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Background: Parkinson’s disease (PD) is a synucleinopathy, which presents dysautonomia, as its common non-motor symptom.
Some research suggests the existing interplay between the autonomic nervous system dysfunction and glucose metabolism dysregula-
tion in PD.
Objective: To determine the prevalence of metabolic disorders with particular emphasis on glucose metabolism in patients with PD
and atypical parkinsonism (AP).
Patients and Methods: A retrospective study was performed by analyzing 461 clinical data of consecutive patients diagnosed with
PD, multiple system atrophy (MSA) and progressive supranuclear palsy (PSP) hospitalized from 2019 to 2021 in the authors’
institution. The study group included 350 patients (303 PD, 14 MSA, 33 PSP), aged 65.8 ± 9.7 years (42% were female).
Laboratory results (fasting glycemia, lipid parameters, TSH, homocysteine and vitamin D3 levels) were collected. The patient’s
clinical condition was assessed in III part of Unified Parkinson’s Disease Rating Scale (UPDRS p. III), Hoehn–Yahr scale, Mini Mental
State Examination (MMSE) and Beck Depression Inventory (BDI).
Results: Impaired fasting glycemia (IGF) was more prevalent in PD than in the PSP (43.43% vs 18.18%; p = 0.043). Similarly, PD
presented a higher level of fasting glycemia (102.4 ± 16.7 mg/dl vs 92.2 ± 16.1mg/dl; p = 0.042). According to lipid parameters,
patients with PD showed lower LDL cholesterol (92.3 ± 44.3mg/dl vs 119 ± 61.0mg/dl; p = 0.016) and lower BMI compared to
patients with PSP (26.1 ± 4.0kg/m2 vs 29.3 ± 4.4 kg/m2; p = 0.024), but there were no statistically significant differences in
triglycerides (TG) and HDL cholesterol levels. Males with PD presented greater frequency of IFG (35.05% vs 50.6%; p = 0.042),
higher fasting glycemia (99.1 ± 14.3mg/dl vs 103.7 ± 14.7mg/dl; p = 0.006), lower total cholesterol, HDL cholesterol, and BMI
compared to women with PD.
Conclusion: Our investigation supports an association between synucleinopathies and glucose metabolism dysregulation.
Keywords: Parkinson’s disease, atypical parkinsonism, diabetes mellitus, impaired fasting glycemia

Introduction
Parkinsonism is a term used to describe a complex motor syndrome that manifests as rigidity, tremors, bradykinesia, and
postural instability. It was initially considered specific to Parkinson’s disease (PD), but later on, also to some other
neurodegenerative diseases, like multiple system atrophy (MSA) or progressive supranuclear palsy (PSP). These
symptoms can also be manifestations of other conditions, like infections, intoxications, iatrogenic conditions, and central
nervous system (CNS) disorders, like hydrocephalus or infarction.1

The most common cause of parkinsonism and also the second most common neurodegenerative disease is PD, which
includes about eighty percent cases of parkinsonism.2 PD is characterized by the abnormal accumulation of intraneuronal
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aggregated α-synuclein in Lewy bodies, which reduces neuronal viability and contributes to the loss of dopaminergic
neurons in the substantia nigra.1–3. Numerous post mortem studies on dopaminergic grey matter neurons of PD patients
and healthy subjects show many cellular mechanisms and complex interactions including impaired mitochondrial
bioenergetics, abnormal regulation of calcium homeostasis, and impaired mitochondrial degradation4,5 which leads to
degeneration and death of neurons resulting in disruption of dopaminergic transmission in the extrapyramidal system
manifested as motor and non-motor clinical symptoms.6,7 Usually, attention is focused on the motor manifestation of PD.
However, it is estimated that the non-motor symptoms occur by even 88% of PD patients and include neuropsychiatric
symptoms such as dementia, mood disorders, apathy and depression, sleep disturbances including insomnia, REM
behavior disorder, sleep-disordered breathing or restless legs syndrome, and many symptoms related to autonomic
dysfunction.8,9

Dysautonomia is presented by about 30–40% of PD patients and has a significant impact on their life. The most
common autonomic symptoms include constipation, micturition disorders, excessive perspiration, dysfunctions of
sphincters and orthostatic hypotension.10,11

Epidemiological data suggest a connection between PD and impaired glucose metabolism. It is well established that
non-neurological disorders, like diabetes mellitus (DM) can determine the severity and even development of neurode-
generation, and the presence of DM in such patients increases their risk of getting PD.12–16 Prediabetes features, such an
impaired glucose tolerance and impaired fasting glucose (IFG) are common in patients with PD.17 Some research
suggests that glucose metabolism dysregulation in this group of patients may develop in another mechanism than in
prediabetes, in the general population.

The interplay between neurodegeneration and glucose dysregulation is complex and insulin resistance seems to be
both cause and consequence of neurodegeneration. As one of the possible causes is considered dysautonomia, which
occurs commonly in PD patients.18 Production and secretion of insulin by the pancreatic gland is modulated by the
sympathetic nervous system. In addition, epinephrine and norepinephrine secretion depends on the activation of D2
receptors.19,20 This may explain the association between autonomic dysfunction and glucose metabolism dysregulation.
However, there are not many studies describing this interdependence.18,21–24 Other research presents complex mechan-
isms that may be responsible for glucose dysregulation in PD. It is hypothesized that mitochondrial damage in PD occurs
as a result of pentose phosphate pathway dysregulation, which contributes to increasing oxidative stress and changing
glucose metabolism.25 Other suggestions relate to the involvement of dopaminergic neurons promoting feeding behaviors
in the hypoglycemic state, mediated by insulin receptors in the substantia nigra and therefore dopaminergic neuronal loss
may alter glycemic control.14 Among the several molecular mechanisms, which link PD and DM, amylin has acquired
a particular interest, because of its aggregation properties. Amylin is co-secreted with natively unfolded insulin by
pancreatic beta-cells, in response to blood glucose. Studies suggested that amylin could trigger the α-synuclein amyloid
formation and increase the risk of PD12,26 And inhibition of amylin-induced aggregation in the brain may be an
interesting target to slow the α-synuclein amyloid formation.

Aside from PD, there are multiple neurodegenerative diseases manifesting as a parkinsonian syndrome with specific
symptoms and greater severity, which are qualified as atypical parkinsonisms. This term is used to describe distinct
pathological entities like multiple system atrophy (MSA) and dementia with Lewy bodies, which are alpha-
synucleinopathies, and also progressive supranuclear palsy (PSP) and corticobasal syndrome (CBS), which are caused
by accumulation of tau proteins.27–30

Autonomic dysfunction is the key non-motor feature of MSA. It is also one of the symptoms appearing in advanced
dementia with Lewy bodies. In other parkinsonisms, like PSP and corticobasal degeneration, the most prominent non-
motor symptoms comprise those deriving from the cognitive or neuropsychiatric domain, as opposed to alpha-
synucleinopathies.31 There is some presumptive evidence that α-synuclein has sophisticated connections with peripheral
glucose metabolism.32 However, there is a very small number of research31,33 describing glucose metabolism in atypical
parkinsonisms.

Therefore, the aim of this study was to explore the difference between the occurrence of metabolic disorders with
particular emphasis on glucose metabolism in patients with PD and atypical parkinsonism (AP). To our knowledge, this
is the first study confronting glucose metabolism dysregulation in these groups of patients.
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Materials and Methods
We performed a retrospective analysis of all patients with diagnoses of PD, MSA, and PSP admitted to Central Clinical
Hospital of the Medical University of Silesia in Katowice from January 2019 to November 2021. The initial group
consisted of 461 patients, including 403 patients with PD, 17 patients with MSA, and 39 patients with PSP. The diagnosis
was confirmed by neurologists experienced in diagnostics and treatment of neurodegenerative diseases. 111 patients met
exclusion criteria, such as pre-existing diabetes mellitus and taking medications that affect glucose levels (n = 65);
patients after implantation of deep brain stimulation of the subthalamic nucleus (DBS-STN) (n = 40), no glucose
assessment (n = 65). (Figure 1.)

The study group consisted of 350 patients (147 females (42%) and 202 males (58%), aged from 35 to 84 years (mean
age 65.8±9.7 years)). Among them were 303 (86.6%) patients with PD, 14 (4%) patients with MSA, and 33 (9.4%)
patients with PSP.

In final group of 350 patients clinical data regarding gender, age, BMI (Body mass index), duration of the disease,
assessment of motor status using III part of MDS-UPDRS scale (Movement Disorder Society – Unified Parkinson’s
Disease Rating Scale), performed without DRT (dopamine replacement therapy) and after administration of a dose of
levodopa, rating in Hoehn–Yahr scale, assessment of cognitive function with MMSE scale (Mini Mental State
Examination) and CDT (Clock Drawing Test) and results of BDI (Beck Depression Inventory) were collected. Data
on current treatment were also collected. The analysis of the laboratory results concerned inter alia glucose metabolism,
lipid metabolism, thyroid function, homocysteine, and vitamin D3 levels.

The statistical analysis was performed with Statistica 13.3 (TIBCO Software Inc. (2017) Statistica (data analysis
software system, version 13. http://statistica.io)). The quantitative variables are presented as an arithmetic mean and
a standard deviation (normally distributed variable) or a median and the interquartile range (variables of not normal/
skewed distribution). The normality of distribution was assessed with the Shapiro–Wilk test. Qualitative variables are
presented as absolute values and percentages.

Figure 1 A final group creation process. The total number of exclusions is not equal to the sum of patients excluded by each criteria because one patient may have been
excluded for more than one reason.
Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; DM, diabetes mellitus; DBS-STN, deep brain stimulation of the
subthalamic nucleus; pts, patients.
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Due to the fact that the normal distribution in the analyzed groups was not confirmed, the intergroup differences for
the quantitative variable were assessed with the U-Mann–Whitney or the Kruskal–Wallis test (variables of skewed
distribution). In the case of statistically significant differences within many groups revealed by the Kruskal–Wallis test,
a post-hoc type of analysis was performed. Fisher’s exact test or chi-square test were performed for qualitative variables.

Due to the retrospective character of the work and data anonymization, the Ethics Committee of the Medical
University of Silesia waived the requirement to obtain ethical approval for this study.

Results
Characteristics of Groups Comparing PD Patients with Atypical Parkinsonisms
In PD patients, impaired fasting glycemia (IFG) occurred more frequently than in PSP patients (43.43% vs 18.18%, p =
0.043); similarly, PD patients had higher fasting blood glucose levels (102.4 ± 16.7 mg/dl vs 92.2 ± 16.1 mg/dl p =
0.042). Patients with PD were also characterized by lower levels of LDL cholesterol compared to patients with PSP (92.3
± 44.3 mg/dl vs 119 ± 61.0 mg/dl, p = 0.016). There were no statistically significant differences in total cholesterol, HDL
cholesterol or triglycerides levels. In terms of TSH, Homocysteine, and vitamin D3 levels. - there were no statistically
significant differences.

Additionally, PD patients had a lower BMI than PSP patients (26.1 ± 4.0 kg/m2 vs 29.3 ± 4.4 kg/m2; p = 0.024).
As expected, patients with atypical parkinsonisms were characterized by a shorter disease duration (9.0 ± 5.8 years

(PD) vs 4.4 ± 3.5 years (MSA) vs 4.2 ± 2.6 years (PSP); p = 0.000), a worse response to dopaminergic treatment
expressed as percentage improvement assessed in part III of the MDS-UPDRS scale (OFF vs ON state) (52.4 ± 18.4%
(PD); 16.2 ± 12% (MSA); 6.3 ± 10.0% (PSP) p = 0.000); patients with PSP showed more severe cognitive impairment
compared to PD patients: MMSE (25.9 ± 6.3 vs 23.0 ± 6.3; p = 0.002) TRZ (9.1 ± 1.6 vs 7.3 ± 2.6 p = 0.010).

There were no differences between the groups regarding the age or gender of the patients. Detailed data are
summarized in Tables 1 and 2.

Characteristics of Men and Women in the Final Group of Patients with PD
Among the patients with PD men had higher glycemia (99.1 ± 14.3 mg/dl vs 103.7 ± 14.7 mg/dl p = 0.006) and greater
frequency of impaired fasting glycemia (35.05% vs 50.6%) p=0.042). They presented also lower total cholesterol (208.5
± 49.7 mg/dl vs 196.9 ± 47.6 mg/dl; p = 0.040), lower HDL cholesterol (64.3 ± 16.0 mg/dl vs 57.1 ± 12.2 mg/dl; p =
0.008), as well as a lower BMI (26.9 ± 3.8 vs 24.9 ± 4.1; p = 0.002). Women had a higher mean BDI score (10.1 ± 6.5 vs
7.1 ± 5.1; p = 0.000). Detailed data are summarized in Tables 3 and 4.

Discussion
Parkinson’s disease (PD) and diabetes mellitus (DM) are two important aging-associated disorders. DM is considered an
epidemic in modern societies. World Health Organization (WHO) estimated that in 2019, diabetes was the ninth leading
cause of death, and 1.5 million deaths were directly caused by diabetes.34 Prediabetes is a condition preceding diabetes
mellitus type 2 (DMT2). It is caused by disturbances in signaling pathways leading to receptors’ resistance to insulin
actions in the body cells. Prediabetes is defined as impaired fasting glycemia (IFG) or impaired glucose tolerance,
depending on hepatic or muscles resistance.35,36 Occurrence of IFG in the general population, aged 50–65, based on
Croatian study, was assessed as 15.7%.37 PD affects at least 1% of the population above age 60.38 Our study results have
shown that IFG occurred in 43.43% of patients with PD. There is no other data approximating IFG prevalence in this
population to compare. There is strong evidence suggesting that DM can be a risk factor for PD. Moreover, DM is
considered to be a modifying factor for motor and non-motor factors in PD.12 Nevertheless there are several epidemio-
logical and experimental studies that revealed the association between DM and PD and suggest that PD is a possible
cause of glucose metabolism dysregulation.14–19

Atypical parkinsonism (AP) is a diverse group of disorders, presenting specific symptoms and different courses from
PD. It is estimated that the percentages of AP conditions such as multiple system atrophy (MSA), progressive supra-
nuclear palsy (PSP), corticobasal degeneration (CBD), and dementia with Lewy bodies (DLB) among parkinsonian
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syndromes comprise 10–15% of patients.37 We have included to the study all consecutive patients from 2019 to 2021.
Among this population, the percentage of patients with AP has been 13.39% (similarly to general estimation). AP has
been characterized by greater severity coexisting with worse dopaminergic treatment response and shorter survival of
patients.38–40 Our study has shown consistent results. Patients diagnosed with MSA and PSP have presented worse
response to dopaminergic treatment and higher scores on the H-Y scale with a shorter average disease duration. PSP
predisposes to early gait disturbances and falls, which determines the worse physical condition of these patients.41 That
explains the highest score on the H-Y scale, in comparison to all three groups of our patients. Likewise, results of a test
assessing neuropsychiatric condition that has been worse in tauopathy.25

According to metabolic parameters, there is a small amount of research comparing PD and other parkinsonisms, so
our knowledge is still incomplete in this regard. In general, population causes and risk factors of metabolic diseases are
commonly known. For well over half a century, the link between insulin resistance and DMT2 has been recognized.35 At
present, a well-known topic is Metabolic Syndrome (MeS), in which diabetes is an important component. Moreover, MeS
is strongly associated with an increased risk for the development of atherosclerotic and nonatherosclerotic cardiovascular
disease. MeS is defined by the latest three of the following criteria: central obesity, reduced HDL cholesterol, elevated
TG, arterial hypertension, and a previously mentioned IFG. The commonly known fact is that insulin resistance has been
associated with central obesity as well.35,36

Table 1 Demographic and Clinical of a Final AnalyzedGroup BrokenDown by Diagnosis. Kruskal–Wallis
Test for Quantitative Variables and Fisher’s Exact Test for Qualitative Variables

PD N=304 MSA N=14 PSP N=33 P

Gender n, %

Females 124 (40.6) 6 (42.9) 18 (54.5) 0.304
Males 180 (59.4) 8 (57.1) 15 (45.5)

Age, years 65.3±9.8 65.2±11.0 70.1±7.1 0142

BMI, kg/m2 26.1±4.0 28.5±5.1 29.3±4.4 0.024

PD<PSP

Duration of the disease, years 9.0±5.8 4.4±3.5 4.2±2.6 0.000

PD>PSP; PD>MSA

MDS-UPDRS part III OFF 39.2±16.7 40.3±15.4 44.5±16.3 0.140

MDS-UPDRS part III ON 18.6±10.9 32.0±15.4 44.5±16.3 0.000

PD<PSP; PD<MSA

Δ MDS-UPDRS part III, % 52.4±18.4 16.2±12 6.3±10.0 0.000

PD>PSP; PD>MSA

Hoehn–Yahr Scale 2,8±1,0 3,1±0,9 4.1±0.8 0.000

PD<PSP; MSA<PSP

LEDD, mg 998.1±730 627.9±487 487.4±425 0.000

PD>PSP

MMSE 25.9±6.3 26.1±3.0 23.0±6.3 0.002

PD<PSP

CDT 9.1±1.6 8.8±1.5 7.3±2.6 0.010

PD<PSP

BDI 8,36±5,9 10,5±4,8 10,5±5.4 0.081

Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; BMI, body mass
index; MDS-UPDRS, Movement Disorder Society – Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily
dose; MMSE, Mini Mental State Examination; CDT, Clock Drawing Test; BDI, Beck Depression Inventory.
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Our study, focused on metabolic disturbances in patients diagnosed with PD, has shown that typical risk factors
related to insulin resistance have not occurred in this group of patients. In PD patients, IFG has occurred more frequently
(43.43%) than in PSP patients (18.18%), and a higher level of fasting glycemia (102.4 vs 92.2 mg/dl) has occurred, in
spite of no statistically significant differences in total cholesterol, HDL cholesterol, or TG levels.

Table 3 Demographic and Clinical Characteristic of a PD Patients Group Broken Down by Gender.
U-Mann–Whitney Test for Quantitative Variables and Fisher’s Exact Test for Qualitative Variables

Female n=123 Male n=180 P

Age, years 66.7±9.5 64.4±10.0 0.058

BMI, kg/m2 26.9±3.8 24.9±4.1 0.002

Duration of the disease, years 9.01±5.9 9.0±5.9 0.905

MDS-UPDRS part III OFF 42.0±17.0 37.3±16.3 0.014

MDS-UPDRS part III ON 19.9±11.3 27.8±10.7 0.121

Δ MDS-UPDRS part III, % 52.9±17.7 17.8±19.0 0.089

Hoehn–Yahr Scale 3.0±1.0 2.7±0.9 0.015

LEDD mg 1032.8±757.2 974.4±712.8 0.525

MMSE 25.1±4.3 26.5±7.2 0.060

CDT 8.3±2.0 9.6±8.8 0.060

BDI 10.1±6.5 7.1±5.1 0.000

Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; BMI, body mass
index; MDS-UPDRS, Movement Disorder Society – Unified Parkinson’s Disease Rating Scale; LEDD, levodopa equivalent daily
dose; MMSE, Mini Mental State Examination; CDT, Clock Drawing Test; BDI, Beck Depression Inventory.

Table 2 Laboratory Characteristic of a Final Analyzed Group Broken Down by Diagnosis. Kruskal–Wallis
Test for Quantitative Variables and Fisher’s Exact Test for Qualitative Variables

PD N=304 MSA N=14 PSP N=33 P

Fasting glycemia, mg/dl 102.4±16.7 100.4±10.2 92.2±16.1 0.042

PD>PSP

Impaired fasting glycemia n, % 132 (43.43) 9 (64.29) 6 (18.18) 0.043

PD>PSP

Glycemia >126 mg/dl n, % 20 (6.58) 0 (0.00) 3 (9.09) 0.464

TSH, uIU/mL 1.72±1.6 1.78±0.9 1.53±1.0 0.208

Total cholesterol, mg/dl 201.7±48.7 194.5±40.6 211.4±62.3 0.887

LDL cholesterol, mg/dl 92.3±44.3 105.7±56.0 119±61.0 0.016

PD<PSP

HDL cholesterol, mg/dl 60.0 ±14.3 52.0±11.3 60.6±26.5 0.333

Triglycerides, mg/dl 123.8±41.1 121.4±33.0 129.3±51.4 0.951

Homocysteine, umol/l 16.3±7.9 17.0±8.9 13.8±3.4 0.402

Vitamin D3, ng/mL 25.9±16.2 27.0±13.2 26.5±16.1 0.797

Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; TSH, thyroid
stimulating hormone; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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However, patients with PD have also been characterized by reduced levels of LDL cholesterol compared to patients
with PSP (92.3 mg/dl vs 119 mg/dl), and lower BMI (26.1 vs 29.3 kg/m2). Higher levels of LDL cholesterol often occur
in prediabetes or DMT2. Some research studies suggest that isolated IFG is related to increased apolipoprotein B and
total LDL particles.42,43 BMI represents a common risk factor for insulin resistance. Furthermore, increasing BMI is
related to prediabetes.

IFG is a type of prediabetes, in which blood glucose levels during fasting are consistently above the normal range, but
below the cut-off point for a diagnosis of DM. Together with impaired glucose tolerance (IGT), IFG is a sign of insulin
resistance, and also one of the conditions associated with MeS.44–47 Patients with MSA had similar laboratory results to
the ones with PD. However, there were no statistically significant differences between the MSA and PSP groups,
probably due to small sample size of MSA patients.

It is assessed that PD occurs 1.5 more frequent by men than women, what has been shown in our study48 Comparing
results between men and women, only in a group of patients with PD, we have received a similar tendency to higher
fasting and greater frequency of IFG, in spite of lower BMI in the male group of patients. Unlike a meta-analysis by You
et al,15 in this study, the male patients with PD had higher fasting glycemia and higher frequency of IFG than the females.
However, in the general population, IFG is more prevalent in males, so the presented results are adequate.49,50

Similarly, lipid profiles are more unfavorable in post-menopausal females in the general population.51

Results of the conducted study suggest that besides the known role of glucose dysregulation in the development of
neurodegeneration, there exist different mechanisms that contribute to DM by PD (opposite to PSP, and probably to the
general population). Some research has shown the role of α-synuclein in glucose regulation, especially in beta-cell function
and glucose utilization in peripheral tissues.19,32 It may confirm the association between synucleinopathies and specific
glucose dysregulation. The mechanism may be related to autonomic dysfunction which occurs frequently in PD and MSA,
unlike PSP. It has been estimated that autonomic disorders may be present in about 60% of patients with α-synucleinopathies,
while only in 30% of patients with PSP or CBS.10

A similar study conducted to check factors related to glucose dysregulation in patients diagnosed with PDmay confirm this
suggestion, because it showed higher blood glucose levels associated with higher severity of dysautonomia, which was
checked using Scales for Outcomes in Parkinson’s Disease – Autonomic Dysfunction. It is a questionnaire for the assessment

Table 4 Laboratory Characteristic of a PD Patients Group Broken Down by Gender. U-Mann–Whitney
Test for Quantitative Variables and Fisher’s Exact Test for Qualitative Variables

Female n=123 Male n=180 P

Fasting glycemia, mg/dl 99.1±14.3 103.7±14.7 0.006

Fasting glycemia >100mg/dl n, % 52 (42.3) 102 (50.6) 0.028

Impaired fasting glycemia 43 (35.05) 91 (50.6) 0.042

Fasting glycemia >126mg/dl n, % 9 (7.3) 11 (6.1) 0.672

TSH, uIU/mL 1.7±1.4 1.7±1.8 0.581

Total cholesterol, mg/dl 208.5±49.7 196.9±47.6 0.040

LDL cholesterol, mg/dl 89.2±36.6 94.4±48. 0.859

HDL cholesterol, mg/dl 64.3±16.0 57.1±12.2 0.008

Triglycerides, mg/dl 121.7±38.9 121.7±42.4 0.239

Homocysteine, umol/l 16.3±7.5 16.3±8.2 0.769

Vitamin D3, ng/mL 28.6±20.9 23.8±11.2 0.179

Abbreviations: PD, Parkinson’s disease; MSA, multiple system atrophy; PSP, progressive supranuclear palsy; TSH, thyroid
stimulating hormone; LDL, low-density lipoprotein; HDL, high-density lipoprotein.
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of autonomic dysfunction in patients with PD.18 Nevertheless, there is still not enough research to prove a strong association
and explain clearly all relevant mechanisms. In particular, there are no other studies comparing glucose dysregulation in
synucleinopathies and other parkinsonisms, which seems to be the right direction for subsequent research.

Our study has limitations. First of all, the sample size of AP subtypes is relatively small, but it is worth noticing that
AP are rare. We analyzed patients consecutively admitted to our department from 2019 to 2021, and in the single site
setting, collecting a bigger group of patients with AP may otherwise take many years. Secondly, due to the retrospective
nature of our study, we were unable to collect data on the physical activity of the patients.

Conclusion
Impaired fasting glucose (IFG) in Parkinson’s Disease is common in PD and MSA, but not in PSP, and thus, IFG seems
to be a clinical feature of synucleinopathies. In this study, IFG has been more prevalent in synucleinopathies. These
groups of patients have demonstrated a higher fasting glycemia. These results have not been related to typical metabolic
risk factors including high BMI and high LDL cholesterol. Considering all this information, and data from studies carried
up to this date, it has been suggested that there is an association between glucose metabolism dysregulation and
synucleinopathies with autonomic dysfunction, as one of the possible mechanisms.

However, more research needs to be conducted to explain this mechanism, because it may be crucial for potential
designing future therapeutic strategies for patients suffering from PD, prediabetes, and DM.
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