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Objective: Evaluate the inﬂuence of depressive symptoms on the recognition of emotional
prosody in Parkinson’s disease (PD) patients, and identify types of emotion on spoken
sentences.
Methods: Thirty-ﬁve PD patients and 65 normal participants were studied. Dementia was
checked with the Mini Mental State Examination, Clinical Dementia Rating scale, and DSM IV.
Recognition of emotional prosody was tested by asking subjects to listen to 12 recorded statements with neutral affective content that were read with a strong affective expression. Subjects
had to recognize the correct emotion by one of four descriptors (angry, sad, cheerful, and
neutral). The Beck Depression Inventory (BDI) was employed to rate depressive symptoms
with the cutoff 14.
Results: Total ratings of emotions correctly recognized by participants below and above the
BDI cutoff were similar among PD patients and normal individuals. PD patients who correctly
identiﬁed neutral and anger inﬂections presented higher rates of depressive symptoms (p = 0.011
and 0.044, respectively). No signiﬁcant differences were observed in the normal group.
Conclusions: Depression may modify some modalities of emotional prosody perception in
PD, by increasing the perception of non-pleasant emotions or lack of affection, such as anger
or indifference.
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The nonverbal aspects of language have been deﬁned as prosody, which transmits
attitudinal, emotional, and similar information during communication. The prosodic
style of conversation is essential to express the precise meaning and the affective
context of what is trying to be said (Monrad-Krohn 1948). Emotional prosody is the
ability to understand the affective or emotional tone of speech, which is believed to be
a product of innate mechanisms, suggesting neural implementation of such processing
(Adolphs et al 2002). There is evidence that recognition of emotion from prosody is
accomplished similarly across different cultures (van Bezooijen et al 1983; Scherer
et al 2001), and appears to emerge consistently by the ﬁrst 6 years of life (Matsumoto
and Kishimoto 1983). Depressed patients may present with an inability to memorize
emotionally “enhancing” information due to an inability to access positive life events
(Moore et al 1988). Many authors also consider the mood congruence hypothesis for
depressed patients, supporting the preference to manifest and store negative information (Jorm and Henderson 1992).
PD (PD) is a neurodegenerative disorder associated primarily to degeneration of the
dopamine-producing cells in the pars compacta of the substantia nigra (Bergman and
Deuschl 2002). Cell loss in other pigmented brain stem nuclei, autonomic nuclei, and
pyramidal cells in the presupplementary cortex also occurs (MacDonald and Halliday
2002). PD diagnosis is a clinical process based on the signs of resting tremor, bradykinesia
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or slowness of movement, rigidity, and loss of postural reﬂexes
(Sethi 2002). The major problems that patients experience
after 5 years of treatment are ﬂuctuations (both motor and
nonmotor), dyskinesias, and behavioral or cognitive changes
(Witjas et al 2002), all problems that negatively affect quality
of life (Marras et al 2002). Major depression is one of the most
common psychiatric disturbances observed in PD patients
(20%–40%), and may precede the diagnosis of PD (Lieberman
2006). Depression is the most signiﬁcant predictor of quality of
life (Lauterbach 2004). Additionally, PD may affect olfaction
and verbal communication.
Olfaction is frequently impaired (Ward et al 1983), and
the olfaction testing should be considered to differentiate
PD from progressive supranuclear palsy and corticobasal
degeneration, but not PD from multisystemic atrophy
(Suchowersky et al 2006). Functional impairment of articulation, phonation, prosody and respiration may also occur
(Logeman et al 1978; Darkins et al 1988). Speech disorder
can be frequent as 89% in PD and often impacts on quality
of life (Aronson 1990). Impairment of emotional prosody
has been suggested to be present in PD patients (Borod et al
1990; Caekebeke et al 1991; Pell 1996).
The aim of this study was to evaluate the inﬂuence of
depressive symptoms on the recognition of emotional prosody
in PD patients. Types of emotion expressed on spoken sentences (anger, sadness, cheerfulness, and neutral) were also
analyzed according to the presence of depressive symptoms.

Exclusion criteria were cerebrovascular disorders, use of
antidepressants, psychiatric comorbidities (dementia, psychosis,
and anxiety), previous alcohol or drug abuse and brain trauma.
DSM IV criteria were applied for psychiatric comorbidities,
including dementia. The Mini Mental State Examination was
used to evaluate cognitive status (Folstein et al 1975; Miyasaki
et al 2006). Patients were all nondemented, as evaluated by the
Clinical Dementia Rating scale (CDR) (Hughes et al 1982;
Miyasaki et al 2006; Chaves et al 2007); they were oriented and
fully capable of themselves, and were reported by their spouses
or caregivers to not have, or only very mild, impairment in
judgment, problem solving, community affairs and life at home.
The Schwab and England scale for activities of daily living was
used for this purpose (Schwab and England 1969).
Degree of impairment due to PD was quantiﬁed using
the Hoehn-Yahr scale (Hoehn and Yarh 1967). All PD
patients were on dopaminergic replacement therapy (all
35 were taking levodopa plus carbidopa: mean oral dosage
mg/day = 563.0 ± 242.8). None of the patients were taking
anticholinergics or amantadine at the time of the study. All
patients were tested during their optimally medicated (‘‘on’’)
state. None of the PD patients presented severe dyskinesia
or resting tremor that could have interfered with testing. No
patient was also receiving antidepressants.
Sample size was based on the following parameters:
signiﬁcance of 5% (alpha error), power of 20% (beta error),
and frequency of dysprosody of 30% among PD patients.

Methods

Main outcome measure

Thirty-ﬁve PD patients and 65 normal subjects were crosssectionally analyzed over a 10-month period. The main
outcome was the recognition of emotional prosody.

Recognition of emotional prosody

Subjects
Thirty-ﬁve PD outpatients who fulﬁlled inclusion criteria
and were diagnosed and followed at the Movement Disorder Outpatient Clinic of a large University hospital in Porto
Alegre (RS, Brazil) were consecutively enrolled in the study.
An age- and sex-balanced community group (n = 65) without neurological ﬁndings or disorders affecting the central
nervous system was selected as the comparison group for
the study. Age varied from 50 to 80 years.
Inclusion criteria were diagnosis of idiopathic PD on
the basis of clinical evaluation and response to levodopa or
dopamine agonists (Gibb and Lees 1988; Hughes et al 2002),
no hearing impairment above 40 dB (checked by hearing
tests), no musical training, native Portuguese speaking, and
residing in the state of Rio Grande do Sul.
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A semantically neutral Portuguese sentence (eg, the table is
made of wood) was spoken by a female voice for each of four
different prosodic emotional descriptors: anger, sadness, happiness and neutral. Globally, subjects heard the recording play
semantically neutral sentences 12 times, with three statements
for each descriptor. Patients and normal participants could
study the modalities of emotional prosody and answers given
to the examiner for each presentation were 0 (“not at all”) or
1 (“very much”) with respect to the labels “angry”, “happy”,
“sad”, and “neutral”, according to the protocol of Breitenstein
and colleagues (2001). All participants were tested individually
in a quiet room. The sentences were recorded in a soundproof
chamber by two experienced speech pathologists.

Controlled variables
Ratings of depressive symptoms
Depressive symptoms were rated by the Beck Depression
Inventory (BDI; Beck 1987). The cutoff of 14 (Leentjens et al
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2000) was applied to identify participants with presence of
mild symptoms of depression. This standard clinical depression scale contains more questions about cognitive aspects
of depression than somatic states and symptoms; therefore,
we avoided the overlap of somatic features of depression
and those related to PD.

Ethical aspects
The study was approved by the Ethics Committee for Medical Research of the Hospital where it took place. All participants signed an informed consent before being enrolled
into the study.

Statistical analysis
Data evaluation
Group comparisons that were not normally distributed (mostly
count data) were analyzed using nonparametric evaluation
procedures (Kruskal-Wallis analyses, Mann-Whitney U-test,
and Wilcoxon matched-pairs test). Parametric variables
were analyzed by Student’s t-test for independent samples.
Categorical data were studied using contingence tables and
chi-square association test (Yates correction or Fisher exact
when necessary).

Results
Demographical and clinical data: The two groups did
not show differences in terms of age, educational level, sex
distribution, and social background (Table 1). 53% of the
whole sample completed the intermediate school. Parkinson
patients presented higher scores in the BDI than normal subjects (p = 0.001). Within PD patients, 40% (n = 14) presented
depressive symptoms (Beck ⱖ 14), while just 9% (n = 6)

of the normal individuals presented (chi-square = 13.46;
p ⬍ 0.001).
Frequency of types of emotion correctly recognized:
Table 2 displays the frequency of participants who correctly
recognized most of the emotional prosody sentences from
the study groups. Among PD patients, anger was correctly
recognized by 60% (p = 0.011) and only by 32% of normal
participants. Cheerful was correctly identiﬁed by almost half
of the normal group (46%) but only by 17% of the Parkinson’s group (p = 0.030). Sadness was recognized by 54%
of PD patients and 71% of normal participants (p = 0.125).
The neutral intonation was recognized by 69% of normal
individuals and 57% of PD patients (p = 0.650).
Relation of depressive symptoms with recognition of
emotional prosody: The total score of the emotions correctly
recognized by participants from PD and normal groups with
BDI ⬍14 were similar to scores presented by individuals
with BDI ⱖ14 (Table 3).
Of the PD patients, those who correctly identiﬁed neutral
(p = 0.026) and anger (p = 0.047) inﬂections presented higher
rates of depressive symptoms (Table 4).
No statistically signiﬁcant differences were observed on
rates of symptoms of depression related to recognize, correctly or incorrectly, different types of emotional prosody
for normal participants (Table 5).

Discussion
We evaluated the relation of depressive symptoms and
the recognition of emotional prosody in nondemented PD
patients and normal subjects. The two groups presented
similar demographic characteristics. PD patients showed
higher rates of depressive symptoms (BDI) than normal

Table 1 Demographical and clinical data of the sample
Age*
Sex**
Male
Female
Education**
Intermediate school
High school
College/University
SRQ scores
Beck Depression Inventory*
Disease duration (years)
Hoehn–Yahr scale
(Degree of impairment)
Schwab and England scale - ADL

Parkinson disease (n = 35)

Normal participants (n = 65)

p value

63.74 ± 10.20

63.62 ± 9.06

0.99

18 (51.4%)
17 (48.6%)

30 (46.2%)
35 (53.8%)

0.768

23 (65.7%)
10 (28.6%)
2 (5.7%)
6.25 ± 3.64
14.14 ± 10.51
6.94 ± 4.17 (3–17)

30 (46.2%)
25 (38.5%)
10 (15.4%)
2.71 ± 2.11
7.28 ± 4.7
−

0.131

2.06 ± 0.94 (1–4)
78.00 ± 19.60 (30–100)

−
−

−
−

0.001
0.001
−

Notes: *Student’s t test; **χ2 test (with Yates correction or Fisher’s Exact when needed).
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Table 2 Distribution (N, %) of participants (Parkinson disease and
normal participants) who correctly recognize each type of emotion
verbally expressed on sentences
Type
Parkinson disease
of emotion (n = 35)

Normal participants p value*
(n = 65)

Anger
Sadness
Cheerful
Neutral

21 (32%)
46 (71%)
30 (46%)
45 (69%)

21 (60%)
19 (54%)
23 (17%)
26 (74%)

0.011
0.125
0.030
0.650

Notes: *Pearson chi-square with Fisher’s Exact test.

subjects did. 40% of the patients presented symptoms
above the cutoff (Leentjens et al 2000). The total score
of emotional recognition was similar when we compared
the PD patients and normal participants group. However,
different types of emotion showed diverse pattern among
the groups.
Although depression is often associated with PD, little is
known about the inﬂuence of PD on recognition of emotional
stimulus. Recognition of emotional prosody was similar
between patients with and without depressive symptoms.
This was also observed in the group of normal subjects,
although fewer subjects (9%) presented depression rates
above cutoff.
Given the failure in finding a relationship between
depression and overall prosody, we studied the modalities
of emotional prosody. Analyzing types of emotion expressed
on recorded samples, we observed that more PD patients
(60%) correctly recognized anger than normal participants
did. On the other hand, the proportion of normal individuals
that correctly recognized cheerfulness was higher (46%) than
the proportion of PD patients did (17%).
Although we have not found inﬂuence of depressive
symptoms on recognition of emotional expression overall,
PD patients, who correctly identiﬁed anger and neutral inﬂections, presented higher rates of depressive symptoms. These
results suggest that depression may modify some modalities of emotional perception. Emotional experience can be
pleasant or unpleasant (eg, anger, sadness, and even lack of
affection would be unpleasant). Depression in PD patients
may increase the perception of unpleasant emotions such as
anger and indifference. It is known that clinically depressed
patients tend to see the outside world through the prism of

their interior sadness (Jorm and Henderson 1992). Apathy
and lack of interest are also frequently seen in depression
and PD patients (Lieberman 2006), and these descriptors are
intrinsically related to indifference. Happy subjects would
produce more happy meanings of happy-neutral homophones
than sad subjects, and sad subjects would produce more sad
meanings of sad-neutral homophones than happy subjects
(Halberstadt and Niedeenthal 2002). Therefore, PD depressive subjects would easily perceive expressions containing
unpleasant feelings (Moore et al 1988). Degenerative disorders of the basal ganglia, as PD, damage the recognition of
facial expression of anger (Scott et al 1984; Sprengelmeyer
et al 1996), as well as comprehension of angry intonations
(Breitenstein et al 1998). Recent data suggest involvement
of the basal ganglia in emotional processing in general, but
more speciﬁcally in complex emotional and social judgments
(judgments of attractiveness of faces by ventral striatum)
(Adolphs 2002).
Several studies with experimental animals have suggested that emotions such as fear or anger may facilitate
overt behavior in parkinsonian states (Caekebeke et al
1991). For example, an akinetic parkinsonian state has been
induced in rats following injection of hydroxydopamine, a
dopaminergic toxin, into the lateral hypothalamic region
of rat brains. When these akinetic rats were either put in
with a group of cats or in an ice bath, they became active
(Marshal et al 1976). Similar ﬁndings were demonstrated in
cats with bilateral lesions to the lateral hypothalamus. Cats
who exhibited akinesia following the lesions demonstrated
increased spontaneous locomotion with externally stimulated arousal (eg, tail pinch), as well as increased eating,
and orientation and response to somatosensory information.
Thus, exposing rats to cats, and pinching the feet and tails of
these experimental animals may increase arousal-activation
in a manner similar to that seen in people who are experiencing fear or anger.
Although prior studies have demonstrated that stimuli that
induce high levels of arousal-activation can increase overt
behaviors in hypokinetic parkinsonian animals, the reason
that subjects with PD increased their overt behavior more
than normal subjects did, when conveying events that induced
anger, is unknown. We suggest that this may be related to the

Table 3 Effect of depressive symptoms on recognition of emotional prosody (Kruskal-Wallis 1-way ANOVA)
Parkinson disease
Total prosody recognition

672

Normal participants

p value

Beck ⬍ 14 (n = 21)

Beck ⱖ 14 (n = 14)

Beck ⬍ 14 (n = 58)

Beck ⱖ 14 (n = 07)

6.29 ± 2.95 (0–12)

5.1 ± 2.46 (2–12)

6.66 ± 2.72 (1–12)

6.71 ± 1.60 (4–9)

0.549
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Table 4 Mean ± standard deviation of rates of depressive symptoms
(Beck Depression Inventory): Parkinson’s disease patients
Type of emotion
Anger
Sadness
Cheerful
Neutral

Recognition

p value*

Correct

Incorrect

16.95 ± 12.55 (21)
14.16 ± 11.00 (19)
9.50 ± 4.24 (08)
16.39 ± 11.29 (26)

9.71 ± 4.46 (14)
13.94 ± 10.57 (16)
15.41 ± 11.62 (27)
7.33 ± 3.88 (09)

0.047
0.952
0.171
0.026

Notes: *Student’s t test for independent samples. Equal variances assumed.

higher perception of unpleasant stimulus by PD patients, and
the higher the perception, the greater the reaction. Whether
those differences actually represent major depression is not
clear. Future research has to test this hypothesis.
Patients with PD often show an approximately 60%–85%
loss of dopaminergic neurons in the substantia nigra and are
typically characterized by tremor, rigidity, and bradykinesia
(Goetz 2005). Degeneration of nigrostriatal dopaminergic
pathways in patients with PD ﬁrst affects the putamen, followed by the caudate nucleus. The basal ganglia has been
implicated for emotion recognition (Gorelick and Ross 1987)
for example, those with subcortical damage to this brain
structure produced more pronounced deﬁcits in emotion
recognition than those without damage to the basal ganglia.
The putamen, in addition to various frontal cortices, has been
associated with recognizing happiness (Phillips et al 1998).
Other brain structures associated with the basal ganglia have
also been found to be involved in emotion recognition processes, including the amygdala, the insula, and the cerebellum
(Mitchell et al 2003).
The present study presents some limitations. The number
of patients, although supported by the sample calculation
for dysprosody, may not be enough for all the analyses we
carried out. On the other hand, most of the published papers
on prosody and groups of patients showed samples even
smaller than the present one and no sample size calculation to support the results. We could have performed other

Table 5 Mean ± standard deviation of rates of depressive symptoms
(Beck Depression Inventory):
Normal participants
Type of emotion
Anger
Sadness
Cheerful
Neutral

Recognition

p value*

Correct

Incorrect

7.29 ± 5.15 (44)
7.50 ± 5.16 (46)
7.00 ± 4.49 (30)
6.84 ± 5.10 (45)

7.00 ± 4.06 (21)
6.47 ± 3.81 (19)
7.37 ± 5.11 (35)
8.00 ± 4.03 (20)

0.818
0.437
0.758
0.374

Notes: *Student’s t test for independent samples. Equal variances assumed.
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testing together with the emotional prosody (ie, linguistic
prosody) to correlate to other abilities. However, there
was no reason to believe patients could have any prosodic
impairment, unless emotionally toned, because they were
cognitively normal. We performed the Mini Mental State
Exam and the CDR scale to ascertain the cognitive status
of both patients and normal participants. The main limitation of the study is the use of only one type of stimulus
(recognition of emotion from recorded voice). The use of
voice recordings could have drawn multiple prosodic cues
and precluded clear results.
Finally, it may be important for caregivers and healthcare
professionals to recognize that PD patients are more sensitive
to external emotionally unpleasant stimuli.
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