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Abstract: Background. Metabolic syndrome and Parkinson’s disease share common
pathophysiological mechanisms. This study aimed to investigate the metabolic syndrome’s
contribution to Parkinson’s disease progression and the genetic traits associated with PD and MetS.
Methods. Four hundred and twenty-three newly diagnosed drug-naive PD patients were analyzed
from the Parkinson’s Progression Markers Initiative (PPMI) database. We compared changes in the
Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) total score and
subscores in Parkinson’s patients with or without metabolic syndrome during the first 5 follow-up
years. Then, we compared the frequency of PD-related variants in patients with or without MetS.
Results. At baseline, Parkinson’s patients with MetS were typically men (p<0.01), and older (p=0.04),
with a higher Hoehn and Yahr score (p=0.01) compared with their counterparts without MetS. They
showed higher Movement Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)
total scores at baseline and in follow-up years 2, 3, 4, and 5 (all p-values <0.05) as analyzed by the
Generalized Estimating Equation model. This was due to an increased motor — MDS-UPDRS Part
I — score (p<0.01). MetS was associated with a higher frequency of the
ZNF646. KAT8.BCKDK _rs14235 variant and a lower frequency of the variants NUCKS1_rs823118 and
CTSB_rs1293298. Conclusions. PD patients with MetS had worse motor symptomatology. Both
diseases shared genetic background, including mutations in genes participating in lipids metabolism
(BCKDK), autophagy and inflammatory responses (CTSB), and chromatin regulation (NUCKSI).

Keywords: Parkinson’s disease; metabolic syndrome; neurodegeneration; genetic traits

1. Introduction

Parkinson’s disease (PD) is the second most frequent neurodegenerative disorder worldwide,
following Alzheimer’s disease. It is a movement disorder that encompasses motor symptoms —
resting tremor, muscle rigidity, bradykinesia, postural instability, and gait freezing [1] — and non-
motor symptoms as well [2]. They result from alpha-synuclein accumulation and peripheral and
central neurodegenerative processes, affecting the dopaminergic neurons in the substantia nigra [1].
Pathogenically, PD likely encompasses many genetic-molecular entities, resulting in lesions in
different structures within the central and peripheral nervous system. The deposition of alpha-
synuclein in the cellular soma, leading to the formation of Lewy bodies, appears to be one of the main
events leading to neurodegeneration and, eventually, dementia [3]. Other factors contributing to the
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neurodegenerative process include mitochondrial dysfunction, synaptic alterations, the disruption of
calcium homeostasis, and neuroinflammation [3].

Metabolic Syndrome (MetS) is a group of concurring conditions, including insulin resistance,
that increase the risk of heart disease, stroke, and diabetes [4]. It is a cluster of five interrelated risk
factors: high blood pressure, high blood sugar, high levels of triglycerides, low levels of HDL and a
large waist circumference. MetS is associated with developing several diseases, including heart
disease, stroke, and type-2 diabetes. It is also associated with an increased all-cause mortality risk [4].
In a molecular level, oxidative stress has been found to be a major component of MetS and associated
diseases [4], as well as in PD [5].

Growing evidence indicates that patients with Parkinson’s disease (PD) who also meet criteria
for metabolic syndrome (MetS) may present with more severe clinical manifestations [6]. In
particular, one study reported significantly higher total scores on the Non-Motor Symptoms Scale
(NMSS) among patients with MetS compared with those without MetS or with at most two of its
components [7]. However, the genetic mechanisms underlying the relationship between MetS and
PD remain largely unexplored.

This study aimed to explore the possible impact of MetS on motor and non-motor symptoms’
severity and evolution in patients with newly diagnosed PD, and to assess the genetic traits
associated with both MetS and PD.

2. Materials and Methods

2.1. Study Participants

This study included 423 untreated, newly diagnosed PD patients from the Parkinson’s
Progression Markers Initiative (PPMI) study [5]. The inclusion criteria were: 1) a 2-year PD history,
2) a Hoehn and Yahr stage I or II at enrollment, 3) a dopamine transporter-protein deficit measured
by single-photon emission computed tomography (SPECT), 4) no clinical expectation of starting PD
medication until 6 months after the initial evaluation.

Institutional review boards at participating clinical sites approved the PPMI study protocol.
Before being included in the study, all participants signed a written informed consent whereby the
result would be shared with involved and non-involved investigators [5].

2.2. Study Assessments

This was a cohort study of data retrieved from the PPMI data-base. Patients were assessed
during a first visit, to set baselines scores, and over the following 5 years. The evolution of PD
symptoms was measured by the MDS-UPDRS, a scale used to measure the impact of Parkinson's
disease on patients. It assesses non-motor experiences of daily living, motor experiences of daily
living, motor symptoms and motor complications of treatment (parts I, II, III, IV respectively) [6].
Each part comprises a series of items that are rated from normal to severe (0-4) according to the
progression of symptoms. The first part of the questionnaire focuses on mental health, cognitive
impairment, and non-motor symptoms. The second part assesses motor impairments in daily life
activities. Part III collects information based on the motor examination. Finally, Part IV evaluates
motor complications associated with the use of antiparkinsonian medications, including motor
fluctuations and dyskinesias [7]. For our study, MDS-UPDRS total score and subscores from Parts I
to IV were analyzed. Motor examination (i.e., Part III) was assessed in the medication-free condition,
defined as off-condition for practical purposes.

Metabolic syndrome (MetS) status at baseline was determined according to the Adult Treatment
Panel III (ATP III) criteria [7]. A diagnosis of MetS required the presence of at least three out of the
following five components: (1) obesity, defined as a body mass index greater than 30 kg/m?; (2)
hyperglycemia, indicated by a fasting glucose level above 100 mg/dL, a previous diagnosis of
diabetes mellitus, or current treatment for diabetes; (3) hypertriglyceridemia, defined as triglyceride
levels of 150 mg/dL or higher, a previous diagnosis or treatment; (4) low high-density lipoprotein
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(HDL) cholesterol, defined as HDL <40 mg/dL in men or < 50 mg/dL in women, a previous diagnosis
or treatment; and (5) hypertension, defined as systolic/diastolic blood pressure above 130/85 mm Hg,
a prior diagnosis or current treatment.

2.3. Assessments of Genetic Variants in PD Patients with or Without MetS

These methods have been discussed in detail in previous publications [8]. Whole-genome
sequencing was performed using a Macrogen Inc. sequencer on whole blood-extracted DNA samples
[9]. The blood sample was obtained during the initial visit. Briefly, 1 ug of each DNA sample was
fragmented with Covaris System and prepared following the Illumina TruSeq DNA Sample
preparation guide to obtain a final library of 300-400 bp (base pairs) average insert size. Libraries
were multiplexed and sequenced on the Illumina HiSeq X platform. Paired-end read sequences were
aligned to the GRCh37-hs37d5 genome using the Burrows-Wheeler aligner-maximal exact matches
algorithm (BWA-MEM v0.7.13). The Bamsormadup? tool (v2.0.87) was used to filter duplicates and
sort aligned bam files. After filtering duplicated read sequences, the reads were realigned and
recalibrated using the GATK pipeline (v3.5). Haplotype caller in the GATK pipeline was used to call
variants, including single nucleotide variants (SNVs) and small In/Dels, and to generate genome
VCFs. Using the hg38 aligned cohort VCF files from the whole-genome sequencing data, genotype
information was extracted using BCF tools and PLINK. We considered the alleles of the 72 variants
available in the PPMI database that are associated with an increased PD risk, as identified in a recent
large case-control study [10]. We focused on SNPs with a minimum call rate of 95%, a minor allele
frequency (MAF) > 1%, and Hardy-Weinberg equilibrium p-values > 0.05.

2.4. Statistical Analysis

Between-group differences were analyzed using t-tests (numerical variables) or chi-sq tests
(categorical variables). The evolution of the subjects with and without MetS was compared using
General Estimation Equations (GEE). GEE is a broad statistical method used to model longitudinal
or clustered data that other statistical techniques cannot adequately handle [11]. In this model, the
outcome was the MDS-UPDRS total score at each visit, and MetS status (yes/no) and time (follow-up
year) were included as factors. Sex, age, and the use of antiparkinsonian medications were included
as covariates to control for potential confounding factors. To evaluate whether the rate of change in
MDS-UPDRS scores over time differed between patients with and without metabolic syndrome
(MetS), we included an interaction term between time and MetS status in the model. A significant
interaction would indicate that symptom progression follows a different trajectory across the two
groups. When the interaction was significant, post hoc comparisons of model-predicted marginal
means were carried out at each time point to assess between-group differences.

A logistic regression analysis identified SNPs independently associated with MetS. The Akaike
Information Component (AIC) determined the genetic model that best fitted the data among the
following ones: 1. “dominant” (i.e., when having one copy of the SNP modified the risk of the
outcome); 2. “recessive” (i.e., the risk of the outcome was only modified by the presence of the SNP
in both alleles); and 3. “additive” (i.e., having one or two copies of the SNP affected differently the
risk of the outcome) ones. We selected the model with the highest AIC to be included in the final
multivariate model.

A logistic regression analysis (adjusted for age and sex) was used to test each SNP’s association
with MetS status. For each variant, we evaluated dominant, recessive, and additive genetic models,
and selected the model with the lowest AIC (best fit) for further consideration. Variants that showed
a nominal association with MetS (p < 0.15) in these analyses were then included in a multivariate
logistic regression to identify independent effects. The final multivariate model included the selected
SNPs and was adjusted for age and sex. The significance level was set at 0.05. Analyses were
performed with SPSS v24 (IBM Corp., Armonk, NY, USA) and R 4.2.2 (R Foundation, Vienna,
Austria).
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3. Results

3.1. Baseline Demographic and Clinical Characteristics

A total of 423 patients with Parkinson’s disease were analyzed, of whom 34 (8.0%) met criteria
for metabolic syndrome (MetS) at baseline. Patients with MetS (PD+MetS) differed significantly from
those without (PD-MetS) in several baseline characteristics (Table 1). Specifically, the MetS group
was predominantly male (94% vs. 63% in PD-MetS; p<0.01) and slightly older (mean age 64.9+9.4 vs.
61.4+9.7 years; p=0.04). They also had more advanced disease: a higher proportion were Hoehn and
Yahr stage II at baseline (76% vs. 54%; p=0.01), whereas stage I was correspondingly less common
(Table 1). Baseline MDS-UPDRS total scores were higher in PD+MetS (30.7 +9.6) than in PD-MetS
(26.5+11.2; p=0.03), indicating greater overall symptom burden. In contrast, the prevalence of a
family history of Parkinson’s disease did not differ between groups (24% vs. 32%, p=0.38).

Table 1. Baseline characteristics of PD patients with and without metabolic syndrome.

PD+MetS (n=34) PD-MetS (n=389) p-value
Patients’ characteristics
Male sex 32 (94%) 246 (63%) <0.01
Age 64.949.4 61.4+9.7 0.04
PD family history 8 (24%) 126 (32%) 0.38
Hoehn and Yahr score
I 8 (24%) 177 (46%) 0.01
il 26 (76%) 212 (54%)
MDS-UPDRS Total score 30.7+9.6 26.5£11.2 0.03
MetS components
Body mass Index 29 (85%) 241 (62%) <0.01
Hyperglycemia 17 (50%) 5 (1%) <0.01
Low HDL-C 13 (38%) 23 (6%) <0.01
Hypertriglyceridemia 19 (56%) 11 (3%) <0.01
Hypertension 28 (83%) 255 (66%) 0.02

MetS: metabolic syndrome. Means + SD are shown.

3.2. Longitudinal MDS-UPDRS Scores and Subscales

Figure 1 illustrates the longitudinal course of MDS-UPDRS total scores over five years. Both
groups showed progressive increases in motor scores, but PD+MetS patients consistently exhibited
higher scores at each annual visit. The overall group difference was highly significant (p<0.01 by
generalized estimating equation [GEE] analysis). After adjusting for age, sex, and antiparkinsonian
treatment, a GEE model with a MetS-by-time interaction revealed that the PD+MetS group had
significantly higher MDS-UPDRS total scores than the PD-MetS group during years 2 through 5 (post-
hoc p<0.05 for each of these timepoints). In contrast, at baseline and year 1, the between-group
difference did not reach statistical significance (Figure 1). Subscale analyses of the MDS-UPDRS
(Table 2) showed that differences were confined to specific domains. Non-motor aspects (Part I) and
motor complications (Part IV) scores did not differ significantly between PD+MetS and PD-MetS at
any time point (all p>0.05). Motor aspects of daily living (Part II) were significantly worse in the MetS
group at early visits: mean Part II scores were higher in PD+MetS at baseline (7.1+4.7 vs. 5.8 £4.1;
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p<0.01) and year 1 (9.4 + 4.5 vs. 7.2 £ 5.0; p<0.05), but this gap narrowed in subsequent years. The most
consistent differences were observed in the motor examination subscore (Part III). PD+MetS patients
had higher Part III scores at every visit. For example, at baseline the mean Part III score was 23.6+7.2
in the MetS group versus 20.7 9.0 in the non-MetS group (p<0.01), and elevated scores persisted
through year 5 (mean 35.7 +9.5 vs. 29.9 + 13.6; p<0.05) (Table 2). These findings indicate that patients
with MetS experienced consistently worse motor function in time.

55

*

30 +

254

MDS-UPDRS total score (mean + SE)

20

o 4

T T T
2 3 4

o 4

Follow-up (Years)
PD-MetS  n=388 315 304 300 285 273

PD+MetS n=34 28 28 28 24 24

Figure 1. MDS-UPDRS total scores in PD patients with (-e-) or without (-o-) metabolic syndrome over the 5-year
follow-up period. GEE found an overall significant between-patient group difference (p<0.01). Least-squares
means derived from the GEE model after including the MetS-Time interaction, adjusted by sex, age, and

antiparkinsonian treatment are shown. * p<0.05 (post-hoc comparisons).

Table 2. MDS-UPDRS subscores during the follow-up period.

Part I Part II Part I1I Part IV
Year PD-MetS PD+MetS PD-MetS PD+MetS PD-MetS PD+MetS PD-MetS PD+MetS

0 1.2+1.6 1.1+1.2 5.8+4.1 7.144.7** 20.749.0 23.617.2%* - -

1 1.5+1.8 1.8+1.7 7.2£5.0 9.4+4.5*% 24.2+104  28.4+10.0* 0.2+0.9 0.5£1.3
2 1.9+2.3 1.9+2.0 7.845.3 9.4+5.2 26.4+11.2  34.8+10.7** 0.5+1.4 0.6£1.7
3 1.9+2.3 2.3£1.9 8.745.7 10.4+5.5 27.7+12.1 35.6£9.9%* 0.7£1.7 1.1+2.1
4 22425 2.5£3.6 9.746.7 11.8+5.5 30.4+12.8 35.249.7* 1.4+2.5 1.4+2.0
5 2.3+3.0 2.3£2.0 9.9+6.8 11.745.9 29.9+£13.6 35.749.5* 2.0+£2.8 1.842.0

MetS= metabolic syndrome. Means + SD are shown. * p<0.05, ** p<0.01 (T-test) vs PD+MetS.

3.3. Genetic Association Analysis

Genetic analyses were performed in the 409 patients with complete genotype data (376 PD-
MetS, 33 PD+MetS; Table 3). Three Parkinson’s-associated SNPs showed significant frequency
differences by MetS status. The ZNF646.KAT8.BCKDK rs14235 variant was significantly
overrepresented in PD+MetS: 30.3% of MetS patients were homozygous for the risk allele compared
to 15.6% of non-MetS patients (recessive model OR 3.06, 95% CI 1.24-7.29; p=0.012). In contrast, risk
alleles of NUCKS1_rs823118 and CTSB_rs1293298 were underrepresented in the MetS group. For
NUCKS]1 _rs823118, only 6.1% of MetS patients carried two risk alleles versus 18.8% of non-MetS
patients (OR 0.21, 95% CI 0.03-0.77; p=0.043). Similarly, carriage of at least one CTSB_rs1293298 risk
allele was less common in PD+MetS (21.2% vs. 43.8%; OR 0.35, 95% CI 0.13-0.84; p=0.025). No
significant differences were observed for other tested variants (e.g. GBA_N370S, COMT_rs4633).
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These genotype-phenotype associations (Table 3) suggest that specific genetic factors may influence
the likelihood of developing metabolic syndrome in PD.Table 3. SNPs associated with MetS in PD

No Chi- Additive Dominant Recessive
Overall MetS Full model
MetS sq model model model
Number of risk alleles for p- OR (95% OR (95%
(N=409) (N=376) (N=33) OR (95% CI) OR (95% CI)
each SNP value CI) CI)
p-value p-value p-value
p-value
(AIC) (AIC) (AIC)
GBA_N370S_rs76763715
401 370 31 4.22(0.99, 3.98 (0.57, 2.91 (0.61,
0 0.003 -
(98.0%)  (98.4%) (93.9%) 16.19) 18.12) 12.70)
1
1 7 (1.7%) 6 (1.6%) 0.03 (229.6)  0.10 (231.25) 0.141
(3.0%)
1
2 1(0.2%) 0 (0%) SELECTED
(3.0%)
NUCKS1_rs823118
135 128 7 0.98 (0.59, 1.92 (0.85, 0.26 (0.04, 0.21 (0.03,
0 0.011
(33.0%) (34.0%) (21.2%) 1.62) 4.90) 0.88) 0.77)
197 173 24 0.93
1 0.14 (203.97) 0.05 (228.57) 0.043
(482%) (46.0%) (72.7%) (233.29)
77 75 2
2 SELECTED
(18.8%) (19.9%) (6.1%)
CTSB_rs1293298
237 211 26 0.62 (0.38, 0.34 (0.13, 0.35 (0.13,
0 0.027 .
(57.9%) (56.1%) (78.8%) 1.01) 0.77) 0.84)
143 136 7 0.06
1 0.01 (226.49) 0.025
(35.0%) (36.2%) (21.2%) (229.75)
29 29
2 0 (0%) SELECTED
(7.1%) (7.7%)
ZNF646. KAT8.BCKDK _rs
14235
147 134 13 1.29 (0.77, 0.85 (041, 2.59 (1.12, 3.06 (1.24,
0 0.023
(35.9%) (35.6%) (39.4%) 2.14) 1.81) 5.62) 7.29)
198 188 10 0.33
1 0.67 (233.21) 0.02 (228.48) 0.012
(48.4%) (50.0%) (30.3%) (232.46)
64 54 10
2 SELECTED
(15.6%) (14.4%) (30.3%)
COMT _rs4633
116 104 12 0.62 (0.38, 0.67 (0.32, 0.33 (0.10, 0.40 (0.11,
0 0.105
(28.4%) (27.7%) (36.4%) 1.01) 1.45) 0.87) 1.10)
179 162 17 0.06
1 0.29 (232.22) 0.04 (228.25) 0.107
(43.8%) (43.1%) (51.5%) (229.75)
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114 110 4
2 SELECTED
(7.9%) (29.3%) (12.1%)

The Akaike Information Coefficient (AIC) was used to compare the additive, dominant, and
recessive models. The one with the lowest AIC was selected for the multivariate model provided p-
value was <0.15.

4. Discussion

The PPMI is a cohort study involving patients from all around the world. Patients are included
immediately after being diagnosed with PD and are followed for at least 5 years. Patients are assessed
by certified instruments in a standardized manner. Therefore, our findings of more severe motor
symptoms in PD patients with MetS are robust and might be extensive to patients outside the study.

Recent studies suggest that MetS increases the risk of PD. Indeed, in a Korean study involving
more than 17 million people, MetS significantly increased the lifetime risk of suffering from PD by
24% [12]. In the same database, Roh et al. showed that PD risk increased with the number of MetS
components [13]. Interestingly, high blood pressure, low high-density lipoprotein cholesterol, and
high fasting blood glucose significantly increased PD incidence by 20-34%, while elevated waist
circumference was not associated with PD incidence. Furthermore, high triglycerides exerted a
protective effect against PD incidence, especially in men. Their results have been confirmed by other
studies, including a recent meta-analysis involving over 23 million participants’ data in 11 articles
[14].

The evidence about MetS’s impact on PD severity is less abundant. Ninety-nine PD patients from
Mexico — 8% having MetS — showed differences in the gastrointestinal, mood/apathy, sexual
function, perceptual, and miscellaneous sections of the Non-Motor Symptoms Scale [15]. No
differences were found in cognition, motor symptoms, or life quality. However, a years-long study
of 787 Chinese PD patients suggested MetS increased cognitive deterioration risk [16]. In a large US
study, PD patients with MetS showed a substantially higher annual increase in total UPDRS and
motor UPDRS scores compared to their counterparts without MetS [17]. Similar results were
observed in a study on 1563 patients with mild Parkinsonian symptoms who completed a 6-year
follow-up [18]. Our results, in agreement with these reports and the bulk of evidence, foster us to
hypothesize that MetS may impair dopaminergic neurotransmission in the substantia nigra.

MetS shares some pathophysiological traits with PD, including insulin resistance, oxidative
stress, and inflammatory responses [19]. Insulin resistance stimulates adipose tissue growth, hence
pro-inflammatory adipokine secretion. A similar process has been suggested to occur in the brain.
Chronic low-grade inflammation is associated with increased systemic oxidative stress inside and
outside the brain. Neuroinflammation may cause reductions in neurotrophic factors, leading to
neurodegeneration. Exenatide, a glucagon-like peptide-1 (GLP-1) receptor agonist used in Diabetes
Mellitus Type 2, has shown promising results for motor symptoms in PD clinical trials [20]. These
results emphasize the importance of insulin resistance in the genesis of motor dysfunction in PD.
Extracellular vesicles produced in the adipose tissue can cross the brain-blood barrier and contribute
to neuroinflammation in MetS [21]. Candesartan inhibition of their proinflammatory effects [22]
stresses the importance of tissue Renin-Angiotensin Systems intertwined in metabolic and
neurodegenerative diseases [23,24]. Several pieces of evidence suggest that Heat Shock Proteins (Hsp)
might represent a link between PD and MetS as well [25-28]. Finally, Insulin/IGF1, TOR, AMPK, and
sirtuin pathways have been involved in proteostasis control [29] and might also provide a link
between MetS and PD [30-35].

The genetic traits connecting MetS and PD remain unknown. In our study, we compared the
frequency of the 72 SNPs known to modify the risk of PD [13] among patients with or without MetS.
We observed that MetS was associated with a higher frequency of the
ZNF646. KAT8 BCKDK _rs14235 variant and a lower frequency of the variants NUCKS1_rs823118 and
CTSB_rs1293298. BCKDK gen codifies a branched-chain ketoacid dehydrogenase kinase, which
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participates in lipids metabolism, and its mutation has been associated with multiple diseases
including cancer, nonalcoholic fatty liver disease [36], neurodevelopmental disorders, heart failure,
and PD [13]. The BCKDK _rs14235 variant is associated with differential expressions of multiple genes
in brain tissue, including KAT8, ZNF646, VKORC1, and BCKDK. Interestingly, the CTSB, ZNF646
and KATS8 genes have been associated with obesity [36,37]. The BCKDK _rs14235 variant increases
the risk of PD, perhaps by modifying KATS8 gene expression, involved in modulating autophagic flux
[38].

NUCKSI function has been related to chromatin architecture and transcription modulation,
DNA repair and cell cycle regulation [29]. This gene is largely expressed in stem cells and the brain.
It has been associated with several diverse malignancies in humans, including cancer, MetS and PD
[29]. The NUCKSI protein is a nuclear protein that binds to DNA and nucleosomes and induces
structural changes within chromatin [30]. Therefore, NUCKSI is a multifaceted protein that regulates
several biological processes and signal transduction pathways.

The CTSB encodes a member of the C1 family of peptidases. Alternative splicing generated the
cathepsin B protein, a lysosomal cysteine protease with both endopeptidase and exopeptidase
activity that may play a role in protein turnover [31]. Cathepsin B has been implicated both in the
lysosomal degradation of a-synuclein [32] and as a genetic risk factor for PD [10]. In obese patients,
white adipose tissue accumulation causes adipocyte hypertrophy and cathepsin B release [33].
Cathepsin B leads to autophagy in adipocytes, inflammation and macrophage infiltration, therefore
contributing to metabolic syndrome [33].

This study has several limitations that should be acknowledged. First, the observational nature
of the PPMI study prevents any causal inference between metabolic syndrome and Parkinson’s
disease progression. Second, MetS status was assessed only at baseline, and potential changes in
metabolic parameters during follow-up were not considered. Third, the relatively small number of
patients with MetS may have limited the statistical power for some genetic and clinical comparisons.
Additionally, although multiple covariates were adjusted for, the influence of residual or
unmeasured confounders cannot be excluded. Lastly, as this study was based on a well-characterized
research cohort, generalizability to broader or more diverse populations may be limited.

Our findings suggest a shared genetic background between Parkinson’s disease (PD) and
metabolic syndrome (MetS), supporting the hypothesis that metabolic alterations may influence the
course of PD. Given the association with more severe motor symptoms, MetS may represent a
relevant modifier of disease expression. These results underscore the importance of early
identification and close clinical monitoring of PD patients with MetS, and point to the need for further
studies to elucidate the underlying molecular mechanisms.

5. Conclusions

This study highlights a significant clinical and genetic link between metabolic syndrome (MetS)
and Parkinson’s disease (PD). We demonstrated that PD patients with comorbid MetS present more
severe motor symptoms throughout the disease course, with consistently higher MDS-UPDRS Part
III scores over a 5-year follow-up. These findings suggest MetS acts as a disease modifier, accelerating
motor deterioration in PD.

At the genetic level, our analysis revealed differential frequencies of specific SNPs in patients
with and without MetS. The increased presence of the ZNF646.KAT8 BCKDK _rs14235 variant in
MetS patients suggests a potential role for genes involved in lipid metabolism and autophagic
regulation in the interplay between metabolic and neurodegenerative processes. Conversely, the
decreased frequency of NUCKS1_rs823118 and CTSB_rs1293298 variants in MetS patients points to
the possible protective role of pathways related to chromatin structure regulation and lysosomal
protein turnover.

Taken together, these results support the hypothesis of a shared molecular basis between PD
and MetS, with overlapping pathogenic mechanisms such as insulin resistance, neuroinflammation,
oxidative stress, and impaired proteostasis. Importantly, our findings underscore the clinical
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relevance of identifying MetS in PD patients at an early stage, as it may inform prognosis and help
guide more personalized monitoring and therapeutic strategies.

Future studies with larger and more diverse cohorts are warranted to confirm these associations
and to explore whether metabolic interventions could mitigate PD progression in patients with
coexisting MetS.
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