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Abstract

Background Sensorial non-motor symptoms (NMSs) in Parkinson’s disease (PD) still lack appropriate investigation in
clinical practice.

This study aimed to assess if and to what extent auditory dysfunction is associated with other NMSs in PD and its impact
on patient’s quality of life (QoL).

Methods We selected patients with idiopathic PD, without other concomitant neurological diseases, dementia, or diagnosis
of any audiological/vestibular disease. Demographic and clinical data were collected. Patients underwent otoscopic exami-
nation, audiological testing with pure tone audiometry (PTA) and distortion product otoacoustic emissions (DPOAEs) and
completed Non-Motor Symptoms Scale (NMSS) and Parkinson’s Disease Questionnaires-39 (PDQ-39). ANCOVA and
partial correlation analysis have been used for statistical analysis.

Results 60 patients were enrolled and completed PTA and DPOAESs. 32 patients with hearing impairment (HI), assessed
by PTA, (hearing threshold >25 dB) showed similar disease duration, motor impairment, and staging, compared to patients
without HI, but higher scores both in NMSS and in PDQ-39, except for cardiovascular (CV), gastrointestinal (GI), urogenital
(U) and sexual function (SF) of NMSS. In addition, DPOAEs showed a significant correlation with higher scores both in
NMSS and PDQ-39, except for CV, SF, GI, U and perceptual problem subdomains of NMSS.

Conclusion This study demonstrated that PD patients with HI have a greater burden of NMS and lower related QoL and
functioning. Our results highlight the importance to reconsider HI as a NMS, in parallel with the others. HI evaluation, even
in asymptomatic patients, may reveal a wider pathology with a worse QoL.
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Introduction

Parkinson's disease (PD) is the second most common neu-
rodegenerative disease, affecting more than 5 million peo-
ple worldwide, with a further marked tendency to grow.
Indeed, PD showed the highest increase in prevalence
among neurological disorders between 1990 and 2015,
and it’s estimated to double over the next 20 years [1]. For
this reason, the need to stratify the pathology, identifying
any subtypes and prognostic factors of the disease, is more
and more pressing.

Nowadays, PD is considered a neurodegenerative multi-
systemic syndrome, characterized by progressive motor
impairment and a large spectrum of non-motor symptoms
(NMSs).

Motor signs are commonly known to be bradykinesia,
rest tremor, postural disturbances, and rigidity. Non motor
features include a wide range of symptoms such as hypos-
mia, sensory symptoms, gastrointestinal and autonomic
dysfunction, psychiatric features (e.g., depression, anxiety,
psychosis), pain and fatigue, sleep disorders, and mild-
to-severe cognitive impairment, many of which disabling
and with a great impact on patient’s quality of life [2, 3].

Some NMSs like Rem behaviour disorders (RBD), con-
stipation, hyposmia and depression may appear more than
a decade before the onset of motor symptoms [4], charac-
terizing the prodromal phase of the disease. Other NMSs
develop and worsen as the disease progresses [5]; they
also can sometimes fluctuate in the same way as motor
symptoms, becoming more severe in “off state”’[3]. In the
last decades, research on NMSs has grown because of their
potential role in early diagnosis and in understanding the
pathogenesis of PD, as well as affecting the overall burden
and the prognosis of the disease. The Lewy bodies (LB),
pathological hallmarks of PD, have been found in other
regions different from substantia nigra, such as myenteric
plexuses, brainstem, and cerebral cortex [6, 7]. According
to Braak’s hypothesis [8], their presence, distribution and
progression are related to the appearance and severity of
NMSs in the natural history of the disease. Moreover, not
all NMSs underlie a dopaminergic dysfunction, but other
neurotransmission pathways may be involved.

Among NMSs, the sensorial ones, which include pain,
olfactory disturbances, and visual and auditory dysfunctions
are often underestimated and untreated in clinical practice,
although they may negatively impact patient quality of life
[9]. Aetiopathogenesis and the features of these symptoms
have not yet been fully clarified. Focusing on the auditory
system, literature supported evidence of hearing impairment
in PD [10, 11], although this finding has rarely been corre-
lated with non-motor symptoms [12] and their association
with clinical features still needs to be well defined [11, 13].
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Hearing loss has been investigated through various means
of testing, involving both peripheral pathways, that is, at the
cochlear level [13—15], and central processing [12, 16, 17].

In our previous research, we focused on auditory dys-
function in PD [14, 15], showing worse hearing function in
PD patients than controls; indeed, we found differences in
multiple frequency bands of pure tone audiometry (PTA).

In this scenario, the present study aimed to investigate
the possible correlation between auditory dysfunction — as
shown of using PTA and distortion product otoacoustic
emissions (DPOAE)—and the presence of other NMSs in a
large cohort of PD patients.

Indeed, our purpose is to know if and to what extent
auditory dysfunction is associated with a wider non-motor
involvement in PD, with implications for the overall burden
of disease and patients’ quality of life (QoL).

Methods
Patients selection and clinical evaluation

Patients were recruited during scheduled visits, from outpa-
tients with PD afferent at the Movement Disorders Center of
the Neurological Clinic of the University of Rome “Tor Ver-
gata” between March 2019 and June 2021. All patients met
the Movement Disorders Criteria for PD [18]; PD diagnosis
was confirmed by at least two board-certified neurologists.

We excluded patients with other concomitant neurologi-
cal diseases, psychiatric features, or any form of dementia
(MMSE < 25). In line with the study design, patients are also
required to have no history of any hearing loss (hereditary or
acquired), previous head trauma or any diagnosis of audio-
logical/vestibular disease. Patients with chronic exposure to
noise, previous or current use of ototoxic drugs, presence of
otosclerosis, tympanic perforation or severe comorbidities
that may have interfered with the hearing function (hyper-
tensive crisis, severe diabetes, peripheral vascular disease)
were excluded. Patients younger than 50 years or older than
79 years were excluded, to limit the effect of age on audi-
tory function.

Patients who met inclusion criteria underwent a pre-
liminary neurological evaluation, followed by audiological
anamnesis and otoscopic examination: motor impairment
was assessed by Movement Disorder Society-Unified Par-
kinson’s Disease Rating Scale (MDS-UPDRS) Part III and
disease progression by Hoehn and Yahr (H&Y) staging. All
patients maintained their regular therapy and we tested them
during “on state”. Levodopa equivalent daily dose (LEDD)
was collected for each patient.

At baseline, the NMSs spectrum was assessed, for
all patients selected, by the NMSs scale [19], while the
quality-of-life aspects were scored by Parkinson’s Disease
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Questionnaires-39 (PDQ-39) [20]. In the NMSs scale,
non-motor manifestations are divided into nine domains:
cardiovascular, sleep/fatigue, mood/cognition, perceptual
problems/hallucinations, attention/memory, gastrointestinal,
genitourinary and miscellany symptoms.

PDQ-39 includes questions concerning mobility, activi-
ties of daily living, emotional well-being, stigma, social sup-
port, cognition, communication, and bodily discomfort; each
one is represented in one of the eight different dimensions.

Audiological testing

After the clinical evaluation including audiological history
and otoscopy, patients underwent PTA, with stimulation
frequencies ranging from 125 to 8000 Hz. For each patient,
we took into consideration the mean hearing thresholds of
both ears considering frequencies from 500 to 4000 Hz, as
such frequency range is the most associated with human
speech perception and according to the American Academy
of Otolaryngology and American Council of Otolaryngol-
ogy (AAO-ACO) guidelines, which define hearing loss as a
mean hearing threshold of 25 dB or higher at the aforemen-
tioned frequencies.

Patients were then tested of using DPOAESs detection.
DPOAEs are low-level sounds generated in the organ of
Corti, in response to a selective auditory stimulation with
two frequencies, fl and f2. The main tones produced by
intermodulation nonlinear distortion as a result of that stimu-
lation are called distortion products and can be detected in
the outer ear canal with a microphone. The main distortion
product is recorded at frequency 2f1-f2, although it is clini-
cally associated with inner ear function at frequency f2.

DPOAESs mainly refer to the state of functionality of the
outer hair cells, with great sensitivity to early detect senso-
rineural hearing loss [21]. DPOAE spectra were recorded
with high frequency-resolution and filtered to unmix the
distortion and reflection components [22] and to remove
a large fraction of random noise. To guarantee that noise
contribution to the estimated DPOAE component level was
not significant, we included in the study only data for which
either the noise was below a given threshold, or the signal-
to-noise ratio (SNR) was higher than 3 dB. We considered
as outcome variables the level of the unmixed distortion
component, averaged in third-octave bands, and the average
audiometric hearing level in the range from 500 to 4000 Hz.

Study design and ethical committee

We performed a cross-sectional study, selecting from our
cohort PD patients with and without hearing impairment,
evaluated through PTA and DPOAE:s. Then, we correlated
the hearing impairment with NMSs and QoL, as a sign of a
more severe and widespread disease. All patients received

an extensive disclosure of the study’s purposes and risks,
and, therefore, gave written informed consent. The study was
approved by the local ethics committee (protocol no. 7/18,
February 7th, 2018).

Statistical analysis

All statistical analyses were performed using the statistical
software SPSS (version 25, IBM, USA). For comparison
between groups, the Student t-test was used for normally
distributed continuous data, and the X2 test for the other
group differences. Analysis of covariance (ANCOVA) was
used to compare scores of the two examined scales among
patients with and without hearing impairment, assessed by
PTA, where each score was considered as the dependent
variable, the presence of hearing impairment as a fixed fac-
tor, and age and gender as covariates.

Instead, DPOAE measurements were considered as con-
tinuous variables and partial correlation analysis was used
to assess the correlation between each subdomain’s score of
the two scales and DPOAEs, with age and gender as control
variables. A significance criterion of p <0.01 was adopted.

Results
Demographics

Sixty-five patients, taking into account inclusion/exclusion
criteria, were enrolled. After audiological anamnesis and
examination, five of them were excluded: three reported
previous use of ototoxic drugs and two reported profes-
sional noise exposure. Thus, 60 patients were enrolled
M=53.3%%, F=46.7% mean age of 65.4+7.4).

Audiometric data results

Concerning PTA, subjects were considered as affected by
hearing loss if the mean hearing threshold was >25 dB,
according to the AAO-ACO guidelines. Thirty-two patients
showed the presence of hearing impairment (PD patients
with hearing impairment, referred to as PDwHI), and 28
showed normal hearing function (PD patients without
hearing impairment, referred to as PDwoHI). As shown in
Table 1, these two groups were similar for age, gender and
clinical variables, such as motor impairment (MDS-UPDRS
IIT), motor phenotypes, staging (H&Y), disease duration and
therapy (LEDD). Notably, analysis of covariance, adjusted
for age and gender, showed that PDwHI have higher scores
of NMSS and PDQ-39 than PDwoHI. A statistically sig-
nificant difference was found in almost all subdomains,
except for cardiovascular, urogenital, gastrointestinal and
sexual function domains of the NMSs scale. Results with
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Table 1 Clinical and demographic characteristics of patients with and
without hearing impairment, defined by PTA

Table2 Comparison of NMSS and PDQ-39 subdomains in patients
with and without hearing impairment, defined by PTA

PDwHI PDwoHI Sig
PTA>25dB PTA<25dB (p value)
n=32 n=28
Age (years) 66.9+6.8 63.7+7.7 0.095
Gender M: 66%; F:34% M: 40%; F60:% 0.041
M =male; F=female
Disease duration 63.7+47 66.9+50.7 0.804
(months)
MDS-UPDRS III 25.47+9.6 21.5+9.5 0.069
H&Y on 2.09+0.8 2.36+0.9 0.245
LEDD 453+350 5014342 0.595
Motor subtypes (n.)
Tremor-dominant 8 4
Akinetic-rigid 14 16 0.490
Mixed 10 8

Results are reported as mean + standard deviation or as counts (%)

PDwHI PD patients with hearing impairment, PDwoHI PD patients
without hearing impairment, PTA pure tone audiometry, H&Y
Hoehn;Yahr, UPDRS Unified Parkinson’s Disease Rating Scale,
LEDD levodopa equivalent daily dose

*Statistically significant data (p <0.01)

a mean and standard deviation of single subdomains and
corresponding p-value are shown in Table 2.

DPOAEs data results

We considered DPOAEs outcome as a continuous variable
since there is no normative threshold level defined in cur-
rent literature to determine hearing impairment. Anyway,
it must be considered that higher DPOAEs correspond to
better hearing function. To give more consistency to our
results we performed a Pearson correlation analysis showing
indirect correlation between DPOAE variables and hearing
threshold values by PTA (r=-0.8, p=0.000). The DPOAE
noise rejection criterion reduced the number of applicable
DPOAE:s to 56 subjects.

When correlation with scale outcome was investigated,
adjustment for age and gender was considered. We found
significant inverse correlations between DPOAE and
PDQ-39 mobility (»p=0.001), PDQ-39 ADL (p=0.001),
PDQ-39 emotional well-being (p =0.000), PDQ-39 stigma
(»=0.000), PDQ-39 social support (p =0.000), PDQ-39
cognition (p =0.002), PDQ-39 communication (p =0.000),
PDQ-39 bodily discomfort (p =0.000), PDQ-39 total
(p=0.000), NMS sleep/fatigue (p =0.000), NMS mood/
cognition (p=0.009), NMS attention/memory (p =0.000),
NMS miscellaneous (p =0.000), NMS-total (p=0.000).
No significant correlation was found with cardiovascular,
gastrointestinal, perceptual problems, sexual function and
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PDwHI PDwoHI  Sig
n.32 n.28
PDQ-39 mobility 489+15.3 29.0+18.2 0.000*
PDQ-39 ADL 49+18.8 27.2+21.2 0.000*
PDQ-39 emotional well-being 40.8+13.5 27.2+13.2 0.000*
PDQ-39 stigma 37+144 15.1+15 0.000*
PDQ-39 social support 27.1+10.6 11.6+11.4 0.000*
PDQ-39 cognition 39.3+155 27.7+13.6 0.005%
PDQ-39 communication 40.6+11.9 20.6+15.6 0.000*
PDQ-39 bodily disconfort 40.5+14.2 21.2+13.3 0.000*
PDQ-39 total 403+7.2 22.7+59 0.000%
NMS cardiovascular 5.7+5.1 47+53 048
NMS sleep/fatigue 159+34 10.1+2.7 0.000*%
NMS mood/cognition 17.1£8.7 9.4+7.7 0.000%
NMS perceptualproblem/halluci- 49+58 09+14 0.002*
nations

NMS attention/memory 10.2+5.1 6,5+3.9 0.006*
NMS gastrointestinal 8.3+4.6 5.8+2.7 0.054
NMS urogenital 11.7+£8.3 6.6+59 0.029
NMS sexual function 6.6+3.8 5.1+44 0.195
NMS miscellaneous 10.7+4 4+1.4 0.000*%

NMS total 91.6+15.8 52.1+10.8 0.000*

PDwHI PD patients with hearing impairment, PDwoHI PD patients
without hearing impairment, PDQ Parkinson’s Disease Question-
naires, NMS non-motor symptoms

Data are reported as average values and standard deviations. Results
are adjusted for age and gender

*Statistically significant data (p<0.01)

urogenital subdomains of the NMSs scale, although there
was a tendency for NMS perceptual problems. Results are
shown in Table 3.

Our main results, concerning both PTA and DPOAEs, are
illustrated in Fig. 1.

Discussion

The present study shows that PD patients with worse hearing
function have greater involvement of non-motor symptoms
and lower related quality of life, than PD patients with better
hearing function, regardless of disease staging and motor
impairment. Also, these findings appear strongly significant.

The presence of auditory dysfunction in PD seems to
underlie a greater disease burden, with a more widespread
non-motor involvement that inevitably adversely affects the
lives of patients.

According to our findings, hearing dysfunction in PD
seems to be strongly related to many NMS domains, espe-
cially sleep/fatigue, mood/cognition, attention/memory,
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Table3 Correlation between DPOAEs and subdomain scores of
NMSs scale and PDQ-39

DPOAEs
Coeff. R Sig
PDQ-39 mobility -0.44 0.001*
PDQ-39 ADL -0.453 0.001*
PDQ-39 emotionalwell-being -0.5843 0.000*
PDQ-39 stigma -0.509 0.000*
PDQ-39 social support -0.47 0.000*
PDQ-39 cognition -0.422 0.002*
PDQ-39 communication -0.532 0.000*
PDQ-39 bodilydisconfort -0.67 0.000*
PDQ-39 total -0.698 0.000*
NMS cardiovascular 0.086 0.538
NMS sleep/fatigue -0.540 0.000*
NMS mood/cognition -0.358 0.009*
NMS perceptualproblem/hallucinations -0.279 0.043
NMS attention/memory -0.478 0.000*
NMS gastrointestinal -0.181 0.194
NMS urogenital -0.168 0.230
NMS sexual function -0.14 0.316
NMS miscellaneous -0.529 0.000*
NMS total -0.611 0.000*

The coefficient and p-value of partial correlation analysis are shown.
Results are adjusted for age and gender

DPOAE distortion product otoacoustic emissions, PDQ Parkinson’s
Disease Questionnaires, NMS non-motor symptom

*Statistically significant data (p<0.01)

and miscellaneous symptoms (which include general pain,
swelling, weight loss and hyposmia), as well as to total
score of NMSs scale. Taking into account several studies,
included our previous work, documented PD patients as
having worse hearing dysfunction compared to controls
[10-12], here we added a novelty element in terms of asso-
ciation of HI with other well-known NMSs. Furthermore,
results are confirmed by both hearing assessment tools
(PTA and DPOAESs) which accurately evaluate hearing
function, but in different ways.

Several non-motor symptoms have been related to each
other in literature. Among them, fatigue, considered halfway
between motor and non-motor symptoms, have been strictly
correlated to NMSs, in particular with mood (apathy, anxi-
ety, anhedonia), sleep disorders (excessive daytime sleepi-
ness and sleep difficulties), and cardiovascular autonomic
dysfunction [23]. Mao et al. [24], among sensory comorbid-
ity, explored pain in PD, comparing motor and non-motor
symptoms in PD patients with and without pain, demon-
strating that patients with pain suffer from more frequent
and extended non-motor symptoms, evaluated through NMS
questionnaires, such as weight loss, memory disturbances,

depression, insomnia, rapid eye movement disorder, and
swelling.

These works, like many others in literature, stress the con-
cept of PD as a multi-systemic disease, with the involve-
ment of multiple cortical-subcortical areas other than basal
ganglia, multiple neurotransmission pathways other than
dopaminergic one [25], and multiple systems other than
the nervous one. For example, the presence of Lewy bodies
and Lewy neurites, pathological hallmarks of PD, has been
found in the brainstem as well as in the intestinal wall [6]
and in the skin [26]. Moreover, several nuclei located in the
brainstem can be affected: among them, the dorsal motor
vagus nucleus, which acts as the main parasympathetic
nucleus controlling the enteric system and gastrointestinal
motility, is involved in PD pathology from the very early
stage [8]. Degeneration of the dorsal raphe, coeruleus, and
pedunculopontine nuclei, affecting serotoninergic, noradr-
energic, and cholinergic neurotransmission, have also been
described in PD pathogenesis and associated with the pres-
ence of pain, mood disorder, fatigue and sleep disturbances,
including excessive daytime sleepiness and rem-behavior
disorders [27]. Finally, nigro-striatal degeneration itself and
dopamine dysregulation have been linked to the genesis of
neuropsychiatric symptoms, sleep disturbances, and sensory
and autonomic symptoms [28].

In line with these findings, according to our research, the
pathogenesis of auditory dysfunction in PD seems to be mul-
tifactorial; indeed, it is conceivable that structures such as
the cholinergic medial olivocochlear bundle, and descend-
ing pathways from the pedunculopontine tegmental nucleus,
other than dopaminergic synapses which reside mainly in
the lateral olivocochlear bundle, may underlie hearing loss.

In this study, we did not find a significant correlation
between hearing disturbances and some NMSs, mainly
concerning autonomic dysfunction (sexual function, gas-
trointestinal, urinary and cardiovascular domains). This
is in our opinion an interesting finding, which could lead
to better subtyping the disease, based on differential non-
motor involvement. We speculated on the idea of two dif-
ferent PD-related phenotypes based on NMSs involved:
the first one, mainly characterized by neuropsychiatric and
cognitive dysfunctions, involving sensory disturbances and
sleep imbalance (“‘central” non-motor phenotype), and a
second one, with predominant autonomic features, with a
greater involvement of the sympathetic and parasympathetic
systems than the central pathways (“neurovegetative” non-
motor phenotype). This idea requires to be confirmed by fur-
ther and targeted studies. However, it seems to be in accord-
ance to recent scientific topic that underlie the precence of
two different physiopatological precesses in PD (brain first
vs body first) [29].

In addition, we investigated the quality of life and func-
tioning of patients, through the PDQ-39 questionnaires,
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Fig. 1 Graphic representation of the main results: on the top, differences of NMSS total score (A) and PDQ-39 total score (B) between PDwoHI
and PDwHI are shown, when assessed by PTA; the lower row represents DPOAE correlation with NMSS (C) and PDQ-39 total score (D)

which showed higher scores when hearing impairment was
assessed. This reinforces the idea that hearing dysfunction
could seriously affect the patient’s quality of life, already
compromised in PD.

We found no significant differences between patients with
and without hearing dysfunction (by both DPOAEs and PTA
outcome), concerning disease duration, motor impairment,
motor subtypes, LEDD and staging of disease, confirming
findings from a previous study by our group [15], but in
contrast with other works: Vitale et al., i.e., found a signifi-
cant correlation between PTA and H&Y [10], furthermore
Pisani et al. correlated DPOAE dysfunction with clinical
severity and PTA with disease duration, although in an
exiguous number of patients [13]. However, most of our
patients were on H&Y stage 1-2, and their evaluation in
“best on” could have interfered with these findings; never-
theless, in our opinion, this is not a limitation of the study,
since the similarity of these motor variables between the
two groups allowed us to compare non-motor symptoms
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without disease-related confounding, which was the main
objective of our study. Moreover, while in our recent study
we focused on the relationship between cochlear dysfunc-
tion, lateralization of motor impairment, and striatal DAT
availability [30], in this study we switched our focus to the
relationship between auditory dysfunction and other NMSs,
with implications in QoL.

Being a cross-sectional study, in this work we were not
able to assess the onset and progression of hearing impair-
ment and its temporal correlation with other non-motor
symptoms. In future studies the prevalence of hearing loss in
the prodromal phase of PD should be investigated; longitu-
dinal studies could also evaluate the progression of inner ear
involvement in PD and better clarify its association with dis-
ease progression and staging. A limitation of this study was
the absence of a control group of healthy subjects, although
it was not deemed imperative since we aimed to see the
possible association of hearing dysfunction with other non-
motor symptoms and quality of life in PD patients.
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On the contrary, a point of strength was that the neu-
rologist who performed questionnaires was blinded to the
result of audiological performances. Furthermore, DPOAE
evaluations gave us an objective tool to assess hearing
function, regardless of patient collaboration.

Finally, we confirmed the idea that hearing impairment
is part of the complex features of this neurodegenerative
disease, in agreement with previous literature showing
a higher prevalence of hearing loss in PD compared to
controls [10, 14, 15]. Moreover, the evaluation of hearing
function in PD must not be neglected, and hearing loss
should be investigated as a non-motor symptom, although
auditory dysfunction can be initially asymptomatic [12].

It should be noted that using the clinical dichotomous
definition of hearing impairment, which is based on a rather
high hearing level threshold, may overlook the early symp-
toms of hearing impairment, particularly in relatively young
subjects. The use of a continuous outcome variable as the
DPOAE level, particularly sensitive to mild levels of dam-
age to the cochlear amplifier, could be particularly useful
for the early detection of these symptoms.

In conclusion, our data support the presence of extensive
comorbidity between the NMSs here evaluated, and hear-
ing dysfunction, except for the dysautonomic symptoms.
This can be explained by the combination of a multifocal
alpha-synuclein pathology and a direct influence of hearing
function on some neuro-psychological aspect as cognition,
mood, social stigma, and communication. Our study points
to considering hearing impairment in PD as a non-motor
symptom, in parallel with the others and highlights the
importance of its evaluation, even in asymptomatic patients,
since it can be a determinant of the quality of patients’ lives.
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