
Abstract. – OBJECTIVE: To discuss the ex-
pression features of serum cystatin C, and ho-
mocysteine in patients of Parkinson’s disease
(PD) with mild cognitive impairment. 

PATIENTS AND METHODS: Patients with PD
from the neurology department of the Central
Hospital of Xuzhou from august 2012 to august
2014 were enrolled in this study. The Hoehn-
Yahr (H&Y) grading rating scale was used to rate
the degree of severity of PD, and the Mini-Mental
State Examination (MMSE) and Montreal Cogni-
tive Assessment (MoCA) rating scale was used
to rate and group their cognitive impairment,
test the level of the serum cystatin C (CysC) and
homocysteine (HCY) and their variations after
treatment with vitamin B and folic acid.

RESULTS: (1) The CysC and HCY in the PD
group was higher than that in the normal con-
trol (p<0.05); (2) As the H&Y rating upgraded,
the CysC and HCY in the PD group gradually in-
creased with the progression of the disease
(p<0.05); (3) The level of CysC and HCY in the
PD-mild cognitive impairment (MCI) group in-
creased significantly compared with those in
the PD group (p<0.05) The correlation analysis
showed that there was significant positive cor-
relation between CysC and HCY. (4) After treat-
ment with vitamin B and folic acid, the CysC,
and HCY levels were lower than before, but the
grades of the repetition measurement scale,
MMSE and MoCA had no significant improve-
ment (p>0.05).

CONCLUSIONS: A high level of CysC and
HCY might be involved in the development of
Parkinson disease. Their expression levels
were higher in the PD patients with mild cogni-
tive dysfunction and both showed a remarkably
positive correlation.
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Introduction

Parkinson’s disease (PD) is a neurodegenera-
tive disorder characterized by static tremor, rigid
muscles, bradykinesia and abnormal posture and
pace. Since the pathogenesis of PD is usually con-
cealed, and the disease develops progressively.
Once the clinical symptoms appear, it indicates
that PD has come into the medium-latter stage1. In
recent years, the non-motor symptoms of the PD
patients have attracted more attention, and about
40% of the PD patients have cognitive impairment
of varying degrees, seriously affecting their quality
of life and bring a heavy burden to their families
and society2. Therefore, to discover the cognitive
impairments of the PD, finding out the possible
factors that resulted in such impairments and made
corresponding treatments are of great significance.
The pathogenesis of the PD is not very clear. It was
thought to be related to certain mechanisms, such
as inflammation, oxidative stress, mitochondrial
dysfunction, abnormal protein aggregation, and the
excessive activation of NMDA receptors3,4. Recent
studies on PD have been focused on estrogen, uric
acid, nitric oxide, TNF-a and IL-1b, etc. Both
serum cystatin C (CysC) and homocysteine (HCY)
had been involved in the inflammatory reaction5.
Based on this, our research focused on studying the
relationship between CysC level, HCY level, and
PD, and further discusses whether there are any
correlations between the level of CysC, HCY, and
PD MCI (mild cognitive impairment).

Patients and Methods

Grouping criteria: 69 patients confirmed with
PD from the neurology department of the Central
Hospital of Xuzhou from august 2012 to august
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2014 were enrolled in this study. Amongst the
group, there were 37 male and 32 female. The mate-
rials were collected strictly in compliance with the
clinical diagnostic criteria issued by the British As-
sociation of Parkinson’s Disease. The age of the 69
patients was between 48-78 years of age, with an
average age of (61.4±5.1) years old. Meanwhile, a
control group of 74 healthy patients were selected,
composed of 38 male and 36 female between 46-72
years old, on average (62.3±6.5) years old. The con-
trol group matched with the patient group in age,
gender, and education level and the patients of the
same disease were excluded. All of the selected cas-
es volunteered to participate in the study.

Patients with PD excluded from this study had
the following characteristics: familial PD, merge
serious brain organic diseases, other severe body
diseases (such as severe hepatic and renal dysfunc-
tion, acute coronary syndrome), autoimmune dis-
ease, tumors, and acute or chronic infection. The
patients, who had been treated with the medicine
that would affect the level of HCY, such as vitamin
B6, vitamin B12, folic acid, melbine, and so on, in
the past three months were also excluded.

Methods
The basic information of the patients was

recorded, and the severity of their illness was
evaluated. The Hoehn-Yahr (H&Y) rating scale
was used to grade the degree of their illness
severity, and the Mini-Mental State Examination
(MMSE) and Montreal Cognitive Assessment
(MoCA) rating scale was used to grade and
group their cognitive impairment. A quantity of 5
ml of fasting venous blood was drawn from the
patients the next morning and sent to the clinical
laboratory. The Siemens BNII automatic analyz-
er was, then, used to detect the level of C-reac-
tive protein. The Abbott AXSYM automatic im-
munity analyzer was used to detect the level of
homocysteine. The Hitachi 7600 biochemical an-
alyzer was used to detect the level of serum cys-
tatin C, creatinine, cholesterol, triglyceride, uric
acid, high-density lipoprotein and low-density
lipoprotein. Patients in PD-MCI group and PD
treatment group were administered with folic
acid and vitamin B (folic acid 5mg, three times a
day; mecobalamin 500 mg, three times a day; vit-
amin B6 10mg, three times a day). Three months
later, the patients were reexamined for their level
of serum cystatin C and homocysteine, and
retested for the grading of MMSE and MoCA
and compared to the PD-MCI placebo group.

The Parkinson patients were divided into three
stages according to their disease development by
means of the H&Y rating scale: early stage
(H&Y<2); middle stage (2≤H&Y<3); late stage
(H&Y≥3). They were then divided based on the
generalized MCI diagnosis standards in the Diag-
nostic and Statistical Manual-IV of Mental Disor-
der (DSM-IV) issued by American Psychiatric As-
sociation’s and that issued by the 2004 MCI inter-
national working group: (1) with cognitive impair-
ment, but not up to the diagnostic standard of de-
mentia; (2) with cognitive decline, the patients
and/or insiders confirmed and the object test also
confirmed that cognitive impairment existed; (3)
with ability to maintain normal daily life, and with
normal or slight impaired ability to maintain com-
plex instrumental daily life. The 69 PD patients
were graded by means of MMSE and MoCA rating
scale and screened again, then divided into PD-
MCI and Parkinson’s disease group of normal cog-
nitive ability. PD-MCI group (36 patients): with
clinical evidence of declined cognitive ability and
symptom lasted for over six months; the overall
cognitive ability was normal, the total grades of
MMSE were within the normal range; the grades of
MoCA were between 19-25 points.

Statistical Analysis
The SPSS 16.0 software (SPSS Inc., Chicago,

IL, USA) was used to analyze the data and the
mean ± standard deviation (± s) to present the da-
ta. The t-test was used to compare the sample
mean between the two groups, and the one-way
variance analysis (one-way ANOVA) was used to
compare the sample mean amongst the multiple
groups. The Spearman correlation analysis was
used to analyze the correlations. A p<0.05 repre-
sented significant differences.

Results

Comparisons of the clinical 
information between the patient 
group and the control group

There was no significant differences between
the patient and the control groups (p>0.05) on
the general information and biochemical index,
including age, gender, smoking history, hyperten-
sion, diabetes mellitus, creatinine, urea nitrogen,
triglyceride, cholesterol, high-density lipopro-
tein, and low-density lipoprotein. But the differ-
ences of CysC and HCY between the two groups
had statistical significance (p<0.05) (Table I).
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The relationship between 
serum cystatin C and PD rating

The PD patients were divided into three
stages: early, middle and late stages, according to
their disease development based on the H&Y rat-
ing scale. The uric acid, C-reactive protein, ho-
mocysteine and cystatin C had significant differ-
ences between the PD and the control group
(p<0.05). As the H&Y grading upgraded, the uric
acid detected that there were no significant dif-
ferences amongst the PD groups (p>0.05). As the
disease developed, the serum CRP, HCY, CysC
increased gradually in the PD groups, and there
were significant differences amongst the groups
(p<0.05) (Table II).

The relationship between serum 
cystatin C and cognitive impairment

The 69 PD patients, amongst which were 36
PD-MCI patients, comprised of 20 male and 16
female, were strictly screened according to the
diagnostic criteria. After the test, it was found
that the level of CysC and HCY in both the PD

group and PD-MCI group were higher than those
in the control group, and their differences had
statistical significance (p<0.05). The level of
CysC and HCY in PD-MCI group was higher
than that in the PD group (p<0.05). After a corre-
lation analysis, it was found that the level of
HCY and the level of CysC in the PD patients
and PD-MCI patients were positively correlated
with each other (PD group r=0.743, PD-MCI
group r=0.715�p<0.01), which indicated that
both might have synergistic effect (Table III).

The variations in the level of HCY 
and CysC in PD-MCI patients after 
treatment with folic acid and vitamin B,
and their score changes in MMSE 

and MoCA rating scale
Vitamin B and folic acid could help lower the

high level of homocysteine. The data had con-
firmed that HCY and CysC had a correlation. So
could vitamin B and folic acid also lower the lev-
el of CysC and improve the patients’ cognitive
impairment? The PD-MCI group were divided
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Project Control group PD group

Cases 74 69
Age 62.3±6.5 61.4±5.1
Gender (male/female) 38/36 37/32
Smoking 14 (18.9%) 12 (17.4%)
Hypertension 21 (28.4%) 16 (23.2%)
Diabetes 13 (17.6%) 15 (21.7%)
Creatinine (umol/L) 65.1±12.6 67.6±13.2
Urea nitrogen (mmol/L) 5.4±1.4 6.8±1.7
Triglyceride (mmol/L) 1.61±1.25 1.73±0.62
Cholesterol (mmol/L) 4.98±1.05 5.22±1.31
High density lipoprotein 1.59±0.23 1.51±0.49
Low density lipoprotein (mmol/L) 3.16±0.85 3.40±0.67
Serum cystatin C (mg/L) 0.66±0.17 1.82±0.22*
Homocysteine (mmol/L） 9.32±2.13 17.07±3.10*

Table I. Comparisons of clinical information and biochemical index of PD group and control group.

Remark: In comparison with the control group: *p<0.05

Hoehn-Yahr stage

Project Control group Early stage Middle stage Late stage

Cases 30 12 27 30
Uric acid (μmol/L) 312.1±71.2 258.3±69.2 260.6±70.1 254.9±65.8
C reactive protein (mg/L) 2.12±0.21 5.14±1.22 10.02±1.80 14.91±3.16
Homocysteine (μmol/L) 7.94±2.21 10.21±3.02* 14.12±2.64* 19．52±3.79*
Serum cystatin C (mg/L) 0.50±0.19 0.87±0.16* 1.39±0.18* 1.91±0.26*

Table II. Comparisons of serum cystatin C, bilirubin, urin acid, C reactive protein in Parkinson patients of different stage.

Remark: In comparison with the control group: *p<0.05
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into a placebo and a treatment group. Then, they
were given vitamin B6, vitamin B12, and folic
acid for three months. After three months (1 case
in placebo group was lost to follow-up), it was
discovered that the level of CysC and HCY in all
the groups after treatment was lower than before
(p<0.05), but the repetition measurement scale
and the patients’ cognitive impairment had no
significant improvement (p>0.05) (Table IV).

Discussion

Mild cognitive impairment, which was put
forward by Petersen et al6, referred to the clinical
transition state, which was accompanied by dis-
ease characteristics in the early period, between
normal aging state and Alzheimer or other  de-
mentia state. The PD-MCI referred to the transi-
tion state of the Parkinson’s patients between the
normal state and dementia state7. However, there
were great differences of the time that they
would develop into dementia amongst the PD pa-
tients. Dementia might appear in the early period
of the disease. There were also patients keeping a
perfect cognitive ability after the onset of PD.
About 20% of the PD patients had PD-MCI at
the time of diagnosis7,8. So, early diagnosis and
timely treatment of MCI were extremely signifi-
cant in improving the PD patients’ quality of life.

The mechanism of PD cognitive impairment
was not quite clear. It was thought from the re-
cent neuropathological  studies that it might be
related to the cortico-subcortical dopamine cir-
cuits damages, which resulted from the pre-
frontal dopamine depletion resulted in the intras-
triatal dopamine depletion9,10. Studies from the
neurological biochemistry have also confirmed
that the brain tissue dopaminergic  lesions, the
cholinergic  lesions, and the norepinephrine neu-
rons damages would lead to cognitive impair-
ments11. In general, Parkinson disease was a kind
of nigrostriatal dopaminergic neural pathway de-
generation disease, which was related to an in-
flammatory reaction12. Our study was focused on
two indexes connected with inflammation: serum
cystatin C and homocysteine. Through detecting
their levels and comparing their variations, we
came to discover their correlation.

Serum cystatin C was a kind of low molecular
weight cysteine protease inhibitors. It was ex-
pressed at a constant speed in all karyocytes, and
kidney is the only organ  that could clear up the
CysC in the circulation, therefore, the CysC in
plasma had a better stability, free from the influ-
ences of other factors, such as age, gender, diet,
inflammation, and serum lipid level13,14. So, the
previous studies had been mainly concentrated on
the clear up of glomerulus. However, recent stud-
ies have found that CysC had also been involved
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Project Control group PD group PD-MCI group

Cases 25 22 36
CysC (mg/L) 0.51±0.16 1.31±0.16* 1.83±0.19*#
HCY (μmol/L) 8.12±2.24 14.12±1.64* 18.28±2.76*#

Table III. The expression of serum cystatin C and homocysteine in Parkinson patients with mild cognitive impairment.

Remark: In comparison with the control group: *p<0.05; in comparison with the PD group: #p<0.05

PProject PD group PD-MCI placebo group PD-MCI treatment group

Before After Before After Before After
treatment treatment treatment treatment treatment treatment

Cases 22 22 16 15 20 20
CysC (mg/L) 1.51±0.16 1.01±0.26* 1.86±0.18 1.87±0.21 1.88±0.21 1.05±0.26*
HCY (μmol/L) 14.12±1.64 9.26±1.29* 18.10±2.66 17.97±2.15 18.21±1.95 13.16±2.10*
MMSE - - 27.12±1.91 26.82±1.32 26.93±1.60 27.31±2.01
MoCA - - 21.03±1.07 22.19±2.06 22.80±1.97 21.95±2.40

Table IV. Comparisons of the level of HCY, CysC, and the rating scores of MMSE, MoCA on PD and PD-MCI patients before
and after treatment with Vitamin B, folic acid.

Remark: Comparisons before and after treatment: *p<0.05



in many other physiological and pathological
processes in the body, including the occurrence
and development of inflammation, invasive
growth and metastasis of tumor cells, and cardio-
vascular disease. Besides, it also has been related
to various nervous system diseases14, such as
Alzheimer disease15,16, Guillain-Barré syndrome17,
amyotrophic lateral sclerosis18, and multiple scle-
rosis19. But there was still no clear evidence on its
relationship with PD. So, in this study, we ob-
served the relationship between serum cystatin C
and PD. After comparisons of statistics, we have
found that the level of CysC in PD patients was
significantly higher than that in the control group.

CysC in the brain was compounded by
choroid plexus soft meningeal cells, astroglia
cell, neural progenitor cells and mature neurons.
The high physiological concentrations of CysC
in the cerebrospinal fluid and its effect in pro-
moting the proliferation of neural stem cells fully
showed that CysC had the effect of nourishing
the brain cells20. Current studies have found that
high level of CysC would participate in the pro-
duction and degradation of the extracellular ma-
trix through regulating the activities of cysteine
protease, especially through the inhibition of
cathepsin. It was related to extracellular matrix
remodeling and would affect the phagocytic
function and chemotactic function of neutrophils.
It would also be involved in the inflammatory re-
action and could induce nerve regeneration5.

When the brain tissue was damaged, and the
expression of protease in the brain tissue in-
creased accordingly. Such damage could be at-
tributed to being incurred by antagonism cathep-
sin. CysC was activated, and its expression in-
creased, which produced a protection effect on
the cells. Besides, studies have discovered that
after a depletion of the CysC in the brain of the
mice, the ability of the damaged dopaminergic
neuron in activating the microglia cells decreased
significantly, thus inhibiting inflammatory reac-
tions and cells damages. So, CysC might play a
certain role in the pathogenesis of PD21.

In this study, the results showed that CysC lev-
el in PD patients was significantly higher than that
in the control group. As PD developed, CysC level
was on an upward trend according to the H&Y
rating scale. CysC was in a positive correlation
with the severity of PD and the illness duration.
Therefore, a high level of CysC might be involved
in the progress of the Parkinson’s disease. But the
number of patients in the study was relatively
small, so their correlation still needs further study.

Homocysteine is a sulfur-containing the amino
acid, which is generated by intracellular methion-
ine demethylation. It is a type of multi-functional
damage factor. A high level of HCY could result
in cellular structure damages through a variety of
ways by damaging the vascular endothelial cells,
promoting the proliferation of vascular  smooth
muscle  cells, and causing the reaction of
macrophage and the fat accumulation in vascular
wall, which leads to further damage to the blood
vessels in the brain22. It could also result in the
non-vasculogenic neurotoxicity through strength-
ening inflammatory reactions and oxidative stress,
inducing neurofibrillary tangles, damaging neu-
ronal DNA, incurring calcium overload in the
cells and so on. Hyperhomocysteinemia had been
confirmed to be related to a series of noninfectious
chronic diseases, such as coronary heart disease,
diabetes and cerebral infarction23,24. However,
there was still a lack of evidence on its relation-
ship with Parkinson’s disease. In this study, we
have found that the change of HCY level was in
accordance with the change of CysC level. And
HCY level in PD group was significantly higher
than that in the control group and with the devel-
opment of PD, HCY level was on a gradual up-
ward trend.

Experimental studies have shown that the mice
on a diet lacking of folic acid would be in a hyper-
homocysteinemia state, be susceptible to neuro-
toxin MPTP, and appear PD like pathological and
physiological changes and dyskinesia, which indi-
cated that hyperhomocysteinemia would increase
the susceptibility of dopaminergic neurons in-
juries, and promote the outbreak and development
of PD. However, the conditions mentioned above
could be greatly improved after a supplementation
of folic acid and antioxidant25,26. Therefore, hyper-
homocysteinemia would also increase the suscep-
tibility of dopaminergic cells to oxidative stress.
At present, vitamin B and folic acid have already
been used in the clinical treatment of hyperhomo-
cysteinemia27. In this study, the selected PD-MCI
patients were treated with oral administration of
folic acid and vitamin B for half a year, and then
rated on the MoSA scale, and their level of HCY
and CysC were reexamined. Results showed that
the CysC and HCY levels in all groups after treat-
ment were lower than before, but no significant
improvement was found in the repetition measure-
ment scale and the patients’ cognitive abilities.
The possible reason might be that this disease was
in correlation with many other diseases, such as
genetic factors and environmental factors. More-
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over, the number of cases in the study was rela-
tively small and the duration of illness was rela-
tively short. So whether vitamin B and folic acid
had any effect in improving the PD cognitive im-
pairment or not still needs further researches.

CysC, a cysteine proteinase inhibitor, inhibits
the activity of enzymes in the process of HCY
decomposition and then cut off its degradation
pathway, which finally resulted in the increase of
serum HCY level. Moreover, the CysC could in-
teract with HCY and cathepsin and, thus, caused
damages in blood vessel28,29. In this study, we
have made a correlation analysis of the PD pa-
tients’ serum HCY level and CysC level, and the
results show a positive correlation, which indi-
cates that both might have a synergistic effect.

Conclusions

In recent years, studies on the non-motor
symptoms of PD, especially on cognitive impair-
ment, are forever increasing. It is of extreme im-
portance to discover high sensitive predictors,
screen out the PD-MCI in the early phases, and
provide effective medical and behavioural-based
interventions before dementia appears, so as to
improve the patients’ quality of life. Serum CysC
has an important role in predicting the transition
from MCI to dementia, which indicates that the
level of CysC plays an important part in the pre-
diction of the cognitive decline. But whether it
could be a therapeutic target for the neurodegen-
erative diseases still needs further research. How-
ever, the joint detection of homocysteine and
serum CysC is conductive to a more sensitive and
accurate evaluation of the progress of PD.
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