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INTRODUCTION

Idiopathic Parkinson’s disease (PD) is characterized by vari-
ous motor symptoms, including bradykinesia, rigidity, pos-
tural instability, and resting tremors. As a common neurode-
generative disorder, PD affects 1% to 2% of the general po-
pulation over 65 years of age.1 In addition to major motor 
symptoms, a variety of non-motor symptoms appear through-
out the course of PD.2 These non-motor symptoms comprise 
a variety of cognitive, neuropsychiatric, sleep, autonomic, and 
sensory disorders. Among different non-motor symptoms, 

cognitive disorder such as dementia is a frequent manifesta-
tion of advanced PD.3 Dementia is the most devastating non-
motor feature that causes severe decline in quality of life. It 
increases caregiver burden and mortality as well as institu-
tionalization. The prevalence of dementia in PD ranges from 
24% to 50%. PD dementia accounts for about 3–4% of all de-
mentia in the population.3 Therefore, identifying biomarkers 
that can predict the development of PD dementia is impor-
tant as they could help clinician select high-risk patients for 
appropriate counseling and plans for future treatment.

Although the pathophysiologic mechanisms involved in 
the development of dementia in PD remain unknown, post-
mortem and in vivo studies as well as epidemiological and 
pre-clinical studies have suggested that neuro-inflammation 
may play an important role in the pathogenesis of PD, espe-
cially in the non-motor symptoms such as cognitive impair-
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ment and depression.4-6 In addition, it has been reported that 
anti-inflammatory agents such as non-steroid anti-inflamma-
tory drugs and cyclooxygenase 2 inhibitors may delay the on-
set or slow the progression of Alzheimer’s disease (AD), sup-
porting the role of neuro-inflammation in the development 
of dementia in PD patients.1,6,7

High sensitivity C-reactive protein (hs-CRP) is one of the 
most widely studied biomarkers of systemic inflammation. It 
has been reported that hs-CRP is associated with cognitive 
impairment in AD patients.7,8 Furthermore, many previous re-
ports have suggested that high concentrations of hs-CRP are 
associated with increased risk of cardiovascular disease, stroke, 
and cognitive impairment including dementia.6-8 However, 
despite that fact that hs-CRP is the most studied biomarker of 
systemic inflammation, few studies have evaluated the asso-
ciation between hs-CRP levels and the progression of cogni-
tive decline in PD. Therefore, the clinical implication of hs-
CRP in the development of dementia in PD patients is poorly 
defined. Consequently, the objective of this study was to clar-
ify the clinical value of elevated hs-CRP levels in the develop-
ment or progression of dementia in PD.

METHODS

A total of 215 consecutive PD patients [112 PD without 
dementia (PD-D) and 103 PD wih dementia (PD+D)] admit-
ted to the Movement Disorder and Parkinson’s Disease Unit 
of the Department of Neurology at our hospital between Oc-
tober 2012 and May 2015 were enrolled in this study. Ninety-
four control subjects who visited our hospital were also en-
rolled in this study. The control subjects did not have any 
history or symptoms of PD, memory impairment, or other 
cognitive impairment, according to the results of dementia 
screening questionnaire. In addition, the controls did not have 
history of other neurological diseases such as head trauma, 
epilepsy, cerebrovascular disease, or brain surgery. This study 
was approved by the local ethics committee. All participants 
provided written informed consent. 

All participants in this study had detailed medical history, 
physical and neurological examinations, neuropsychological 
assessments, laboratory tests, and magnetic resonance imag-
ing of the brain. The medical and neurological histories of 
patients were obtained from patients and their family mem-
bers or other caregivers. All PD patients were diagnosed us-
ing the United Kingdom PD Society Brain Bank Clinical Di-
agnosis Criteria for PD, 123I-n-fluoropropyl-2bcarbome-
thoxy-3b-(4-iodophenyl) nortropane (FP-CIT) positron em-
ission tomography (PET) scans, and the Diagnostic and St-
atistical Manual of Mental Disorders 4th edition revision 

(DSM-IVR) criteria for dementia.9,10 All PD patients exhibited 
reduction in their striatal dopamine transporter uptake levels 
as determined by FP-CIT PET. All PD patients did not have 
any history or symptoms of memory impairment or other cog-
nitive dysfunctions according to the dementia screening ques-
tionnaire or any cerebrovascular lesions according to neuro-
imaging results. Patients with clinical dementia rate (CDR) of 
≥0.5 and mini-mental status examination (MMSE) score of 
≤24 points were included in the PD+D group of this study. In 
all PD patients with dementia, the onset of PD preceded the 
development of dementia by at least 12 months. The dose and 
duration of levodopa intake were determined for each patient 
by chart review and verified by self-reporting of each patient in 
all cases. The severity of motor impairment in PD patients was 
evaluated according to the staging system of Hoehn and Yahr.11 

We excluded patients who displayed markedly fluctuating 
cognition with pronounced variations in attention and alert-
ness or recurrent vivid hallucinations suggesting the presence 
of dementia with Lewy bodies. We also excluded patients 
who took medications (e.g., anticholinergic agents) that could 
influence cognition and memory, patients who presented any 
signs of atypical Parkinsonism, and those who fulfilled the 
DSM-IVR criteria for delirium or amnestic disorders and de-
pressive disorders.10,12 In addition, we excluded patients with 
secondary causes of Parkinsonism (e.g., Wilson’s disease, neu-
roleptic drug users, and psychiatric diseases) that could pos-
sibly impede the safety during the study. None of the subjects 
recruited in this study had a history of recent infection, sur-
gery, trauma within the previous month, cardiovascular dis-
ease, cerebrovascular disease, malignancy, or use of NSAIDs 
as these can affect serum hs-CRP levels. We also assessed the 
presence of hypertension, diabetes mellitus (DM), hypercho-
lesterolemia, and cigarette smoking based on patients’ medi-
cal histories and laboratory findings as these could influence 
hs-CRP levels. Hypertension was defined as a systolic blood 
pressure of 140 mm Hg, a diastolic blood pressure of 90 mm 
Hg, and/or current use of anti-hypertensive agents. DM was 
defined as a history of fasting glucose level of 110 mg/dL or 
current use of hypoglycemic agents. Hypercholesterolemia 
was defined as total cholesterol concentration of 220 mg/dL or 
current use of lipid-lowering agents. Cigarette smoking was 
considered to be present if the patient reported smoking at 
least once within the previous five years.

Serum hs-CRP was measured routinely for all patients and 
control subjects. Venous blood samples from all subjects 
were collected in tubes containing ethylenediaminetetraace-
tic acid. These blood samples were separated immediately by 
centrifugation at 3000 rpm for 10 minutes. Separated sera 
were kept at -70°C until laboratory evaluations. Laboratory 
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data were evaluated by an examiner who was blinded to the 
clinical details and patient information.

Statistical analyses were performed using SPSS software 
package version 18.0 (SPSS Inc., Chicago, IL, USA). Results 
were expressed as mean±standard deviation. Kruskal-Wallis 
test was used to compare continuous variables between the PD 
group and the control group. Mann-Whitney U test was used 
to compare continuous variables between PD+D and PD-D 
groups. A Pearson’s chi-square test was used to compare cat-
egorical variables. Statistical significance was considered when 
p value was less than 0.05.

RESULTS

The demographic and clinical characteristics of the study 
populations are summarized in Table 1. Age, gender, and ed-
ucation level were not significantly (p>0.05) different be-
tween the PD group and control subjects. Atherosclerosis risk 
factors such as hypertension, DM, hypercholesterolemia, and 
cigarette smoking were not significantly (p>0.05) different 
either between the PD-D group and the PD+D group. Serum 
hs-CRP levels in the PD-D group and the PD+D group were 
1.76±3.62 mg/dL and 1.44±2.78 mg/dL, respectively, which 
were significantly (p=0.02) higher than that (0.41±1.06 mg/
dL) in the control group (Table 1). However, the levels of hs-
CRP were not significantly (p>0.05) different between the 
PD-D group and the PD+D group (Fig. 1). 

The MMSE score was 16.23±3.87 in the PD+D group, 
which was significantly (p=0.001) lower than that in the PD-D 
group (27.48±1.48) or in the control group (28.18±1.62). In 
addition, CDR and sum of box of CDR were significantly 
(p=0.001) different between the PD-D group and the PD+D 
group (CDR: 0.37±0.25 vs. 0.91±0.43; sum of box of CDR: 
1.11±0.62 vs. 4.92±2.09). The duration of PD treatment in 
the PD+D group was 25.51±23.76 months, which was sig-
nificantly (p=0.025) longer than that in the PD-D group 
(18.61±20.89 months). Daily levodopa dose in the PD+D 
group was 594.09±354.58 mg, which was significantly (p= 
0.005) higher than that in the PD-D group (459.83±266.54 
mg). In addition, motor impairment in the PD+D group was 
more severe than that in the PD-D group (stage of 2.38±1.08 
vs. 2.09±0.93, p=0.033). However, the duration of PD symp-
toms was not significantly (p>0.05) different between the 
PD-D group and the PD+D group. 

DISCUSSION

Some protection against PD is offered by long-term anti-
inflammatory medications, although the pathogenesis of 
neurodegenerative diseases including PD and dementia re-
mains unknown.2 Therefore, the possibility of an association 
between neuro-inflammation and PD pathogenesis has re-
ceived strong support from recent epidemiological findings 
that chronic use of nonsteroidal anti-inflammatory drugs can 

Table 1. Baseline characteristics of PD subjects and control subjects

PD-D PD+D CS p-value
Total number of subjects 112 103 94 -
Male 36 39 45 0.068
Age (year) 72.91±5.74 73.58±5.20 71.55±7.86 0.074
Mean education, years 11.87±3.56 11.21±5.85 11.73±4.35 0.672
hs-CRP level* 1.76±3.62 1.44±2.78 0.41±1.06 0.02
MMSE† 27.48±1.48 16.23±3.87 28.18±1.62 0.001
CDR 0.37±0.25 0.91±0.43 - 0.001
SOB 1.11±0.62 4.92±2.09 - 0.001
Duration of PD treatment (month) 18.61±20.89 25.51±23.76 - 0.025
Duration of PD symptoms (month) 31.61±30.15 39.44±30.11 - 0.64
Levodopa dose/day (mg) 459.83±266.54 594.09±354.58 - 0.005
Hypertension‡ 54 37 30 0.109
Diabetes mellitus‡ 26 20 15 0.412
Hypercholesterolemia‡ 59 44 50 0.207
Smoking‡ 10 12 9 0.609
Hoehn & Yahr stage 2.09±0.93 2.38±1.08 - 0.033
*Post-hoc comparison of hs-CRP levels: CS=PD-D<PD+D, †Post-hoc comparison of MMSE scores: CS=PD-D>PD+D, ‡Values was expressed as 
number with percentage in parenthesis.
CDR: clinical dementia rate, CS: control subjects, hs-CRP: high sensitivity C-reactive protein, MMSE: mini-mental state examination, PD: idiopathic 
Parkinson’s disease, PD-D: PD without dementia, PD+D: PD with dementia, SOB: sum of box of CDR.
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reduce the risk of PD by about 45%.6,13-15

We evaluated the relationship between serum hs-CRP lev-
els and the risk of developing dementia in PD patients. Our 
results revealed that serum hs-CRP levels were significantly 
higher in both PD-D and PD+D patients compared to con-
trol subjects. However, our study did not reveal a significant 
elevation in hs-CRP levels in PD+D patients compared to 
PD-D patients. Our results suggest that neuro-inflammation 
might contribute to the pathogenesis of PD occurrence. How-
ever, it does not significantly contribute to the development 
of dementia in PD patients. 

Several lines of evidence from previous studies have suggest 
that neuro-inflammation is mediated mostly by activated mi-
croglial cells and peripheral immune cells, triggering delete-
rious events such as oxidative stress and cytokine-receptor-
mediated apoptosis that can eventually lead to death of 
dopaminergic neurons and hence disease progression.4,6 In 
addition, it has been reported that the expression of pro-in-
flammatory cytokines such as tumor necrosis factor α, in-
terleukin (IL)-1β, IL-2, and IL-6 in biological fluids (serum 
or cerebrospinal fluid) is increased in patients with PD.4-6 The 
hs-CRP plays a crucial role in human immune system. It has 
been widely considered to be a sensitive biomarker for sys-
temic inflammation. CRP is mainly synthesized in the liver. 
However, post-mortem studies on patients with AD and in-
tra-cerebral hemorrhage suggest that CRP can be produced 
from within the brain by neurons and glial cells.16,17 In addition, 
an animal study has found that microglial cultures can pro-
duce CRP, suggesting that microglial cells may be the source 

of CRP in the central nervous system (CNS).18 These studies 
suggest that CRP levels in peripheral blood might mirror in-
flammation in CNS.16-18 Several longitudinal and cross-sec-
tional studies have reported that high hs-CRP levels in plas-
ma or serum are associated with increased risk of cognitive 
deterioration and AD.7,8,19-21 A prior report has also indicated 
that CRP does not cross the blood-brain barrier (BBB) in trace 
amounts although it can increase paracellular permeability 
of the BBB when the blood CRP concentration exceeds the 
threshold required to impair the BBB function.22 The thresh-
old dose of CRP can be easily reached during systemic in-
flammation or obesity. In other words, the interactions be-
tween CRP and BBB involve a two-phase process. Increased 
paracellular permeability occurring at a high dose of CRP 
will enable the entry of CRP into the CNS. The entry of CRP 
then induces reactive gliosis and impairs CNS function.22

Recently, Lindqvist et al.5 have evaluated the association 
between CRP levels in CSF and dementia in PD patients. In 
their study, the mean CRP level in CSF was significantly hi-
gher in PD patients with dementia compared to PD patients 
without dementia.5 In contrast to their results, our results re-
vealed that the measured levels of hs-CRP were not signifi-
cantly different between the PD-D group and the PD+D 
group, although the level of hs-CRP in both PD-D and PD+ 
D groups was significantly higher than that in the control 
subjects. The discrepancy between their results and our re-
sults might be due to differences in study populations, such as 
age and gender distribution because they are important fac-
tors for the development of dementia in PD. We also thought 
that neuro-inflammation maybe have no role in the develop-
ment of dementia in PD because loss of dopamine cell has 
been estimated to be 60 to 70 percent at the onset of symp-
toms in PD patients.23 In addition, a small number of PD de-
mentia patients being evaluated in the previous study may 
account for such discrepancy.5 The study of Lindqvist et al.5 
had a possibility of unbalanced statistical comparison analy-
sis because the number of PD without dementia (n=76) was 
higher than the number of PD with dementia (n=16). There-
fore, the finding of the previous study demonstrating that 
CRP levels in the CSF were significantly different between 
PD dementia patients and PD patients without dementia sh-
ould be verified in additional studies. 

An interesting finding of the present study was that the time 
span of treatment in the PD+D group was significantly lon-
ger than that in the PD-D group, although the duration of 
Parkinsonian symptoms was not significantly different be-
tween the two groups. In addition, the Hoehn & Yahr stage re-
presenting the severity of motor impairment in PD in the 
PD+D group was significantly higher than that in the PD-D 

Fig. 1. Mean hs-CRP level comparison among patients with Par-
kinson’s disease without dementia (PD-D), patients with Parkin-
son’s disease with dementia (PD+D), and control subjects (CS). 
Graph with error bars representing the mean hs-CRP level and 
95% CI of the mean. Mann-Whitney U test used to compare hs-
CRP levels among the three groups showed no differences be-
tween the PD-D group and the PD+D group (p=0.409). However, 
a significant difference was observed between CS and PD-D 
(p=0.001) or between CS and PD+D (p=0.009). CI: confidence 
interval, hs-CRP: high sensitivity C-reactive protein.
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group. Furthermore, PD+D patients were taking levodopa at 
a significantly higher dose compared to PD-D patients. These 
results suggest that PD+D patients had more advanced mo-
tor symptoms than PD-D patients. PD patients with demen-
tia might have experienced a more rapid progression of Par-
kinsonian symptoms, considering that the symptom duration 
was not significantly different between the two PD groups. 
Hence, additional investigations on factors that contribute to 
rapid progression may be necessary to delineate the me-
chanism(s) underlying the development of dementia in PD 
patients. 

There are several limitations of this study, including its rel-
atively small sample size and a cross-sectional design. There-
fore, future large-scale longitudinal studies are needed to verify 
our findings. In addition, our study was limited due to the lack 
of neuropathological information to allow confirmation of 
the presence of Lewy bodies because subjects enrolled in the 
present study were still alive at the time of the study. Further-
more, it was difficult to distinguish PD dementia patients 
from dementia patients with Lewy bodies based on clinical 
criteria, particularly in the early phases of the disease. 

In conclusion, our study demonstrated that the levels of 
hs-CRP were significantly higher in PD patients compared to 
control subjects, which was consistent with the hypothesis 
that inflammatory responses might be involved in the patho-
genesis of PD. However, hs-CRP levels were not significantly 
different between the PD+D group and the PD-D group, im-
plying an absence of a meaningful relationship between pe-
ripheral inflammatory proteins and the development or pro-
gression of dementia in PD patients. This finding suggests 
that neuro-inflammation may not significantly influence the 
pathogenesis of dementia in PD patients. However, we were 
unable to clearly confirm the role of neuro-inflammation in 
development of dementia in PD patient because this study 
had a cross-sectional design with small subject size. In addi-
tion, serum hs-CRP cannot represent the entire neuro-inflam-
mation. Therefore, large-scale longitudinal studies are re-
quired to clarify whether hs-CRP indeed has clinical signi-
ficance in predicting dementia in PD patients. 
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