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ABSTRACT

Background and Purpose: Language dysfunction is a symptom common to patients with
Alzheimer's disease (AD). Speech feature analysis may be a patient-friendly screening test
for early-stage AD. We aimed to investigate the speech features of amnestic mild cognitive
impairment (aMCI) compared to normal controls (NCs).

Methods: Spoken responses to test questions were recorded with a microphone placed 15
cm in front of each participant. Speech samples delivered in response to four spoken test
prompts (free speech test, Mini-Mental State Examination [MMSE], picture description
test, and sentence repetition test) were obtained from 98 patients with aMCI and 139 NCs.
Each recording was transcribed, with speech features noted. The frequency of the ten speech
features assessed was evaluated to compare speech abilities between the test groups.
Results: Among the ten speech features, the frequency of pauses (p=0.001) and mumbles
(p=0.001) were significantly higher in patients with aMCI than in NCs. Moreover, MMSE
score was found to negatively correlate with the frequency of pauses (=-0.441, p<0.001) and
mumbles (r=-0.341, p<0.001).

Conclusions: Frequent pauses and mumbles reflect cognitive decline in aMCI patients in
episodic and semantic memory tests. Speech feature analysis may prove to be a speech-based
biomarker for screening early-stage cognitive impairment.

Keywords: Alzheimer Disease; Biomarkers; Mild Cognitive Impairment; Speech Disorders

INTRODUCTION

The next generation of Alzheimer's disease (AD) treatments would be most effective if
administered in the early stages of the disease, before irreversible brain damage or significant
cognitive decline has occurred.! Early diagnosis of the disease is therefore particularly
critical, and over the last decade numerous new techniques intended to achieve this have
been developed. An AD diagnosis is currently made on the basis of laboratory test results,
magnetic resonance imaging (MRI) images of the brain, and neuropsychological tests.

While the standard neuropsychological tests used to detect AD are thorough and allow for
the assessment of diverse domains of cognition, the examination is time-consuming and
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somewhat burdensome for the patients.? Developing AD screening tests that are patient-
friendly and able to reflect real life is a priority.

Speech feature analysis may be a less uncomfortable means of screening for AD. Recording

the interviews between doctors/neuropsychologists and patients and subsequently analyzing
the patient's speech features based on that recording would obviate the need for the patient
need to undergo a cognitive test. Language dysfunction is a common symptom in patients with
AD which are known to have various speech features such as word finding difficulties, verbal
fluency,® and temporal changes in spontaneous speech.* Prior research has confirmed that
these speech features are affected in cases of amnestic mild cognitive impairment (aMCI).>¢

The language and speech dysfunctions associated with AD are receiving increasing scrutiny

by researchers.” In most of prior studies, patients were asked to perform free speech tests by
recalling a day or describing a picture. The number and duration of pauses, speech duration

and length, and speech rate were the most informative features in the comparison of AD/aMCI
and control group in free speech tests.’*® In other studies, verbal fluency tests were performed
by asking patients to generate as many words as possible falling within specific phonemic

or sematic categories. The duration of silent and voiced segment were the most informative
features in the comparison of AD/aMCI and control group in verbal fluency tests.*® In some
studies, patients were asked to repeat a sentence, ® read a paragraph out loud,' and count down
numbers to investigate different memory, semantic processing, and acoustic or context-related
processing.” Most studies to date have been conducted in European languages.’

In this study, the speech features of Korean native speakers with aMCI were investigated
and compared to normal controls (NCs). We assessed the speech features examined in
conversations in the same way that we assessed interviews during dementia screenings.

METHODS

Recruitment of participants

The study was conducted at the Jeonbuk National University Hospital Dementia Clinic between
May 2019 and December 2020. Ninety-eight aMCI patients and 139 NC participants were
recruited. Patients with aMCI were diagnosed based on the criteria proposed by Petersen et al.,”
after a rigorous examination that included neuropsychological tests and brain MR1, as well as
assessment by neurologists, neuropsychologists, and radiologists. None of the aMCI patients
fulfilled the standard criteria for primary progressive aphasia (PPA).” The NC participants were
age-matched healthy people considered intact because their scores on the Korean Mini-Mental
State Examination (K-MMSE) were within one standard deviation of the age- and education-
matched mean. Individuals who satisfied the following criteria were recruited for participation:
between 60 and 85 years old and no hearing impairment. We excluded participants with
diseases that could affect speech function. This study was performed in compliance with the
protocols established by Jeonbuk National University Hospital Institutional Review Board,
pursuant to which written informed consent was obtained from all participants.

Recording protocol

The spoken tests were recorded with a microphone (C414 B-ULS; AKG Acoustics, Vienna,
Austria) and a smartphone (Galaxy S7; Samsung, Seoul, Korea) placed 15 cm in front of each
participant. Before the spoken tests were performed, each participant was asked to speak for
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30 seconds, during which a recording was taken. As each participant spoke, the experimenter
verified that the participant's volume scale was over 3,000 (sample value) to make sure that
the sound volume was sufficient for recording. The experimenter then delivered the following
instructions in Korean: “You will be answering various questions. Please try not to interrupt while the
experimenter is speaking. After each question, you can start answering at intervals of 1 second. Take your
time, please tell me enough to answer and let me know when you are done.” The 20- to 30-minute-long
spoken tests were then administered.

The following four spoken tests were administered and recorded, consistent with prior
studies”*3:
(i) Free speech test: The aim of the free speech test was to provoke spontaneous speech.
Participants were asked which food they ate today and how they arrived at the hospital.
If the answers were insufficient, the participants were encouraged to provide additional
answers.

(i) MMSE: The aim of the MMSE test was to examine general cognition. Participants were
asked to answer all questions asked as part of the K-MMSE.

(iii) Picture description test: The aim of the picture description test was to provoke
spontaneous speech with semantic processing. Participants were asked to describe the
“Picnic Scene” from the Western Aphasia Battery, Revised (WAB-R; NCS Pearson, Inc.,
Bloomington, MN, USA).

(iv) Sentence repetition test: The aim of the picture description test was to examine
working memory as well as measure acoustic and phonetic measures. Participants
were asked to repeat 6 sentences articulated by the experimenter; Standard Korean
sentences were used."

All responses were recorded, and a transcript of each speech sample was generated by two
experimenter using Transcriber software (http://trans.sourceforge.net/).

Speech features

We annotated several speech features that that could not be transcribed into text based on
previous research. This mainly consisted of extending the transcripts by annotating pause,
breath, and laughter in a manner consistent with previous research. In addition, we defined
the final 10 speech features by adding annotations that were relevant to our needs: adding,
breath, continuous, interrupt, laugh, mumble, pause, self-talk, stutter, and interjection (Table 1). These
speech features were labeled manually by our two experimenters. Then, we determined the
number of speech features that appeared during each spoken test.

Table 1. Speech features

Feature Description

Adding Participants interrupting the examiner

Breathing Participants making breathing sounds, coughing, etc.
Continuous Continuous vocalization without one-second interval after questions
Interrupt No voice for more than 5 seconds or examiner intervention
Laugh Situations involving laughter during utterances

Mumble Unable to understand the content of words

Pause No voice for more than 3 seconds

Self-talk Other than a reply to the conversation

Stutter Stuttering during speech

Interjection Meaningless words like "ah" and "mmm"
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Statistical analysis

To assess any demographic or cognitive profile differences between the 2 groups (aMCI and
NCs), we used a y° test or Fisher's exact test for categorical variables, and a Mann-Whitney U
test for continuous variables that did not follow a normal distribution. The Mann-Whitney
U'test was also used to investigate differences in speech features among the two groups, as
the relevant variables did not follow a normal distribution. Pearson's correlation was used
to investigate the association between the number of speech features and MMSE scores.
Correlations were calculated for both groups and separately for each group. The statistical
software package SPSS version 23 was used for data analyses. For all tests, the level of
statistical significance was set to p<0.05.

RESULTS

Demographics

Our study group was comprised of 98 patients with aMCI and 139 NCs. There was no
significant difference in median age and education between the aMCI patients and

NCs. Apolipoprotein was only analyzed in 87 of the aMCI patients. The prevalence of
apolipoprotein ¢4 (APOE4) carriers among aMCI patients was 35.6% (31/87) (participants
with one or more copies of the &4 allele [i.e., €2/4, €3/4, €4/4] were considered &4 carriers). In
the MMSE, aMCI patients achieved significantly lower scores than the NCs. The demographic
features of the participants are summarized in Table 2.

Speech features across all tests

The frequency of mumbles (p=0.001), pauses (p=0.001), and stutters (p=0.004) were significantly
higher in aMCI patients than in NCs (Fig. 1A and B). Moreover, the frequency of continuous
(p=0.004) was significantly lower in aMCI patients than in NCs. Table 3 presents the median
and interquartile range of speech features in aMCI patients and NCs.

Speech features in each test

The frequency of mumbles (p=0.012), pauses (p<0.001), and stutters (p=0.01) was significantly
higher in aMCI patients administered the free speech test than in NCs. The frequency of
breathing (p=0.016) and continuous (p<0.001) were significantly lower in aMCI patients than in
NCs (Supplementary Table 1).

Table 2. Demographics

Characteristics aMClI NC p-value
No. of patients 98 139

Age (yrs) 71 (65-77) 70 (65-74) 0.181
Sex F:M 53:45 104:35

APOE ¢4 carrier” 35.6% (31/87)

Education 9 (6-12) 9 (7-12) 0.051
MMSE 926 (25-29) 29 (27-30) <0.001
CDR 0.5 (0.5-0.5) 0 (0-0) <0.001
CDR-SB 1.5 (1-2) 0 (0-0) <0.001

Values are presented as median (range). Bold type indicates statistical significance.

APOE: apolipoprotein, aMCl: amnestic mild cognitive impairment, NC: normal control, CDR: Clinical Dementia
Rating, CDR-SB: Clinical Dementia Rating-Sum of Boxes, MMSE: Mini-Mental State Examination.

*APOE was analyzed in 87 aMCl patients. Participants with one or more copies of the &4 allele (i.e., £2/4, £3/4,
€4/4) were considered &4 carriers.
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Fig. 1. Comparison of the frequency of mumbles and pauses in aMCl and NCs.

The number of (A) mumbles (p=0.001) and (B) pauses (p=0.001) was significantly higher in aMCI patients than
in NCs. The MMSE score negatively correlated with the number of pauses (r=-0.441, p<0.001) in (C) both groups
(aMCI + NC) and (D) aMCI group.

aMCl: amnestic mild cognitive impairment, NC: normal control, MMSE: Mini-Mental State Examination.

In the MMSE test, the frequency of breathing (p=0.025), interrupts (p=0.044), laughs (p=0.014),
mumbles (p<0.001), pauses (p<0.001), and stutters (p=0.012) was significantly higher in aMCI
patients than in NCs (Supplementary Table 2).

The frequency of interrupts (p=0.033), mumbles (p<0.001), pause (p<0.001), and stutters (p=0.027)
was significantly higher in aMCI patients than in NCs in the picture description test. The

Table 3. The median number of speech features in AMCI and NC participants

Feature aMCl NC p-value
Adding 0 (0-0) 0 (0-0) 0.223
Breathing 11 (6-20) 13 (6-28) 0.188
Continuous 3(1-5) 4(2-9) 0.004
Interrupt 0 (0-1) 0 (0-1) 0.053
Laugh 2 (0-4) 1(0-4) 0.955
Mumble 6 (4-13) 4 (2-8) 0.001
Pause 12 (7-19) 9 (5-14) 0.001
Self-talk 0 (0-0) 0 (0-0) 0.828
Stutter 0(0-2) 0 (0-1) 0.004
Interjection 1(0-3) 1(0-5) 0.817

Values are presented as median (interquartile range). Bold type indicates statistical significance.
aMClI: amnestic mild cognitive impairment, NC: normal control.
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Table 4. Correlations between MMSE score and speech features

Feature aMCl + NC aMCl NC

r p-value r p-value r p-value
Adding -0.083 0.205 0.002 0.986 -0.194 0.022
Breathing 0.106 0.104 0.192 0.058 -0.126 0.141
Continuous 0.130 0.045 0.079 0.437 0.031 0.720
Interrupt -0.146 0.025 -0.023 0.822 -0.257 0.002
Laugh -0.197 0.002 -0.225 0.026 -0.255 0.003
Mumble -0.341 <0.001 -0.321 0.001 -0.110 0.198
Pause -0.441 <0.001 -0.439 <0.001 -0.173 0.043
Self-talk -0.235 <0.001 -0.378 <0.001 -0.062 0.471
Stutter -0.215 0.001 -0.058 0.274 -0.136 0.1
Interjection 0.108 0.098 0.164 0.107 0.052 0.544

Bold type indicates statistical significance.

aMCl: amnestic mild cognitive impairment, NC: normal control.

https://dnd.or.kr

frequency of continuous (p=0.001) was significantly lower in aMCI patients than in NCs
(Supplementary Table 3).

In the sentence repetition test, the frequency of continuous (p=0.017), mumbles (p=0.002), and
stutters (p<0.001) was significantly higher in aMCI patients than in NCs (Supplementary Table 4).

Correlations between MMSE score and speech features

Across both groups, the MMSE score negatively correlated with the frequency of interrupts
(r=-0.146, p=0.025), laughs (r=-0.197, p=0.002), mumbles (r=-0.341, p<0.001), pauses (r=-0.441,
p<0.001), self-talks (=-0.235, p<0.001), and stutters. (=-0.215, p=0.001), but positively
correlated with the frequency of continuous (=0.130, p=0.045) (Table 4, Fig. 1C).

In aMCI patients the MMSE score negatively correlated with the frequency of laughs (~=-0.225,
p=0.026), mumbles (=—-0.321, p=0.001), pauses (r=-0.439, p<0.001), and self-talks (=-0.378,
p<0.001; Table 4, Fig. 1D), while in The MMSE score negatively correlated with the frequency
of adding (=-0.194, p=0.022), interrupts (=—0.257, p=0.002), laughs (=-0.255, p=0.003), and
pauses (=-0.173, p=0.043; Table 4) in NCs.

DISCUSSION

In this study, we investigated the speech features of aMCI and NC participants. Four spoken
tests were administered—i) the free speech test, ii) the MMSE, iii) the picture description test,
and iv) the sentence repetition test—and each participant's speech was recorded. Then, we
identified ten speech features and the number of these speech features in each spoken test. The
frequency of these speech features was used to compare the speaking abilities of each group.

In summary, pauses and mumbles were consistently more present in aMCI patients than in NCs.
Moreover, the frequency of pauses and mumbles was negatively correlated with MMSE score.

Pauses in the speech of AD patients are typically regarded as dysfluency.?** Mumbles similarly
reflect hesitation in speech. According to prior studies, the frequency of pauses is significantly
higher in AD patients than in NCs.?*?* Specifically, one prior study revealed that the number
of pauses is significantly different between aMCI patients and NCs performing the question-
answer test.?’ This is consistent with our results, in which significant differences in the
numbers of pauses and mumbles were found between the two tested groups across three

(free speech, MMSE, picture description) of the four (sentence repetition) tests. Stutterhad
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relatively low absolute frequency though analysis of median numbers of speech features did
reveal some differences between aMCI patients and NCs.

Only in the sentence repetition test did the numbers of pauses and mumbles not differ across
the aMCI and NCs test groups. In the free speech test participants were asked which food
they ate that day and how they arrived at the hospital. Consequently, free speech test is
associated with recall. The MMSE test is also designed to spot delayed recall. The picture
description test requires that participants rely less on episodic memory and more on
semantic knowledge.” In the context of these tests, more frequent pauses and mumbles might
reflect greater effort to recall and higher mental loading.? In contrast, the sentence repetition
test relies on working memory rather than episodic or semantic memory.” Pauses and mumbles
might reflect cognitive decline in episodic and semantic memory impairments.

Interestingly, the number of continuous was significantly lower in aMCI participants then their
NC counterparts. While we instructed all participants they could begin answering 1 second
after each question and to take care that their voice did not overlap with the experimenter's,
NCs were more likely to respond before the 1 second interval ended, possibly reflecting faster
cognitive processing on their part.

The frequency of pauses and mumbles were negatively correlated with MMSE scores while
continuous was positively correlated with the MMSE scores of the aMCI and NC groups. This
suggests that participants with lower MMSE scores were less fluent and more hesitant in their
language expression. Prior studies suggested that pauses and mumbles might be associated with
compensatory mechanisms in the earliest stages of AD,? as speech rate and hesitation have
been found to be negatively correlated with MMSE scores,” and speech features (including
the frequency of pauses) explain 47.8% of the variation in MMSE scores.* This study confirms
that less fluent speech is associated with cognitive decline.

The present study had several limitations. First, speech dysfunction can appear as a result
of normal aging or the presence of an array of neurodegenerative diseases as well as other
diseases affecting the muscles of the tongue, lips, jaw, and vocal tract. In this study, we
excluded participants with diseases that could affect speech function, but patients could
have mixed diseases in the real world. Also, aMCI patients were compared against NCs,
though comparison between patients with different neurodegenerative diseases will be
needed to validate our results. Second, we could not assess inter-rater reliability between
two experimenters. Future studies should perform linguistic as well as acoustic feature
analyses to improve accuracy and reliability. In summary, speech feature analysis may be a
speech-based biomarker for the screening of early-stage cognitive impairment. Speech can
be recorded with a smartphone, which could be useful remote and/or frequent monitoring.>
Despite these limitations, our findings are interesting, in as much as they validate findings
from previous studies conducted in European languages.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
The median and interquartile range of the frequency of 10 speech features in the free speech test

Click here to view
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Supplementary Table 2
The median and interquartile range of the frequency of 10 speech features in the MMSE test

Click here to view

Supplementary Table 3
The median and interquartile range of the frequency of 10 speech features in the picture
description test

Click here to view

Supplementary Table 4
The median and interquartile range of the frequency of 10 speech features in the sentence
repetition test

Click here to view
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