H(2) = 12.185, p = .002). Post-
hoc comparisons revealed differential performance on the two narrative tasks between
the control and the PPA group (U =-10.733, z = -2.64, p = .025), as well as between the
control and the AD group (U =-13.133, z =-3.128, p = .005). The control group
produced more fillers in describing the picture (Mdn = 0.023) than in re-telling the story
(Mdn = 0.007). Both the PPA and the AD group produced more fillers in story retell
(PPA Mdn = 0.049; AD Mdn = 0.035) than in picture description (PPA Mdn = 0.015;
AD Mdn =0.014).

Finally, although the omnibus test was statistically significant for proportion of words in
sentences (H(2) = 6.165, p = .046), post-hoc comparisons did not confirm differential

performance under the two conditions for any pair of groups.

Correlational analyses revealed a significant positive correlation for AD participants
between mean logarithmic frequency of narrative words for story retell and the delayed
recall conditions of the 5-object-test (r = 0.807, p =.009) and Benson Figure test (r =
.77, p =.005). For the PPA group, there was a significant negative correlation of the
same measure in both tasks with TMT-B and the forward condition of the Digit Span
test (r =-.681, p=.03; r =-.746, p = .013 for picture description; r =-.755, p =.002; r
=-.703, p = .023 for story retell, respectively).
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For AD participants, sentence elaboration, embedding index and mean length of the 3
longest sentences were positively correlated with TMT-B only for the story retell task (r
=.749,p=.02; r=.785, p =.012; r =.715, p = .03, respectively). Articulation rate and
pauses were correlated with backward digit span, as well as the delayed conditions of 5-

words and 5-objects test, only for the picture description task.

For PPA participants, the sentence embedding index was correlated with TMT-A (r =
.804, p =.005) and TMT-B (r =.702, p = .024), only for the picture description task,
whereas sentence elaboration for the same task was positively correlated with TMT-B (r
=.644, p = .044) and forward digit span (r = .801, p =.005). Sentence elaboration for
story retell correlated only with forward digit span (r = .667, p = .035). Mean length of
utterance was correlated with TMT-B (r = .839, p = .002) and forward digit span (r =
.799, p =.006) for the picture description and backward digit span (r = .642, p = .045)
and phonemic verbal fluency (r = .685, p = .029) for the story retell task. Speech rate
was correlated with TMT-B (r = .693, p = .026) and forward digit span (r = .752, p =
.012), only for story retell.

5.4 Discussion

In this study, a picture description task was compared to a story retell task in two groups
of individuals with different neurodegenerative conditions (PPA and AD) and a
neurotypical control group. In order to evaluate the cognitive demand of each task,

correlations were computed between narrative discourse and cognitive measures.

Differences between the two connected speech tasks were found for fluency, lexical
selection, discourse, and sentence productivity but not for grammatical accuracy
measures. The only lexical selection measure that was significantly different between
the two tasks, was mean logarithmic frequency of open class narrative words. All
participants used higher frequency words in picture description, indicating reliance on
‘easier’, more common words for the completion of this task or even for masking of
word retrieval difficulties. Another finding, which was common in all groups, was

higher sentence productivity scores for the story retell task.

A finding worth considering is the increased morphological complexity of forms used

by individuals with PPA in the story retell narrative, as suggested by the higher

auxiliary complexity index in this task compared to the picture description. With respect
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to discourse productivity, results indicate better performance in the story retell task for
the PPA and the control group, but similar performance to the picture description task
for the AD group. Speech rate did not differ between the two narrative tasks, but
articulation rate was found to be faster in picture description than in story retell for
individuals with AD who also did not differ in the number of silent pauses they made in
the two tasks. However, they made more filled pauses in story retell. These findings
may indicate that AD participants had an additional difficulty with recalling the story
plot. Neurotypical participants made more pauses in the picture description task but
produced more false starts in the story retell task. For the PPA group, fluency measures
did not vary significantly between the two narrative tasks.

For the PPA and AD group, an interaction effect was found between group and method
of elicitation for frequency of semantic errors, as well as discourse productivity
measures. The PPA group made more semantic errors in the picture description task,
whereas the AD group in the story retell task. Furthermore, the PPA group produced far
more narrative words in the story retell task in comparison to the picture description
task than the AD group. An explanation for this finding could be related to the cognitive

load of each task and the additional recall component of the story retell task.

Results from the correlation analysis suggested a heavier involvement of memory
capacity for fluency and word frequency measures for AD participants. Sentence
productivity was correlated with executive function. For PPA participants, all fluency
measures, as well as measures of lexical selection, discourse and sentence productivity
correlated with executive control, short-term memory and to a lesser degree with

working memory.

In picture description, fluency measures correlated both with episodic and working
memory for participants with AD. In story retell, involvement of executive function was
evident for sentence productivity measures. In PPA, there was no clear relationship
between cognitive load and type of task.

Both picture description and story retell tasks involve inhibition of distractions, keeping
important information in working memory, integrating semantic knowledge, planning,
organization, and other executive skills. The presence of visual stimuli (pictures) lessens
the memory load of the tasks. These capacities are recruited in order to produce
complete and accurate narratives. Additional executive resources are needed to
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compensate for a deficit in linguistic processing or memory. Task complexity and the
presence of a linguistic or cognitive deficit seems to account for the increased
involvement of multiple executive components in individuals with PPA and AD in
comparison to the control group. This is a commonly reported conclusion in the
research literature on the topic (Gongalves et al., 2018; Mueller, Hermann, Mecollari, &
Turkstra, 2018).

Individuals with PPA performed better in the story retell task in comparison to the
picture description task; they produced words of lower frequency, more narrative words
and utterances, longer sentences and used more complex morphosyntactic elements than

they did when describing the ‘Cookie Theft’ picture.

This finding has clinical implications as it suggests that individuals with PPA could
benefit from input in structured activities during therapy to maximize their verbal
output. Story retell seems to have an advantage over picture description activities which
are very popular in clinical settings. A possible use of such an activity in intervention
could involve rehearsing personal relevant stories with visual prompts (Khayum,
Wieneke, Rogalski, Robinson, & O’Hara, 2012).

Fewer differences between the tasks were documented for the AD group and they were
not always in the same direction. A possible explanation could be that the AD group
does not benefit from or cannot capitalize on the auditory input provided by the
examiner in the retell task due to memory limitations. If this assumption is true, both
tasks would be treated as picture description tasks and the story retell task would place
more cognitive demands to the AD group, as a result of the need to convey information
about a relatively complex story plot and not just about a static scene. Results from the
previous study contradict this interpretation, as participants with AD differed from
neurotypical controls in articulation and speech rate, total dysfluencies and proportion
of narrative words under the story retell condition. It seems thus, that both tasks
presented the same degree of difficulty for participants with AD and that the underlying
deficit is executive in nature, as substantiated by the correlation analysis. We could thus

conclude that in this group both elicitation methods could be used interchangeably.

Regarding ability to capture connected speech deficits, both tasks seem to perform
equally well in participants with PPA. Recapitulating findings from study 1, PPA
participants were found to be affected in fluency, lexical selection, discourse and
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sentence productivity measures in both tasks: total dysfluencies, pauses, mean pause
duration, phonological errors, square root variant of type token ratio, mean logarithmic
frequency of open class words, number of narrative words, mean length of the 3 longest
sentences and sentence elaboration index, in picture description; speech rate, total
dysfluencies, pauses, prolongations, fillers, phonological errors, square root variant of
type token ratio, proportion of narrative to total words, mean length of the 3 longest
sentences, mean sentence length, sentence elaboration index and embedding index in
story retell. In that sense, both methods can be used interchangeably, as suggested by
Ash et al. in the only study, so far, that has directly compared picture description to
story narratives in individuals with PPA (Ash et al., 2013).

On the other hand, if the purpose of the assessment is to assist differential diagnosis
between degenerative conditions and more specifically between PPA and AD, which is
by far the most frequent clinicopathological entity encountered in clinical settings, then
we reach a different conclusion. In study 1, two measures were deemed appropriate for
differentially diagnosing PPA and AD participants: mean sentence length and sentence
elaboration index derived from the story retell elicitation procedure. Story retell thus
seems to be more sensitive in identifying deficits at the syntactic level of language
production. In that respect, the findings are in partial agreement with two studies which
compared picture description and semi-structured interviews (Sajjadi et al., 2012a,
2012b). They concluded that picture descriptions are more suitable for detecting lexical
deficits, whereas interviews are more suitable for detecting morphosyntactic and
discourse deficits. It must be noted however, that these results originate from different
tasks and sample composition. In this study, PPA participants were grouped together
irrespective of variant categorization and there was no participant with the non-

fluent/agrammatic variant of PPA.

The generalizability of the findings is limited by the fact that the PPA sample did not
include participants with the non-fluent/agrammatic variant of PPA. Difficulty with
sentence productivity, grammatical accuracy and dysfluencies have been consistently

reported in this variant (Boschi et al., 2017).

A further limitation of this study is that discourse-pragmatic measures are not included
in the current analysis. Cohesion and coherence have been studied both in AD (Mueller
et al., 2018) and PPA (Ash & Grossman, 2015).
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5.5 Conclusion

Different elicitation tasks for the assessment of connected speech can be used to
document narrative abilities in individuals with degenerative disorders. However,
clinicians should be aware that different methods may lead to a different outcome
depending on the purpose of the assessment. Story retell seems to be more sensitive in
capturing morphosyntactic deficits and may assist in the differential diagnosis between
PPA and AD.
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6 Study 3. Cognitive-linguistic profiles of Greek-speaking individuals

with a degenerative disease: a case-control study

6.1 Introduction

In the last decade, language has been increasingly studied in the context of
neurodegenerative diseases, not only in PPA, but also in various disorders with a
predominant cognitive, movement or behavioral deficit (Mueller et al., 2018; Peterson,
Patterson, & Rowe, 2019; Vinceti et al., 2019). Differences and similarities between
individuals with PPA and AD were documented in the two previous studies. However,
other diseases such as Frontotemporal dementia - Amyotrophic lateral sclerosis (FTD-
ALS), Progressive supranuclear palsy (PSP), Corticobasal syndrome (CBS) have also
clinical phenotypes which overlap with PPA and may manifest with language

impairment amongst other cognitive symptoms.

In this study, the cognitive-linguistic and narrative discourse profiles of Greek-speaking
individuals with a degenerative disease were analyzed. Thirteen individuals with a
progressive speech and language impairment participated in this study: 10 with a
diagnosis of PPA and 3 with an FTD associated diagnosis. Fifteen demographically
matched neurotypical adults served as controls. Each clinical diagnosis was discussed
with reference to the established criteria. The different phenotypes were compared, and

key characteristics of each condition were identified.

The main aim of the study was to explore the range of cognitive and language
symptoms that can occur in PPA and FTD related neurodegenerative diseases. A second
aim was to document the challenges associated with the clinical diagnosis of PPA and

classification of the PPA variants.
6.2 Method

6.2.1 Participants

Ten individuals with PPA (mean age 66.80, SD = 7.525 with mean years of education
13.60, SD = 4.088) and 3 individuals with an FTD associated diagnosis (mean age 60,
SD = 17.3 with mean years of education 13.33, SD = 4.62) participated in the study.
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FTD diagnoses included: FTD-Amyotrophic lateral sclerosis (FTD-ALS), Progressive
supranuclear palsy (PSP) and Corticobasal syndrome (CBS).

Two of the PPA participants met the criteria for svPPA and six for IvPPA. One
participant did not meet the criteria for any of the three established variants and another

one presented with a mixed variant phenotype.

The control group consisted of 15 neurotypical individuals (mean age 67.93, SD = 6.17,
mean years of education 13.13, SD = 3.482).

Additional information about the control group, PPA and FTD participants can be found
in section 3.4. The same neurotypical controls and individuals with PPA participated in

study 1 and study 2.
6.2.2 Procedure.

All participants were evaluated using the same comprehensive battery of tests. Details
about recruitment, assessment and obtaining informed consent are described in detail in

chapter 3.
6.2.3 Statistical analysis

Each participant was compared to the control group using Crawford and Howell’s
method (Crawford & Howell, 1998) which enables the comparison of performance of a
single participant with that of a small control sample. T values and effect sizes (zc), for

case-control designs, have been computed (Crawford & Garthwaite, 2012).
6.3 Results

In the following sections, demographic information, as well as information about
staging, communicative, functional, neuropsychiatric, and general cognitive status are
provided in a tabular format for each participant. Linguistic assessment results are
summarized and discussed in relation to classification criteria. Concerning cognitive

function and narrative discourse abilities, results are presented in bar charts.
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6.3.1 Participant 25 (PPA group)

Diagnosis IVPPA Years Post Onset 2
Gender female BDAE Severity 2
Age 60 WAB Fluency 7
Education 12 Frontotemporal Rating Scale  63.333
MMSE 22 NPI 5
PASS sum of boxes 7 NPI limpact 4
P25
Mood ! 0.205
Pyramic & Palm Trees Test -2.782 m—
Clock Drawing Test w0349
Benson Figure Copy - 0994
Benson Figure Delayed Recall -1.259 == 0.258
5 Objects Delayed Recall ] 0 273
5 Words Delayed Recall -
Semantic Verbal Fluency -3.042 ve—
Phonemic Verbal Fluency -4.154 ee——
Digit Span Backward -3.285 m—
Digit Span Forward -3.062 m—
TMT_B -5.081 m—
TMT_A -1.378 ==
Zcc -14 -12  -10 -8 -6 -4 -2 0 2 4 6
Auxiliary Complexity Index = 0.448
Sentence Elaboration Index -2.569 m—
Mean Sentence Length 10 694 -1.838  m——

Well Formed Sentences
Embedding Index

Proportion of Words in Sentences
Mean Log Frequency of Words
Verbs / Nouns & Verbs
Pronouns / Nouns & Pronouns
Closed / Open Class Words
Type Token Ratio SqR
Narrative Words / Total Words
Dysfluencies ptw

SpeechRate (wpm)
ArticulationRate (wpm)

Zcc -12 -10
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Figure 17: Participant 25: cognitive and narrative discourse profile.

For the first participant with PPA, both core criteria for IvPPA were met. A severe
repetition deficit was documented (t = -24.590, p < .001, z¢c = -25.396, for the WAB test
and t =-110.375, p <.001, zcc = -113.995, for the long frequent sentences from Bayles
repetition test). Moreover, single-word retrieval in spontaneous speech and naming was
impaired. Performance on the BNT was significantly different than neurotypical
controls’ performance (t = -11.375, p <.001, z¢c = -11.748). In a recent meta-analysis of
neuropsychological function in IvVPPA (Kamath, Sutherland, & Chaney, 2020), naming
was found to be significantly more impaired than repetition. However, when simple
repetition tasks and tests which combined performance for repetition of words, short
and long sentences together in one score were removed, severity of naming deficits was

comparable to severity of repetition deficits.

Additional criteria were also met. This participant made frequent phonological errors (t
=0.788, p< .001, zcc = 10.109, for the picture description task), had spared single-word
comprehension as indicated by scores on PPVT (t =-1.626, p = .063, zcc = -1.679) and
spared motor speech (even though repetition of multisyllabic words generated phonemic
paraphasias). There was no evidence of frank agrammatism. Comprehension of complex
syntactic structures was impaired (t = -10.012, p < .001, z¢c = -10.341), but to a lesser
degree than other auditory comprehension tasks (t = -22.250, p < .001, z¢c = -22.980 for
following commands). This finding could be attributed to underlying short-term and
working memory deficits (see figure 17). The low proportion of well-formed sentences
in the story retell task, depicted in figure 17, was associated with word finding problems
and difficulties in retrieving the phonological form of words which resulted in pervasive

phonological errors.

Reading and writing were also affected. Performance in reading fluency was better with
non-words than real words (t =-1.542, p = .073, zec = 1.592; t = -4.219, p < .001, z¢c = -
4.358, respectively), but spelling was better for words than non-words (t = -6.355, p <
001, z¢c =-6.563; t =-9.798, p <.001, z¢c = -10.119, respectively).

Neuropsychological testing documented executive impairment with relative sparing of

memory and visuospatial abilities.
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6.3.2 Participant 26 (PPA group)

Diagnosis IVPPA Years Post Onset 2
Gender female BDAE Severity 2
Age 61 WAB Fluency 5
Education 12 Frontotemporal Rating Scale  93.333
MMSE 26 NPI 4
PASS sum of boxes 6 NPI limpact 2
P26
Mood 0.205
Pyramic & Palm Trees Test mmm 1,130
Clock Drawing Test -0.632 == 0.994
Benson Figure Copy — 3:'[5
Benson Figure Delayed Recall I
5 Objects Delayed Recall n 0623;33
5 Words Delayed Recall -
Semantic Verbal Fluency -2.461 —
Phonemic Verbal Fluency -3.029 mm—
Digit Span Backward -0.910 =
Digit Span Forward -3.062 m—
TMT_B -5.081 mes——
TMT_A -7.651 mEEEE——
Zcc-14  -12  -10 -8 -6 -4 -2 0 2 4 6

Auxiliary Complexity Index
Sentence Elaboration Index
Mean Sentence Length

Well Formed Sentences
Embedding Index

Proportion of Words in Sentences
Mean Log Frequency of Words
Verbs / Nouns & Verbs
Pronouns / Nouns & Pronouns
Closed / Open Class Words
Type Token Ratio SqR
Narrative Words / Total Words
Dysfluencies ptw

SpeechRate (wpm)
ArticulationRate (wpm)

Zec-12 10 -8 6 -4 2 0 2 4
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Figure 18: Participant 26: cognitive and narrative discourse profile.

The second participant with PPA was severely impaired in sentence repetition (t = -
11.233, p <.001, z¢c = -11.602, for the WAB test and t = -69.125, p < .001, z¢c = -71.392
for the long frequent sentences from the Bayles repetition test) and in confrontation
naming (t = -3.500, p =.002, zcc = -3.615 for BNT). Concerning the additional criteria
for the IVPPA classification, this participant made phonological errors in picture
description (t = 15.861, p <.001, zcc = 16.381). She had intact semantic knowledge for
objects and pictures (t = 1.094, p = .146, z.c = 1.130 for the PPT test), but single word
comprehension was found affected (t = -2.981, p =.005, z.c = 3.078). However, the
same participant was tested one year later (see study 4) and her performance on the
same test was normal (t = -0.610, p < .276, z.c = -0.630) despite cognitive decline and
deterioration in all other tests. A possible explanation for this finding may be test-retest
variability or underlying performance anxiety alleviated by familiarizing with the
setting. Motor speech was intact, but assessment revealed difficulty with sentences with
increased articulatory complexity. It must be noted that this was a common finding in
participants with co-existing severe repetition deficits. In these cases, repetition of
single words with increasing length and articulatory complexity seems to be more
reliable for evaluating motor speech function. Thus far, three out of the four additional

criteria are fulfiled and this participant can be classified as logopenic.

Reading and writing were affected as in the first participant. Performance in reading
fluency was better with non-words than real words (t = -1.402, p = .091, zcc = 1.448; t =
-3.134, p = .004, z¢c = -3.236, respectively) and spelling was better for words than non-
words (t =-8.880, p <.001, z¢c =-9.171; t =-15.922, p < .001, z¢c = -16.444,

respectively).

With respect to neuropsychiatric symptoms, only anxiety was reported to be present. An
executive impairment was documented, as in the previous participant, with relative
sparing of memory and visuospatial abilities. It must be noted that TMT-A and TMT-B
were interrupted following the directions of the tasks protocol about timed
administration. Thus, the corresponding effect size values do not reflect the magnitude

of executive deficit. The same limitation applies to all participants.

Nonetheless, the final criterion of absence of frank agrammatism merits further

discussion. For this participant, as well as for other participants in this study, the answer
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as to whether her speech was agrammatic or not is not that straightforward. Her speech
production was severely affected by lexical retrieval deficits. She used 25 unique words
in picture description compared to 65.533 (SD = 19.416) of the control sample (t = -
2.021, p =.031, z¢c =-2.088). Mean sentence length was 3.4 (t = -2.314, p = .018, z¢ = -
2.390) and proportion of well-formed sentences was 0.8 (t = -3.006, p =.005, z¢ = -
3.104).

Concerning receptive language, she was impaired in syntactic comprehension (t = -
14.243, p < .001, z¢c = -14.710), but less so than in following commands (t = -18.500, p
<.001, z¢c = -19.107). Sentence comprehension deficits in this variant are frequently
reported and have been associated with short-term memory demands for sentence
processing (Wilson et al., 2012).

The diagnosis of nfvPPA is based on either agrammatism in language production or
apraxia of speech and at least two of the following features: spared single-word
comprehension, spared object knowledge and impaired comprehension of syntactically
complex structures. Even if the receptive deficit were dismissed for this participant, she
could still be classified as nfvPPA, IVPPA or as a mixed case. As Ash et al. point out,
impaired grammaticality with disease progression in IvPPA contributes to difficulty in
distinguishing IVPPA from nfvPPA (Ash et al., 2019). Given the prominent nature of the
repetition and word retrieval deficits, the diagnosis of IVPPA seems to be more

appropriate for this participant.

Pertinent to the discussion is also the progression of cognitive and language features
over time. PPA subtyping is easier at initial stages (Mesulam, 2016) and the timing of
assessment is crucial for accurate diagnosis. Such dilemmas have been previously
reported and have raised awareness about the limitations of clinical diagnosis and
classification (Montembeault, Brambati, Gorno-Tempini, & Migliaccio, 2018; Tippett,
2020).

6.3.3 Participant 27 (PPA group)

Diagnosis SVPPA Years Post Onset 4

Gender male BDAE Severity 4
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Age 72 WAB Fluency 8

Education 9 Frontotemporal Rating Scale -
MMSE 27 NPI -
PASS sum of boxes 4 NPI limpact -
P27
Mood -0.179 «
Pyramic & Palm Trees Test L
Clock Drawing Test -12.562 -2.214  ve—
Benson Figure Copy -1.491 —
Benson Figure Delayed Recall -0.472 =
5 Objects Delayed Recall 5 0.258
5 Words Delayed Recall -3.334 —
Semantic Verbal Fluency -2.913 S——
Phonemic Verbal Fluency -2.466 —
Digit Span Backward == 0.871
Digit Span Forward -1.148
TMT_B -2.373 m—
TMT_A -2.447 v—
Zcc-14 -12 -9 -7 -4 -2 1 4 6
Auxiliary Complexity Index = 0.489
Sentence Elaboration Index -1.704  ve——
Mean Sentence Length -1.526 w——
Well Formed Sentences -0.250 =
Embedding Index -0.985 ===
Proportion of Words in Sentences -0.357 =
Mean Log Frequency of Words = 0.952
Verbs / Nouns & Verbs mmm—— ) 834
Pronouns / Nouns & Pronouns memm——— 2 663
Closed / Open Class Words == (0.698
Type Token Ratio SqR 1,573
Narrative Words / Total Words -4.446 T
Dysfluencies ptw I 0.055
SpeechRate (wpm) 1 0.198
ArticulationRate (wpm) mm 0.847
Zcc-12 -10 -7 -5 2 1 3 6

Figure 19: Participant 27: cognitive and narrative discourse profile.

In order to be classified as svPPA, a person must be impaired in confrontation naming
and single-word comprehension. Additional features of this variant include impaired

object knowledge, surface dyslexia or dysgraphia, spared repetition, grammaticality,



and motor speech abilities. At least three of these features must be present for the
diagnosis of svPPA.

This participant was indeed severely impaired in naming (t = -13.625, p < .001, z¢c = -
14.072), single-word comprehension (t =-8.061, p <.001, z.c = -8.326) and object
semantics (t =-12.163, p <.001, z¢c = -12.562). Comprehension of syntactically
complex sentences was intact (t = 0.564, p = .291, z.c = 0.583), as was production of
sentences (see figure 19). He had difficulty repeating long non-meaningful sentences (t
=-4.680, p <.001, zcc = -4.834), but repetition of long frequent sentences was flawless
(80/80) (t = 0.250, p = .403, zcc = 0.258). Motor speech evaluation did not reveal any
signs of dysarthria or apraxia of speech. Reading fluency was within normal limits (t =
0.014, p =.494, z,c = 0.015 for words and t = 0, p = .5, zcc = 0 for non-words). Spelling,
on the other hand, was impaired for real words (t = -3.830, p = .001, z¢c = -3.955), but
not for non-words (t = 0.919, p = .187, zcc = 0.949).

On cognitive testing, he exhibited mild to moderate memory and executive impairment,
but spared visuospatial functioning (see figure 19). This participant presented with
disinhibition and logorrhea. Behavioral symptoms were reported by his primary
caregiver one year later on re-assessment. At that time, he had a score of 25 on the
Neuropsychiatric Inventory.

A finding worth commenting on, is the increased proportion of pronouns in story retell
narrative production (t = 2.579, p = .011, z¢c = 2.663) and verbs (t = 2.744, p = .008, zcc
= 2.834), consistent with previous reports (Wilson et al., 2010), which reflects lexical

retrieval deficits for nouns.

The semantic variant of PPA is the variant with the most salient characteristics and
consistent clinical presentation (Hoffman et al., 2017) and this participant seems to

represent the typical phenotype of svPPA.

6.3.4 Participant 28 (PPA group)

Diagnosis Anomic PPA Years Post Onset 2
Gender male BDAE Severity 4
Age 68 WAB Fluency 9
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Education 16 Frontotemporal Rating Scale  92.590
MMSE 29 NPI 4
PASS sum of boxes 1.5 NPI limpact 2
P28
Mood 5 0.205
Pyramic & Palm Trees Test -2.130 v—
Clock Drawing Test mmm 0.949
Benson Figure Copy mmm 0.994
Benson Figure Delayed Recall -1.259 m—
5 Objects Delayed Recall ®m 0.258
5 Words Delayed Recall -0.208 =

Semantic Verbal Fluency
Phonemic Verbal Fluency
Digit Span Backward

-1.362 m—
-1.622 —
—].464

Digit Span Forward 1.0.128

TMT_B 0.012
TMT_A -0.166 ®

Zcc-12 -10 -7 -5 -2 1 3

Auxiliary Complexity Index -0.349 =
Sentence Elaboration Index -1.118  w—
Mean Sentence Length -1.075 =
Well Formed Sentences -0.441 =

Embedding Index
Proportion of Words in Sentences

Mean Log Frequency of Words == 0.694
Verbs / Nouns & Verbs -1.214  —
Pronouns / Nouns & Pronouns 10222
Closed / Open Class Words mm (0.792
Type Token Ratio SqR m 0.270
Narrative Words / Total Words -4.384 T——
Dysfluencies ptw == 0.941
SpeechRate (wpm) -0.038 |
ArticulationRate (wpm) = 0.447
Zcc -12 -10 -7 -5 -2 1 3

Figure 20: Participant 28: cognitive and narrative discourse profile.

This participant could not be classified in any of the established variants of PPA. He
presented with a naming deficit (t = -6.5, p <.001, z¢c = -6.713) and a mild deficit in
object semantics (t = -2.062, p = .029, z¢c = -2.13). However, single-word



comprehension, one of the two main criteria for the svPPA classification, was intact (t =
'0271, p < 395, Zec = '0280)

He also did not meet the IVPPA basic criteria, as sentence repetition was intact (t =
0.582, p =.285, z¢c = 0.601, for the WAB test and t = 0.25, p =.403, z¢c = 0.258 for the

long frequent sentences from the Bayles repetition test).

Comprehension of syntactically complex sentences was unaffected (t = 0.564, p =.291,
Zcc = 0.583), but impaired comprehension of sentences was documented in following
commands (t =-3.5, p =.002, z.c = -3.615). Reading, writing and motor speech abilities
were spare. Cognitive testing revealed intact memory, executive and visuospatial

functioning (see figure 20).

No phonological (t = 0.206, p = .42, z,c = 0.213) and semantic errors (t = 1.688, p =
057, zcc = 1.743) were evident in story retell, but he made significantly more errors than
the control participants in describing the ‘Cookie Theft’ picture (t = 12.298, p <.001 ,
Zcc = 12.701 for phonological errors; t = 2.408, p = .015, z¢c = 2.487 for semantic errors).

Increased anxiety levels were documented on the NPI, but no other behavioral symptom

was reported.

Similar phenotypes have been reported in various studies. Mesulam et al., for example,
in a cohort of 25 individuals with PPA, identified as ‘anomic’ three participants
(Mesulam et al., 2012). Two of them, at a later stage, fulfilled the criteria of svPPA.
Taking into account the mild impairment in object semantics and the preserved
executive and visuospatial abilities, which seem to be better preserved in the semantic
than in the other variants of PPA (Kamath et al., 2020), further deterioration of semantic

knowledge could be anticipated.

For this participant, results were available from two consecutive assessments. He was
first evaluated as a candidate for the control group. As there were indications of a
lexical retrieval deficit, he was disqualified and re-assessed one year later. A

comparison of the two assessment results is presented in study 4.

6.3.5 Participant 29 (PPA group)

Diagnosis IVPPA Years Post Onset 1

99



Gender female BDAE Severity 3

Age 60 WAB Fluency 6
Education 16 Frontotemporal Rating Scale  69.230
MMSE 19 NPI 3
PASS sum of boxes 6.5 NPI limpact 1
P29
Mood 1 0.205
Pyramic & Palm Trees Test -3.434 —
Clock Drawing Test |
Benson Figure Copy -18.025 == 0.994
Benson Figure Delayed Recall -2.833 m—
5 Objects Delayed Recall -3.615 m—
5 Words Delayed Recall -1.771  v—
Semantic Verbal Fluency -1.943  w—
Phonemic Verbal Fluency -2.607 —
Digit Span Backward -0.317 =
Digit Span Forward -2.424 —
TMT_B -3.069 m—
TMT_A -0.451 =

Zcc -20 -18 -15 -13 -10 -8 -5 -3 0 3

Auxiliary Complexity Index -0.766 wm
Sentence Elaboration Index -2.813 em—
Mean Sentence Length -1.161 e
Well Formed Sentences -6.685 mEEE——
Embedding Index -0.849 wm
Proportion of Words in Sentences = 0.418
Mean Log Frequency of Words e 1.104
Verbs / Nouns & Verbs mmm—— ) 483
Pronouns / Nouns & Pronouns m= (0.799
Closed / Open Class Words == (0.762
Type Token Ratio SqR -0.840 wm
Narrative Words / Total Words -3.911 m—
Dysfluencies ptw e 3,695
SpeechRate (wpm) -2.801 me—
ArticulationRate (wpm) -1.239 =
ch-lz -10 -7 -5 -2 1 3 6

Figure 21: Participant 29: cognitive and narrative discourse profile.

This participant presented with a naming deficit (t = -2, p <.033, z¢c = -2.066 for BNT-

45and t =-13.392, p <.001, z¢c = -13.831 for BNT-15) and impaired sentence repetition
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(t=-7.124, p <.001, zcc = -7.386, for the WAB test and t = -63.5, p < .001, z¢c = -65.583
for the long frequent sentences from the Bayles repetition test). Lexical retrieval deficits
were evident in speech production, as suggested by her connective speech profile in
figure 21, and more specifically by the increased number of dysfluencies, the high
proportion of verbs in comparison to nouns and the reduced sentence elaboration index
(Emily Rogalski et al., 2011; Wilson et al., 2010).

Additional criteria for the IVPPA diagnosis were also met. She made phonological errors
in both narration tasks (t = 7.165, p <.001, zcc = 7.4, in picture description and t =
3.577, p =.002, z¢c = 3.695, in story retell). Single word comprehension (t =-0.948, p =
.18, z¢c =-0.980) and comprehension of complex syntactic structures (t =-1.551, p =
072, zcc = -1.602) were intact.

Motor speech evaluation revealed severe difficulty with sequential motion rate (puh-
tuh-kuh) (t = 15.067, p < .001, zcc = 15.561), but normal repetition of polysyllabic words
and words with increasing length and articulatory complexity. She also had difficulty
repeating sentences of increased articulatory complexity. As it has been aforementioned,
these results might not be reliable given her sentence repetition deficit. There was no
evidence of apraxic errors in spontaneous speech and passage reading (t =-1.371, p =
096, zcc = -1.416, for speech rate and t =-1.712, p = .054, z.c = -1.768, for articulation

rate in reading).

Reading performance was impaired for real words (t = -2.374, p = .016, zcc = -2.452).
Reading fluency for non-words (t = 0.561, p =.292, zcc = 0.579) and spelling was
unaffected (t = -0.042, p = .484, zcc = -0.043, for words and t =-0.612, p =.275, z¢c = -

0.632, for non-words).

She showed a mild executive deficit. Verbal memory was within normal limits, but
memory for positioning objects and delay recall of the Benson figure was impaired (see
figure 21). Visuospatial abilities have been found to be more affected in the logopenic
variant in comparison to the other two variants of PPA (Watson et al., 2018). Poor
visuospatial abilities might also explain her score on the Clock drawing test, which was
originally developed as a test of visuo-constructive abilities (Pinto & Peters, 2009). Her
performance was significantly lower than neurotypical controls (t =-17.453, p <.001,
Zcc = -18.025).
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6.3.6 Participant 30 (PPA group)

Diagnosis IVPPA Years Post Onset 2
Gender female BDAE Severity 3
Age 71 WAB Fluency 6
Education 19 Frontotemporal Rating Scale  60.000
MMSE 24 NPI 7
PASS sum of boxes 6 NPI limpact 4
P30
Mood 5 0.205
Pyramic & Palm Trees Test -2.782 —
Clock Drawing Test -3.795 m—
Benson Figure Copy mm (0.994
Benson Figure Delayed Recall -5.195 mEE——
5 Objects Delayed Recall -3.615 m——
5 Words Delayed Recall -0.990 w=m
Semantic Verbal Fluency -2.913 me—
Phonemic Verbal Fluency -2.325 m—
Digit Span Backward -0.910 ===
Digit Span Forward -2.424  e—
TMT_B -5.081 m——
TMT_A -5.44]
Zcc -12 -10 -7 -5 -2 1 3 6
Auxiliary Complexity Index -1.145 ==
Sentence Elaboration Index -2.581 m——
Mean Sentence Length -1.439 s
Well Formed Sentences mm 1.024
Embedding Index -1.251 ===
Proportion of Words in Sentences m 0418
Mean Log Frequency of Words mmm 1.336

Verbs / Nouns & Verbs
Pronouns / Nouns & Pronouns
Closed / Open Class Words
Type Token Ratio SqR
Narrative Words / Total Words
Dysfluencies ptw

SpeechRate (wpm)
ArticulationRate (wpm)

Zcc -12

-10 -7 -5 -2 1 3
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Figure 22: Participant 30: cognitive and narrative discourse profile.

This participant had a severe naming (t =-9.5, p <.001, z¢c = -9.812) and repetition
deficit (t =-10.206, p <.001, zcc =-10.541, for the WAB test and t = -76.625, p <.001,

Zcc = -79.138 for the long frequent sentences from the Bayles repetition test).

Her speech was non-fluent, characterized by frequent word-finding associated
prolongations and false starts, as reflected by increased proportion of dysfluencies in
figure 22. Phonological errors were evident in her spontaneous speech (t = 15286, p <
.001, z¢c = 15.787). Single word comprehension (t = -0.61, p = .276, z.c = -0.63) and

motor speech abilities were intact.

Comprehension of commands, complex ideational material and syntactic structures was
impaired (t =-11, p <.001, z¢c = -11.361; t =-5.561, p < .001, z¢c = -5.941; t = -10.012,
p <.001, zcc = -10.341, respectively). Sentence comprehension was also impaired in
participants P25 and P26.

Reading and writing performance was within normal limits apart from written picture
description (t = -8.886, p <.001, z,c =-9.178). All PPA participants were impaired in
the latter task, apart from the unclassified participant with the anomic clinical

presentation (P28), who was the participant with the best cognitive performance.

She had a similar cognitive profile to the previous participant (see figure 22). She had a
mild executive deficit and difficulty with all visuospatial tasks (the 5-Objects test, the

delay recall of the Benson figure, and the Clock drawing test).

6.3.7 Participant 31 (PPA group)

Diagnosis SVPPA Years Post Onset 2
Gender male BDAE Severity 5

Age 74 WAB Fluency 10
Education 17 Frontotemporal Rating Scale  70.000
MMSE 27 NPI 5
PASS sum of boxes 4.5 NPI limpact 12
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P31

Mood

Pyramic & Palm Trees Test
Clock Drawing Test
Benson Figure Copy
Benson Figure Delayed Recall
5 Objects Delayed Recall

5 Words Delayed Recall
Semantic Verbal Fluency
Phonemic Verbal Fluency
Digit Span Backward

Digit Span Forward
TMT_B

T™MT_A

Zcc-14

Auxiliary Complexity Index
Sentence Elaboration Index
Mean Sentence Length

Well Formed Sentences
Embedding Index

Proportion of Words in Sentences
Mean Log Frequency of Words
Verbs / Nouns & Verbs
Pronouns / Nouns & Pronouns
Closed / Open Class Words
Type Token Ratio SqR
Narrative Words / Total Words
Dysfluencies ptw

SpeechRate (wpm)
ArticulationRate (wpm)

Zcc -12

-12

-10

Figure 23: Participant 31: cognitive and narrative discourse profile.

The second participant with the semantic variant of PPA, exhibited a severe naming
deficit (t =-14, p <.001, z¢c =-14.459, for BNT-45 and t =-29.902, p <.001, z¢c = -

30.883, for BNT-15) and a single-word comprehension deficit (t = -3.658, p = .001, zcc
=-3.778). Moreover, he was impaired in object semantics (t = -7.744, p < .001, z¢c = -

7.998). Sentence comprehension was impaired, as indicated by following commands,

and responding to questions for complex auditory material (t = -14.750, p <.001, z¢c = -

15.234; t =-8.890, p < .001, z¢c = -9.181, respectively). However, comprehension of
syntactically complex sentences was similar to controls (t = 0.564, p = .291, z¢c =
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0.583). In spontaneous speech, his sentences were relatively shorter, less elaborated
than those produced by control participants, but there were grammatically correct (see
figure 23).

Sentence repetition was intact (t = -0.445, p = .331, z¢c = -0.460, for the WAB test) even
for the long non-meaningful sentences from the Bayles repetition test (t = -0.425, p =
.338, zcc = -0.439). His reading ability was within normal limits both with words (t = -
0.963, p =.176, zcc = -0.994) and non-words (t =-0.981, p =.172, z¢c = -1.013). Speech
rate for passage reading was comparable to neurotypical controls (t = 0.039, p = .464,
Zcc = 0.096). Spelling performance was superior for non-words (t = -0.612, p = .275, z¢c
=-0.632) than for real words (t =-1.936, p = .037, zcc = -1.999). Motor speech abilities

were spared.

Regarding neuropsychological functioning (see figure 23), episodic memory was
impaired only for verbal stimuli (t =-5.497, p <.001, zcc = -5.678). Attention,
processing speed and working memory were intact. Nevertheless, there was a mild

executive impairment, as reflected by his category and letter fluency performance.

Behavioral problems for this participant were reported by his primary caregiver in NPI.

These included delusions, irritability, euphoria, and apathy.

6.3.8 Participant 32 (PPA group)

Diagnosis IVPPA Years Post Onset 1.5
Gender female BDAE Severity 4
Age 77 WAB Fluency 9
Education 17 Frontotemporal Rating Scale 100
MMSE 28 NPI 0
PASS sum of boxes 4.5 NPI limpact 0
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P32

Mood 5 0.205
Pyramic & Palm Trees Test -2.782 ' —
Clock Drawing Test -2.214 e—
Benson Figure Copy mmm 0,994
Benson Figure Delayed Recall = 0.315
5 Objects Delayed Recall m 0.258
5 Words Delayed Recall mm (0.573
Semantic Verbal Fluency -2.267 —
Phonemic Verbal Fluency -1.481 —
Digit Span Backward -0.910 ==
Digit Span Forward -1.786 m—
TMT_B -3.615 ——
TMT_A -1.877  ve—
Zcc-12 -10 -7 -5 -2 1 3
Auxiliary Complexity Index mm 0.625
Sentence Elaboration Index -1.780 me—
Mean Sentence Length -1.043 ==
Well Formed Sentences -0.699 mm
Embedding Index -1.430 ==
Proportion of Words in Sentences m 0.418
Mean Log Frequency of Words mm 0.724
Verbs / Nouns & Verbs -0.625 mm
Pronouns / Nouns & Pronouns = (0.533
Closed / Open Class Words -0.114 1
Type Token Ratio SqR -1.837 m———
Narrative Words / Total Words 1 0.131
Dysfluencies ptw s 1.802
SpeechRate (wpm) -0.961 ==
ArticulationRate (wpm) -1.450 w——
Zcc-12 -10 -7 -5 -2 1 3

Figure 24: Participant 32: cognitive and narrative discourse profile.

Writing difficulties were reported by this participant as the leading cause of functional
impairment. Although she was able to write words and construct written sentences to
convey a message, she had given up writing altogether. Information about level of
functioning and neuropsychiatric symptoms were gathered by a close relative who did
not report any functional limitations or behavioral problems.

As depicted in figure 24, neuropsychological testing revealed a mild executive

impairment, but memory and visuospatial functioning were spared.
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She presented with a naming deficit (t = -2.750, p = .008, z¢c = -2.84) and impaired
sentence repetition (t =-3.014, p = .005, z¢c = -3.113, for the WAB testand t =-33, p <
.001, z¢c = -34.082, for the long sentences from the Bayles repetition test). Single-word
comprehension was intact (t = -1.626, p = .063, zc.c = -1.679), even though there was a
mild deficit in object semantics (t = -2.694, p = .009, zcc = -2.782).

She did not make any phonological error in story retell, but increased proportion of
phonological and semantic errors was evident in connected speech analysis of the
picture description task (t = 4.411, p < .001, zcc = 4.555; t = 6.661, p < .001, z¢c = 6.879,

respectively).

Comprehension of commands was impaired (t =-3.5, p =.002, z¢c = -3.615). On the
other hand, comprehension of complex ideational material and sentences with complex
syntactic structure was normal (t =-1.046, p = .157, z¢c =-1.080; t =-1.551, p = .072, Z¢c
=-1.602, respectively).

Reading performance was mildly impaired for real words (t = - 1.940, p = .036, Zcc = -
2.003). However, speech rate for passage reading was within normal limits (t = 1.034, p
=.159, z.c = 1.068). Reading fluency and spelling for non-words were unaffected (t = -
1.121, p = .14, z,c =-1.158; t = -0.612, p = .275, zcc = -0.632, respectively). She was
impaired in spelling real words (t = -5.092, p <.001, z¢c = -5.259) and severity of

spelling impairment was greater than severity of confrontation naming.

A word frequency effect was detected for words spelled correctly (mean frequency was
82.549, mean word letters = 8, mean syllables = 4, for correctly spelled words and mean
frequency = 25.910, mean word letters =10, mean syllables = 4 for incorrect words). All
errors were phonologically plausible letter substitutions. Given her intact spelling
performance with non-words, which reflected spare phonology to orthography
conversion, this participant probably relied on sub-lexical mechanisms to spell. This
explanation also accommodates impaired performance with real words. The words that
have been selected for spelling assessment were highly dependent on the ability to
access stored orthographic representations (e.g. ‘aAldTtiKog’, ‘potoidveTol’,
‘devbuvtng’). Surface dysgraphia is one of the hallmarks of svPPA. Nevertheless, it is
the second most common pattern of spelling impairment in the logopenic variant of
PPA (Graham, 2014).
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6.3.9 Participant 33 (PPA group)

Diagnosis IVPPA Years Post Onset 2.5
Gender female BDAE Severity 3
Age 54 WAB Fluency 6
Education 12 Frontotemporal Rating Scale -
MMSE 19 NPI -
PASS sum of boxes 4 NPI limpact -
P33
Mood -0.179 =
Pyramic & Palm Trees Test -0.826 wem
Clock Drawing Test -5.376 me———
Benson Figure Copy mmm (0.994
Benson Figure Delayed Recall -2.046 —
5 Objects Delayed Recall ® 0.258
5 Words Delayed Recall -0.990 m=m
Semantic Verbal Fluency -2.461 w—
Phonemic Verbal Fluency -2.888 mmm——
Digit Span Backward -0.910 ==
Digit Span Forward -0.510 ==
TMT_B -4.315 S———
TMT_A -3.851 Te——
Zcc -14 -12 -7 -4 22 1
Auxiliary Complexity Index = 0.348
Sentence Elaboration Index -1.277 v—
Mean Sentence Length -0.598 ==
Well Formed Sentences -0.807 wmm
Embedding Index -1.346 m——
Proportion of Words in Sentences m 0418
Mean Log Frequency of Words 1171
Verbs / Nouns & Verbs I 0.069
Pronouns / Nouns & Pronouns ® 0.253
Closed / Open Class Words 1,779
Type Token Ratio SqR -1.195 m—
Narrative Words / Total Words -0.598 ==

Dysfluencies ptw
SpeechRate (wpm)
ArticulationRate (wpm)

Zcc -12 -10
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Figure 25: Participant 33: cognitive and narrative discourse profile.

Linguistic testing revealed a naming deficit (t = -2.375, p = .016, z¢c = -2.453) and
impaired sentence repetition (t =-6.096, p < .001, z¢c = -6.296, for the WAB testand t =
-27.875, p <.001, z¢c = -28.789, for the long frequent sentences from the Bayles
repetition test). Single-word comprehension (t = -0.948, p = .18, zcc = -0.98) and object
knowledge (t =-0.8, p =.219, zcc = -0.826) were intact.

She made phonological errors both in picture description (t = 3.184, p =.003, z¢ =
3.289) and in story retell (t = 2.453, p = .014, zcc = 2.533). She also made semantic
errors in the latter task (t = 5.462, p < .001, zcc = 5.641). Her spontaneous speech was
characterized by frequent word-finding dysfluencies. She made significantly more silent
and filled pauses, as well as false starts than neurotypical controls, as reflected by total
dysfluencies in figure 25. In picture description, she produced even more dysfluencies (t

=6.306, p <.001, zcc = 6.513). Nevertheless, motor speech was spared.

Comprehension of commands and syntactically complex structures was impaired (t = -
11, p <.001, z¢c =-11.361; t =-7.897, p < .001, zcc = -8.156, respectively), but sentence
comprehension for complex ideational material was normal (t = -1.046, p = .157, Z¢c = -
1.08).

Reading performance was impaired for real words (t =-2.917, p = .006, zcc = -3.012).
Reading fluency for non-words (t =-0.981, p =.172, z¢c = -1.013) and spelling was
unaffected (t = -1.305, p = .107, z¢c = -1.347, for words and t = 0.919, p = .187, z¢c = -

0.949, for non-words).

Concerning neuropsychological functioning, performance on episodic memory
measures with verbal and object stimuli was intact. Visuospatial memory and visuo-
constructional abilities were affected, like in previous cases. Moreover, she manifested

an executive impairment on the verbal fluency and the trail making tests (see figure 25).

6.3.10 Participant 34 (PPA group)

Diagnosis mixed PPA Years Post Onset 2
Gender male BDAE Severity 4
Age 71 WAB Fluency 9
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Education 6 Frontotemporal Rating Scale  90.000
MMSE 22 NPI 6
PASS sum of boxes 6.5 NPI limpact 2
P34
Mood -0.946 =

Pyramic & Palm Trees Test
Clock Drawing Test
Benson Figure Copy

Benson Figure Delayed Recall
5 Objects Delayed Recall

5 Words Delayed Recall
Semantic Verbal Fluency
Phonemic Verbal Fluency
Digit Span Backward

Digit Span Forward

TMT_B

T™MT_A

Zcc -20

Auxiliary Complexity Index
Sentence Elaboration Index
Mean Sentence Length
Well Formed Sentences

-4.086 m——
-3.795 m—
= 0.994
-4.80]1  m—
1 0.258
-4.896 m—
-2.073 w=m
-3.45]1 we—
-0.910 =
-1.786 wm
-3.963 m——
-6.297 m—

-15 -10 -5 0 5 10 15 20

1 0.562
4,487  w—

-2.633 wm

-13.624

Embedding Index 16.734 -2.449 wmm
Proportion of Words in Sentences - |
Mean Log Frequency of Words -2.649 ==
Verbs / Nouns & Verbs 3471
Pronouns / Nouns & Pronouns mm 1953
Closed / Open Class Words |
Type Token Ratio SqR -3.728 18.005
Narrative Words / Total Words -3.476 =
Dysfluencies ptw 4,262
SpeechRate (wpm) -2.808 wm
ArticulationRate (wpm) -0.719 =
Zcc -20 -15 -10 -5 0 5 10 15 20

Figure 26: Participant 34: cognitive and narrative discourse profile.

The last participant of the PPA group was diagnosed with mixed PPA. Predominant
features were compatible with the diagnosis of logopenic PPA. However, there were

additional findings that did fit this diagnostic category.
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He had a severe naming deficit (t = -11, p <.001, z¢c = -11.361). He also had a severe
sentence repetition deficit (t = -15.857, p <.001, z¢c = -16.377, for the WAB test and t

-95.375, p <.001, z¢c =-98.503, for the long frequent sentences from the Bayles

repetition test).

Phonological errors were detected both in picture description (t = 16.062, p < .001, zcc
16.589) and in story retell (t = 14.815, p <.001, zcc = 15.301) and similarly to the
previous participant, he also made semantic errors in the latter task (t = 2.361, p = .017,
Zcc = 2.439). Lexical selection, discourse and sentence productivity measures were all
affected in narrative production (see figure 26). Taken together, connected speech
analysis reflected lexical retrieval deficits, as well as difficulty in formulating sentences.
However, it should be noted that production of syntactic structures depends on the
availability of information at the level of the lexicon (Meteyard et al., 2014). Moreover,
on several occasions, this participant had interrupted his utterances and attempted to
rephrase his productions. This type of ‘retracing’, in the presence of impaired working

memory, may lead to increased syntactic errors (Wilson et al., 2012).

Comprehension of commands and syntactically complex structures was impaired (t = -
11, p <.001, z¢c =-11.361; t =-3.666, p = .001, zc = -3.787, respectively), but sentence
comprehension for complex ideational material was normal (t = -1.046, p = .157, z¢c = -
1.08). A similar pattern of sentence comprehension was also found for the previous

participant (P33) who was diagnosed with IVPPA.

He was impaired in single-word comprehension (t =-3.997, p =.001, z¢c = -4.128) and
object semantics (t = -3.958, p =.001, zc = -4.086). However, this finding should be
interpreted in relation to his educational level; he had completed only 6 years of formal

education.

Reading performance was impaired both for real words (t =-4.002, p = .001, z¢c = -
4.133) and non-words (t = -2.523, p = .012, z.c = -2.606), and his speech and articulation
rate during passage reading was slow (t = -2.145, p =.025, z¢,c =-2.215;t=-3.34,p =
002, z¢c = -3.45, respectively), even though his spontaneous articulation rate was much
faster (see figure 26). Motor speech evaluation revealed mild dysphonia, normal
maximum phonation time (t = 0.987, p = .17, z.c = 1.020) and diadochokinetic rates and
no evidence of apraxia of speech.
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Spelling was affected only for words (t = -11.405, p <.001, z¢c =-11.779), but not for
non-words (t =-0.612, p = .275, z¢c = -0.632). However, it should be noted that

schooling might have contributed to this finding, as all errors were phonologically

plausible and correct target-word production depended on orthographic knowledge.

This participant manifested deficits in almost all the cognitive domains that were

evaluated. However, language was reported as the only factor that limited daily

functioning and participation in activities.

6.3.11 Participant 38 (FTD-ALYS)

Diagnosis FTD-ALS Years Post Onset 3
Gender male BDAE Severity 2
Age 41 WAB Fluency 5
Education 16 Frontotemporal Rating Scale  17.857
MMSE 27 NPI 19
Motor Speech Score 5/7 NPI limpact 15
P38
Mood -2.481 me—
Pyramic & Palm Trees Test -2.130 —
Clock Drawing Test -0.632 ==
Benson Figure Copy -3.148 e—
Benson Figure Delayed Recall -2.440 ve—
5 Objects Delayed Recall m 0.258
5 Words Delayed Recall == 0.573
Semantic Verbal Fluency -2.461 me—
Phonemic Verbal Fluency -3.872 m—
Digit Span Backward -0.317 =
Digit Span Forward -3.062 m——
TMT_B 2.572 e—
TMT_A -0.238 =
Zcc -12 -10 -7 -5 -2 1 3
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Auxiliary Complexity Index -0.555 =

Sentence Elaboration Index -2.975 m—
Mean Sentence Length -1.552 =
Well Formed Sentences mm 1.024
Embedding Index -2.204 ve——
Proportion of Words in Sentences = 0.418
Mean Log Frequency of Words -2.750 me—
Verbs / Nouns & Verbs -1.377 =
Pronouns / Nouns & Pronouns m 0.596
Closed / Open Class Words -0.564 =
Type Token Ratio SqR -3.400 me——
Narrative Words / Total Words -0.694 m
Dysfluencies ptw e 7 474
SpeechRate (wpm) -4.761 T—
ArticulationRate (wpm) -5.425 mE—

Zcc-12  -10 -7 -5 -2 1 3 6 8 11

Figure 27: Participant 38: cognitive and narrative discourse profile.

Frontotemporal dementia (FTD) encompasses a group of neurodegenerative dementias
which primarily affect behavior (behavioral variant of FTD, bvFTD) and language
(nfvPPA and svPPA). These presentations may overlap with movement disorders, such
as Amyotrophic lateral sclerosis (ALS), Progressive supranuclear palsy (PSP) and

Corticobasal syndrome (CBS).

The first participant of the FTD group was diagnosed with FTD-ALS/MND. The
presenting symptom was a behavioral disorder with obsessive and stereotyped
behaviors, followed by motor, cognitive and neuropsychiatric symptoms. Motor onset
involved the bulbar muscles, resulting in pseudobulbar palsy, dysarthria, and dysphagia.

He was evaluated approximately 3 years after disease onset.

His confrontation naming (t = -1.625, p = .063, zcc = - 1.678) and single-word
comprehension (t = -0.61, p =.276, zcc = -0.63) were intact. Sentence repetition was
relatively preserved (t =-1.473, p = .081, z¢c = -1.521 for the WAB test; t = -5.375, p <
.001, z¢c = -5.561, for the long frequent sentences; but t = -0.638, p = .267, zcc = -0.659
for the long non-meaningful sentences from the Bayles repetition test).

Comprehension of commands was impaired (t =-3.5, p =.002, z,c = -3.615). However,
comprehension of complex ideational material and syntactically complex structures was
unaffected (t = -0.523, p <.305, z¢c =-0.54; t =-1.551, p =.072, zcc = -1.602,
respectively).
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Reading fluency for words and non-words was affected by his slow speech/articulation
rate. Nevertheless, he read correctly all target words. His articulation rate during
passage reading was significantly slower than controls’ rate (t = -10.559, p <.001, z¢c =

-10.905) and slower than his rate in discourse production (see figure 27).

Spelling was impaired for real words (t = -3.830, p =.001, z¢c = -3.955), but spared for
non-words (t =-0.612, p =.275, z¢,c = -0.632).

Regarding neuropsychological functioning (see figure 27), episodic memory was intact.
Visuospatial functioning was affected, but delayed copy recall was better than
immediate copy. There was a mild deficit in object semantics (t = -2.062, p =.029, z¢c =
-2.13) and short-term memory. Finally, he manifested an executive impairment. His
performance in letter fluency was worse than in category fluency, a typical finding in

ALS with cognitive involvement (Strong et al., 2017).

Conclusively, the main domains that were affected in this case of FTD-ALS included
behavior, movement, and executive functioning. Even though speech and language
deficits were not predominant at disease onset nor at the time of assessment, one year
after his initial cognitive-linguistic evaluation, this participant became completely

unintelligible and was relying on text messages to communicate.

6.3.12 Participant 39 (PSP)

Diagnosis PSP Years Post Onset 1.5
Gender female BDAE Severity 3

Age 75 WAB_Fluency 6
Education 16 Frontotemporal Rating Scale 21.111
MMSE 27 NPI 16
Motor Speech Score 6/7 NPI limpact -
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P39

Mood -2.864 m—
Pyramic & Palm Trees Test -2.130 ve—
Clock Drawing Test -0.632 ==
Benson Figure Copy -4.805 m——
Benson Figure Delayed Recall -0.472 =
5 Objects Delayed Recall 5 0.258
5 Words Delayed Recall m 0.573
Semantic Verbal Fluency -2.073 —
Phonemic Verbal Fluency -3.451 e—
Digit Span Backward -0.910 w=m
Digit Span Forward -1.786 m——
TMT_B -5.08]
TMT_A -7.65]1 I
Zcc -12 -10 -7 -5 -2 1 3
Auxiliary Complexity Index -1.524 w—
Sentence Elaboration Index -2.288 mmm———
Mean Sentence Length -0.803 ==
Well Formed Sentences mm 1,024
Embedding Index -0.869 mm
Proportion of Words in Sentences m 0418
Mean Log Frequency of Words 1420
Verbs / Nouns & Verbs -1.697 m———
Pronouns / Nouns & Pronouns -1.673
Closed / Open Class Words -1.212 =
Type Token Ratio SqR -2.045 ——
Narrative Words / Total Words -3.049 m——
Dysfluencies ptw 641
SpeechRate (wpm) -2.861 mm——
ArticulationRate (wpm) -2.481 w—
Zcc -12 -10 -7 -5 -2 1 3 6

Figure 28: Participant 39: cognitive and narrative discourse profile.

This participant exhibited typical motor symptoms of PSP: bradykinesia, supranuclear
gaze palsy (impaired vertical ocular movement), mixed spastic-hypokinetic dysarthria,

dysphagia as well as neuropsychiatric symptoms (apathy and depression).

Linguistic assessment revealed a naming deficit (t = -5, p <.001, z¢c = -5.164) and
impaired comprehension of commands and syntactically complex sentences (t =-3.5, p
=.002, z¢c = -3.615; t = -3.666, p = .001, zcc = -3.787, respectively). However,
comprehension of complex ideational material was unaffected (t = -0.523, p <.305, zcc
=-0.54). Her performance on the word comprehension task (t =-1.287, p = .109, z¢c = -
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1.329) and the sentence repetition test from WAB (t =-0.959, p =.177, z¢c = -0.99) was
within normal limits. She manifested a difficulty repeating the long frequent sentences
from the Bayles repetition test (t = -5.375, p <.001, z¢c = -5.561). A mild deficit was
also detected in object semantics (t =-2.062, p =.029, z¢c = -2.13).

Phonological errors were found in picture description (t = 8.568, p < .001, z¢c = 8.849)
and semantic errors in story retell (t = 3.885, p =.001, z¢c = 4.012). In discourse, she
produced relatively simple sentences and used a limited number (and range) of words

(see figure 39).

Reading performance was impaired for real words (t = - 6.390, p <.001, z.c = -6.6) and
non-words (t = -4.205, p <.001, z¢c = -4.343). It should be noted however, that reading
fluency was affected by dysarthria and visual scanning deficits. Spelling was better for
words than non-words (t = -0.673, p = .256, z¢c = -0.695; t = -3.674, p = .001, z¢c = -
3.795, respectively). This spelling pattern has been frequently reported in nfvPPA
(Graham, 2014; Neophytou et al., 2019).

With respect to neuropsychological functioning, episodic and working memory was
spared (see figure 28). Processing speed and executive functions were impaired. Letter
fluency was worse than category fluency. Severe letter fluency and moderate category
fluency deficits are typically detected in PSP and CBS (Peterson et al., 2019).
Visuospatial construction (figure copy) was affected, but delayed figure recall was

intact.

The latest Movement Disorders Society PSP criteria (HOglinger et al., 2017) include a
clinical phenotype that presents with the distinctive features of nfvPPA before the
appearance of motor symptoms. Participant P39 seems to fall into the PSP-Richardson’s
syndrome phenotype which is the typical syndrome of PSP that was originally described

as a movement disorder (Boxer et al., 2017).

6.3.13 Participant 40 (CBS)

Diagnosis CBS Years Post Onset 3
Gender female BDAE Severity 4
Age 64 WAB_Fluency 9
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Education 8 Frontotemporal Rating Scale  85.714
MMSE 27 NPI 41
Motor Speech Score 77 NPI limpact 20
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Pyramic & Palm Trees Test =7.908 I —
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Figure 29: Participant 40: cognitive and narrative discourse profile.

This participant was diagnosed with CBS. She presented with behavioral and motor

symptoms (asymmetrical rigidity, bradykinesia, and alien limb). Her speech was

dysarthric, characterized by slow rate, prolonged duration of phonemes and limited

pitch and loudness variation.



Language assessment revealed a naming (t = -3.875, p = .001, z¢c = -4.002), word
comprehension (t =-2.981, p = .005, zcc = -3.078) and object semantics deficit (t = -
7.744, p <.001, z¢c = -7.998). Comprehension of complex ideational material and
syntactically complex structures was impaired (t = -4.183, p < .001, z¢c = -4.32; t = -
3.666, p =.001, zcc = -3.787, respectively). However, comprehension of commands was
intact (t = 0.25, p =.403, z,c = 0.258). Phonological and semantic errors were detected
both in picture description (t = 4.411, p < .001, z¢c = 4.555; t = 3.571, p <.001, Z¢c =
14.017) and in story retell (t = 4.042, p =.001, zcc = 4.175; t = 2.529, p = .012, Z¢c =
2.612).

Word comprehension deficits have been reported in CBS, but reports about sentence
processing difficulties, phonological and semantic errors are more consistent (Peterson
etal., 2019).

Sentence repetition was intact on the WAB repetition test (t = -0.445, p = .331, z¢c = -
0.46) and all conditions of the Bayles repetition test but the long frequent sentences (t =
-3.5, p =.002, z¢c = -3.615). Reading performance was impaired both for real words (t =
-2.808, p =.007, z¢c = -2.9) and non-words (t = -3.084, p = .004, z.c = -3.185). Spelling
was better for non-words than real words (t =-0.612, p = .275, zcc = -0.0.632; t = -2.567,
p =.011, z¢c = -2.651, respectively).

Narrative measures (see figure 29) suggested lexical retrieval deficits, especially for
verbs (low proportion of verbs relative to nouns and verbs), simplified sentences and
syntactic errors, even though determiners and inflected forms were used correctly. A
selective action/verb impairment has been described in cases of CBS and linked to the

movement impairment (Silveri & Ciccarelli, 2007)

Cognitive symptoms including memory, executive functioning and visuospatial abilities
are common in persons with CBS (Peterson et al., 2019). In this case, memory and

visuospatial abilities were preserved. However, an executive deficit was documented on
verbal fluency tasks. Phonemic fluency was disproportionally affected in comparison to

semantic fluency.

Clinical phenotypes of CBS with non-fluent, agrammatic features, as well as with
frontal behavioral features have been proposed among other phenotypes (Armstrong et
al., 2013) reflecting shared pathology with nfvPPA and bvPPA. On several occasions,
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diagnostic categorization depends on decisions about which features are more salient.
Moreover, motor, behavioral and language features change over time. The question as
to whether a diagnostic label should change or be complemented by a second one

remains open (Murley et al., 2019).
6.4 Conclusions

Inspection of individual profiles in individuals with PPA revealed heterogeneity in
cognitive function, linguistic and narrative discourse abilities. Non-language cognitive
deficits are common in IvPPA affecting performance on language testing (Owens et al.,
2018). Kamath et al in a meta-analysis of neuropsychological function in IvPPA have
found that dyscalculia, attention and executive deficits were as prominent as language
deficits (Kamath et al., 2020). Neuropsychiatric symptoms were reported for IVPPA
participants, but to a lesser extent than for FTD participants, with svPPA, FTD-ALS,
PSP and CBS.

Neuropsychological evaluation revealed mild to moderate memory and executive
impairment for both svPPA participants but spared visuospatial functioning. Regarding
linguistic abilities, they were more impaired in naming, single-word comprehension,
and semantic knowledge. Word-finding difficulties were the principal cause of

communication impairment.

Participants with a prominent movement disorder, have manifested impairment on
language assessment. Non-motor symptoms, especially language deficits, were until
recently underestimated in conditions such as PSP, CBS, and FTD-ALS. However,
language involvement has been increasingly recognized and considered in revised

clinical diagnostic criteria (Gazzina et al., 2019; Strong et al., 2017).

Clinical evaluation of neurodegenerative diseases should include neuropsychological
assessment targeting different cognitive domains, including language, behavior,
neuropsychiatric symptoms, and daily functioning, in order to assist differential
diagnosis and subtyping. Clinical presentations and pathologies overlap and information
from multiple sources (e.g. patient and caregiver reports, clinical assessment,
neuroimaging, biomarkers) and specializations (e.g. neurologists, neuropsychologists,

speech and language therapists/pathologists, etc.) is needed to reach an accurate
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diagnosis. This step is essential for managing symptoms and planning therapeutic

strategies.
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7 Study 4. A case-series study of disease progression: how do
cognitive-linguistic profiles of individuals with PPA change in one

year as the disease evolves?

7.1 Introduction

One of the first studies on the pattern of decline in PPA has documented substantial
progression of clinical deficits and cortical atrophy in an interval of 2 years (Rogalski et
al., 2011). Brambati et al reported different patterns of neuroanatomical contraction and
clinical progression in nfvPPA, svPPA and IVPPA over 1 year following diagnosis
(Brambati et al., 2015). Atrophy progression involved lateral/posterior temporal and
medial parietal regions in IVPPA and the medial and lateral temporal lobe in sVvPPA.
Individuals with svPPA presented decline in semantic memory abilities, whereas

individuals with IvPPA decline in memory, sentence repetition and calculations.

Ash et al. investigated decline in connected speech production and language over a
period of 18 months in the 3 variants of PPA and the behavioral variant of FTD
(bvFTD) (Ash et al., 2019). Individuals with svPPA manifested a decline in sentence
complexity and individuals with IVPPA in fluency and grammaticality of utterances
(Ash et al., 2019). Interestingly, they found that decline in language performance did

not correlate with change in neuropsychological functioning.

In general, a more rapid and generalized cognitive decline has been found in IVPPA in
comparison to svPPA (Hsieh et al., 2012; Macoir et al., 2017). It has been suggested
that individuals with IvPPA follow the pattern of AD, with language and episodic
memory impairment, whereas behavioral dysfunction in individuals with svPPA
simulates deficits found in bvFTD (Harciarek et al., 2014).

Studies concerning the course of PPA in the later stages are limited.

The reported rates of clinical decline in PPA suggest that a clinician should not only be
informed about the presenting features of the disease, but also about the evolution of

these features and the additional features that may develop with disease progression.

In the previous study (study 3), the cognitive-linguistic profiles of Greek-speaking PPA

participants in relatively ‘early’ stages of the disease were documented. In this study,
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results from two consecutive assessments, one year apart, are compared for 4 PPA
participants: 2 with IVPPA, one with svPPA and one with unclassified-anomic PPA. The
aim of the study was to gain an insight of how performance on the neuropsychological

battery and narrative discourse abilities can change in the course of one year.

We hypothesized that the 2 participants with IvPPA will show a greater and more
generalized decline than the participant with svPPA and the participant with progressive

anomia.

Single assessment data for 3 additional individuals with PPA are also reported. These
participants were not included in previous studies for methodological reasons (i.e.
presence of moderate deficits). However, inclusion of their assessment results can be

informative, and strengthen the discussion about disease progression.
7.2 Method

7.2.1 Participants

Four individuals with PPA participated in the study. All four (P25, P26, P27 and P28)
were included in the previous studies. They were re-assessed one year after their
baseline assessment. P25 and P26 were diagnosed with IVPPA, P27 with svPPA and
P28 with anomic PPA, or a probable prodromal phase of svPPA (see previous study for
details). Their first assessment results were analyzed in the previous studies, apart from

P28; his second set of results was included in previous data analyses.
Three additional participants, at a later stage of PPA, were included in this study (see

table 12). They were assessed only once.

Table 12: Demographic information and neuropsychological status of moderately impaired

participants with PPA.

Participants P35 P36 P37
Gender male female male
Age 59 58 72
Education 6 12 12
Years post onset 2 5 4
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Boston Diagnostic Aphasia Examination (BDAE) severity 2 2 1

Progressive Aphasia Severity Scale (PASS) (sum of boxes) 10 8 13.5
Frontotemporal Rating Scale 51.73 36 36
Nneuropsychiatric Inventory (NPI) 0 8 3
NPI impact 0 9 3
Mini Mental State Examination (MMSE) 11 12 10

The control group consisted of 15 neurotypical individuals (mean age 67.93, SD = 6.17,
mean years of education 13.13, SD = 3.482).

Additional information about the control group and PPA participants can be found in
the general methodology section (chapter 3) and study 3 (chapter 6), respectively.

7.2.2 Procedure

Participants were evaluated using the same comprehensive battery of tests at baseline
and one year after their initial evaluation. The 3 participants with more advanced PPA
were evaluated once using the same tests. Details about recruitment, assessment and

obtaining informed consent are described in detail in chapter 3.
7.2.3 Statistical analysis

Each participant was compared to the control group at two time points, one year apart,
using Crawford and Howell’s method (Crawford & Howell, 1998) which enables the
comparison of performance of a single participant with that of a small control sample. T
values and effect sizes (zcc), for case-control designs, have been computed (Crawford &
Garthwaite, 2012). Effect sizes were used to evaluate change in performance.
Descriptive statistics are reported for differences in effect size.

7.3 Results

7.3.1 Participant 25

Assessment 1st 2nd 1st 2nd
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Diagnosis
Gender

Age

Education

MMSE

PASS sum of boxes

IVPPA
female

60 61
12

22 6
7 12

Years Post Onset
BDAE Severity
WAB Fluency

Frontotemporal Rating

Scale
NPI

NPI limpact

63.333

Mean z difference for cognitive measures was -0.902 (SD = 1.906). Further

deterioration was detected on the Clock drawing test, the 5-Words test, whereas

performance was better on the Pyramid and Palm Trees test, results were within normal

limits on the second assessment (t =-0.8, p =.219, zcc = -0.826). Concerning linguistic

testing, mean difference of effect sizes between the two assessment results was -4.241,

with SD = 11.436. Spelling of non-words, reading passage speech and articulation rate

and comprehension of syntactically complex structures were more affected. The domain

which showed the greatest decline was sentence repetition (the difference in effect sizes

was -15.386 for WAB and -40.666 for the long frequent sentences from the Bayles

Sentence repetition test). For discourse summary measures, mean difference was -0.099

(SD = 2.529). However, she was more impaired in lexical selection measures, as

indicated by differences in the proportion of closed class words, verbs and pronouns she

used in the story retell task and sentence productivity, as indicated by sentence

elaboration index. She also used simpler morphological forms (z difference for auxiliary

complexity index was -6.31).

Conclusively, this participant manifested further decline in memory, repetition, writing,

word retrieval and grammatical productivity.
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Auxiliary Complexity Index

Sentence Elaboration Index 17.604 -10.694 :1-8%8_—
Mean Sentence Length --22.'52(§96 —_—
Well Formed Sentences L 73%4:
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Mean Log Frequency of Words '1-951_0 15 ‘
Verbs / Nouns & Verbs 0 626 2.106
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Closed / Open Class Words —_—1.450
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Dysfluencies ptw
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SpeechRate (wpm) 22741997 —
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Figure 30: Participant 25: changes in cognitive, linguistic and discourse abilities in 1 year.

7.3.2 Participant 26

Assessment 1st 2nd 1st 2nd
Diagnosis IVPPA Years Post Onset 2 3
Gender female BDAE Severity 2 1
Age 61 62 WAB Fluency 5 4
Education 12 Frontotemporal Rating 93.33 63.3
Scale

MMSE 26 9 NPI 4 27
PASS sum of boxes 6 14 NPI limpact 2 22

For this participant, mean difference between baseline and follow-up assessment in z
scores for cognitive measures was -2.031 (SD = 2.637), for linguistic measures -7.593
(SD =21.479) and discourse summary measures -2.259 (SD = 5.987).

Further deterioration was detected on the 5-Words test, the Digit span test, the Clock

drawing test and the Pyramid and palm trees test. With respect to language measures,
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greatest decline was found for repetition (the difference in effect sizes was -13.795 for
WAB and -83.269 for the long frequent sentences from the Bayles Sentence repetition
test), as well as writing (difference in effect sizes for written picture description was -
12.076). Naming, reading and comprehension of syntactically complex structures were
also more affected (difference in effect size z >2). Single word comprehension had
improved (as it has been discussed in study 3). Several discourse measures were more
affected in follow-up assessment. The greatest differences concerned embedding index,
auxiliary complexity index, proportion of narrative to total words, proportion of words
In sentences, type token ratio and number of dysfluencies. These results reflect

increased difficulty in word retrieval and sentence formation.

Memory, executive functioning, repetition, and writing are the areas that seem to show a

further decline in this participant with IvPPA.

P26 H2nd W 1st

Mood = 8:382
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Benson Figure Copy — 0994
Benson Figure Delayed Recall -0.079 0.315
5 Objects Delayed Recall =02
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5 Words Delayed Recall 3.334 m——_"1
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Zcc -12 -10 -7 -5 -2 1 3
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Figure 31: Participant 26: changes in cognitive, linguistic and discourse abilities in 1 year.

7.3.3 Participant 27

Assessment 1st 2nd 1st 2nd
Diagnosis SVPPA Years Post Onset 4 5
Gender male BDAE Severity 4 4
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Age 72 73 WAB Fluency 8 8

Frontotemporal Rating

Education 9 - 36
Scale

MMSE 27 27 NPI - 25

PASS sum of boxes 4 4.5 NPI limpact - 13

Mean difference of z scores between baseline and follow-up assessment for cognitive
measures was -0.189 (SD = 1.237), for linguistic measures -0.742 (SD = 1.827) and

discourse summary measures -0.034 (SD = 1.988).

The only cognitive domain that showed further decline in this participant with svPPA
was episodic memory. The difference in effect sizes for performance on the 5-Words
test was -3.125). Concerning language, he performed better (15/32 in comparison to
5/32) on the Peabody picture vocabulary test, although his score was still significantly
different from the control group (t = -4.676, p < .001, z = -4.828). Reading and writing
showed a further deterioration, with a difference in effect sizes of -2.461 for non-word
reading fluency and -4.830 for written picture description. With respect to discourse
production, greater differences of effect sizes were found for lexical selection measures
(-3.533 for Type token ratio, 3.055 for proportion of pronouns, 2.843 for proportion of

verbs), as well as for auxiliary complexity index (-4.306).

Taken together, these results suggest further decline in memory, reading, writing and
word retrieval, although differences for this participant were more confined than for the

previous participants.
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Figure 32: Participant 27: changes in cognitive, linguistic, and discourse abilities in 1 year.

7.3.4 Participant 28

Assessment 1st 2nd 1st 2nd
Diagnosis Anomic PPA Years Post Onset 1 2
Gender male BDAE Severity 5 4
Age 67 68 WAB Fluency 10 9
Education 16 Frontotemporal Rating ] 92,59
Scale

MMSE 27 29 NPI - 4
PASS sum of boxes 0.5 1.5 NPI limpact - 2

Mean difference of z scores between baseline and follow-up assessment for cognitive
measures was -0.559 (SD = 0.91), for linguistic measures -0.725 (SD = 1.615) and

discourse summary measures -0.025 (SD = 1.94).

Performance on cognitive measures at the follow-up assessment revealed a mild deficit

in object semantics (t =-2.062, p = .029, z.c = -2.130). The difference in effect sizes for
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performance on the Pyramid and Palm trees test was -1.304. There was a difference of -
2.552 in effect size for the forward Digit Span test, but his score was still above the
control group mean (t = 0.124, p = .452, z¢c = 0.128). Concerning linguistic testing, the
domains that showed the greater change was naming and writing, with a difference in
effect sizes of -2.324 for BNT and -2.415 for written picture description. Performance in
the latter test was just below normal limits (t = -1.871, p =.041, z¢c =-1.932).

Regarding discourse production, performance was similar on the two assessment. There
was a difference of -3.625 in effect sizes for embedding index. The auxiliary complexity

index was found to be greater in follow-up (effect size difference = 5.51).

Conclusively, memory, executive and visuospatial functioning seem to remain intact in

this case. The only domains that have shown a decline are naming and object semantics.
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Figure 33: Participant 28: changes in cognitive, linguistic and discourse abilities in 1 year.
7.3.5 Participants P35, P36, P37

Results for participant P35, P36, P37 are presented in table 13. Participant P37 had
limited spontaneous speech. He was able to read words and paragraphs. His articulation
rate for passage reading was normal (t = -0.379, p = .355, zcc = -0.392), but speech rate,
on the same task, was slower than control participants’ (t = -3.239, p =.003, z¢c = -

3.345) indicating difficulty in reading. He produced only 3 words in story recall, even
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though he correctly answered all relevant questions (MAIN comprehension score =

10/10). Maximum phonation time and diadochokinetic rates for /pa/, /ta/, /ka/ and

/pataka/, were within normal limits (t =-0.985, p =.171, z,c =-1.017; t =-1.516, p =
076, zcc =-1.565; t =-1.304, p = .107, zcc = -1.347; t = -1.061, p = .153, zcc = -1.096,

respectively).

Table 13: Cognitive-linguistic functioning and discourse production of moderately impaired

participants with PPA.

Test/Measure Score t p Zee  Sco t p Ze SC t p Zee
re ore

/Max. Score

TMT_A /180 0 -7.41  0.00 -7.65 0 -7.41 0.00 -7.65 0 -7.41 0.00 -7.65

TMT_B /300 0 -4.92  0.00 -5.08 0 -4.92 0.00 -5.08 0 -4.92 0.00 -5.08

5-Words Del. 0 -701 000 -724 0 -7.01 000 -724 0 -7.01 000 -7.24

Recall /10

5 Objects 2 -11.0 0.00 -11.36 0 -1850 0.00 -19.11 5 0.25 0.40 0.26

Del. Recall /5

Benson 2 -4.27 0.00 -4.41 0 -5.03 0.00 -5.19 -

Figure Del.

Recall /17

Benson 4 -9.46 0.00 -9.78 3 -10.27 0.00 -10.60 -

Figure Copy

117

PPTT /52 37 -8.38  0.00 -8.65 40 -6.48 0.00 -6.69 -

Mood /15 15 0.57 0.29 0.59 12 -0.54 0.30 -0.56 8 -2.03 0.03 -2.10

Repetition 73 -1329 0.00 -13.72 86 -6.61 0.00 -6.83 82 -8.66 0.00 -8.95

WAB /100

BNT /45 14 -10.25 0.00 -10.59 24 -6.50 0.00 -6.71 -

BNT /15 3 -3265 -33.72 0.00

PPVT /32 18 -3.66 0.00 -3.78 18 -3.66 0.00 -3.718 22 -2.30 0.02 -2.38

BDAE 2 -16.36 0.00 -16.89 1 -18.47 0.00 -19.08 8 -3.67 0.00 -3.79

Syntax /10
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Read Fluency
Words

Read Fluency
Non-Words

Spelling
Words /20

Spelling
Non-Words
/12

Phonological
Errors ptw

AvrticulationR
ate (wpm)
SpeechRate
(wpm)
Dysfluencies

ptw

Narrative /
Total Words

Embedding

Index

Well Formed

Sentences

Mean Sent.
Length

Elaboration

Index

Auxiliary
Complexity

Index

31

11

0.05

133.78

45.49

0.42

0.66

0.04

0.78

4.3

0.73

1.17

-5.52

-4.35

-10.77

-12.86

16.34

-1.40

-3.44

4.57

-2.72

-2.49

-5.17

-2.46

-4.36

-0.68

0.00

0.00

0.00

0.00

0.00

0.09

0.00

0.00

0.01

0.01

0.00

0.01

0.00

0.25

570 31
449 22
1113 8
1328 3
16.87 0.02
-1.45 163
65

-355 506
1

472 045
-2.81  0.69
-2.58  0.00
534 05
254 45
-451 05
070 15

-5.52

-2.80

-6.36

12.86

7.81

-0.38

-3.24

4.96

-2.43

-2.69

13.19

-2.36

-5.08

0.18

0.00

0.01

0.00

0.00

0.00

0.36

0.00

0.00

0.01

0.01

0.00

0.02

0.00

0.43

-5.70

-2.90

-6.56

13.28

8.06

-0.39

-3.34

5.12

-2.51

-2.78

13.62

-2.44

-5.24

0.18

-10.14

-17.45

0.00

0.00

-10.48

-18.02

These results indicate decline in all cognitive and linguistic domains. Performance

reflects the pattern of impairment observed in IVPPA with more severe deficits in
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sentence repetition and word retrieval, but subtyping in later stages is challenging, as
other areas are additionally involved (in this case, grammaticality and semantics).

7.4 Conclusions

In this study, four participants with PPA were re-assessed one year after their initial
evaluation. Differences were documented for all participants in cognitive, linguistic
abilities and discourse production over time. However, the pattern of differences in
performance of each participant was different. Despite, similar cognitive status, as
indicated by MMSE scores at initial assessment, the participants with the logopenic
variant of PPA have shown greater decline than the participant with the semantic variant
of PPA. All three were further affected in memory, writing and lexical retrieval. The
IVPPA participants exhibited further difficulty with sentence repetition. The anomic
participant presented with a naming impairment. Naming was further affected, and a

mild semantic deficit was documented in his follow-up assessment.

These results are consistent with reports of a different rate of decline in svPPA and
IVPPA (Macoir et al., 2017). Results from connected speech analysis, are in partial
agreement with the study by Ash et al. (Ash et al., 2019) who found a decline in
sentence complexity in svPPA and in fluency and grammaticality in IvPPA. The
participant with svPPA exhibited decline both in lexical selection and sentence
complexity. The two participants with IVPPA showed decline in sentence productivity
measures. Only the second IVPPA showed further decline in fluency and to a lesser
extent in grammaticality. However, it should be noted that their results derive from a
group study and that great heterogeneity has been consistently reported in cases of
IVPPA (Leyton et al., 2015).

This study employed a case-series design and, as such carries inherent limitations.
Results of this study cannot be generalized to the Greek-speaking PPA population and
require prospective investigations. Larger cohorts of individuals with PPA are needed to
document clinical features of disease progression. Despite the limitations, the detailed

clinical profiles of the PPA participants enable some tentative conclusions.

The follow-up assessment results of the two IVPPA participants and the additional data

of the PPA participants who were at a later disease stage in initial assessment,

demonstrate that as disease progresses, more domains are affected. Even though some
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characteristic variant features can be identified, diagnostic accuracy is compromised
(Rogalski et al., 2011).

Given the progressive nature of PPA, the timing of assessment has several implications.
First, it plays a crucial role in accurate diagnosis, as the distinctive features of each
variant are best captured early in the course of the disease. Second, it determines
practical issues, such as choice of psychometric tools and tasks, length of assessment
procedures, etc. Finally, it influences management decisions, such as type and format of
intervention.
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8 Discussion and conclusions

8.1 Summary of findings

8.1.1 Study1

The main aim of the first study was to establish differences on neuropsychological
testing and connected speech production between Greek-speaking individuals with AD
and PPA. A secondary aim was to investigate whether specific measures or tasks can
differentiate individuals with PPA from individuals with AD and neurotypical adults.

AD participants were impaired in memory, speed of processing, visuospatial and
executive functions. Moreover, they exhibited lexical retrieval difficulties, as well as
difficulties in linguistic tasks with an increased processing load such as repetition of

long non-meaningful sentences.

PPA participants were less affected in the delay conditions of episodic memory
measures. However, they too were impaired in executive tasks, especially for working
memory and phonemic verbal fluency. Naming, single word comprehension, auditory

comprehension of complex material, repetition, reading, and writing were all affected.

The most informative measures in differentiating svPPA and IvPPA from AD
participants were repetition of long frequent sentences, frequency of phonological
errors, mean sentence length and sentence elaboration index in a connected speech
sample. For mean sentence length a cut-off value of 7.07 has been found to differentiate
the PPA participants from AD participants with a sensitivity of 90% and specificity of
87.5%. For sentence elaboration index the optimal cut-off value for identifying PPA

participants was 1.6 with a sensitivity of 80% and specificity of 95.8%.
8.1.2 Study 2

In this study, a picture description task was compared to a story retell task in two groups
of individuals with different neurodegenerative conditions (PPA and AD) and a

neurotypical control group.

The first aim of the second study was to investigate whether there was a difference in

the narratives produced by participants using two different tasks. A second aim was to
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explore whether there was a differential performance under the two conditions for
individuals with PPA, individuals with AD and neurotypical controls. A final aim was
to examine whether the two elicitation tasks placed different cognitive demands on the

participants.

Differences between the two connected speech tasks were found for fluency, lexical
selection, discourse, and sentence productivity but not for grammatical accuracy
measures. The only lexical selection measure that was significantly different between
the two tasks, was mean logarithmic frequency of open class narrative words. All
participants used higher frequency words in picture description, indicating reliance on
‘easier’, more common words for the completion of this task or even for masking of
word retrieval difficulties. Another finding, which was common in all groups, was

higher sentence productivity scores for the story retell task.

Individuals with PPA performed better in the story retell task in comparison to the
picture description task; they produced words of lower frequency, more narrative words
and utterances, longer sentences and used more complex morphosyntactic elements.

Fewer differences between the tasks were documented for the AD group.

Both tasks were able to capture connected speech deficits in PPA and AD and in that
sense, both methods can be used interchangeably.

However, with respect to differential diagnosis between the two degenerative conditions
(PPA and AD) a different conclusion may be reached. In study 1, two sentence
productivity measures were deemed appropriate for differentially diagnosing PPA and
AD participants: mean sentence length and sentence elaboration index derived from the
story retell elicitation procedure. Story retell thus seems to be more sensitive in

identifying deficits at the syntactic level of language production.

The generalizability of the findings is however limited by the fact that the PPA sample
did not include participants with the non-fluent/agrammatic variant of PPA.

Results from the correlation analysis suggested a heavier involvement of memory
capacity for fluency and word frequency measures for AD participants. Sentence
productivity was correlated with executive function. For participants with AD, fluency
measures correlated both with episodic and working memory in picture description. In

story retell, involvement of executive function was evident for sentence productivity
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measures. For PPA participants, all fluency measures, as well as measures of lexical
selection, discourse and sentence productivity correlated with executive control, short-
term memory and to a lesser degree with working memory. In PPA, there was no clear

relationship between cognitive load and type of task.

Task complexity and the presence of a linguistic or cognitive deficit seems to account
for the increased involvement of multiple executive components in individuals with

PPA and AD in comparison to the control group.

To conclude, different elicitation tasks for the assessment of connected speech can be
used to document narrative abilities in individuals with degenerative disorders.
However, clinicians should be aware that different methods may lead to a different
outcome depending on the purpose of the assessment. Story retell seems to be more
sensitive in capturing morphosyntactic deficits and may assist in the differential

diagnosis between PPA and AD.
8.1.3 Study 3

In the third study, the cognitive-linguistic and narrative discourse profiles of 13 Greek-
speaking individuals with a degenerative disease were analyzed. Ten out of them had a
root diagnosis of PPA and 3 with an FTD associated diagnosis, namely, Frontotemporal
dementia - Amyotrophic lateral sclerosis (FTD-ALS), Progressive supranuclear palsy
(PSP) and Corticobasal syndrome (CBS). These conditions have clinical phenotypes
which overlap with PPA and may manifest with language impairment amongst other

cognitive symptoms.

The main aim of the study was to explore the range of cognitive and language
symptoms that can occur in PPA and FTD-related neurodegenerative diseases. A second
aim was to document the challenges associated with the clinical diagnosis of PPA and

classification of the PPA variants.

Inspection of individual profiles in individuals with PPA revealed heterogeneity in
cognitive function, linguistic and narrative discourse abilities. Non-language cognitive
deficits were common in IvVPPA. Neuropsychiatric symptoms were reported for IVPPA
participants, but to a lesser extent than for FTD participants, with svPPA, FTD-ALS,
PSP and CBS.
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Participants with svPPA presented with more typical phenotypes in comparison to the
participants with IvPPA. Neuropsychological evaluation revealed mild to moderate
memory and executive impairment for the svPPA participants but spared visuospatial
functioning. Regarding linguistic abilities, they were more impaired in haming, single-

word comprehension, and semantic knowledge.

Participants with a prominent movement disorder manifested, as expected, impairment

in other areas, including speech, language, and cognition.

Each clinical diagnosis was discussed with reference to the established criteria. The
different phenotypes were compared, and key characteristics of each condition were
identified. Moreover, typical sources of confusion, including grammaticality and

sentence comprehension, were discussed.

Analysis of individual profiles highlighted the need for using instruments targeting
different cognitive domains, including language, behavior, and neuropsychiatric
symptoms, in clinical assessment, in order to assist differential diagnosis and subtyping.

8.1.4 Study 4

In this study, results from two consecutive assessments, one year apart, were compared
for four PPA participants: 2 with IvPPA, one with svPPA and one with unclassified-
anomic PPA. The aim of the study was to gain an insight of how performance on the
neuropsychological battery and narrative discourse abilities can change in the course of

one year.
Single assessment data for 3 additional individuals with PPA were also reported.

Differences were documented for all participants in cognitive, linguistic abilities and
discourse production over time. However, the pattern of differences in performance of
each participant was different. Despite, similar cognitive status at initial assessment, the
participants with the logopenic variant of PPA have shown greater decline than the
participant with the semantic variant of PPA. All three were further affected in memory,
writing and lexical retrieval. The IVPPA participants exhibited further difficulty with
sentence repetition. The anomic participant presented with a naming impairment.
Naming was further affected, and a mild semantic deficit was documented in his follow-

up assessment.
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The follow-up assessment results of the two IVPPA participants and the additional data
of the PPA participants who were at a later disease stage in initial assessment,
demonstrate that as disease progresses, more domains are affected. Even though some

characteristic variant features can be identified, diagnostic accuracy is compromised.
8.2 Implications for clinical knowledge and practice

In this research program, an assessment battery was specifically designed to assess
Greek-speaking individuals with PPA. Areas of testing were primarily recognized
applying the diagnostic criteria of PPA variants. Additional domains have been
identified reviewing studies that sought to describe in detail the core features of PPA
variants, as well as the associated deficits. Selection of appropriate instruments was

informed by reviewing the corresponding literature.

The research studies inform clinicians about the assessment instruments that can be used
for the assessment of discourse production, language, and other cognitive functions in
individuals with PPA and other neurodegenerative diseases. Information about typical
performance on specific neuropsychological and linguistic tasks is valuable in

informing selection of tests and documenting deficits in PPA and AD.

As it has been aforementioned, speech and language therapists/pathologists in Greece
are increasingly involved in characterizing the deficits experienced by individuals with
dementia and assisting differential diagnosis. Given the potential sources of confusion,
the detailed description of cognitive-linguistic profiles of individuals with a
neurodegenerative disease, exemplifies clinical thinking in challenging cases.

Finally, the outcome of the diagnostic process is not limited to the identification of
deficits; it also includes identification of competencies. Using a comprehensive battery
of tests, like the battery that has been administered in these studies, enables clinicians to
build a profile of strengths and weaknesses. It has been suggested that in order to
maximize therapeutic effects an individual with PPA can capitalize on spared language
abilities (Croot, 2018; Henry et al., 2013). For example, individuals with svPPA can
build on phonological and autobiographical memory and individuals with IvPPA on

semantic abilities.
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8.3 Future directions

The results of these studies can inform several lines of research. One area that needs to
be further investigated is grammaticality. Lexical retrieval deficits could probably
account for the decrease in the production of well-formed sentences evident in the
connected speech of several participants. However, the use of determiners and inflected
forms proved resilient to degeneration. Whether this finding can be extended to Greek-
speaking individuals with nfvPPA and generalized to all individuals with PPA needs to

be examined.

Extensive data were collected for these studies and full analysis was restricted by time
and resource constraints. This extensive data provides a solid basis for conducting an in-
depth analysis of different linguistic phenomena in future studies. Examples of these
analyses include, morphosyntactic analysis of written paragraph description, error
analysis of the reading and spelling tasks, analysis of response times and types of errors

on BNT, on sentence repetition test, etc.

Further studies with large PPA cohorts and balanced representation of each PPA
variant, combining neuropsychological, linguistic and neuroimaging testing could better
explore PPA subtyping. It should be stressed that in clinical studies an indication of
underlying pathologies is immensely expedient. Use of supplemental biomarker

assessments can increase diagnostic power in future studies.
8.4 Concluding Remarks

The overarching theme of this thesis was the clinical diagnosis of Primary Progressive

Aphasia.

Although the PPA classification captures the full range of progressive aphasia, there are
cases where subtyping is difficult. Individuals with PPA may fulfill criteria for more
than one variant. In this thesis, some participants exhibited shared logopenic and non-
fluent/agrammatic variant or logopenic and semantic variant features. Moreover, there
are individuals who cannot be classified in any PPA variant, like the participant with the

progressive anomia.

Speech and language deficits may be the core features of PPA variants, but other
cognitive and psychosocial domains are also affected, especially with disease
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progression. Profiling both language and non-language impairments plays an important
role in diagnosing PPA and differentiating between PPA variants.

Furthermore, other neurodegenerative diseases may present with speech and language
deficits. In the studies of this research program, individuals with Alzheimer’s disease,
Corticobasal syndrome, Progressive supranuclear palsy and FTD-Amyotrophic lateral
sclerosis, exhibited cognitive and linguistic profiles which had common features with
those of individuals with PPA.

Understanding the theoretical and factual cognitive-linguistic correlates of PPA, as well
as the progression of the associated deficits, is essential, not only for clinical diagnosis,
but also for providing individualized treatment. Completing a detailed profile of

strengths and weaknesses, as it has been substantiated in this thesis, forms the basis for

effective language rehabilitation.

Given the growing ageing population, the improved diagnostic characterization of
different dementia types and the availability of evidence-based speech and language
treatments, the need to provide appropriate speech therapy services for people with PPA
will grow. Speech and language assessment and therapy provision should be available

to ensure equity of access for people with PPA and their families.
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APPENDIX I

Table 14: Neuropsychological Assessment Results for Pilot studies 1 and 2.

Task Domain L.J.’s ER.s

Score Score

Composite Measure

MMSE 17/30* 22/30

Executive functioning

k%
Trail Making Test - A 150sec 77sec

%k
Trail Making Test - B 300sec**  191sec

1 mistake
igi 8/30 14/30

Digit Span Test (total)

Forward (3) 6/16° 7/16°

Backward (0) 2/16° 7/16°
Verbal Fluency Test

*
Phonological (3 letters) 6 16
12%* 13**

Semantic (3 categories)

Clock Drawing Test 8/15**  14/15

Memory
5 Words Test (total) 19/20 13/20
Delayed Recall (total) 10/10 5/10
Free Delayed Recal 5/5 2/5*
5 Objects Test (total) 23/25 25/25
5/5 5/5

Delayed Recall

Benson Complex Figure Delayed Recall Condition 10/17°  13/17°

Benson Complex Figure Delayed Recognition Yes Yes

169



Benson Complex Figure Copy Condition

Pyramids and Palm Trees-52

Pyramids and Palm Trees-14

Geriatric Depression Scale

Western Aphasia Battery — Apraxia subtest

Visuospatial functioning
11/17° 17/17°

Object Semantics
41/52**  31/52%*
13/14 12/14%*

Mood
10/15** 2/15

Praxis
58/60° 58/60°

Key: *1.5SD, **2SD below the normative mean. @ no control/normative data

Table 15: Speech and language Assessment Results for Pilot studies 1 and 2.

Task Domain L.J.’s ER.’s
Score Score
Severity/Staging
BDAE severity 3/5 4/5
PASS 7/30 4/30

Motor speech evaluation

Apraxia Severity

Dysarthria Severity

WAB Fluency Scale

MAIN Retell score

Motor Speech Assessment

3/7 0/7
1/7 0/7
Fluency
4/10 8/10
Discourse
7/17°
Repetition

170



WAB- words and phrases
Repetition of Sentences
Short meaningful
Short non-meaningful
Long meaningful
Long non-meaningful

Long frequent

Boston Naming Test (BNT)

BNT-15

PPVT

BDAE-words

BDAE-commands

BDAE-complex ideational material

BDAE-3 sentence-picture matching (syntax)

Grammaticality judgment (tense, aspect, agreement)

Reading Fluency - Words
Reading Fluency - Non-words

BDAE- reading sentences

BDAE- comprehension of written words

BDAE- comprehension of written sentences

95/100*  92/100°
302/340% 323/340°
50/50° 50/50°
50/50° 49/50°
70/80° 74/80°
65/80° 70/80°
77/80° 80/80°
Naming
34/45 -
13/15** 5/15**
Single word comprehension
25/32 5/32%*

16/16 16/16

Language comprehension

10/10 10/10
5/6 4/6%*
Morphosyntax

8/10° 10/10°
60/80° 73/80°

Reading
14 (45°)** 82 (45)

12 (45’)* 42 (45')

4/5* 5/5
4/4 3/4*
4/4 2/4%*
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Writing

Spelling - words 11/20° 11/20°

Spelling - non-words 11/12° 12/12°

BDAE - Picture description 4/11**  8/11

Key: *1.5SD, **2SD below the normative mean
Table 16. Group results for the cognitive-linguistic battery.
Neurotypical control AD PPA

Task (Max. Score) Mean SD Mean SD Mean SD

Composite Measure

MMSE (/30) 28.87 1.06 24.89 2.47 24.30 3.65

Executive functioning

Trail Making Test — A (180) 107.33 14.03 46.44 46.00 64.53 36.84

Trail Making Test — B (300) 204.53 40.26 34.00 44.79 72.68 76.67

Digit Span Test (total)(/32) 14.33 241 11.44 2.70 10.80 3.65
Forward (/16) 8.80 1.57 7.44 1.59 6.40 2.07
Backward (/16) 5.53 1.68 4.00 1.50 4.40 2.12

Verbal Fluency Test 94.60 18.41 54.56 11.90 37.80 12.09
Phonological (3 letters) 36.53 1 26.00 8.93 17.50 5.64
Semantic (3 categories) 58.07 1547 28.56 11.01 20.30 8.43

Memory

5 Words Test (total) (/20) 19.07 1.39 11.33 4.64 14.90 5.07
Delayed Recall (total) (/10) 9.27 1.28 4.33 2.96 7.20 2.94
Free Delayed Recall (/5) 4.40 99 1.44 133 3.10 191
Cued Delayed Recall (/5) 4.81 35 2.89 1.83 4.10 1.10

5 Objects Test (total) (/25) 24.81 52 20.11 5.97 22.50 3.89
Delayed Recall (/5) 4.93 26 3.89 1.69 4.80 42
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Benson Complex Figure 13.20 2.54 6.44 3.28 8.50 4.88
Delayed Recall Condition (/17)
Visuospatial functioning
Benson Complex Figure Copy 15.80 1.21 15.11 1.69 16.30 1.49
Condition (/17)
Clock Drawing Test (/15) 14.40 .63 11.67 2.74 12.20 3.49
Mood
Mood Scale (/15) 13.47 2.67 10.89 3.48 13.50 .97
Object Semantics
Pyramids and Palm Trees-52 50.27 1.53 48.78 2.85 44 .4 591
Pyramids and Palm Trees-14 14 0 13.33 0.87 12.7 1.16
Praxis
WAB — Apraxia subtest (/60) 59.93 .26 58.11 1.83 55.90 242
Table 17. Kruskal-Wallis test with Mann-Whitney post-hoc test results for study 1.
Group Control AD  PPA Chi-Square Asymp. Post-hoc
Sig.
MMSE 29.00 26.00 25.00 19.139 .000 N>AD**=PPA**
TMT_A 111.00 40.00 77.00 16.311 .000 N>AD**=PPA**
TMT_B 209.00 .00 52.00 22.122  .000 N>AD***=PpPA**
DigitSpanTotal 14.00 12.00 10.00 8.839 .012 AD=PPA AD=N
PPA*<N
DigitSpanForward 8.00 800 6.00 7.694 .021 AD=PPA AD=N
PPA*<N
DigitSpanBackward 500 4.00 4.00 4850 .088
VFluencyTotal 95.00 55.00 35.50 25.549  .000 N>AD**=PPA***
VFluency3Letters 37.00 27.00 17.50 19.529 .000 AD=PPA AD=N

PPA***<N
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VFluency3Cat

CDT

Words5Test

Words5DelRecall

Words5FreeRecall

Words5CuedRecall

Objects5Test

Objects5DelRecall
BensonFigureDelRecall
BensonFigureDelRecogn
BensonFigureCopy

PPTT 52

PPTT_14

Mood 15
BDAEs_RepetitionS

WAB_RepetitionWPh

Bayles_RepetitionS

ShortMeaningful

ShortNMeaningful

58.00

14.00

20.00

10.00

5.00

5.00

25.00

5.00

13.00

1.00

15.00

50.00

14.00

15.00

2.00

100.00

339.00

50.00

50.00

29.00

13.00

11.00

4.00

1.00

2.00

22.00

5.00

6.00

1.00

15.00

50.00

14.00

12.00

2.00

97.00

332.00

50.00

50.00

20.00

13.00

16.00

8.00

3.50

4.50

24.50

5.00

10.00

1.00

17.00

46.00

13.00

14.00

1.00

86.00

206.50

44.50

46.00

23.569

10.252

16.153

15.370

15.002

9.788

10.499

3.393

16.247

1.009

3.136

10.475

13.661

5.707

20.533

13.336

19.367

14.951

14.017

.000

.006

.000

.000

.001

.007

.005

183

.000

.604

.208

.005

.001

.058

.000

.001

.000

.001

.001

N>AD**=PPA***

AD=PPA N=PPA
AD*<N

N>AD***=PPA*

AD=PPA N=PPA
AD***<N

AD=PPA N=PPA
AD***<N

AD=PPA N=PPA
AD**<N

AD=PPA N=PPA
AD**<N

N>AD***=PPA*

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA**<N

N***=AD**>PPA

AD=PPA AD=N
PPA**<N

N>AD*=PPA***

AD=PPA AD=N
PPA***<N

AD=PPA AD=N
PPA**<N
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LongMeaningful

LongNMeaningful
LongFrequent

BNT 45

BNT_15
BDAEs_WrNaming

PPVT 32

BDAEs_WCompr

BDAEs_Commands

BDAEs_ComldMat

MAIN_Compr

BDAE3_SyntCompr

FGramJudgment
BDAEs_WrWCompr

BDAEs_WrSCompr

ReadFluency W

ReadFluency NW

ReadPassDuration
ReadPassPhonT
ReadPassSpeechR

ReadPassArtR

80.00

80.00

80.00

42.00

15.00

4.00

30.00

16.00

10.00

6.00

10.00

10.00

79.00

4.00

4.00

83.00

43.00

47.00

39.62

4.12

5.05

75.00

74.00

80.00

33.00

14.00

4.00

27.00

16.00

9.00

5.00

10.00

9.00

72.00

4.00

4.00

57.00

25.00

53.99

46.22

4.04

5.05

36.50

28.50

55.50

20.00

9.00

3.50

24.00

16.00

7.50

3.50

10.00

8.50

70.00

4.00

4.00

62.00

35.00

55.44

48.06

3.52

4.66

15.964

17.439

16.724

23.425

23.037

6.133

11.232

2.400

20.763

15.330

3.459

8.706

17.771

4.231

6.692

15.177

12.303

4.403

5.250

2.860

9.067

.000

.000

.000

.000

.047

.004

301

.000

.000

77

.013

.000

121

.035

.001

.002

111

072

239

011

AD=PPA AD=N
PPA***<N

N>AD*=PPA***

N***=AD*>PPA

.000 N>AD**=PpPA***

N>AD*=PPA***

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA®**<N

AD=PPA AD=N
PPA®**<N

AD=PPA AD=N
PPA*<N

N>AD*=PPA***

AD=PPA AD=N
PPA*<N

N>AD**=PPA**

AD=PPA N=PPA
AD**<N

AD=PPA AD=N
PPA*<N
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BDAEs_Spelling 9.00 9.00 9.00 5.144 076

SpellingW 18.00 16.00 13.50 8.038 .018 AD=PPA AD=N
PPA*<N

SpellingNW 11.00 12.00 11.00 1.016  .602

BDAE_WrPictDescr 11.00 8.00 7.50 25.296 .000 N>AD**=PPA***

WAB_Apraxia 60.00 58.00 55.50 22.470  .000 N>AD*=PPA***

MaxPhonTime_mean 16.26 17.30 12.25 524 769

MaxPhonTime_longest 19.19 19.17 13.14 659 719

DDK_pa_Reps 6.92 654 6.59 1.790  .409

DDK_ta_Reps 6.86 6.57 6.87 3.661 .160

DDK_ka_Reps 6.51 563 6.26 4688 .096

DDK_pataka_Reps 6.94 659 742 2120  .346

S2Dur_11 psyll .20 .30 23 10.546 .005 AD=PPA N=PPA
AD**<N

S5Dur_12_psyll 18 24 19 8.259 .016 AD=PPA N=PPA
AD*<N

S3Dur_14_psyll 16 .20 .18 3.891 .143

S1Dur_15_psyll 16 .18 .16 644 725

S4Dur_16_psyll 16 .20 .17 3.974 137

PD_TotalPauseDuration 16.59 49.90 38.39 13.167 .001 N>AD**=PPA*

PD_MeanPauseDuration 85 140 1.32 18.371  .000 N>AD***=PpPA**

PD_MedianPauseDuration .66 1.02 .87 11539 .003 AD=PPA N=PPA
AD**<N

PD_PauseDurationPerc 28.11 41.13 44.64 15.297 .000 N>AD**=PPA**

PD_SpeakingTime_min T7 .96 .86 3.114 211

PD_ArticulationRate_wpm 170.66 162.27 138.47 4105 .128

PD_Pauses_ptw .05 .09 13 12.327 .002 N>AD*=PPA**

PD_Prolongations_ptw .06 .05 .09 2589 274
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PD_Fillers_ptw
PD_FalseStarts_ptw
PD_Distortions_ptw
PD_Unintelligible_ptw

PD_TotalDysfl_ptw

PD_Repetitions_ptw
PD_PhonologicalEr_ptw
PD_MorphEr_ptw

PD_SemEr_ptw

PD_TotalTime_min

PD_TotalWords
PD_NarrativeWords
PD_NoTypeW
PD_NoLemmas
PD_NoUtterances
PD_NoSentences

PD_SpeechRate_wpm

PD_NarWs_TotalWs
PD_TypeToken Ratio

PD_TypeTokenR_SgR

PD_Closed_ClassWs
PD_Pron_NsPron

PD_Vs_NsVs

.02

.01

.00

.00

14

.00

.00

.00

.00

1.01

130.00

90.00

62.00

52.00

13.00

13.00

121.44

12

.70

6.59

51

19

51

.01

.02

.00

.00

.18

.00

.00

.01

.01

1.84

138.00

97.00

63.00

54.00

16.00

13.00

87.25

.68

.66

6.11

.53

27

.56

.01

.02

.00

.00

27

.00

.03

.00

.00

1.38

112.50

56.00

40.50

35.50

10.50

9.50

74.68

47

71

543

52

24

51

672

2.236

5.355

1.569

7.492

2.844

25.475

4.645

8.424

6.588

2.072

11.470

12.711

11.552

2.926

2.148

10.865

5.936

4.748

9.306

3.387

746

1.536

715

327

.069

456

.024 AD=PPA AD=N

PPA*<N

241

.000 N***=AD***>PPA

.098

.015 AD=PPA N=PPA

AD*<N

.037 AD=PPA N=PPA

AD*<N

.355

.003 N**=AD*>PPA

.002 N**=AD*>PPA

.003 N**=AD*>PPA

232

342

.004 AD=PPA AD=N

PPA**<N

051

.093

.010 AD=PPA AD=N

PPA**<N

184

.689

464
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PD_Ns_ Vs
PD_MeanLogFNWs
PD_Prepositions
PD_Adverbs
PD_Adjectives
PD_Articles
PD_Conjuctions
PD_Nouns
PD_Pronouns
PD_Verbs

PD_PropWinSent

PD_MeanSentLength

PD_MeanULength

PD_MedianULength

PD_MeanLenght3LongestS

PD_SentElaboration_Index

PD_Embedding_Index
PD_WellFormedSent
PD_AuxComplexity_Index
PD_Verblnflection_Index

PD_Determiner_Index

.94

2.65

.06

.05

.04

19

.09

22

.05

.23

.96

6.89

6.89

6.00

12.00

2.09

31

1.00

1.20

1.00

1.00

.80

2.78

.07

.08

.04

.16

.07

19

.05

.23

7

5.67

6.00

5.00

10.00

1.52

.38

.93

1.20

1.00

1.00

97

2.86

.06

.07

.03

22

.04

21

.05

24

.93

5.16

4.80

3.50

9.00

1.15

19

87

1.06

1.00

1.00

1.536

14.707

799

5.514

1.652

1.626

4.890

2.265

.308

1.701

6.580

13.101

13.225

15.717

9.533

13.873

4.645

5.114

1.098

.000

2451

464

.001

671

.063

438

444

.087

322

.857

427

.037

.001

.001

.000

.009

.001

.098

.078

578

1.000

294

N>AD*=PPA**

AD=PPA N=PPA
AD*<N

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA***<N

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA**<N
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Main_TotalPauseDuration

Main_MeanPauseDuration

Main_MedianPauseDuration

Main_PauseDurationPerc

Main_SpeakingTime_min

Main_ArticulationRate_wpm

Main_Pauses_ptw

Main_Prolongations_ptw

Main_Fillers_ptw

Main_FalseStarts_ptw
Main_Distortions_ptw
Main_Unintelligible_ptw
Main_TotalDysfl_ptw
Main_Repetitions_ptw
Main_PhonolEr_ptw
Main_MorphEr_ptw

Main_SemEr_ptw

Main_TotalTime_min

Main_TotalWords

Main_NarrativeWords

14.40 21.35 39.94

75

.60

22.44

.92

167.43

.03

.04

.01

.02

.00

.00

A1

.00

.00

.00

.00

1.18

1.07

74

27.66

1.07

140.82

.06

.06

.03

.02

.00

.00

.18

.01

.00

.00

.01

1.54

1.18

.84

33.94

1.26

147.06

.07

.10

.05

.04

.00

.00

31

01

01

.00

.01

2.01

159.00 162.00 168.50

127.00 114.00 106.00

9.686

4871

5.291

6.876

6.236

7.676

7.504

7.403

8.724

1.685

1.757

4.945

12.636

12.750

9.589

5.330

12.858

12.072

.845

5.817

.008

.088

071

.032

044

.022

.023

.025

.013

431

415

.084

.002

.002

.008

.070

.002

.002

.655

.055

AD=PPA AD=N
PPA*<N

AD=PPA AD=N
PPA*<N

AD=PPA AD=N
PPA*<N

AD=PPA N=PPA
AD*<N

AD=PPA AD=N
PPA*<N

AD=PPA AD=N
PPA*<N

AD=PPA AD=N
PPA*<N

N>AD*=PPA**
N>AD*=PPA**

N*=AD*>PPA

AD=PPA AD=N
PPA**<N

AD=PPA AD=N
PPA**<N
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Main_NoTypeW

Main_NoLemmas

Main_NoUtterances
Main_NoSentences
Main_SpeechRate_wpm
Main_NarWs_TotalWs
Main_TypeTokenRatio

Main_TypeTokenR_SqR

Main_Closed_ClassWs
Main_Pron_NsPron
Main_Vs_NsVs
Main_Ns_Vs
Main_MeanLogFNWs
Main_Prepositions
Main_Adverbs
Main_Adjectives
Main_Articles
Main_Conjuctions
Main_Nouns
Main_Pronouns
Main_Verbs
Main_PropWinSent
Main_MeanSentLength
Main_MeanULength

Main_MedianULength

73.00

61.00

16.00

15.00

132.33

.89

.56

6.37

.53

.18

48

1.10

251

.06

.05

.01

.23

.07

24

.05

22

1.00

8.47

8.47

7.00

60.00

49.00

13.00

12.00

92.27

7

.58

5.70

.52

.23

48

1.07

2.54

.06

.05

.02

22

.06

.23

.08

22

1.00

7.64

7.64

7.00

54.00

42.50

17.00

16.00

75.49

.60

.53

5.36

54

22

49

1.04

2.68

.04

.04

01

23

.05

.25

.06

23

99

6.25

6.19

5.00

8.923

8.434

5.472

3.452

11.001

14.002

.930

9.514

245

891

140

140

2.884

2.879

2.188

4.553

467

5.305

131

1.429

4.848

3.613

15.713

14.418

11.303

.012 AD=PPA AD=N

PPA*<N

.015 AD=PPA AD=N

PPA*<N

.065

178

.004 N>AD*=PPA*

.001 N>AD*=PPA**

628

.009 AD=PPA AD=N

PPA*<N

.885

641

933

933

236

237

335

103

792

.070

937

489

.089

.164

.000 N***=AD*>PPA

.001 N**=AD*>PPA

.004 N**=AD*>PPA
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Main_MeanLength3Longest
S

Main_SentElaboration_Index

Main_Embedding_Index

Main_WellFormedSent
Main_AuxComplexity_Index
Main_Verbinflection_Index

Main_Determiner_Index

1533 14.33
210 1.77
.63 42
.94 .95
147  1.09
1.00 1.00
1.00 1.00

12.17

1.33

.30

.93

1.43

1.00

1.00

9.570

17.582

15.848

4.279

2.470

2.778

531

.008 AD=PPA AD=N

PPA**<N

.000 N**=AD*>PPA

.000 AD=PPA AD=N

PPA***<N

118

291

249

767

Table 18. Kruskal-Wallis H Test (df=2) with Mann-Whitney U test for post-hoc comparisons

for paired differences of narrative measures for Main and Picture description (Study 2).

Sample 1-Sample 2 Test  Std. Error Std. Test  Asymptotic  Adj. Sig.
Statistic Statistic  Sig.(2-sided)
Narrative Words 7.59 .022
AD-Neurotypical 8.9 4.197 2121 .034 102
AD-PPA -12.15 4573 -2.657 .008 .024
Neurotypical-PPA -3.25 4.063 -0.8 424 1
Total Words 7.118 .028
AD-Neurotypical 5.044 4.197 1.202 229 .688
AD-PPA -12.078 4574 -2.64 .008 .025
Neurotypical-PPA -7.033 4.064 -1.731 .084 251
Sentences 7.054 .029
AD-Neurotypical 3.178 4.179 0.761 447 1
AD-PPA -11.478 4.553 -2.521 012 .035
Neurotypical-PPA -8.3 4.046 -2.051 .040 121
Semantic Errors 7.56 023
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AD-Neurotypical 3.933 4.015 0.98 327 .982
AD-PPA -11.667 4.375 -2.666 .008 .023
Neurotypical-PPA -7.733 3.888 -1.989 .047 140
Repetitions 7.898 .019

Neurotypical-PPA -7.517 3.848 -1.953 .051 152
Neurotypical-AD -10.411 3.975 -2.619 .009 .026
PPA-AD 2.894 4.331 0.668 504 1
Fillers 12.185 .002

Neurotypical-PPA -10.733 4.065 -2.64 .008 .025
Neurotypical-AD -13.133 4.199 -3.128 .002 .005
PPA-AD 24 4.575 0.525 .600 1
Type of Words 7.068 .029

AD-Neurotypical 6.633 4.195 1.581 114 342
AD-PPA -12.15 4572 -2.658 .008 .024
Neurotypical-PPA -5.517 4.062 -1.358 174 523
Utterances 9.481 .009

AD-Neurotypical 7.389 4.184 1.766 077 232
AD-PPA -14.039 4.559 -3.079 .002 .006
Neurotypical-PPA -6.65 4.051 -1.642 101 .302
TypeToken Ratio 7.089 .029

PPA-Neurotypical 4.333 4.065 1.066 286 .859
PPA-AD 12.044 4.575 2.632 .008 .025
Neurotypical-AD -7.711 4.199 -1.837 .066 199
Proportion of Ws in Sentences 6.165 .046

PPA-Neurotypical 0.1 4.059 0.025 .980 1
PPA-AD 9.656 4.568 2.114 .035 104
Neurotypical-AD -9.556 4.192 -2.279 .023 .068
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APPENDIX I1
TEXVOAOY1KO

[
, Tunuo Emomuov Arokatdotoong
] [ [Tavermotnuio

, Teyvoroykod Iavemomuo Konpov
Kumpov

Bpayadivov 15, 3041 Agpecdg

TnA: 25002098

nkarpathiou@gmail.com

maria.kambanaros@cut.ac.cy

ENTYIIO ENHMEPQXHY I'TA 2XYMMETOXH XE
AIAAKTOPIKH EPEYNHTIKH MEAETH
YrevOvvy A1daxtopikod lpoypauuaros: Ap. Mopio Kourwavapoo, Teyvoloyiko
Havemotiuio Korpov - Tunua Emotnuoyv Amokotdotoons

Aidaxropixny porripia: Koprobiov Noupikn

Iowog €ivar 0 okomOg AVTIG TG PEAETNC;

O okomdg avtig ™G HeAETNGg ivar M 0EOAOYNON TOV YVOOTIKOV KOl YAMGGIK®OV

KOVOTNTOV ATOUMV e EXIKTNTY TPOOOEVTIKT dALTOPUYT AOYOL KoL OAL0G.
INoti emAéyOnka vo coppetéyom;

2ag {nmMOnke vo cLPUETAOYETE V10Tl O YIATPOG GOG EKPIVE TG OVTILETOTILETE KATO10V

BaBupov dvskoAia oty optAia, T YPOEN 1 THY OVAYVOGCN.
Eivar vroypemTtiki n coppetoynq pov;

H ovppetoyn cag otn perétn dev elvar vwoype®tiky. AKOUM Kl OV OTOPAGICETE VOl
GUUUETACYETE, UTOPEITE VO amocLPOEiTe OTOLOONTOTE GTIYUN, YOPIS VO AVAPEPETE TO
Adyo. H amdpaon cog va amocvupheite 1 n amdQoct) 6oG Vo UV GUUUETACYETE OTN LEAETN

dev Ba £xetl kopio cuvETELn Yo EGAG.

H ovoppetoyn pov ot perétn 0o givor pmoTevTIK;
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Kdabe mAnpopopia mov cag agopd eivar avotnpd eumotevtiky). To ototyeioa mov Ha
oLALeXBOHV Ba LAY TOVV GE ACPUAES LEPOG, LLE TEPLOPICUEVT) TPOGPOCT). XE TEPITTMON
OV TO ATOTEAECHATO TG £PEVVOG ONUOCIELTOVV 1 TAPOLGCLAGTOVY GE GLVEIPL. OV B

YPNOLOTOMO0VV TPOCOTIKE OEOOUEVAL.
Oa £ TPOSOTIKO 6QPELOS UTO TNV CUUUETOYT] HOV;

Oa evnuepbeite oYeTIKG HE TO OMTOTEAEGULOTO TOV OOKIUACIOV OTIG omoieg Oa
voPAnOeite. Oa AdPete mAnpogopiec oyeTikd HE TG OLOKOMEC TIG OMOLES

avtpetonilete. H extipmon Oa etvon dmpedv.
Tv 00 ovppel av ocoppeTdoym;

[Tpwv v évapén g aloddynong Ba evnuepwbeite avaivtikd yio t perlétn kot Bo cog
{nmBel va voypawete to évrumo cvvaiveons. H a&lioloyntikn dadikocio meptiapPavet
OTOOGUEVES KOl ATVTTEG OOKLUAGIES Y1l TNV EKTIUNON TOV YVOOTIKOV Kol YAOCGIKOV
cog wavottev. Ot anavinoels cag Oa xataypagovv, Ba payvnroewvndovv ko Oa
avaAvBovv cg devtePo ypovo. Akoun, Ba AnebBovv oyetikég TANPoPopieg Kal amd Eva
Ok 60¢ TPOG®TO avaPopds. O TOTOG Kot 0 xpOvog TV cuvedpLdVY Ba cuppvnel amd

Kkowov. H cvppetoyn oty pekétn dev evéyet Kivohvoug.
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Tunuo Emomuov Arokatdotoong

TEXUUKDYI KO Teyvoroykod Iavemomuo Konpov
' Bpayadivov 15, 3041 Agpecog
[Tavemotno Trp: 25002098
' nkarpathiou@gmail.com
KUH p oV maria.kambanaros@cut.ac.cy

ENTYIIO XYI'KATAOGEXHX

Ynev0vvn Avdaxtopikov Ilpoypappartos: Ap. Mapio Kauravdpov, Texvoroyikd
[Mavemoto Konpov - Tunua Emotuov Atokatdotoong

Awaxktopwkn eovtiytpro: Kaprabiov Nopukn

Exo evnuepmbet yia v épevva ot Kol GOUPOVD VO, GUUUETACY® GE SOKILOGIES Y10
NV 0E0AOYNON TOV YVOGTIKAOV KOl YAMGGIKOV OV TKOVOTHTOV.

‘Exo eniong evnuepwbet 6t o1 amavtioelg pov Ba Kataypoapobvv, Ba poyvnropmvnovv
Kot B avolvBohv Yo Tovg 6KomoVS TG TOPOoVGag Epevvag. Ta Tpocwmikd Lov ctotyeio
(6vopa, devbBuvvon KTA.) dev Ba ypnoyomonBoiv.

g TePIMTOON TOL T OMOTEAEGLATA TOV AEIOAOYNCEMVY KO TNG £PELVAG ONULOGIELTOVY N

TAPOVGLOGTOVV GE GLVEIPLA Bal SLOUCPAMGTEL TO ATOPPNTO TOV TPOCOTIKMOV SESOUEVOV.

OVOUOTETIMVULIO: ettt et et et e e e et e e et e e e e e eaeenneeens

Hpuepopnvia Ymoypaon
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The ‘Cookie Theft’ picture
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Motor Speech Evaluation

HXOI'PA®HEIH

Anpoii Avsoplpia
L | Tlec & v 0o TEOGOTEPD FPOVD UROpels.” 1 | 2 [ 3 | 2 | 3
“Taypo. Behoo va wow xe1s Tes ouiiafEs ogo mo ypiropa
K01 IO 00 REPHTTOTERD FR0Vo MROPELS.
o | e mo-mo-ro-ma-Ta 1 2 3 2 3
B | Tlec ro-ro-ro-ro-te 1 2 3 2 3
7 | e xn-wa-ko-xe-ka 1 2 3 2 3
“Teopa, fa movple kot T Tpeis cwihafis pali To-Ta-so’
o | Tec mo-ro-wo-mo- ro-wo-mo- To-5 1 | 2 [ 3 | 2 | 3
2 | ‘Topa, Bsheo va meis opicieves el LETO oXd uave
o | Hec romumaring 1 2 3 2 3
Tlec nsuoveatsvy 1 2 3 2 3
7 | ez kosonplomro 1 2 3 2 3

(¥

“Tarpo. Behoo va meg t AeSe1s peto oo uéve 5 gopes.”

o | ez powpoiopia

T

ez weramigrming s

7 | ez mepostonse:

=

Tlez i AEZE1C Mt oo pEve.

o | Ile; pona 1 2 |3 2 13
=z By 1 2 3 2 3

7 | Mec mom 1 2 E 2 3

o | ez prepre 1 2 3 2 3

£ | Ilez vova 1 2 3 2 3

- | Tlec rete 1 2 3 2 3

1 | ez voavma 1 2 3 2 3

8 | Iec Feaved 1 2 3 2 3

1 | Tlsz mewe 1 2 3 2 3

% | Tlec dada 1 2 3 2 3

5| e Soaga 1 2 3 2 3

w | ez s 1 2 3 2 3

v | Tlec Zeadica 1 2 3 2 3

E | Mec yecna 1 2 3 2 3

o | Hec.lita 1 2 3 2 3

5 | ‘Tlec mc Aeler; pste ono peve.

o | e movre
Ilz; mavrore . _ _
e moveomva . _ _

B | Tles mpouac

e moualo

Iec pouaruevog

¥ | ez sxacioraste smaomy)

Ile: srootives

Ilec erasTineTyTE

o | ez xopitor

ITe: woprtoonc

I1e: xoprtoisTing

bt |t |t | | = = | = | = | = | =] =

balbafbafbafbafba)balbalba] b ba]ba

[ERY LRy LY QRVY GRV) GROVY LR LRV) LR RE] RRVY LR

bajtaftafrafialra|balbalba]balbalba

[y LRy FRe) [REY Faev) i) DIy Re) DIy e ey R

6 | ‘Emeverope g mpotassty UsTE omd weve
mpocreben: wals 222 ZepopioTa

3
v | Baie o= mopornio to paiee 6T0 VOVEND.

‘Tleg wov TuyiveTot & aumiy TNy swova.” (BDAE)

1 2 3 2 3
B | Eve Ceomo opsowowniEve wem. 1 2 3 2 3
v | To valovaip eopans & apma ponre 1 2 3 2 3
To mvarpifio poiot to0 EIrE ESQEEVIFTEL 1 2 3 2 3
£ | JTo vepayio Zefipaotnre ooy an 1 2 3 2 3
7 | Heprrpogn Enceves (BDAE)
Tovlopnotov 1 Lemto cuelnmmons (max 2 Aext

2 | Avarveon Eapevou

¥z mepimroo] cofopic Suoropaync
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Keipevo yia avayvoon

Nouifw nwg o 0éhate va pdbete yia tov manmov pov. Aowmwdv,
elval oxedov evevivia TpLOV ¥pOovav, aAld To LVAAO TOL glvat
Evpapt. Dopael cLVNO®G Eva YKPL TAVOPOPL UE TEPACTIEG
TGEMEG KO TEGGEPA GTPOYYVAQ umpovTliva kKovpumid. Ta paiAiid
TOV Kol ta yévia Tov g€ival acompa. Eivatr ynidg kot n mapovcia
tov wpokaAel éva aicOnua Badbvtatov cefacpod. Otav pidd, n
@V Tov TpEuetl. AVo @opég TNV nuépa mavel to BLoil Tov Kat
nailel pe peydin de&roteyvia. Kabe puépa, extdc k1 av Bpéyer M
yrovilet, Byaivel POATA Kol TEPTATA TEPIMOV Y10 LGN DPO.
[ToAAéC @opéc mpoomaOnGae va TOV TEIGOVUE VO TEPTATA
nePlocOTEPO Kal va Kanvilel Aydtepo, aALd ekeivog mavTa
anovid: ‘Tétola dpa, tétota Aoyla...” XTov TanmoD OV aApEGOLYV
ol TapOlUieC.

Word Count 117
Syllable Count 239
Character Count 600
Mean syllables per word 2.04
Mean characters per word 5.12
no 1syll 41 (41) no 2syll 44 (88) no 3syll 22 (66)
no 4syll 7 (28) no5syll 2 (10) no 6syll 1 (6)
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Enavainyn WAB

0dnyies: ZnmoTte and Tov achevi| va ETavVaAAPel TIg TapaKaT® AEEELS LE TN GEPE OV divovTat.
Enavardfate Tig Aé€erc mov Oa oog o. Ilgite

Eravainyn: Enovaldpete oAoKANpn TV evIoAn pic @opd av @aivetat vo Py €el aKOVGEL, 1 0V 00G TO

{ntoet.
Babuoioynen: Babuoloynote e to péyioto Pabud av erovarappdvel cootd t AEEN 1 ™ epdon.
BoaBpoloynote pe 2 ke avayvopioun AEEN.

Aopaipéote 1 Babud yio kdbe povnuikn mapagacio Kot kdbe aAlayn ot GEPE TAPOVGINGTG TOV

AéEev.

OemPNOTE COGTEG EMAVOAYELG TTOV SLOPEPOLY MDY dvcapBpiag, SIAEKTOL KOl GUVIUNGEDV.

1. DPog (2
2. Mbm (2)
3. Knimog 2)
4, Xopta (2)
5. Mnavavo (2)
6. 2T0QLo0yOpo 4
7. Mevivro Tévte 4
8. A®dcKa Ko déKa. (6)
9. "Evag ypovog Kat vvEe pivec. (10)
10. Bynkav o forta otV Tapolrio. (10)
11.  Xrturdel o TNAEQ®VO Gov. (8)
12. Ag 0o ta&déysl moté Eavd. (10)
13. Koaloynpévo ¢aynro. (8)
14.  Xav va pnv nEépace o0Te pépa. (10)
15. O Ayyghog kGOg Bpaov Tailel pOVOS 6TO JLOVL POPAVTOS YAVTLO KOL PTOTES. (20)

Emavéinyn: ] (100)

189



Enravainyn [potacewv (Bayles)

1.SM

2.LF

3.SNM

4.LM

5.LNM

6.LNM

7.LF

8.SNM

9.5SM

10.LM

11.SM

12.SNM

13.LF

14.LNM

15.LM

16.LNM

17..LM

18.SM

19.LF

Mukpd amopokpucpéva ywpidL.

Mno¢ Bo pmopovca vo Kave KATL KO Y10 OOG;

Avixova TAaoTiKd KovTdAo.

Ot okentopevol GuYYpageis ypdpovv agloonueiotoa.

To yopdyerd e poved xpuod LoAvPia ypapeiov.

Ot duvaroi TpeoPevtéc Taydvouy atadepd KOLATA.

Oo Tpémel va KOGTIGE OAOKAN PN TEPLOVTIOL.

72016 mopadociokd KAapiva.

Ao&n yvdAvn empdaveia.

Ot pookapepévol dvepeg Epayav LOAAL TG YPLAG.

Aocmpo tpavpaticpévo tpdparto.

Z10mAS HOVTEPVO TAVTEAOVL.

[paypatikd dev EEpw timota Yo To BEpa avTo.

O ymAdtepec kopveég yibvpilovv yAvkd mao.

Ta kopyd Kopitola S0KIALovv KAAALVTIKE GLYVA.

O povpxéteg (nrovv Lonpd moryvidlo pootnpiov.

To oAl EmMTA0 TPOGEAKDOVV TOVS EUTOPOVS AVTIKDV.

2rovidTaTo TPOTIKO PPOVTO.

Dofapoan 6t £x® TOAD doynua vEa Yo Gag.

/10

/16

/10

/16

/16

/16

/16

/10

/10

/16

/10

/10

/16

/16

/16

/16

/16

/10

/16
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20.SNM  Kivnt6 181otikd vnoi. /10

21.L.M Ta gvepyd noaiotela ekto&evovy Kot AdPa. _ 116
22.SM Néog 1Kavog 1810KTNTNC. 110
23.SNM  Zracpévn HETAAMKY 0pPOOTIA. 110
24 LF Bo uropovGA VO, GOG OTACYOAM|CM Yol EVO AETTTO; _ 116
25.LNM Ot tvepamveg ducdlovv maiid Bipiio peartlavag. ___ 116
SM: _

SNM:

LM: -

LNM:

LF: .

Tovohkd: /340
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Opboypagikn AcKipagia

ILSP Psycholinguistic Resource Spelling
Protopapas, A., Tzakosta, M., Chalamandans, A., & Tslakouls, P. (2012).
IPLR: An onlng resource Tor Greek wond-level and sublexical information. Language resources and evaluation , 45(3), 449-459,

Word

Order Spelling

High Frequemcy
5 Swpeav
16 nBomoide
& autekivmTo
18 avTikeipevo
11 aBea
14 ¥OpaKTpICTIEG
17 SiewBuvtng
3 ypripara
o mapaBerypa
1 Eepu
Low Frequency
13 Baveifw
2 ToTICE
19 awoyapéTnoa
10 pumcUEVOC
7 ywpioa
12 alhuuTikog
4 peyahuavis
6 Taymwv
20 parmwveral
15 Eepuhdhifovrag

Hon-

Spelli
Words pefiing

Bf'wm;
TpoowHo
apapwhi

pEvaia

yaxno:
appea
upoyopapis
BoyovepuvTag
TEVAUKTTG
EVTOKEILD
agoTaihEpnoa
cakaraykeTal

Phonetic

Dioredn
iTopios
aftocinito
adicimena
aDia
waraktiristikd
DiefTidis
xrimata
paraéDiJma
ksEro

Danizo
potize
apoxeritisa
fotizménos
xbrisa
alatikos
meJalano
pexton
matednate
ksefilizodas

Phonetic

Dépsos
trosomo
aramold

rénea

JoXise

dvria
ifoxoramés
Daxonefodas
pievliktis
edacima
asotelémisa
salecGete

(Sideridis et al., 2008)

Frequency H letters
38,772 Li]
43,748 8
a4 210 10
o7.202 11

100,281 5
106,269 14
108,077 10
135,331 T
236,604 10
132,087 4
108,458 8.500
0.034 T
0.101 Li]
0.372 12
0.507 10
0.541 Li]
0.608 10
0.643 ]
D877 T
0.71 11
0.8 13
0.507 2.000
Stressed
syllable M letters
2 5
3 T
1 T
3 ]
3 ]
3 6
1 10
2 12
1 10
3 g
3 12
3 12
2333 a5

N N
phonemes syllables

-

-
D ~ O & & O~ 3
B3 ook GO e OB WM O e G

-
%]
=]
=]

o
[0 = TGS R LI O U]

£.200

Ll
o
=}
=

N N
phonemes syllables

h o n o= =~

- - -
oL~ g =]
W B W w Wk

7.833 217

Mean Mean
syllable syllable
token type

frequency, frequency,
spelling

0.813 1.480
3.103 2218
13,844 12,145
15.837 16.000
18271 17.684
4.133 5.251
B.258 0.824
T.325 7.837
2.963 3.840
0.2688 1.284
T.715 7.713
0.758 1.077
4253 4.043
12262 1.217
3.3688 4.438
3737 5320
15.745 14.683
5.143 5755
0.455 0.380
4.732 5.373
0.858 2.143
5615 4.535
Mean Mean
syllable syllable
token type

frequency, frequency,
spelling

D.288 0.310
1.708 2.381
14704 14.308
1283 16.420
3.228 2532
19,081 17406
3.125 3.587
1.558 2.088
T.084 8.805
7604 8430
10.881 10.208
1777 221
T548 7473

orthographic
neighbors
{standard:

L L " R =N~

B T TN

spelling replace only)

2.400

1.200

orthographic
neighbors
{standard:

(=]

(=R =J=J =] === = ) = =N =]

spelling replace only)

0.oo00
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IXTOPIKO AIATAPAXQN AOI'OY/OMIAIAYX ENHAIKA

Ovopa: Enifeto:
AtevBovon;: Nopoc:
TnAépwvo: Kwnro Email:
Hupepopunvia I'evvioewc: Hhuclo:

Tomog yevvnoemc:

Mopowtikd eninedo (Anpotiko, lN'vpvdoio, Avkelo, Avotdtn Zyoin kKAn): ‘Em:

Endryyeipo:

Mntpicn yYA®ooao: AlAeg YAOGGEC:

As&dyspof)  Apiotepdyetpde) Enwcpatéotepo xépt yio v mAgtoymoio g

OKOYEVELNG:

[Hopanépneton and:

Abyog mapamounng:

[IATPIKO IZTOPIKO:

latpicn| Awdyvoon:

Inueuwote 0nmg approlet:

0 Ynéptoon 0 Awpng 0 Ymnepyolotepapio

0 ‘Elenyn B12 o AMrepyieg 0 [TaBnon Bvpeogdovg

0 Kopowokn avakony 0 AppuBuieg 0 Bypass/stent/ayyslomAocTikn
0 Emuinnticéc kpioeig 0 Koatabiwyn 0 Poylatpkod otopikd
0 Axpdrela 0 Bapnkoia / Kopmon 0 Bpoyyitwa / AcOua
0 Xpovia Aroppaxtikn [Tvevpovomabeia (XAIT)

0 ['aotpo-otcopayikn maivdpdunon (I'OIT)

0 Ayyelaxod eyKePAAKO eMeIcOO10 0 Kpaviogykepoikn Kdxmwon



0 NeomAacpatikny vOGog
0 ALS o Noécog Tov Huntington 0 [ToAlamAn ZxAnpuvon
0 Noéoog tov Parkinson 0 Avow 0 AN vevporoyikn Taonon

Ymapyovv Gl TpoPANUATO TEPAY OGOV OVOPEPOVTOL TTLO TAVE®;

[Toto eivar 10 Tpoe&apyov cOUTTOW (LVAKY, TPOGOYN, AOYOS, CUUTEPLPOPE, Kivnon,

6Ah0)

"Hrav kot to apywo; Not Oy [16te mpwTogppavicTnKe;

NEYPOAOI'IKH EEETAZH: Eetdoeic mov £xouv yivel otov aobevi: (onuetdote pe V

ot appolet)
O Mayvnrtikny Topoypaeia - Adyvoon / AnoteAéopata:
O A&ovikn Topoypoaeio — Atdyvoon / Atotedéopota:
O HAextpoeykeparoypdonuo — Atdyvoon / Anotedécpota:
O SPECT — Awdyvoon / AmoteAéopatas
O AMeg Eéetdoec:

Nevporoywn Audyvoon:

[TAnpoopieg yio TuYOV £YYEPNOELS TOL £YvaV:

194



Axolovbei kamola eoappokevtikny aymyn; Not Oy
Edév Nat, Topakol®d onUeEIdoTE OVOLLO KOl SOGOAOYIO QOPIAKOV:

0

0

0

Kwnrikég Avokorieg: (onueiwote pe  otL apuolet)

‘ExetootdBeo; Now  Opn [Ttooel; N Op
Tpoduo; Nt Op Bpaddtmra;  Nov . Op
Mmopet va aveBokatefaivel okaAid 1 oxdreg; Now Oyt

O Humnyla - Aséia  Apiotepd

O Amyia —Ave dkpo  Kéto éxpo

O Tetpaminyia, &idoc

Xpnowonotel kdmoto amd to axoiovho Bondnuara;
0 Ag ypnopomotet 0 Mnactoovi 0 TpoyoxdéOicpoo
0 Bonnua Badong (.y. my, rollator) o Alko fornua

ZoumePIPopIKA Xopntopato: (onuewwote pe Ot appolet)

Amafeia Nt Oxp  KotdBhiyn Noat = Op
Apon avocTOADV Nt~ Oxt  Evepebotomra Noat = Op
Avnovyia N Oxp_ YevdouoHnoelg N Opn

Alayn tpocomkotrag Nor  Op

[Teprypagn Tov Tapdvtog TPoPANUTOS GTO AOYO, OUIAME, ETIKOIV®VIN:

Epedvion mpopAnuatoc Xtadwokn [ Awviowe [ Tlote mpotogppoviotnke;

[Topeia mpoPAquatog Ztabepdtmro [ Beitioon [ Emdeivoon [

195



[STOPIKO AOT'OY / OMIAIAY (onpetdote pe V)

ZOHUNTOHN [Toté Mepkég popég Xuyva
AvckoAio EKQpaoNg oKEYEDV

Avokorio oty eEgbpeon AéEewv

AvckoMo va mapapeivel o€ éva BEpa katd ™ dtdpkela suinToNg
Avckolio va yivel kotoavontog/m amd GAlovg

AvokoAio va kotaAdBet Tt Tov/Tng Aéve ot AAlot

AvokoAio oto vo akolovBel oonyieg

Avokoiio Mvnung

Avokoiia [Iposavatoiiopon

Avokolio otnv Enthvon mpofinudtov

Avckolia oty Zuykévipwon /IIpocoyn|

Avckolieg Avayvoong/T paeng

AvokoAio otn pon g opiag (TpavAopdg)

Avckolieg pdvnong

Avckolo KoTdmoong

Ed&v mapovcidlel mpofAnpota 6itiong/Katdmoons, oNUEUDOTE:

Amo mote;

0 Xieloppole. 0 Avckoria 6t pdonon 0 AvckoAio 61N KOTATOON

0 Iotopkd mvevpoviog 0 Tpépetor amd 10 GTOHQ

0 AvcokoMa pe: vypad  otePEd  MOATOTMOMUEVA

0 Tpépetar pe pvoyosTpikd COANvVE 0 Tpépeton e yaotpootopio

Tpoémog emucowvoviag: Tlpopopwd  Nonuota /xeipovopieg

Ao

Fpaen __

EvaAloaktikdg tpdmog emikotvaviog (.. NAEKTPOVIKT GLGKELT)

. AlAeg duoKOAiEG:
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Allo Bpata

. [Mapovcialer mpoPAnpata 6paong; Now Oy, edv Nau, mote dpyoav;
. ®opdet yvard; N~ Oypr
. Edv &yel Bapnkoia, pépet axovotikd Bondnua; Now ~ Oy,

gav Nai, o€ 1010 oVTi;

. Ymapyel KAmolog GALOC GTNV OIKOYEVELN LLE TOPOLOLN 1] TO 10100 TPOPANATOL
E&nynore:

. [Tapovcialel mpoPfAnpata pe tov vmvo; Not  Op

. Kanviopa:

. AAKOOA:

[0 TEPIMTOGELS EMIKTNTOV VEVPOLOYIKAOV SATOUPUYDV (T0.). YYEIOKA EYKEPOAKH

EMEICOO1A, AVOLQ, KPAVIOEYKEPOUAIKES KAKMGELS, KAT) TOPUKIA®D CNUELDOTE:

. [TpoPAnpata vyeiog Tpv T VELPOAOYIKY| dlaTapoyn:
. [TpofAnuata Adyov kot opuAiog Tpv T StTapoyn:
[MapakorovBeitor amd kamowov eWdwd; Now Oy

Edv Noi, mopakai®d ovaeépote Tn ypoviKr O18pKELD KOl TO ATOTEAEGLLOTO, TNG

mopEuPaonc:

[evikn Zopmeprpopd AcOevi:

. [Tpwv ™ dratapayn:

. Meta 1 datapayn:

. ["'evikéc mopatnproeis:
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Avayvoon
AvckoMa KoTavonong O
Awpalet:  xabnuepwva [ onévio. [1  moté [J

Tidwpdaler: Pprioa [ epnuepida [ mepodwd [ Aoyaproacpovg [
unvopato [ dAla [

Fpagpn

AvokoAio ypoeng 0

I'pboset: kaOnuepvé [ omavie [ moté [

Tivyphoet:

2vlnon

AvoxoMoa pe: ‘Evapén [ Svppetoyn [ Awmpnon Bépatog [

[Ip6écwma mov TpoTiud:

Ofuota Tov TPOTIUE:

Awxopavon Ot dvokolieg elvan otabepés 1 petafdriovtan avoroya Le:
Koartaotdoeig 0

[Ipoécwma 0

Xpovog O

OIKOI'ENEIAKO/ KOINOQNIKO IZETOPIKO

. Owoyevelokn KatdoToon:

0 Ayapoc/n o Iavtpepévog/m
0 Xopopévog/n o Xnpog/ynpa

. Ovopa Zuloyov:

. Tomoc mapovong dlapovig:
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. IMoudd :

ONOMATA HAIKIEX

. Twpwv emayyeALoTIKn amacyOAnoN:
. Yvveyiler va epydletor; Non Oy
Edv Nou: 0 Tithog epyaciag:

AxoAovBel éva efdopadiaio Tpodypappe Bepomelmv /Kat SpacTNPOTHTOV OTMG:

Avyamnpéveg aoyorieg (yOumL):

. ZOUOTIKY] ACKNOMN:

Ap1OUOG KOWOVIKOV eTa@®V / foopudda:

[TopaxoaAd GNUEWDOTE OTOEGONTOTE AALES TANPOPOPiES TioTEVETE OTL OOt Elvan

XPNOIHES:
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To epOTUATOAOYI0 AVTO CLUTANPOONKE OTd:

Ovopa : (oxéon e 1o dropo: )

Ymoypaon : Huepopnvia :
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Epotpatoroyrio — ASroroynoen Avoko@v Adyov
K\ipoxa Bapitnrog lpoodevtikng Agaciog
To epwTNUATOLOYIO COUTANPAOVETOL OATO EVO. GTOUO TOD YVWOPILEL KOAG TOV ECETALOUEVO.

‘Ovopo E€etalopevov: Hpepounvia:

Yoprinpodnke and (6vopa kot oyéon pe eEgTalopevo):

Ol TopaKdT® EPOTNOELS SIEPEVVOVV TNV AEITOVPYIKOTNTO TOV EEETOLOUEVOD OC TTPOG
O1apopovg TopElC TNG OpAiag, ToL AdYOL Kol TNG KOOMNUEPTIVIG ETKOVOVIOG.

KvukAdote v amdvtnon mov meptypdeel KOADTEPQ TO TMOG AEITOVPYEL GNUEPQ,
GLYKPLTIKA [ TEVTE 1) 0K YpdViIa TPV (TTptv TNV EvapEn TV TPORANUATOV).

A. ApBpwon (mpopopa)

1. "Eyx&1 dvokoria va wpo@éper Toug 9O6Yyovg/Novg mov amoterovv Tig AéEarg; INa
TOPAdEIYRA, LIAGEL GAV VO, TPOEL TOVS POOYYOVS/Movs péca otig Aé€erg; (H
gPOTNON avaQépeTar 611 LdBog Tpopopd evog eOGyyov Ko 0L o€
OVTIKOTAOTAO EVOS POOYYOL amd Evav arro, OTtmg ‘Tpéyer’ avti ‘Ppéyer’.)

[Ze mepintwon mov n amdvinon eivar Oy’ mopoleiyte TIC EPWTHOEIS KOL TPOYWPHOTE

oto uépog B.]
o) No B) Ox1

2. 1660 cvyva €yeL aVTAV TN OVOKOAIG GTNV TPOPOPA;

a) Ilpoeépel meprotootiakd AGOoc Tig AEEeLG.
B) TIIpoeéper moAréc AéEeig AaBog, Opmg o1 AéEeLg YivovTol KaTovonTE.

v) Ipopéper moALéC M| TG mePLoGOTEPES AEEEIG AABOC Ko 01 AEEELS OVGKOAN

yivovtol KoTavonTés.
0) Aev iAa 1 dev Aéel Kapia kaTovonTr AEEN.

Hapakxalovue mpoclicte emmiéov minpopopics N Tapadsiypuaza.
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B. Evpeon Aéemv ko ékopaon

1. "Eye1 dvokoria vo. Bpel TIc KaTarinheg AEEELS, va TIG TOPAYEL KON va. PpeL TAOS
ovopaLovTaL TO OVTIKEIPNEVE OTOV pIAdeL 1] YpaQEL;

[Ze mepintwon mwov n omdvinon ivar ‘6yi’, mapaieiyte Tic epwToEIS KAl

rpoywpnote ato uépog I'.]
a) Not B) O

2. 1660 cvyva éyel avTHV TN OVOKOALL pE TIg AECEIC;

a) Alyeg popég v foopdoa

B) IMoAréC popég v efdopdoa

v) Kabnuepvd, aArd 0yt oe kdBe culntnon
0) Ze kdBe cvlnon

3. Hapa ™ dvekoria Tov avTIpETOMTILEL, OG0 KOAL PTOPEL VO EKPPAGEL £V,
pivopa ov va fyéler vonpas

o) Agv €yl SuoKoMa va eKppaoel Eva punvopa tov va Byalet vonuo.
B) Iepvaet to pnvopa pe mOAAEG AETTOUEPELES.
v) [lepvéiet To pvopa pe Alyeg Aemtopépetes.
0) Exopdalet éva yevikd pivopa pe Ayec 1 KaBOAov AeTTOUEPELES.
€) Zmdvia N Toté dev ekPAlEL Eva pPivupLaL.
4. Tv ovpPaiver 6tav mpoomadsi vo Bper po AéEN; [Koxiwore doa ioydovv]
a) Aéer po AaBog AEEN.
B) Aéert cwot AéEn, aALd TV TpopEpet pe AdBog TpdToO.
v) Kéver tavoers.
d) ToumAnpdVeL Ta KEVA e TopaTETAUEVOLS PBOYYoug/yepiopata (.. ‘eee’ 1
‘aaa’).
€) [eprypdipet tn AEEN 0pKETA KOAG MOTE VO UTOPEITE VOL TN LAVTEYETE.
o1) [IpoonaBel va meptypdyet T AEEN, 0ALA eV UTOPEITE VAL TN LOVTEYETE.

5. Moweg alrayéc £yete mapaTPioEL 610 AeEIAGYLO TOV/TNG 1] OTOV TOTTO TMV

AéEe@v mov ypnowororei; [Kvkiwote oo ioybovv]
o) Kapio ariayn oto Ae&ihdylo
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B) To Ae&hdyro Tov/ng gival TEPLOPIGUEVO 1 PELOUEVO.

v) To Ae€ldylo Tov/Tng elvar aOPIGTO Kot ¥PNOYLOTOLEL YEVIKOVG OPOVCE, OTIMG “TO
T€1010°, ‘TPAyUD’, ‘€0M’.

0) Agv Tpoépel cmoTd TIc AEEELS, .. Aéel ‘KhapaPt’ avti yio Kapdapi.

€) AvtikaOiotd Tig AéEelg Tov BEAeL va el e GAAES, Ty, Aéel ‘pumhovla’ avTi yo

TAATO.

o1) Aéel AEEEIC OV dev OVTIOTOLYOVV GE TPAYUOTIKEG AEEELS, OTMG ‘payépt’ N
‘koptio’.

6. 1660 6VYVE dVOKOLEVETAL VO. OVOLAGEL KOV OVTIKEIPNEVA, OTTMG OLKLOK(G GKELY,
poyoono ko {oa;

o) Agv OLGKOAEVETAL ELPAVAC.

B) AvckolebeTan TEPIOTAGIOKA, EMG Kot KATOleg Popég TNV eRdopdda, aAid oyt

KaOnuepva.
Y) AVGKOAEVETOL TAKTIKA, TTEPiTOL 1-2 popéc TV NUEP.
0) AvGKOAEVETOL GLYVA, APKETES POPES TNV NUEPQL.

€) Avokorevetal TOG0 GLYVE TOL dgV UTOPEL VoL OVOUAGEL TO TEPIGCOTEPD,

avTIKEILEVOL.

Hapaxalovue mpoclicte emimiéov minpoPopics § mopodEiyuoTa:

I'. Katovonon cuintnesmv Kot 001YLOV

1. AvokoleveTar va KaTtaraperl TL AEvE 0L GALOL;
[Ze mepinrwon mov n aravinon eivor ‘Oyi’, mopaleiyte TIC EpWTHOEIS Kol

npoywpnote ato uépog A.]
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o) No B) Ox1
2. Iloweg ohhayéc £xeTe TAPATNPIOEL 6TV KATAVONGT] TOV AOYov; [Kvkidaote doa

1oyvovv]
o) Avaeépet 6Tt ot GAAOL LIAGVE TTOAD YPTYOPOL.
B) KataloBaivel to meptocotepa, aALA ¥peIGLETON OIEVKPIVIGELS 1) ETAVIANYM.

Y) Avoykdleote vo LMAGTE TTO oA Kol PLE JUKPOTEPES PPACELS, AALE ATV TO

Kavete avtd cog KatoloPaivet.

0) KatolaBaiver poévo to picd and owtd mov Tov/tng AETE.

) Kotolafaiver povo okeiec ppaoeic/ppacelg povtivag (‘kdbnoe kdtm’).
o1) KatoraPaivel moAd Alyo amd avtd mov tov/mng AéTe.

Hapaxalovue mpoclicte emimiéov minpoPopiss § mopodEiyuoTa:

A. Kotavonen pepovousvov ALEsmv

1. AvokoigveTon va katordfer AéCeic mov Ba Empene va yvopiley;

[Ze mepimrwon wov  awdvinon eivor ‘Oyi’, mapoleiyte Tic EpwTHoES KOl
npoywpnote oto uépog E.]
a) Not B) O

2. 1660 cvyva 60g pMOTAEL Yi0 T onpocio plog AEENG 1] dsiyvel vo un yvopilel o
AEEn;
o) AVGKOAEVETAL TEPIOTAGLOK( KO KUPIMG e AEEEIS TOL OE PN CLUOTOLOVUE

GUYVAL.
B) AvckoiebeTan cuyvd, aALd Oyt o€ kB culnTnon.

Y) AvcokoAeveton og KaOe cuinTnon, dALL VITAPYOLY aKOUN AEEELS TTOV

KatahoPaivet.

0) AvoKoAeDETOL GUVEYELD KOl LE TIC TEPIGTOTEPES AEEELS.
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Hopaxalobue mpoclicte emimiéov TinpoPopiss 1§ mopadEiyuoTa:

E. Lpoppotiki Kol 6OVTOKTIKG (66T P61 YPUUNUTIKOV KOVOVOV Kl

oVVOVOOHOS AEEE®V NEGO OE TPOTAGELS)

1. AVOKOAEVETUL VO GYNUATIGEL OAOKANPOUEVES KOL YPUPURATIKG 6OGTES Qpacelg
KoL TPOTAGELS OTAV PIAGEL KO/ OTAV YPAQEL;
[Ze mepinrwon mov n omdvinon ivar ‘6yi’, mapaieiyte TiC EpWTHOELS TPOYWPRHOTE OTO

uépog 2T.]
o) No B) Ox1

2. Tloweg arhayéc £xeTE TAPATNPNGEL GTNV IKAVOTTE TOV/TNG VO (priGLHOTOLEL
CMOTA TN YPOUULATIKI KOl TO GUVTUKTIKG; [Kuxiwote ooa taydovv]

o) Avagépet 6Tt dSuokoAeDETOL Vo GLVIVALEL AEEEIS M| VL EKPPACTEL.
B) Mildet xupimg pe amAéc/pikpég TpoTAcELS.

v) Kével Aabn 6mo¢ ta mopakdto:

o Baler 1ig AéEeig oe AabBog celpd 1 mapaieinetl kdmoleg AEEELG
o ypnopomnotel AéEetg pe AaBog tpomo, dmws Epaya’ avti yio Epayeg
o umepdevel pukpég AéEeic (my. yia, Oa , o, oo, o€, deV, NV, av)

0) Mmopei va suvdvdoet povo dVo 1 Tpelg AEEELS, avTi va KOVEL LEYUAVTEPECS
PPAGELS N TPOTAGELS.
€) Mmopet va mel 1 va ypdyet povo pia AEEN ™ @opd.

3. I1060 ovva HVGKOAEVETUL VO YPTCLUOTOUGEL GMGTY] YPOUUNATIKY] KOl 6OvVTaLT;
o) AVGKOAEVETAL TEPIOTAGLOKAL, MG KL KATOLEG POPES TNV OO, AALL O

KaOnpepva.
B) Avckoiebeton KaOnuepvd, aArd Oyt o€ Kabe culnnon.

v) AvokoheveTon o€ KAOe cu{NTNON, GAAL UTOPEL VO GYNUATICEL PPACELG PLEPIKES
(POpEg.

0) Xxeddv moté dev umopel va oynuaticsl ppacels.
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Hoparxalobue mpoclicte emimiéov minpopopiss § mopadeiyuoTa:

X1. Pon omhiag (svyépera)

1. MMopatnpodvror TOVCELS, dO16TAYNOL 1] AALES HOVGKOLIES TOV eNpeAlovy TN POT)
™G OpAiag;
[Ze mepinrwon mwov n omavinon eivar ‘Oy1” mopolelye TIC EPWTHOEIS KAl TPOYWPHOTE

oo uépog Z.]
o) No B) Ox1

2. Moweg ahhayég £xete mOPATNPNGEL 6TV POT| TNG OpAioGg; [Kukiwarte ooa
1oybovv]

a) Xpnowonotel tapatetapévoug Odyyovs-yepiopata, 6mmg ‘oo’ 1 ‘eee’.
B) Kéver mavoelg kabadg puidet.

v) Aotaletl KaODS (rAdet.

0) [Ipoomabei emaverlnuuéva va ek@épet pia AEEN.

€) Zekvael vo, el o AEEN 1 epdaom, 0AAG 6T cuvEKELD TNV OALALEL.

o1) Aéel povo AMyec AéEeig kaOe popd.

3. Méoeg Aé€erg Aéel KaTh péco 6po PLY SLUKOMEL 1] OHIAic, TOV/TNG;

o) 7 M meplocdTEPEG AEEELS
B) 4-6 AéEelg
v) 2-3 Aé€gig
0) 1 Aéén
4.11660 cvyva vdpyer Svokorio ot por) TG OpAinG;

o) AVGKOAEVETOL TEPIOTAGLOKA, £OG LEPIKEG POPES TV EPSONADA, QALY Oyt

KaOnpepva.

B) AvokoAiebetan kabnuepvd, aALd Oyl og kGBe culnTnon.

206



v) AvcokoAevetal g KaOe uiNTNON, AALL LITAPYOLY POPES GTOV 1 OpUALL. TOV

KUAGEL GTPOTA.
0) Xxeddv moTé 1 opthict TOL OEV KLAGEL OTPWTAL.

Hapakxalobue npocOicte emmiéov Tinpopopics 1§ mopadeiypuaro:

Z. Avayvoon

1. AvokoigveTmn va dwafdaoer, 1 owopaler Myotepo améd mpuv;
[Ze nepimrwon wov n awdvinon eivor Oy’ mopalsiyte TI EPWTHOEIS KOl TPOYWPHOTE

oto uépog H.]

o) Not B) Ox1
2. Tloweg ahhoyég £YETE TOPATNPIOEL OTIS GUVIOEIES KOL GTIV IKOVOTNTA
avayveonc;
[KvkAwote o0 1oyvovv]

o) AvoQEpEL TS SVGKOAEVETAL 1] TOV/TNG TAUPVEL TEPIGTOTEPO YPOVO Va. 10 PACEL.
B) Awfacet Aydtepo cuyvd omd mpv.

v) ‘Exet otopamost va dtafalel mpdypato mov tov/tny vyopiotovcay, onwg Piiia

KoL EQMUEPTOES.

0) Awfadet povo amid VAKO.

€) Ag gaiveron va katorapaivel ovtd mov dtoPdlet.
o1) Ag dwoPadet kaborov.

Hapaxalovue mpoclicte emimiéov mAnpoPopiss § TopodEiyuaTa:
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H. 'poon

1. AvokoieveTar va ypayer 1] Ypa@eL Myotepo amo Tpiv;
[Ze mepinrwon mwov n omavinon eivar ‘Oy1” mopolelye TIC EPWTHOEIS KAl TPOYWPHOTE

oto uépog 6O.]
o) Not B) O

2. Moweg ahrayéc €eTe mAPATPICEL 6TIS CVVIOELES KOL GTNV IKAVOTNTA YPO.ONGS;
[Kvkiwote o0 1oyvovv]

o) Avagépetl 0Tt SOLGKOAEVETAL 1| YPELELETAL TEPIGTOTEPO YPOVO Y10, VO YPAYEL.
B) I'pdpet Arydtepo cuyvd amd mpiv.

Y) ZTOpATNoE VO YPAQPEL GLYKEKPIUEVE TPAypata, Omme e-mails, kapteg kat
YpappoTa.

0) Kdaver opBoypapikd a6 mov dev £kave moAd.

3. Tvypaogey;

a) [pdoet mpotdocelc pe vonua, mopdAo mov pmopel va Kavel Kdmoto Aaon.
B) I'pdpet AéEeig /Kot PAGELS e VOO, TAPOLO TTOL UTOPEL VOL KAVEL KOO0
AGOM.
v) Iphoet AéEetg, alAd elvar SOGKOAO Yo KOmoov va kataddPet Tt OEAel va met.
0) I'paoet povo 1o Gvopd Tov/Ing 1 TNV LIOYPOPT] TOV/TNG,.
€) Ag ypdoet.
4. Tloweg oArayEg €YETE OLUTIGTAGEL GTO YPUPLKO TOV/TNG YOPUKTPO;
o) Kapio arioym
B) Mo axatdotota ypapupoTo
v) Mikpotepa ypaupoto

5. T'pagel o€ vTOAOYIGTI) 1] GAA CVGKEVT] TPOKEUEVOV VO, EMIKOIVAOVIGEL;
Ieprypayte TIS dpaoTNPLOTNTES Y1 TIS OTOiES TN pileTan (eEapTdTon 0Td) GTOV
VTOAOYLOTN 1] T1] GUGKELT] ETLKOLVOVIOG.
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Hapaxalobue mpoclicte emimiéov minpopopiss § mopodeiyuoTa:

0. A£LToVPYIKY) EMKOWVOVIE (ETLTVYi0 6TV EMKOWVOViO Tapd To Tpofiqpnata

AOyoOV)

1. Mrnopei vo ek@pacel TIC CKEYELS TOV/TNG 1E TPOTO KATAVONTO, TOPA TN
dvokoAia mov avripetomilel TNV OpAia;

a) [Tavrote

B) Xvvnbawg

v) llepiotociokd
0) Zmavia

¢) [Toté

2. Toweg givar oL aArhayég 6TV KOONUEPIVOTNTA TOV - GTIS KOONUEPIVES TOV/TNG
POVTIVEG KOL OPUOTNPLOTITES;

(H epartnon apopd. o arloyés mov amodidoviar ato. mpofiiuato Adyov/ouriog ka

Oyl & GAAOVS TOPAYOVTES)

o) Agv éyel aALAEEL N KaONpEePIV TOV/TNG povTiva, epyacio 1} dpacTNPLOTNTEC.
B) ‘Exet aALd&el 0 TpOTOC TOV £pYALETON 1] GUUUETEXEL GE OPAGTNPLOTNTEG.

v) ‘Exel mepropioetl v epyacio 17/kot T GUUUETOYN TOV/TNG GE OPOUGTNPLOTNTES.
0) Zrapdtnoe va epyaletot 1)/Kaol Vo, GUUUETEXEL GE dPACTNPLOTNTEG.

3. og emkowvmvel pe Tovg driovg;

o) Zvppetéyxel oe ovintnoelg yo mowilo Oépata, anid Ko cuvoeta.
B) Zvppetéyet oe cvintmoelg yuo amid O¢pata.

v) Enwcowvovel kopimg yio va ek@pacel Tig avaykeg Ko Tig embopieg tou/mg
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0) Emkowvmvel kuplog HESH COUOTIKAG ETOPNG, OTMG LE TO VO, GG 0ONYNOEL GTO

avtikeipevo mov Bélel 1 ayyilovtog to ¥épt oag.

¢) Emkowmvel eddyiota.

4. 11660 cvyva amTOPEVYEL KOWVOVIKES TEPLOTAGELS ECULTIOS TOV OVGKOALDV IE TOV
AGyo ko TNV opuAia;
(H epartnon apopd. o arloyéc mov amodidoviar ato. mpofriuato Adyov/ouriog ka

Oyl o€ GAAOVS TOPAYOVTES)

o) Zdvia 1] TOTE OEV AmOPEVYEL KOWVMVIKEG TEPIGTACELS.
B) [TepioTaciokd amoPedyel KOWMVIKEG TEPICTAGEL.

Y) Zuyva amoPEVYEL KOWMVIKEG TEPIGTAGELS.

) Iavtote amo@edyel KOWMOVIKES TEPIOTACELC.

5. Howeg ahrayég £xete mapaTNP1GEL 6T OLAOEGT/KIVIITPO Y10 EMIKOIVOVIK;

o) Kopio aAroyn.
B) Erappd yopnAotepo kKivnTpo yio entkovovic.
Y) ZYETIKA YOUNAOTEPO KIVNTPO Y1l EMKOVOVICL.

0) ZNUAVTIKE YOUNAOTEPO KIVITPO Y10l EMIKOIVMVICL.
6. @aiveral va avtilapfdveror To Tpofipate Tov TEPLYPAPNKAV;
o) Nat, ovtidappdveror TANpwg 10 TpoPAnua.

B) Avtihapfaverot og kdmoto Babud to TpoOPANLaL.

v) Oy, d¢ gaivetor va avtilapfdavetot To TpoRAnua.

7. Empéver va ek@palel avtd mov 0éher va el (To pijvopd Tov/T1g), aKopun Ko
OTIC TEPIMTOOELS TOV 0L TPOSTADELES Eivar amoTVyNREVES (AKOUT Kol OTAV OEV
TOV/TNV KOTOAOPaiveTE)S

o) Nat, ETPEVEL Y100 TOAAN OPO, KON Kot oV OEV €YEL EMTLYIA.
B) Nat, empévet yroo Loyikd ypoviko SLAGTNLO KOt LETE GTOUATA.

v) Oy, dev empével OTov o1 TPMTEG TOV/TNG TPOSTADELEG dEV EYOVV EMLTLYIAL.

8. Avaotat@veral 1] Oop@ver 6Tav gV TOV/TNV KOTOAOPOIVETE;

o) ZuvBmg dev avVOCSTATAOVETOL Kot O€ BupdveL.

B) Avactotdveron 1/kan Bopdvet Adyo.
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Y) Avaotatodvetot 1)/Kot BupmVEL apKETAL.
d) Avactatmvetat /ot Bopdvetl TOAD.

€) Otav dev Tov/tnVv Katarofaivete, dev evoyAeitar OTmc Oa tav avapevouevo.

9. Mrdel 610 THALQOVO pE cuYyEVEIS/Qilovg;

a) Oco kot mpv
B) Aryotepo and mpwv
v) Oy T éov

10. I'pager ypappato kKor/f nhektpovikd unvopato (emails) o
ovyyeveic/@ilovg?

a) Oco kot mpv
B) Avyodtepo amnd mpv
v) Oy mAéov

Hoparxalobue mpocOicte emmiéov minpopopiss i mopadeiyuota:

I. Emkowaovio - Kowovik) aiinleriopoon (Emiéére To ‘dgv 1oy0el’ av dgv

givan tkavog/n va emkowvovieel eEatiag Tov Tpofapatos Adyov/opmiiog, Kot
gival 000ko0Ao vo emAEEETE pio 0é TIC ATOVTIOELS.)
1. Eexkivaer po ovlitnon kdvovtaog éva 6oA0, 1] HL0 EPAOTI O, EITE LIAOVTOG,

eiTE YPAPOVTAC, £ITE PUE KATOW0 GALO TPOTO EMKOIVOVING (6€ OVTIOUGTOM] PUE TO
VO, ETIKOWVOVEL Povo divovtag andvrnon o€ pia EpATNON);

o) Zekvael po cvulnon tOco Guyva 6GO Kot Tpty.
B) Eekvder o cvlnon Aydtepo cuyvd amd mpiv.

v) Eexwvder o oulftnon meptotactokd, aAld cuvnilwe anid amavid ce dGAAOVC.
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0) Zmdvia 1] ToTé dev Eekvdel pia cu{nnon.
€) Agv oydet.

2. Tlepyuéver T o£1pd Tov o€ pia cvliTnon 1 £xeL TNV TaoN v PAGEVYPAPEL TNV
Opa TOL PAGEL KATOL0G AAAOG;

a) [Teppuéver ) ogpd tov dmwg TPLv.
B) Mepyuévet ) oepd T0L AydTEPO O TPV KOt SLOKOTTEL TOLG AAAOVS TTLO GLYVA.

v) Hepéver m oepd Tov TOAD AydTEPO AUTO TPV KOt OLOKOTTEL TOVG AAAOVG
GLUYVOTEPQL.

0) Zmdvia 1] TOTE O MEPUEVEL T GEPE TOV KO SIOKOTTEL TOVS AAAOVG TIG
TEPLGGOTEPES POPEC.

€) Agv 1oy0¢l.

3. Ex@pdaletan xpnopomoldvtog motkihio AEEEMV Kal gpacemy 1 £xEL TV TAoN va.
APNOLLOTTOLEL TIS i01EC AEEELS KO PPAGELS 1] VO AE€L TIG 101EC 16TOPiEeS Eava Kan
Eavd, cav vo gival payviToQoVIIEVES;

o) Xpnowonotel motkidio AEEe®V Kot PAGEDV Y10 VO EKQPACTEL, OTWS TPLV.

B) Xpnowomotel Tig ideg AEEELG Ko epaoelg 1 Aéet TIC 101e¢ 1oTopieg o cuyva amd

Tpwv.

v) Xpnoomotet t1g 1deg AéEeLg Kt ppdoeig 1 Aéet Tig 1d1eg 1otopieg TOAD Mo Guyvd
amo mpv, oAAG cvveyilel va exkppaletal pe mokidio AEEemv/pploemy oTIG

nEPLoGOTEPES GLENTNGELC.

0) EravaiapBdvel oxeddv mavta v idwa 1otopio 1 xpnoyonotet tig idieg AéEelg

Kol PAGELS. Zmdvia 1] TOTE O XPNoomolel Tokida AEEe@V/PpAcEmV.
€) Agv 1oy0el.

Hapaxalovue mpoclicte emimiéov minpoPopics § mopodEiyuoTa:
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neurodegenerative  syndrome  which s
characterized by a relatively selective loss of
language functions. In the nonfluent/agrammatic
variant (nfwPPa), speech is slow, effortful and
hesitant. Utterances are shorter, less complex and
contain grammatical errors.

Single word production deficits in PPA have been
extensively examined. However, connected
speech analysis has only recently begun to be
systematically studied. The evaluation of
connected  speech enables a muiti-level
naturalistic assessment of language production
{Marini et al., 2011).

biecti
The aim of the present study was to investigate
the connected speech deficits in a Greek-speaking
person with the nfuPPA. To our knowledge, this is
the first report of connected speech deficits in a
Greek-speaking patient with PPA.
Participant
Particgpant U is 3 60-year-old right-handed man,
with 6 years of formal education. His native
language is Greek. He was given a dinical
diagnosis of non-fluent/agrammatic PPA according
to the current criteria (Gorno-Tempini et al.,
2011). His speech was slow with word finding
problems, pauses and distortions. He had spared
knowledge of objects and word recognition. A
mild difficulty comprehending syntactically
complex sentences was revealed in formal testing.
At the time of the study, he had 3 FTLD-modified COR
sum of boxes score of 9 (MMSE=17,/30).
Material — Method
A narrative sample was collected using the ‘cookie
theft’ picture from the Boston Diagnostic Aphasia
Examination. Orthographic transcription and
segmentation of the sample was made using
ELAN. Dysfluent variables, such as silent and filled
pauses, sound errors, repetitions and false starts
were also coded. The sample was analyzed
the procedures described by Saffran et
al. (1989) for quantitative production analysis
{apa).
A set of measures were used to quantify speech
variables, discourse productivity, lexical content,
grammatial productivity and accuracy. These
included counts of dysfluencies and errors
{morphological, syntactic and semantic), Guiraud’s
index of lexical richness, word frequency of open
class words and QPA summary measures.
U’'s scores were compared to healthy
neurologically controls induded in a previous
study by Varkanitsa (2012). T-values were
clculated using the Crawford and Howell’s
method (Crawford and Garthwaite, 2012). The
reported p-values are one-tailed.

Resuits
Speach rate was 40.37 words per minute,

U produced less nouns (t.= -2.468, p < .05) and
adverbs (t.= -3.240, p < .025) compared to
controls. On the other hand, he produced more
pronouns (t..= 7.406, p < .0005) and verbs (t.=
2.546, p < .05). U used less narrative words (t,, = -
2.089, p < .05) and more single word utterances
{t.= 7.869, p < .0005) to describe the picture
compared to healthy subjects. Sentence
productivity measures {mean length of utterance,
elaboration index and embedding index) did not
differ from controls {Table 1).

U made syntactic and speech sound errors.
Syntactic errors included incomplete sentences.
Dysfluencies included silent pauses, filled pauses,
false starts, sound distortions and repetitions
(23%, 20%, 3%, 2% and 1% of total words
produced).

Tedie 1. Quantitative Procuction Analysiz (QPA) measures

QPA measses 13 Controly (096)
Madian (SD)

Proparton of cosed Ch words 052 053 (0.04)
Proparsion of souns 017 025 (0.03)
Propatm of aljixsnes 004 002 (0,01
Propertion of preposision om 0.06 (0.02)
Proparson of adverbs o 007 (0.02)
Propartian of prosouss 014 006 (0.01)
Proportion of verbs 031 020(0.04)
ML 4 S&1(1.08)
Elsloision sdes I TaI(4n
Embedding index 036 036 (017
Nuseber of nareative woeds 48 127 35)
Proparsion of sealences 092 079 @11
Proportion of ulicrances without verbw  0.08 019¢0 1)
Pmpamufmde-umdnuu;u:- 017 000 (0.02)
of well-forned 078 096 (0.45)
Anuhnuxnpkun index 064 030(0.27)

Conclusions

Th'scasesudyrepomdﬂmsbetweenan
individual with nfvPPA and healthy controls in
lexical selection and discourse productmty
measures. U’s scores fit into the pattern of

impairment reported for the nfvPPA. Connected
speach analysis confrmed the presence of deficits
at the phonetic/phonological and lexical level.

The study serves as an example of how connected
speech analysis may be usad for the evaluation of

muitiple  linguistic levels not captured by
traditional aphasia tests.
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Included.

Areas of Fencdon, Y. Visuo-spatial abilices,
ebject semantics, mood, prads, motor speech abilities, single word and sentence
p P naming, reading, writing and connected

Frosotemporal Dementa (FTD) is an term that p degeneraty
disorders of the frontal and antertor temporal lobes that atfect behavior and language.
FTD owerlap ly and pathologically with Primary Progr Aphasia (PPAL
PPA 5 a d by peogr Joas of languagy
funcdon. The consensus criteria for PPA recognize three varlants: the non-
fluent/agramenatic variant of PPA (nfVPPA) the semantic variant of PPA (svPPA) and
the Jogopenic varfant of FPA (WFPA) (Gorno Tempini 2 al, 2011). Each FPA variant
has a specific profile of L p different of aoply on
nesroimaging and different likelihood of underlying molecular pathoiogy. Typically
NIVEPA & associated with fronto-insular atophy, svPPA with atrophy of the anterior
and inferior temporal lobe and WEPA with atrophy of temporo parfetal regions The
most cotmmon Types of neurodegeneraten in PPA are frontotemporal jodar
degeneration and Alzheimer’s disease (Spinelll ef al, 2017) FTD Indlades two ot of
three PPA variants, the nfvPPA and svPPA, as the most typical pathology of these
varlants is lobar degenerat

PPAIs characterized by & more partial and progressive pactern of damage than stroke.
induced aphasia and targets areas such as the anterior temporal lobe that are rarely
affected by stroke (Meslans, 2016). Clinical and neuroimaging research on PPA has
dvi ik Ithas shown, for examnple, that
the left anterior teanporal lobe plays a critical role in single woed comprehension and

our unds ding of the

object naming and that the idonal s area’ & fmp foe langeage
petidon and npech but not single word comprebension

(Mesulam etal, 2019).

[ OBJECTIVE ]

The alm of this snudy & o compare the clinical of the languag of

FTD, nivFFA and svFFA, In two Greek-spealing individuals with PPA using a

comprebensive bactery of psychological tests and analysis. Greek & a
highty infiected and stem based language, underrep d in the on FPA
research.

[ METHODS ]

Two individuals Slagnosed with PPA and 12 neerologically healthy adeks participated
in this stedy Al partidpants were right-handed The cootral group consisted of 2 naale
and 10 female native Greek speakers with 2 mean age of 68.08 (SD = 5.52) years and a
mean of 13 (SD = 3.19) years of formal education.

F (= st p 2% Pardcipant
PPA varianc non-fluent semantc
Gender: male made
Age: 61 73
Years of edocation: 6 9
Years after Sympooan onset 5 5
FTLD-modified Clinical Dementia Rating: 9 [
MRI atrophy: Left perigyhvian Anterior temporal lobe
{asymmenric)

peychologicat was P i four 45 minutessessions for the
participants with PPA and three sessions for the control participants. MRI scans and

TEpOCTs wire made for the two with PPA

speech product: production analysis (QFA) (Saftran et al, 1985) was
wsed for the narrathve analysis of a story retel task.

Crawdord and Howell's method was used w compare performance of each subject
with that of the comtrol sample (Crawford, Garthwaite & Porter, 2010). T vadoes were
also caloulated to compare the scores of the two subjects with reference to the control
sample {Crawtond, Garthwaite & Wood, 2010).

[ REstns ]

Neuropsychological tasks that differed significantly between the two pardcpants:
1 Participant (ntvPPA)* 2% Participant (svPFA)
Digit Span - reverse recall task (p<0.025) Boston Naming Test- 15 (p<0.001)

Clock Drawing Test (p<0.001) Peabody Picture Vocabulary Test (p<0.001)
HDAE 3 g 1P ion (p0.014) Py and Palm Trees Test (p=0.001)
Reading foency for words (p~0.001) *More aftected

Comg of y material, written words and sentences wis
affected In the case of the 2% partcipant (ps0.022, p=0.005 and p<0.001,
respectively), although his abilicy o follow commands was within nomsal linsics and
P for up wis at cedling,

prod that differed significantly between the participants:
* speech rate (slower for the nfvPPA participant, p<0.007)
* average pause duration (lorger for the nfvPPA participant, p<0.001)
* fage starts per min [mare for the nivPPA partdicipant, p=0.045)
* proporgon of nouns (wer for the s¥FPA partcipant, p=0.012}
* chsed dass words (lower for the nfvPPA participant p=0.016)
Compared t the control group, the nVPPA participant produced shorter
(p=0.023), fewer closed dass words (p<0.006), made longer pauses (p<0.001) and
spoke at a slower rate (p<0.001). The svPPA participant ssed fewer nouns (p=0.027),

P

moee pronouns (ps0.02) and fewer Wwords as a prop of the ol words
produced (p=0.003).
[ DISCUSSION ]

The results confirm the distinctive features of both PPA variants, namely anomia, a
single word comp » P
for the participant with the SVPPA, as well as motor speech and syntactie processing
difffcaities alongside with intact repetition, semantic knowledge and naming abdlity
for the nivPPA pardcipant

Taking into account the neurcimaging findings, these two cases illustrace the different
distribution of atrophy in the language variants of FTD and highlight the role of the
leftanterior teporal kobe in naming and single word compreh ension.
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[ INTRODUCTION ] [ RESULTS ]
Primary Progressive Aphasia (PPA] & a deg yndr: h by * nOVFPA partcipant: move Bmpaired in working memory (p<0.025) syntactc
progressive loss of langaage f The criteria for PPA recognize three comprehension (p=0014) and reading fluency for words {p«0.001), slower in
varfants: the moo-fluent/ag variant of PPA [nfvPPA), the semantic varfant of P of speech (Table 1)

PPA (sVPPA) and the logopenic variant of PPA (WFPA) (Gomoo- Tempini et al, 2011).
Elach PPA variant has a spedific profile of &k different

guage lmp

* vFPA pardcipant: moee impaired in confrontation naming (p<0.001), single woed

of aophy on neurckmaging and differenc Nkelihood of wnderlying molecek P (p<0.001) and object semantics (p=0.001)
pathology. Typically, ntvPPA Is assodated with fromo insslar amrophy, svPPA with Table 1. Tesporal for @adochok raceq pilcings vandiog and st
atrophy of the amterior and Inferior temporal lobe and WFPPA with atroply of repettion
Sessporo-parietal regiand; Tha mast ypes of degemeracion s PPA are ‘Temporal measures Casel  CaseZ tvaloes Control (n=12)
poeal lobar degy o and Aok r's digease nfvPPA  svPPA Mean (SD)
Diadochokinetic rates
{repetitions/sec)
OBJECTIVE /paf 31478% 6365 4380 697 (074)
Jaf 3765° 7.278 3029 653 (082)
e e ot Wk skudy s 15 e the' il b i fraf 3106* 7.145 4023 624 (071)
= =i == e /pataka/ 4629 7697 3055 686 (071)
- ity Grask-speaiang Passape Reading
with FPA, using a bamery of peychological tests, analysis and scoestc Passage Reading Duration 142092°* 63701 H386 4544  (661)
measures Greek is & highly Infiected and stem based language, ndermepresentad in Passape Reading Svlljsec  1696% 3783 2635 494 [056)
the lerature o PPA research. ¥ Tl (eyllfsec)
$1 (15 syllables) 0223 0.164 1985 017 (0.02)
$2 (11 sytlables) 0881 0.220 17.748 020 (0.03)
METHODS 3 (14 syllables) 0343° 0160 4100 ©i8 (0.03)
54 (16 syllables) 0339 0.167 4316 017 (0.03)
Participants s (125 0263 0192 1632 019 (0.03)
R CRpRenc SN FYA paricipatut INThAY p <205 *p <0.21 level of eretirticd Setwees core 1 and o .
Participants’ Chancteristics Case 1 Case2 prod that differed significancly between the partcipants:
PPA varianc: noo- fluent semantic + speech rate (slower for the nivPPA participant, p=0.007)
Gender: wmale make * average pause duration (longer for the nfvPPA participant, p<0.001)
Age: 61 73 * false starts per min (more for the nivPPA participant, p=0.045)
Years of education: & 9 * propartion of nouns (Jower for the svPPA participant, p=0.012)
Years after sympeoes onset: 5 s * closed class words (lower for the nivEPA partidpant, p=0.016)
FTLD medified Clinical Desnentia Rating: 9 6 Compared w the contrel group, te nivPFA participant produced shorter
[rrTpe— Lokt pertsyivian  Ancerior temporal lobe (p=0.023). fewer closed chass words (p=0.005), made longer pauses (p<0.001) and

{asymamenric)
The control group [n=12) consisted of 2 male and 10 female native Greek

spoke at a shower rate (p<0.001) The svPPA participant used fewer nouns (p=0.027),

with @ mean age of 6808 [SD = 552) years and a mean of 13 (SD = 319) years of POt pviacis (el A3) sad eoder e of thi hoeal words
formsal educstion. Al partidpants were right-handed. produced (p=0.003).
Procedure

s ( piscossion ]
= Memory anaiyas (OPR) 3
5 {Satran, Serndk, & The results conffrm the distnctive features of both PPA variants: motor speech and
= Cbject sementia Schwertz, 1989) syntactic processing difficelties in the case of the participant with the nfvFPA, ancemia
:m and a single word comprebension defict in the case of the parscipant with the svPPA.
» Motor speech paychological testing b with and acoustic analysis have
'm enabled the documentation of speech and language deficits present in these cases of
* Serferce compreheniion PPA and the P f the two p P
» Kepetition
» Confrontation raming
e Far with PPA: §x45.ml s [ REFERENCES ]

Control participants: 3«45 mi

MRI scars and reports were made availabde for the individuals with PPA
Statistical Anatysis
* Crawlord and Howell's method: comparison of each subject with the control sample
(Crawford, Garthwiite, & Porter, 2010)
* T values: comparison of the two subjects with reference to the contrel sample
(Crawfoed, Garthwiite, & Wood, 2010)

Georno-Tempind, M. L, Hills, A B, Weintneb, £, Kertexz, A, Mendex, N Cappe, & F, - Nases, F.

%Eymmu-dpmwmunmmmm 1006
1

Saffran, B M, Bernde, & S, & Schwuetx, NP (1999) The {
prodection: Procedure and data Brats and | 440-479.

Cotwford, | 1, Garthwalts, P H, & Portes S (2010). Polstand Intsrval extimates of efiect sizes for
the case-centrol daign in 4 rale, methods and peep
eporting Cogntive neersgychology, 21(3), 243-260.

Crawdord, | R, Garthwalie, P H, 8 Wood, L T (2010). Inferentia] methods for corparing two
single coex Cognitive seuropaychology, 27(5), $77-400.
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Abstract

There is a growing body of research on language impairment in bilingual speakers with
neurodegenerative diseases. Evidence as to which language is better preserved is rather
inconclusive. Various factors seem to influence language performance, most notably
age of acquisition, level of proficiency, immersion and degree of exposure to each
language.

The present study examined fluency, lexical, discourse and grammatical abilities of a
Greek-French late bilingual man with the non-fluent/agrammatic variant of primary
progressive aphasia (nfvPPA). Speech samples derived from three different narrative
tasks in both languages were analyzed using quantitative production analysis (QPA) and
fluency measures.

The first aim of the study was to compare the participant’s connected speech production
to that of Greek-speaking normal controls. The second aim was to determine whether
Greek (L1) and French (L2) were differentially impaired. To our knowledge, this is the
first report of connected speech deficits in a Greek-speaking patient with PPA and the
first study which uses QPA to compare L1 and L2 narratives in a bilingual speaker with
PPA.

Compared to neurologically healthy controls, our participant was impaired in lexical,
discourse and grammatical productivity measures, but did not differ in measures of
grammatical accuracy. The presence of dysfluencies, reduced speech rate and simplified
syntax is consistent with the pattern of impairment reported for the nfvPPA. Results
showed that narrative production measures did not differ significantly between
languages. However, they suggest a slightly worse performance in his second, non-
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dominant, language despite a similar pattern of impairment in both languages. Lengthy
exposure to L2 and regular activation of L2 through daily use may explain the
preservation of discourse abilities in his non-dominant language.

This study calls attention to factors such as language dominance, proficiency, patterns of
use and exposure to a language. These factors play a key role in assessing bilingual
individuals with PPA and making clinical decisions.

1 Introduction

The notion of bilingualism refers to the use of two or more languages by an individual
in daily life (Grosjean, 1994). First language (L1) and second language (L2) are
typically the terms used to characterize languages in respect to their order of acquisition.
The terms early and late bilingual classify a person according to the age at which the
second language is acquired. Finally, the terms dominant and non-dominant language
refer to differences in processing abilities between the two languages and/or in language
use. Most researchers agree that both proficiency and use are key contributors to the
bilingual experience (Treffers-Daller, 2015).

Bilingualism is a complex construct. Various factors seem to influence language
performance in bilingual individuals. Factors related to L2, include age of acquisition,
method of acquisition, level of proficiency in the second language and in different
modalities (listening, speaking, reading, and writing), similarity to the first language and
patterns of language use (e.g., Lorenzen and Murray, 2008; Goral and Conner, 2013;
Kambanaros, 2016). In bilingual speakers with an acquired language disorder, language
performance in L1 and L2 also depends on the underlying pathophysiology including
traumatic brain injury, stroke and neurodegeneration.

Different hypotheses have been put forward to account for language representation in
the brain. Evidence comes from electrophysiological investigations and neuroimaging
studies of impaired and unimpaired bilingual persons, as well as clinical studies
examining the effect of brain damage on language processing in bilingual speakers.

In terms of lexical processing, clinical studies support nonselective lexical access to a
multilingual lexicon with shared lexical-semantic representations (e.g., Abutalebi, 2008;
Kambanaros, 2016). Parallel lexical-semantic decline in cases of neurodegeneration
(Hernandez et al., 2008; Costa et al., 2012) or impairment in post-stroke aphasia
(Kambanaros and Van Steenbrugge, 2006; Kambanaros, 2009; Farogi-Shah and Waked,
2010; Kambanaros, 2010; Kambanaros, 2016) are in favor of a common underlying
neural network. Neuroimaging studies indicate both shared and separated brain regions
for the two languages (Khachatryan et al., 2016).

As for grammar processing, researchers (Ullman, 2001; Paradis, 1994, 2008) have
proposed that L1 and L2 are differentially processed as they rely on different cognitive
mechanisms: L1 is acquired implicitly through immersion, whereas L2, when it is
acquired later in life, explicitly through tuition. Syntactic processes are served by
different brain areas, more left anterior (frontal) and subcortical (basal ganglia) regions
for L1 and more posterior (temporo-parietal) cortical regions for L2. Others support
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shared L1 and L2 grammatical representations which are located in common regions
(Hartsuiker et al., 2004; Weber and Indefrey, 2009). Evidence from functional
neuroimaging studies suggest that L2 processing may become more automatic and
converge to the same neural representations of L1 through long exposure to L2
(Abutalebi, 2008). However, differences between first and second language processing
have been attributed to cognitive control mechanisms, as the functional demand placed
on these regions is higher for speakers of multiple languages and influenced by factors
such as age of acquisition, level of proficiency and exposure to a language (Abutalebi
and Green, 2007; Green and Abutalebi, 2013; Weber et al., 2016).

Evidence from brain imaging studies emphasize the role of L2 proficiency and age of
acquisition in interpreting results. In studies where the level of proficiency has been
controlled for, there is a higher degree of L1 and L2 overlapping activation for high-
proficient than for low-proficient participants (Higby et al., 2013). The dorsolateral
prefrontal cortex, anterior cingulate cortex and right inferior frontal gyrus have been
associated with L2 processing in lower proficient bilinguals in a meta-analysis by
Sebastian, Laird and Kiran (2011). In another meta-analysis examining the role of age
of acquisition in L1 and L2 processing, Liu and Cao (2016) concluded that language
networks are more divergent for late bilinguals than for early bilinguals. Regions that
were found to be more involved in L2 than in L1 processing were left insula and left
middle frontal, inferior frontal and precentral gyri. The left superior frontal gyrus was
more recruited by late bilinguals. This result suggests reliance on wider neural resources
in the case of late bilinguals.

Primary progressive aphasia (PPA) is a neurodegenerative disease in which language is
selectively impaired, at least in the initial stages, providing thus a unique opportunity to
study bilingual aphasia and brain representations of language (Filley et al., 2006,
Machado et al., 2010). The present study sought to investigate the connected speech
deficits in a Greek-French late bilingual person with the non-fluent/agrammatic variant
of PPA (nfvPPA). The nfvPPA is characterized by agrammatic production and/or
apraxia of speech. Object knowledge and single-word comprehension are usually
spared, whereas syntactic comprehension may be impaired. According to the 2011
consensus criteria (Gorno-Tempini et.al., 2011), PPA also comprises the semantic
(svPPA) and the logopenic (IvPPA) variant. Recently, primary progressive apraxia of
speech (PPAOS) has been recognized as a distinct clinical entity (e.g. Duffy et al.,
2014). Individuals with PPAOS present with apraxia of speech as their primary deficit
and have little or no evidence of aphasia.

Single word production deficits have been extensively examined in PPA and studies of
bilingualism. However, connected speech analysis has only recently begun to be
systematically studied and has been used only in one study to compare performance in
bilingual speakers with PPA (Zanini et al., 2011). The evaluation of connected speech
enables a multi-level naturalistic assessment of language production (Marini et al.,
2011). All linguistic levels, phonetics, phonology, morphology, syntax, semantics,
pragmatics and discourse can be evaluated when analyzing connected speech samples.
Different tasks have been used to elicit speech samples and evidence suggests that they
have different specificity for addressing different linguistic levels (Boschi et al, 2017).
For example, a picture description task may be more useful in documenting lexico-
semantic deficits, whereas story narration tasks favor the evaluation of discourse and
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syntactic abilities. Spontaneous speech production tasks are more sensitive to
morphological, syntactic and discourse level deficits, as in unconstrained tasks it is
easier for speakers to compensate for their word-finding difficulties.

Deficits in the nfvPPA can arise at the phonetic-phonological level and manifest as a
motor speech impairment and/or at the lexical-semantic, morphosyntactic, syntactic or
discourse level and present as agrammatism. Boschi et al. (2017) reviewed the evidence
from studies focusing on connected speech deficits in neurodegenerative disorders.
People with the non-fluent/agrammatic variant of PPA typically speak at a slower
speech rate than healthy controls and make frequent speech sound errors (Ash et al.,
2009; Wilson et al., 2010; Rogalski et al., 2011). At the lexical level, an increased
number of errors in closed class words has been reported (Knibb et al., 2009; Meteyard
and Patterson, 2009; Sajjadi et al., 2012). At the syntactic level, they make grammatical
errors (Graham et al., 2004; Sajjadi et al., 2012) and produce simplified sentences with
lower number of words per utterance, clauses, verb phrases and coordinated sentences
(Knibb et al., 2009; Wilson et al., 2010; Fraser et al., 2014). Concerning discourse
abilities, individuals with the nfvPPA produce a reduced number of words, limited
relevant information and they have difficulty maintaining the topic (Graham et al.,
2004; Wilson et al., 2010; Sajjadi et al., 2012; Ash et al., 2013; Fraser et al., 2014).

Apart from allowing a multi-level evaluation of the speech and language deficits
observed in PPA, connected speech measures enable comparison of patterns of
impairment in different languages. For these reasons connected speech analysis has
been deemed appropriate for the evaluation of narrative production in our bilingual
subject with the nfvPPA. For the structural analysis of connected speech, we used the
Quantitative Production Analysis (QPA) (Saffran et al., 1989). QPA was first used to
describe agrammatic speech but has been found useful in identifying differences
between fluent and non-fluent types of aphasia (e.g. Varkanitsa, 2012) and has been
successfully applied in distinguishing normal from aphasic production and differentially
diagnosing PPA variants (Wilson et al., 2010). An additional set of fluency measures,
error analysis and macrolinguistic measures were also used to allow for a more
thorough documentation of the deficits observed in nfvPPA.

A small number of case studies on bilingual speakers with PPA have been published in
recent years (Filley et al., 2006; Hernandez et al., 2008; Machado et al., 2010; Zanini et
al, 2011; Larner, 2012; Druks and Weekes, 2013). Kambanaros and Grohmann (2012)
published a case study of a multilingual man with fluent PPA, highly proficient in three
languages, Greek, English, and Czech. He was more impaired in L3 than L2 and L1,
and more impaired in L2 than in L1. In other words, the extent of impairment in each
language was correlated with the order of acquisition. In a short report Machado et al.
(2010) presented a Portuguese-French bilingual speaker with PPA. He was impaired in
both languages. Performance was overwhelmingly better in his L1 which was also his
dominant language. Larner (2012) in another short report, described a Welsh-English
speaker who used her L1 in daily communication although L2 was her dominant
language. In a more detailed study, Hernandez et al. (2008) presented a Spanish-Catalan
early bilingual individual with nfvPPA. They found a naming deficit which was more
pronounced for L2 than for L1 at first assessment, but a parallel pattern of decline in
both languages, even though L2 deteriorated more rapidly. A grammatical category-
specific deficit was present in both languages with an advantage in noun naming over
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verb naming. A Hungarian-English late bilingual speaker with nfvPPA was reported by
Druks and Weekes (2013). Their participant was more impaired in L2 which was his
dominant language. A parallel deterioration was found for lexical and grammatical
knowledge in L1 and L2. Zanini et al. (2011) described a case of an early Friulian-
Italian bilingual woman with nfvPPA. They analyzed her spontaneous speech
production and found more phonemic paraphasias, morphological and syntactic errors
in L2 than in L1. They reported similar scores for number of dysfluencies, discourse
productivity, grammatical productivity and lexical selection measures (i.e., total words,
utterances, subordinate clauses and open-class words) in both languages. Only Filley et
al. (2006), who presented a Chinese—English-speaking woman with the logopenic
variant of PPA, have reported a non-significant better performance for repetition,
naming and conversation tasks, but more phonemic paraphasias, in L2 which was her
dominant premorbid language. A parallel pattern of deterioration was observed in both
languages. To conclude, most of these studies have found evidence of greater
impairment in L2, irrespectively of language dominance and age of acquisition,
indicating that L2 may be more vulnerable to degeneration than L1.

In the context of neurodegenerative diseases, there is also a growing body of group
studies on language impairment in bilingual speakers with Alzheimer’s Disease (AD).
The available evidence is mixed. Some studies report parallel deterioration (Salvatierra
et al., 2007; Costa et al., 2012; Manchon et al., 2015; Nanchen et al. 2017), while others
report differential deterioration of the two languages (Mendez et al. 1999; Gollan et al.,
2010). In the study by Gollan et al. (2010), bilingual persons with AD exhibited greater
decline in the dominant than the non-dominant language. An opposite pattern was found
by Mendez et al. (1999). Based on caregivers’ reports, they concluded that the non-
dominant language was more affected than the dominant language. Ivanova et al. (2014)
found different longitudinal and cross-sectional patterns of decline. The non-dominant
language declined more than the dominant language, but differences between patients
and controls were greater for the dominant than for the non-dominant language. The
authors concluded that both languages are affected by AD with different trajectories of
decline over time.

The aim of the present study was twofold. First, to provide an account of connected
speech deficits in the non-fluent variant of PPA in Greek. The participant’s speech and
language deficits in his native language were examined by comparing performance on
connected speech elicited from a picture description task with speech samples obtained
from a healthy control group on the same task. Second, to compare performance in
Greek and French and evaluate impairment patterns in both languages connected speech
samples from three different narrative tasks in each language were elicited. To our
knowledge, this is the first report of connected speech deficits in a Greek-speaking
patient with PPA and the first study which uses QPA to compare L1 and L2 narratives
in a bilingual speaker with PPA.

The two languages differ in several respects. Greek is classified as an independent
branch within the family of Indo-European languages, whereas French belongs to the
Romance branch of the Indo-European family. The components of morphology and
syntax are especially relevant to our study. Subject-verb-object (SVO) order is the basic
word order in both languages. Word order is flexible in Greek, whereas French has a
relatively strict word order. Moreover, Greek is a null subject language, i.e. subjects are
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not typically expressed when they can be inferred from the context (Roberts and
Holmberg, 2010). On the other hand, French is a non-null subject language which
requires an explicit subject in a sentence. Regarding morphology, Greek is a highly
inflected language, whereas French is considered to be a moderately inflected language.
The main difference between the two languages is that in Greek nouns, pronouns and
adjectives are inflected not only for number and gender but also for case. Case in French
is expressed using mainly word order and prepositions (Prévost, 2009), although there is
a morphological case marking system for weak object pronouns (clitics).

Despite the different linguistic properties of Greek and French, which may result in
differences in the narrative measures (e.g. higher proportion of pronouns in French than
in Greek because of the mandatory inclusion of subjects in sentences), we predict a
similar pattern of impairment in both languages. We also predict that L2, the
participant’s non-dominant and less proficient language, will be affected to a greater
degree compared to L1.

2 Materials and methods

2.1  Participant

Participant LJ is a chef in his early sixties, with 6 years of formal education. He is a
right-handed late bilingual whose native language (L1) is Greek. At the age of 25, he
moved to a French-speaking country and worked as a cook in a French-speaking
environment for 7 years. On his return to Greece, he continued to use French (L2) both
at work and at home with his wife who is a French native speaker. Details about his
language history and proficiency were collected from his wife upon completion of the
French version of the Language Experience and Proficiency Questionnaire (Marian et
al., 2007) (table 1). Language dominance was determined based on the reported
proficiency and extent of language exposure. Task specific measures of proficiency (for
understanding, speaking and reading), across settings measures of language exposure (to
family, friend, reading and television) and global measures of these two dimensions
were all taken into account in order to ascertain language dominance.

Insert Table 1 here

LJ reported a progressive deterioration of speech and language functions. Language
impairment was the primary impairment for at least the first two years. LJ was initially
assessed five years after symptom onset. He received a comprehensive evaluation
including case history, neurological examination and neuropsychological testing
coordinated by the second author who is a psychiatrist specialized in memory disorders
with extensive experience working with patients with degenerative diseases. He was
referred for speech and language evaluation and completed an initial language
assessment performed by the first author in Greek. He was diagnosed with PPA, as
neuroimaging results ruled out other causes of focal brain damage and extensive white
matter disease (see figure 1) and was given a clinical diagnosis of non-
fluent/agrammatic PPA according to current criteria (Gorno-Tempini et al., 2011).
There were no signs of limb apraxia, tremor, dystonia and myoclonus. There was a very
mild hypertonicity on the right side, as well as reports of becoming more suspicious of
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others. His speech was slow with word finding problems, hesitations, pauses and sound
errors. Motor speech evaluation determined the presence of apraxia of speech with slow
overall rate, deliberate, slowly sequenced speech sequential motion rates in comparison
to speech alternate motion rates, imprecise articulation with sound distortions, a
tendency to equalize stress across syllables, false starts and restarts and sound and
syllable repetitions. Dysarthria, most probably spastic, was present, but less severe than
apraxia of speech. LJ had spared knowledge of objects and word recognition. A mild
difficulty comprehending syntactically complex sentences was revealed in formal
testing. His consensus score on the Progressive Aphasia Severity Scale (PASS)
(Sapolsky et al., 2010) was 7 (see table 2). Background linguistic and
neuropsychological evaluation results are presented in Table 3.

Insert Figure 1 here
Insert Table 2 here
Insert Table 3 here

Prior to testing for the present study, LJ had received speech and language therapy for
approximately 4 months. Intervention included partner education, script training
(Youmans et al., 2005) of telephone conversations with clients and techniques based on
the ‘Oral Reading for Language in Aphasia’ treatment program (Cherney, 2010) that
addressed production of multisyllabic words, as well as reading and auditory
comprehension. Treatment was delivered in Greek.

The present study was conducted 9 months after the initial evaluation (5 years and 9
months after the reported onset of the disease) and 3 months after the last therapy
session. At the time of the study, LJ had a FTLD-modified CDR sum of boxes score of
9 (MMSE=17/30). The Montreal Cognitive Assessment (MOCA) was administered
both in Greek and French. He received a score of 18/30 in Greek and 20/30 in French
(one additional point in visuospatial/executive function and one in memory). He
generated 2 words in the phonemic verbal fluency task and 5 words in the semantic task
(animals) and obtained a score of 3 on the forward digit span and 0 on the backward
digit span. There was also a parallel deterioration of motor skills. These results suggest
a deterioration in cognitive function, especially in the domain of executive function and
progression of the nfvPPA to a corticobasal syndrome. Corticobasal syndrome can
overlap clinically and pathologically with PPA and many cases initially classified as
nfvPPA, meet the criteria for corticobasal syndrome at a later stage (Grossman, 2010;
Duffy et al., 2014; Leyton and Ballard, 2016; Santos-Santos et al., 2016).

The study was approved by the ethics committee of the Athens Alzheimer’s
Association. The research was conducted in accordance with the latest version of the
Declaration of Helsinki. LJ was informed about the purpose and procedures of the study
and gave written consent for participating in the study, as well as for the recording and
publication of his clinical data. Both LJ and his wife gave written informed consent for
the publication of this manuscript. The initials LJ are fictional.

2.2 Elicitation and transcription of speech samples in L1 (Greek) and L2 (French)
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Three different speech samples were collected in both Greek and French, under 3
conditions: a picture description task (‘cookie theft’, from Boston Diagnostic Aphasia
Examination, BDAE), a story retell task (the dog story protocol from the Multilingual
Assessment Instrument for Narratives, MAIN, Gagarina et al., 2012; 2015) and a semi-
spontaneous speech task where LJ was asked to talk about his job. Interruptions and
questions by the examiner (first author) were kept to a minimum. The examiner is a
monolingual Greek-speaking clinician who is also a proficient speaker of French.
Samples were collected in 4 sessions, first for the Greek language and 2 weeks later for
French. All samples were audio-recorded.

Speech samples were transcribed orthographically using ELAN (Sloetjes and
Wittenburg, 2008). Phonological paraphasias unintelligible or incomprehensible words
were transcribed phonetically using the International Phonetic Alphabet. Dysfluent
variables, such as silent and filled pauses, sound errors, repetitions and false starts were
also coded.

2.3 Quantitative analysis of speech samples

Speech samples were analyzed following the procedures described by Saffran et al.
(1989) for quantitative production analysis (QPA) (Saffran et al., 1989; Berndt et al.,
2000, Rochon et al., 2000). The QPA procedures were followed for all samples, with
the exception of the direct discourse utterances produced in the story retell task, which
contrary to the QPA instructions were not excluded, as these structures were modelled
in story-telling. Narrative samples were formed by extracting comments on the
narrative, direct responses to the examiner, repetitions of the examiner’s utterances,
stylistic and dysfluent repetitions, subsequently repaired utterances and discourse
markers. The narrative samples were then segmented into utterances based on semantic,
syntactic and prosodic information. Utterances and narrative words were used in
subsequent analysis.

The QPA summary measures were classified into four categories: discourse
productivity, sentence productivity, grammatical accuracy and lexical selection
(Gordon, 2006). A set of additional measures were used to quantify dysfluent speech
and narrative variables.

2.3.1 Speech rate and other fluency variables

Speech rate for each sample was calculated by dividing total completed words by
sample duration in minutes. Samples were timed, and total time duration was computed
by subtracting the examiner’s interjections.

Pauses longer than 1 second were coded according to QPA instructions and counted for
the calculation of the pause frequency measure. However, a threshold of 0.250 ms was
used in the calculation of pause duration (De Jong and Bosker, 2013) and speaking time
was calculated by subtracting silent pausing time from total time in order to control for
the effect of pauses. Articulation rate was computed by dividing total completed words
by speaking time.
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Speech sound errors included distortions, which were defined as phonetic errors
resulting in distorted phonemes, and phonological paraphasias defined as words with
non-distorted phonemic insertions, deletions or substitutions. Whole-word immediate
repetitions were counted as dysfluent repetitions. Words or phrases repeated later in the
narratives were counted as speech repairs. Partially produced words were coded as false
stars and small words, such as ‘eh’, as filled pauses.

Speech samples were of different duration and direct comparison of the aforementioned
frequency measures was not possible. Thus, these measures were calculated as
proportions of total words produced. They were also corrected for speaking length by
dividing dysfluency counts by speaking time (De Jong, 2016).

2.3.2 Discourse measures

QPA discourse productivity measures included speech rate, number of narrative words,
and proportion of narrative to total words produced, as a measure of discourse
efficiency.

An additional discourse variable, Guiraud’s index (the square root variant of Type-
Token Ratio, TTR) was also measured. Guiraud’s index is a measure of lexical richness
that is less affected by sample size/length in comparison to TTR (Van Hout and
Vermeer, 2007). This was derived by dividing the number of unique words (types) by
the square root of narrative words (tokens). Number of unique words (types), lemmas
and utterances are also reported.

2.3.3 Lexical measures

Grammatical category class (closed/open class, nouns, verbs, adjectives, adverbs,
pronouns, prepositions, conjunctions) was coded for each narrative word. Their
proportion was calculated by dividing the number of words in each category by the
number of narrative words. Nouns, verbs and adjectives were considered as open class.
All other words were counted as closed class. Proportion of verbs to nouns and verbs
was also computed. Proportion of pronouns was derived by dividing the number of
pronouns by the total number of nouns and pronouns.

Finally, mean log word frequency of open class words was calculated for each narrative
sample. Calculations were based on data about word frequencies per million taken from
the ‘ILSP PsychoLinguistic Resource’ for the Greek language (Protopapas et al., 2012)
and ‘Lexique’ for the French language (New et al., 2001).

2.3.4 Grammatical measures

QPA sentence productivity measures encompass proportion of words in sentences,
mean utterance length (in words), median utterance length (in words), sentence
elaboration index (number of open class words per phrase for noun and verb phrases)
and an embedding index (proportion of embeddings to sentences).
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QPA grammatical accuracy measures consist of proportion of well-formed sentences,
verb inflection index (proportion of inflectable verbs inflected) and determiner index
(proportion of determiners produced in obligatory contexts). The auxiliary complexity
index, a measure of morphological complexity of the main verb indicating change from
its base form, was also calculated.

2.4 Macrolinguistic analysis (MAIN)

Narrative assessment focused on the analysis of microlinguistic aspects of language
production. Macrolinguistic aspects were addressed for the ‘Dog story’ retell task with
the story structure score and the structural complexity measures proposed by MAIN
(Gagarina et al., 2012; 2015). Although the MAIN was originally designed to assess
narrative skills of bilingual children, it is controlled for macro-and microlinguistic
features across Greek and French. As there is no other standardized procedure for
adults, it was deemed appropriate for comparing story retell abilities in both languages.

The ‘Dog story’ starts with a setting statement and consists of three short episodes. Each
episode consists of an initiation, a goal, an attempt, an outcome and a reaction
statement. Credit is given for the production of each initiation, goal, outcome, reaction
when computing the story structure score.

Five measures of structural complexity, included in the MAIN, were calculated: number
of sequences where an attempt and outcome statement has been generated (but no goal),
number of single goal statements, number of incomplete episodes which they include a
goal and an attempt statement sequences, number of incomplete episodes which they
include a goal and an outcome statement, and number of complete episodes which
include all three goal-attempt-outcome components. Comprehension of the story
structure was also assessed by means of questions targeting the main macrostructure
components.

2.5  Error Analysis

The following type of errors were also identified and measured as a proportion of
narrative words.

- Syntactic errors were recorded when LJ produced ungrammatical sentences.

- Morphological errors, affecting articles, nouns, adjectives and verbs, were counted
separately.

- Semantic errors included selections that were semantically inappropriate for the
context.

- Code switching errors were defined as words produced in languages other than the
target language (number of tokens not in the target language).

Some morphological errors in L2 (article-noun gender agreement) occurred with the

same nouns. These persistent errors were not included in individual error counts but

contributed to the calculation of the total number of errors.

2.6 Inter-rater reliability
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Analysis of 30% of the Greek speech samples was completed by 2 additional raters both
native speakers of Greek with some linguistic training. Spoken word interrater
reliability ranged from 90% to 95%. A consensus for each point of disagreement was
reached through a discussion between the raters.

2.7 Control group for QPA

QPA measures for the picture description task in Greek were compared to the measures
of a control group included in a previous study by Varkanitsa (2012). Varkanitsa used
the QPA protocol in order to compare the connected speech of Greek-speaking persons
with aphasia following stroke to that of neurologically healthy adults. The same picture
description task was used in the present study to elicit speech samples. Taking into
account the fact that in Greek isolated verbs may constitute grammatical utterances,
Varkanitsa categorized utterances as ‘utterances with verb’, ‘utterances without verb’
and ‘single-word utterances’. The QPA protocol was applied without other
modifications. The control group consisted of six normal native Greek speakers (3
males and 3 females) with a mean age of 61.17 (SD = 5) years and a mean of 9 (SD =
4.15) years of education.

There was no control group for QPA measures in French, as we did not have access to a
French-speaking population and published studies, which have applied QPA in French-
speaking individuals, have not used the same methodology. For this reason, our analysis
focused on the pattern of deficits observed in the two languages. Moreover, careful
consideration was given to cross-linguistic differences.

2.8 Statistical analysis

LJ’s narrative scores for the picture description task in Greek were compared to the
scores of a neurologically healthy control group (Varkanitsa, 2012). T-values were
calculated using Crawford and Howell’s method which enables the comparison of
performance of a single subject with that of a small control sample (Crawford and
Garthwaite, 2012). Differences between LJ’s performance in Greek (L1) and French
(L2) were calculated using the Wilcoxon signed-rank nonparametric test for related
samples because of the small sample size. Finally, scores from both languages were
collapsed and correlations between errors and fluency, lexical productivity, grammatical
accuracy and productivity measures were calculated using the nonparametric Kendall's
tau-b correlation coefficient due to the limited number of samples used in the analysis.

3 Results

3.1  QPA measures for the picture description task in Greek — comparison to healthy

subjects

LJ’s scores for the picture description narrative in Greek are presented in table 4. His
speech rate was slow, 40.37 words per minute. In the picture description task, he made
two syntactic errors. Both errors involved the omission of obligatory post-verbal
arguments. He also made speech errors. Dysfluencies included silent pauses, filled
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pauses, false starts, sound distortions and repetitions (23%, 20%, 3%, 2% and 1%
respectively of total words produced). Compared to the control group, LJ used less
narrative words (ts)=-2.089, p <.05) and more single word utterances (ts)= 7.869, p

< .0005) to describe the picture. Sentence productivity measures (mean length of
utterance, elaboration index and embedding index) did not differ from controls. LJ
produced less nouns (ts)= -2.468, p < .05) and adverbs (ts)= -3.240, p <.025). On the
other hand, he produced more pronouns (ts)= 7.406, p < .0005) and verbs (ts)= 2.546, p
< .05) than the control speakers.

Insert Table 4 here

3.2 Comparison of L1 and L2

Statistical analysis using the Wilcoxon signed-rank test revealed that the connected
speech measures used to quantify speech production in L1 and L2 did not differ
significantly across languages.

3.2.1 Fluency measures

The mean duration of narratives was 2.24 (SD = 0.09) minutes for L1 and 3.76 (SD =
1.86) for L2. Pause duration, for pauses >0.250ms, was 0.74 (SD = 0.11) minutes for L1
and 1.27 (SD = 0.36) for L2. Speaking time was 1.5 (SD = 0.08) minutes for L1 and
2.49 (SD = 1.58) for L2. Speech rate was faster for L2 than for L1, 44.10 (SD = 5.96)
and 38.24 (SD = 2.52) words per minute (wpm), respectively. Similar results were noted
for articulation rate: 73.00 (SD = 19.09) wpm for L2 and 57.43 (SD = 6.93) wpm for
L1. However, these differences were not statistically significant.

Dysfluencies included silent pauses, fillers, false starts, distortions and immediate
repetitions of whole words and in particular closed class words. The different types of
dysfluencies are presented in figure 2.

Insert Figure 2 here

Although differences between languages did not reach statistical significance, there is a
trend towards making more repetitions in L2, 0.040 (SD = 0.012) than in L1, 0.004 (SD
=0.007).

3.2.2 Discourse measures

LJ produced longer narratives in L2 than in L1, 94.67 (SD = 68.06) words and 16.33
(SD =10.12) utterances versus 53.00 (SD = 8.66) words and 11.00 (SD = 3.61)
utterances, respectively. Differences were not significant. From the narrative words,
47.00 (SD = 11.36) words in French and 34.33 (SD = 3.22) words in Greek were
unique. Proportion of narrative to total words produced was 0.61 (SD = 0.07) in L1 and
0.55 (SD =0.21) in L2.

3.2.3 Lexical measures
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Regarding word class production, significant differences between L1 and L2 were not
found. However, LJ produced more closed class words and pronouns in L2 compared to
L1 narratives. In French, the proportion of closed class words was 0.56 (SD = 0.01),
while in Greek, it was 0.49 (SD = 0.03). The proportion of pronouns was 0.22 (SD =
0.04) in L2, as opposed to 0.12 (SD = 0.04) in L1. LJ produced personal, demonstrative,
indefinite and interrogative pronouns. In L1, all demonstrative pronouns (37.5%) were
used as subjects, whereas all the rest, including personal pronouns (50%) in their weak
form, were produced as object pronouns (62.5%). Of all the pronouns produced in L2,
87.7% were personal pronouns and 8.78% demonstrative. 94% of the personal pronouns
were used in their strong form and the remaining 6% in their weak form. In L2, 87.7%
of the pronouns produced were subject pronouns and 12.3% object pronouns.

LJ used more nouns per narrative words in Greek, ranging from 0.17 to 0.31 with a
mean of 0.26 (SD = 0.08), in comparison to his L2 in which the proportion of nouns
was 0.17 (SD = 0.04), ranging from 0.12 to 0.20. The proportion of verbs produced did
not differ across languages (see Table 5).

Insert Table 5 here

LJ used more high frequency words in French than in Greek narratives. The mean
logarithmic frequency of French open class words was 1.71 (SD = 0.17), as opposed to
1.392 (SD = 0.15) for Greek words. This difference was not statistically significant.

3.2.4 Grammatical Productivity and Accuracy measures

With regard to measures associated with grammatical production, no statistically
significant differences were found between L1 and L2. Mean and median length of
utterance in words was 5.12 (SD = 1.53) and 4.17 (SD = 1.04) for Greek and 5.58 (SD =
0.59) and 5.00 (SD = 1.00) for French respectively. LJ performed more poorly in L2
than in L1 as far as the proportion of embedded clauses is concerned (0.19 (SD = 0.08)
for L2 and 0.34 (SD =0.17) for L1).

3.2.5 Macrolinguistic measures for MAIN

The MAIN story structure and comprehension scores were 7/17 and 10/10 in L1 and
9/17 and 7/10 in L2, respectively. LJ produced one single goal statement in both
languages. In French, he also used a sequence with an attempt and outcome statement.
Neither incomplete episodes with a goal and an attempt/outcome statement nor
complete episodes (with all three components) were present in his narratives.

3.2.6 Error analysis

Systematic errors involving article gender agreement in L2 were excluded from
analysis.

LJ made more morphological and semantic errors per narrative words in L2, 0.031 (SD
=0.025) and 0.022 (SD = 0.006), respectively, than in L1, 0.014 (SD =0.024) and
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0.005 (SD = 0.009), respectively. These differences were not statistically significant.
Syntactic errors were stable across languages, 0.026 (SD = 0.016) for L1 and 0.023 (SD
=0.008) for L2.

Code switching was evident in one speech sample (spontaneous narrative) in French. LJ
produced 11 out of the 166 complete words in Greek.

3.3  Correlational Analysis

We undertook correlational analyses between errors and connected speech measures.
Syntactic errors were significantly correlated with the total number of dysfluencies per
total words (tb = 0.733, p = 0.039), whereas morphological errors with the distortions
produced per articulation minute (tb = 0.966, p = 0.007). Finally, there was a positive
correlation between semantic errors and number of complete words (tb = 0.867, p =
0.015).

4 Discussion

The present study examined fluency, lexical content, discourse and the grammatical
abilities of a Greek-French late bilingual man with non-fluent/agrammatic PPA by
analyzing speech samples derived from three different discourse tasks in both
languages.

The first aim of the study was to compare the participant’s performance to normal
controls in L1. Compared to Greek-speaking neurologically healthy individuals, LJ was
impaired in discourse and grammatical productivity measures, but did not differ in
measures of grammatical accuracy. At the lexical level, there were some significant
differences in the proportion of grammatical class words produced. In particular, LJ
produced more verbs and pronouns, but less nouns and adverbs. However, proportion of
closed class words was normal.

The second aim of the study was to determine whether or not L1 and L2 were
differentially impaired. Results showed that discourse production measures did not
differ significantly between languages. These findings indicate that both languages were
similarly affected.

4.1  Comparison with healthy controls in L1 (Greek)

LJ produced a smaller number of narrative words, shorter utterances and simplified
sentences compared to controls, as indicated by the MLU, proportion of single-word
utterances and elaboration index measures. Production of embedded clauses was at the
same level with the control group. The auxiliary complexity index, a measure of verb
morphological complexity, was slightly higher for LJ than controls. However, the
proportion of single-word utterances is the only grammatical productivity measure that
reached statistical significance. Grammatical accuracy did not differ between LJ and
neurologically healthy individuals, even though he produced a lower proportion of well-
formed utterances. In the picture description task in Greek, LJ made two errors. Both
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errors were syntactic in nature and involved the omission of obligatory post-verbal
arguments. Taken together, these results indicate an impairment at the discourse and
grammatical productivity levels.

Fluency, as measured by speech rate and frequency of dysfluent errors, is another area
that was affected. Although we had no control data for the fluency variables, slow
speech rate and high proportion of pauses and fillers corroborate reduced fluency.
Indicatively, a normal speech rate of 143.70 (SD = 23.40) wpm has been reported for
the ‘cookie theft’ description task in a study by Fyndanis, Varlokosta and Tsapkini
(2013). The measure was based on three neurotypical Greek-speakers with a mean age
of 58 (SD = 9.64) years. The presence of distortions and false starts indicate an
underlying motor speech problem, apraxia of speech in particular (Ogar et al., 2007;
Wilson et al., 2010).

Differential impairment of nouns and verbs has been reported in aphasia resulting from
stroke and PPA. In particular, disproportionate impairment of naming actions is
commonly associated with non-fluent types of aphasia (Kambanaros, 2010) and greater
verb naming impairment has been found in nfvPPA (Hillis et al., 2006; Ash et al., 2009;
Thompson et al., 2012). Even though LJ used more verbs than nouns during the picture
description task in Greek, indicating an opposite pattern of noun-verb dissociation,
mean noun-verb ratio from all three Greek speech samples was within normal limits. In
fact, higher proportion of verbs seems to be task-related, as disproportionate production
of verbs was evident in both languages for the picture description task only. Normal
ratios of nouns to verbs in connected speech of individuals with the nfvPPA have been
reported in several studies (Graham et al., 2004; Meteyard and Patterson, 2009; Knibb
et al., 2009; Fraser et al., 2013; Marcotte et al., 2017).

LJ also used more pronouns in Greek (0.14 per narrative words, 80% demonstrative,
20% personal) than the control group in the picture description task. Increased
proportion of pronouns has been found in svPPA and it has been suggested that it may
indicate lexical retrieval deficits, vague, or non-specific speech (Kavé et al., 2007;
Meteyard and Patterson, 2009; Wilson et al. 2010; Fraser et al., 2014). Nevertheless, all
the pronouns used by LJ had clear referents. Furthermore, all the demonstrative
pronouns were used in the subject position of sentences. In a null subject language like
Greek, demonstrative pronouns may be used as subjects to place additional emphasis on
the referent. The production of overt subjects in Greek could reflect the influence of the
syntactic properties of the participant’s L2 on his L1. Syntactic attrition effects have
been reported in the production of preverbal subjects in a group of Greek (L1) speakers,
highly proficient in English (L2) (Tsimpli et al., 2004). However, in the personal
monologue LJ produced a substantially lower proportion of pronouns (0.08 per narrative
words) than in the two picture-based tasks. This most probably suggests that LJ was
using demonstrative pronouns to direct the attentional focus to the referent in the
depicted scenes. It must be noted that, although the examiner’s instruction for the
picture description task was “tell me everything you see going on in this picture”, for
the story retell task, the instructions focused on the story itself, not the pictures (“Can
you tell me the story?”, “Tell me more.”). Picture-based tasks have been reported to
result in the production of descriptions of the depicted items, rather than narrative
samples (Bryant et al., 2016).

230



Wilson et al. (2010) used a similar methodology to ours by combining QPA and fluency
measures to analyze narrative production of 50 English-speaking individuals with PPA.
Speech samples were elicited through a picture description task. They found that their
nfvPPA group compared to normal controls spoke slower, produced less words and
their samples were of longer duration. All nfvPPA participants made distortions and
more filled pauses than controls. Their mean length of utterances and number of
embeddings were significantly reduced. In respect to the other variants of PPA, the
authors concluded that the presence of distortions was the most informative measure for
distinguishing between the nfvPPA and IvPPA. Additional measures that may assist in
differentially diagnosing these subtypes are proportion of verbs and number of
embeddings, which are higher in the IVPPA. Faster speech rate, less distortions, higher
proportion of pronouns and verbs and nouns of higher frequency were found in the
svPPA compared to the nfvPPA.

LJ’s scores support the pattern of impairment reported for the nfvPPA variety. In
comparison to neurotypical controls, he made distortions, spoke slower, produced less
words and more single word utterances. Although agrammatism has been described as a
core characteristic of this variant (Ash et al., 2009; Thompson et al., 2012), grammatical
deficits may not be the primary feature of nfvPPA (Graham et al., 2004; Patterson et al.,
2006; Wilson et al., 2010). In a recent study, Graham et al. (2016) evaluated fluency and
grammatical production in nine individuals with nfvPPA. They reported that frank
agrammatism was not always present and reviewing the literature they pointed out that
grammatical abilities in persons with the nfvPPA show a high degree of variability.
Nevertheless, researchers have consistently reported reduced speech rate, as well as
simplified syntax and shorter utterances in connected speech in comparison to healthy
controls (Ash et al. 2009, 2010, 2013; Knibb et al., 2009; Wilson et al., 2010; Marcotte
etal., 2017).

4.2  Comparison of L1 and L2

The observed differences between L1 and L2 did not reach statistical significance,
contrary to our hypothesis. This may be due to the small sample size of linguistic data
or the between-task variability. Alternatively, findings may be interpreted as indicating
a similar degree of impairment in both languages. Before commenting on this finding,
there are some trends in the results that are worth mentioning.

The total number of dysfluencies was similar across languages. However, LJ produced
more immediate repetitions in L2 than in L1. He repeated mostly personal pronouns at
the beginning of utterances, or after silent pauses. In French, personal pronouns are
short monosyllabic words, like ‘je’ /3o/ (1), ‘il /il/ (he), ‘elle’ /el/ (she). In this case,
repetitions seem to be a manifestation of speech initiation difficulty and may be
considered as false starts. They were counted separately, though, because of the
definition we used; only partially repeated words were counted as false starts. Had they
been clustered together, we would not have found a differential pattern of impairment in
L1 and L2 for repetitions nor false starts.

LJ produced more filled pauses in L1 than in L2. Pauses are considered to be indicative
of cognitive or linguistic processing difficulties (Krivokapi, 2007; Davis and Maclagan,
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2009). In PPA, pauses have been associated with discourse, syntactic and motor speech
planning, as well as word retrieval difficulties (Wilson et al., 2010; Mack et al., 2015).
Given the fact that the underlying conceptualization process is the same in both
languages, this finding cannot be attributed to different level of discourse processing
abilities in L1 and L2. Results from the MAIN support a similar pattern of structural
discourse deficits in both languages. Similarly, it cannot be attributed to differences in
motor speech planning or articulation difficulties. In fact, distortions, which have been
linked to apraxia of speech (Ogar et al., 2007; Duffy, 2013), were present to the same
extent in both languages. The higher proportion of filled pauses in L1 could suggest a
greater word finding problem in L1 compared to L2. However, LJ produced more nouns
(as a proportion of narrative words) in L1 than in L2, while proportion of verbs was the
same in L1 and L2. Furthermore, LJ used words of higher frequency in L2. This may
indicate different levels of proficiency in L1 and L2. It must be noted here that lexical
diversity was similar in both languages and that LJ made more semantic errors in L2.
Greater number of filled pauses in L1 than in L2 may thus be explained with respect to
the use of low frequency words and complex syntactic structures (Levelt, 1983; Ferreira
et al., 1996), which is the case for the L1 narratives.

LJ produced a higher proportion of closed class words in L2 than in his L1 narratives.
Nevertheless, this result must be interpreted by taking into account the increased rate of
pronouns in L2. The proportion of pronouns was almost double in L2, but this can be
explained by the underlying differences between French and Greek. As previously
mentioned, Greek is a null subject language, whereas in French the inclusion of a
subject is obligatory, and pronouns are commonly used to denote the subject in a
sentence. Moreover, in the story retell task in L2, LJ was repeatedly using a double
subject (both a noun and a pronoun as a subject), e¢.g., ‘The boy he was...”, ‘the mouse it
went...”. The frequent use of subject doubling (double subject marking) may have
inflated this measure.

In terms of discourse productivity, LJ produced longer narratives in L2 than in L1.
However, proportion of narrative to total words was higher in L1 than in L2. This
suggests that he was more efficient in getting his message across in L1 than in L2.
Grammatical productivity was also better in L1. His sentences in Greek were more
elaborate and complex, as indicated by the higher elaboration and embedding indexes in
L1

4.3 General discussion

Summarizing the information in respect to language acquisition and use, LJ is a late
bilingual speaker who acquired French in adulthood through formal instruction and a 7-
year-long day-to-day exposure in a French language environment. He has been using
both Greek and French on a daily basis ever since, residing in a Greek-speaking
country. Taking into account his wife’s evaluation of level of proficiency in L1 and L2,
and current exposure to both languages, Greek, LJ’s first language, is his dominant
language. Greek was designated as his more proficient language on the global measure
of language proficiency and received a higher total score on task specific measures
(11/30 in comparison to 10/30 for French). LJ has never attained fluency in reading and
does not write in French. However, LJ was evaluated as being equally proficient in
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speaking in both languages. Language exposure to the two languages was rated as equal
on the respective global measure, whilst, across different settings, language exposure to
Greek (28/60) was higher than to French (21/60). Yet, the same extent of exposure to
L1 and L2 was reported for interaction with his family. Even though there are skills in
which LJ is equally competent in both languages and settings in which both languages
are used at the same extent, taken together these results suggest that Greek is his
dominant language. These results underly the complexity of the bilingual experience
and illustrate the difficulty in determining language dominance that has been attested by
several researchers (Treffers-Daller, 2015).

In the present study, we predicted a similar pattern of impairment in both languages and
a greater impairment in L2. Altogether, results suggest a slightly worse performance in
LJ’s second, non-dominant language for lexical and grammatical production and the
presence of a similar pattern of impairment in both languages. Our predictions are
therefore only partially supported.

According to Ullman (2001), L1 lexical processing is based on declarative memory,
whereas syntactic and morphological processing on procedural memory. This is also the
case for L2 when it is acquired at an early age. Given the fact that LJ is a late bilingual
speaker, we would expect him to rely more on declarative memory for complex
syntactic and morphological processing in L2 and on procedural memory processes for
grammatical processing in L1. Increasing reliance on explicit processing for L2 could
also be expected because French was learned formally (Paradis, 1994). Ullman (2001)
has proposed that with extended practice and higher proficiency, L2 grammatical
processing may increasingly rely on procedural memory.

However, a similar pattern of performance in L1 and L2 indicates that the same
organizational principles underlie the two languages (Filley et al., 2006; Hernandez et
al., 2008; Druks and Weekes, 2013). In a late bilingual person with different levels of
proficiency in L1 and L2, like LJ, similar patterns of impairment in both languages
seem to indicate shared neural representations for the two languages. This conclusion is
in line with the convergence hypothesis (Abutalebi and Green, 2007; Abutalebi, 2008)
which posits that L1 and L2 depend on the same neural mechanisms and that L2 lexical
and grammatical representations converge to L1 representations.

This model also predicts differences between L1 and L2, as late bilingual speakers need
to recruit additional cognitive control resources to process their L2. Under this
theoretical account, increased processing demands exist for LJ because French is his
non-dominant language. Differences between L1 and L2 may also be attributed to
impaired control processes due to the underlying pathology of the nfvPPA. The
executive deficit reported on neuropsychological assessment may account for the
differences between the two languages. The cross-switching errors which were evident
in the L2 personal narrative task support impairment in control functions. Cognitive
control of L2 processing has been associated with the prefrontal cortex, the anterior
cingulate cortex and the basal ganglia. (Abutalebi and Green, 2007). Atrophy in the
nfvPPA extends with disease progression into these regions, prefrontal cortex and
anterior cingulate regions in particular (Grossman, 2010; Mesulam et al., 2014).
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The fact that no significant differences were found between L1 and L2 seems to
contradict our hypothesis. It must be noted however that long exposure to L2 and daily
use of L2 at work and home may have played a role in preserving discourse abilities in
L2. LJ uses and is exposed to French now for 36 years. Such a degree of exposure and
use may play a determining role in L2 preservation. In fact, Abutalebi et al. (2015)
found that differences between L1 and L2 suggesting an age of L2 acquisition effect are
not present in elderly individuals. Nanchen et al. (2017) examining preservation of L1
and L2 in an immigrant population of late bilingual speakers with dementia, found that
languages were equally preserved. They concluded that for elderly individuals, exposure
and immersion are the main determinants of language preservation.

Our findings are consistent with a previous report (Zanini et al., 2011) of an early
bilingual speaker with nfvPPA, where a decline in connected speech was found in both
languages (Friulian and Italian), with the second language being impaired to a greater,
but not to a significant degree. A qualitative similar pattern of deficits in L1 and L2 has
been reported by Hernandez et al. (2008) in an early, highly proficient Spanish-Catalan
bilingual speaker with nfvPPA and Filley et al. (2006) in an early, proficient Chinese-
English bilingual person with IvPPA. The only study which has investigated language
abilities in a late bilingual speaker with nfvPPA was the study by Druks and Weekes
(2013). Although grammatical production was not assessed, a parallel deterioration of
lexical retrieval and grammatical knowledge in L1 (Hungarian) and L2 (English) was
reported. This finding across two languages from different language families (Uralic
and Indo-European, respectively) is similar to ours in that LJ was impaired, compared to
controls, on both lexical and grammatical measures in his native language (Greek) and a
parallel pattern of impairment was found in L2 (French), two structurally different
languages albeit within the same family of languages.

In conclusion, we have found that LJ was impaired in lexical, discourse and
grammatical productivity measures in his native language, Greek. A similar pattern of
impairment was evident in his second language, French. Both L1 and L2 were affected
to a similar degree. Lengthy exposure to L2 and regular activation of L2 through daily
use may explain the preservation of discourse abilities in this non-dominant language.
Connected speech analysis using QPA, fluency variables and error analysis has enabled
the documentation of speech and language deficits present in this case of the nfvPPA
and the comparison of performance between the participant’s languages.

A growing body of literature indicates that behavioral interventions in PPA can result in
improvement of the targeted language function, although there are generalization and
maintenance issues (Caddrio et al., 2017). Research on bilingual aphasia rehabilitation
after stroke has yielded inconsistent results regarding the pattern of cross-linguistic
therapy effects (Goral and Conner, 2013). Evidence suggests that cross-language
transfer of treatment gains is easier between two highly proficient languages, and from a
less-proficient language to a more-proficient language (Ansaldo and Saidi, 2014).
However, cross-language transfer also depends on factors such as postmorbid
proficiency levels and linguistic similarity between languages (Goral et al., 2012).
These data underline the clinical importance of determining language dominance and
performance in both languages in bilinguals with PPA.
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One limitation of the present study is the size of the speech samples. A minimum of 150
words has been suggested for QPA (Berndt et al., 2000). However, it was difficult to
obtain samples of this size without extensive prompting. A second methodological
limitation was the lack of control subjects. Ideally, neurotypical Greek-French bilingual
individuals should have served as controls for this study. Furthermore, performance was
assessed at one time point for both languages. Although we have data that show
cognitive decline, we have not evaluated language performance at two time points.
Thus, no conclusions can be drawn about the pattern of decline in each language and
across languages. Finally, a factor that may have influenced results in L2 is the fact that
LJ was assessed in both languages by the same Greek-speaking clinician proficient in
French. We know that healthy bilingual speakers’ language choice is influenced by the
social context and the linguistic background of the interlocutor (Blanco-Elorrieta and
Pylkkénen, 2017). Nevertheless, code-switching was observed only during the personal
narrative in French. It could be a task related effect explained by LJ’s difficulty in
accessing the relevant words in French when talking about his daily job routine.

This study calls attention to factors such as language dominance, proficiency, patterns of
use and exposure to a language. These factors play a key role in assessing bilingual
individuals with PPA and making clinical decisions based on the underlying linguistic
and cognitive features.
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Table 1. Reported language history and proficiency for participant LJ based on the
Language Experience and Proficiency Questionnaire (LEAR-Q, Marian et al., 2007).
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Language history measures L1 history L2 history L3 history Range
Languages Greek French English

Order of proficiency 1 2 3

Order of acquisition 1 3 2

Identification with culture? 10 6 1 0-10
Current exposure 46% 46% 8%

Preference for reading 80% 20%

Preference for conversing 40% 40% 20%

Reported proficiency®

Understanding 4 5 0-10
Speaking 5 5 0-10
Reading 2 0 0-10
Age milestones (years)

Started learning 25

Attained fluency 29

Started reading 6 25

Became fluent reading n/a

Immersion duration (years)

Country 53 7

Family 53 36

School/Job 53 36

Contribution to language learning®

From family 10 10 0-10
From friends 0 8 0-10
From reading 0 0 0-10
From TV 2 5 0-10
From radio 0 0 0-10
From self -instruction 0 1 0-10
Extent of language exposured

To family 10 10 0-10
To friends 10 7 0-10
To reading 1 1 0-10
ToTV 7 3 0-10
To radio 0 0 0-10
Self -instruction 0 0 0-10
Self -reported foreign accent®

Perceived by informant 2 5 0-10
Identified by others 5 5 0-10

aRange: 0 (none) to 10 (complete). "Range: 0 (none) to 10 (perfect). ‘Range: 0 (not a
contributor) to 10 (most important contributor). “Range: 1 (never) to 10 (always). °Range:

0 (none) to 10 (pervasive).

Table 2. Consensus score on the Progressive Aphasia Severity Scale (PASS) at initial

evaluation.
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Quest/ble

PASS Domains Normal . Mild Moderate  Severe
Very mild
0 0.5 1 2 3
Articulation 1
Fluency 1
Syntax and grammar 1
Word retrieval - expression 1
Repetition 0
Auditory comprehension 0.5
Single word comprehension 0
Reading 0.5
Writing 1
Functional communication 1
Severity (Sum of boxes): 7
Table 3. Background neuropsychological assessment results.
Area of testing and tests Score (correct)
General Cognitive Measures
MMSE 28/30
ACE-R 86/100
Attention 18/18
Memory 26/26
Fluency 5/14 *
Language 25/26
Visuospatial abilities 12/16 *
Executive functioning
Frontal Assessment Battery (FAB) 12/18
Visuospatial perception
Benson Figure Test — Copy condition 15/17
Visual Memory
Benson Figure Test — Delayed recall condition 17/17
Mood
GDS-SF 3/15
Ideomotor Apraxia
WAB 58/60
Repetition
Informal (based on WAB) 95/100
Naming
Boston Naming Test, BNT-SF 11/15*
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Language Comprehension

Vocabulary (PPVT-32) 19/32
Auditory comprehension-words (BDAE-SF) 16/16
Sequential commands (BDAE-SF) 10/10
Written sentences/passages (BDAE-SF) 4/4
Written story (BDAE-SF) 3/3
Grammaticality judgment - morphology 77/80
Syntactic comprehension (BDAE-3) 8/10
Object Semantics

Pictures (PPTT-SF) 14/14
Reading Efficiency (Simos et al., 2013)

Real words 16 in 45s *
Pseudowords 13 in 45s
Writing

Words (Informal) 7120
Non-words (Informal) 14/14
Words (BDAE-SF) 8/9
Written Picture Description (BDAE-SF) 4/11 *
Motor Speech Evaluation (Wertz et al., 1984)

Apraxia of speech rating 3/7
Dysarthria rating 1/7

Key: *= significant impairment (>2 standard deviations below the normative mean); MMSE =
Mini Mental State Examination (Fountoulakis et al., 2000); ACE-R = Addenbrooke’s
Cognitive Examination — Revised (Konstantinopoulou et al., 2011); GDS-SF = Geriatric
Depression Scale — Short Form (Fountoulakis et al., 1999); WAB = Western Aphasia Battery;
BDAE-SF = Boston Diagnostic Aphasia Examination Short form (Goodglass et al. 2013);
PPVT = Peabody Picture Vocabulary Test (Simos et al., 2011); PPTT-SF = Pyramid and Palm
Trees Test-Short Form (Breining et al., 2015).

Table 4. LJ’s scores, control group median and standard deviation values and Crawford-
t values.

LJ Controls* (n=6)

Spoken language measures Median (SD) t-values?
Proportion of closed class words 0.52 0.53 (0.04) -0.23
Proportion of nouns 0.17* 0.25 (0.03) -2.47
Proportion of adjectives 0.04 0.02 (0.01) 1.85
Proportion of prepositions 0.02 0.06 (0.02) -1.85
Proportion of adverbs 0* 0.07 (0.02) -3.24
Proportion of pronouns 0.14** 0.06 (0.01) 741
Proportion of verbs 0.31* 0.20 (0.04) 2.55
MLU 4 5.41 (1.08) -1.21
Elaboration index 1 2.43 (1.43) -0.93
Embedding index 0.36 0.36 (0.17) 0.00
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Number of narrative words 48*
Proportion of sentences 0.92
Proportion of utterances without verbs 0.08
Proportion of single-word utterances 0.17**
Proportion of well-formed utterances 0.75
Auxiliary complexity index 0.64

127 (35)
0.79 (0.11)
0.19 (0.11)
0.00 (0.02)
0.96 (0.65)
0.30 (0.27)

-2.09
1.09
-0.93
7.87
-0.30
1.17

Control group values are taken from Varkanitsa (2012). ?One-tailed (*p<0.05;

**p<0.01).

Table 5. Proportion of nouns, verbs and pronouns per narrative words (NW) produced
in personal narrative (taskl), picture description (task 2) and story retell (task 3) in L1

and L2.

L1 L2
Proportion Total Mean Total Mean
oer NW Task 1 Task2 Task 3 (SD) Taskl Task2 Task3 (SD)
Nouns 0.31 0.17 0.29 0.26 (0.08) 0.18 0.12 0.20 0.17 (0.04)
Verbs 0.21 0.31 0.24 0.25 (0.05) 0.20 0.30 0.18 0.23 (0.07)
Pronouns 0.08 0.15 0.14 0.12 (0.04) 0.20 0.26 0.19 0.22 (0.04)

Figure 1. Coronal T1-weighted (A), axial T1-weighted (B) and axial diffusion-weighted

(C) brain imaging at initial assessment showing left perisylvian atrophy.

Figure 2. Dysfluencies per total words (TW) in L1 and L2.
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