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PARKINSON'’S DISEASE: IS IT ACTUALLY AN
INFLAMMATORY DISORDER?

ABssTrAcT

Introduction: Parkinson’s disease is the second leading neurodegenerative disease
worldwide; however, its pathogenesis remains unclear. Recently, the neuroinflammation
theory, one of the theories explaining the pathogenesis of Parkinson’s disease, has become
prominent. We investigated the relationship between Parkinson’s disease and inflammatory
markers including epicardial adipose tissue thickness, neutrophil-lymphocyte ratio, and
thrombocyte-lymphocyte ratio.

Materials and Method: Seventeen patients with Parkinson’s disease and 21 healthy
individuals (control group) were enrolled. All the patients were evaluated by a neurologist
using the Unified Parkinson’s Disease Rating Scale and Hoehn and Yahr staging scale. A
cardiologist measured epicardial adipose tissue thickness using echocardiography. After
routine laboratory analyses, neutrophil-lymphocyte and thrombocyte-lymphocyte ratios were
calculated for each patient.

Results: Both epicardial adipose tissue thickness and thrombocyte-lymphocyte ratio were
higher in the patient group than in the control group, but the difference was significant only for
the former. Epicardial adipose tissue thickness was significantly correlated with the scores of
2nd and 3rd sections of the Unified Parkinson’s Disease Rating Scale, which evaluate activities
of daily living and motor functions, respectively, and with the total Unified Parkinson’s Disease
Rating Scale score. Inflammatory marker evaluation according to the disease stage based on
the Hoehn and Yahr staging scale revealed a significant difference in epicardial adipose tissue
thickness between stage 1 and stage 2 patients. Moreover, there was a significant correlation
between disease duration and thrombocyte-lymphocyte ratio.

Conclusion: Our results support the hypothesis that inflammation plays a role in the
pathogenesis of Parkinson’s disease.
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ARASTIRMA

PARKINSON HASTALIGI;
GERGEKTE INFLAMATUAR BiR HASTALIK MI?

Girig: Parkinson hastaligi, diinya Uzerinde ikinci en sik goriilen norodejeneratif hastaliktir;
buna ragmen patogenezi halen aydinlanmis degildir. Parkinson hastaligi patogenezini
aydinlatan teorilerden biri olan néroinflamasyon teorisi son yillarda 6n plana ¢ikmistir. Bu
calismada Parkinson hastaligi ile epikardiyal yag dokusu kalinhgi, nétrofil lenfosit orani ve
trombosit lenfosit orani gibi inflamatuar gostergeler arasindaki iliski aragtiriimistir.

Gereg ve Yontem: Calismaya 17 parkinson hastasi ve 21 saglikli birey (kontrol grubu) dahil
edildi. Hastalarin timune néroloji uzmani tarafindan Birlesik Parkinson Hastaligi Degerlendirme
Olcegi ve Hoehn Yahr Evrelemesi yapildi. Kardiyoloji uzmani tarafindan ekokardiyograiji ile
epikardiyal yag dokusu kalinhgi élciimii yapildi. Tim hastalardan rutin laboratuvar tetkikleri
yapildiktan sonra nétrofil lenfosit orani ve trombosit lenfosit orani hesaplandi.

Bulgular: Hem epikardiyal yag dokusu kalinligi hem de trombosit lenfosit orani Parkinson
grubunda kontrol grubuna gore anlamli olarak yuksekti ancak aradaki fark sadece ilki icin
anlamhydi. Epikardiyal yag dokusu kalinliginin Birlesik Parkinson Hastaligi Degerlendirme
Olgegi'nin giinliik yasam aktivitelerini yansitan ikinci parcasi ve motor fonksiyonlari yansitan
Gglincli parcasi ile Hoehn Yahr Evrelemesi arasinda anlamli iliski saptandi. Bu iliski 6zellikle
Hoehn Yahr Evrelemesi'ne gore Evre-1 ile Evre-2 arasinda belirgindi. Ayrica hastalik suresi ile
trombosit lenfosit orani arasinda anlamli iliski vardi.

Sonug: Elde ettigimiz sonuclar Parkinson Hastaligi patogenezinde inflamasyonun rol aldigi
hipotezini desteklemektedir.

Anahtar sézciikler: Parkinson hastaligi; inflamasyon; Ekokardiyografi
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INTRODUCTION

Parkinson’s disease is a chronic, progressive
neurodegenerative disease involving the loss of
dopaminergic neurons in the substantia nigra
pars compacta of the brain and the formation of
inclusion bodies, called alpha-synucleins, in the
remaining cells. The reported prevalence of this
disease is around 1% among individuals aged
above 55 years (1), and although its etiology
remains unclear, a combination of environmental
and genetic factors is thought to play a role in its
pathogenesis. Oxidative stress, mitochondrial
dysfunction, and neuroinflammatory mechanisms
(2), along with microglia- and reactive astrocyte-
mediated inflammation, play a critical role in the
pathogenesis of Parkinson'’s disease (3).

Neutrophil, lymphocyte, and thrombocyte
counts can be easily detected via complete blood
count analysis. Rapidly accumulated neutrophils
in the infected or inflamed area account for a
substantial proportion of the circulating immune
cells. Both neutrophil-lymphocyte ratio (NLR) and
thrombocyte-lymphocyte ratio (TLR) are considered
important markers of systemic inflammation (4), and
both have been reported to be high in patients with
Parkinson's disease (5).

Epicardial adipose tissue (EAT), which
is found in the right ventricular free wall, left
ventricular apex, and atrium, surrounds the
subepicardial branches of the coronary arteries.
This structure is in fact a complex endocrine
organ thought to play a role in the development
of coronary atherosclerosis. Biopsy studies
have demonstrated that EAT contains plenty of
inflammatory mediators such as interleukin (IL)-1,
IL-6, and tumor necrosis factor-alpha (TNF-a) (6).
Magneticresonance imaging (MRI) was considered
the best method to measure EAT thickness
(EATT); however, Lacobellis et al. (7) introduced
echocardiographic measurements for the first
time. The echocardiographic measurements
of EATT have shown a high correlation with the
measurements obtained using MRI (8). A relation
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between EATT and inflammation has been clearly
revealed by the recent studies (6,9).

We aimed to determine the relation between
Parkinson'’s disease and inflammatory markers NLR,
TLR, and EATT and to investigate the relationship
of these markers with disease stage and duration.

MATERIALS AND METHOD

We included 17 patients diagnosed with idiopathic
Parkinson'’s disease and followed in the Movement
Disorders Polyclinic from January 2016 through
August 2016 and 21 healthy individuals as a control
group. The diagnosis of Parkinson’s disease
was based upon the UK Parkinson’s Disease
Society Brain Bank clinical diagnostic criteria (10).
Imaging procedures were performed in all the
patients, and the potential causes for secondary
Parkinsonism were excluded. Detailed physical
and neurological examinations were performed
in all the patients and controls, and their medical
histories and demographic characteristics were
recorded. Individuals with autoimmune, neoplastic,
or inflammatory diseases that are likely to influence
inflammatory marker levels; those with uncontrolled
diabetes mellitus or hypertension; those with
impaired thyroid function tests; those with hepatic
or renal insufficiency; those who had experienced
myocardial infarction or undergone surgical
procedures in the last 3 months; those with coronary
artery disease or atrial fibrillation; those with
significant infection at presentation or until 7 days
earlier; those with signs of infection documented by
physical examination and laboratory analyses; and
those having an axillary temperature >37.5°C were
excluded from the study. Individuals in the control
group had no documented Parkinson's disease or
any other neurodegenerative disorder. This study
was conducted in accordance with the World
Medical Association Declaration of Helsinki, and
written informed consent was obtained from each
participant.

Echocardiography measurements were
performed by a cardiologist in all the participants
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on the free wall of the right ventricle during the
simultaneous contraction of both ventricles. EATT
was determined by calculating the arithmetical
mean of the three maximum measurements of the
short- and long-axis thicknesses from a section
close to one-third of the basal part of the ventricle.
Participants for whom unclearimages were obtained
were excluded. Furthermore, routine laboratory
analyses were performed in all the participants and
NLR and TLR were calculated.

Disease staging was based on the Hoehn
and Yahr staging (HYS) scale, and clinical severity
was graded using the Unified Parkinson’s Disease
Rating Scale (UPDRS). UPDRS was developed in
1987 by Fahn, Elton, and the members of UPDRS
Development Committee; it comprises four sections
and evaluates mental status, activities of daily living,
motor functions, and treatment complications (11).
The scale includes a total of 42 items, each rated
between 0 and 4. The 1st section of the scale
(UPDRS-1) comprises items related to mentation,
behavior, and mood; the 2nd section (UPDRS-2)
comprises activities of daily living; the 3rd section
(UPDRS-3) comprises motor examination; and
the 4th section (UPDRS-4) comprises treatment
complications. High scores indicate a poor status
[11]. The HYS scale is a system developed in 1967
by Hoehn and Yahr that allows both the patients
and clinicians to easily define disease severity and
assess disease progression (12). This study was
approved by Bursa Regional Ethics Committee.

Statistical analysis

Data analyses were performed using IBM SPSS
Statistics 21 program (IBM Corp., Armonk, NY, USA).
Normal distribution of the variables was analyzed
using Shapiro-Wilk test. Comparisons between
two independent groups were performed using
independent sample t-test for normally distributed
variables and Mann-Whitney U test for non-normally
distributed variables. Multiple-group comparisons
(three or more groups) were performed using one-
way analysis of variance for normally distributed
variables and Kruskal-Wallis test for non-normally

distributed variables. Normally distributed variables
were expressed as meanzstandard deviation and
non-normally distributed variables as median
and range (minimum and maximum). Pearson’s
chi-square test was used to compare categorical
variables, which were expressed as numbers and
percentages. Relationships between variables were
analyzed using Spearman’s correlation coefficient.
The significance level was determined as p<0.05.

RESULTS

The study participants included 17 patients with
Parkinson'’s disease (10 females and 7 males; mean
age: 65.06+6.38 years) and 21 healthy subjects
(control group; 14 females and 7 males; age:
62.29+5.77 years). There was no difference between
the groups in terms of age, gender, and body mass
index (BMI). Furthermore, no significant difference
was found between the groups regarding serum
glucose levels or systolic and diastolic blood
pressures. The mean EATT was significantly higher
in the patient group than in the control group
(0.39+0.10 vs. 0.29+0.10 cm; p=0.004); the median
TLR was also higher in the patient group than in
the control group (113.79 vs. 107.07;, however, the
difference was not significant (p=0.772). The median
NLR was similar in both the groups. Between-group
comparisons are summarized in Table 1.

Within the patient group, correlation analysis
between the UPDRS scores and inflammatory markers
revealed EATT to be significantly correlated with the
total UPDRS score (r=0.581, p=0.014) and with the
UPDRS-2 and -3 scores (r=0.657, p=0.004 and r=0.586,
p=0.013, respectively). The relationship between the
UPDRS scores and the inflammatory markers in the
patient group is summarized in Table 2.

The correlation analysis between disease
duration and inflammatory markers in the patient
group (Table 3) revealed a significant correlation
only between disease duration and TLR (r=0.780,
p<0.001).
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Table 1. Group comparisions on evaluated parameters.

Parameter Patient Group Control Group P
(n=17) (n=21)
Age, years 65.06+6.38 62.29+5.77 0.169
Gender
Female 10 (58.8) 14 (66.7)
0.618
Male 7 (41.2) 7 (33.3)
BMI, kg/m2 31.09+5.91 29.52+3.64 0.324
SBP, mmHg 130.00+16.95 128.10+17.21 0.735
DBP, mmHg 70 (60-90) 70 (60-90) 0.862
EATT, cm 0.39+0.10 0.29+0.10 0.008
Smoking
Yes 16 (94.1) 17 (81)
0.355
No 1(5.9 4(19)
WBC 7.44+1.48 6.64+3.09 0.368
TLR 113.79 (61.29-227.50) 107.07 (49.86-404.28) 0.772
NLR 2.03 (1.23-4.00) 2.04 (0.95-7.14) 0.750
Glucose 103 (86-329) 101 (71-145) 0.416
Hemoglobin 13.66+1.39 14.11+1.69 0.383

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; EATT, epicardial adipose tissue thickness; WBC,
white blood cell; TLR, thrombocyte-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio Data are presented as mean+standard
deviation, median (minimum-maximum), or number (percentage), as appropriate.

Table 2. Results of the correlation analysis between the Unified Parkinson’s Disease Rating Scale (UPDRS) scores and

inflammatory markers in the patient group.

NLR TLR EATT
r P r P r P
UPDRS-1 - 0.847 - 0.212 - 0.185
UPDRS-2 - 0.275 - 0.490 0.657 0.004
UPDRS-3 - 0.365 - 0.911 0.586 0.013
UPDRS-4 - 0.162 - 0.414 - 0.597
UPDRS-Total - 0.200 - 0.522 0.581 0.014

NLR neutrophil-lymphocyte ratio; TLR, thrombocyte-lymphocyte ratio; EATT, epicardial adipose tissue thickness.
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Table 3. Results of the correlation analysis between disease duration and inflammatory markers in the patient group.

NLR TLR EATT
Disease Duration r - 0.780 -
P 0.090 <0.001 0.698

NLR, neutrophil-lymphocyte ratio; TLR, thrombocyte-lymphocyte ratio; EATT, epicardial adipose tissue thickness

DISCUSSION

Although Parkinson’s disease is the second
leading neurodegenerative disease worldwide,
its etiology remains unclear. According to the
neuroinflammation theory, which has been recently
dwelled on, microglia are activated and transformed
into an M1 phenotype by aging, protein aggregates,
genetic mutations, environmental factors, and
cytokines released from T cells. Nitric oxide and
superoxide radicals, which are released from the
astrocytes activated by pro-inflammatory mediators
secreted from M1 microglia, cause degeneration
of dopaminergic neurons, releasing products that
trigger an inflammatory response through activation
of glial cells. In some stages of Parkinson’s disease,
microglia can transform into an activated M2
phenotype, which plays a neuroprotective role in
Parkinson's disease by releasing anti-inflammatory
factors such as tumor growth factor-beta. The
microglia- and reactive  astrocyte-mediated
inflammation plays a critical role in the pathogenesis
of Parkinson’s disease (3).

Epicardial  adipose  tissue  exerts a
cardioprotective  effect under  physiological
conditions; however, under pathological conditions,
it causes the release of pro-inflammatory cytokines,
thus, affecting the heart and coronary arteries.
The mechanism underlying the impairment of this
balance remains unclear (13). A previous study
comparingthe expression ofinflammatory mediators
in the epicardial and subcutaneous adipose tissues
revealed that among the inflammatory cytokines, IL-
1B, IL-6, and TNF-a. levels were higher in EAT (6).

The levels of nuclear factor-kB (NF-kB) and
c-jun N terminal kinase (UJNK), which play a key role
in inflammation, have been found to be significantly
higher in EAT samples. Furthermore, Toll-like
receptor (TLR) 2 and TLR4 expression, which is
considered as a strong evidence of the presence
of activated macrophages, has also been found to
be higher in EAT samples. All these data reveal that
macrophages, JNK, and NF-kB play an important
role in the inflammation in EAT (14).

Epicardial adipose tissue is thought to be
affected by many factors, and EATT has been found
to be correlated with age, BMI, blood pressure
alterations, and NLR (15). Varying results have been
reported regarding the correlation of EATT with
age. Although most autopsy studies have found no
correlation between EATT and age, some of them
have demonstrated a lower EATT in young individuals
(16). Moreover, no significant relationship has been
reported between age and EATT measured using
echocardiography (17). In this study, no significant
difference was found between the patient and control
groups in terms of age, BMI, and blood glucose and
blood pressure levels. EATT, which is an accepted
inflammatory marker, was significantly higher in the
patient group than in the control group.

Research into inflammatory markers is usually
based on quantification of NLR and TLR as these
are easily measurable and computable. NLR is also
considered as an important marker of systemic
inflammation (4,18-20), whereas TLR has been
demonstrated as a potential inflammatory marker
in cardiac, oncologic, and rheumatologic diseases
(4,21-23). NLR and TLR, which have been studied in
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several inflammatory diseases, have been found to
be high in patients with Parkinson'’s disease (5). In this
study, although not significant, TLR was found to be
higher in the patient group than in the control group;
however, NLR was found to be similar in both the
groups.

An NLR of =225 has been accepted as
predictive of the presence of Parkinson’s disease.
Carcinoembryonic antigen, which is used to
demonstrate gastrointestinal system inflammation,
has not been determined to be related with disease
duration, age, and HYS in patients with Parkinson’s
disease (5). In this study, NLR was determined to
be 2.18 in the patients with Parkinson’s disease.
Significant correlations were found between TLR and
disease duration ad well as between EATT and HYS.

The neuroinflammatory theory is supported by
various studies evaluating high-sensitive C-reactive
protein (CRP) levels (5, 24-25). Because CRP has been
frequently studied in the earlier studies, we focused
on a different inflammatory marker, i.e., EATT aiming
to present a new point of view to this issue and
contribute to the existing literature.

It has been demonstrated that CRP levels canrise
even before the appearance of Parkinson’s disease
symptoms (24). Song et al. (25) failed to demonstrate
a significant correlation between HYS and CRP levels;
however, in this study, we demonstrated that EATT
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