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Abstract: Many studies have showed that the serum cholesterol levels existed significant difference between Parkin-
son’s disease (PD) patients and health controls. However, the serum cholesterol level in progressive supranuclear
palsy (PSP) has not been studied. The object of this paper was to examine the levels of serum cholesterol and pro-
tein of PSP and their change in the disease progression. 57 possible PSP patients were collected in Beijing Tiantan
Hospital from 2002 to 2014. The serum cholesterol and protein level of 57 patients were compared with 89 age-and
sex-matched controls. In the 57 PSP patients, 12 patients have been in hospital two or more times. The data of
these 12 patients were further analyzed to explore the changes of serum total cholesterol (TC) or total protein (TP)
with the course of disease. Our findings showed that the serum TC and TP levels in patients were significantly lower
than control. Multivariate logistics regression analysis showed that both TP and TC were independently associated
with PSP. The serum protein and cholesterol levels further reduced from first hospitalization to the last time. The
results implied that the serum protein and serum cholesterol might played a critical role in the development of PSP.
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Introduction

Progressive supranuclear palsy (PSP) is a
rare neurodegenerative disease with move-
ment disorder [1]. Many patients with PSP have
Parkinson’s disease (PD) symptoms, especially
in its initial stage. So, PSP is also defined as a
Parkinsonism plus syndromes. Considerable
evidences suggest that genetic factors and
environmental factors were associated with
neurodegenerative diseases [2, 3]. Environ-
ment-gene interactions played a critical role in
the development of disease [2, 4]. The environ-
mental factors might act as triggers for genetic
factors. If we can determine which environmen-
tal factor is the risk factor, which could then be

used as targets for the prevention or interven-
tion, at least partly possible. The nutrition fac-
tors, such as serum cholesterol and protein, are
the important environmental factors. Some
studies have found that the serum cholesterol
might be a possible risk factor for PD [5].
However, the association between serum cho-
lesterol and PD is highly debated [6]. Some
studies have reported that no significant asso-
ciation between the serum cholesterol and PD
[7-10]. However, one large prospective study
from Finland suggests that high total choles-
terol is associated with an increased risk of PD
[5]. Another prospective study from Netherland
suggests that high total cholesterol level is
associated with a decreased risk of PD [10].
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Though the serum cholesterol has not been
finally affirmed as a risk factor for PD, many
studies have been carried out to validate the
relationship between serum cholesterol and PD
[7]. However, there was not any study on the
association between serum cholesterol and
PSP, though PSP is a Parkinsonism plus
syndromes.

In this study, we will investigate the association
between serum cholesterol level and PSP. In
addition, protein is also an important nutrition-
al index in blood examination, which has not
been studied on PSP, too. So, this study will
also investigate the association between serum
protein level and PSP.

Materials and methods
Subjects

In this study, 57 patients with PSP were recruit-
ed from the inpatients at the neurology depart-
ment of Beijing TianTan Hospital, Capital
Medical University, Beijing, China. Two neurolo-
gists used a standard questionnaire to capture
demographic and clinical characteristics from
previous medical records from Sept. 2002 to
Sept. 2014 in the Department of Neurology in
Beijing Tiantan Hospital, including age, gender,
disease duration; past medical history, such as
hypertension, diabetes, hyperlipidemia, and
medications, as well as personal history such
as height, weight and smoking history. The PSP
patients were diagnosed by the neurologists
according to the standard of NINDS-SPSP
(national institute of neurological disorders and
the society for progressive supranuclear palsy)
[11]. The patients taking lipid lowering drugs
were excluded. The age and sex matched con-
trol subjects from outpatients were selected in
the same hospital, which were excluded neuro-
degenerative disease, intracerebral infarction,
severe demyelination lesions, severe heart,
hepatic, renal function damage, and taking lipid
lowering drugs. The above clinical information
was collected using the same questionnaire.
The protocol of this study was approved by the
local ethics committee.

Examination of serum lipid and protein profile

Blood samples were drawn from the antecubi-
tal vein in the morning after overnight fast.
Tubes were centrifuged at 3000 X g for 10 min
at room temperature. After separation, plasma
samples were frozen as rapidly as possible to
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280 uC for storage until laboratory determina-
tions were performed. For all participants,
serum protein profile including total protein (TP)
and albumin (ALB), serum lipid profile including
total cholesterol (TC), high density lipoprotein
cholesterol (HDL-C), low density lipoprotein cho-
lesterol (LDL-C), triglycerides (TG) were as-
sessed. All the blood variables were measured
using an auto analyzer (LABOSPECTOOS;
Hitachi, Japan) at the central laboratory of the
Tiantan Hospital.

MRI acquisition

MR imaging for all subjects were performed on
two MRI scanner (Siemens Trio 3 Tesla Erl-
angen, Germany; GE Signa HD 3-Tesla, USA) at
the Neuroscience Imaging Center in the Beijing
Tiantan Hospital. The parameters were as fol-
low: repetition time (TR) = 2 s, echo time (TE) =
10 ms, inversion time = 860 ms, number of
excitations (NEX) = 2, flip angle = 90°, matrix =
512 x 512, pixel size = 0.47 x 0.47 mm?, slice
thickness = 6 mm, no slice gap, number of slic-
es = 23. All scans were inspected by an eu-
roradiologist.

Data collection (Supplementary Datas 1 and
2)

The following data were collected on the
patients and controls: (1) Demographic data:
age and gender; (2) Conventional vascular risk
factors: hypertension, diabetes and smoking
history; (3) Hematology indexes: serum levels
of TP, ALB and serum levels of TC, TG, HDL-C,
LDL-C; (4) Body mass index (BMI): BMI = weight/
height2.

Statistical analysis

The data were processed using SPSS 11.5 sta-
tistical software. The continuous variables were
statistically analyzed using independent sam-
ples t test or paired t test to compare the differ-
ence between PSP and control group, and the
count variables used chi square test. The multi-
variate logistic regression analysis was used to
determine the correlation between PSP and
serum cholesterol or protein levels. Significant
level was P < 0.05.

Results

This research was a retrospective analysis of
57 possible PSP patients, which included 46
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Table 1. Baseline data and statistical analysis result between the
two groups

PSP group Control group

Variables (n = 57) (n = 89) P
Age: years 6758 +8.84 66.71+759 0.527
Gender: Male (%) 46 (80.7) 65 (73.0) 0.326
TP (mean + SD, mmol/L) 64.58 +6.62 7418 +5.34 <0.001

ALB (mean + SD, mmol/L) 39.84+782 45.10+3.67 <0.001

TG (mean £ SD, mmol/L) 1.32+0.75 1.62 +1.05 0.066
TC (mean + SD, mmol/L) 4.20 £ 0.92 5.12+0.88 <0.001
HDL-C (mean = SD, mmol/L) 1.17 £ 0.28 1.33+£0.29 0.001
LDL-C (mean + SD, mmol/L) 2.51+0.71 3.28+0.80 <0.001
BMI (mean + SD) 2478 +2.93 24.41+3.24 0.496
Hypertension: n (%) 28 (49.1) 53 (59.6) 0.236
Diabetes: n (%) 8 (14.0) 9(10.1) 0.598
Smoking: n (%) 20 (35.1) 40 (44.9) 0.301

All date from the first hospitalization.

Table 2. The association analysis results between the serum
cholesterol and protein levels and PSP in the multivariate logistic
regression model after correcting age, gender, HT, DM, smoking

betes and smoking) also had
no significant difference (P >
0.05 for all). However, the
serum TP and ALB levels of PSP
group were significantly lower
than the control group (P < 0.01
for both). In blood lipid profile,
serum TG level had no signifi-
cant difference (P > 0.05) in
two groups; serum cholesterol
levels (TC, HDL-C and LDL-C)
were significantly lower than
the control group (P < 0.01 for
all).

In order to further determine
the independent risk factors of
PSP, the multivariate logistic
regression analysis was carried
out for the variables of Table 1.
The results showed that the
lower levels of serum TP and TC
were independently associated
with the PSP (OR value 0.785

and BMI

for TP, P < 0.001; OR value

Variables Regression Coefficient Corrected OR

P 0.435 for TC, P = 0.009), after

TP -0.242 0.785
TC -0.832 0.435

0.714-0.863 < 0.001
0.232-0.815 0.009

correcting age, gender, HT, DM,
smoking and BMI (Table 2). In

All date from the first hospitalization.

Table 3. Comparison of serum proteins and
cholesterol levels of PSP patients in different
stages (time interval of two measurement,
median duration (four quartile) 1.5 (1.0, 2.0)
years)

Variables PSP1 (n=12) PSP2(n=12) P

TP 67.87 +5.23 61.87+3.45 0.015
ALB 41.29+4.08 38.03+1.47 0.04
TC 442+0.82 3.65+0.61 0.006

HDL 1.39+0.23
LDL 2.56 £ 0.67

117 £0.31 0.022
2.09+0.55 0.008

males and 11 females, the age was 67.58 +
8.84 years old. The median disease duration
(four quartile) was 3 (1.75, 4) years, ranging
from 1 year to 11 years. Total 89 control sub-
jects were selected, male 65 cases, female 24
cases, the average age was 66.71 + 7.59 years
old. The statistical analysis result between the
two groups was shown in Table 1, the two
groups were matched by age and sex (P > 0.05).
Major vascular risk factors (hypertension, dia-
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order to explore to the influence
of sub-variables in serum pro-
tein profile to PSP, TP removed
and ALB moved into in the regression model,
the result showed that the lower level of ALB
was also associated with PSP (OR value 0.851
for ALB, P = 0.001). Using the same method, in
the lipid profile, TC removed and TG, HDL-C and
LDL-C moved into the model, the result dis-
played that the lower levels of HDL-C and LDL-C
were associated with PSP (OR value 0.129 for
HDL-C, P = 0.026; OR value 0.416 for LDL-C, P
= 0.020).

In the 57 cases of PSP patients, 12 patients
have been in hospital two or more times. The
first and the last hospitalization data of these
12 patients were further analyzed to explore
the correlation between the course of diseases
and the level of serum cholesterol or protein.
PSP1 stand for first hospitalization data, the
median duration (four quartile) was 2.5 (1.25,
3.75) years; PSP2 stand for the last hospitaliza-
tion data, the median duration (four quartile)
was 3.75 (3, 7.5) years. As shown in (Table 3),
compared with PSP1 group, the serum levels of
TP, ALB, TC, HDL and LDL in the PSP2 group
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further reduced, and these differences were
significant (see Table 3).

Discussion

PSP is a rare chronic progressive neurodegen-
erative disease, which is characterized clinical-
ly by the presence of symmetrical akinetic-rigid
parkinsonian syndrome, vertical supranuclear
palsy, postural instability with falls, pyramidal
symptoms and cognitive changes. PSP belongs
to the family of tauophaties like Alzheimer’s dis-
ease (AD), Pick’s disease, corticobasal degen-
eration (CBD), and frontotemporal dementias
[12]. But, the clinical character of PSP is more
similar to PD. Compared with PD, the incidence
of PSP is low [13]. Many aspects of PSP, such
as the prevalence, neuropathology, brain struc-
ture and function, have been studied [1]. But
the nutrition factors, such as serum cholesterol
and protein, have not been reported on PSP
yet. In other hand, it has been reported that the
serum cholesterol and protein might be associ-
ated with AD and PD [3]. So, the relationship
between serum protein and cholesterol levels
and PSP should be explored.

For the relationship between serum protein lev-
els and PSP, our study found that serum levels
of TP or ALB were significantly lower in PSP
patients compared with the control group. After
adjusting for age, sex, common vascular risk
factors and serum TC, Logistics regression
analysis showed that low level of serum TP or
ALB were the independent risk factor for the
PSP. And with the illness duration extended,
the levels of serum TP and ALB further
decreased (P < 0.05) in 12 PSP patients. This
result suggested the low levels of TP or ALB
were associated with PSP. Up to now, we have
not found any report on the relationship
between serum protein levels and PSP, and
also not found any report on the relationship
between serum protein levels and PD.

For the relationship between serum cholesterol
levels and PSP, our study found that serum TC,
HDL-C and LDL-C levels of PSP were lower than
the control group, which was similar with PD
research [10, 14]. Logistics regression analysis
supported that low levels of TC, HDL-C and
LDL-C were independent risk factors for the
PSP. With the iliness duration extended, the lev-
els of TC, HDL-C and LDL-C were further
reduced. This result implied that low levels of
cholesterol not only might be a risk factor of
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PSP, but also related to the progression of PSP.
Though the results on the serum cholesterol
and protein of PSP have not been found, the
results of PD have been reported in many stud-
ies. Recent studies in China have shown that
TC, HDL-C and LDL-C in PD group are signifi-
cantly lower than the control group, and
throughout the different stages of the disease
[15, 16].

Our results suggest that the nutrition aspects,
serum protein and cholesterol might be associ-
ated with PSP, and the low levels of serum pro-
tein and cholesterol may be the risk factors of
the PSP and may aggravate the disease. It
should be pay attention to nutritional problems
to avoid the development and progression of
PSP. In addition, our results might provide a
prevention target for PSP. In the future, study
with large sample size or cohort study should
be carried out to clarify the effect of serum pro-
tein and cholesterol levels on PSP.
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