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Prosody and levodopa in Parkinson’s disease

Prosddia e levodopa na doenca de Parkinson
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ABSTRACT

Objective: Research is scarce regarding the use of prosodic parameters in the expression of attitudes in Parkinson’s disease (PD). The pur-
pose of this study was to evaluate the parameters used in prosodic expression of attitudes in individuals with idiopathic PD and the effect of
levodopa on these parameters. Method: We studied the use of levodopa in 10 individuals with idiopathic PD during the “off” and “on” periods,
and 10 individuals without neurological abnormalities. Results: PD patients showed lower frequency measurements and longer duration
measurements. The levodopa caused reduction in the duration parameter. Conclusion: PD patients use prosody to express their attitudes in
the same way as controls in both off and on periods. However, when attitudes are not taken into account, levodopa is effective in improving
the duration parameter.
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RESUMO

Objetivo: A literatura € omissa quando questionada sobre o emprego dos parametros prosédicos na expressao das atitudes em parkinsonia-
nos. O objetivo do presente estudo foi avaliar os pardmetros prosédicos empregados na expressao de atitudes em individuos com doenca de
Parkinson (DP) idiopatica e a interferéncia da levodopa sobre esses parametros. Método: Foram estudados 10 individuos com DP idiopética,
em uso de levodopa, nos periodos off e on e 10 individuos sem alteracoes neurolégicas. Resultados: A DP faz com que os parkinsonianos
apresentem menores medidas de frequéncia e maiores medidas de duracao. A levodopa provocou reducéao no parametro duracéo. Conclu-
sao: ADP nao faz com que o sujeito use sua prosédia para expressar as atitudes de forma diferente do grupo controle, em ambos os periodos,
offeon.No entanto, quando nao sao levadas em consideracao as atitudes, observamos que a levodopa foi eficiente em melhorar o parametro
de duracao.

Palavras-chave: doenca de Parkinson, acUstica da fala, levodopa, voz.

Parkinson’s disease (PD) involves motor impairment cha-
racterized by muscle rigidity and bradykinesia'* reflecting
changes in voice and speech characteristics, marked by weak
vocal intensity, low frequency modulation and imprecise
articulation, with a detrimental effect on verbal communi-
cation in 70-90% of individuals®. These changes often affect
speech intelligibility and can lead to a misinterpretation of
the intention of PD patients, contributing to social isolation
and negatively affecting their quality of life’.

The literature contains few studies that deal with pro-
sodic aspects of speech of PD patients and research is scarce

regarding the effect of the use of prosodic parameters in the
expression of attitudes. One study® found reduced variability
of fundamental frequency (F,) in linked speech of individuals
with idiopathic PD (IPD). Levodopa is the most effective drug
for treating IPD®. In theory, all PD patients are treated with
levodopa, which is converted into dopamine®. In addition to
improving the symptoms of PD, levodopa is also associated
with a decrease in the mortality rate of this population®.

In terms of voice and speech parameters, studies have
reported the effect of levodopa on increasing F '°, melodic
variation'” and vocal intensity' after its administration, in
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addition to an improvement in speech intelligibility, type of
voice and speech rate, which became faster after levodo-
pa administration’®. Some authors® observed a positive
influence of levodopa in controlling airflow during phona-
tion, in spite of observing no significant increase in respira-
tory volume or vocal intensity. Other authors' also found a
statistically significant increase in the maximum duration of
phonation, due to the administration of levodopa. Another
study® reported the efficacy of the drug in reducing the de-
gree of vocal tremor in patients with IPD and the elimination
of tremor in some cases. However, some studies'*'” found a
modest effect of this drug on prosodic aspects of parkinso-
nian speech, as only a few prosodic variables had changed
after its use.

The aim of this study was to evaluate the prosodic para-
meters used in expression of attitudes of certainty and doubt
in individuals with IPD and the interference of levodopa in
improving these parameters. It is noteworthy that we found
no studies in the literature that evaluated this issue.

METHOD

This study was approved by the Ethics Committee in Re-
search of the Universidade Federal de Minas Gerais. The indi-
viduals involved signed a consent form approving their par-
ticipation in the research.

DEVELOPMENT OF A CORPUS

We selected 10 individuals with IPD who were currently
using levodopa: five males, 59-88 years old (average 70.8 years)
and five females, 59-75 years old (average 67.4 years). In
addition, we selected a control group (CG) comprising 10 in-
dividuals without neurological abnormalities: five males,
61-75 years old (average 69.8 years) and five females, 60-73
years old (average 66.4 years).

All individuals were submitted to neurological asses-
sment (to identify and rule out possible significant hearing
loss because of its impact on vocal quality) and larynx
evaluations (in order to observe possible organic patholo-
gies). For the neurological assessments, in the IPD group we
selected those who had had a diagnosis of IPD (according to
the Brain Bank of the British Parkinson’s Disease Society')
and who were at stage 2-3 on the Hoehn and Yahrscale®. In
the CG group, selected individuals had normal neurological
evaluations.

Individuals who met the above selection criteria under-
went corpus recording in a sound-treated room, for subse-
quent acoustic analysis. Individuals were asked to pronounce
three sentences - “I closed the window”, “T won the pot™ and
“Tbought cinnamon” - in four different ways: expressing atti-
tudes of certainty (AC) and doubt (AD), and declarative (DM)
and interrogative (IM) modalities. The use of these modalities
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enabled a comparative study between DM and AC modalities
and between IM and AD modalities; in the first pairing we
can observe a downward melodic pattern, while in the latter
pairing we can observe an upward melodic pattern®*.

With regard to the production of sentences, a context was
added by using the induction method so that the vocal pro-
duction could be as natural as possible. Spontaneous speech,
although ideal, cannot be studied in a comparative way.
Thus, individuals were asked to pronounce the sentences
previously presented on cards, embedded in a specific con-
text, speaking in the most natural way possible.

The corpus was recorded on a Sony Digital Audio Tape
(DAT) player/recorder, model PCM-M1,l using a Lesorn Hd-74,
cardioid (unidirectional) headset microphone laterally posi-
tioned 2” (5 cm) from the mouth of the speaker.

The CG conducted their recording (of approx. 15 minutes)
in a single session, while the IPD group underwent recording
in two phases: initially, after abstention of the use of levodo-
pa for a period of 12 hours (“off”) and then (part of the same
corpus) one hour after administration of the drug (‘on”).
Therefore, this group was divided into two: individuals with
PD outside the effect of levodopa (“off ") and individuals with
PD under the effect of levodopa (“on”).

The corpus recording of each IPD patient was carried out
on the same day, meaning that the individual underwent the
recording in the off state, then took the levodopa medication
and, after an hour, recorded the corpus in the on state. The
recordings were always done in the mornings.

PARAMETERS OF THE ANALYSIS

Acoustic analysis was performed using a WinPitch® acous-
tic analysis program, version 1.8 (Philippe Martin, Toronto,
Canada) and VoxMetria® version 2.0, which allowed the ana-
lysis of acoustic/prosodic parameters of F, intensity and
duration.

The F parameters analyzed were: higher value of F of
the nuclear tonic syllable (NT), lower value of F of NT; am-
plitude of NT melodic variation, higher value of F, of the un-
stressed pretonic syllable (immediately preceding nuclear
tonic syllable) (APT); lower value of F of APT; amplitude of
APT melodic variation; higher value of F| of the utterance;
lower value of F of the utterance; utterance composition;
rate of change of NT melodic variation; rate of change of
APT melodic variation; initial F| of the utterance (taken in
the middle of the vowel [e] of the word “I"); F  of the APT
(taken in the middle of the vowel [a]; the APT); F of the NT
(taken in the middle of the vowel [E], the NT); and final F  of
the utterance (taken in the middle of the vowel [a] of the last
word). Regarding the duration parameter we analyzed: NT
length; APT length; total length of the utterance; start time
of the APT; and start time of the NT. The intensity analysis



involved the following parameters: maximum intensity of
the utterance; minimum intensity of the utterance; intensity
variation during the emission of the utterance; and utteran-
ce intensity average. The intensity measurements and the
composition measurements (F, variability) were recorded
using a VoxMetria® program and the other measurements
were recorded using a WinPitch® program.

The analysis of the variables was subdivided into three
groups:

(1) CG off vs PD off: to verify any changes that occurred in the
use of prosodic parameters due to PD;

(2) CG on vs PD on: to examine whether the administration of
levodopa minimizes, or even eliminates, the damage caused
by the PD in the expression of attitudes through prosody;

(3) PD offvs PD on: to verify whether the administration of le-
vodopa influences the use of prosodic parameters in the
expression of attitudes in the parkinsonian patients.

The statistical analysis was performed using Minitab
software (Minitab, PA, USA). We performed a statistical F
test, using a significance level of 5%, in order to determine
possible differences between the groups and between the
modalities and attitudes.

RESULTS

For all variables in the study, we first checked whether
there was a statistically significant difference between males
and females - as observed in the second column of Tables

1-3. If a significant difference existed, the variable was ana-
lyzed separately by gender, as can be seen in the last column
of the tables, where the values for males and females were
presented separately.

When comparing the groups CG off vs PD off; CG on vs PD
on, and PD off vs PD on, there was no statistically significant
difference between the attitudes and modalities (DM x AC
and IM x AD), as observed in the first column of Tables 1-3.
Therefore, all utterances for all three groups were analyzed
together, not taking into account attitudes, as initially
proposed.

In the CG off vs PD off group, there was a statistically
significant difference between males and females regarding
the melodic variation extent of NT and APT, and the rate
of change of NT melodic variation, utterance length and
average of utterance intensity (Table 1).

The variables of the F  parameter that showed a statisti-
cally significant difference between CG off and PD off were:
NT melodic variation extent, APT melodic variation extent
in females, composition of utterance, and rate of change of
the melodic variation of NT and APT. All these variables were
higher in the CG.

Regarding the duration parameter, there was a statisti-
cally significant difference regarding the duration of NT and
ATP, with a longer utterance length in males. For all these
variables, the duration was shorter in the CG. For inten-
sity measurements, only the average of utterance intensity
in males was statistically significant different between the
groups, being lower in the CG.

Table 1. Significance values (p) when comparing attitudes & modalities and males & females, and their average and respective
standard deviation and significance value (p) in the comparison of data between CG off and PD off.

p-value Average and standard deviation
Variables i -value
modaliies remalentn O Pooft

Amplitude of NT melodic variation (Hz) 0.75 0.00" 80.32+59.18 30.40+27.83 0.00" ()
40.20+29.64 1711+£12.30 0.00" (m)
Amplitude of APT melodic variation (Hz) 0.11 0.05" 22.65+27.56 18.43+7.90 0.02" (f)
14.29+16.85 11.7049.50 0.65 (m)

Utterance composition (Hz) 0.41 0.74 139.86+62.82 90.76+59.96 0.00"

Displacement presence of the NT (%) 0.30 0.10 19.17+39.53 25.86+43.98 019
Rate of change of NT melodic variation (Hz/ms) 0.91 0.04" 0.46+0.33 0.16+0.14 0.00" (f)
0.29+0.21 0.10+0.09 0.00" (m)

Rate of change of APT melodic variation (Hz/ms) 0.07 013 0.22+0.25 0.12+0.10 0.00"

NT duration (ms) 0.76 0.27 150.46+37.60 190.50+77.55 0.00"

APT duration (ms) 0.81 0.22 85,72+22,04 119.04+£59.59 0.00"
Utterance duration (ms) 0.71 0.00" 1,308.90+209.20 1,327.40+401.20 0.99 (f)
1,140.20+272.20 1,561.90+634.90  0.00" (m)

Intensity variation during the utterance (dB) 0.55 0.55 41.66+5.56 40.42+5.20 0.07
Utterance intensity average (dB) 0.93 0.00" 83.24+7.05 82.87+7.75 0.98 (f)
81.57+5.66 86.19+5.14 0.00" (m)

Prolonged vowel intensity average [a] (dB) — 0.11 86.84+8.40 81.95+8.86 0.99

APT: unstressed pretonic syllabe (immediately preceding nuclear tonic syllable); CG: control group; PD: Parkinson’s disease; NT: nuclear tonic syllable.
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Table 2. Significance values (p) when comparing attitudes & modalities and females & males, and their average and respective
standard deviation and significance value (p) in the comparison of data between CG on and PD on.

p-value Average and standard deviation
Variables i -value
odaliies fomaestn @ Poon~ °
Amplitude of NT melodic variation (Hz) 0.85 0.00" 80.32+59.18 27.55+25.02 0.00" (f)
40.20£29.64 16.85+9.56 0.00" (m)
Amplitude of APT melodic variation (Hz) 0.06 0.04" 22.65+27.56 10.33£5.89 0.00" (f)
14.29+16.85 12.96+9.36 0.84 (m)
Utterance composition (Hz) 0.36 0.87 139.86+62.82 81.88+48.50 0.00"
Displacement presence of the NT (%) 0.35 0.08 19.17+39.53 2417+42.99 0.58
Rate of change of NT melodic variation (Hz/ms) 0.97 0.01° 0.46+0.33 0.15+0.12 0.00" (f)
0.29+0.21 0.12+0.07 0.00" (m)
Rate of change of APT melodic variation (Hz/ms) 0.06 0.01 0.26+0.29 0.11+0.07 0.00" ()
017017 0.15£0.11 0.88 (m)
Duration of the NT (ms) 0.09 0.64 150.46+37.60 150.40+44.00 0.99
Duration of the APT (ms) 0.80 017 85.72+22.04 94.15+19.20 0.00"
Duration of the utterance (ms) 0.18 0.00" 1,308.90+209.20 1,117.30+170.00 0.00" ()
1140.20+272.20 1,132.60+265.70 0.99 (m)
Intensity variation during the utterance (dB) 0.32 0.74 41.66+5.56 39.42+5.01 0.00"
Utterance intensity average (dB) 0.57 0.00" 83.24+7.05 82.15+7.37 0.78 (f)
81.57+5.66 89.12+4.90 0.00" (m)
Prolonged vowel intensity average [a] (dB) — 0.09 82.40+6.42 85.63+7.15 0.57

APT: unstressed pretonic syllabe (immediately preceding nuclear tonic syllable); CG: control group; PD: Parkinson’s disease; NT: nuclear tonic syllable.

Table 3. Significance values (p) when comparing attitudes & modalities and males & females, and their average and respective

standard deviation and significance value (p) in the comparison of data between PD off and PD on.

p-value Average and standard deviation
Variables i -value
odaliies fomatestn PO Poon °
Amplitude of NT melodic variation (Hz) 0.85 0.66 23.98+22.68 22.20+19.61 0.44
Amplitude of APT melodic variation (Hz) 0.90 0.39 12.66+8.64 11.62+11.62 0.43
Utterance composition (Hz) 0.99 0.81 90.76+59.96 81.88+48.50 0.29
Displacement presence of the NT (%) 0.98 0.95 25.86+43.98 2417+42.99 0.77
Rate of change of NT melodic variation (Hz/ms) 0.88 0.29 0131012 0141010 0.52
Rate of change of APT melodic variation (Hz/ms) 0.86 0.59 0.12+0.10 0.13+0.09 0.48
Duration of the NT (ms) 0.96 017 190.50+77.55 1560.40+44.00 0.00"
Duration of the APT (ms) 0.86 0.05" 110.84+35.99 96.82+18.92 0.31(f)
128.40 +77.60 91.38+19.27 0.00" (m)
Duration of the utterance (ms) 0.30 0.03" 1,327.40+401.20 1,117.30+£170.00 0.02"(f)
1,561.90+634.90 1,132.604+265.70  0.00" (m)
Intensity variation during the utterance (dB) 0.83 0.21 40.42+5.20 39.42+5.01 0.13
Utterance intensity average (dB) 0.77 0.30 84.53+6.75 85.63£7.15 0.18
Prolonged vowel intensity average [a] (dB) — 0.97 81.95+8.86 84.31+8.21 0.45

APT: unstressed pretonic syllabe (immediately preceding nuclear tonic syllable); CG: control group; PD: Parkinson’s disease; NT: nuclear tonic syllable.
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Tables 1-3 illustrate the significance values obtained after
analyzing the variance (ANOVA), comparing; attitudes and
modalities, males and females in each group, average values,
and respective standard deviation and significance values.

In the CG on vs PD on group, statistically significant re-
sults were found regarding the F in terms of: the extent of
NT melodic variation, the extent of APT melodic variation
in females, composition of the utterance, and rate of change
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in NT melodic variation in both sexes, and in APT in fe-
males. All these variables were higher in the CG. Regarding
the duration parameter, there was a statistically significant
difference between groups for the duration of APT and utte-
rance in females; both of these variables were lower in the
CG. With regard to the intensity parameter, differences in
intensity variation during utterance were statistically sig-
nificant; intensity was higher in the CG and in the average



intensity of utterance in males, and higher in PD on. The
above data are shown in Table 2.

In the PD off vs PD on group, the F and intensity para-
meters showed no statistically significant difference. Re-
garding the duration parameter, there was a statistically sig-
nificant difference for NT duration, APT duration in males
and utterance length. All variables were lower in PD on. The
above data are shown in Table 3.

DISCUSSION

Comparing CG off with PD off; we observed that the va-
riables related to the F  parameter that were statistica-
lly different between the groups showed lower values in PD
off- These findings corroborate with other studies'®”** that
found lower amplitude of NT melodic variation in individuals
with PD, giving speech a monotonous quality. The same stu-
dies show a lower rate of change of NT melodic variation in
PD off compared with CG regarding the emission of short de-
clarative utterances. Probably, this finding is due to the fact
that PD patients present with bradykinesia, so the slowing of
the vocal tract muscle reflects a slowing of the melodic varia-
tion of the segments. Some studies®***
vocal composition in controls compared with PD patients.
These findings correlate with the monotonous speech of PD
patients found in this study. Durations were significantly
higher for individuals with PD. This can also be explained by

bradykinesia and difficulty in controlling air flow?**>%,

also reported a higher

Comparing CG off with PD off, we found lower average
intensity of utterance in males. However, the literature®* in-
dicates reduced vocal intensity in PD patients. One study™
reported that, in males, the intensity variation during the
emission of short declarative utterances was lower for the
PD off group. 1t is believed that these discrepancies are due
to methodological issues, because the corpus does not re-
present spontaneous speech, but induced speech, leading to
an artificial speech situation where speakers seek to improve
their speech unconsciously, interfering with some results.

Comparing CG on and PD on, the variables of the F
parameter were higher in CG. These findings negate the
hypothesis that the use of levodopa would cause PD patients
to obtain similar values to controls. However, they concur
with one study'® that also verified the inefficiency of levodopa
in improving the PD F variables. This reinforces the concept
that levodopa seems to be relevant only in improving dura-
tion, as it acts on bradykinesia'®'®. However, some authors®
found higher F, measurements in PD patients after adminis-
tration of levodopa compared with controls.

Regarding utterance duration, the result differed from
that expected in females, with longer duration of utterance
in PD patients compared with controls. However, another
study indicated that levodopa may cause an exacerbated

increase in speech rate, possibly compromising speech intel-
ligibility. In males, duration of both NT and utterance showed
no statistically significant difference between PD on and CG,
clarifying that the similarity of the NT duration in PD and CG
was due to the use of levodopa. However, we observed a lon-
ger APT duration in PD on, demonstrating that, contrary to
expectations, even after the administration of levodopa, PD
patients maintained a longer APT duration, favoring a slower
pattern emission.

The average of utterance intensity was significantly lower
in CG males compared with PD on males, contradicting the
hypothesis that levodopa would cause intensity increase in
PD patients, though keeping it below the intensity found in
the CG. The variation in intensity during the emission of the
utterances, as expected, was higher in controls, negating the
hypothesis that levodopa would lead to equalization in in-
tensity levels between the groups, supporting the literature®.

Comparing PD off and PD on, only duration measure-
ments presented a statistically significant difference, show-
ing shorter duration in PD or, in agreement with the findings
of other studies'®". It is believed that this is because levodo-
pa therapy attenuates bradykinesia, reducing the duration of
speech segments during its period of action. However, ano-
ther study" indicated that F, measurements were also signifi-
cantly higher after levodopa administration.

Concerning intensity, an analysis® of the effect of le-
vodopa therapy on breathing and phonation in PD patients
showed no significant increase in vocal intensity as a func-
tion of levodopa, but another investigation' found that the
vocal intensity of PD individuals tends to increase after le-
vodopa therapy.

Motor deficits in PD may potentially improve through
medication and surgery, but voice and speech are only par-
tially responsive to drug therapy®*.

The fact that this research has not shown any statistically
significant difference between DM and AC, and between IM
and AD, confirms that the manner in which a PD patient uses
prosody to express his/her attitudes does not differ from the
way in which a control uses prosody, even after administra-
tion of levodopa.

CONCLUSION

By analyzing the prosodic parameters used in expression
of attitudes of certainty and doubt in the IPD patients evalu-
ated in this study, and the effect of levodopa on improving
these parameters, we observed that the PD patients use pro-
sody to express their attitudes in the same way as the control
group, with respect to the prosodic parameters. However, we
cannot rule out that this finding may have been influenced by
the methodology used, more specifically by the analysis of an
induced speech form that was not spontaneous speech. On

Luciana Lemos de Azevedo et al. Parkinson: prosody and levodopa

839



the other hand, individuals with IPD showed lower F mea-
surements and higher duration measurements, due to the
administration of levodopa, which led to a reduction in the
length of the utterances. This demonstrates the role of the

drug in improving acoustic duration. However, even after the
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