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Abstract

Lexical-semantic impairment is one of the earlgshptoms of Alzheimer’s disease (AD)
and is usually examined by single word processasgd. During speech production, pauses
are often investigated as a hallmark of a patidek&al-semantic decline. In the current
study, we put forward the hypothesis that pausiectalifferent processes according to the
type of discourse. We believe that lexical and sgimampairment would predict a patient’s
pause frequency in a picture-based narrative (RN anterograde memory would predict
a patient’s pause frequency in a memory-basedthar@ BN). To demonstrate this, we
recruited 17 early AD patients and 17 matched otsitiThey underwent a full
neuropsychological and language assessment ancrmative production assessments. We
compared pause duration and frequency in the Abcgaants’ and healthy controls’ PBN

and MBN. A multiple regression model was used iche@arrative and in each group
individually to assess the relationship betweemiog processes and pause frequency. Our
results show that participants with AD produced enpaiuses in the PBN only. The frequency
was predicted by semantic fluency performance whtich it was positively correlated,
contrary to what was expected. In the MBN, pausguency in the AD participants was
positively correlated with and predicted by theemory performance. We then examined the
neuroanatomical correlates of pause frequencyamAh participants. Considering the PBN,
pause frequency was also positively correlated thighgrey matter density of the anterior
temporal lobe. These findings suggest that patiesgspauses as compensatory mechanisms
in the earliest stages of AD. Pauses thereforenefigct the time required for the
compensation and the realisation of a weak prodegsending on the narrative task and

should be considered as a positive sign.
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Highlights

Early AD patients use pauses differently accordmnthe narrative type.
The frequency of pauses reflects different proceaseording to the narrative.

Patients use pauses as compensatory mechanisheseartiest stages of AD.

1. Introduction

1.1. What is a pause?

Speech production is not continuous and containsgs Physiological and cognitive
reasons, among others, underlie the productiomo$@s. Due to the composite nature of
these phenomena, no consensual definition existae&wuthors only analyse silent pauses
(Deschamps & Grosjean, 1972), or fillers (Bortfdldpn, Bloom, & Schober, 2001) while
others take into account both types of pauses @fa&lOsgood, 1959). The threshold used
to define a pause may also vary. However, mosoasitigree that pauses inferior to 200 ms
usually reflect respiratory features (Morel & DarBaileau, 1998) and a threshold from 200
to 250 ms is the most common definition of a pdosad in the literature (Zellner, 1994).

In the normal population, there are various exgiana for pauses. Although the degree of
familiarity between speakers does not influencepthigern of pauses (e.g. Bortfeld, Leon,
Bloom, Schober, & Brennan, 2001; Branigan, Lickl&yWcKelvie, 1999), these phenomena
are influenced by affective states (e.g. increasie anxiety: Mahl, 1956; Rochester, 1973) or
cognitive demands. Interestingly enough some asithave shown that pauses may reflect a
lexical decision (Beattie & Butterworth, 1979; Magl& Osgood, 1959) as well as discourse

planning. It has been established, for example,ghase frequency increases according to the



complexity of the discourse task (Bortfeld, Leotodsn, & Schober, 2001; Lickley, 2001)

and pauses are most likely to occur at the beginoiran utterance or before long utterances
when there is a heavy cognitive load (Corley & $td#wW2008). One study analysed pauses in
relation to neuroimaging data during a picture-bdas&rative and added substantial evidence
of various functions of pauses (Grande et al., 20Iey underline the fact that when pauses
reflect the conceptual planning of speech, theydba associated with the activation of the
precuneus. On the contrary, pauses that reflecesstully solved word-finding difficulties
could be related to the left middle and superiorgeral gyri. According to the authors, these
activations may reflect the successful executiverob required to select a semantic concept
and retrieve its corresponding lexical entry.

Considering the fact that Alzheimer's disease (Aharacterised by different cognitive
changes, the pattern and function of pauses iscéeqbéo be different. However, most studies
focus on lexical-semantic decline, and group togiefauses with other phenomena within the

analysis ofvord finding difficulties

1.2. Pauses in Alzheimer's disease

Lexical-semantic impairment is one of the earlredtmarks of AD. Many authors aim to
investigate patients’ lexical-semantic impairmeumtiinlg discourse processing by analysing
word-finding difficulties. This term encompassesioas phenomena, including pauses,
which are believed to reflect anomia during coneeetpeech. According to Forbes-McKay

& Venneri (2005), word-finding difficulties durindiscourse includes pauses, repetitions and
indefinite terms (e.g. ‘thing’), and is significintnore frequent in the picture description of
AD participants compared to that of healthy eldstpjects. Croisile et al. (1996), who
grouped together pauses and indefinite terms, fthmdame results as Forbes-McKay &

Venneri in a similar descriptive task. Other aushimcused on picture-based narratives and



also found an increase in word-finding difficulti@ssh, Moore, Vesely, & Grossman, 2007;
de Lira, Ortiz, Campanha, Bertolucci, & Minett, 2010nly Ash et al. analysed AD patients’
difficulties in relation to their cognitive abilés, and highlighted a negative correlation
between word-finding difficulties and two languagseks: confrontation naming and semantic
matching.

However, phenomena included within the analysiwafd finding difficulties may have
different causes. Morel & Danon-Boileau, 1998, raatended the analyses of grammatical
words repetitions exclusively to investigate mask&exical search. Hartsuiker & Notebaert,
2010, in their analyses of disfluency during lekmecess difficulty, mentioned that self-
corrections and certain repetitions probably oeduen the speaker is more error prone, no
matter what is the difficulty. Although these seslhave been carried out on typical
populations, they underline the importance of asiaty each phenomenon individually.
Regarding AD, pauses have already been analysed@ecific phenomenon and not be
grouped with repetitions or indefinite tern8uch analyses are usually based on personal
narratives or conversations. For example, Gayraadl €011) compared the context,
duration and frequency of pauses. They showedABbgparticipants produced more silent
pauses than healthy controls but that there waliffesence regarding the duration of pauses.
Regarding the context of pauses, the authors sti¢bs fact that the patients produced more
pauses outside of the usual syntactic boundarigefore words of high lexical frequency.
They interpreted these results as a hallmark op#tients’ lexical retrieval and planning
difficulties. Hoffmann et al. (2010) indicated gsificant increase in hesitations in AD,
which are negatively correlated with a patient's BMscore. They arrived at the same
conclusion as Gayraud et al. that lexical diffimdtexplain a patient’s pause production. By
analysing a personal-narrative based on an ecalogiterograde memory assessment, our

group found that the AD participants produced npaeses between utterances than healthy



controls (Pistono et al., 2016). We attributed thisease to a greater need for recall and
planning during specific discourse. Moreover, asmestigated other cognitive abilities in
the same participants, we observed a positive ledioa between the AD participants’
between-utterances pause frequency and their merapgcities. The AD individuals from
this study belonged to the prodromal stage of Alis Tould suggest that in the earliest
stages of AD pauses reflect a compensatory mecharssd to improve discourse planning

and memory processing during a personal narrative.

However, we can assume that patients’ use of pasised exclusively related to their

memory impairment. For example, as shown by Grandéd (2012), pauses related to
resolved word-finding difficulties could be corredd with left middle and superior temporal
gyri, two key regions that are impaired in AD. &tf, as mentioned by Joubert et al. (2010) in
their study on AD, there are three key areas withénsemantic network: the anterior
temporal lobe which could represent an amodal sémstiore, the prefrontal and the
temporo-parietal regions that could be involvethim semantic control processes. In their
study, they pointed out a decline in naming andasgim memory from the prodromal stage

of AD that is correlated with anterior temporal éobnd inferior prefrontal cortex atrophy.
Their findings suggest that the patients’ impairtmeay result from a breakdown of semantic
knowledge combined with difficulties in the selecti manipulation and retrieval of this
knowledge. Since pauses are usually considerededkeation of these difficulties during the
patient’s discourse processing, we can presumevthat finding difficultiespauses in AD
might be due to semantic control difficulties amdfmsemantic knowledge breakdown.
However, apart fromvord finding difficultiesthere might also be a compensatory mechanism
in memory-based narratives (Pistono et al., 20t@peociated with other difficulties that are

yet to be investigated. Therefore, examining paus@® in relation to their cognitive and



neuroanatomical correlates seems to be usefultterhenderstand impairments during

discourse processing.

1.3. Current study

In the current study, we put forward the hypoth#si pauses would reflect different
processes according to the discourse type. Thibyswe took into account a picture-based
narrative (PBN) and a memory-based narrative (MBNg.compared pause duration and
pause frequency in participants with AD and heattbgtrols in both types of narratives. We
then focused on pause frequency and set out taéigditive (i.e. memory or language)
predictors of pause frequency in typical aging eady AD during these types of narratives.
Finally, we examined the neuroanatomical correlatdhe AD participants’ pause frequency.
For the AD group, we assumed that lexical and séimanpairment would be a predictor of
pause frequency in a PBN, while anterograde menngpgirment would be a predictor of
pause frequency in a MBN. Concerning neuroanatdmeggessions in the picture-based
narrative, there might be two hypotheses: pausesdnwae correlated with the patients’
temporal anterior atrophy if they are related t@®mantic representation impairment or to the
prefrontal and temporo-parietal regions if theyamsgn of semantic control difficulties.
During the memory-based narrative, pause frequemeyd be correlated with the frontopolar
area (BA 10) atrophy, as in our previous work. Reue controls, we expect negative
correlations and memory predictors in the MBN aadative correlations with lexical-

semantic tasks in the PBN.

2. Material and Methods



2.1. Participant selection and inclusion

All participants gave their written informed cons€rhis study was approved by the local

Ethics Committee. Participants with early AD overy&ars of age were recruited. They all

came from the outpatient memory clinic of the Néogyg Department of Toulouse University

Hospital (France).

AD patrticipants were selected if they presentedh wimemory complaint and had no

concomitant history of neurological or psychiattisease. They underwent the following pre-

inclusion assessment:

Pre-inclusion neuropsychological assessment: Autgnia daily living (Instrumental
Activities of Daily Living (IADL), Graf, 2008); Glbal cognition (Mini Mental State
Evaluation (MMSE)); Anterograde verbal memory (Faeel Cued Selective
Reminding Test (FCSRT, Van der Linden et al., 2DA4gdividuals with AD were
included if they met the following criteria: IADLI<and based on the IWG-2 criteria
(Dubois et al., 2014): evidence of a gradual amdyssive change in memory
function reported by patient or informant for md¢nan 6 months and demonstrated by
an episodic memory test, and cerebrospinal flu8RCevidence of AD (described
below). 11 AD participants had an MM$E24 and 6 had a score of 18 to 24 and
therefore had prodromal to mild cognitive decline.

Brain MRI: A high resolution anatomical image, usimthree dimensional (3D) T1-
weighted sequence and a T2-weighted sequence uaisath Patients with
significant white matter hyperintensities on T2-glged MRI scan (Fazekas score >
2) were excluded.

Amyloid assessment with cerebrospinal fluid (CSkglgsis by lumbar puncture: CSF

biomarker levels of total tau (T-Tau), phospho-@trau), Ak, and Ak were



measured using an ELISA method (Innogenetics, GiBsigium). Innotest Amyloid
Tau Index (IATI) was calculated. P-Ta60 pg/ml and IATK 0.8 were deemed to be
suggestive of AD. In case of an ambiguous proflerau <60 pg/ml or IATI >0.8),
we calculated the Al/Ab,o ratio and a score <0.045 was considered to be atinhg

with a diagnosis of AD.

Matched healthy control participants were recrugédr AD participants. They underwent
the same neuropsychological assessment as the d\[p.grealthy controls were included if
they had no memory complaint and no history of alagical or psychiatric disease. They
were excluded if they presented with cognitive impant (test scores <-1.5 SDs) during the

pre- or post-inclusion neuropsychological assessmen

2.2. Post-inclusion assessment

2.2.1. Neuropsychological assessment

All participants underwent a neuropsychologicakasment that measured: visual recognition
memory (Doors and People test, Baddeley et al4)%hort term memory and working
memory (WAIS-III Digit Span and Backward Digit Spanbtest; Wechsler, 1997); simple
attention and cognitive flexibility (Trail Making€eBt A and B, Reitan, 1958); gnosia (Visual
Gnosia Evaluation Protocol, Agniel, Joanette, Doywiuchein, 1992); praxis (Mahieux's
battery, Mahieux-Laurent, Fabre, Galbrun, Dubruléyloroni, 2008); apathy (Starkstein
scale, Starkstein et al., 1992) and depressionk(Bepression Inventory, Beck et al., 1961).

Details concerning the variables used for the amalgre displayed in Appendix 2.

2.2.2. Language assessment



Language production and comprehension was assessefa language battery dedicated to
neurodegenerative diseases at an early stage REMGTs (Bézy, Renard, & Pariente,
2016). It takes approximately 2 hours to complB&tails concerning the variables used for

the analysis are displayed in Appendix 2. The petased narrative was part of this battery.

2.2.3. Narratives

Picture-based narrative: the PBN was part of thguage assessment. It follows a classic
narrative structure: initial state, complicatioment, resolution, final state (Labov &
Waletzky, 1967) see Figure 1. With regards to ttee@dure for the narrative task according
to GREMOTSs, the participants were given the saratruitions: “This is a story depicted in 5
pictures. Tell me the story”. During the task, éx@erimenter remained neutral and avoided
speaking in order to ensure uniform conditionsdigscourse production.

Memory-based narrative: the MBN was built to follttve same narrative structure as the
PBN. It was based on a “real life” event in whiclbgcts experienced stereotyped mini-
events during the neuropsychological assessmengfi.incidental learning). The clinical
objective was to create an anterograde memonthasicould be done in the office and
during the time of the neuropsychological assessniéwe incident involved a mobile phone
that rang during the assessment and which didelohh to the experimenter. As a result, the
experimenter needed to find out whose phone itamalsreturn it to its owner. It follows the
same five stages as the picture-based narratiibled in Figure 1.

After a 20-minute interval during which the neurggological assessment continued,
participants were asked to recall the mini-everitk as many details as possible. More
precisely, participants were instructed to “reeakrything that happened, from the beginning
to the end, as if they were telling this story éongone else”. In addition to the free reminder,

cued questions were asked about each part of thieewents. The experimenter only asked

10



guestions concerning elements that had not begalisedfby the participant during free recall.
Forced-choice questions were then asked for thaireng elements. The task was divided
into 8 mini-events scored on 2 points accordinthéoaccuracy of the event. The creation and
guotation of this test was inspired from previcasks focusing on episodic memories and
personal “reliving” (Calvet, 2014; Lemesle, PlantBages, & Pariente, 2017). The grid is
available in Appendix 1.

Both narratives were taped with an Olympus digitate recorder in a quiet soundproof
room. During the task, the experimenter remainedratand avoided speaking to ensure that
productions exclusively reflected participants'esgreprocessing and that conditions were

uniform for discourse production.

Narrative ' o ] i ] b
Initial State 1+ Complication Event itself I Resolution 1 Final State
structure | : | i
Picture- . /P% -
! \ i@? i Writing
based : > .
. ' \J\t ' theend
Narrative e aiiy | Qj? :
. f Looking Out to
Memory- Ongoing 1 Itdoes not ! : It belongs | .
Aphone | i forthe | . give
based Assess- X i belongto | | toa :
i ment pogs : anyone | NEEROENCS | colleague i backthe
Narrative ; y ! its owner | B phons

Figure 1: Presentation of the picture-based andngmory-based narratives

2.3. Discourse analysis

2.3.1. Transcribing and coding
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The oral productions of participants were recoraded manually and orthographically
transcribed with the Child Language Data Exchangsesn (CHILDES; MacWhinney, 2000)
using the embedded Computerised Language Analg&iaN)) software programme and its
CHAT transcription norms.

Concerning transcription of the MBN and the PBNeirrater agreement was measured by
comparing orthographical transcriptions from twpesmenters (one by the author, AP and
another by a psycholinguist who was not involvethim studyand blinded to group
allocatior). More precisely, each experimenter first indivatly transcribed the discourses
before comparing both sets of data and resolviygdasctrepancies until they reached 100%
agreement, which was the case for less than Sattes. For the subsequent analyses, only
AP annotated pauses and lexical content of all BB&MBN.

For the MBN, the memory score was assessed byxperinenters. Inter-rater reliability
was controlled with a Cohen's Kappa. The coefficieas 0.86. This value indicates a strong

agreement and assumes data are 64-81% reliable.

2.3.2. Pause analysis

Pause type and length were manually tagged witatRadtware (Boersma & Weenink, 2001)
using a 200 ms threshold. Various authors agretefact that a lower threshold is more
likely to reflect respiratory features (e.g. Mo&eDanon-Boileau, 1998) and a 200 to 250 ms
threshold is the one most commonly found in thexditure (Zellner, 1994). This cut-off point
of 200 ms was also chosen based on another stupgguses in AD (Gayraud et al., 2011).

We included both silent and filled pauses in owalgsis.

2.3.3. Variables

12



The following variables were used to analyse tisealirse of both the AD group and the
cognitively normal controls:

» Discourse organisation: total number of words etlarrative; total speech duration,
speech rate (number of words/total discourse curaincluding pauses);

» Lexical content: proportion of closed class androglass words (i.e. nouns, most
verbs, adjectives, numerals and adverbs of manesr eonsidered as open class
(Ahmed, Haigh, de Jager, & Garrard, 2013)). Statidad indexes were calculated
according to the following formula: (Open classlesed class)/(Open class + Closed
class).

* Pauses: pause rate per 100 words; length of pguseian in ms for each participant)

If multiple pauses were produced one after anothdy, one was included in the frequency
count but durations were added. Moreover, as posifanentioned, the experimenter
avoided speaking. However, when they had to respmadarticipant’s question, pauses
by the participant before and/or after were not eaknto account.We
voluntarily did not analyse the location of pausegrder to test the hypothesis of a general
function of pauses that depends on the narratsler&ther than their location within the

narrative.

2.4. Statistical analysis

Statistical analyses were performed using SPS$ovez$.

2.4.1. Behavioural data

13



Intergroup comparisons: because some variablesctmgormally distributed (e.g. pause
duration), nonparametric tests were used for inteng comparisons. The Mann-Whitney U
test or Chi-square test was used to measure socaggaphic matching. Comparisons
regarding neuropsychological assessment, langussgssment and each narrative were made
using the Mann-Whitney U test. For significant lesithe effect size was assessed using
Cohen’s d (Cohen, 1992). The results were correfcteshultiple comparisons according to
Bonferroni's method.

Pearson’s correlation: before multiple regressiaresensured that pause frequency was not
inversely related to pause length. Pearson’s airosl was used for a more in-depth
examination of the link between pause productiahlarical processing (i.e. lexical content).
Multiple regression analyses: multiple regressioalygses were used to determine the
relationship between cognitive variables (predistmables) and the frequency of pauses in
each narrative and each group separately. Regnsssiere computed to determine R and R2
values. Then, a selection of significantly corretvariables was done to build a stepwise
multiple regression model predictive of pause feguy. To do so, pause frequency was used
as the dependent variable. Main lexical-semamstiwell as anterograde memory tasks from
the post-inclusion assessment were chosen as fexdicaming actions, objects and famous
faces, semantic fluency and semantic verificatiboprs and People Test (set A) and
performance during ecological recall (free recale also used the number of words as a
predictor to ensure that results were not linkethéolength of narratives. The absence of
potential outliers was controlled by examining Malnabis’ distance, and Cook’s distance.
Regressions were motivated by a priori hypotheBestefore, corrections for multiple

comparisons were not performed.

2.4.2. Neuroimaging data

14



A high-resolution anatomical image, using a 3D Tdighted sequence (plane resolution of 1
x 1 mm, slice thickness of 1 mm) was obtained. Gneyter density was assessed using a
voxel-based morphometry method on Statistical PataeMapping version 12 (SPM 12,
Wellcome Trust Centre for Neuroimaging). For eagbiect, the 3D T1 sequence was
segmented to isolate grey matter and white maétditipns, modulated for deformation,
normalized to the MNI (Montreal Neurological Insti¢) space, smoothed (8 x 8 x 8 mm) and
pooled by group for statistical analysis.

Correlations between grey matter density and paiageency were assessed in the patient
group using multiple regression (threshold for gigance: p = 0.001, uncorrected; cluster =

50 voxels).

3. Results

3.1. Population

Seventeen individuals with AD and 17 cognitivelymal individuals were included in the
study. The AD patrticipants and controls were maddioe age (HC=69+5, AD=72.112,
p=0.28), gender (HC=9Women, AD=10Women, p=0.73)lawudl of education (in years of
education: HC=12.6+3.3, AD=12.4+3.4, p=0.86). Tihéividuals with AD had significantly
lower MMSE (HC=28+1, AD=24+3, p<0.0001) and FCSR®res than the controls (sum of
the three free recalls in the FCSRT: HC=32+4.5, 80=7.7, p<0.0001; sum of the three
cued recalls in the FCSRT: HC=46+2.8, AD=23+12, /001). Regarding the brain MR, all

the AD participants had a Fazekas score < 2. Thsyadl had CSF evidence of AD.
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3.2. Neuropsychological and language assessment

During the neuropsychological assessment, the Aficgaants displayed impairment during
the visual recognition memory task (set A: HC=10,84D=5.9.+£3, p <0.0001, d=2.2; set B:
HC=7+1.5, AD=3.5.£1.8, p <0.0001; d=2.1). They mmted lower visual gnosis capacities
(HC=35.2+0.8, AD=304+5, p <0.001, d=1.5). Based bmcal norms, 12 AD participants
were below a pathological threshold for the vigeabgnition task and 4 for the visual gnosis
test. The performance of AD participants was atseel for the ecological assessment (free
recall: HC=6.4+2.5, AD=3+1.9, p <0.001, d=1.5; fea®d cued recall: HC=9.4+1.9,
AD=5.5+2.8, p <0.001, d=1.6; free, cued and recogmirecall: HC=9.4+1.9, AD=6.1+2.8, p
<0.001, d=1.4). The other tests (Digit Span, Baakvi2igit Span, TMT A, TMT B-A, Praxis,
Mahieux's battery, Beck and Starkstein) revealedigoificant differences between the two
groups.

As regards language assessment, the AD participadttexical impairment during the
semantic fluency task (HC=19+4, AD=13%5, p <0.00842), the famous faces naming task
(HC=8x2, AD=4+2, p <0.0001, d=2), the action namiagk (HC=33+3, AD=30+3, p
<0.001, d=1.1) and semantic verification (HC=17.6+@®D=14.8+1.9, p <0.0001, d=2).
Other language components were preserved. Regastilncal norms, 7 patients were below
a pathological threshold for the semantic flueraskt 5 for the action naming task; 5 for the

famous faces naming task and 5 for the semantifioation task.

Details of non-significant results from the neungg®logical and language assessments are

presented in Appendix 2.

3.3. Intergroup comparisons for both narratives

16



Picture-based narratives lasted approximately 66rsts (+20) in the AD group and 48
seconds (£22) in the HC group. During the pictuasdd narrative, the participants with AD
had a significantly lower speech rate, and produeeder and more frequent pauses (Table 1
and Figure 2). As shown in Figure 2, two AD papanits can be considered as outliers with a
higher pause frequency rate in the PBN. Howevsuyltg are still significant when these two
participants are removed from the group.

AD participants also presented changes in lexicatent (higher proportion of closed class

words than the healthy controls, Table 1).

Memory-based narratives lasted 78 seconds (x5@ei\D group and 55 seconds (£29) in
the HC group. During the memory-based narrative,p&ticipants had longer pauses than
the healthy controls. However, they did not pauseenfrequently than the control group

(Table 1 and Figure 2). They did not produce a digiroportion of closed class words than

healthy controls. Statistical results correctednimiitiple comparisons are shown in Table 1.

AD Healthy p value Cohen's d
participants Controls

Picture-based narrative

Number of words 105.47+38.4117.24+50.2 ns -
Speech rate 1.83+0.4 2.51+0.78 p<0.01 11
Pause length (median in ms) 1296.35+7305.24+342 p<0.01 0.87
Pause frequency (per 100 words) 17.25+5.1 12.2+1.8p=0.01 1.32
Lexical content -0.39+0.14  -0.24+0.1 p=0.001 1.23
Memory-based narrative

Number of words 110.17+38 158.4+73 ns -
Speech rate 2.04+1.13 3.02+0.64 ns -
Pause length (median in ms) 855.65+253 629.41+2330.01 0.97
Pause frequency (per 100 words) 9.01+3.76 7.4%+2.7ns -
Lexical content -0.52+0.06  -0.46%£0.07 ns

Table 1: Intergroup comparisons for the two navesi

Values shown are mean + SD. Statistically signifta@sults corrected for multiple comparison, dreven in

bold.
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Figure 2: Intergroup comparisons for pause frequémthe PBN (left) and the MBN (right).

** p=0.01.

3.4.Cognitive predictors of pause frequency

3.4.1. Picture-based narrative

Prior Pearson's correlations showed no negativelations between pause frequency
and pause lengthinthe ADgroupand a positivercdmation in the HC
group (AD group: R=-0.29; p=0.6; HC gr oup: R=0.640.01).

In the AD group, pause frequency was positivelyeated with the lexical content index (i.e.
proportion of open class words: R= 0.5; p < 0.0B)l&vit was not in the control group
(R=0.1; p=0.7).

The first step of multiple regression concernsdbielation between considered variables. As
shown in Figure 3, pause frequency in the AD pigdicts was positively correlated with
semantic fluency (R =0.55; p =0.01, Figure 3 anp&pix 3). Some of the lexical-semantic
tasks were correlated but not highly correlated9{p@hich means that the model is suitable

(Appendix 3).
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Semantic Fluency Performance

T
100 150 200 250 300

Pause Frequency

Figure 3: Correlation between pause frequency antastic fluency performance. The

dashed line represents the 95% confidence interval.

The multiple linear stepwise regression model altlvariables entered kept one variable for
this group. The final model indicates that sematfhtiency capacities explained 30.8% of the
variance of pauses in the AD group (R=0.55; R2=@, B&ta=0.55).

Within the healthy control group, pause frequenasirdy the picture-based narrative was not
correlated with any cognitive variables (Appendjx@onsequently, no stepwise multiple

regression was carried out.

3.4.2. Memory-based narrative

Prior Pearson's correlations showed nocorrelatiethween pause frequency and
pause length in either group (AD group: R=-0.29098HC group: R=0.31;
p=0.2).

No correlation was found between pause frequendyedcal content index in the AD (R= -

0.04; p=0.9) or control group (R=0.3; p=0.2).
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Correlations between considered variables showagdptiuse frequency in AD participants
during the memory-based narrative was positivelyaetated with their memory performance
during the free recall itself (R=0.52, p =0.01) dhd Doors and People Test, set A (R=0.68, p
=0.001, Figure 4). There were also significant fpasicorrelations between the ecological
free recall score and verbal anterograde memoryeudl recognition memory (details in

Appendix 3).

Doors and People Test performance

T T T T T T
50 75 100 125 150 175

Pause Frequency

Figure 4: Correlation between pause frequency bedbors and People Test in the AD

group. The dashed line represents the 95% confedienerval.

The multiple linear stepwise regression model whihnthree memory variables entered,
retained one variable: the Doors and People TesA.dt indicates that this test explained
45.8% of the variance of pauses by the AD subj@tt®).68; R2=0.458; Beta=0.68).

Within the healthy control group, pause frequenasirdy the memory-based narrative was not
correlated with any cognitive variables (Appendjx@onsequently, no stepwise multiple

regression was carried out.

3.5. Neuroanatomical correlates of pause frequenttye AD participants
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3.5.1. Picture-based narrative
During the whole brain analyses, we found a pasitiorrelation between pause frequency in

the AD participants and their left anterior tempdoae grey matter (Figure 5).

0.15

0.10

0.05

-0.05

Grey Matter Density
o

-0.10

-0.15
+Pause frequency ——>

Brodmann Number of

Coordinates
Area voxels

T=541;x=-36;y=3;2=-30

BA38 K=474 T=4.26;x=-35y=0;z=-23

Figure 5: Positive correlation between pause fraguend left BA 38 grey matter density in

the AD group.

3.5.2. Memory-based narrative

No correlation was found between the frequencyanfsgs and grey-matter density in the AD

group.

4. Discussion

In the current study, we focused on pause produchising a memory-based and a picture-
based narrative in early AD. We showed that althatg individuals with AD produced the
same amount of words as healthy controls in botfatiges, they also produced longer
pauses. The AD group also produced more pausés ipi¢ture-based narrative. Two

different possible functions of pauses were idexdificcording to the narrative type. In fact,
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pause frequency in the AD participants appeardxtpredicted by different cognitive
functions, depending on the narrative. Surprisintig links between pauses and cognition
were positive in both narratives: AD participantsonpaused more had more preserved
abilities regarding processes involved in a nareatask (i.e. lexical-semantic or memory
processes). Although current results are in acomalavith the previous literature showing an
impairment of the temporal organisation of speecAD (Gayraud et al., 2011; Hoffman et

al., 2010), they lead to a new interpretation afggaproduction in early AD.

4.1. Pauses as a compensatory mechanism usedrtovaripxical selection

In the picture-based narrative, pause frequentlyerAD participants was positively
correlated with their semantic fluency scores. Qg study (Ash et al., 2007) made a
cognitive correlation with the same type of namatand found, on the contrary, a negative
correlation betweeword finding difficultiesand lexical-semantic tasks. However, as pauses
were analysed among other phenomenacwf finding difficulties analyses can lead to other
conclusions.

Regarding the present study, we assume that leséabntic impairment might actually lead
to an increase in pause frequency in early AD thatt this increase should be considered as a
sign of lesser impairment. Indeed, the AD group &dawer performance during the oral
lexical-semantic tasks of the GREMOTS’ battery tat patients with fewer difficulties

during the semantic fluency task produced moregmdsring their narratives. The frequency
of pauses also appeared to be positively correlaidgdthe lexical content of narratives,

which was less than the HC group. Using pictureetiadimuli, Drummond et al., 2015 found
no decline in lexical content in MCI and AD grou@m the other hand, with this measure,

Ahmed et al., 2013, showed a linear decline oveptiogression of AD. The study from
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Drummond and colleagues was based on a diagnopreloéble AD that was not based on
biological evidence of AD pathology, which mightptain the different conclusions.
Stepwise multiple regression reinforced resultauaBemantic fluency capacity, as it was the
best predictor of the AD patrticipants’ pause fraguein the PBN, explaining around 30% of
the variance of pauses. In a study based on pripragressive aphasia, Mack et al., (2015)
also found a positive correlation between pausddeical-semantic tasks. Indeed, they
analysed pauses during the retelling of the stbinderella to examine whether pauses
would reveal the nature of language decline (@xichl or phonological). Grouping the three
variants together, they found a positive corretatiredominantly driven by individuals with
a semantic variant, between the pause rate anththeng performance. Similarly, the AD
subjects with more severe noun production deftemsled to pause less frequently before
nouns during discourse productigiithough previous studies argued that confrontation
naming imposes minimal demands upon effortful lakretrieval compared to semantic
fluency (Henry, Crawford, & Phillips, 2004), neurtaging studies have shown that
confrontation naming deficits reflected alteratiom$¥oth temporal and frontal regions,
similarly to semantic fluency deficits (Melroseatt, 2009). Our neuroimaging results
supports links with semantic processes to explairsp frequency in the AD participants
because there was a positive correlation betweesegaequency in the AD participants and
the temporal pole grey matter density. We can pnesthat pauses are a mark of an active
lexical search supported by more preserved sem@piesentations: individuals with AD
with better semantic fluency and more grey matégrsity within the anterior temporal lobe
produce more pauses while talking during a naratiwvhich items are constraints.

The anterior temporal lobe is a critical semantib fPatterson, Nestor, & Rogers, 2007) and
Rogers et al. (2006), suggested that it would beermvolved for processing concepts at a

subordinate level. Even though it is known thatitbe left and right anterior temporal lobe
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regions are crucial for the representation of seimamemory (Lambon Ralph, Cipolotti,
Manes, & Patterson, 2010; Tsapkini, Frangakis, &4;i2011), it is a core region of studies
based on language tasks. AD. Joubert et al. (28d0¢xample, found a negative correlation
between semantic memory impairment and AD partitgideft anterior temporal lobe grey
matter volume. Domoto-Reilly, Sapolsky, Brickhou&eDickerson (2012), who also focused
on early AD, demonstrated that naming impairmerg e@related with cortical thinning of
the left temporal pole and nearby ventrolateralperal regions. Since pauses are considered
to be a reflection of fluency, naming or semantemmory difficulties during discourse
processing, we expected negative correlations legtywause production and temporal pole
grey matter density. However, this positive cotielais consistent with behavioural results.
As previously mentioned regarding the semantic agiwthe anterior temporal lobe is crucial
for semantic representations while the prefrontal the temporo-parietal regions are
essential for the semantic control processes. Guresults may signify that pauses in AD are
related to the activation of semantic represemiatio

In a study based on primary progressive aphasiaulm et al. (2013) focused on patients
identified on the basis of peak atrophy sites ledaxclusively or predominantly in the left
temporal areas. By characterising naming failunesugh various tasks, they found that many
errors came up from pure lexical retrieval impaintnd hey also showed that the left anterior
temporal lobe is crucial for the integrity of verbather than non-verbal representations,
selecting verbal labels and managing items spégifieegarding the current study, we might
suppose that the setting up of these processeslweuakssitate the production of pauses
while speaking. In sum, by examining pauses irticeido cognitive and neuroanatomical
changes in AD, the current study has differentlte$tom the previous literature: contrary to
other studies (Croisile et al., 1996; Forbes-McRayenneri, 2005), we claim that pauses

may not be a negative sign in the AD participangsratives.
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4.2. Pauses as a compensatory mechanism usedrtovanmemory recall

During the memory-based narrative, the AD grouprdiiproduce more pauses than healthy
controls. Pauses were positively correlated witlnowy tasks but not with AD participants’
lexical content, contrary to the PBN. These resaigsin line with those of Pistono et al.
(2016). It suggests a global function of pausdhistype of narrative that does not depend on
their location.

More precisely, in this study, stepwise multiplgressions indicated that visual recognition
memory was a predictor of pauses, an explanatorgbia that could account for 45.8% of
the variance in pause frequency. In other wordgebeisual recognition memory is

predictive of an increase in pauses during a mefhasgd narrative in early AD. Those
memory tasks had already been described as useghg iearly detection of AD, since
neurofibrillary tangles first appear in the penivéii cortex, a key structure in visual
recognition memory (Barbeau et al., 2004). On tharary, verbal memory tasks such as the
ecological recall might rely on other processesdassmemory, and were not retained in the
final predictive model of pauses. In other wordsthbmemory variables are positively
correlated with pause frequency in this type ofatare, and AD participants with the best
memory capacities produced higher rates of pabsgsnly the non-verbal memory task
could be considered as an explanatory variabladBgsnobilizing more memory resources
than the PBN, the MBN may also present less waniekal constraints. In fact, this type of
production cannot have a uniform content (Bliss &dslbe, 2006) while picture-based
narratives place more demand on vocabulary (Sridglaerman, Wilson, & Proctor, 2003).
Participants were therefore probably more ablénttose alternative words or other strategies
in this narrative. This might have also contributedhe results concerning pause frequency in

this narrative. No correlation was found betweensgarequency and grey matter density. In
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Pistono et al. (2016), the use of between-utterpacses was negatively correlated with the
AD patrticipants’ frontopolar area (BA 10) grey neaittlensity. Results were interpreted
according to the gateway hypothesis (Burgess, Sstridamontheil, & Gilbert, 2004).
According to this hypothesis, attention is continsiy switched between internal and external
processing when performing a task. Pauses betwésance were interpreted as reflecting a
gateway between inner life (i.e., mental time ttaxexall planning) and the outside world
(i.e., current recall situation). With regardsheststudy, we can assume that the short length
of the event and the narratives explain why théig@pants were less inclined to use those

gateways and rely on the integrity of this braigioe.

4.3. Pauses in Healthy Controls

In the control group, and contrary to our hypotisesigere were no significant correlations.
This is not surprising for the picture-based nareatWe can assume that, in this type of
narrative and in a normal population with no sigmiht impairment, pauses may reflect many
different processes and not just lexical ones gianning processing as mentioned by
Goldman-Eisler, 1968, and/or conceptual procesaimigp Grande et al., 2012). On the
contrary, like Pistono et al. (2016), we expectedative correlations in memory-based
narrative. We think that the lack of results istlyaiue to the ecological memory task used in
this study, which is easier than the one usedarPilstono et al. (2016) study. The fact that
controls had better speech rates and a higher nmuohieords in the MBN might prove that
this task was easier than the PBN for healthy @agnts, probably because it represents a
more everyday task. Smith et al. (2003) comparedws discourses in young participants
and also found that participants were more prodecturing a personal narrative than during
a picture description task. Moreover, the memosystesed in the assessment presented a

ceiling effect in this group, which might explaletabsence of correlations. However, this
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lack of result in the control group also underlities sensitivity of the task in discriminating
early AD from normal aging, as shown by intergra@gmparisons for this task. Although it
might be easy for healthy controls, and this isdf@e reflected in their real-life
communication, AD participants experience diffi@gtand the amount of pauses might bring

information about this impairment.

4.5. Strength and Limitations of the study

Our study could be considered as a proof-of-conseyaly to stress the importance of the
integration of linguistic behaviour together withgnitive and neuroanatomical changes. We
especially built a memory-based narrative whosggire had to be close to the clinical
picture-based narrative. This is why the experimehad to follow a rigorous plan during the
onset of the event and make sure that the pantitipas involved in its resolution. Beyond
the basic structure, the two narratives are contera number of words, which means that it
makes sense to draw a parallel between the tdsksolreinforces the idea that the different
functions attributed to pauses are not due toghgth of one of the tasks. However, we did
not strictly compare the two narratives, especiaigause we believe that they are not
comparable in terms of the processes involved &mnabtably shown by the predictors of
pause frequency).

Moreover, we paid particular attention to the doradf the memory-based narrative, to
ensure that it was grounded on the definition adegic memory: Episodic memory is about
happenings in particular places at particular times about ‘what,” ‘where,” and ‘whéeh
(Tulving, 2002, p.3) Therefore, questions for rgtihis task were built on these three
components (as described as in the Appendices)a3sessment was also based on incidental
and contextualised events, which is more relatédganemory impairment due to AD. Such

clinical and ecological memory assessment alreadysefor other diseases (i.e. epilepsy:
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Lemesle et al., 2017; functional amnesia: Tramoal.e 2009). Regarding psychometrics, it
has a good inter-rater agreement; it is positizelyelated to other memory tasks (both verbal
anterograde memory and visual recognition), ancethee significant intergroup differences
between controls and AD patrticipants (together With sizes effects).

As for linguistic analyses, pause investigatiorspres some limitations, as we did not
differentiate silences and hesitations within thalgses. This choice was based on the fact
that the AD group produced few hesitations. Thdyaimof pauses was also carried out by
one experimenter, which makes it impossible to mesmter-rater reliability. The use of
longer narrative samples would improve pause aaalyBesides increasing the sample of
phenomena, it would allow us to investigate thetexinof pauses (e.g. frequency of the
following word, production of semantic paraphasevisions etc. similar to Gayraud et al.,
2010 or de Lira et al., 2011), and would probaldynore sensitive to the distinction between
early AD patients and healthy controls. Lastly sthéindings are based on a sample of MCI
and early AD patients, as indicated by their MM3$Eey had limited impairment in the
language and neuropsychological assessments. §itbe& AD participants were above a
pathological threshold for every language testcihmight be surprising in comparison to the
literature which shows early impairment during setitafluency tasks or confrontation
naming tasks (see Verma & Howard, 2012, for a kvia AD. The object naming task in
particular appeared to be non-significantly différbetween the two groups. Therefore, the
guestion remains of what pattern of pauses and edrapensatory mechanisms would occur
in a sample of patients with deeper language impait. Moreover, the mean level of
education was relatively high in both groups. Thight explain the main result concerning
semantic fluency, as increased patient educationleaal to a worse semantic fluency
performance (Laws, Duncan, & Gale, 2010). It miglisb justify the controls’ good

performance for every task.

28



4.6. Future directions

As previously mentioned, the results from the aurstudy differed from the previous
literature, which has concluded that pause prodods a mark of deeper impairment (e.g.
Ash et al., 2007; Gayraud et al., 2011). Such figdiare due to the integration of cognitive
and neuroanatomical data in relation to discounsdyais, but they are also probably linked to
the sample of patients we recruited. In fact, Altipgants from the previous studies
belonged to groups with mild to moderate or segémges of AD (Hoffman et al., 2010;
Gayraud et al. 2011), whereas we recruited patigitksAD. In the current study, we focused
on pause frequency, but the function of pause kesigould also be considered. However,
since variance and normal inter-individual varidyiin AD patients are important, the
parametric statistical methods we used in the ougtidy are not appropriate for this
variable. We are currently considering intra-subgtalyses, which are more suitable to
analyse contexts in which pause length signifigamticrease in each individual. This will
allow us to investigate the hypothesis that paesgth increases with verbal planning
demand. Length of utterances might be an impoxtanable to take into account too for the
analysis of pauses in general, as the variancpeafch rate is known to decrease with longer
utterances (Goldman-Eisler, 1954).

The use of pauses may reflect the time requirethidocompensation and realisation of a
weak process. In Pistono et al. (2016), dealing wipersonal-based narrative, pauses were
associated with memory processes. In the curradystve stress the same conclusions with a
shorter memory-based narrative. We also show dlging a picture-based narrative in which
lexical-semantic loads are higher, pauses seesflert those specific lexical-semantic

processes. It now seems crucial to investigater stiages of AD to know until which stage of
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AD such mechanisms may be employed. It also rentgrs whether this strategy may be

generalised to other cognitive processes, cogritisks or diseases.
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Appendix 1: Memory assessment of the memory-baaadtive

If O during the Free

If O during both the

Free Recall Scoring ) )
Recall: Scoring | Cued Recall: Scoring
Mandatory elements N
Cued Recall Recognition
Whai noise did we
A phone rang 2 /1 A phone / A clock /1
hear?
The experimenter )
What was my | was surprised / | was
wondered what was | /2 ) /1 ) /1
) reaction? expecting a phone call
happening
What
The experimenter | asked who the person
used the phone to call ] wanted to talk to using
What did | say on )
the last number and | /2 /1 this number/ | asked fgr/1
the phone?
find the owner of the information about the
phone hospital
The phone was in the Where did the phone
12 /1 A lab coat / a drawer /1
lab coat come from?
Where | The experimenter
) To my colleague's
went out to give the ) ] )
2 Where did | go? /1 office / To the hospital| /1
phone back to the )
reception
owner
At the beginning of the
When during the o assessment / when yol
12 When did it happen? /1 ) /1
assessment were answering
questionnaires
When
] How much time did ) ]
Phone call duration 12 /1 Imin /10 min 1
spend on the phonef
Period of absence of How long was | goné ) )
12 /1 Imin/ 10 min 11

the experimenter

from the office?
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Appendix 2: Non-significant results of the posttrsion neuropsychological and language

assessments (Bonferroni corrected)

TMT, Trail Making Test. Values shown are the meaBx 3 patients did not undergo the TMT part B.

Number of
Healthy AD p patients below a
Controls participants | value pathological
threshold
Neuropsychological assessment
Digit Span 6+1.2 5+1.1 ns 3
Backward Digit Span 4.6+1.4 3.6x1 ns 11
TMT A (time) 39.3+12 72.9438 ns 4
TMT B-A (time) 47+17 103164 ns 7
Mahieux's battery (/23) 22.810.5 21.6£2.03 ns 2
Beck 1.9+1.8 3.4x7.3 ns 1
Min:0;Max:7 | Min:0;Max:16
. 8.2+4.3 10.8+5.8
Starkstein Min:0;Max:17 | Min:0;Max:20 ns 6
Language assessment
Fluency, "verbs" 40+14 25+10 ns 3
Fluency, letter "V" 19+7 14+6 ns 5
Naming, Objects (/36) 34+1 3143 ns 3
Semantic verification (written) (/18) 17.3+1 14.7+3 ns 3
Syntactic comprehension (/24) 21.7+2 19+3 ns 3
Sentence production (/6) 610.2 5.2+1 ns 0
Order execution (/6) 60 5.6+0.6 ns 1
Text comprehension (/3) 2.9+0.2 2.5+0.9 ns 2
Repetition, word (/10) 9.9+0.3 9.5+1 ns 1
Repetition, sentence (/4) 3.9140.2 3.510.8 ns 1
Reading, word (/30) 29.51£0.6 29.440.8 ns 2
Reading, non-word (/15) 14.6£0.7 14.1+1 ns 1
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Dictation, single words (/12) 11.2+0.8 10.5+2.1 ns
Dictation, non-words (/6) 5.4+0.6 5.7£0.5 ns
Dictation, sentences (/27) 25.3+2.1 25+1.8 ns
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Appendix 3: Correlations between the cognitive afales in the AD group, a first mandatory

step for multiple regressions

Pause Pause _ Doors
frequency| frequency| Semantic | Action ][\;?nnc])lgg Object Semantic Ecological :[(]accj)ple
MBN PEN Fluency naming faces Naming | verification | free recall Test, set
A
Pause
frequenc ) ) r=0.24 r=0.04 r=-0.11 r =0.03 r=-0.18 r =0.52 r =0.68
quency p =0.2 p=0.4 p =0.34 p=05 | p=0.2 p <0.05 p =0.01
MBN
Pause
frequenc ) ) r =0.56 r=0.06 r=-0.11 r=0.27 r=0.2 r=-0.02 r=0.26
quency p=001 | p=0.4 p=0.3 p=01 | p=0.2 p=05 p=0.2
PBN
Semantic _ _ ) r=0.53 r=0.41 r=0.35 r=0.03 r=0.39 r=0.24
Fluency p <0.05 p =0.05 p=0.08 | p=0.5 p =0.06 p =0.2
Action ) ) ) ) r=0.41 r =0.58 r =0.56 r=0.32 r=0.33
Naming p =0.06 p<0.01 | p=0.01 p =01 p=01
pamng | ) ) ) ) r=0.39 | r=0.34 r=021 | r=-0.12
faces p =0.06 | p=0.09 p =0.2 p =0.32
Object _ _ ) _ _ ) r =0.49 r=0.18 r=0.27
Naming p <0.05 p =0.2 p=0.1
Semantic _ _ _ _ _ _ _ r=-0.16 r=-0.11
verification p =0.3 p =0.2
Ecological | _ ) _ _ ) _ ) r=0.51
free recall p <0.05
Doors and
People - - - - - - - - -
Test, set A
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Appendix 4: Correlations between the variables dsedultiple regressions in the control

group
Pause Pause Doors and ) ) ) _ Naming )
Ecological | Semantic | Object Action Semantic
frequency | frequency | People ) ) famous o
free recall | Fluency Naming Naming verification
MBN PBN Test, set A faces
Pause
r=-0.31 r =0.06 r=-0.12 r=-0.03 r =0.067 r=-0.17 r=-0.19
frequency | - ) =0.2 =0.8 =0.6 =0.9 =0.8 =0.5 =0.5
MBN p =0. p =0. p =0. p =0. p =0. p =0. p =0.
Pause
r=-0.33 r=0.23 r=-0.05 r=-0.28 r =0.36 r=-0.20 r =-0.08
frequency | - ) =0.2 =0.4 =0.8 =0.2 =0.2 =0.4 =0.8
PBN p =0. p =0. p =0. p =0. p =0. p =0. p =0.
Doors and
r=-0.17 r=-0.24 r=0.02 r =-0.47 r =0.02 r=-0.11
People - - -
p =0.5 p =0.5 p =0.9 p=0.1 p=1 p =0.7
Test. set A
Ecological r=0.17 r=0.18 r=0.28 r=0.29 r=0.3
freerecall | ) ) ) p =0.5 p =0.4 p =0.3 p=0.3 p =0.2
Semantic r=0.4 r =0.6 r=0.35 r =0.46
Fluency ) ) ) ) ) p =0.1 p =0.01 p =0.2 p =0.1
Object r=0.21 r =0.06 r =0.54
Naming ) ) ) ) ) ) p =0.4 p=0.8 p <0.05
Action r=0.47 r =0.6
Naming ) ) ) ) ) ) ) p=0.1 p =0.01
Namin
g r =0.67
famous - - - - - - - -
p <0.01
faces
Semantic
verification | ~ ) ) ) ) ) ) )
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