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Abstract Changes in voice and speech are thought to
involve 75-90 % of people with PD, but the impact of PD
progression on voice/speech parameters is not well defined.
In this study, we assessed voice/speech symptoms in 48
parkinsonian patients staging <3 on the modified Hoehn
and Yahr scale and 37 healthy subjects using the Robertson
dysarthria profile (a clinical-perceptual method exploring
all components potentially involved in speech difficulties),
the Voice handicap index (a validated measure of the
impact of voice symptoms on quality of life) and the
speech evaluation parameter contained in the Unified
Parkinson’s Disease Rating Scale part III (UPDRS-III).
Accuracy and metric properties of the Robertson dysarthria
profile were also measured. On Robertson dysarthria pro-
file, all parkinsonian patients yielded lower scores than
healthy control subjects. Differently, the Voice Handicap
Index and the speech evaluation parameter contained in the
UPDRS-III could detect speech/voice disturbances in 10
and 75 % of PD patients, respectively. Validation proce-
dure in Parkinson’s disease patients showed that the
Robertson dysarthria profile has acceptable reliability,
satisfactory internal consistency and scaling assumptions,
lack of floor and ceiling effects, and partial correlations
with UPDRS-IIT and Voice Handicap Index. We concluded
that speech/voice disturbances are widely identified by the
Robertson dysarthria profile in early parkinsonian patients,
even when the disturbances do not carry a significant level
of disability. Robertson dysarthria profile may be a
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valuable tool to detect speech/voice disturbances in
Parkinson’s disease.
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Introduction

Parkinson’s disease (PD) is a multi-system disease asso-
ciated with a variety of motor and nonmotor signs [1].
Cardinal motor signs, i.e., muscular rigidity, tremor, and
bradykinesia, are thought to result, at least in part, from
loss of dopaminergic neurons in the Substantia Nigra [1].
On the other hand, axial symptoms affecting postural sta-
bility, gait, ability to rise from a chair, and posture are
probably associated with non-dopaminergic mechanisms
[1, 2]. Parkinsonian motor symptoms may impair respira-
tory, phonatory and articulatory muscles and induce voice
and speech disturbances [3—-5]. Owing to respiratory limi-
tations, PD patients may lack proper breathing support to
produce normal phrases and loudness variation. At the
phonatory level, vocal folds present reduced elongation and
limited/unstable adduction, which impacts on voice quality
and voice range profile. Finally, at the articulatory level,
speech sound imprecision and resonance imbalance con-
tribute to lower speech intelligibility. Therefore, parkin-
sonian speech is characterized by lower fundamental
frequency (low pitch voice), monopitch and monoloudness
(monotonous speech), phonoasthenia and lack of articula-
tory integrity [3-5]. Reduced message intelligibility with
lack of sound precision and lower intonation patterns may
limit communication and affect quality of life [6].
Although changes in voice and speech seem to occur in
75-90 % of PD patients [7, 8], the impact of PD
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progression on voice/speech parameters is not well defined.
A post-mortem confirmed study reported a late appearance
of dysarthria in PD patients [9]. Nevertheless, voice/speech
symptoms have been also described in early PD stages, but
their frequency has not been accurately assessed. Most
studies dealing with this issue were limited by the small
size of the samples and the characteristics of the tools used
to detect speech/voice disturbances, i.e., expert aided sys-
tems that can quantitatively measure acoustic parameters
[10-15]. Such techniques, however, are not widely avail-
able in clinical neurological settings to screen a large
number of patients. This goal can be achieved by percep-
tual voice analysis, a methodology based on listeners that
make judgement about patient’s voice parameters [7, 8,
13]. However, protocols of perceptual voice analysis are
characterized by a variable and sometimes few number of
voice parameters, which may negatively impact on the
ability of such tools to detect voice/speech changes in PD.

Owing to the lack of validated clinical scales in patients
with movement disorders and voice disturbances [18], we
tested the ability of the Robertson dysarthria profile (RDP),
a clinical-perceptual method exploring all components
potentially involved in speech difficulties [16, 17], in
detecting voice/speech change in PD patients staging <3 on
the HY scale [19], i.e., patients with early PD that would
theoretically express less severe voice/speech symptoms.
As comparison, we referred to the Voice Handicap Index
(VHI), a common validated patient-rated scale that has
been developed to determine the level of disability expe-
rienced by patients with different voice disorders [20, 21],
and to the perceptual evaluation parameter of voice (item
1) contained in the Unified Parkinson’s Disease Rating
Scale part III (UPDRS-III) [22]. Finally, the metric prop-
erties of RDP in early PD were also assessed.

Subjects and methods
Study participants

Forty-eight PD patients were consecutively recruited dur-
ing a 1-year period among those attending the outpatient
movement disorder clinic of our Department. Idiopathic
PD was diagnosed according to United Kingdom PD
Society Brain Bank criteria [23]. Only patients staging <3
on the modified H&Y scale and reaching 24 or more on
Mini Mental State Examination were enrolled. None of the
patients reported speech or language disorders unrelated to
their PD symptoms prior to the study. All patients were
under antiparkinsonian treatment. Thirty-seven healthy
controls (HC) of similar age and sex were recruited among
relatives of non-parkinsonian outpatients attending our
center during the study period. HC had no history of
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neurological or communication disorders or speech ther-
apy. Case and control subjects were not informed about the
study hypothesis and all gave consent to the study that was
approved by the local ethics committee. Evaluators were
not blinded to the case—control status, but they were una-
ware of study aims.

Data collection and assessments

Demographic data and clinical information were collected
from case and control subjects by one neurologist who was
unaware of the study hypothesis. Levodopa equivalent
daily dose (LEDD) was calculated as reported [24]. Non-
motor symptoms were checked by the non-motor symptom
scale [25]. In PD patients, clinical examination was per-
formed after at least 12 h overnight withdrawal of
dopaminergic medication before administration of the
morning dose of antidopaminergic medication, and severity
of PD motor impairment was evaluated by UPDRS-III.
Severity of non-axial symptoms was the sum of tremor,
rigidity and bradikinesia scores; severity of axial symptoms
was the sum of facial expression, arising from chair, pos-
ture, gait and postural stability scores. In both case and
control subjects, voice and speech were tested by a speech
therapist (MG) using the Italian versions of RDP [17] and
VHI [21]. RDP contains eight domains (respiration,
phonation, facial musculature, diadochokinesis, oral
reflexes, articulation, intelligibility, prosody) each includ-
ing 5-20 items evaluating subject’s ability. The rating is on
a 4-point scale and the total score ranges from 0 to 280 (the
greater the score, the better the speech performance) [16,
17]. Reliability of RDP administration was tested by a
second speech therapist approximately 10 months after the
original study. To assess interobserver reliability, the sec-
ond rater administered RDP to 9 HC subjects who had been
included in the original case—control study. To test
intraobserver reliability, RDP was administered twice (with
a period of approximately two weeks elapsing between the
two administrations) to the 9 HC subjects participating to
interobserver reliability testing and to 4 new PD patients
who were not included in the original sample. VHI is a
patient-rated scale that has been developed to determine the
level of disability experienced by patients with different
voice disorders. The complete VHI has 30 items organized
in 3 domains: a 10-item functional subscale, a 10-item
emotional subscale, and a 10-item physical subscale. The
rating is on a 5-point scale and total score ranges from 0 to
120 (score values of 30 or less indicate no disability) [20].
VHI has been translated and clinimetrically tested in sev-
eral languages including Italian [21]. In the development
and validation study performed on a heterogeneous set of
disorders, VHI proved to have good internal consistency
and test—retest reliability [20].
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Statistical analysis

Data were expressed as mean & SD unless otherwise indi-
cated. Intraclass correlation coefficients, ¢ tests, xz tests,
Spearman correlation coefficients, and linear regression
analysis were computed using Stata 11 package (Stata Cor-
poration, College Station, TX, USA). p values <0.05 were
considered to be significant. With regard to clinimetric
properties of RDP, floor and ceiling effects were evaluated
by inspecting total score distribution near to bottom/top of
the scale and considered to be acceptable if present in <15 %
of cases [26]; scaling assumptions (testing whether the RDP
items are correctly grouped) were tested by the item-total
correlation: to this aim, Spearman correlation coefficients
were computed and considered to be acceptable when >0.30
[27, 28]; internal consistency, that typically measures cor-
relations between different items on the same scale to assess
whether the items proposed for measuring the same general
construct produce similar scores, was measured by Cron-
bach’s alpha (that ranges between 0 and 1), a statistic cal-
culated from the pairwise correlations between items:
Cronbach’s alpha >0.7 indicates an acceptable level of
internal consistency [29]; convergent validity, that is the
ability of RDP to correlate with other measures of severity,
was tested by calculating the correlation between RDP and
UPDRS-III speech item. Discriminant validity (the ability of
RDP to differentiate severity from other measures) was
assessed by the correlation between RDP and the disability
scale VHI. Finally, precision of the RDP, that is the ability to
detect small differences, was assessed regarding 1 SEM of
the average total score as minimal important difference
representative of a real change [27].

Results

Demographic and clinical features of study
participants

Forty-eight PD patients and 37 HC subjects satisfied
inclusion criteria during the study period and accepted to
participate in the study. The two groups were similar for
age (67 £ 9.7 vs. 66 £ 13, p = 0.3), sex (34 men and 14
women vs. 21 men and 16 women, p = 0.2) and years of
schooling (8.1 = 4.2 vs. 9.2 + 4.7, p = 0.1). Mean age at
PD onset was 61 + 10 years and mean disease duration
was 6 = 4 years. On modified H&Y scale, 6 PD patients
staged 1, 3 patients staged 1.5, 36 patients staged 2, and 3
patients staged 2.5. All PD patients received antiparkin-
sonian medication including dopamine agonists (n 36) and/
or levodopa (n 21). Mean LEDD was 453 £ 263 mgs. The
mean UPDRS-III score was 21.5 4+ 7.8 (non-axial symp-
tom score, 19 + 18; axial symptom score, 4.2 £ 2.1).

Non-motor symptoms reported by our PD patients included
sleep disturbances (n 35), depression (n 18), autonomic
disturbances (n 30), and sensory symptoms like hyposmia
(n 42) and pain (n 27). Thirty-seven PD patients reported
medication other than antiparkinsonian drugs, mainly
including antidepressant drugs and antihypertensive drugs.

Speech/voice disturbances in parkinsonian patients

Figure 1 shows that PD patients yielded a significantly lower
mean total RDP score than HC subjects (171 £ 39 vs.
270 £ 10, p < 0.0001). Total RDP scores from individual
PD patients and HC subjects did not overlap (PD score range
41-239; HC score range 242-286). All the eight RDP
domains scored significantly lower in PD patients (Table 1).
However, the proportion of impaired PD patients was sig-
nificantly lower (p < 0.01) in the articulation than in the
prosody and phonation domains. Repeated RDP rating
yielded acceptable (>0.80) [29] inter-rater reliability (total
RDP score, ICC = 0.81, p < 0.001) and intra-rater relia-
bility (total RDP score, ICC = 0.86, p < 0.001). Finally,
5/48 patients (10 %) scored >30 on VHI and 36/48 patients
(75 %) scored >0 on UPDRS-III speech item.

Relationships between RDP
and demographic/clinical features of parkinsonian
patients

No significant correlation was found between total RDP
scoreandsex (r = —0.1,p = 0.7),age (r = —0.2,p = 0.2),
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Fig. 1 Box plots in patients with Parkinson’s disease and healthy
control subjects. Vertical solid lines (whiskers) show lower and upper
Robertson dysarthria profile scores. Box stretches from lower hinge
(25th percentile) to upper hinge (75th percentile). Median is shown as
line across each box. Outside score values are 41 in the parkinsonian
group, 242 in the healthy control group. None of the score
measurements in the parkinsonian group overlapped with values in
the healthy control group
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Table 1 Score values from Robertson dysarthria profile domains in 48 patients with Parkinson’s disease and 37 healthy control subjects

Domains contributing to the Robertson
dysarthria profile

Parkinsonian patients
(n 48)

Healthy control subjects Per cent of impaired/unimpaired

12.7 £ 4.6 (1-20)*

30.8 £ 7.9 (7-46)*

55.8 & 13 (29-80)*
22.8 £ 5.4 (12-36)*
74 £ 0.9 (4-8)*

Respiration
Phonation
Facial muscles
Diadochokinesis
Oral reflexes

Articulation 17.7 £ 3.8 (6-22)*
Intelligibility 12.3 £ 3.7 (6-21)*
Prosody 14.5 £ 4.9 (5-23)*

(n 37) parkinsonian patients (%)
18 £ 2.5 (5-20) 67/33
45 4+ 3.1 (40-48) 74/26
78.4 £+ 2.4 (71-80) 86/14
37 + 4 (33-44) 73127
27.8 + 0.4 (26-28) 100/0
20 £ 0.2 (19-20) 51/49
23.8 + 0.6 (22-24) 100/0
19.8 + 0.5 (18-20) 80/20

Values are mean £ SD; range of values is in parenthesis

* Student ¢ test: significantly different from healthy control group, p < 0.0001

Table 2 Results of
multivariable linear regression

Robertson Dysarthria profile total score vs.

Beta coefficient 95 % confidence interval )4

analysis performed in the

) : ) UPDRS-III subscore for axial symptoms —8.8 —17.5t0o —0.2 0.046
parkinsonian patients .
UPDRS-III subscore for non-axial symptoms -0.2 —0.9t0 0.6 0.6
Education (years of schooling) 3.1 —1.6to 7.7 0.2

Estimates were adjusted for age, sex, disease duration, levodopa equivalent dose, depression and medi-
cation other than antiparkinsonian drugs

PD duration (r=-0.2, p=0.1), LEDD (r= —0.1,
p = 0.6), depression (—0.1, p = 0.3), or medication other
dopaminergic drugs (r = 0.1, p = 0.4). Differently, RDP
significantly correlated with years of schooling (r = 0.3,
p = 0.046), UPDRS-III total score (r = —0.3, p = 0.03)
and UPDRS-III subscores for both axial symptoms
(r = —0.4, p = 0.01) and non-axial symptoms (r = —0.3,
p = 0.04). To check the aforementioned correlations for
possible confounding by other demographic/clinical vari-
ables, multivariable linear regression analysis was per-
formed. On multivariable modeling (adjusted for age, sex,
disease duration, LEDD, depression and medication other
than dopaminergic drugs), the relationships between RDP
and UPDRS-III subscore for non-axial symptoms and
between RDP and years of schooling lacked significance,
whereas the relationships between RDP total score and
UPDRS-III subscore for axial symptoms remained the only
significant predictor of total RDP score variance (Table 2).
The beta coefficient indicated that each 1 point increase on
UPDRS-III subscore for axial symptoms corresponded to 8.8
point decrease on RDP total score.

Clinimetrics of RDP in parkinsonian patients
The distribution of the total RDP score of the 48 PD

patients shows that subjects with scores near the bot-
tom/top of the scale did not exceed the 15 % standard (data
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not shown). With regard to scaling assumptions, item-total
correlation coefficients ranged between 0.55 and 0.81 and
were, therefore, greater than the criterion 0.30. Likewise,
the level of internal consistency was acceptable (Cron-
bach’s alpha = 0.78). With regard to the convergent
validity, no significant correlation emerged between total
RDP and UPDRS-II speech item scores (r = —0.15,
p 0.33); however, UPDRS-III speech item significantly
correlated with 4/8 RDP domains, including respiration
(r = —-0.36, p 0.02), articulation (r = —0.31, p 0.05),
intelligibility (r = —0.45, p 0.004), and prosody
(r = —0.35, p 0.03). Discriminant validity assessing the
correlation between RDP and the quality of life scale VHI
yielded a partial significant correlation between the scores
from the two scales (r = —0.38, p = 0.02). Finally, pre-
cision of the RDP scale as indicated by SEM was 6.1.

Discussion

In this sample of early PD, all patients yielded individual
RDP scores lower than those reached by HC participants.
Differently, VHI disability scale and UPDRS-III speech
item could detect speech/voice disturbances in 10 and
75 % of PD patients, respectively. This suggests that
speech/voice disturbance may be widely present in the
early stages of PD even in the absence of a consistent level
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of disability as measured by the VHI. All the eight RDP
domains scored significantly lower in the PD group than in
the HC group, thus indicating that all speech systems may
be impaired in early PD. However, the different propor-
tions of PD patients who were impaired in the various RDP
domains indicated that articulatory disorders could occur
less frequently than phonation disorders. Likewise, the
articulatory domain was less frequently reported to be
abnormal than the prosodic domain. Overall, the results of
RDP administration in our sample of early PD patients
correspond with findings from studies performing objective
methodologies for exploring voice disorders in early PD
[10, 11, 13]. On the basis of objective acoustic measure-
ments, it was demonstrated that most subjects with early
untreated PD have some form of vocal impairment [10],
voice disorders were reported to occur more frequently
than articulatory disorders [7, 8], and prosodic abnormali-
ties were found to be dominant in early PD [10].

In the parkinsonian group, multivariable linear
regression analysis yielded a significant correlation
between total RDP score and severity of axial symptoms,
whereas no significant correlation emerged between total
RDP score and severity of non-axial symptoms.
Although several studies did not find any correlation
between vocal parameters and UPDRS-III scores [10, 30,
31], recent studies suggested a link between some voice
aspects and axial motor symptoms. For instance,
imprecise vowel articulation correlated to gait dysfunc-
tion [32], a marker of axial disease progression, and
speech rate parameters correlated with axial symptoms,
at least in men [33]. Since non-dopaminergic mecha-
nisms are thought to contribute to axial PD symptoms
[2], our findings add to the results of these studies in
suggesting a contribution of non-dopaminergic systems
to speech/voice disturbances.

The lack of correlation between total RDP score and
LEDD observed in this sample is also consistent with
previous studies showing that several PD speech problems
do not predictably respond to chronic dopamine replace-
ment therapy [34, 35]. However, the relationships between
voice and speech performance and the dopaminergic sys-
tem in PD are probably much more complex. This is sug-
gested by recent observations indicating that vowel
articulation and pitch variability may benefit from both
short- and long-term dopaminergic treatment [34, 35],
whereas long-term dopaminergic therapy may lead to
increased occurrence of dysfluent words [36]. Likewise,
deep brain stimulation, a technique thought to ameliorate
parkinsonian symptoms at least in part through dopamin-
ergic mechanisms, is known to cause a variety of speech-
related side effects [37].

Validation procedure showed that the RDP has accept-
able reliability and clinimetrics. As we observed that

subjects with total score near the bottom or the top of the
scale did not exceed 15 %, we could rule out the possibility
of floor or ceiling effects [26]. Scaling assumptions were
satisfactory since item-total correlation coefficients were
greater than the criterion 0.30 [27, 28]. Internal consistency
was acceptable for a scale with a relatively small number
of items, particularly if one considers that Cronbach alpha
reflects intercorrelations between items but it is also
dependent on the number of items [29]. The partial cor-
relation between RDP and the quality of life scale VHI
[20], or the UPDRS-III speech item, a measure of speech
severity that is widely used in clinical practice [22], indi-
cates that RDP explores domains that are not considered by
other scales. Estimation of voice-associated disability is
present in the VHI but not in the RDP, while subject’s
abilities in the individual voice-associated features are not
considered by UPDRS, but contribute to RDP. Our analysis
did not detect any significant correlation between RDP and
age, sex, or disease duration, which indicates that speech/
voice disorders in early PD are probably independent of
these variables. Finally, the lack of correlation between
RDP score values and years of schooling on multivariable
linear regression analysis indicates that the results of RDP
administration to PD patients are probably unaffected by
education level.

This study has limitations. First, assessors were not
blinded to the case—control status, because it is difficult to
blind a parkinsonian patient, even in the early stages of
disease, from a normal subject. However, assessors were
unaware of the study hypothesis. Second, interobserver
reliability of RDP was assessed in a sample of HC subjects
alone. Parkinsonian patients were not tested for interob-
server reliability, because the assessment was performed
several months after the first evaluation and, in the mean-
while, substantial changes in the voice condition of PD
patients might have been occurred. However, PD patients
were included in the intraobserver reliability testing that
yielded satisfactory agreement. Finally, we did not com-
pare patients in the on and off state of therapy. It must be
stressed, however, that our patients were in the early stages
of PD and were, therefore, unlikely to fluctuate in response
to therapy.

In conclusion, our findings suggest that RDP may be a
useful tool to detect speech/voice disturbances in early PD
patients, even when these disturbances do not carry a
significant level of disability as measured by the VHI.
RDP showed a greater efficiency in detecting speech/
voice disturbances in early PD than UPDRS-III speech
item, another perceptual measure of speech/voice disorder
largely used in PD. RDP yielded acceptable reliability,
lack of floor and ceiling effects, satisfactory scaling
assumptions, and acceptable internal consistency, and
partial correlations with the disability scale VHI and with
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prior perceptual severity measure like UPDRS-III speech
item. The latter observation indicates that RDP explores
domains that are not considered by the other scales. RDP
administration is relatively easy, only requiring a brief
standardized clinical examination that lasts about 15 min
and seems to be independent of education level. RDP
may, therefore, be a valuable tool to assess voice/speech
symptoms in natural history and pathophysiologic studies
in PD.
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