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Abstract: Background: Hearing impairments are manifestations of Parkinson’s disease (PD). We aimed to assess
central auditory processing (CAP) functions with PD and their predictors. Methods: This was a cross-sectional study.
It included 35 patients (male = 21; female = 14). The severity of PD was assessed using modified Hoehn and Yahr
Scale. The severities of depression and cognitive manifestations were assessed using Beck Depression Inventory
Il (BDI-Il) and Mini Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). Participants un-
derwent audiometry and testing of CAP using dichotic digit (DDT), duration pattern (DPT) and speech in noise (SPIN)
tests. Results: Patients had mean age at presentation of 56.66 + 11.05 yrs and mean duration of PD of 4.77 *
2.73 yrs. Among were ~69% of patients were in early stages of the disease. Compared to controls (n = 25), patients
had poor cognition [MMSE: 20.98 + 2.36, P = 0.001; MoCA: 18.41 + 3.00, P = 0.001], hearing impairment at high
frequencies (4000 HZ), higher speech reception threshold (SRT) (P = 0.001) and worse performance in DDT (P =
0.0001), DPT (P = 0.0001) and SPIN (P = 0.001). These impairments were independently correlated with cognitive
deficits (DDT: P = 0.036; DPT: P = 0.050, SPIN: P = 0.023). Conclusions: CAP dysfunctions occur in early stages of
PD. They include impairments in auditory discrimination, spatial perception, binaural integration, temporal ordering
or sequencing, and selective attention. The DDT, DPT and SPIN are useful battery measures for testing CAP with PD.
Dopamine deficiencies in PD at different auditory pathway levels including the brainstem and cortico-subcortical
levels and neurodegenerative diffuse PD pathology can be the causes of CAP impairments.
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Introduction ease duration exceeding 10 years and in up to
80% in late stages of the disease [3]. Attention

Parkinson’s disease (PD) is a common neuro- and execution functions are affected in early

logical disorder with an estimated prevalence
of 5.72 per 1000. PD is known by its triad
of motor manifestations (rigidity, bradykinesia
and rest tremors) and postural/balance distur-
bances [1]. PD also has non-motor manifesta-
tions (NMMs) which occur early in the course of
the disease or even years before the appear-
ance of motor manifestations. The most com-
mon NMMs of PD include cognitive deficits [2,
3], autonomic dysfunctions [4] and mood disor-
ders [5]. Cognitive manifestations in PD range
from mild cognitive impairment (MCI) up to
dementia (PDD). MCI has been reported in
~40% in early stages of the disease [2]. De-
mentia has been reported in ~46% with dis-

stages of the disease while episodic memory is
typically mild and presented late in the course
of the disease [2]. The pathogenesis of cogni-
tive dysfunction in PD involves loss of dopami-
nergic and non-dopaminergic neurons and
dysfunction of multiple neurotransmitters (e.g.
acetylcholine, norepinephrine and serotonin)
and pathways. Studies reported that striatal
dopamine reduction in PD causes decrease in
dopamine level in the prefrontal cortex [6, 7].
Also acetylcholine depletion is a cause of cogni-
tive dysfunction in PD. Studies reported degen-
erations of the cholinergic neurons in PD,
including the nucleus basalis of Meynert (Nbm),
medial septal nucleus (MSN), the pedunculo-
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pontine (PPN) and lateral dorsal tegmental
(LDT) (or PPN-LDT) neurons (which are brain-
stem projection neurons), and the striatal cho-
linergic interneurons) (SChls) (i.e. prefrontal
cortex and frontostriatal circuit) [7, 8].

Impairments of different perceptual functions
(visual, auditory and olfactory and somatosen-
sory) have also been reported with PD [9-11].
Impairments of peripheral and central auditory
perceptions have been reported in PD. Evidence
of peripheral hearing impairment with PD came
from the complaints of hearing loss and the
finding of abnormalities in objective hearing
tests. Studies reported higher pure tone detec-
tion threshold in screening audiometry (PTA)
[9-16] and lower amplitudes of acoustic emis-
sions (OAE) [10] in patients with PD compared
to age-matched healthy controls. Evidences for
central hearing impairment with PD came from
complaints of difficulty of hearing and under-
standing of speech particularly in noisy en-
vironments [9, 10, 17], disturbed perception of
the characteristics of one’s own and other’s
voices and speech and disturbed perception of
emotional and syntactically relevant prosody
[18, 19] and the finding of significant abnormal-
ities in the battery measures of central hearing
processing. These abnormalities included in-
creased speech reception thresholds (SRT) in
quite [11, 20] and noise [21-24], impaired tem-
poral spatial auditory processing as ordering or
sequencing [25, 26] and reduced spatial hear-
ing sensitivity in divided and selective atten-
tions [17, 27-29]. The impairment of central
auditory perception in presence of intact pe-
ripheral hearing can cause difficulty to locate
sounds, hear speech clearly, extract a meaning
from spoken sentences or messages and can
interfere with listening in noisy conditions and
poor social communication [20, 30].

The pathogenesis of auditory perceptual dys-
functions in PD has been attributed to (a)
Dopamine deficiency at different levels of the
auditory system (cochlea, brainstem and the
cortico-subcortical levels) [31]. Dopamine is a
neurotransmitter involved in sensory process-
ing. It has a modulatory role in auditory pro-
cessing. The association between hearing
function and basal ganglia dopamine trans-
porter availability supports the hypothesis that
the peripheral hearing function decline associ-
ated with dopamine depletion is involved in
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Parkinson’s disease development [32]. (b) De-
generation of auditory neural structures and
pathways at different neural levels by PD
pathology (Lewy body, a-synuclein and Tau
pathologies) [33]. (c) Degeneration of the cho-
linergic neurons by PD pathology and dysfunc-
tion of the prefrontal cortex and frontostriatal
circuit, a high-order auditory processing (i.e.
auditory cognitive perception) [34].

Few studies have been conducted on patients
with PD for assessment of central auditory per-
ception and their results were controversial.
The contradictory results preclude the need for
more clinical research work using the replicable
and available measures to test auditory pro-
cessing. Therefore, the work in this study was
aimed to (a) assess central auditory perceptual
function in a group of patients with PD using a
battery of measures for evaluation of central
auditory processing, and (b) determine the vari-
ables which were associated with central audi-
tory perceptual dysfunction.

Methods
Study settings and participants

This was a cross-sectional study. It included 35
patients (male = 21; female = 14; age range =
38-65 years) with idiopathic PD. Patients were
recruited from the out-patient clinic of the
department of Neurology and Psychiatry, As-
siut University Hospital, Assiut, Egypt. Controls
were recruited from the general population.
Inclusion criteria for patients: (1) ethnicity:
Egyptians, (2) all patients met the Movement
Disorders Criteria for PD [35], (3) age <75 years,
(4) both gender were included, (5) no manifes-
tations of dementia, (6) no history of manifest
hearing loss, and (7) cooperation during cogni-
tive and auditory testing. Exclusion criteria: (1)
>75 years old, (2) with secondary parkinsonism
or atypical manifestations or diagnosis sugges-
tive of a parkinsonian plus syndrome, (3) abnor-
mal neuroimaging of the brain, (4) with mani-
fest hearing loss, (5) with history of dementia or
other central nervous system or systemic dis-
eases, (6) with diagnosis of a psychiatric disor-
der, (7) with inner ear pathology or previous ear
surgery, previous exposure to unsafe noise, or
on regular use of known ototoxic drugs, (8) with
family history of hereditary hearing loss, and (9)
on regular treatment with memory enhancer
medications.
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This study also included 25 healthy individuals
(male = 17; female = 8) matched for age (range
= 45-60 years), gender, educational level and
socioeconomic status.

The protocol of the study was approved by the
medical research ethics committees of the
Faculty of Medicine, Assiut University, Assiut,
Egypt (ID#: AU-FM_Neuro_2020). Patients pro-
vided informed consents for participation.

Assessment

Evaluation for patients was done during the “On
Phase of Medication”.

Sample collection

Participants underwent baseline medical, neu-
ropsychiatric and audiological histories and
examinations. The collected data included de-
mographics (age, sex, educational level and
socioeconomic status), duration of PD, severity
of PD, therapeutic drugs and interventions and
comorbid medical or surgical conditions. Low
education level was defined as illiterate, could
read or had primary or secondary school and
higher education was defined as high school,
collage, etc. Evaluation of socioeconomic state
was done using the Socio-Economic Scale. Its
total scoring is 30. The levels of socioeconomic
status were classified as high (score = >25 to
<30), middle (score = >20 to <25), low (score =
>15 to <20), or very low (score = <15) [36].

Procedures

Assessment of the severity of PD

The severity of PD was assessed using the
modified Hoehn and Yahr (H & Y) Scale [37].
They include Stag 1: Unilateral involvement;
Stage 1.5: Unilateral and axial involvement;
Stage 2: Bilateral involvement without postural
instability; Stage 2.5: Mild bilateral disease
with recovery on pull test; Stage 3: Mild/moder-
ate bilateral disease and postural instability
but physically independent; Stage 4: Severe
disability but can walk or stand without assis-
tance; and Stage 5: Wheelchair bound or
bedridden.

Behavioral psychometric testing

Beck’s depression inventory-Il (BDI-Il): The se-
verity of depressive symptoms was assessed
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using BDI-Il. It is a 21-item questionnaire.
According to the scores of BDI-ll, the severity
of symptoms were classified as no/minimal
symptoms (score: 0 to 13), mild (score: 14 to
19), moderate (score: 20 to 28) or severe
(score: 29 to 63) [38].

Cognitive testing: Cognitive function was as-
sessed using the Arabic translated and validat-
ed versions of Mini-Mental State Examination
(MMSE) and Montreal Cognitive Assessment
(MoCA) test. Each took ~10-15 min to be admin-
istered. The questions of MMSE were grouped
into 7 categories to assess different domains
of cognition which included attention, concen-
tration, orientation to time and place, short-
term, long-term and verbal memory, and calcu-
lation and visuospatial skills. The maximum
score of MMSE is 30. As most participants had
low education, we deducted the two points
which test reading and writing and the MMSE
score was calculated as 28 (instead of 30).
Cognitive deficits were considered with scores
less than 22 (instead of 24). The severity of
cognitive deficits were classified into normal
(score: 22 to 28), mild (MCI) (score: 19 to 21),
moderate (score: 8 to 18) and severe (score:
<8) [39]. The tasks in MoCA included assess-
ment of visuospatial/executive function, nam-
ing, delayed memory, attention, language,
abstraction and orientation. Its total score is
30. We deducted the 5 points which test visuo-
spacial and visuoconstructive abilities and the
MoCA score was calculated as 25 (instead of
30). The severity of cognitive deficits were clas-
sified into normal (score: 20 to 25), mild (score:
12 to 19), moderate (score: 4 to 11) and severe
(score: <4) [40].

Auditory testing

Basic audiologic evaluation: This included oto-
scopic ear examination, screening audiogram
(pure tone audiometry or PTA), acoustic reflex
(Interacoustics model AC40, v.1.28, Assens
Denmark), tympanometry (200 top -400 dapa)
and speech audiometry. PTA (air conduction)
was assessed for each ear at frequencies
of 250, 500, 1000, 2000 and 4000 Hz. The
severity of hearing loss (over the whole fre-
quency range) was categorized into normal (-10
to 15 dB HL) and slight (16 to 25 dB HL), mild
(26 to 40 dB HL), moderate (41 to 55 dB HL),
moderately severe (56 to 70 dB HL), severe (71
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t0 90 dB HL) and profound (=91 dB HL) deficits
[41]. Speech audiometry included speech dis-
crimination scale (SDS) and speech reception
threshold (SRT) tests. In SDS test, the subject
was asked to understand and repeat a set of
25 monosyllables. Normal SDS was considered
if SDS score was 100%. In SRT test, the subject
was asked to repeat a list of spondaic disyllable
words, followed by subsequent reduction in the
sound intensity level. This was done to deter-
mine the lowest volume which the subject can
hear and recognize speech. SRT was consid-
ered normal if SRT was <25 dB HL [41].

Central auditory processing testing: This was
done using the Arabic validated and reliable
computerized versions of the free recall
Dichotic Digits (DDT), Duration Pattern (DPT),
and Speech Perception in Noise (SPIN) tests
(https://auditecincorporated.files.wordpress.
com/2015/03/quality.jpg; Auditec, Inc.). In ea-
ch test, the audio track from CDs was triggered
by a program written and played through a digi-
tal-to-analog converter with an amplifier con-
nected to the inputs of a clinical audiometer.
The sounds were then delivered to the listener
via insert earphones. In this work, for each
patient, tests were conducted at 40 dB above
the threshold level at which speech was detect-
able. Responses were indicated by the partici-
pant using a verbal response. Participant
responses were entered by the examining audi-
ologist using an appropriate printed score
sheet. A participant was encouraged to take
breaks, and testing was discontinued if fatigue
or frustration was evident. The DDT, DPT, and
SPIN tests were done over the course of three
separate sessions.

In DDT, we used the two-digit test. Each list of
the test contained 20 digit pairs. The subject
was asked to repeat all digits that were heard in
both ears, without specifying in which ear the
digit was heard or the order of digits’ presenta-
tion. The results were presented as the per-
centage of the correctly repeated digits from
all presented digits. The normal score ranged
from 85% to 100% [42, 43]. DDT was chosen
to assess auditory spatial perception, binaural
integration and divided attention.

In DPT, presentation was done with 1 kHz tones
in sequences of three, where each tone had
duration of either 250 millisecond (short) or
500 milliseconds (long) with 300 milliseconds
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intervals between the tones in the sequence
of the three tones. DPT test was done using
bilateral presentation. The subject was asked
to label each of the tone durations as either
short (S) or long (L) in each series, for exam-
ple, “short, long, long”. There were six possible
combinations of the three tones (SSL, LLS,
LSL, SLS, LSS and SLL). The Duration Pattern
Test (DPT) consists of 40 random sequences
of three tones. To be scored as correct, each
three-item sequence of the tones had to be
identified with the lengths in the correct order
[42, 43]. The normal score ranged from 68% to
80%. DPT was chosen to assess tasks of tem-
poral ordering or sequencing which refers to
the processing of multiple auditory stimuli in
their order of occurrence.

In SPIN test, presentation was done to each ear
using 2 lists of 25 pre-recorded sentences in
the presence of background masking speech
noise (multi-talker babble). These sentences
were reflective of real-world listening conditions
and the use of context. The test is adaptive in
that the loudness of the speech fluctuates dur-
ing the test while the multitalker babble level
remains constant. The number of correctly
identified sentences was calculated as a per-
cent correct score as average from both ears
[44, 45]. The normal score ranged from 90% to
100%. SPIN test was chosen to assess selec-
tive auditory attention. It also provided assess-
ment of some aspects of temporal processing
(e.g. the degradation of temporal aspects, as
decoding of speech signals, ordering and reso-
lution) and memory.

Statistical analysis

Data were analyzed with SPSS (IBM SPSS
Statistics for Windows, Version 20.0. Armonk,
NY: IBM Corp). Prior to statistical analyses, all
data were inspected for outliers, skewing, and
homogeneity of variance to choose appropriate
statistical tests. Data were expressed as mean
(SD). Comparative statistics were performed
using independent sample t-test. Post hoc
Bonferroni was applied to correct for multiple
variables. Correlation analyses between vari-
ables were conducted using Spearman’s corre-
lation coefficient. Regression analyses were
done to determine the variables which were
significantly and independently associated with
central auditory processing results. Univariate
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Figure 1. Demographic and clinical characteristics of patients with PD. This work included 35 patients (male = 21,
female = 14). Among were 50% had age at presentation less than 50 years old; ~63% had middle socioeconomic
state; 40% had duration of illness <3 years; and ~69% had less severe stages of the disease. Patients had mild/
moderate depressive symptoms. Mild and moderate cognitive deficits were reported in 48%-52% and 15-17% of

patients, respectively.

Analysis of Variance was done (age was fixed)
to determine the associations between scores
of DDT, DPT and SPIN tests (i.e. the dependent
variables) and demographics and clinical vari-
ables and scores of BDI-Il and MoCA (i.e. inde-
pendent variables). Variables with significance
in univariate analysis were included in the mul-
tivariate model. Significance was considered
with P<0.05.

Results
Demographics and clinical characteristics

This study included 35 patients with PD (male/
female = 1.5/1) and 25 healthy subjects.
Patients had mean age at presentation of
56.66 + 11.05 years (versus 50.32 + 8.35 for
controls, P = 0.460). They had mean duration
of PD of 4.77 £ 2.73 years (range = 1-10 years).
Many (40%) had duration of PD of less than 3
years. The majority were married (91.4%, n =
32), of low education level (80%, n = 28) and
of low/middle socioeconomic states (94.29%,
n = 33). Family history of PD was found in 27
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patients (77%). The mean score of Hoehn and
Yahr (H & Y) Score was 2.14 + 0.89. Twenty four
patients (68.57%) had less severe stages of
the disease (stages: 1, 1.5 and 2) (Figure 1).
Patients (n = 35) were on regular treatment for
at least 6 months before inclusion with levodo-
pa/carbidopa (Sinemet) with a mean dose of
604.64 £+ 57.21 mg/d (range = 275-825 mg/dl)
divided into 2 to 4 times per day.

Results of psychometric testing

None of the patients had major depression.
Sixteen patients (46%) had moderate symp-
toms of depression and 19 (52%) had mild
symptoms. None of the patients had dementia
or severe cognitive symptoms. Symptoms of
mild and moderate cognitive deficits included
feeling of distraction, difficulty to accomplish
tasks, problems in concentration on conversa-
tions, difficulty in switching tasks and trouble
recalling information but more readily recalling
when given cures or choices.

Mild cognitive impairment (MCI) was reported
in 48% (n = 17) (by MMSE) and 52% (n = 12) (by
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Table 1. Results of PTA at different frequencies, speech audiometry, tympanometry and acoustic
reflex of the studied groups

Patients (n = 35)

Controls (n = 25)

Variables PTA P-Value
AC: Reception Threshold (dB HL) AC: Reception Threshold
Right Ear Left Ear (dB HL)

250 HZ 20.00-55.00 (27.65 + 8.81) 20.00-50.00 (28.57 + 8.45) 15.00-30.00 (23.45 + 6.02)
Normal 15 (42.86%) 12 (34.29%) - P1:0.350
Slight 12 (34.29%) 16 (45.71%) - P1:0.350
Mild 8 (22.86%) 7 (20%) -

500 HZ 20.00-55.00 (30.15 + 10.55) 20.00-50.00 (31.14 + 9.40) 20.00-40.00 (28.30 + 6.35)
Normal 12 (34.29%) 10 (28.57%) - P1:0.288
Slight 15 (42.86%) 18 (51.43%) - P2:0.326
Mild 8 (22.86%) 7 (20%) -

1000 HZ 10.00-65.00 (32.50 + 10.75) 15.00 - 60.00 (32.86 + 10.45) 10.00-40.00 (30.68 + 8.24)
Normal 18 (51.43%) 16 (45.71%) P1:0.350
Slight 11 (31.43%) 10 (28.57%) P2:0.320
Mild 6 (17.14%) 9 (25.71%)

2000 HZ 20.00-70.00 (42.35 + 16.11) 20.00-70.00 (40.86 + 14.88) 20.00-55.00 (38.80 + 10.56)
Normal 6 (17.14%) 8 (22.86%) P1:0.328
Slight 13 (37.14%) 13 (37.14%) P2: 0.268
Mild 16 (42.11%) 14 (40%)

4000 HZ 20.00-100.00 (45.56 + 21.86) 25.00-100.00 (50.29 + 19.37) 20.00-50.00 (40.60 + 12.45)
Normal 0 0 - P1:0.032
Slight 0 0 - P2:0.018
Mild 28 (80%) 32 (91.43%) -
Moderate 7 (20%) 3(8.57%) -

. Speech audiometry, tympanometry and acoustic reflex
Variables - P-Value
Right Ear Left Ear

SDS 56.00-100.00 (86.66 + 13.02) 56.00-100.00 (92.056 + 12.94) 92.00-100.00 (95.25 + 5.20)
Normal (100%) 5 (14.3%) 5 (14.3%) - P1:0.328
Mild (85-95%) 12 (34.29%) 13 (37.1%) - P2:0.258
Moderate (70-80%) 12 (34.29%) 11 (31.4%) -
Poor (60-70%) 6 (17.1%) 6 (17.1%) -

SRT 10.00-60.00 (52.00 + 8.03) 10.00-60.00 (55 + 6.67) 10.00-45.00 (20.00 + 3.43)
Normal (21-40 dB) 6 (17.1%) 3(8.6%) - P1:0.001
Moderate (41-70%) 29 (82.9%) 32 (91.4%) P2:0.001

Tympanometry Type A (100%) Type A (100%) Type A (100%) -

Acoustic Reflex
Normal 14 (40%) 14 (40%) 25 (100%) -
Absent 21 (60%) 21 (60%) -

SDS, Speech Discrimination Scale; SRT, Speech Reception Threshold. Significance, P1: right ear of patients versus controls, P2: left ear of patients versus controls.

MoCA) and moderate cognitive impairment was
reported in 15% (n = 5) (by MMSE) and 17% (n
= 6) (by MoCA). Normal scores were reported in
37% (n = 13) (by MMSE) and 31% (n = 11) (by
MoCA). Cognitive testing showed that patients
had significant lower global cognitive scores
compared to controls (P = 0.001) [Patients:
20.98 + 2.36, range: 8-26 by MMSE and 18.41
+ 3.00, range: 4-22 by MoCA versus controls:
25.07 + 2.00, range: 22-28 by MMSE and
20.97 + 3.24, range: 16-25 by MoCA]. There
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was concordance between the results of MMSE
and MoCA tests. Also there was a significant
positive correlation between MMSE and MoCA
scores (P = 0.0001) (Figure 1).

Results of audiology testing
The results of PTA recorded from each ear at
different frequencies, speech audiometry, tym-

panometry and acoustic reflex were shown in
Table 1. It showed that patients had significant
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Figure 2. Results of auditory processing testing. Compared to controls, patients with PD had significantly lower sores
in Digit Dichotic test (DDT) (P = 0.0001), Duration Pattern test (DPT) (P = 0.0001), and Speech In Noise test (P =

0.001).

shift in hearing thresholds at high frequencies
(4000 HZ) compared to healthy controls. All
had type A tympanometry and 60% (n = 21)
had bilateral absent acoustic reflex. No signifi-
cant differences were found in SDS scores in
patients compared to controls. Patients had
significantly higher SRT compared to controls (P
=0.001).

Compared to controls, patients had significant-
ly lower scores in DDT (P = 0.0001), DPT (P =
0.0001), and SPIN tests (P = 0.001) (Figure 2).
Each patient had abnormalities in at least two
of the battery tests. Twelve patients (34.29%)
had DDT scores ranged from 40% to 55% and
23 (65.71%) had DDT scores ranged from 60%
to 80%. Thirty patients (85.71%) had DPT scor-
es ranged from 30% to 45% and 5 patients
(14.29%) had DPT scores ranged from 50% to
55%. Twenty one patient (60%) had SPIN scores
ranged from 40% to 55% and fourteen (40%)
had scores ranged from 60% to 90%. No signifi-
cant differences in demographics, clinical and
audiologic (peripheral and central) characteris-
tics in relation to gender or age groups.
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Comparative statistics between patients with-
out and with cognitive deficits

No significant differences were identified be-
tween patients without (n = 13) and with (n =
22) cognitive deficits in demographics, clinical
characteristics, PTA, SDS score, SRT and scores
of DDT, DPT and SPIN tests.

Results of correlation analyses

They were as follow: (a) increasing age was sig-
nificantly correlated with high scores of H & Y,
BDI-II scores, and SRT levels and low MMSE
and MoCA scores, (b) high scores of H & Y were
significantly correlated with increasing age,
high BDI-II scores and low MMSE and MoCA
scores, (c) low MMSE and MoCA scores were
significantly correlated with increasing age,
high scores of H & Y and BDI-II. (d) Significant
correlations were identified between scores of
MMSE and MoCA, (e) high SRT values were sig-
nificantly correlated with increasing age and
low SDS scores (Table 2). (f) Significant corre-
lations were identified between low scores of
DDT, DPT and SPIN tests and increasing age,
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Table 2. Correlation analysis between demographic and clinical variables

Duration

Right  Left  Right Right

AZS  fiiness HaMdY BDHI - ops sps srr srr MMSE
Age
Correlation Coefficient -
Sig. (2-tailed) -
Duration of lliness
Correlation Coefficient -0.178 -
Sig. (2-tailed) 0.307 -
Modified Hand Y
Correlation Coefficient 0.570 0.265 -
Sig. (2-tailed) 0.0001 0.124 -
BDI-II
Correlation Coefficient 0.669 0.117 0.668 -
Sig. (2-tailed) 0.0001 0.504 0.0001 -
Right SDS
Correlation Coefficient -0.136  0.442 0.133 0.025 -
Sig. (2-tailed) 0.437  0.008 0.445 0.885 -
Left SDS
Correlation Coefficient -0.157 0.437 0.135 -0.062 0.954 -
Sig. (2-tailed) 0.369  0.009 0.439 0.724  0.0001 -
Right SRT
Correlation Coefficient 0.422  -0.090 0.180 0.430 -0.555 -0.609 -
Sig. (2-tailed) 0.012 0.607 0.300 0.010 0.001 0.0001 -
Left SRT
Correlation Coefficient 0.331 -0.098  0.082 0.325 -0.559 -0.568 0.903 -
Sig. (2-tailed) 0.052 0.576 0.640 0.057 0.0001 0.0001 0.0001 -
MMSE
Correlation Coefficient -0.634  0.145 -0.412 -0.540 -0.025 0.037 -0.168 -0.141 -
Sig. (2-tailed) 0.0001 0.406 0.014 0.001 0.888 0.835 0.334 0.421 -
MoCA
Correlation Coefficient -0.754 0.095 -0.571 -0.633 0.041 0.052 -0.290 -0.309 0.685
Sig. (2-tailed) 0.0001 0.586 0.0001 0.0001 0.815 0.768 0.091 0.070 -0.309

Modified H and Y staging scoring; Modified Hoehn and Yahr staging score; BDI-Il, Beck’s Depression Inventory-Il; SDS, Speech
Discrimination Scale; SRT, Speech Reception Threshold; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive

Assessment.

high H & Y scores, high BDI-Il scores, high SRT
values and low MMSE and MoCA scores. (g)
Significant correlations were identified between
scores of DDT, DPT and SPIN tests (Table 3).

Results of regression analyses

Univariate analysis between scores of DDT,
DPT and SPIN tests and demographics, clini-
cal variables, SDS scores, SRT values, BDI-II
scores, MoCA scores showed that only scores
of MoCA test (DDT: P = 0.036; DPT: P = 0.050,
SPIN: P = 0.023) and higher SRT values (DDT:
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P = 0.048; DPT: P = 0.050, SPIN: P = 0.043)
were significantly and independently associat-
ed with lower scores in DDT, DPT and SPIN
tests (Table 4).

Discussion

This work was conducted to evaluate central
auditory perception in group of patients with
PD. Previous studies which assessed central
auditory function in patients with PD were few
and their results were contradictory. In this
study, we examined a homogenous group with
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Table 3. Correlation analysis between scoring of different central auditory processing testing and
demographics, clinical, psychometric and auditory variables

DDT DPT SPIN
Testing Correlation Coefficient Correlation Coefficient Correlation Coefficient
(Sig. 2-tailed) (Sig. 2-tailed) (Sig. 2-tailed)
DDT - 0.968 (0.0001) 0.947 (0.0001)
DPT 0.968 (0.0001) - 0.930 (0.0001)
SPIN 0.947 (0.0001) 0.930 (0.0001)
Age -0.583 (0.0001) -0.587 (0.0001) -0.540 (0.001)

Duration of iliness

0.247 (0.153)

Modified H and Y scoring -0.375 (0.027)
BDHI -0.557 (0.001)
SDS

Right side 0.012 (0.946)

Left side 0.100 (0.567)
SRT

Right side -0.386 (0.022)

Left side -0.291 (0.090)
MMSE 0.587 (0.0001)
MoCA 0.616 (0.0001)

0.259 (0.134)
-0.427 (0.011)
-0.546 (0.001)

0.020 (0.910)
0.089 (0.611)

-0.321 (0.060)
-0.252 (0.145)
0.630 (0.0001)
0.643 (0.0001)

0.178 (0.305)
-0.417 (0.013)
-0.504 (0.002)

0.093 (0.594)
0.174 (0.318)

-0.470 (0.004)
-0.394 (0.019)
0.558 (0.0001)
0.635 (0.0001)

Data are presented as correlation coefficient (significance [2-tailed]). DDT, Dichotic Digit Test; DPT, Duration Pattern Test; SPIN,
Speech Intelligibility in noise; BDI-Il, Beck’s Depression Inventory-Il; SDS, Speech Discrimination Scale; SRT, Speech Reception
Threshold; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment.

PD. They were assessed during the “on phase
of medication”. Most were in their 4" and 5%
decades of life and in early stages of PD and
40% had short duration of the disease (<3
years). The results of psychometric and au-
ditory tests of patients with PD were compar-
ed with age-matched healthy subjects. In this
study, we evaluated peripheral hearing and
cognition before testing central auditory pro-
cessing to exclude patients with significant
hearing loss or cognitive deficits which could
influence the results of central auditory pro-
cessing. Examination of peripheral hearing was
done using screening PTA. It showed that the
majority of patients had mild hearing impair-
ment at 4000 HZ compared to healthy controls.
There were no differences in PTA results in rela-
tion to age, gender or severity of PD. Previous
studies reported subclinical hearing loss in
patients with PD at high frequencies (4000-
8000 HZ). Some studies reported high rates of
peripheral hearing loss in early-onset PD [10,
12, 24], while others reported high prevalence
of increased pure-tone hearing thresholds in
elderly patients with PD [9, 11, 13, 15]. It has
been suggested that these abnormalities indi-
cate dysfunction of the basal cochlea. The
increased hearing loss in elderly with PD has
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been suggested to be due to the combined
effects of an age-related sensorineural hear-
ing loss (SNHL) or presbycusis and the neuro-
pathological changes of PD. Presbycusis in-
cludes loss of basal cochlear hair cells [9, 11,
13, 15]. It has been shown that dopaminergic
neurotransmission involve many levels for au-
ditory processing in response to auditory stimu-
li. These levels include the cochlea, auditory
brainstem, midbrain, thalamus, and cortex [14,
46]. The lateral olivocochlear (LOC) efferents
release dopamine in response to different stim-
uli which protect the cochlea from the gluta-
mate excitotoxic damaging effect caused by
auditory overstimulation. These efferents syn-
apse on the inner hair cells (IHCs) of the cochlea
[46, 47]. Studies which assess peripheral hear-
ing using otoacoustic emission (OAE) analysis
reported reduced OAEs amplitudes of in pa-
tients with PD compared to healthy controls
[10, 26]. The OAE analysis reflects the function
of OHCs of the cochlea. The increase in OAEs
amplitude after dopaminergic medications sup-
port the incrimination of dopamine in dysfunc-
tion of the cochlear OHCs. The medial olivo-
cochlear (MOC) efferents do not release
dopamine.
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Table 4. Univariate analysis model between scoring of central
auditory processing testing and demographics, clinical character-

istics and other audiometric variables

nitive function. However, many
memory clinics and neurolo-
gists use both MMSE and

Sum of Mean

MoCA tests to screen cogni-

Squares Square F Significance tion. Both are brief. MoCA test
DDT is also more sensitive and pick
Corrected Model ~ 7216.835°  248.856 2.940  0.116 up more deficits compared to
MMSE (e.g. in working memory

Intercept .034 .034 .000 0.985 . - .
and executive and visuspatial
Duration of iliness 11.872 11.872 .140 0.723 functions). Our results showed
Hand Y scoring 98.585 98.585 1.165 0.330 that ~50% of patients with PD
BDI-II 3.237 3.237 .038 0.853 had MCI which is consistent
MoCA 458.196 458.196 6.414 0.036 with many studies [2, 3, 7].
SDS 22.980 22.980 272 0.625 Imaging studies revealed that
SRT 574.192 574192  6.784 0.048 the early dopaminergic uptake
DPT changes within frontal struc-
Corrected Model ~ 6592.237°  227.319  3.020  .110 tures (i.e. frontostriatal circuit)
Intercept 022 022 .000 0.987 are C{,'t'ca:c to t,COg“'t"(’je tﬁ”,d
Duration of iliness .357 357 .005 0.948 execu |ve. unction -an er
compromise can be the cause
Hand Y scoring 39.874 39.874 .530 0.499 of cognitive impairment in
BDHI 10.711 10.711 142 0.721 carly stages of PD [2, 7.
SDS 43.278 43.278 .575 0.482 also related to loss of choliner-
SRT 487.719 487.719 6.486 0.050 gic neurons in the nucleus
SPIN basalis of Meynert [8]. Atten-
Corrected Model ~ 6126.738°  211.267  2.360 172 tion deficits are related to both
Intercept 956 956 011 0922 cholinergic dysfunction [8] and
Duration of illness 011 011 .000 0.992 doD?m'”e,rg'C tpa,thOphys'O't‘,"
H and Y scoring 31.549 31549 352  0.579 gy. Impairments in semantic
BDLII 3107 3107 035 0.860 verbal fluency, visuospatial
) ) : ) : ability and working memory
MoCA 412.651 412.651 7.610 0.023 are related to the involvement
SRT 419.181 419.181 6.683 0.043 posterior cortical area by the

R Squared = .945 (Adjusted R Squared = .623). °Age is a fixed factor. DDT,

PD pathology [2, 7].

Dichotic Digit Test; DPT, Duration Pattern Test; SPIN, Speech Intelligibility in noise;

Modified H and Y staging scoring; Modified Hoehn and Yahr staging score; BDI-II,
Beck’s Depression Inventory-Il; SDS, Speech Discrimination Scale; SRT, Speech
Reception Threshold; MMSE, Mini-Mental State Examination; MoCA, Montreal

Cognitive Assessment.

The MOC efferents synapse on the OHCs of the
cochlea. It has been suggested that the syn-
apses between the LOC and MOC may explain
the modulatory effect of dopamine on OHCs
[46]. Others suggested that changes the OAEs
abnormalities can be the result of PD patho-
logy and the dopamine deficiency in the lower
brainstem [10, 26].

In this study, cognition was assessed using
both MMSE and MoCA tests. MMSE is the most
commonly used bedside test for screening cog-
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In this study, we assessed cen-
tral auditory perception using
a battery of tests which includ-
ed SRT, DDT, DPT and SPIN. In
this study, testing of speech
perception in quite was done by SRT test of
speech audiometry [48, 49]. In general, there
are number of tests which were constructed to
assess different patterns of central auditory
processing. Each test has different degree of
difficulties and shows good sensitivity and
specificity to determine the pattern(s) of the
central auditory processing impairment [50]. It
has been indicated that the diagnosis of cen-
tral auditory processing should not rely on a
single test but require a battery of objective
measures which target different patterns of
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central auditory processing including auditory
identification, auditory discrimination, temporal
processing and binaural processing. The DDT,
DPT and SPIN tests were chosen to assess cen-
tral auditory processing because (a) they are
commonly used in clinical applications for eval-
uation of central auditory processing. (b) They
are relatively simpler tests than others and
have high sensitivity, specificity, and test-retest
reliability to detect central auditory system in
diseases with documented brain pathology, i.e.
being abnormal only in patients with document-
ed brain pathology and normal in healthy con-
trols [51]. (c) They have been found to be resis-
tant to mild-to-moderate high-frequency SNHL
[52, 53] and mild cognitive deficits [54]. (d) The
standardized Arabic reliable and validated
versions of the three tests are available. (e)
Tasks for these tests involve different patterns
of central auditory processing including audito-
ry discrimination, auditory identification, audi-
tory spatial perception, binaural integration
and divided attention; temporal ordering or
sequencing, selective auditory attention, the
degradation of temporal aspects (as decoding
of speech signals) and auditory memory.

In this study, patients had significantly higher
SRT compared to healthy controls. Higher SRT
was correlated with increasing age and SDS
scores. Previous studies reported that patients
with PD frequently had impaired SRT and poor
word identification compared to healthy con-
trols [11, 20]. Troche et al. [20] reported that
patients with mild to moderate stages of PD
had decreased ability to notice small changes
in the amplitudes of pure tones. This was
marked for perceptually small intensity differ-
ences (e.g. 6 dB), but not for large intensity dif-
ferences (e.g. 12 dB). Vitale et al. [11] evaluat-
ed 45 patients with PD and 45 age-matched
healthy controls using SRT and word recogni-
tion scores (WRS) tests. The authors reported
the followings: (a) Patients with PD had similar
levels of high frequency SNHL as the healthy
controls. (b) ~50% of patients required higher
levels of stimulus intensity to correctly repeat
half of the presented words (RT ear in PD =
37.0 + 12.9, versus 29.9 + 13.22 for controls;
Left ear for PD = 39.2 + 14.14 versus 29.3 +
16.9 for controls). (c) Patients also had more
errors in WRS compared to controls (49% for
PD versus 78% for controls). (d) Impairments in
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SRT and WRS were correlated with higher H & Y
scores. In contrast, some studies did not find
differences between PD and healthy controls in
measurements of speech in quiet [18, 55-57].

In this study, the dichotic listening task series
of double-digit pairs (two digits at a time) pre-
sented to both ears simultaneously using head-
phones (i.e. free recall DDT). The conventional
modes of DDT are (a) the free recall test: this
dichotic listening requires the ability to use
spatial cues in one auditory localization task.
The latter requires binaural integration and is
also referred as the free recall or divided atten-
tion (free recall condition). Binaural interaction
almost occurs simultaneously at the levels of
the superior olivary complex, the nuclei of the
lateral lemniscus and the inferior colliculus;
and (b) the directed left and directed right DDT,
in which the subject reports only the two digits
presented to the directed ear. This dichotic lis-
tening task requires binaural separation and is
also referred as directed attention or selective
allocation attention (right/left ear recall condi-
tion) [58]. In this process, the auditory input
from either ear crosses over to the contralater-
al cerebral hemisphere, with ipsilateral inputs
being automatically inhibited. Neuroimaging
analysis during application of dichotic listening
tasks for testing directed attention revealed
associated activity in the primary auditory corti-
ces, posterior superior temporal gyri, inferior
parietal lobules and inferior and medial frontal
gyri. They observed that activation of the su-
perior temporal gyrus, planum temporale, and
the inferior parietal lobules were predominantly
involved in stimulus selection; the medial fron-
tal regions were involved in initiation of behav-
ioral responses, and inferior frontal guri were
involved in sustained behavioral activity [59].

In general, dichotic listening tasks are among
the most widely used behavioral tests for evalu-
ation of central auditory processing. They have
been incorporated in almost all of the models
and test batteries for auditory central process-
ing. The most commonly used dichotic para-
digms are Staggered Spondaic Word (SSW)
test, Dichotic Sentences, Dichotic Sentence
Identification and Dichotic Words [60].

In this study, we applied the free recall mode
of DDT. The reported scores in age-matched
healthy controls were ranged from 85% to
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100% (versus 60% to 80% for PD). Patients
with PD reported poor discrimination of digits
and higher number of incorrect responses
compared to their age-matched controls (P =
0.0001). Previous studies which applied digit
listening tasks reported that patients with PD
had significantly lower number of correct
responses, increased number of incorrect re-
sponses, impaired discrimination of target
words and abnormalities in laterality index
(right/left ear recall condition) compared to
age-matched healthy controls [17, 27, 28].
Richardson et al. [27] reported that the majori-
ty of patients with PD (68.75% or 11/16) had
lower number of correct responses and/or the
laterality index in dichotic presented word pairs
compared to healthy controls. Sharpe [28, 29]
evaluated dichotic listening in 14 patients with
PD. They were in H & Y stage | to Il and had a
mean duration of PD of 4.2 years. The dichotic
task consisted of word pairs either contained
the target word or a phonemic distractor paired
with a phonetically unrelated word. The patients
were studied in either a divided attention mode
[28] or a selective attention mode [29]. In the
divided attention mode, patients with PD dis-
criminated significantly less target words com-
pared to healthy control [27]. In the selective
attention paradigm, patients discriminated si-
milar percentage of target words as healthy
controls in the attended ear. The authors ob-
served that patients performed more false pos-
itive errors to phonemic distractor stimuli pre-
sented in the unattended ear compared to
controls but the difference did not reach a sig-
nificant level between the two groups [28]. The
authors reported a comparable right ear advan-
tage in patients with PD which was a similar
finding in healthy controls [27, 58]. In general,
normal-hearing subjects demonstrate a right-
ear advantage (REA) [58]. Lewald et al. [17]
investigated patients with PD using a dichotic
pure-tone pulses as sound stimuli. They did 20
practice trials prior to data collection. The
authors did differences in inter-aural time (fol-
lowing a quasi-periodic order) for the sound
stimuli between trials. Sound images evoked
by these stimuli appeared inside the head,
along the line joining the right and left ears. The
authors instructed a subject to response to the
sound stimuli by pressing a right or left key with
respect to median plane of the head. The
authors observed significant reduction of the
acuity of sound lateralization in PD compared
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to controls. They also observed that the differ-
ence in the recorded inter-aural time was ~2
times longer for PD than healthy controls. It has
been suggested that the poor performance in
DDT in patients with PD may reflect the overall
reduction in the speed of mental processing
due to a potential role of the basal ganglia
in spatial hearing functions. In contrast, some
studies did not find differences between PD in
different stages of the disease and healthy con-
trols in measurements for a task using 1-3 dich-
otic listening tests that probe auditory divided
attention [13, 27, 59-61].

In this study, the listening task in DPT was to
discriminate sounds and characterize the
sequences of three tones, one of which dif-
fered from the other two in the sequences by
being either longer or shorter. DPT is used to
test sound discrimination and temporal order-
ing or sequencing which refers to the process-
ing of multiple auditory stimuli in their order of
occurrence. The pattern perception is the result
of interaction between the right hemisphere,
the transfer through the corpus callosum and
the sequencing and verbal labeling in the left
hemisphere. The correct pattern perception
requires intact right and left hemispheres and
intact inter-hnemispheric connection which is
important to codify duration patterns. If one of
the hemispheres is not working appropriately,
the conduction of information through the cor-
pus callosum to the other hemisphere is im-
paired [62, 63]. Attention and memory are
also required for the correct response in DPT.
Auditory memory is a process that allows
acoustic information to be obtained, stored
and archived. It is the function of the anterior
temporal region, including hippocampus, amyg-
dala and frontal lobe [64]. In this study, we
observed that the scores in DPT were lower in
both patients as well as healthy controls com-
pared to scores in DDT and SPIN tests. This
reflects the greater complexity of DPT than DDT
and SPIN test. The reported scores in age-
matched healthy subjects were ranged from
68% to 80% (versus 30 to 50% for PD). Pa-
tients performed worse than age-matched con-
trols in DPT (P = 0.0001). They had difficulty
to identify the order of the three tones and
increased number of incorrect responses [25,
26]. Lopes et al. [26] evaluated 34 patients
with PD at H & Y stage I to Il. The authors report-
ed that younger patients (age 42-64 years old)
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had more difficulty to identify the order of a
sequence of three pure tones (e.g. LSS) com-
pared to healthy controls. The authors did not
observe this finding in older patients with PD.

In this study, the SPIN task was series of sen-
tences that were pre-recorded with a noisy
background and the subject was instructed to
repeat them verbally. Some authors used word
(WIN) instead of sentences (SPIN) to test
speech perception in noise. In WIN, the subject
is asked to repeat a list of words presented in
noise. Both WIN and SPIN tests are used to
assess selective auditory attention which me-
ans to select relevant auditory information and
suppress irrelevant signals for the task at hand
[65]. Repeating sentences instead of words
involve multiple auditory perceptual issues
other than selective attention including recog-
nition versus recall, temporal processing (as
decoding of speech signals and ordering) and
memory [65]. Decoding of speech signals re-
fers to phonemic detection and recognition. It
is a function of posterior area of the left tempo-
ral lobe area. The results of WIN and SPIN tests
are examples of interaction between the pre-
frontal cortices (BA9, BA10, prefrontal cortical
areas, and BA46, middle frontal cortex) and
auditory association cortices (BA22, a portion
of Wernicke’s area). In clinical practice, SPIN
test is commonly used as a prognostic factor
in rehabilitation of hearing aids and cochlear
implant recipients, particularly those without
severe memory deficits. In this study, the score
of SPIN in healthy controls was 90% to 100%
(versus 40% to 90% for PD). Patients with PD
performed worse than age-matched controls in
SPIN test (P = 0.001). They showed inability to
understand and repeat sentences. Few studies
evaluated speech intelligibility in noisy environ-
ment for patients with PD and found that pa-
tients encountered troubles to perceive and dif-
ferentiate between auditory cues and to under-
stand speech particularly in presence of com-
peting stimuli [21, 23, 24]. Jose et al. [24]
evaluated 29 patients with PD (age = 65.8 £
8.3 years; duration of PD = 5.2 + 4.0 years).
They reported that 58.6% (n = 17) with normal
PTA and did not have hearing complaints had
abnormal Hearing in Noise test (HINT). Among
were 65% (n =11 or 11/17) had duration of PD
less than 4 years. The authors found no signifi-
cant correlation between hearing deficits and
cognition.

94

Some studies also reported that in noisy con-
ditions, patients with PD expressed increased
vocal loudness in speech intelligibility testing
[22]. In contrast, some studies reported no sig-
nificant differences between patients with PD
and healthy controls in WIN test [11, 13].

Most of the above mentioned studies evaluat-
ed patients with PD in early stages of the dis-
ease and all were on dopaminergic medication
during examination. Most of the above men-
tioned studies did not consider the effect of
disease progression or the effect of dopaminer-
gic medication on speech processing in degrad-
ed listening conditions. We suggest that the
contradictory results might be due to differ-
ence in selected patients (e.g. early versus
advanced disease stages) and varying me-
thodologies and tasks of measurements for
auditory processing (e.g. tones, consonant-
vowels, digits, words or sentences, etc.).

The results of this study indicated that patients
in early stages of PD had central auditory per-
ceptual impairments regardless of age, periph-
eral hearing impairment or cognitive deficits.
The deficits in dichotic listening and temporal
ordering could both be related to abnormalities
of bilateral auditory cortex and inter-hemispher-
ic function, as well as abnormalities in the
brainstem by PD pathology and related neu-
rotransmitters’ disturbances. It has been indi-
cated that DPT is more likely to be due to abnor-
mal in brainstem lesions [14, 46]. The deficits
in speech intelligibility in noise could be related
to the dysfunction of the prefrontal areas and
auditory association cortices by the disease
process [62].

The results of this study showed that only lower
scores in cognition were significantly associat-
ed with lower scores of central auditory pro-
cessing. Previous studies indicated that central
auditory processing is linked to cognition. This
is supported by the followings: (a) there was an
interaction between attention, hearing percep-
tion and higher-level cognitive processing (i.e.
auditory cognitive perception) [53, 64, 66]. The
interaction of prefrontal cortices with auditory
association cortices (BA22) is an excellent de-
monstration of prefrontal executive function
and the global cognitive tasks [67]. (b) Neur-
opsychological and imaging studies have indi-
cated that the frontal cortical regions of the
brain and their links with the basal ganglia are
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critical to executive function and attention [64].
(c) It has been indicated that there is neuro-
chemical reciprocity between dopamine in the
prefrontal cortex and striatum and different
cognitive functions are linked to distinct opti-
mum levels of dopamine [68, 69]. (d) Studies
indicated that auditory processing predicts
cognitive decline and auditory deficits have
been proposed as early risk markers of demen-
tia [70, 71]. (e) It seems that there is bidirec-
tional correlation between cognitive deteriora-
tion and auditory perceptual disorders [64, 71].
Previous studies (cross sectional and prospec-
tive) reported significant correlation between
poor performance on dichotic listening tests
and cognitive decline in patients with PD [17].
Dichotic listening requires attention, short-term
memory and executive function and impair-
ment of any of these cognitive domains results
in defective speech recognition ability [72, 73].
On the other hand, it has been suggested that
adults who perform poorly on dichotic mea-
sures should be screened for cognitive impair-
ment [71]. Furthermore, the discrimination of
subtle differences in the duration and frequen-
cy of syllables (tasks DPT and speech intelligi-
bility and comprehension) are influenced by
sustained auditory attention, executive func-
tions and auditory associative function which
may be impaired in PD [11, 64]. (f) It has been
indicated that patients with untreated hearing
loss can rely on auditory perceptual processing
to determine some cognitive processes as
working memory. On the other hand, progres-
sive cognitive deterioration may occur in pa-
tients with auditory processing disorder which
can be due to exhaustion of cognitive reserves
[66].

Researchers believe that hearing impairment
may not only be an early indicator of PD but
also contribute to cognitive decline and social
withdrawal, both of which can exacerbate PD
symptoms. They also believe that there is a
potential link between hearing loss and an
increased risk of Parkinson’s [16]. In the recent
study of Readam et al. [14], the authors ana-
lyzed the biomedical database of 159,395 sub-
jects in UK, who had previous hearing test for
the ability to detect speech in noise and had no
PD. They analyzed the data of 810 subjects
over a follow up period of ~14.24 years from
the same subjects but developed PD. The
authors revealed that the risk of incident
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Parkinson’s increased with baseline hearing
impairment [hazard ratio: 1.57 (95% Cl: 1.018,
2.435; P = 0.041)] and there was 57% increa-
se in risk for developing PD for every 10 dB
increase in Speech Reception Threshold (SRT).
The authors concluded that hearing loss might
be an early sign of PD and therefore, the impor-
tance of early detection of hearing loss with PD
and its proper management.

The work may have clinical and research impli-
cations. We highlight that maintaining hearing
health (prevention of hearing deterioration,
support and care) is an important issue for
patients with PD. Because (i) hearing loss often
develops gradually and in early stages of PD,
making it easy to be overlooked or mistaken as
cognitive deficits or other neurological issues,
(ii) there is no definitive way to prevent hearing
loss in patients with PD, (iii) Patients with PD
have greater risk of adverse health outcomes
associated with negative effects of untreated
hearing loss, and (iv) Hearing impairment is a
potentially modifiable risk factor for cognitive
decline in patients with PD. Maintaining hearing
health in patients with PD can be accomplish-
ed through: (a) Ear protection including limiting
exposure to loud noises (whether at work or
during leisure activities) and the use of ear-
plugs or earmuffs in noisy environments. (b)
Avoid using ototoxic medications. (c) Regular
hearing evaluations: Early detection of hearing
difficulties can play a crucial role in helping PD
patients to maintain quality of life, cognitive
function, and overall well-being. Routine periph-
eral and central hearing screenings should be
integrated into the standard care for patients
with PD using standardized and replicable hear-
ing tests and provision of prompt interventions
(such as hearing aids and/or other assistive
listening devices, auditory rehabilitation and
pharmacotherapies and supplements) if ne-
cessary. Rehabilitation can include improved
comprehension of conversations through me-
dia programs and services, amplification via
hearing aids, cochlear implants, or other devic-
es. Supplements include vitamin B, lipoic acid,
coenzyme Q10, ginco biloba and others [74,
75]. Future researches are needed to investi-
gating the common underlying mechanisms of
hearing loss in PD and other neurodegenera-
tive movement disorders. This could lead to the
identification of novel therapeutic targets that
address both motor and auditory symptoms.
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Limitations of the study

This study had limitations which include: (1) the
small sample size: this could be explained by
the long list of inclusion and exclusion criteria.
Many patients were excluded as being elderly,
in advanced stages of the disease, had comor-
bid medical conditions, on multiple drug thera-
pies for treatment of PD among were drugs
which greatly compromise cognition [36]. Also
many patients did not tolerate multiple auditory
testing and did not complete the battery test.
(2) The lack of a comparative drug-naive of
patients or who were “off phase medications”
to distinguish the patterns of cognitive deficits
and auditory perceptual dysfunctions due to
the disease itself versus the response or the
effect of dopaminergic medications. In clinical
practice, it seems difficult to recruit a good
number of drug-naive patients. Also examining
the patient during the off medication is difficult
for ethical concerns (e.g. increased symptoms,
manifestations of weaning off, motor fluctua-
tions, etc.).

Conclusions

Results of this study indicated that central
auditory perceptual dysfunctions can occur in
early stages of PD and independent to periph-
eral hearing loss or cognitive impairment. In
some patients, they may occur before MCI. The
DDT, DPT and SPIN are useful battery mea-
sures for testing central auditory functions in
patients with PD. We recommend screening for
central auditory perceptual function in early
stages of PD. They may help in patients’ man-
agement (i.e. pharmacotherapy for hearing im-
pairment, or auditory rehabilitation) and may
slow or prevent progressive cognitive decline.
Dopamine deficiencies in PD at different audi-
tory pathway levels (including the brainstem
and cortico-subcortical levels) and the diffuse
PD neurodegenerative pathology, are the ca-
uses of central auditory processing impair-
ments.
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