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Abstract

Background Taste impairment is a prevalent issue among individuals with idiopathic Parkinson’s disease (iPD). However,
understanding taste disorders among different Parkinsonism remains incomplete. Our objective was to assess the incidence
and severity of taste responses to sweet, salty, sour, bitter, and umami substances in patients with iPD, progressive supranu-
clear palsy (PSP), and multiple system atrophy (MSA).

Methods Taste function was evaluated by assessing the intensity ratings of four concentrations of sweet, salty, sour, bitter,
and umami in 221 healthy controls (HCs), 251 iPD patients, 156 PSP patients, and 60 MSA patients. The Kruskal-Wallis
one-way analysis was employed to discern differences in taste function among groups. Logistic regression models were
utilized to analyze the association between disease severity and taste function.

Results Participants with iPD, PSP, and MSA exhibited lower total taste scores (TTS) compared to HCs (P < 0.0001,
P <0.0001, and P=0.0002, respectively). The TTS was significantly lower in iPD patients compared to PSP and MSA patients
(P=0.0024 and P =0.0464, respectively), with no discernible difference between PSP and MSA patients (P=0.9998). Fur-
thermore, in patients with iPD, both disease severity and gastrointestinal function exhibited a significant negative correlation
with the TTS. However, the taste test lacked the potency to reliably distinguish iPD from PSP and MSA.

Conclusions These research findings suggest that taste impairment emerges as a phenotype of Parkinsonism, serving as a

basis for differential diagnosis and guiding dietary adjustments for patients.
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Introduction

Idiopathic Parkinson’s disease (iPD) is a progressive neu-
rodegenerative disorder characterized by motor and non-
motor manifestations [1]. It is also important to note that
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sensory symptoms may occur prior to or concurrently with
the development of parkinsonism and are considered inte-
gral to the neurodegenerative process associated with iPD
[2]. The olfactory dysfunction has been identified as one of
the most frequently evaluated sensory symptoms of iPD [3].
Moreover, taste plays an important role in our interaction
with the environment, combined with the olfactory system,
influencing our behavior and memory processes [4].
Gastrointestinal dysfunction has emerged as a promi-
nent nonmotor symptom of iPD, often preceding the onset
of motor symptoms and affecting approximately 90% of
patients [5]. Notably, an international multi-center survey
identified taste complaints and constipation as some of the
most frequently reported symptoms in patients with iPD
[6, 7]. However, the deficits of taste and constipation may
also occur in healthy controls (HCs), progressive supranu-
clear palsy (PSP), and multiple system atrophy (MSA) [8,
9]. Among the various digestive dysfunctions in patients
with iPD, constipation has been extensively studied, while
taste disorders have received relatively little attention in
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iPD and parkinsonism [10, 11]. Understanding the potential
importance of taste impairment akin to constipation in iPD
could pave the way for the development of novel diagnostic
approaches.

In this study, we investigated 688 participants using vary-
ing concentrations of the five basic tastes (sweet, salty, sour,
umami, and bitter). Notably, umami, which has seldom been
evaluated in large populations, was specifically included.
Additionally, we assessed the characteristics of taste func-
tion and explored its potential association with disease
severity and gastrointestinal function in the patient cohort.

Materials and methods
Approval and patient informed consent

This study was performed in line with the principles of the
Declaration of Helsinki. Participants were consecutively
recruited from the First Affiliated Hospital of Zhengzhou
University from January 2021 to December 2023. All par-
ticipants were enrolled according to the human experimen-
tation, and approved by the Ethics Committees of The First
Affiliated Hospital of Zhengzhou University (Approve Code:
2021-KY-372). Informed consent was diligently obtained
from each participant or, in the case of patients lacking deci-
sion-making capacity, from their duly authorized surrogates.

Participants

Patients were consecutively recruited from the department
of neurology at the First Affiliated Hospital of Zhengzhou
University. Following the consensus criteria for iPD [12],
PSP [13, 14], and MSA [15], all patients underwent detailed
interviews and examinations conducted by two board-cer-
tified neurologists, each possessing more than a decade of
experience in diagnosing movement disorders. HCs were
recruited from the Physical Examination Center of the First
Affiliated Hospital of Zhengzhou University. All control par-
ticipants underwent thorough health assessments, including
screening laboratory tests, electrocardiograms, medical his-
tory reviews, and physical examinations. They were con-
firmed to be in good health and were assessed as devoid
of neurological disorders by two attending neurologists.
Exclusion criteria encompassed conditions such as upper
respiratory tract infection, Bell’s palsy, otorhinolaryngologi-
cal disorders, chronic alcoholism, postoperative status, a
history of severe traumatic brain injury, a history of malig-
nancy, chronic kidney disease, or other diseases that might
affect taste perception. The selection process of participants,
including different patient’s categories and the reasons for
exclusion, is illustrated in the accompanying flow diagram
(Fig. 1).
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Clinical assessments

All patients were treated with L-dopa or other dopamin-
ergic agents and were evaluated in the ON state, ensur-
ing they were capable of performing the required tasks.
Disease severity was assessed using the Unified Parkin-
son’s Disease Rating Scale (UPDRS) for patients with iPD
[16], the Unified Multiple System Atrophy Rating Scale
(UMSARS) for patients with MSA [17], and the Progres-
sive Supranuclear Palsy Rating Scale (PSPRS) for patients
with PSP [18]. Clinical stages of Parkinsonism were deter-
mined according to the Hoehn and Yahr (H&Y) scale [19].
Cognitive performance was evaluated using the Mini-
Mental State Examination (MMSE) [20] and the Montreal
Cognitive Assessment (MoCA) [20]. Non-motor symp-
toms were assessed using the Non-Motor Symptoms Scale
(NMSS) [21], while autonomic dysfunction was measured
by the Scales for Outcomes in Parkinson’s disease—Auto-
nomic (SCOPA-AUT) [22]. Additionally, gastrointestinal
symptoms were surveyed using the Gastrointestinal Symp-
tom Rating Scale (GSRS) [23].

Taste assessment

The "Taste Strips" method [24] was modified by using
1 mL syringes to deliver the tastants, replacing the use of
filter paper strips. In the original "Taste Strips" method,
the filter paper strips are applied to the tongue using
spoon-shaped paper, with the examiner ensuring that the
strips are placed directly on the tongue and not displaced.
Patients with Parkinsonism experience rigidity and might
have difficulty opening their mouths for a long time. In
addition, the filter paper strips were easy to evaporate and
cannot be quantified accurately. 1 mL syringe with the
0.05 ml tastants via 26-G needle as filter paper strips were
used to ensure that the same amount of tastants was trans-
ferred to overcome this problem.

Solutions were prepared to test sweet, salty, sour,
umami, and bitter tastes. A sucrose solution was used for
sweet, sodium chloride for salty, citric acid for sour, mono-
sodium glutamate for umami tastes, and quinine hydro-
chloride for bitter. The concentrations of the solutions for
sweet, salty sour, and bitter were prepared at 4 levels based
on the “Taste Strips” method [16]. For the umami taste, 4
concentrations of monosodium glutamate solutions were
prepared using the method developed by Christian et al.
[17] (Supplementary Table 1). Distilled water was used to
prepare the test solutions for taste evaluation. Freshly taste
solutions were prepared every month.

Participants had to refrain from drinking and smoking
2 h before the test and refrain from eating, brushing their
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Fig.1 CONSORT diagram.
consolidated standards of
reporting trials flow diagram
showing study participants
screening, eligibility and inclu-
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Y

221 HCs

251 iPD patients
156 PSP patients
60 MSA patients

688 Participates completed the Urine sample analyses in this study

teeth, and chewing gum at least 1 h prior. The participants
were exposed to all the tastes in a randomized order at
each of the four increasing levels of concentration. First,
a solution with the lowest concentration (level 1) of a ran-
domly selected taste was applied to them. 1 mL Syringe
with the 0.05 ml solution was dipped onto the correspond-
ing position of the taste buds carefully to avoid touching
the tongue (Supplementary Fig. 1). Then, the syringe was
removed, and the participants responded to whether they
perceived a taste and identified its type in 3 s. If the taste
was correctly identified it was defined as one point; if not,
defined as 0. Before the next taste solution, the syringe
was used a new one, and participants were asked to rinse
their mouth several times with water to avoid interference
between tastes. To obtain an impression of overall taste
function, the number of correctly identified tastes was
added up to a “total taste score (TTS)”. Raw taste scores
were calculated as the number of correct identifications,
ranging from 0 to 20, with 20 representing perfect taste

function, 11-19 representing hypogeusia, and < 10 rep-
resenting ageusia. The whole testing procedure typically
required approximately 20 min for the 5 tastants.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 8.4.3 (GraphPad Software). Continuous clinical
and demographic data are presented as means =+ stand-
ard deviation (SD), while categorical data are reported
as medians, frequencies, or percentages. Comparisons of
quantitative variables between groups were made using the
Kruskal-Wallis one-way analysis of variance, followed by
post hoc testing with the Wilcoxon signed-rank test. Cat-
egorical variables were compared using Fisher’s exact test,
with Bonferroni adjustments for multiple comparisons. The
association between two continuous variables was assessed
using Pearson correlation and linear regression models.
Logistic regression models were employed to examine
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the impact of clinical factors on TTS and GSRS scores in
patients with iPD. Diagnostic accuracy of the taste scores
was evaluated via receiver operating characteristic (ROC)
curve analysis. Clinical covariates, including sex, age, body
mass index (BMI), and disease duration, were included in
the regression models to adjust for potential confounders.
A p-value of <0.05 was considered statistically significant.

Results
Demographic and clinical features

In our study, a total of 808 new participants were initially
recruited, including 257 HCs, 276 patients with iPD, 189
with PSP, and 86 with MSA. Among these, 48 partici-
pants (5.94%) who declined participation or could not be
contacted due to incomplete or outdated contact informa-
tion were excluded. Additionally, 72 participants (8.91%)
who reported taste loss due to non-idiopathic causes (such
as Bell's palsy, influenza, gingivitis, surgery, nasal polyps,
or sinusitis) were also excluded from the study. Ultimately,
688 participants (85.15%) successfully completed clinical
and taste assessments as per the Consolidated Standards of
Reporting Trials (CONSORT) flow diagram (Fig. 1).

The demographic characteristics of the participants are
detailed in Table 1. There were no significant differences
observed in gender, age, or BMI across the four groups
(P=0.9878, P=0.4182, and P=0.3354, respectively).
Similarly, there were no significant variations in H&Y,
UPDRS, and GSRS scores among iPD, PSP, and MSA
patients (P=0.4510, P=0.9772, and P=0.9606, respec-
tively). However, iPD patients exhibited significantly longer
disease durations compared to PSP (P=0.0014) and MSA
patients (P =0.0298). Notably, there was no significant dif-
ference in disease duration between PSP and MSA patients
(P=0.9988). Cognitive assessments, including MMSE and
MoCA, indicated lower scores in PSP patients compared
to iPD (P <0.0001 and P <0.0001, respectively) and MSA
(P=0.0001 and P <0.0001, respectively) patients. How-
ever, MMSE and MoCA scores did not significantly differ
between iPD and MSA patients (P=0.9761 and P=0.1885,
respectively).

Taste impairment

The distribution of taste scores among study participants is
depicted in Fig. 2. Our taste assessment indicated that HCs
achieved significantly higher scores for correctly identify-
ing tastes compared to patients with iPD, PSP, and MSA
(Fig. 2, and Supplementary Fig. 2). Specifically, in the
sweet taste test, mean scores were 3.41 for HCs, 3.10 for
iPD, 3.13 for PSP, and 3.17 for MSA (P=0.0117). Notably,
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iPD patients showed significantly lower scores compared
to HCs (P=0.0098), while no significant differences were
observed among HCs, PSP, and MSA patients (P=0.0741,
P=0.4153, and P=0.9975, respectively) (Table 1, Fig. 2A).
In detail, mean scores were 3.41 for HCs, 2.69 for iPD,
3.17 for PSP, and 2.90 for MSA (P <0.0001) in the salty
taste test. Here, iPD and MSA patients had significantly
lower scores compared to HCs (P <0.0001 and P=0.0105,
respectively), while no significant difference was found
between HCs and PSP patients (P =0.1630). Addition-
ally, iPD patients exhibited lower scores than PSP patients
(P=0.0002) (Table 1, Fig. 2B). For the sour taste test, mean
scores were 3.19 for HCs, 2.71 for iPD, 2.76 for PSP, and
3.15 for MSA (P <0.0001). Scores were significantly lower
in iPD and PSP patients compared to HCs (P <0.0001 and
P =0.0029, respectively), with no significant difference
observed between HCs and MSA patients (P =0.9967).
Furthermore, iPD patients showed lower scores compared
to MSA patients (P=0.0029) (Table 1, Fig. 2C). In the
umami taste test, mean scores were 3.27 for HCs, 2.65 for
iPD, 2.75 for PSP, and 2.63 for MSA (P =0.0001). Scores
were significantly lower in iPD, PSP, and MSA patients
compared to HCs (P=0.0001, P=0.0182, and P=0.0342,
respectively), with no significant differences among iPD,
PSP, and MSA patients (P=0.8214, P> 0.9999, and
P=0.9371, respectively) (Table 1, Fig. 2D). In the bitter
taste test, mean scores were 3.87 for HCs, 3.23 for iPD,
3.58 for PSP, and 3.58 for MSA (P <0.0001). Scores were
significantly lower in iPD, PSP, and MSA patients compared
to HCs (P <0.0001, P=0.0057, and P=0.0041, respec-
tively), with no significant differences observed between
iPD and MSA patients (P =0.8374), or between PSP and
MSA patients (P=0.7599). Notably, iPD patients had lower
scores than PSP patients (P =0.0029) (Table 1, Fig. 2E).
Figure 2F illustrates the distribution of total TTS across the
four study groups. Statistical analysis revealed significantly
lower TTS in iPD, PSP, and MSA patients compared to
HCs (P<0.0001, P<0.0001, and P=0.0002, respectively).
Moreover, TTS was significantly lower in iPD patients com-
pared to PSP and MSA patients (P=0.0024 and P=0.0464,
respectively), with no significant difference between PSP
and MSA patients (P =0.9988) (Table 1, Fig. 2F). In the
MSA group, there were no significant differences in the taste
test results for sweet, salty, sour, umami, and bitter flavors,
as well as in TTS, between MSA-parkinsonian and MSA-
cerebellar subtypes. (Supplementary Fig. 3).

To further explore the impact of parkinsonism on TTS,
we stratified TTS into three categories: Class I (perfect taste
function), Class II (hypogeusia), and Class III (ageusia).
Among HCs, 42 (19.00%) demonstrated perfect taste func-
tion, while 117 (80.09%) had hypogeusia, and 2 (0.90%) had
ageusia (Supplementary Fig. 2F). In contrast, among iPD
patients, 11 (4.38%) had perfect taste function, 204 (81.27%)
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Fig.2 The distribution and comparison of taste scores. The compari-
son of taste scores in sweet (A), salty (B), sour (C), umami (D), bitter
(E) test, and TTS (F) among the HCs, iPD, PSP and MSA groups.
All box-and-whisker plots depict the median, quartiles and range. G

had hypogeusia, and 36 (14.34%) had ageusia (Supplemen-
tary Fig. 2G). Similarly, among PSP patients, 5 (3.21%) had
perfect taste function, 143 (91.67%) had hypogeusia, and
8 (5.13%) had ageusia (Supplementary Fig. 2H). Lastly,
among MSA patients, 1 (1.67%) had perfect taste function,
58 (96.67%) had hypogeusia, and 1 (1.67%) had ageusia
(Supplementary Fig. 2I). The distribution of taste function
classes revealed a significantly higher prevalence of hypo-
geusia and ageusia among iPD patients compared to other
groups, indicating more pronounced gustatory dysfunction
in iPD (Fig. 2G).

Correlation between taste impairment and clinical
characteristics

The association between taste scores and clinical charac-
teristics was assessed in the study participants. Pearson’s
correlation analysis revealed no correlation between age
and taste scores among HCs or patients with iPD, PSP,
or MSA (Supplementary Table 2). In iPD patients, sig-
nificant correlation was observed between sweet taste
scores and GSRS scores (P=0.013, r=-0.156), and a
similar correlation was noted between salty taste scores
and MDS-UPDRS score (P=0.048, r=—0.156). Addition-
ally, sour taste scores showed mild negative correlations
with MDS-UPDRS (P =0.007, r=-0.168) and GSRS

@ Springer

C Sour D Umami
T P=09967 1 P=00342
P =0.0385 £>09999
Y m— P=00182
P=00617 P=08214
P<0.0007 mo P =0.0007 P=09371
4- 4
I3
e ¢
9 I}
o o —1—
@ ]
24 |= @ 2+
° ° © ® ® o
0 T P T 0 T o i
HCs iPD PSP MSA HCs iPD PSP MSA
Et,ss%
250 N
B
200 |
\ 9% ,V‘
\\ /

100 Total = 59

The number of people
g

1
(Scores)

11
w5 1 2
30 11-29 0-10

The distributions of HCs, iPD, PSP and MSA in absolute numbers
and relative percentage among perfect taste function, hypogeusia, and
ageusia. Statistical significance was determined by Kruskal-Wallis
one-way analysis of variance with post hoc testing

scores (P=0.038, r=-0.131) in iPD patients. Umami
taste scores were negatively correlated with MDS-UPDRS
score (P=0.012, r=-0.159), while bitter taste scores
exhibited negative correlations with H&Y, MDS-UPDRS,
SCOPA-AUT, and GSRS scores in iPD patients (P =0.002,
r=-0.197; P=0.001, r=-0.202; P=0.038, r=-0.131;
and P=0.005, r=-0.178, respectively). Moreover, TTS
showed negative correlations with H&Y, MDS-UPDRS,
and GSRS scores in iPD patients (P=0.013, r=-0.157;
P <0.001, r=-0.283; and P <0.001, r=-0.247, respec-
tively) (Fig. 3A, Supplementary Table 2). Among PSP
patients, salty taste scores exhibited small but significant
correlations with MMSE and MoCA scores (P =0.025,
r=0.180; and P=0.026, r=0.178, respectively), and
TTS showed a correlation with H&Y score (P =0.049,
r=0.256) (Fig. 3C, Supplementary Table 2). These find-
ings suggest that taste scores are significantly associated
with disease severity in iPD patients. Further validation
was conducted through logistic regression analysis, which
confirmed a negative correlation between TTS and dis-
ease severity assessed by H&Y staging scale and UPDRS
in iPD patients (r=-0.1574, P=0.0126; r=—-0.2834,
P <0.0001, respectively) (Fig. 3D and E). Additionally,
gastrointestinal function assessed by GSRS scores was sig-
nificantly negatively correlated with TTS in iPD patients
(r=-0.2466, P <0.0001) (Fig. 3F).
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Fig.3 Association between the taste function and clinical character-
istics in patients. A-C, Association between the taste function and
clinical characteristics in patients with iPD (A), PSP (B) and MSA
(C), respectively. D-F, Scatterplots showing the correlation analysis
in patients with iPD between the TTS and H&Y (D), UPDRS (E)

Predictive value of taste impairments for iPD

We performed ROC curve analyses of taste scores, as shown
in Supplementary Table 3, to identify effective markers for
stratifying Parkinsonism. In the sweet test, the ROC analysis
distinguished HCs from iPD patients with an AUC (Area

> & & L & v Ko
ARSI A~ - 2 Q'
F P S E & O o P O 9 Q&
SPALP TS EIILS
Sweet{ 10 o1 [ 05|20 | acs [as7 cor | oo |0z [ 00| o0t |20 cua [acs
Salty 1 [ 198 | 00 [scod con [ sas om0 [ oo o 05 s | 210 won [ows
Sour| 1€ cot 188 02s | <o | ass | ess | coe | a2 | 22| 02| 22 0oz fes
UmamiT @2 oo o [150] o [ aue | cos [ao] at0 [ 20a | ] s0s 9] 0cn
e R P P e I i s s
TTS_ 257 045 | 055 | 084 | 020 | 008 co2 | 002|005 | 208|0%s | 213 006 | 008 05
Age-{ 207 a8 | a0 | o [ese] 02 408 | aco | 207 [ 02z |08 -0t | aze [ o
Disease duration- ¢ 0% |0 [ 210 [ aer [.cor ose | 108 0ze [0st | e12| 01s | 022 [0
H&Y w02 ooe [acz| a1 |.z0z|.000 057|026 [130 | 056 [ c22 | 015 | 050 | 020
UPDRS’ 212 005|012 009|005 [ coe co2 | 04 | 076 | 100 :J!‘Ezﬁ- 058 | 0.8
mse e o [0 a0 fanr s 0w o 07| on o
MoCA- 20t | et | o1z | ozt [ 0 ass 109 06 [ 010
a1a | oo |01z | am 024 | 072 | 050 | 00 [ 72| 015 |G| oo
0tz |oea] 208 | <02 | o8 w1 | 071 [ 20| 203|021 | 210 coz [ 180
6 P=0.0126 r=-0.1574
.
4 ces cee sesees
>
e »
T ; 4
2 ceeessccsssse
o . cessee s
. . ceee o
0 T T T T 1
0 5 10 15 20 25
TTS
80+ P <0.0001 r=-0.2466
60
2 40
7]
(U]
20
Y 1
0 25

and GSRS (F), respectively. Associations were assessed using Spear-
man correlation (A-C). Solid line indicates regression line, and dot-
ted lines border the 95% confidence interval using linear correlation
analysis (D-F)

Under Curve) of 0.5585, specificity of 45.42%, and sensitiv-
ity of 63.80%. It also differentiated HCs from PSP patients
with an AUC of 0.5757, specificity of 50.00%, and sensitiv-
ity of 63.80%. For the salty test, the analysis differentiated
HCs from iPD patients with an AUC of 0.6456, specificity
of 60.16%, and sensitivity of 60.63%. It also separated HCs
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from PSP patients (AUC =0.5644, specificity =49.36%, sen-
sitivity =60.63%), HCs from MSA patients (AUC=0.6100,
specificity =55.00%, sensitivity =60.63%), and iPD from
PSP patients (AUC =0.5891, specificity =50.64%, sen-
sitivity =60.16%). In the sour test, the ROC analysis dis-
tinguished HCs from iPD patients (AUC =0.6127, speci-
ficity = 64.14%, sensitivity =54.75%), HCs from PSP
patients (AUC =0.6049, specificity =64.74%, sensitiv-
ity =54.75%), iPD from MSA patients (AUC =0.5994,
specificity =51.67%, sensitivity =64.14%), and MSA from
PSP patients (AUC =0.5896, specificity =51.67%, sensi-
tivity = 64.74%). For the umami test, the analysis identified
differences between HCs and iPD patients (AUC =0.5868,
specificity =57.77%, sensitivity =53.39%), HCs and PSP
patients (AUC =0.5868, specificity =63.46%, sensitiv-
ity=53.39%), and HCs and MSA patients (AUC =0.6189,
specificity = 66.67%, sensitivity =53.39%). In the bit-
ter test, the analysis differentiated HCs from iPD patients
(AUC =0.6256, specificity =29.48%, sensitivity =95.93%),
HCs from PSP patients (AUC =0.6379, specificity =32.69%,
sensitivity =95.93%), and HCs from MSA patients
(AUC =0.6344, specificity =31.67%, sensitivity =95.93%).
These results suggest that individual taste tests are not
highly effective for distinguishing between different forms
of Parkinsonism. However, the TTS might be a more reli-
able marker, capable of differentiating iPD, PSP, and MSA
patients from HCs with AUC values of 0.7448, 0.7014, and
0.7066, respectively. Moreover, the TTS differentiated iPD
patients from PSP (AUC =0.5827, specificity =66.67%, sen-
sitivity =47.01%) or MSA patients (AUC =0.5823, specific-
ity =65.00%, sensitivity =47.01%) (Supplementary Table 3,
Supplementary Fig. 4).

Discussion

Although an increasing number of studies suggest that taste
impairment is associated with iPD, research on this topic
remains limited, with heterogeneous and contradictory find-
ings reported. [10]. In this study, we assessed taste function
at four different concentrations in HCs, patients with iPD,
PSP, and MSA. Our data indicated that taste impairment
was significantly more severe in patients with iPD than
other groups. Previous cross-sectional studies using vari-
ous measurement techniques have consistently found that
patients with iPD more frequently exhibit impaired taste
compared with controls [18-21]. Our findings corroborate
this conclusion. Notably, responsiveness to different taste
qualities varied among patients. Specifically, PSP patients
exhibited significant impairment in salty taste compared
to iPD and MSA patients. Furthermore, iPD patients had
the lowest scores for sour and bitter tastes among the four
groups. These results highlight the diverse nature of taste
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impairment across different types of Parkinsonism, which
could aid in managing expectations and improve dietary
compliance.

The pathogenesis of taste impairment in Parkinsonism
may be related to the distinct neurodegeneration associated
with each condition. In iPD, the primary pathological feature
is the loss of dopaminergic neurons in the substantia nigra,
which may contribute to broader sensory processing defi-
cits. This could explain the lower scores for sour and bitter
tastes, likely reflecting a general decline in sensory integra-
tion rather than impairment of specific taste modalities. [22].
In PSP, the accumulation of tau protein primarily affects the
basal ganglia and frontal regions, potentially disrupting the
neural circuits involved in taste processing, especially for
salty taste [14]. In contrast, MSA presents a more varied
pathology, often involving oligodendrocytic degeneration,
resulting in a less pronounced effect on taste compared to
PSP and iPD. This may account for the milder taste impair-
ment observed in this group of patients [23].

The mechanism of taste impairment in iPD has not
been identified. According to the Braak’s staging theory of
iPD, there are no defects in first-order taste neurons (cra-
nial nerves VII, IX, and X) or second-order taste neurons
(nucleus of the solitary tract) [4, 24]. This has led some
researchers to propose that taste impairment in advanced iPD
may be associated with cortical involvement of the primary
gustatory cortices[3, 11]. A recent neuropathological study,
contrary to previous reports, demonstrated a-synuclein dep-
osition in both the nucleus of the solitary tract and cranial
nerve nuclei in some patients with iPD [25]. In our study,
taste impairment was also observed in early-stage iPD, and
we confirmed a correlation between the severity of iPD and
the degree of taste loss. Although an increasing number of
studies have reported taste and gastrointestinal dysfunction
in patients, data specifically addressing these changes in iPD
patients remain limited [26, 27].

Both MSA and PSP are neurodegenerative disorders that
affect various brain regions involved in taste perception, par-
ticularly through damage to the brainstem and other areas
disrupting neural pathways responsible for taste processing
[4, 28, 29]. Additionally, both diseases can lead to dyspha-
gia, or swallowing difficulties [30, 31], which may further
affect the overall eating experience and alter taste percep-
tion. The presence of a-synuclein aggregates in peripheral
biopsies, including the gastrointestinal tract, skin, and sali-
vary glands, may also damage taste bud function [32, 33].
Furthermore, medications such as dopaminergic treatments
or anticholinergics can affect taste perception, leading to
alterations in taste perception [34].

In this study, we observed no correlation between taste
impairment and gastrointestinal dysfunction, age, dis-
ease duration, or cognitive dysfunction in the HC, PSP,
or MSA groups. Given the established functional and
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neuroanatomical links between taste perception and the
gastrointestinal tract, we further explored gastrointestinal
symptoms using the GSRS [23]. Our findings revealed a
significant negative correlation between gastrointestinal
dysfunction and the TTS in patients with iPD. The pri-
mary nucleus of the trigeminal nerve in the brainstem,
the nucleus of the solitary tract in the medulla [4], is
implicated in taste perception. Moreover, the presence
of a-synuclein deposits in both the nucleus of the soli-
tary tract and cranial nerve nuclei likely contributes to
the heightened sensitivity to taste dysfunction observed in
early Parkinson’ s disease [33]. These observations suggest
that taste dysfunction may be associated with the early
stages of iPD and could serve as a potential marker of
initial pathological changes.

Several limitations of this study should be considered
when interpreting our findings. Although we utilized the
NMSS to assess taste and olfactory functions, only the
degree of olfactory changes was recorded. The biological
relationship between taste and olfactory impairments in Par-
kinsonism remains unclear and warrants further investiga-
tion. Future studies employing more rigorous experimental
designs and early follow-up cohorts are necessary to better
understand the nature of taste and olfactory dysfunction in
Parkinson's disease. Additionally, we were unable to assess
the impact of other clinical and demographic factors, such
as smoking history, emotional status, and medication use.
These variables should be addressed in future research.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-025-12983-8.
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