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Agenda

• Intro and broad overview of Parkinson disease (PD)
• Relevant vestibular anatomy and testing

• Evidence for vestibular involvement in PD & key gaps
• Study 1 – retrospective review of vestibular testing in PD
• Study 2, Aim 1 – vestibular function in PD v healthy controls

• Study 2, Aim2 – effects of medication on vestibular function in PD 
• Conclusions & Questions



Parkinson Disease (PD)

Braak 2004, Bloem 2021, Dorsey 2018, Seidel 2015, Wellings 2017



Bloem 2021, Berliner 2020, Mahajan 2021, Bohnen 2022a, Poewe 2017, Seidel 2015, Wellings 2017 

Vestibular?



o People with PD report dizziness, blurred vision, 
and other vestibular symptoms 
(Berliner 2020, Mahajan 2021)

o Pathologic changes in central vestibular areas in 
people with PD
(Seidel 2015, Wellings 2017)

Vestibular Dysfunction in PD



Eberhard 2022
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Vestibular Evoked Myogenic Potential
cVEMP

Taylor 2020

People with PD:
o Reduced amplitude
o More often absent
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Videonystagmography (VNG)
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Bithermal Caloric Irrigation

RC+RW-LC-LW
RC+RW+LC+LW X 100 =

RC+RW+LC+LW = PSPV sum

% Unilateral 
Weakness

Hawkins 2022, Hong 2024, Jacobson 2021, Scarpa 2020, Venhovens 2016
, 

Canal Function Measure
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Sensory Organization Test (SOT)
1 2 3

4 5 6

Bohnen 2022b, Huh 2016, Pedalini 2009



o Abnormal VEMPs
(Cui 2022, Scarpa 2020, Vehnovens 2016, Potter-Nerger 2012 & 2014)

o Canal function may be spared
(Hawkins 2022, Hong 2024, Scarpa 2020, Venhovens 2016)

o Abnormal central VNC-cerebellar responses 
(Cipparrone 1988, Hawkins 2021, Scarpa 2020,  Venhovens 2016)

o Sensory integration and processing
(Bohnen 2022, Beylergil 2019, Huh 2022, Sasaki 2022)

o Abnormal oculomotor control
(Frei 2021, Zhou 2024)

Vestibular Dysfunction in PD



o Age-related effects are unclear, because control groups are 
not consistently included.

o The effects of medication are not known, because 
medication state is rarely controlled.

o Dysfunction in various peripheral and central is not clear, 
because vestibular tests are often used in isolation.

Key Gaps



Is vestibular function affected by PD?

o Are certain parts of the vestibular system 
affected by PD?

o Do medications used to treat PD affect 
vestibular function?

→ Vestibular rehabilitation for people with PD.
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Primary Objective: To determine the profile 
of vestibular function in people with PD 
compared to people without PD.

Retrospective Records Review

Hypothesis: Vestibular tests will show a pattern of 
otolithic and central vestibular dysfunction in 
records with any diagnosis of PD.
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Retrospective 
records review
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Control PD-Comb PD-Pro PD-Clin

Characteristic N = 80 N = 40 N = 25 N = 15 p

Age a 70.7 (9.6) 70.8 (9.7) 69.6 (10.2) 72.7 (8.7) 0.3 b

Sex (female) 54 (68%) 28 (70%) 17 (68%) 17 (68%) >0.9 c

Race 0.2 c

Asian 5 (6.3%) 1 (2.5%) 1 (4.0%) 0 (0%)

Black or African-

American 3 (3.8%) 0 (0%) 0 (0%) 0 (0%)

Unknown 17 (21%) 8 (20%) 3 (12%) 5 (33%)

White 55 (69%) 31 (78%) 21 (84%) 10 (67%)

Ethnicity 0.3 c

Hispanic or Latino/a 4 (5.0%) 1 (2.5%) 0 (0%) 1 (6.7%)

Non-Hispanic or Latino/a 50 (63%) 26 (65%) 18 (72%) 8 (53%)

Unknown 26 (33%) 13 (33%) 7 (28%) 6 (40%)

Diagnosis timing (yrs) a -- -- -6.5 (4.1) 1.7 (2.9) <0.001 b

Note. PD, Parkinson disease; Comb, combined; Pro, prodromal; Clin, clinical. 
a mean (SD), b t-test, c Fisher’s exact test, Bold indicates a p-value < 0.05.



Controls and PD-Combined

• More frequent abnormal positioning testing in controls
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Rotational Chair Tests



Sinusoidal Rotational Tests

VOR Suppression

Jacobson 2021
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Controls and PD-Combined

• No significant differences
• SOT composite scores below normal for both groups
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Controls and PD-Combined

• No significant differences



Hypothesized Effects of Parkinson Disease

1. Otolithic function 
similar, more SCC 
dysfunction from 
BPPV in controls

3. No differences in 
balance or 
oculomotor function

Key findings

2. VOR suppression 
is worse in PD
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o VOR suppression worse in clinical PD
o Central vestibular dysfunction with 

PD progression

 

 

 

              

      

       
          

         

       

     

         



Limitations
• Sample bias 

• Abnormal SCC in controls
• Low SOT for all

• Few PD-clinical records, even fewer diagnosed before testing
• Lack of full testing in all records
• Categorical comparisons

Observational study



Andrianov 2009, Bohnen 2022c, Drescher 2010, Lee 2017, Lithgow 2015, Potter-Nerger 2012 & 2014 
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Objectives
1. To determine disease-related vestibular impairments in 

people with PD.
2. To determine the effects of dopamine-affecting 

medications on vestibular function in people with PD

Observational

Hypothesis
1. People with PD would have a reduction in otolithic and central 

vestibular function, but no differences in SCC function.
2. Medications will improve otolithic function but inhibit some 

central functions.



Disease Effects? Medication Effects?

• PD-OFF
• PD-ON

• HC
• PD-OFF

https://www.drugs.com/
imprints/sinemet-650-
5330.html
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Characteristic
HC (n=15) PD (n = 15)

mean (SD) mean (SD) p b

Age 69.5 (6.8) 71.9 (6.7) 0.3
Sex (female)a 8 (53.3%) 6 (40.0%) 0.7
Racea 0.5
Other 2 (13.3%) 0 (0%)
White 13 (86.7%) 15 (100%)

Ethnicity a >0.9
Hispanic/Latinx 1 (6.7%) 0 (0.0%)
Non-Hispanic/Latinx 14 (93.3%) 15 (100%)

a count (%) b Welch Two Sample t-test; Fisher’s exact test; 
Pearson’s Chi-squared test. Bold indicates a p-value < 0.05.



HC PD-OFF PD-ON

Clinical Characteristic mean (SD) mean (SD) pb mean (SD) pb

PD Duration -- 7.3 (4.0) --

Falls a >0.9

No falls 9 (60%) 8 (53%) --

< 1/mo 6 (40%) 6 (40%) --

1-3/mo 0 (0%) 1 (7%) --

DHI 2 (3) 20 (15) 0.046 --

ABC 95 (5) 90 (11) 0.4 --

MDS-UPDRS, Part 3 2 (1) 21 (13) <0.001 16 (10) 0.005

H&Y -- 2.0 (0.4) --
a count (%); b Welch Two Sample t-test; Fisher’s exact test; Pearson’s Chi-squared test.

Bold indicates a p-value < 0.05.



Cervical VEMP for Control and PD



HC
Sum PSPV = 145.6 deg/s

Unilateral 
Weakness =  11% L

PD OFF
Sum PSPV = 89.7 deg/s

Unilateral 
Weakness = 10% L
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Optokinetic Nystagmus (OKN)

o Visually-elicited nystagmus
o Relies on intact central 

oculomotor pathways
o Synapse in the VNC to drive 

eye movements
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Primary Vestibular Variables

• Worse caloric sum of slow phase velocities in PD
• No other differences 
• No effect of medication
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Rotational Step Testing

TC
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HC PD-OFF

Subjective Visual Vertical

Upper 
Norm
   ±3  mean = -3.208 mean = -1.382



Upper 
Norm

**

** p < 0.01



Secondary Variables

Saccades: Frei 2021

• Differences in VOR suppression, step testing time 
constant, and SVV

• Worse saccadic function consistent with prior 
literature

• No difference between medication states



Hypothesized Effects of Parkinson Disease

1. Otolithic 
function similar. 
SCC low 
frequency 
reduced.

2.  Abnormal 
velocity storage 
in VNC or 
Cerebellum

4.  No 
difference in 
balance.

3. Abnormal 
cortical vertical 
perception

Key findings
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Key Findings

** No apparent effect of medication **



Limitations

• Small sample size with large variability
• Incomplete testing

• Only mild-moderate PD severity
• Postural control task insufficiently challenging
• Controls with family history of PD

Cui 2022, Morris 2000
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Final 
Conclusions

o Peripheral vestibular 
dysfunction may begin with 
sensitivity to lower frequencies

o Central vestibular dysfunction 
in PD appears to occur near the 
time of diagnosis

o VNC-cerebellum pathways 
appear to be affected

o Lack of response to 
medications suggest affected 
pathways are non-
dopaminergic



Future Directions

• Examine associations between vestibular dysfunction 
in PD with motor and non-motor symptoms

• Examine associations between vestibular dysfunction 
and disease severity → range of frequencies affected

• Assessment and targeted vestibular intervention in 
PD
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