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Abstract: Background: Delineation of Parkinson’s disease (PD) from multiple system atrophy (MSA) can be
challenging in early disease stages. Speech characteristics have been studied as digital biomarkers in PD and

ataxias. Currently, data on speech in MSA is limited.

Objectives: To determine whether speech characteristics can serve as a digital biomarker to differentiate

between MSA and PD.

Methods: Twenty-one MSA patients and 23 PD patients underwent a battery of speech assessments: text
reading, sustained phonation and diadochokinetic tasks. Speech characteristics were extracted using the

software, Praat.

Results: MSA and PD speech can be described by three meaningful factors. MSA speech exhibited more
reading pauses, higher pitch variability, prolonged syllables, and a more irregular speech rhythm, allowing
differentiation from PD with a ROC-AUC of 0.89. Speech characteristics were correlated with motor impairment

and disease severity.

Conclusion: MSA can be differentiated from PD with good accuracy using speech analysis.

Multiple System Atrophy (MSA) is a progressive, neurodegenerative
disease presenting with parkinsonism and/or cerebellar symptoms in
combination with dysautonomia. Accuracy of MSA diagnosis is
especially low at initial consultation and thereby delays or even pre-
vents the enrollment of MSA patients in clinical trials that examine
potentially disease modifying treatments in the early disease course.!
Speech characteristics have been widely studied as a digital

. . 2 . — .
biomarker in PD? and ataxias.>”’ In contrast, speech data in

MSA s limited and only available from small cohorts.®
In addition, the majority of studies are from native Czech

8101114 yrhile several studies have demonstrated the

speakers.
transferability of speech analysis across languages in hypokinetic
dysarthria,">"” it remains unclear whether this applies to MSA,
where dysarthria exhibits a mixed pathology of spastic, ataxic,
and hypokinetic characteristics. Thus, it remains unclear if speech
characteristics can serve as a robust digital biomarker for differen-

tiating between MSA and PD.

Because PD has a high prevalence of hypokinetic speech,” there
is a considerable clinical overlap with MSA regarding speech impair-
ment.'! In contrast to PD, MSA shows a faster disease progression'®
and lacks levodopa responsiveness of Parkinsonian symptoms.'*
Thus, MSA patients typically have a higher motor impairment and
disease burden with shorter disease duration compared to PD."® It is
therefore essential to account for differences in motor impairment,
which has not been included in previous studies.* ™"

In this work, we analyze speech recordings of patients with
MSA and PD. We investigate the factors of speech that charac-
terize both diseases and develop statistical models to delineate
MSA from PD. In addition, we analyzed the correlation of
speech characteristics with (I) motor impairment as measured by
the Movement Disorders Society’s Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) part III,*' and (II) the severity of
MSA as measured by Unified Multiple System Atrophy Rating

Scale (UMSARS).*?
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SPEECH DIFFERENCES BETWEEN MSA AND PD

Methods

Recruitment of Study
Participants

Between March 2021 and November 2022, 23 people with PD
according to the MDS diagnostic criteria for PD** and 21 people
with probable or possible MSA according to the second consen-
sus statement on the diagnosis of MSA** were recruited consecu-
tively at two German movement disorders centers. Written
informed consent was obtained from all participants. All partici-
pants were on stable dopaminergic treatment and were assessed
in the ON state. MDS-UPDRS III*' and UMSARS were
obtained.” Levodopa equivalent daily doses (LEDD) were calcu-

5

. -
lated using the current recommendations.

Speech Recordings

Recordings were performed in a quiet room with low ambient
noise using an Olympus Linear PCM Recorder LS-P4 and a
mouth-to-microphone distance of 5 cm. The recordings were
processed at 16-bit resolution and 44.1 kHz sample size. Artificial
recording alterations such as equalization, automatic gain control,

and noise reduction were disabled.

Speech Analysis

The following tasks were recorded': sustained phonation
(SP) of the vowels /a/ and /i/, the two diadochokinetic tasks
(DDK)? sequential motion rates /pAtAkA/ and’ alternating
motion rates /pA/ and /tA/, and* text reading (R). Record-
ings for each task were performed twice and closely followed
the Guidelines for Speech Recording and Acoustic Analysis in Dys-
arthrias of Movement Disorders.*® A set of 22 speech characteris-
tics was calculated using Praat.®’ Visual representations
(Fig. S1) and detailed descriptions (Table S1, Supplemental
File S1) of speech factors together with typical MSA
(Supplemental File S2) and PD speech recordings
(Supplemental File S3) are available in the supplement. Sex-
specific analyses are provided in Supplemental File S1
(Fig. S2).

Statistical Analyses

Exploratory factor analysis and t-distributed Stochastic Neigh-
bor Embedding (t-SNE) was used to investigate the factors
describing dysarthria in PD and MSA. MSA and PD speech
characteristics, MDS-UPDRS III, age, and disease duration
were compared using t-test, Welch’s test or Mann—
Whitney-U test, depending on the distribution of the data.
Sex and dysarthria subtypes were compared using Fisher’s
exact tests, Hoehn & Yahr (H&Y) and dysarthria severity
using Kolmogorov—Smirnov tests. Additionally, MSA and PD
speech characteristics were compared using a linear model
with MDS-UPDRS III as covariate. Observations with an
absolute z-score greater than 3 were removed to limit the
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effect of outliers. Logistic models were used to differentiate
MSA from PD. Details are provided in Supplemental File S1.

Code Availability

The complete Praat scripts used for our analyses are available at
github.com/t-hachnel/MSA-Speech-Analysis-Praat.

Results

Characteristics of Study

Participants

Speech recordings from 21 MSA patients and 23 PD patients
were included in this study. Text reading recordings were avail-
able for all patients. Diadochokinetic tasks were recorded in
13 MSA patients and 22 PD patients. Sustained phonation was
recorded in all PD patients and 13 MSA patients. Based on these
recordings, we calculated 22 speech characteristics described in
Table S1. Clinical measurements were available for all patients
(MDS-UPDRS III) and 16 MSA patients (UMSARS).

Age and sex distribution did not differ significantly between
groups (MSA: 67.2 years, 43% male; PD: 70.4 years, 70% male).
MSA patients had a shorter disease duration (4.2 years vs
9.8 years, p = 0.001), but higher motor impairment as reported
by MDS-UPDRS III (43 vs 29, p = 0.001) and the Hoehn &
Yahr scale IV vs II, p < 0.001). They were treated with higher
LEDD (936 mg vs 623 mg, p = 0.01). The median dysarthria
severity as reported by the MDS-UPDRS III item 3.1 was not
significantly ~ different between MSA and PD (2 points
vs. 1 point). Hypokinetic dysarthria was also the most common
perceptual dysarthria subtype in MSA (52%, Table S2). The
mean UMSARS (sum of parts I and II) was 48.5 points in
the MSA group.

Speech Factors

We found three common factors underlying speech in MSA and
PD: (I) a time and pauses factor characterized by the speech charac-
teristics fotal pause duration, number of pauses, and reading duration;
(I1) a harsh voice factor characterized by the speech characteristics
shimmer, HNR and jitter; and (II) a mixed speech characteristics factor
described by the speech characteristics mean pause duration, syllable
count, and syllable duration (Fig. S3/4).

Speech Characteristics as
Marker of Motor Impairment and

Disease Severity

Motor impairment as measured by MDS-UPDRS III was corre-
lated with higher FO variability (perceptually: unstable pitch) in
the sustained phonation task and higher rhythm instability (percep-
tually: varying syllable length) in the diadochokinetic task for
MSA patients. Overall disease severity in MSA measured by
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Figure 1. Speech characteristics as markers of motor impairment and disease severity. Significant correlations of speech characteristics
with motor impairment (MDS-UPDRS Ill; MSA and PD) and disease severity (UMSARS; MSA) with correlation coefficients, P-values and 95%

confidence intervals.
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UMSARS part I and II was correlated with higher intensity vari-
ability (perceptually: unstable loudness) in the sustained phona-
tion task, slower speech (longer reading duration and lower syllable
count), and more pauses (higher number of pauses and longer total
pause duration).

Speech characteristics of PD patients also exhibited several
correlations with MDS-UPDRS III (Fig. 1).

Differentiating MSA and PD
Using Speech Characteristics

When analyzing speech differences between MSA and PD with-
out including MDS-UPDRS III correction, we identified signifi-
cant differences in several speech characteristics from all speech
tasks and all speech factors (Fig. S5-S8, Table S3). However, this
analysis is likely to be biased by the higher motor impairment in
the MSA group reported by MDS-UPDRS III (Table S2)
in combination with several correlations of speech characteristics
with MDS-UPDRS 1II (Fig. 1). Therefore, we implemented
MDS-UPDRS 1II as correction factor. Using this correction, we
identified four voice characteristics and one speech factor that
were significantly different between MSA and PD (Fig. 2,
Table S3). After correction for motor impairment, MSA patients
exhibited a higher rhythm instability (p = 0.002) and longer sylla-
ble duration (p = 0.03) in the diadochokinetic task, and lower
number of pauses (p = 0.003) in the reading task compared to
PD. MSA patients presented a lower corrected FO variability for
the sustained phonation task (p = 0.01) which was not visible in
the univariate analysis before. We observed a significant differ-
ence with a lower time and pauses factor (p = 0.006) in the MSA
cohort.

Finally, we investigated the potential of our findings to difter-
entiate between MSA and PD based on the four speech charac-
teristics and one speech factor we identified. The best
discrimination was observed for syllable duration of the

diadochokinetic task with an AUC-ROC of 0.89 (including
MDS-UPDRS 1III). All models improved after inclusion
of MDS-UPDRS 1II (Fig. S9).

Discussion

Speech Differences between
MSA and PD

This study presents the first analysis of speech characteristics in
German-speaking MSA patients, expanding previous knowledge
from Czech and Italian MSA cohorts™'*'"">'* and demonstrating
consistent speech characteristics across languages. While higher
thythm instability, longer syllable duration, and lower FO variability in
MSA compared to PD have been described before, we report for
the first time that MSA patients exhibit a lower number of pauses. We
achieved high accuracy in distinguishing MSA from PD, particularly
with syllable duration in the diadochokinetic task (AUC-ROC of
0.89), comparable to the performance reported by others."

Speech Factors

We identified two main speech factors with high internal
consistency and clinical interpretability: time and pause characteristics
and harsh voice. Our findings differ from the traditional
classification of dysarthria into hypokinetic, ataxic, and spastic

. 8.11,13.28
domains,

as hypokinetic, ataxic, and spastic speech char-
acteristics were distributed across all three speech factors. Further-
more, most of the speech characteristics traditionally interpreted
as hypokinetic did not show any correlation with MDS-UPDRS
III. In contrast, speech characteristics traditionally interpreted as
ataxic showed significant MDS-UPDRS III correlations. A more
detailed explanation including several examples is provided in

Supplemental File S1.
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Figure 2. Speech differences between MSA and PD. Speech characteristics and factors with significant differences between MSA (blue)
and PD (brown). Univariate comparison (top) and comparisons corrected by MDS-UPDRS Il (bottom) are shown
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Speech Characteristics as
Marker of Motor Impairment and
Disease Severity

Our study adds evidence to the current, still controversial

29-35 -
that several speech characteristics are a marker of

literature,
motor impairment in PD. We showed for the first time that
speech characteristics report disease severity and motor impair-
ment in MSA, emphasizing the value of acoustic speech analysis

for disease monitoring.

Motor Impairment Correction in
Speech Analysis

Our study highlights the importance of correcting for motor
impairment when analyzing speech differences between MSA
and PD and suggests that previous studies without this correction
may have overestimated the impact of some speech characteristics

in discriminating between both diseases.® ' The four speech
characteristics that remained significant after correction for motor

impairment should be prioritized for further research.

Limitations

While our sample size is comparable to other acoustic
studies,* " the small cohort limits the detection of subtle speech
differences. In addition, only 13 of 21 MSA patients completed
all of the speech tasks and UMSARS measurements were missing
for some MSA patients. Motor impairment in MSA was higher
and disease duration was shorter. While this reflects the faster dis-
ease progression in MSA,*” no definite conclusions can be drawn
on whether speech analysis can differentiate both diseases in early
stages. Future studies could therefore focus on speech analyses in
possible prodromal MSA.*®

Although all patients were on stable dopaminergic treatment,
it remains unclear whether speech analysis should be conducted
in the ON or OFF state. Difterences in dopaminergic respon-
siveness may confound results by affecting hypokinetic speech
characteristics, potentially impacting diagnostic accuracy by
unmasking disease-specific differences.

Furthermore, jitter and shimmer, which require high-fidelity
equipment and periodic type I or II signals, may be invalid in
patients with movement disorders due to impaired periodicity
and do not necessarily reflect voice quality in connected
speech.”’ % Further research should focus on other speech

parameters less affected by these confounders.

Conclusion

Our study provides a differential analysis of the speech character-
istics in MSA and PD. As shown here, speech analysis could be
useful in differentiating MSA from PD.
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Supporting information may be found in the online version of
this article.

File S1. The file contains additional figures and text presenting
methodological details, definitions and explanations of speech
characteristics, details of speech tasks and acoustic analysis, the
default Praat parameters, speech factor analysis, and sex-specific
analyses.

File S2. Audio file of the text reading task from a MSA patient
presenting a mixed dysarthria type characterized by hypokinetic

(hypophonia, reduced articulation precision, prolonged pauses),

ataxic (voice breaks, pitch fluctuations) and spastic/dystonic char-
acteristics (high pitch). The German text and its English transla-
tion is given in Supplemental File S1.

File S3. Audio file of the text reading task from a PD patient
presenting a hypokinetic dysarthria type characterized by typical
hypokinetic speech characteristics (hypophonia, reduced articula-
tion precision, prolonged pauses). The German text and its
English translation is given in Supplemental File S1.

TABLE S1. List of speech characteristics calculated for the dif-
ferent speech tasks.

TABLE S2. Clinical characteristics of the MSA and PD cohorts.
TABLE S3. Summary of speech characteristics findings.
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