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Introduction

• The increasing prevalence of dementia among the 
elderly population is a major societal challenge,  
leading to a growing demand for diagnostic services

• There are currently estimated to be over 50 mill ion 
people worldwide l iving with dementia. The number 
of people af fected is set to r ise to 152 mill ion by 
2050,  with the highest increases in low and middle-
income countries [Alzheimer's Disease International 
Association, 2019]

• A timely diagnosis of the prodromal stages of 
dementia remains a big chal lenge for healthcare 
systems: many assessment tools have been proposed 
over recent years, but the most common screening 
instruments are largely unreliable for detecting 
subtle changes in cognition

• Classical pen-and-paper neuropsychological tests are 
costly and time-consuming

• Sensitive and reliable new instruments are needed 
for monitoring patients with cognit ive frai lty and for 
screening the general population



Introduction

• Considerable evidence is available to suggest that 
l inguistic deficits are present in several 
neurodegenerative diseases [Boschi et al., 
2017]

• Traditional standardized neuropsychological tests:

1. show very low sensitivity to detect subtle 
changes

2. do not allow to explore many other aspects of 
language, both at the segmental and 
suprasegmental level (e.g., prosody, rhythm)

3. they are time-consuming and expensive

• Signif icant differences between the MCI and 
normal elderly participants have been identif ied 
with these instruments from time to time, but 
their clinical use is sti l l unreliable [Taler & 
Phil l ips, 2008, Szatloczki et al., 2015; Fil iou et 
al., 2019}.



Aim of the 
study

• To apply Natural Language Processing 
methods for the detection of early 
linguistic signs of cognitive decline due 
to dementia in the elderly

• Digital Linguistic Biomarkers: “objective, 
quantif iable behavioral data that can be 
collected and measured using digital 
devices, al lowing for a low-cost pathology 
detection, classif ication and monitoring”

• Long-term goal: developing an 
instrument for non-intrusive, low-cost 
cognitive decline screening exploit ing 
l inguistic biomarkers.



Methods:
the corpus

• 96 participants 
48 M, 48 F
age range 50–75
Italian mother-tongue

- 48 healthy controls

- 48 cognitively impaired participants:

16 Single-Domain Amnestic MCI

16 Multiple-Domain MCI

16 early Dementia

• These cohorts were tested twice, at a one-
year interval



Methods:
Conventional 
Neuropsychological 
Evaluation

• anamnestic interview 
personal data; occupation /ret irement; 
chi ldren; famil iar ity with neurodegenerat ive 
pathologies; c l in ical h istory and 
pharmacotherapy

• traditional cognitive battery 
[Velayudhan et a l., 2014; Tsoi et a l., 2015]

1. Mini-Mental State Examination (MMSE)

2. Phonemic (PF) and Semantic (SF) verbal f luency

3. Clock Drawing Test (CDT) 

4. Montreal Cognitive Assessment (MoCA)

5. General Practitioner Assessment of Cognition 
(GPCog)

6. Cognitive Reserve Index questionnaire (CRI-Q)



Inclusion criteria 

for participant 

enrollment



Speech 
Analysis

• Semi-spontaneous speech 

• 3 linguistic tasks: 

1. FIGURE: «Could you please describe this 
picture?»
Esame del Linguaggio II test [Ciurli et al. 1996]

2. WORK: «Could you please describe your typical 
working day?»

3. DREAM: «Could you please describe the last 
dream you remember?ʼ»



Linguistic 
Annotation

• Orthographic Transcription

• PoS Tagging and Syntactic Parsing
TULE [Lesmo, 2007]
TUT tagset [Bosco et al.,  2000]



The corpora

• From the digital recordings of the subjectsʼ 
interviews we realized two distinct 
corpora:

1. MCC - Manually Checked Corpus

2. AAC - Automatically Annotated Corpus 
ful ly automatic procedure, not revised in 
any way



Analysis

• automatic extraction of 87 linguistic 
features (i.e., acoustic, rhythmic, lexical, 
and morpho-syntactic indexes)

• statistical analyses 
Mann-Whitney U-test
Kruskal-Wall is test (with Dunnʼs multiple 
comparison)

• Machine Learning classifiers 
(i.e., Support Vector Machines, Random 
Forest Classif iers) to distinguish healthy 
controls from MCI subjects



Results [1]
[Beltrami et al. 2018, 
Calzà et al., 2020]

• Statistically significant indexes (MCI vs. HC)



Results [2]
[Calzà et al., 2020]

• Machine Learning Classifiers
scikit-learn python package
C-Support Vector Classif iers (SVC)
Random Forest Classif iers (RFC)
Nested Leave One-Speaker-Out Cross Validation
(NLOSOCV)



State of the Art



Results [3]
[Calzà et al., under reviw]

• re-test experiment one year after 
patient enrolment

• Task: FIGURE

FEATURE aMCI mdMCI
LEX_ContDens 0,0355
LEX_CCW 0,0015
LEX_BrunetW 0,0500
SPE_SILMEAN 0,0188
SPE_SPEMEAN 0,0400
SPE_SPT 0,0400
SPE_SPCENTRM 0,0021

significant variations (p-values) of the spontaneous speech 
analysis features between the first and the second test



Take Home 
Message

1. a multidimensional spoken language analysis 
using NLP techniques can identify subtle 
language modifications in preclinical stages of 
dementia, being more sensitive markers of early 
cognitive decline than conventional paper-and-
pencil tests

2. automatic Machine Learning classifiers can 
distinguish between controls and MCI subjects 
displaying high F1 scores (around 0.70)

3. this methodology is robust also from a 
longitudinal point of view: therefore, it can be 
applied not only for the timely recognition of 
pathological states but also for monitoring the 
progression of cognitive symptoms


