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Clinicians sometimes encounter patients with Parkinson's disease
complaining of dizziness in real clinical settings. We sought to iden-
tify the relationship between self-perceived dizziness and motor
or non-motor symptoms, especially in Parkinsonian patients in the
early stages. Eight-six patients with less than five years of Parkin-
son's disease duration were recruited. We used the dizziness hand-
icap inventory to access self-reported dizziness in patients with early
Parkinson's disease. Parkinsonian motor symptoms such as postu-
ral instability and gait difficulty and non-motor features for global
cognitive function, depressive mood, anxiety state, fatigue state, and
autonomic dysfunction were measured using representative scales.
Linear regression analysis demonstrated that the dizziness handicap
inventory score was significantly related to postural instability and
gait difficulty, anxiety, gastrointestinal, and cardiovascular domain
of dysautonomia. In addition, the dizziness handicap inventory score
was positively correlated with scores for postural instability and gait
difficulty, anxiety, gastrointestinal, and cardiovascular dysautono-
mia. We found that self-reported dizziness was highly linked to pos-
tural instability and gait difficulty, anxiety, gastrointestinal and car-
diovascular dysfunctions in patients with early Parkinson's disease.
Further follow-up studies on the association between dizziness and
the pathophysiology of Parkinson's disease are needed.
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1. Introduction
Dizziness could manifest as different types of vertigo,

faintness, or light-headedness. Moreover, a recent study
showed that dizziness in patients with early Parkinson’s dis-
ease (PD) might be of various types, although orthostatic
dizziness (about 40.5%) was the most common type of dizzi-
ness [1].

Between 46% and 68% of patients with PD complain of
subjective dizziness [1–4]. Somehave supposed that dizziness
might be caused by orthostatic hypotension [5, 6], whereas
others have asserted that dizziness itself is not indicative of
orthostatic hypotension in patients with PD [1, 4]. Also,
patients with preclinical or de novo PD could occasionally
present with dizziness [4, 7]. potentially suggesting that

dizziness is connected with the pathophysiology of the dis-
ease. However, the clinical implications of patients with PD
complaining about dizziness have remained little known un-
til now.

Dizziness may significantly affect the quality of life or de-
crease the functional activity of individuals. Among various
types of dizziness-related questionnaires to measure subjec-
tive dizziness, the Dizziness Handicap Inventory (DHI) has
been most widely used to evaluate the effect of self-perceived
dizziness on daily life [8, 9]. Furthermore, the DHI has re-
cently been applied to access dizziness-related disability or
quality of life in patients with PD [2, 3]. We sought to inves-
tigate the detailed association between the DHI and clinical
characteristics of patients with early stages of PD.

2. Materials andmethods
2.1 Patients

The ethics committee approved this retrospective study
with a waiver of individual informed consent of our hospital
(IRB No. 2020-03-023). The PD registry of our movement
disorders clinics between July 2017 andMarch 2020 and their
patientmedical recordswas consecutively analyzed. The clin-
ical diagnosis of PDwasmade according to the diagnostic cri-
teria of UK Brain Bank [10]. All patients performed brain
magnetic resonance imaging (MRI) and dopamine trans-
porter (DAT) scanning.

Patients with PD with early stages of the disease (less
than 5 years of its duration) were selected More strict ex-
clusion criteria were applied to increase the diagnostic pre-
cision of PD. Subjects did not reveal a characteristic pattern
of rostrocaudal gradient in the DAT findings [11] or showed
significant alleviation of motor symptoms clinically despite
proper antiparkinsonianmedications during follow-up. Sub-
jects with significant abnormalities, including significant vas-
cular burden or ventricular enlargement on brain MRI, were
excluded [12]. Furthermore, any individuals with atypical
features that could imply the possibility of atypical parkin-
sonism were excluded.
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Patients with vestibular disorders, serious medical
problems, including uncontrolled diabetes mellitus, can-
cer/paraneoplastic syndrome, clinically relevant cardiac
problem, liver cirrhosis, and severe renal failure, or any
structural lesions in the brainstem or cerebellum were also
excluded, as those factors might cause significant dizziness
irrelevant to PD itself [13].

Of a total of 104 patients with early PD, 86 were finally
included in the study after excluding 18 patients (Specifically,
four patients had multiple system atrophy, 1 had progressive
supranuclear palsy, 3 had normal pressure hydrocephalus,
3 had vascular parkinsonism, 1 had essential tremor, 2 had
drug-induced parkinsonism, 1 had dementia with Lewy bod-
ies, and 3 had unspecified parkinsonism).

2.2 Clinical assessments

At the time of registration in our movement disorders
clinic, we have routinely investigated clinical details of de-
mographics and various symptoms in PD. For the evaluation
of motor symptoms, the Unified Parkinson’s Disease Rating
Scale (UPDRS) part III and the motor subscores for tremor,
rigidity, bradykinesia, and postural instability/gait difficulty
(PIGD), in addition to Hoehn and Yahr (HY) stage have been
evaluated as previously described [13, 14]. For the evaluation
of various non-motor symptoms (NMSs), we have evaluated
the Korean version of the Montreal Cognitive Assessment
(MoCA-K) for global cognitive status [15], the Korean ver-
sion of the Beck Depression Inventory (BDI) for depression
[16], theKorean version of the BeckAnxiety Inventory (BAI)
for anxiety state [17], the Parkinson’s Disease Fatigue Scale
(PFS) for fatigue symptom [18, 19], and the Korean version
of the Scale for Outcomes in Parkinson’s Disease-Autonomic
(SCOPA-AUT) for autonomic dysfunction [20].

Furthermore, we routinely assessed self-reported dizzi-
ness using the Korean version of the DHI [3, 21]. The DHI
consists of 25 items (score of 0, 2, or 4 for each item), and its
scores range from 0 to 100; a higher score represents a more
severe degree of subjective dizziness.

2.3 Statistics

We used descriptive statistics to analyze the data and uni-
variable and multivariable linear regression analyses to find
the association of the DHI score with clinical characteris-
tics of the motor and non-motor symptoms. We performed
partial correlation analysis between the DHI score and clini-
cal characteristics after adjusting for age, gender, and disease
duration. We defined a p < 0.05 as statistically significant.
We did all statistical analyses using SPSS (version 20.0, IBM
Corp., Armonk, NY, USA) and Rex version 3.6.3 (RexSoft
Inc., Seoul, Korea; URL http://rexsoft.org).

3. Results
3.1 Demographics and clinical characteristics in patients with early
PD

Demographic and clinical findings of patients with early
PD are described in Table 1. In our study population, the age

Table 1. Demographics and clinical characteristics in 86
patients with early Parkinson’s disease (PD).

Patients with early PD (n = 86)

Age, year 71.1± 8.5
Gender-female 49 (57.0%)
Disease duration at registration, year 1.9± 1.4
Follow-up duration, year 2.8± 0.6
Body mass index, kg/m2 23.6± 3.3
Level of education, year 9.2± 4.9
Levodopa equivalent daily dose, mg 139.4± 218.6
UPDRS-III
Tremor score 2.7± 2.2
Rigidity score 4.7± 2.7
Bradykinesia score 10.9± 4.6
Postural instability-gait disorder score 2.9± 2.7
Total motor score 23.3± 8.9

Hoehn and Yahr stage 2.2± 0.4
Montreal Cognitive Assessment 21.3± 5.3
Beck depression inventory 10.2± 7.2
Beck anxiety inventory 5.9± 6.1
Parkinson’s disease fatigue scale 40.6± 15.7
SCOPA-AUT (dysautonomia)
Gastrointestinal (GI) domain 4.2± 3.3
Urinary (UR) domain 7.0± 4.5
Cardiovascular (CV) domain 1.0± 1.6
Thermoregulatory (TR) domain 0.7± 1.2
Pupillomotor (PM) domain 0.4± 1.1
Sexual (SX) domain 3.8± 2.5
Total score 14.2± 8.2

Dizziness Handicap Inventory 7.7± 13.5

Data are represented as n (%) ormean± S.D. values. PD, Parkinson’s
disease; UPDRS, Unified Parkinson’s disease rating scale; SCOPA-
AUT, Scales for Outcomes in Parkinson’s Disease-Autonomic ques-
tionnaire.

of the 86 patients was 71.1± 8.5 (mean± S.D) years, and 49
(57.0%) of the patients were women. The disease duration
was 1.9± 1.4 years. The detailed scores of motor symptoms
were as follows: 23.3 ± 8.9 for the total motor score, 2.7 ±
2.2 for tremor score, 4.7 ± 2.7 for rigidity score, 10.9 ± 4.6
for bradykinesia score, 2.9 ± 2.7 for PIGD score. The HY
stage was 2.2± 0.4. Each score of NMSs was as follows: 21.3
± 5.3 for MoCA-K, 10.2 ± 7.2 for BDI, 5.9 ± 6.1 for BAI,
40.6 ± 15.7 for PFS, 14.2 ± 8.2 for SCOPA-AUT. The DHI
score was 7.7± 13.

In this study, 32 patients with PD took anti-dopaminergic
drugs (16 were taking both levodopa and dopamine agonist,
11were taking levodopa, and 5were taking dopaminergic ag-
onist). In comparison, 54 patients with PD were drug naïve
de novo. There was no difference in the DHI score between
de novo patients and the others; the DHI score of 32 patients
with PD taking drugs was 7.4 ± 13.7, and the DHI score of
54 patients with de novo drug naïve of PD was 7.8 ± 13.5
(p-value = 0.911).
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Fig. 1. Scatter plots showing partial correlations between Dizziness Handicap Inventory (DHI) scores and significant clinical characteristics in
patients with early Parkinson’s disease after adjusting for age, gender, and disease duration. (A) The DHI score was correlated with the postural
instability gait disorder (PIGD) score (r = 0.398, p < 0.001). (B) The DHI score was associated with the Beck Anxiety Inventory (BAI) score (r = 0.332, p =
0.002). (C) The DHI score was associated with the gastrointestinal (GI) domain score of autonomic dysfunction (r = 0.375, p< 0.001). (D) The DHI score was
linked to the cardiovascular (CV) domain score of autonomic dysfunction (r = 0.599, p < 0.001).

3.2 Linear regression analyses of subjective dizziness in patients
with early PD

In the left panel of Supplementary Table 1, univariable
linear regression analyses showed that the DHI score was
significantly related to the scores for PIGD, MoCA-K, BDI,
BAI, PFS, a total score of SCOPA-AUT, and the gastrointesti-
nal (GI) domain and cardiovascular (CV) domain of SCOPA-
AUT. Moreover, in the right panel of Supplementary Ta-
ble 1, multivariable linear regression analysis revealed that
theDHI scorewas associatedwith scores for PIGD (β = 1.304,

p = 0.005), BAI (β = 0.466, p = 0.013), GI domain of dysau-
tonomia (β = 0.873, p = 0.039), andCVdomain of dysautono-
mia (β = 4.856, p < 0.001).

3.3 Correlations between the DHI and significant clinical factors
in patients with early PD

As a post hoc analysis, we conducted partial correlation
analyses between the DHI score and the significant clinical
characteristics derived from the linear regression analyses
(Supplementary Table 1). After adjusting for age, gender,
and disease duration, the DHI score is positively correlated
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with the scores of PIGD (r = 0.398, p< 0.001), BAI (r = 0.332,
p = 0.002), GI domain of SCOPA-AUT (r = 0.375, p< 0.001),
and CV domain of SCOPA-AUT (r = 0.599, p < 0.001), as
shown in Fig. 1.

4. Discussion
We did not investigate the etiologies of dizziness in par-

ticipants in this study. Instead, we assessed the severity of
subjective dizziness using the DHI, a representative scale for
quantifying self-reported dizziness, to investigate the associ-
ation with motor or non-motor symptoms, regardless of the
types of dizziness. We found that a complaint of dizziness in
patients with early PDwas significantly associated with some
factors of motor and non-motor symptoms.

From the beginning of the study design, we assumed
that the early stages of PD may appropriately reflect the di-
versity of dizziness, including any potential pathophysiol-
ogy. In general, some antiparkinsonian medications may
induce dizziness; moreover, medication-related orthostatic
hypotension could commonly occur in patients with rela-
tively advanced stages of PD. Therefore, we enrolled Parkin-
sonian patients only with the early stages of the disease to re-
cruit a relatively homogeneous population of PD and weaken
medication-related adverse effects. As a result, unexpectedly,
we found that dizziness was linked to PIGD, anxiety, and au-
tonomic dysfunction in patients with early PD. Based on this,
it is reasonable to infer that a complaint of dizziness by pa-
tients with early PD might be implicated in the pathophysi-
ology of the disease.

In line with our results, dizziness has been reported in pa-
tientswith preclinical or de novo stages of PD [7, 22]. Notably,
we found that subjective dizziness was related to the PIGD
motor symptom in patients with early PD. Until now, little
was known about the association between dizziness and mo-
tor symptoms in patients with PD. Allcock et al. [23] showed
that orthostatic hypotension was more frequently observed
in patients with the PIGD phenotype of PD. We found that
CV dysautonomiawas significantly linked to subjective dizzi-
ness in patients with early PD. Others demonstrated that CV
dysautonomia might be connected with a subclinical status of
orthostatic hypotension-related dizziness [6, 24]. Moreover,
the non-tremor dominant subtype, including the PIGD phe-
notype, is associated with autonomic dysfunctions, including
orthostatic hypotension [25]. Our findings suggest that some
pathophysiologic connections between dizziness, PIGD mo-
tor symptom, and CV dysautonomia, including orthostatic
hypotension, might exist.

Anxiety and depression are common and could overlap
in patients with PD. However, their neuropsychiatric symp-
toms showed distinct features, and their pathophysiology re-
mains to be further elucidated. A review article showed that
anxiety is related to dopaminergic depletion in the caudate
nucleus and the putamen. In contrast, depression is involved
in the functional connectivity of the prefrontal-limbic net-
works [26]. In patients with early PD, we demonstrated that

dizziness was associated with anxiety but not with depres-
sion. Therefore, our findings suggest that dizziness’s patho-
genesis is implicated in the striatonigral dopaminergic path-
way rather than in the prefrontal-limbic networks. However,
a well-designed study with larger samples is warranted to ad-
dress this issue.

We preferred to use the SCOPA-AUT among several
questionnaires to evaluate autonomic dysfunctions since a
previous review recommended that the SCOPA-AUT be
used as one of the dysautonomia rating scales [27]. The
SCOPA-AUT consists of several items for each autonomic
domain, thereby enabling grading of the severity of each do-
main of dysautonomia [20]. We found specifically that the
GI and CV domains among several autonomic dysfunctions
were significantly linked to subjective dizziness in early PD.
Our results strongly suggest that dizziness is highly associated
with certain types of dysautonomia in patients with early PD.
The CV domain questionnaires are mainly focused on ortho-
static dizziness or syncope, indicating orthostatic hypoten-
sion.

In our study population, only 63 patients with early PD
were evaluated for orthostatic hypotension by active blood
pressuremonitoring, resulting in 14 subjects with orthostatic
hypotension. Orthostatic hypotension showed a tendency to
a higher DHI score, inferring that subjective dizziness might
be in part associated with orthostatic dizziness. Intriguingly,
we first discovered that the GI domain was significantly con-
nected with subjective dizziness in patients with early PD.
Exactly why dizziness in patients with early PD is corre-
lated with GI dysautonomia remains unknown, but perhaps
the pathophysiologic mechanism of Lewi body pathology as-
cending from the gut might be linked to that of dizziness in
patientswith PD.However, the detailed relationship between
dizziness and GI dysautonomia in patients with PD remains
to be further elucidated.

The present study has several limitations. First, selection
bias might exist for a retrospective design, although we have
evaluated patients presenting with parkinsonism according
to a constant protocol. Second, we did not do detailed tests
to differentiate the types of dizziness in the participants with
PD. However, our purpose was not focused on the relation-
ship between clinical features and different types of dizzi-
ness etiology. We supposed that our assessments might be
sufficient to meet our primary goal, as described previously.
Third, our findings should be cautiously generalized to all
populations with PD, as we investigated only patients with
early PD in this study, implying that we could not completely
exclude the possibility of atypical parkinsonism due to the
lack of long-term follow-ups. Fourth, our findings should
be cautiously generalized to all populations with PD since we
investigated only patients with early PD.

5. Conclusions
In conclusion, we found that a complaint of dizziness in

patients with early PD might suggest more severe symptoms
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for PIGD, anxiety, GI dysautonomia, and CV dysautonomia.
More well-designed studies with more patients with PD are
needed to confirm our results.
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