Acharya et al. BMIC Neuroscience (2024) 25:33
https://doi.org/10.1186/512868-024-00875-y

BMC Neuroscience

RESEARCH  OpenAcess,
®

Check for
updates

Cardiovascular history and risk of idiopathic
Parkinson’s disease: a cross-sectional
observational study

Shubhra Acharya'?, Andrew I. Lumley', Yvan Devaux'~ and NCER-PD Consortium

Abstract

Background Parkinson’s disease (PD), while often associated with its distinctive motor symptoms, can also exert

a notable impact on the cardiovascular system due to the development of severe autonomic dysfunction. One

of the initial indicators of PD is the appearance of cardiovascular dysautonomia. As such, it is vital to monitor and man-
age cardiovascular health of individuals with PD, as it may have clinical implications in the development of commonly
recognized motor and non-motor aspects of the disease. To study the association of history of cardiovascular disease

and non-PD n=874 controls).

in the affected individuals.

of iPD.

(CVD) with occurrence and severity of PD, here, we lend data on the association of CVD history with the frequency
and the occurrence of idiopathic PD (iPD) using data from the Luxembourg Parkinson’s study (iPD n=676 patients

Results We report that patients with a history of CVD are at high risk of developing iPD (odds ratio; OR=1.56, 95%
confidence interval; Cl 1.09-2.08). This risk is stronger in males and remains significant after adjustment with con-
founders (OR 1.55, 95% Cl 1.05-2.30). This increased susceptibility to iPD is linked to the severity of iPD symp-

toms mainly the non-motor symptoms of daily living (MDS-UPDRS I) and motor complications (MDS-UPDRS V)

Conclusion Individuals with history of CVD have a high risk of developing severe forms of iPD. This observation sug-
gests that careful monitoring and management of patients with a history of cardiac problems may reduce the burden

Keywords Parkinson’s disease, Cardiovascular health, Comorbidities, Sex-differences

Background

With an increasing life expectancy, there is an
increased prevalence of age-related disease burden.
Among the diseases associated with age, neurodegen-
erative diseases such as Parkinson’s disease (PD) and
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cardiovascular diseases (CVD) remain major causes
of death worldwide. The interplay between the nerv-
ous system and the cardiovascular system has been
discussed for years [1] and recent papers rejuvenate
the neurocardiology field [2—4]. PD is the second most
common multifactorial age-related disorder that arises
due to progressive degeneration of dopaminergic neu-
rons in the substantia nigra pars compacta in the mid-
brain. Dopaminergic neurons are responsible for the
secretion of neurotransmitter dopamine, responsible
for maintenance of motor activities. The loss of dopa-
mine in the midbrain leads to impaired motor skills and
appearance of motor symptoms in PD patients. This
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neuronal degeneration could be governed by several
interlinked biological processes, such as protein aggre-
gation, genetic mutations or mitochondrial dysfunction
[5-7]. Mutations in genes like LRRK2 and SNCA are
directly associated with increased PD risk by altering
protein function [8]. Additionally, epigenetic mecha-
nisms like DNA methylation have been shown to influ-
ence gene expression, potentially affecting dopamine
production and PD progression [9]. The combination
of genetic and epigenetic mechanisms contributes to
an individual’s susceptibility to developing PD. As the
disease progresses, other parts of the brain might also
be affected leading to the development of non-motor
symptoms. Due to the presence of several non-motor
symptoms in early stages of PD, whether PD starts in
the body first or the brain is still a matter of debate [1].
Our research aims to explore the body-first PD hypoth-
esis highlighting the need to examine the brain and
heart axis in the context of idiopathic PD (iPD) [2]. As
part of the natural process of neurodegeneration, older
individuals often exhibit symptoms resembling those
of PD, such as tremors and bradykinesia, even though
they might not receive a PD diagnosis [10]. These
symptoms may arise from underlying vascular condi-
tions such as cardiovascular abnormalities. Therefore,
it becomes crucial to closely monitor these individuals,
as cardiovascular issues may potentially contribute to
the progression of PD [11]. Additionally, the functional
and molecular links between PD and cardiovascular
conditions needs to be thoroughly examined [2]. This
association could involve several multifaceted mecha-
nisms involving autonomic dysfunction and shared
risk factors like aging, inflammation, comorbidities,
medications, physical activity or genetic predisposi-
tions. Cardiovascular dysautonomia which includes
orthostatic hypotension, hypertension and heart rate
variability is observed as one of the early signs of PD
[12]. Other cardiac complications in PD include car-
diomyopathy, coronary heart disease, arrhythmias, sud-
den cardiac death and Levodopa-induced CVD [13, 14].
These cardiac defects additionally act as risk factors in
developing sudden unexpected death in PD patients.
In an American cross —sectional study, Zesiewicy et al.
observed that elderly patients with PD experienced
heart failure twice as often as those without PD [15].
Likewise, a Korean population-based study has shown
that PD was associated with high risk of develop-
ing CVD [16]. Contrarily, an inverse relation between
CVD and PD was established in a Danish cohort, where
patients with myocardial infarction had 20 and 28%
decreased risk of developing PD and secondary Par-
kinsonism, respectively [17]. These studies shed light
on the need for diverse population based research on
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the relationship between CVD and PD [18]. Given the
potential impact of cardiovascular factors on PD pro-
gression, investigating this association is crucial.

The Luxembourg Parkinson’s (LuxPARK) study, that
provides a comprehensive coverage of PD and other
parkinsonian syndromes within Luxembourg and the
Greater Region [19], offers a unique opportunity to
explore the relationship between CVD history and the
onset and severity iPD. Thus, we hypothesize that a his-
tory of CVD is associated with both the occurrence and
severity of iPD. In the present study, we aim to examine
the frequency of CVD in patients with iPD and assess
relationship between the history of CVD and the onset
and severity of iPD in the Luxembourg Parkinson’s (Lux-
PARK) study. Here, we consider both cardiac and cere-
bral health when evaluating iPD, as well as the potential
sex-specific differences in iPD susceptibility.

Methods

Study design

This cross-sectional observational study performed using
the clinical data from the LuxPARK study is reported
following the STROBE guidelines [20]. The data in Lux-
PARK study were collected between 2015 and 2020. The
protocol was performed according to the principles of
the Declaration of Helsinki. All participants signed an
informed consent and the study was approved by the
national ethics committee (CNER Ref: 201407/13 and
20140713-SU3) and Data Protection Committee (CNPD
Ref: 446/2017) [19]. The data was anonymized.

Study participants

Participants from the LuxPARK study were divided into
iPD (n=676) or non-PD (n=874) controls. For iPD
classification and inclusion in the LuxPARK study, the
patients met the United Kingdom Parkinson’s Disease
Society Brain Bank Clinical Diagnostic Criteria [21]. The
patients who did not meet the above criteria were clas-
sified as atypical PD and were not included in the pre-
sent study. Non-PD controls were participants recruited
based on the exclusion criteria, such as, presence of a
neurodegenerative disorder, active cancer, being under
the age of 18, or being pregnant. An independent sample
size calculation was performed for the LuxPARK study
for baseline comparisons to allow finding significant dif-
ferences between the two groups [19]. Briefly, sample size
calculations were based on estimated PD prevalence and
incidence in Luxembourg which suggested a sample size
of 800 individuals per group to be sufficient to detect a
moderate difference in prevalence between groups using
a chi-square test with 80% power and a 5% two-sided sig-
nificance level [19].
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The number of iPD and non-PD controls recruited as
a part of LuxPARK study during the study period deter-
mined the sample size for the present study. Baseline
clinical visits (visit 1) for all participants (iPD and non-
PD) took place between 2015 and 2020.

Clinical assessment and data collection

Clinical data of study participants were obtained at base-
line. The clinical assessment was conducted via a health
questionnaire performed by an experienced movement
disorders specialist. This included demographic details
such as age, sex, height, weight, and smoking history.
Medical history included presence or absence of comor-
bidities at the time of baseline visit or in the past. For this
study, the comorbidities studied were history of diabetes,
CVD and hypertension. Further, detailed neurological
examination for disease severity was performed using the
Movement Disorder Society- Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS; [22]). Evaluation of general
cognitive symptoms was achieved by Montreal Cognitive
Assessment (MoCA; [23]). The effect on the autonomic
symptoms was assessed using the Scales for Outcomes in
Parkinson’s disease (SCOPA-AUT; [24]).

Statistical analysis

Statistical analyses were performed using R version 4.0.3.
The missForest algorithm, utilizing random forests, was
applied to impute missing values in both continuous and
categorical variables. Following imputation, summary
statistics were reviewed to confirm consistency with the
original data distribution, and imputed values were sub-
sequently assigned to their respective variables for fur-
ther analysis. Continuous variables were rank normalized
using ‘RankNorm’ Pearson’s Chi-square test was used to
evaluate differences in frequencies between non-PD and
iPD groups. R packages Hmisc, rms, Imtest and glmtool-
box were used to perform logistic regression analysis.
The primary outcome was the un-adjusted (univariate)
and adjusted (multivariate) relationship between CVD
history and iPD occurrence. Common disease-associated
risk factors such as age, sex, body mass index (BMI), his-
tory of diabetes, history of hypertension and smoking
history were used as confounders for adjustment in the
multivariate logistic regression analysis. The association
between iPD, CVD history and autonomic symptoms was
studied using the analysis of the SCOPA-AUT score. The
score was log2 transformed and the difference between
the groups was analyzed by Mann—Whitney Rank Sum
test. The secondary outcome was the association of CVD
history with iPD severity as determined by MDS-UPDRS
scores and MoCA. Disease duration was also added as a
confounder in the disease severity analysis. Lastly, for all
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of the analysis sex specific association was analyzed by
dichotomizing the patients based on sex.

Results

Clinical characteristics of the participants

1550 participants were included in the present study that
included 874 non-PD controls and 676 iPD patients. The
clinical characteristics of the participants in LuxPARK
cohort showed that iPD patients have a severe clinical
profile compared to non-PD controls. They were older
(65.97 £10.39 years in iPD vs 59.21 +12.43 years in non-
PD; p<0.001), predominantly male (65% in iPD vs 51% in
non-PD) and showed a higher proportion of CVD history
(18.9% in iPD vs 9.3% in non-PD), hypertension (42.1% in
iPD vs 34.3% in non-PD) and diabetes (9% in iPD vs 6.1%
in non-PD). Patients with iPD as expected, displayed
severe motor (MDS-UPDRS) and autonomic symptoms
(SCOPA-AUT) and lower score on the MoCA, indicating
poor cognitive function. Further, there was no significant
difference between the smoking prevalence (p=0.08)
and the BMI between the two groups (p=0.4). The pro-
portions of non-PD and iPD patients with CVD history
and co-morbidities are described in Table 1. Concern-
ing the sex distribution and CVD history, within the iPD
group, 128 patients had history of CVD, of which 102
(80%) were males and 26 (20%) were females. Meanwhile,
within the non-PD controls 82 individuals had history of
CVD, of which 29 (35%) were females and 53 (64%) were
males, showing a higher incidence of CVD in men com-
pared to women in both non-PD and iPD groups. Lastly,

Table 1 Demographic and clinical characteristics of the study

population

Non-PD controls iPD p value
n 874 676
Age 5921+1243 65.97+10.39 <0.001
Males n (%) 451 (51%) 444 (65%) <0.001
CVD n (%) 82 (9.3%) 128 (18.9%) <0.001
Hypertension n (%) 300 (34.3%) 285 (42.1%) 0.002
Diabetes n (%) 54 (6.1%) 67 (9%) 0.007
Smokers n (%) 420 (48%) 295 (43.6%) 0.08
BMI 273+525 2753+£4.70 04
MDS-UPDRS | 49+46 98+6.2 <0.001
MDS-UPDRS Il 13+24 10.2+7.1 <0.001
MDS-UPDRS I 36%36 3251147 <0.001
MDS-UPDRS IV 0.0007+0.01 15+35 <0.001
SCOPA-AUT 79£6.1 143+£79 <0.001
MoCA 27.05+2.56 253+32 <0.001

Numbers are represented as mean +SD

BMI Body Mass Index, iPD idiopathic Parkinson’s disease, MDS-UPDRS Movement
Disorder Society- Unified Parkinson’s Disease Rating Scale, SCOPA-AUT Scales for
Outcomes in Parkinson’s disease, MoCA Montreal Cognitive Assessment Test
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non-PD controls had significant other comorbidities such
hypertension (n=300; 60% males) and diabetes (n=54;
64% males).

Association of CVD history with the occurrence of iPD

To study the association of CVD history with the occur-
rence of iPD we performed univariate and multivariate
logistic regression analysis. In univariate logistic regres-
sion analysis, participants that had a history of CVD had
a higher risk of iPD occurrence (odds ratio OR=2.25,
95% confidence interval (CI)=1.67-3.04, p-value <0.001;
Fig. 1A). This association remained significant after
adjusting for the common disease associated confound-
ing factors such as age, BMI, hypertension, diabetes
and smoking (OR=1.56, 95% CI 1.09-2.08, p=0.013;
Fig. 1B). As the overall incidence of CVD history in the
cohort (non-PD+iPD) was higher in men (n=155 out
of 895; 17.3%) than in women (n=55 out of 655; 8.3%;
p<0.001), we investigated the sex-specific association of
CVD history with iPD occurrence. In the univariate anal-
ysis, CVD history was associated with iPD occurrence
in both males and females (Fig. 2A and C). However,
this association remained significant only in males after
adjustment with confounders (OR=1.55, 95% CI 1.05—
2.30, p=0.026; Fig. 2B and D). As autonomic dysfunction
is a common risk factor for both iPD and CVD, we stud-
ied its association with both the diseases in the cohort
and observed strong association between iPD (Fig. 3A),
CVD (Fig. 3B), and autonomic symptoms at baseline in
both males and females (Fig. 3C and D).

Association of CVD history with iPD severity

In an effort to gain a deeper understanding of how a
patient’s cardiac history relates to the severity of their iPD
symptoms, we evaluated the extent of symptom severity

Univariate

p value
Age (years) —o—i < 0.001
Sex (Male)— P —e—i < 0.001
BMI it <0.001
Hypertension - : —e— < 0.001
Diabetes - : F——e—— <0.001
Smoking - —e—i < 0.001
iPD{ i e <0.001

1 1 1 1 1

0 1 2 3 4 5

A Odds ratio (95%Cl)
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using distinct assessment tools such as MDS-UPDRS
scores and MoCA. In univariate logistic regression analy-
sis, history of CVD in iPD patients was associated with
MDS-UPDRS I (OR=1.30, 95% CI 1.03-1.65, p=0.02),
MDS-UPDRS II (OR=1.52, 95% CI 1.11-2.09, p=0.008),
MDS-UPDRS III (OR=1.49, 95% CI 1.03-2.14, p=0.02
and MoCA (OR=0.57, 95% CI 0.44-0.73, p<0.001) but
not with MDS-UPDRS IV (OR=1.11, 95% CI 0.88-1.39,
p=0.35; Fig. 4A). Upon adjustment with confounders,
MDS-UPDRS I (OR=1.38, 95% CI 1.07-1.78, p=0.01)
and MDS-UPDRS IV (OR=1.43, 95% CI 1.09-1.86,
p=0.008) remained significantly associated with CVD
history in iPD patients (Fig. 4B). Upon dichotomizing
iPD patients into two groups based on sex, CVD history
was significantly associated with disease severity scores
(MDS-UPDRS I, II and IV) in males (Fig. 5A, B), with no
such correlation observed in females (Fig. 5C, D).

Discussion

Our findings from the LuxPARK cohort support the
established clinical profile of iPD patients compared to
non-PD controls. As expected, the iPD group displayed
a male predominance, aligning with well-documented
characteristics of the disease. This sex disparity in PD
patients could be attributed to hormonal differences, as
estrogen, a female sex hormone, has been shown to pos-
sess neuroprotective qualities [25]. Additionally, high
exposure to occupational toxins and X chromosome
linked genetic factors could contribute to more preva-
lence in males [26]. Further, in our study, we observed
that patients with iPD have a higher frequency of under-
lying CVD and cardiovascular co-morbidities such as
hypertension and diabetes, compared to non-PD con-
trols, supporting the existence of functional links between
cardiovascular, cerebrovascular and neurological health

Multivariate
) p value
Age (years)— —e— < 0.001
Sex (Male)— i —e——  =0.005
BMI I-Q—I =0.13
Hypertension — —e— =0.003
Diabetes - H—— =0.13
Smoking- : —e— =0.002
iPD - l—o—| =0.01
I I 1
0 1 2 3
B. Odds ratio (95%Cl)

Fig. 1 Association of CVD history with the occurrence of iPD. A Univariate and B multivariate logistic regression to study the association
between history of CVD and occurrence of iPD. Age, sex, BMI, hypertension, diabetes and smoking were included as confounders in the multivariate

models
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Univariate
) p value
Age (years)- —e— < 0.001
9 BMI- e = 0.002
‘:‘I’ Hypertension — —e— < 0.001
% Diabetes —e— 1 =0.001
2 smoking- —e—i <0.001
= iPD - —— < 0.001
i 1 1 1
0 1 2 3 4
A. Odds ratio (95%Cl)
] p value
~ Age (years)— r-o-i < 0.001
e BMI- iet =017
lé, Hypertension — | ——— < 0.001
é Diabetes | :+——e = 0.005
QE, Smoking l-O—I =0.19
- iPD+ }—0—1 =0.02
; I I 1 1 1
C. 012 4 6 8 10

Odds ratio (95%Cl)
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Multivariate
p value
Age (years)- —e——i < 0.001
BMI] —o—i =0.09
Hypertension - I—O—I =0.07
Diabetes - l——o—i =0.41
Smoking ——— =0.03
iPD ————i =0.02
1 1 1
0 1 2 3
B. Odds ratio (95%Cl)
) p value
Age (years)— l—o—l =0.01
BMIH  re =0.90
Hypertension 4 & F——e——— = 0.005
Diabetes — * 1=0.11
Smoking{  +—e—— =0.04
iPDd  +Fe— =026
1 I 1 1
0o 1 2 4 6

D. Odds ratio (95%Cl)

Fig. 2 Sex-specific association of CVD history with the occurrence of iPD. A Univariate and B multivariate logistic regression to study the association
between history of CVD and occurrence of iPD in males. C Univariate and D multivariate logistic regression to study the association between history
of CVD and occurrence of iPD in females. Age, BMI, hypertension, diabetes and smoking were included as confounders in the multivariate models

in iPD patients. Furthermore, using logistic regression
models we show a significant association between the
history of cardiac problems and the occurrence of iPD.
With males being at a greater risk for CVD [27], our
investigation further reveals that males with CVD his-
tory are exposed to a greater risk of iPD development
than females with CVD history. The autonomic nervous
system is mainly involved in controlling the heart rate. In
the present study, we observed increased autonomic dys-
function in patients with iPD compared to the non-PD
controls. Finally, to understand how prior cardiac defects
could influence iPD severity, we further studied its asso-
ciation with CVD history. Our analysis of disease severity
scores in iPD patients revealed a significant association of
CVD history with MDS-UPDRS I and MDS- UPDRS IV
(Unified Parkinson’s Disease Rating Scale Part IV) scores.

While the primary pathogenesis of PD has long been
associated with neurodegenerative processes, emerg-
ing evidence suggests that vascular factors play a sig-
nificant role in the development and progression of PD
[11]. Our study supports the body first hypothesis of PD

development and shows that a history of CVD might be a
risk factor for development of severe forms of PD. Simi-
lar to our findings, in a previous study, patients with iPD
had frequent autonomic dysfunction, with an involve-
ment of parasympathetic nervous system and frequent
involvement of sympathetic cardiovascular dysfunction
[28]. Our results suggest that underlying cardiovascu-
lar problems could be a risk factor for developing iPD,
especially in males. This could be attributed to common
disease-associated risk factors between CVD and PD,
chronic inflammation because of the underlying cardiac
problems or due to CVD induced vascular damage lead-
ing to reduced blood flow to the brain causing the neu-
ronal death [29, 30]. Therefore, CVD history as a risk and
sex-specific differences must be taken into account when
assessing patients with suspected iPD and developing
preventive measures.

Understanding the progression of iPD can provide
valuable insights into the management and care of
patients. Our findings suggest that the presence of CVD
is linked to early non-motor symptoms (MDS-UPDRS I)
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Fig. 3 Autonomic symptoms as assessed by the SCOPA-AUT score in (A) non-PD controls (n=874) compared to iPD patients (n=676), B
participants who did not have history of CVD (n=1337) compared to who had history of CVD (n=213). C Sex specific association of SCOPA AUT
with iPD D Sex specific association of SCOPA AUT with history of CVD. Statistical analysis was performed using the Mann-Whitney Rank Sum test

Univariate Multivariate
) p value
Age (years)- : —e—i <0.001 , p value
Sex (Males)- . —e——— <0.001 :
: MDS-UPDRS I+ —e—i =0.01
BMI - o =0.01 :
Hypertension - : ——&—— < 0.001 MDS-UPDRS I+ —e— =0.05
Diabetes— F—— =0.09 :
Smoking - D —e— =0.002 MDS-UPDRS Il —eo— =0.64
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A. 0 1 2 3 4 5 B.

Odds ratio (95%Cl)

Fig. 4 Association of CVD history with iPD severity. A Univariate and B multivariate logistic regression to study the association between history
of CVD and disease severity scores in iPD patients. Age, sex, BMI, hypertension, diabetes, smoking and disease duration were included
as confounders in the multivariate models

and secondary motor complications (MDS-UPDRS IV) significantly impact overall clinical representation [31].
in iPD patients. These results align with emerging evi-  Early signs of autonomic dysfunction, like constipation
dence that non-motor symptoms, including cardiac auto-  or urinary problems, could precede motor symptoms,
nomic dysfunction, observed in early stages of PD, can  potentially indicating involvement of the autonomic
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Fig. 5 Sex-specific association of CVD history with iPD severity. A Univariate and B multivariate logistic regression to study the association
between history of CVD and disease severity scores in male iPD patients. C Univariate and D multivariate logistic regression model to study
the association between history of CVD and disease severity scores in female iPD patients. Age, BMI, hypertension, diabetes, smoking and disease

duration were included as confounders in the multivariate models

nervous system early in the disease process. Additionally,
problems with blood pressure regulation causing dizzi-
ness could hinder mobility, potentially accelerating dis-
ease progression [32]. As such, identifying and managing
these non-motor symptoms, particularly in iPD patients
with CVD, becomes crucial for comprehensive care.
Additionally, the secondary motor complications such as
dystonia and dyskinesia may be induced due to several
reasons, including drug-induced side effects (for exam-
ple, levodopa exposure) [33]. Further, levodopa has been
shown to initiate additional adverse effects, notably, car-
diovascular defects [13]. Thus, the association between
CVD with MDS-UPDRS IV could potentially indicate
the deleterious effects of levodopa, leading to aggravation
of cardiovascular symptoms in these patients, thus caus-
ing the development of drug-induced motor complica-
tions. Therefore, vigilant monitoring of individuals with
pre-existing CVD who are receiving levodopa or similar
medications for iPD is necessary. Next, our observation
that MDS-UPDRS I, MDS-UPDRS II and MDS-UPDRS

IV scores were significantly associated with CVD his-
tory in males highlights the sex-specific effects associated
with iPD and CVD. While the absence of statistical sig-
nificance in the female iPD patients might be in part due
to low number of females in the study cohort, the gender-
specific association suggests that CVD history may exert
different influences on disease severity in males com-
pared to females. Our results raise intriguing questions
about the potential hormonal, genetic, or environmental
factors that might underlie these disparities.

While our study provides valuable insights, it is impor-
tant to note that there are limitations in our work. Firstly,
the study was based on patient reported questionnaires,
where the patients were asked for ‘History of Present
Illness’ including ‘Cardiovascular disease, ‘Hyperten-
sion’ or ‘None of the above’ Additionally, the duration of
these pre-existing co-morbidities was not evaluated in
the study. As such, it would be meaningful to perform a
detailed assessment of the types of CVD to further study
the implications of different types of cardiac defects in
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patients with iPD. Secondly, our study is observational
in nature, and therefore, causality cannot be established.
The relationship between CVD and iPD severity may be
bidirectional, with PD potentially contributing to the
development or aggravation of CVD. However, this pos-
sibility requires further prospective evaluation to delin-
eate the cause and effect relationship between vascular
health and neurodegenerative processes in PD.

Despite these limitations, our study further strength-
ens our knowledge regarding the association between
CVD and iPD. We have demonstrated that the presence
of CVD is significantly associated with iPD occurrence
and with increased disease severity, particularly in terms
of early non-motor symptoms and secondary motor
complications in iPD patients. Moreover, we have high-
lighted sex-specific differences in this association, with
males showing a significant link between CVD history
and higher MDS-UPDRS I, MDS-UPDRS II, and MDS-
UPDRS IV scores. Our findings highlight the importance
of holistic patient care for individuals with iPD, taking
into account both the neurological and cardiovascular
aspects of their health. The shared risk factors between
PD and CVD and the bidirectional relationship between
the two conditions highlight the need of comprehensive
management strategies targeting both neurological and
cardiovascular health. To closely monitor patients, easy
to perform tests like the Head-up tilt test to examine the
heart rate variability could be measured during the clini-
cal visits [34]. Additionally, at-home blood pressure dia-
ries for patients before the clinical follow-up could help
personalizing the treatment of these patients.

Conclusions

Our study contributes insights into the complex relation-
ship between iPD and CVD, paving the way for improved
care and tailored treatment strategies for affected indi-
viduals. Further research is needed to elucidate the
underlying mechanisms driving these associations and
to explore potential interventions that can alleviate the
impact of CVD on iPD progression, especially in sex-spe-
cific contexts.
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