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Background: People with Parkinson’s disease (PwP) are speculated to be at a low risk of cere-
brovascular and cardiovascular disease (CVD) because they have fewer vascular risk factors and
lower smoking rate. However, emerging evidence suggests that PwP are at higher risk of CVD,
which introduces controversy to the notion that there is no association between Parkinson’s
disease (PD) and CVD. Hence, we conducted a meta-analysis to analyze the risk of CVD in PwP.
Methods: Electronic databases were searched using terms related to PD and CVD. Articles
were included in the meta-analysis only if they employed clear diagnostic criteria for PD and
CVD. The reference lists of the relevant articles were reviewed to identify eligible studies not
found during the keyword search.

Results: The enrolled studies were categorized into case—control and cohort studies, and the
former was further divided into postmortem (three) and clinical (four) studies. In the clinical
case—control studies group, PD was more associated with CVD (OR: 2.89, 95% CI: 1.36-6.13).
Three studies were enrolled in the cohort studies group, and the merged results demonstrated that
PwP were at higher risk of CVD during the follow-up period (HR: 1.84, 95% CI: 1.34-2.54).
Conclusion: PD is associated with CVD, which may be due to the shared pathogeneses between
the two diseases or PD-related effects. PWP should be more aware of the risk of CVD despite
having fewer traditional vascular risk factors.

Keywords: Parkinson’s disease, cerebrovascular disease, cardiovascular disease, meta-analysis,
case-control, cohort, cerebral multimorbidity

Introduction
Parkinson’s disease (PD) is the second most common neurodegenerative disease.' The
pathological hallmark of PD is the degeneration of dopaminergic neurons in the mid-
brain substantia nigra, which results from the combination of multiple pathogeneses,
including mitochondrial dysfunction, c-synuclein aggregation, and neuroinflamma-
tion.2 According to the UK Parkinson’s Disease Society Brain Bank clinical diagnostic
criteria, rigidity, bradykinesia, tremor, and postural instability are the key features of
PD.? Patients with a history of repeated strokes and stepwise progression of parkinson-
ism symptoms are more likely to be categorized as having vascular parkinsonism (VP)
and should be excluded from diagnosis of PD. Clinically, VP is distinguished from
PD by the presence of lower body-predominate parkinsonism and the poor response
to dopaminergic medications.*

People with Parkinson’s disease (PwP) are speculated to be at a low risk of cere-
brovascular and cardiovascular disease (CVD) due to their lower smoking rate,>¢ fewer
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vascular risk factors,” and the exclusion of VP at diagnosis.
However, postmortem studies have demonstrated that PwP
and controls exhibit identical rates of overall cerebrovascular
diseases, except fewer symptomatic ones.® ' Furthermore,
recent large-scale cohort studies have demonstrated that PD
is associated with higher risk of CVD.!*" This discrepancy
challenges the previous notion that PD is inversely associ-
ated with CVD.

Due to the controversy regarding the association between
PD and CVD and the varying results from different studies, a
meta-analysis is warranted to clarify this relationship. Based
on the differences in study designs, we separated the enrolled
articles into case—control and cohort studies, and the former
was further divided into postmortem and clinical studies to
investigate the association between the two diseases.

Methods

Literature search strategy

All relevant articles published in English between January
1, 1990, and May 31, 2017, were identified by search-
ing PubMed, BioMed Central, MEDLINE, and Google
Scholar. The keywords used for the search were cohort
study[MeSH], case control study[MeSH], Parkinson,
Parkinson’s, Parkinson’s disease, cardiovascular diseases/
event, coronary disease/event, cerebrovascular diseases/
event, stroke, myocardial infarction, ischaemial, and their
combinations. The detailed keywords are presented in Table
S1.The reference lists of the relevant articles were reviewed
to identify eligible studies that were not found using these
search keywords.

Inclusion and exclusion of literature

The inclusion criteria were as follows: 1) clear definition of
PD diagnosis — there must be a description about the clini-
cal or pathological PD diagnostic criteria used in the study,
and the criteria must be well acknowledged (i.e. pathology,
UK Parkinson’s Disease Society Brain Bank criteria, or
Gelb criteria) or validated (i.e. the diagnosis of PD in Gen-
eral Practice Research Database through Oxford Medical
Information System or READ-code);'® 2) clear definition
of CVD diagnosis — there must be a description about the
methods to define CVD, including disease claim coding
system, CVD record from the medical chart, consensual
radiological findings, and pathological findings; 3) cohort
study or case—control study published as an original article,
case series, or letter to the editor; 4) studied population must
have included >50 persons; and 5) publication in English.
We generated a long list of all the papers (156 case—control

studies and 242 cohort studies). The articles were excluded
when all of the three committee members (Bai C-H, Hong
CT, and Chan L) rejected the abstracts. 25 case-control stud-
ies and 32 cohort studies were shortlisted, and their full text
was reviewed independently. A study was included/excluded
if all the committee members agreed/disagreed. Decisions
of inclusion or exclusion of other studies were based on a
committee meeting. Finally, only seven case—control studies
(three postmortem and four clinical studies) and three cohort
studies were included in the meta-analysis.

Data extraction

The following data were extracted: first author name, pub-
lication year, country and location where the study was
conducted, study design, and the diagnostic criteria for
stroke and PD. All data were independently reviewed by
three investigators (Bai C-H, Hong CT, and Chan L), and
any disagreements were resolved through consensus. Data
from the 10 candidate articles were extracted by Bai C-H.

Statistical analysis

The significance of each pooled OR and pooled HR was
determined using a Z-test, in which p < 0.05 was considered
to indicate a significant difference. The y*-based Q statistical
test and P2 test were used to assess the heterogeneity across
studies. In the analyses, if the heterogeneity was low, we
used a fixed-effects model; otherwise, we applied a random-
effects model. Review Manager 5.3 software (available
from Cochrane) was used to perform the meta-analyses. All
statistical analyses were reviewed using SAS software (ver-
sion 9.3; SAS Institute Inc., Cary, NC, USA). All reported p
values were two-sided, with p < 0.05 considered statistically
significant.

Results
Figure 1 summarizes the process of identifying the eligible
case—control (Figure 1A) and cohort studies (Figure 1B).
In total, 156 case—control and 242 cohort full-text articles
that were published between January 1, 1990, and May 31,
2017, were selected for eligibility assessment. We excluded
articles with unclear definitions of PD and CVD and follow-
up details as well as articles irrelevant to our study topic.
Finally, seven case—control (three postmortem®!®!" and four
clinical studies'>''®) and three cohort articles'>'* satisfied
the aforementioned criteria and were subjected to qualitative
synthesis.

The characteristics of the seven case—control studies
are summarized in Table 1. In total, 1548 PwP and 1666
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Figure | Flowchart of literature search. (A) Case—control studies. (B) Cohort studies.

Table | Summary of case—control studies

quantitative synthesis
(meta-analysis)
(n=3)

Study Country PD diagnostic criteria Number of PD CVD diagnostic tool
cases/controls
Mastaglia et al" Australia Autopsy 100/100 Pathology
Jellinger'® Austria Autopsy 200/200 Pathology
Jellinger® Austria Autopsy 617/535 Pathology
Becker et al"? UK Oxford Medical Information System or 128/494 Medical information from health care
READ-code + exclusions database
Patel et al'® UK UK Parkinson’s Disease Society Brain Bank 50/50 Neuroimaging
Clinical Diagnosis Criteria for Parkinson’s
Disease
Skeie et al'” Norway Gelb criteria 212/175 Interviews on medical history
Song et al'® South Korea UK Parkinson’s Disease Society Brain Bank 241/112 Magnetic resonance imaging

Clinical Diagnosis Criteria for Parkinson’s

Disease

Abbreviations: PD, Parkinson’s disease; CVD, cardiovascular disease.

controls were enrolled in the studies. Five of the studies
were conducted in Europe, one in Australia, and one in South
Korea. Three out of the seven were autopsy studies, and the
diagnosis of CVD and PD was based on pathology. In the rest
of the clinical studies, the diagnosis of PD was based on UK
Parkinson’s Disease Society Brain Bank Clinical Diagnosis
Criteria for Parkinson’s Disease, Gelb criteria, the Oxford
Medical Information System, or READ-code. Outcome
measurements included self-reported history of stroke and
transient ischemic attack (TIA), disease claim coding system,
CVD record from the medical chart, radiological findings,
or pathological findings.

Because of the huge difference in the nature of clinical
and postmortem studies, the analysis of these two types of

studies was done separately. Merging the data from the four
clinical case—control studies, the OR of CVD history among
PwP was 2.89 (95% CI: 1.36-6.13) (Figure 2A). On the other
hand, the OR of the presence of cerebral infarct pathology
among PwP in the three postmortem studies was 1.15 (95%
CI: 0.92-1.44) (Figure 2B).

The characteristics of the included cohort studies are
summarized in Table 2. Three cohort studies were enrolled,
all of which used large-scale medical research databases: the
Taiwan National Health Insurance Research Database and
UK-based General Practice Research Database. The diag-
nosis of PD was based on the disease claim coding system.
The outcomes were ischemic stroke in two studies, ischemic
stroke and TIA in one study, and acute myocardial infarction
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A
Study Outcome Statistics for each study OR and 95% ClI
OR Lower limit ~ Upper limit

Becker et al'? Ischemic stroke 1.41 0.95 2.08

Patel et al'® Ischemic stroke 3.91 0.77 19.83

Skeie et al'’ TIA and stroke 5.00 1.44 17.35

Song et al'® Small vessel diseases 3.97 1.36 6.38 -I-

2.89 1.36 6.13 &>
0.01 0.1 1 10 100
Less CVD More CVD
B
Study Outcome Statistics for each study OR and 95% CI
OR Lower limit  Upper limit

Jellinger® Cerebral infarcts 1.38 0.79 242

Jellinger® Cerebral infarcts 1.07 0.82 1.40

Mastaglia et al'”"  Cerebral infarcts 1.42 0.68 2.96

1.15 0.92 1.44
0.01 0.1 1 10 100
Less CVD More CVD

Figure 2 (A) Forest plot illustrating the risk of cerebrovascular disease/CVD among PwP from clinical case—control studies. (B) Forest plot illustrating the risk of cerebral

infarcts among PwP from clinical postmortem case—control studies.

Abbreviations: CVD, cardiovascular disease; PwP, people with Parkinson’s disease; TIA, transient ischemic attack.

Table 2 Summary of cohort studies

Study Country  PD diagnosis criteria Number of PD  CVD diagnostic tool Median follow-up
cases/controls
Becker etal”? UK Oxford Medical Information System or 2,553/2,127 Medical information from  Did not provide
READ-code + exclusions health care database
Huang et al® Taiwan International Classification of Diseases claim 2,204/2,204 Medical information from 30.6 months
+ exclusion health care database
Liang et al'* Taiwan International Classification of Diseases claim 3,211/3,211 Medical information from 29.0 months

+ exclusion

health care database

Abbreviations: PD, Parkinson’s disease; CVD, cardiovascular disease.

in one study. Regarding the temporal sequence of PD and
CVD, because of the nature of the cohort study, CVD onset
occurred after the diagnosis of PD. When the results of the
three cohort studies were pooled together, the HR of CVD
among PwP was 1.84 (95% CI: 1.34-2.54) (Figure 3).

Discussion

This meta-analysis demonstrated that PD is associated with
CVD, and PwP were at a higher risk of CVD later in their life.
These results provide new evidence to address the controversy
of the association between PD and CVD, which hints that PD

may share some common pathogeneses with CVD, and PwP
should be more alert about the risk of CVD.

Mitochondrial dysfunction and excessive reactive oxygen
species (ROS) constitute the major pathogenesis of PD.?
Moreover, systemic mitochondrial dysfunction triggers
atherosclerosis as well. Oxidative damage of mitochondrial
DNA is correlated with the severity of atherosclerosis.!®
Excessive ROS results in the destruction of pancreatic B-cells,
increased oxidation of low-density lipoprotein, and dysfunc-
tion of endothelial cells, which promote atherosclerosis.?’
These shared pathogeneses—mitochondrial dysfunction and
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Study Outcome Statistics for each study HR and 95% CI
HR Lower limit ~ Upper limit
Liang etal  Acute myocardial infarction 1.67 1.15 2.42 -
Becker et al’?  Ischemic stroke 1.46 1.03 2.07
Huang etal'®  Ischemic stroke 2.37 1.92 2.93 [ |
1.84 1.34 2.54 L 4
0.01 0.1 1 10 100

Less CVD More CVD

Figure 3 Forest plot illustrating the risk of cerebrovascular disease/CVD among PwP from cohort studies.

Abbreviations: CVD, cardiovascular disease; PwP, people with Parkinson’s disease.

excessive ROS — may attribute to the positive association
between PD and CVD: oxidative damage, simultaneously,
results in the degeneration of dopaminergic neurons and
atherosclerosis, which increases the risk of CVD.

Some molecular targets also contribute to both the dis-
eases. The pathological aggregation of protein a-synuclein
in PD is also responsible for the poststroke neuronal damage.
Animal models with knockdown or knockout of c-synuclein
demonstrated decreased infarction and better neurological
recovery after ischemia.?! On the other hand, matrix metal-
loproteinases (MMPs) are a group of proteins which play
an important role in the degradation of extracellular matrix
components, remodeling of tissues, shedding of cell surface
receptors, and processing of various signaling molecules. CVD
may lead to vascular endothelial cell injury, which causes the
release of proinflammatory cytokines and free radicals at the
neurovascular unit and subsequently activates MMPs.?? The
activated MMPs not only lead to degradation of extracellular
matrix and blood-brain barrier disruption, which is associated
with microglial activation and dopaminergic neurodegenera-
tion in PD, but also affect the cleavage of a-synuclein, which
facilitates the aggregated formation of o-synuclein.?

The symptoms of PD are not limited to motor dysfunc-
tions but also extend to nonmotor dysfunctions.?* Autonomic
dysfunction is prevalent among PwP, and orthostatic hypoten-
sion (OH) is one of the phenomena of autonomic dysfunc-
tion in PD, which presents both before and after the onset
of motor symptoms.?*2?¢ OH significantly increases the risk
of CVD, which may result from the drop of blood pressure
and reduced brain perfusion during postural change.?’%
In addition, levodopa is widely prescribed for PwP for the
symptomatic relieving, and one of the adverse effects of
levodopa is hypotension, which augments OH.*

Some minor factors attribute to the increased risk of
CVD for PwP. Due to motor (rigidity and gait disturbance)
and nonmotor (apathy, depression, and dementia) symptoms,
PwP tend to have a sedentary life,?! which is recognized as a
risk factor of CVD.3?-** In addition, prescription of levodopa
increases serum homocysteine level,** which induces athero-
sclerosis.* Conventional ergot-derived dopamine agonists
increase the risk of cardiac valvulopathy,”” which may induce
the generation of thrombus and embolic stroke. Among PwP
with dementia, atypical antipsychotics may be prescribed
to manage the behavioral problems, which are also known
to increase cardiovascular mortality.’® These drug-related
complications can be partly attributed to the higher risk of
CVD among PwP in their later life.

The present meta-analysis had certain limitations. The
small number of studies included in this study was a weak
point. Some articles favoring the negative or neutral asso-
ciation of PD with CVD were not included in the analysis
because of either unclear definition of PD**! or no inclu-
sion of real control patients.*? If those omitted studies were
included in the clinical case—control studies group for analy-
sis, there would be no association between PD and CVD
(Figure S1). However, it is very clear to identify the trend
that the later the studies, the higher the association between
the two diseases. The change may have resulted from either
the utilization of validated diagnostic criteria of PD, which
increases the diagnostic accuracy, or the introduction of new
concepts about cerebral multimorbidity in the aging brain.
In another study, pathological accumulation of proteins
(amyloid-B, tau, o-synuclein, and TDP-43) and vascular
pathology were simultaneously detected, which indicated
the synergic effect between all of them.” With this knowl-
edge, clinicians will not rule out the PD diagnosis based on
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the presence of nonsignificant vascular insults in the brain.
Heterogeneity of the included studies is another issue. In the
clinical case—control studies, the definition of CVD varied
between clinical and radiological findings, which introduced
inevitable heterogeneity into the meta-analysis. All the cohort
studies were large-scale and population-based, and they had
problems in common, such as lack of information on lifestyle
or smoking habits and the possibility of the misclassification
of PD. Finally, the association between PD and CVD was
not able to translate to the management of both the diseases
directly. For instance, even if levodopa results in OH and
elevated homocysteine, which may increase the risk of CVD,
it is still the most potent and non-replaceable symptomatic
treatment for PD. However, the strength of this study was
that the meta-analysis method was employed to provide new
evidence about the controversy over whether PD is positively
associated with CVD. After pooling the information, this
study demonstrated that PwP were more likely to have a
CVD history and were at a higher risk of future CVD, which
necessitates educating PwP on CVD prevention.

In summary, PD is associated with CVD, which may
stem from shared common pathogeneses, or certain nonmo-
tor symptoms or treatment of PD. Although the PwP have
fewer vascular risk factors and a lower smoking rate, CVD
risk-modification therapy, such as antiplatelet prescription,
lipid-lowering treatment, and blood glucose control, should
be more emphasized. Moreover, PD-specific vascular risk
factors, such as OH and drug-related complications, should
also be considered by movement specialists.
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Study Outcome Statistics for each study OR and 95% ClI
OR Lower Upper
limit  limit
Struck et al Ischemic stroke 0.24 0.05 1.16
Struck et al Myocardial infarction 0.39 0.18 0.83
Levine et al? Ischemic stroke 159 0.58 4.38
Levine et al? Myocardial infarction 0.43 014 1.29
Natraj and Rajput® CAD 0.90 065 1.26
Natraj and Rajput3 TIA and stroke 0.74 045 1.22
Becker et al* Ishemic stroke 141 095 2.08
Patel et al® Stroke 391 077 19.83
Skeie et al® TIA and stroke 5.00 1.44 17.35
Song et al’ Small vessel disease 397 247 6.38
116 0.69 1.96
0.01 0.1 1 10 100
Less CVD More CVD

Figure S| Forest plot illustrating the risk of cerebrovascular disease/CVD among PwP from clinical case—control studies, including all the studies with either clear or unclear

diagnostic criteria of PD.

Abbreviations: CVD, cardiovascular disease; PwP, people with Parkinson’s disease; PD, Parkinson’s disease; CAD, coronary artery disease; TIA, transient ischemic attack.

Table S| List of search keywords

Disease Keywords

PD Parkinson’s Disease[Title/Abstract] OR Parkinson Disease[Title/Abstract] OR Idiopathic Parkinson’s Disease[Title/Abstract] OR
Idiopathic Parkinson Disease[Title/Abstract]

CVvD Cardiovascular disease[Title/Abstract] OR cardiovascular event[Title/Abstract] OR coronary disease[Title/Abstract] OR coronary

ischemia[Title/Abstract] OR coronary ischaemia[Title/Abstract] OR coronary artery disease[Title/Abstract] OR coronary heart

disease[Title/Abstract] OR myocardial infarction[Title/Abstract] OR heart infarction[Title/Abstract] OR stroke[Title/Abstract] OR

cerebrovascular disease[Title/Abstract] OR cerebrovascular event[Title/Abstract] OR cerebrovascular ischemia[Title/Abstract]
OR cerebrovascular ischaemia[Title/Abstract] OR cerebrovascular infarction[Title/Abstract] OR brain infarction[Title/Abstract]
OR brain ischemia[Title/Abstract] OR brain ischaemia[Title/Abstract] OR transient ischemic attack[Title/Abstract] OR transient

ischaemic attack[Title/Abstract] OR peripheral artery disease[Title/Abstract] OR peripheral artery occlusive disease[Title/Abstract]

Abbreviations: PD, Parkinson’s disease; CVD, cardiovascular disease.
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