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AD pathology

• The pathology of AD: 

• AD pathology is observed not only in patients with the typical 
amnestic presentation, but also in patients with atypical non-
amnestic presentation.
• Logopenic variant primary progressive aphasia (lvPPA) is one of such 

non-amnestic presentations.

Beta amyloid Tau-tangles
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Limitations of previous studies

• Our understanding of linguistic features of patients with AD 
pathology is still relatively superficial.

• It is unclear how language of patients with AD pathology is 
different from that of patients with other types of 
neurodegenerative pathologies, such as FTLD-tau or FTLD-TDP.



Goals of the present study

• We examined language characteristics of both amnestic and 
non-amnestic speakers with AD pathology in depth, analyzing 
lexical and acoustic features in narrative, natural speech. 

• We directly compared amnestic and non-amnestic AD patients.



METHODS
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Participants

AD (N=49)
lvPPA

(N=28)
FTLD-tau 
(N=20) HC (N=35) p value

Age 62.6 (7.6) 63.2 (7.1) 67.8 (7.0) 64.6 (7.0) 0.052
Education 16.0 (2.4) 16.2 (3.4) 15.6 (3.2) 15.7 (2.5) 0.832
Sex 0.741

Female 28 (57.1%) 13 (46.4%) 9 (45.0%) 18 (51.4%)
Male 21 (42.9%) 15 (53.6%) 11 (55.0%) 17 (48.6%)

Disease 
duration

3.7 (2.4) 3.5 (1.9) 3.4 (2.1) NA 0.9

MMSE (0-
30)

20.3 (5.0) 23.6 (4.5) 25.6 (3.7) 29.1 (1.1) < 0.001



The Cookie Theft picture (BDAE, Goodglass & 
Kaplan, 1972)



Automatic part-of-speech (POS) tagging
• spaCy (Honnibal & Johnson, 2015)

• Count of POS categories per 100 words

• Lexical measures
• Concreteness (Brysbaert et al. 2014)
• Semantic ambiguity (Hoffman et al. 

2013)
• Word frequency (Brysbaert & New, 2009)
• Familiarity (Brysbaert et al. 2018)
• Age of Acquisition (AoA; Brysbaert et al. 

2018)

• Lexical diversity (MATTR; Covington & 
McFall 2010)

• Number of characters, phonemes, syllables 
with the CMU pronouncing dictionary



SAD

Durational

Pitch

Speech (250ms) and silence (150ms) segments

Mean duration of speech and silence segments
Total speech and pause time
Total pause count & total speech segment count
Pause rate per minute
Speech rate and articulation rate

10th to 90th pitch percentiles from speech segments
Normalized to St: log2(pitch/10th)*12

Acoustic, durational feature extraction
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POS counts
AD (N=77) Tau (N=20) HC (N=35) p value

Adverbs 7.3 (3.2) 3.8 (3.0) 5.8 (2.2) < 0.001
Particles 3.7 (2.2) 2.2 (2.6) 3.3 (1.5) 0.023
Pronouns 8.1 (3.3) 5.3 (3.1) 7.5 (2.3) 0.002
Total words 136.6 (61.6) 74.8 (40.2) 177.6 (88.5) < 0.001
Determiners 13.3 (3.7) 17.2 (4.8) 13.6 (2.8) < 0.001
Nouns 18.1 (6.4) 23.9 (6.1) 20.4 (4.6) < 0.001
Fillers 7.6 (5.3) 8.1 (6.3) 4.9 (2.6) 0.029
Partial words 1.2 (1.5) 2.6 (4.8) 0.6 (1.0) 0.044
Conjunctions 5.8 (2.6) 5.3 (3.7) 4.3 (2.0) 0.034
Adjectives 4.0 (2.0) 3.4 (3.2) 5.5 (2.3) < 0.001
Prepositions 7.5 (2.5) 6.2 (3.9) 10.7 (1.9) < 0.001
Verbs 22.9 (5.2) 20.5 (4.0) 22.5 (3.6) 0.126
Ratio of 
content 
words (%)

52.2 (5.8) 51.6 (9.0) 54.3 (4.1) 0.177



Lexical measures of content words

AD (N=77)
Tau 
(N=20)

HC 
(N=35) p value

Frequency 4.5 (0.3) 4.1 (0.4) 4.2 (0.2) < 0.001

Ambiguity 2.0 (0.1) 1.9 (0.1) 2.0 (0.0) < 0.001

Diversity 0.8 (0.1) 0.7 (0.1) 0.8 (0.0) < 0.001

Total Syllables 158.1 
(73.2)

88.2 
(49.1)

220.0 
(109.3)

< 0.001

Concreteness 3.0 (0.3) 3.4 (0.4) 3.2 (0.3) < 0.001

Characters 4.3 (0.3) 4.5 (0.4) 4.6 (0.2) < 0.001

Phonemes 3.4 (0.2) 3.5 (0.3) 3.7 (0.2) < 0.001

Syllables 1.4 (0.1) 1.4 (0.1) 1.4 (0.1) < 0.001

AoA 4.5 (0.2) 4.5 (0.2) 4.7 (0.2) < 0.001



Acoustic measures
AD (N=77) Tau (N=20)

HC 
(N=35) p value

Breath frequency per 
minute

25.8 (5.1) 23.8 (6.9) 21.2 (5.8) < 0.001

Pause rate per minute 50.0 (18.2) 55.6 (18.2) 32.7 (10.7) < 0.001
Total pause time (sec) 31.0 (13.1) 36.5 (15.7) 23.3 (13.2) 0.002
Total speech time (sec) 40.0 (15.6) 32.0 (17.2) 49.5 (23.1) 0.002
Mean speech duration 
(sec)

1.3 (0.4) 1.2 (0.5) 2.0 (0.6) < 0.001

Mean pause duration 
(sec)

1.1 (0.6) 1.6 (0.9) 1.0 (0.7) 0.009

Speech rate (wpm) 115.4 
(40.0)

66.0 (24.6) 145.2 
(36.3)

< 0.001

Articulation rate (sps) 4.0 (0.8) 2.8 (0.6) 4.4 (0.6) < 0.001
Percent of speech time 
(%)

56.0 (15.9) 45.7 (14.0) 67.3 (13.4) < 0.001

Pitch range (st) 5.1 (2.3) 4.3 (1.9) 5.7 (2.6) 0.130
Total time (sec) 71.0 (17.4) 68.5 (24.0) 72.8 (26.1) 0.759



Comparison of amnestic and non-amnestic AD

AD (N=49) lvPPA (N=28) p value
Determiners 12.4 (3.4) 14.9 (3.8) 0.004
Fillers 6.5 (5.0) 9.6 (5.2) 0.013
Particles 4.1 (2.2) 3.0 (2.2) 0.039
Ratio of content words (%) 53.5 (5.4) 49.9 (5.8) 0.008

• Out of 33 features, amnestic and non-amnestic AD groups only 
differed in 4 features:
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Semantic knowledge impairment in AD

• AD produced content words that were less concrete, more 
ambiguous, more frequent and shorter than the other groups. 

• Also, amnestic and non-amnestic AD patients did not 
significantly vary in these measures. 



AD vs. FTLD-tau

• Previous findings: AD produce more pronouns with a lower 
lexical diversity compared to MCI or HC. 

• Pronouns: HC = AD > FTLD-tau
• Lexical diversity: HC > AD > FTLD-tau

• Pronouns and lexical diversity are helpful in distinguishing AD 
speech, but those are not the most robust, distinctive features 
of AD speech.



Pause duration

• The total pause time and pause rate: AD = FTLD-tau < HC
• Duration of speech segments and total speech time: 

AD = FTLD-tau < HC

• Patients with neurodegenerative disease in general showed 
similar patterns (Nevler, Ash, Irwin, Liberman, & Grossman, 2019; Nevler et al., 2017). 

• These features seem to be important and useful measures in 
distinguishing neurodegenerative patients’ speech from 
controls.
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