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Abstract

Objectives: Numerous studies have reported that lipid metabolic abnormalities may play an important role in the
development of Parkinson’s disease (PD), with mixed results. This meta-analysis aims to systematically assess the
relationship between serum cholesterol or triglyceride and the PD risk and to further determine the role of
dyslipidemia in potential predictive value.

Methods: This research systematically consulted and screened observational studies to evaluate the association of
serum lipids with the risk of PD as of April 01, 2020 based on the inclusion and exclusion criteria. Two researchers
screened and extracted the data independently. Then this article summarized the characteristics of all clinical
studies and collected the corresponding data to perform pooled and sensitivity analyses. The meta-analysis was
performed by using the RevMan 5.3 software after data extraction, quality assessment and analysis of publication
bias.

Results: Twenty-one related studies (13 case-control and 8 cohort studies) were selected with a total of 980,180
subjects, including 11,188 PD patients. Meta-analysis showed that higher levels of serum triglyceride (S-TG)
[standard mean different (SMD) = —0.26 (95% confidence interval (Cl): —0.39 to —0.13, p<0.00001), relative risk
(RR)=0.67 (95% CI: 0.60 to 0.75, p<0.00001)] could be considered as protective factors for the pathogenesis of PD.
However, there was no significant association between serum high density lipoprotein cholesterol (S-HDL) and the
risk of PD. Meanwhile, serum low density lipoprotein cholesterol (S-LDL) [SMD =-0.26 (95% Cl: —043 to —0.07, p=
0.006), RR=0.76 (95% Cl: 0.59 to 0.97, p=0.03)] and serum total cholesterol (5-TC) levels [SMD =-0.21 (95% Cl: — 0.33
to —0.10, p=0.0002), RR=10.86 (95% Cl: 0.77 to 0.97, p = 0.01)] were negatively associated with PD risk.

Conclusions: This systematic review suggests that elevated serum levels of TG, LDL and TC may be protective
factors for the pathogenesis of PD. Further longitudinal and well-designed prospective studies with a large sample
size are needed to confirm the findings in this meta-analysis.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative dis-
ease, with a total of 5 million cases worldwide. With
the aging of the population, PD cases are expected
to double in the next two decades [1]. It is generally
believed that the degeneration of dopamine-
containing neurons in the mesencephalic substantia
nigra pars compacta (SNc) may lead to PD [2, 3].
The pathogenesis of PD is complex, although many
mechanisms such as environmental agents, genetic
susceptibility and other possible factors have been
discovered. Over the past several years, some find-
ings have shown that changes in brain cholesterol
homeostasis are associated with Alzheimer’s disease
(AD), Huntington’s disease (HD) and other neuro-
logical diseases [4]. Numerous studies have shown
that lipid metabolism plays an important role in the
development of PD, but authors draw two opposite
conclusions. For example, one study found a positive
correlation between cholesterol intake and PD [5].
Accelerated loss of dopaminergic neurons may be
the result of high-fat diets caused by neurotoxins in
PD [6]. However, another prospective study [7]
showed that high cholesterol intake was associated
with a reduced risk of PD. Studies have shown that
higher serum cholesterol concentrations are benefi-
cial for slowing clinical progression and significantly
reducing the risk of PD, while lower LDL concentra-
tions may increase the incidence of PD [8, 9]. There-
fore, lipids are also considered to be a marker of PD
severity [10]. It has been suggested that a significant
reduction in cholesterol and triglyceride biosynthesis
in PD patients may explain this link [11]. However,
some studies have confirmed that the neuroprotec-
tive effect of high levels of cholesterol may reduce
and delay the onset of PD [12].

Several studies have evaluated the correlation between
cholesterol or TG and PD risk, but the correlation is
controversial and uncertain. In a previous meta analysis,
Gudala et al. [13] searched for observational studies in-
vestigating the relationship between serum cholesterol
and PD (published as of January 2013). Eight related
studies were identified (4 case-control and 4 cohort
studies). A combined analysis of eight studies with sig-
nificant heterogeneity found no significant association
between serum cholesterol and risk of PD (RR 0.87, 95%
CI 0.67-1.13; p =0.41). Subgroups were studied for type
of study (case-control and cohort studies), gender and
quality assessment results, but there was no evidence of
heterogeneity in each subgroup.

To clarify the existing epidemiological evidence and
analyze the relationship between serum cholesterol or
TG levels and PD risk, this research systematically
reviewed the literature again and performed a meta
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analysis. Compared to a previous meta analysis [13] this
systematic review included more recent studies, with
more reliable results.

Materials and methods

Search strategy

This research carried out a systematic search in two
electronic databases: EMBASE and PubMed dating from
1947 to April 01, 2020. The search keywords or MESH
terms were: “Cholesterol”, “Hypercholesterolemia”, “Tri-
acylglycerol”, “Cholesterol, LDL”, “Cholesterol, HDL”,
“Cholesterol, VLDL” and “Parkinson’s Disease”. PubMed
was used to conduct a primary search and the identical
terms were applied to search in other databases. Two re-
searchers archived all documents independently. The
search was limited to the published articles written in
English and Chinese. Two authors (H.L. and X.X.F.) in-
dependently screened the titles and abstracts of all
search results and then excluded publications that did
not meet the criteria. At the same time, the full text of
the related articles was obtained. Different opinions were
discussed with the third review author (Y.W.) until an
agreement was reached.

Eligibility criteria and exclusion criteria

In current analysis, this research included the articles
meeting the following criteria: (i) observational (cohort
or case-control) studies; (i) measurement of serum chol-
esterol, triglyceride or hypercholesterolemia as a main
variable or covariate; (iii) analysis of PD as a dependent
variable.

The exclusion criteria for screening studies included:
(i) published only as abstract; (ii) case reports, reviews or
clinical guidelines; (iii) did not assess PD at baseline; (iv)
studies without effect data or valid data that were unable
to be estimated and calculated.

Data extraction and methodological quality

Data extraction was conducted in eligible studies, in-
cluding: (i) the name of the first author, country, year of
study, publication time, sex and basic information of
participants; (ii) methods for assessing serum lipids and
PD; (iii) criteria for selecting the healthy controls and
the potential confounding factors; (iv) relevant statistics
describing the relationship between serum lipids and
PD. All of the above data were extracted independently
by two authors (H.L. and X.X.F.).

This article used the New-castle Ottawa Scales (NOS)
to independently assess the methodological quality of
case-control and cohort studies that met the eligibility
criteria by the two review authors (H.L, X.X.F). The
NOS is divided into three parts: selection (total 4
points), comparability (total 2 points) and exposure or
outcome (total 3 points). Therefore, 9 points are
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considered as the highest quality, 7 8 points as medium
quality and < 6 points as low quality. Disagreements were
resolved by reevaluating the studies and discussing it
with the third author (Y.W¥.).

Statistical analysis

This research extracted continuous variables as SMD
and dichotomous variables as RR or OR from included
studies. Because the risk of PD is low, this research used
RR instead of odds ratio (OR). When HR was reported,
this research recommended that it is similar to the effect
measurement in other studies. Statistical analysis was
carried out, with 95% Cls as well as Q test and I square
statistic to assess the heterogeneity between trials [14]. If
significant heterogeneity was observed (I> >50% and/or
p<0.1), the random-effect model was used to calculate
the pooled estimates. Otherwise, the fixed-effect model
was used to pool studies with low heterogeneity (I* <
50% and/or p >0.1) [15]. This research used the funnel
plots, Egger’s statistical test to evaluate the publication
bias for the analyses (these will not be calculated when
fewer than 10 studies are analyzed as recommended by
the Cochrane Collaboration) [16]. The stability of all re-
sults was evaluated by one-way sensitivity analysis [17].
In order to determine the source of the heterogeneity
and examine the effects of potential factors, subgroup
and meta-regression analyses were performed. All data
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was analyzed by using Stata version 14 and Review Man-
ager 5.3.

Results

Search results

These searches returned 284 records, of which 241 were
excluded as irrelevant based on the reading of the title
and abstract. The remaining 43 articles and 11 studies
identified through the list of references were read in full
by the two authors independently. Thirty-three studies
were excluded because the criteria for selection of con-
trols (n = 5) were different, no serum lipids were used as
variables or covariates in analysis (7 = 23) and there were
no relevant data (# = 5). As a result, 21 studies met these
requirements and were included in this analysis. Figure 1
shows a more detailed search process.

Study characteristics and results of the quality
assessment

Twenty-one eligible observational studies were selected,
including 13 case-control [10, 11, 18-28] and 8 cohort
studies [9, 29-35]. Thirteen case-control studies in-
cluded 5529 PD patients and 6176 controls. Eight cohort
studies included 968,475 subjects, with 5659 PD cases.
Among these studies, 9 of the studies were conducted in
Europe [9, 18, 22, 25, 26, 31-33, 35], seven in North
America [11, 19, 24, 28-30, 34], and five in Asia [10, 20,

Records identified through database seraching (n=401) ‘

Additional records identified
through other sources

(n=0)

\:

l

Records after duplicates removed (n=284)

J

‘ Records screened (n=284) ‘

Records excluded through
reading title/abstrct
(n=241)

Full-text articles assessed for

eligibility

(n=43) Full-text articles excluded (n=33):

Articles identified through

‘Different criteria for selecting

controls (n=5)

reference lists

(n=11)

-Did not assess serum cholesterol

Articles included in review (n=21)

as a risk factor for PD (n=23)

‘No revelant data (n=5)

\:

v

’

Case-control studies
(n=13)

Cohort studies
(n=8)

Fig. 1 Flow diagram of study selection for the meta-analysis




Fu et al. Lipids in Health and Disease (2020) 19:97

21, 23, 27]. Other details of the baseline data are shown
in Tables 1 and 2.

The Newcastle-Ottawa Scale (NOS) scores for these
studies ranged from 7 to 9. All studies were considered
to be of moderate to high quality (>7).

Pooled meta-analysis
Random-effect meta-analysis of continuous data showed
that the level of S-TC in patients with PD was signifi-
cantly lower than that in controls [SMD =-0.29 (95% CL:
-046 to -0.13, p=0.0005)] (Fig. 2a). However,
random-effect meta-analysis of dichotomous data be-
tween S-TC and PD did not show significant results
[RR =0.91 (95% CI: 0.79 to 1.04, p = 0.16)] (Fig. 2b).
Fixed-effect meta-analysis of continuous and dichot-
omous data showed that compared to controls, PD pa-
tients had significantly lower levels of S-TG [SMD = -
0.19 (95% CI: -0.31 to -0.08, p=0.0008), RR=0.67
(95% CI: 0.60 to 0.75, p<0.00001)] (Fig. 3a, b), and LDL
[SMD =-0.31 (95% CI: - 0.49 to 0.14, p = 0.0005), RR =
0.76 (95% CI: 0.59 to 0.97, p = 0.03)]. Furthermore, levels
of S-HDL were not significantly different between PD
patients and controls (Table 3).

Investigation of heterogeneity

The pooled effect size of 12 S-TC dichotomous data be-
tween PD patients and controls were quite heteroge-
neous between studies (I*> =73%, p for heterogeneity<
0.0001). Therefore, This research used leave-one-out

Table 1 Characteristics of case-control studies
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strategy for sensitivity analyses (Fig. 4) to assess the
source of heterogeneity. The study by Hu et al. [33]
mainly included subjects aged 25-64 years, showing a
positive association between S-TC and the risk of PD.
Studies from other countries included relatively older
subjects than this study. After the removal of study by
Hu et al. [33], the between-study heterogeneity was sig-
nificantly decreased (I> = 58%, p = 0.007), and the pooled
RR became 0.86 (95% CI: 0.77 to 0.97, p = 0.01) (Fig. 2d).
The results of combining 8 continuous S-TC levels
indicated that S-TC levels were significantly decreased
in PD patients. However, there was considerable het-
erogeneity (I> =58%, p for heterogeneity = 0.02) be-
tween studies. Therefore, this research also performed
sensitivity analyses (Fig. 4) to evaluate the source of
heterogeneity. In the study of Ikeda et al. [20], the
mean Hoehn and Yahr (H&Y) stage (standard devi-
ation, SD) was 3.2 (0.9), which means that PD pa-
tients had more severe symptoms in this study. Other
studies included subjects with a relatively lower mean
H&Y score and average PD duration or subjects with
the first or most recent diagnosis. After excluding this
study, the between-study heterogeneity was much
lower (I =35%, p=0.16), and SMD became -0.21
(95% CI: - 0.33 to —0.10, p =0.0002) (Fig. 2c).
Similarly, for the pooled results from all continuous
data of S-TG levels except for the data of Ikeda et al.
[20], heterogeneity turned to be much lower (I* = 3%, p =
0.39) and SMD became -0.26 (95% CI: - 0.39 to —0.13,

Author, Year PD/ Country Mean PD Mean H&Y Assessment of PD Assessment of status of S-C and
control duration scale S-TG
Becker 2008 3637/ UK NA NA UKPD criteria/H&Y stage/UPDRS Medical & Laboratories records
[18] 3637
Du 2012 [19] 40/29 USA 42 15 UPDRS Laboratories records
Guo 2015 [10]  555/555 China 38 25 UKPD criteria/H&Y stage/UPDRS Laboratories records
Huang 2007 124/110  USA 4.2 NA UPDRS Medical & Laboratories records
[11]
lkeda 2011 [20] 119/120 Japan 69 32 UKPD criteria Laboratories records
Kim 2017 [21] 104/52 Korea 37 25 H&Y stage/UPDRS Laboratories records
Kirbas 2014 [22]  42/40 Turkey  NA NA PDBBC/H&Y stage Laboratories records
Miyake 2010 249/368  Japan  NA NA UKPD criteria Using diet history questionnaire
[23] (DHQ)
Savica 2012 [24] 196/196  USA NA NA H&Y stage/UPDRS Laboratories records
Scigliano 2006 178/533  ltaly 13 =2 UKPD criteria/H&Y stage/UPDRS Laboratories records
[25]
Vikdahl 2015 84/336 Sweden NA NA UKPD criteria Laboratories records
[26]
Wei 2013 [27] 110/130  China NA 22 Met the Calne’s criteria of clinically Laboratories records
definitive PD
Zhang 2017 [28] 91/70 USA NA NA MMSE Laboratories records

Abbreviations: UKPD United Kingdom PD Society Brain Bank, MMSE Mini-Mental State Examination, H&Y Hoehn and Yahr scale, UPDRS Unified Parkinson’s Disease

Rating Scale, PDBBC Parkinson’s Disease Brain Bank Criteria, NA not available
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Table 2 Characteristics of cohort studies
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Author, Year  Country Size of cohort  PD cases Age at Study period Assessment of PD Assessment of status of
(M/F) (M/F) baseline (Y) (starting-ending year) S-C and S-TG

Simon 2010 USA 171,879 (50, 530 (NA) 30-75 22.9 (1976-2000) Parkinsonian signs Self reported

[29] 833/121046)

Huang 2008  USA 3223 (3223/0) 41 (41/0) 71-79 3(1991-1993) Medical records & Laboratories records

[30] neurologic examination

Benn 2017 Danish 111,194 (49, 460 (NA)  46-66 39 (1976-2014) Medical records Laboratories records

[31] 884/61310)

Saaksjarvi Finland 6641 (3102/ 89 (49/ 30-79 30 (1978-2007) Datebase Laboratories records

2015 [32] 3539) 40)

de Lau 2006 Netherlands 6465 (2654/ 87 (46/ 255 94 (1990-2004) Parkinsonian signs & Laboratories records

[9] 3811) 41) neurologic examination

Hu 2008 [33] Finland 50,926 (24,773/ 625 (321/ 25-64 18.1 (1972-1997) Medical records & Laboratories records
26153) 304) neurologic examination

Grandnetti USA 8006 (8006/0) 58 (NA)  71-93 26 (1965-1991) Medical records Laboratories records

1994 [34]

Fang 2019 Sweden 610,141 (313, 3769 15-77 26 (1985-2011) Medical records Laboratories records

[35] 044/297097) (NA)

Abbreviations: M males, F females, NA not available, Y years

p<0.0001) (Fig. 3c). Combining the findings from all con-
tinuous data of LDL levels except for the data of Ikeda
et al. [20], heterogeneity turned to be much lower (I* =
39%, p = 0.16) and SMD became - 0.26 (95% CI: - 0.45 to
-0.07, p=0.006). There were still significant differences
after adjusting the studies (Table 3).

Subgroup and meta-regression analyses were also per-
formed on gender, race and different techniques to
measure lipids, but there was no evidence of heterogen-
eity in each subgroup. No publication bias was found in
these analyses because an asymmetric distribution was

shown in each funnel plot. Both the Egger’s tests pro-
duced the same results (Tables 3). When the number of
studies is small, these studies are much under-powered.
Therefore, as part of the study, this research did not
conduct statistical tests on publication bias.

Discussion

This review aimed to systematically assess the link be-
tween serum cholesterol or triglyceride and the risk of
PD. Twenty-one relevant studies (13 case-control and 8
cohort studies) were included involving a total of 980,
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Fig. 2 Forest plots for pooled standard weighted mean difference (a) or odds ratios (b) and the corresponding 95% confidence intervals (Cls) of
studies assessing the association between S-TC levels and risk of Parkinson'’s disease. Forest plots pooled standard weighted mean difference (c)
or odds ratios (d) for meta-analysis after excluding the study by lkeda et al. [20] or Hu et al. [33]
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Fig. 3 Forest plots for pooled standard weighted mean difference (a) or odds ratios (b) and the corresponding 95% confidence intervals (Cls) of
studies assessing the association between S-TG levels and risk of Parkinson’s disease. Forest plots pooled standard weighted mean difference (c)
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Table 3 Summary of Comparative Outcomes for serum lipid Levels

Data type ltem No. of  PD/ Main effect Heterogeneity Publication bias
studies  Control Hedges g(95%Cl) zscore pvalue  Qstatistic df pvalue I statistic Egger intercept p value
Continuous ~ TC 8 724/889 -0.29 (=046, —0.13) 348 0.0005 16.51 7 002 58% -1.9330 0483
adjustion 7 605/769 —021(-=033,-0.10) 3.69 00002 923 6 016 35% - -
TG 6 542/865 —0.19 (=031, -0.08) 337 0.0008 9.68 5 008 48% 2.8479 0472
adjustion 5 423/745 —-0.26 (039, —0.13) 4.06 <0.0001 413 4 038 3% - -
LDL 6 536/501 —031(-049-0.14) 348 0.0005 9.57 5 009 48% —0.9563 0974
adjustion 5 417/381 —026 (-043,-007) 274 0.006 6.59 4 016 39% - -
HDL 5 496/472 0.08 (-0.04, 0.21) 1.28 0.20 1.94 4 075 0% 04329 0.851
Dichotomous  TC 12 - 091 (0.79, 1.04) 142 0.16 40.72 11 <0.0001 73% —-0.3306 0.965
adjustion 11 - 0.86 (0.77, 0.97) 2.55 0.01 24.09 10 0.007 58% - -
TG 4 - 0.67 (0.60,0.75) 6.82 <0.00001 3.58 3 031 16% -1.3695 0.107
LDL 4 - 0.76 (0.59,0.97) 223 0.03 16.89 3 00007 82% —2.3686 0.205

Abbreviations: TC total cholesterol, TG triglycerides, LDL low density lipoprotein cholesterol, HDL high density lipoprotein cholesterol, C cholesterol, S serum
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Fig. 4 Sensitivity analyses for pooled standard weighted mean difference and odds ratios of studies assessing the association between S-TC levels
and risk of Parkinson'’s disease using a leave-one-out strategy

180 subjects, including 11,188 PD patients. According to
the meta-analysis, this research observed that higher
level of S-TG was statistically useful as protective factor
for the onset of PD, but there was no significant correl-
ation between S-HDL and the risk of PD. Meanwhile, it
was found that the level S-TC and S-LDL were nega-
tively correlated with the risk of PD. Considering that
there is still a high heterogeneity between studies after
excluding the studies with the higher heterogeneity, this
research need to be cautious to conclude that S-TC and
S-LDL may be associated with a decreased risk of PD.
More studies are needed before drawing an affirmative
conclusion.

Cholesterol and PD

Most of the cholesterol in the brain is produced by cere-
bral astrocytes. Cholesterol plays a key role in either the
synthesis of myelin by intracerebral oligodendrocytes or
proper maintenance of synaptic function. Depletion of
cholesterol in neurons may lead to degeneration of den-
dritic spine and synapse, impairment of synaptic vesicle
exocytosis and disorders of neuronal activity and neuro-
transmission [36]. To some extent, the quantitative ab-
normalities of serum lipids were correlated with
metabolic dysfunction. A large body of evidence has also
indicated that defects in cholesterol metabolism may
cause a variety of central nervous system (CNS) diseases
such as HD, AD and PD [37-39].

Many putative mechanisms support an inverse cor-
relation between serum lipids and the risk of PD. Co-
enzyme Q10 is known to be an important electron
acceptor of complexes I and II existed in mitochon-
dria and is also an effective antioxidant [29, 31].
Serum levels of coenzyme Q10 are largely dependent
on serum cholesterol levels. Some studies have shown
a negative correlation between cholesterol levels and
PD, which may be due to the neuroprotective effect

of coenzyme Q10 that is reduced with the decrease of
serum cholesterol [12]. Animal experiments have also
shown that coenzyme Q10 is closely related to the
pathogenesis of PD due to its powerful neuroprotec-
tive effects and its function of decreasing oxidative
stress. Also, it can delay the depletion of dopamine
[38]. On the other hand, many mechanisms support
the hypothesis that higher serum cholesterol levels in-
crease the risk of PD. In the pathogenesis of PD, oxi-
dative stress, inflammatory reaction, mitochondrial
dysfunctions, and excitotoxicity synergistically contrib-
ute to its complex molecular mechanisms [40, 41].

Hypercholesterolemia or oxysterols may cause gliosis
in the brain, which release pro-inflammatory mediators
and other oxidative changes [42], resulting in oxidative
stress, dysfunction of mitochondria or neuroinflamma-
tion [43, 44]. A study has shown that serum lipids in-
cluding cholesterol are associated with the accumulation
of toxic a-synuclein and neuromelanin [45]. As a prod-
uct of cholesterol oxidation, oxysterols will induce the
aggregation of a-synuclein, which then leads to apop-
tosis of dopaminergic cells [46, 47].

Recent studies have shown that the use of statins
may reduce the aggregation of a-synuclein in PD pa-
tients by lowering plasma cholesterol [48]. In animal
or cell experiments, lipid-lowering agents are believed
to have potential therapeutic implications in PD be-
cause of their anti-inflammatory, anti-oxidant, and an-
tiplatelet effects [49]. Many studies have also shown
that the use of lipid-lowering drugs was more or less
effective in PD patients [50-52].

Triglyceride and PD

This study showed that lower concentrations of serum
triglyceride were a potential risk of PD. Many hypothet-
ical mechanisms attempt to explain this result. Studies
have shown that autonomic failure might be
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accompanied by the development of the neurodegenera-
tive processes [53, 54]. Similarly, sympathetic activity
was also reduced in PD patients [55], and TG levels were
significantly declined due to reduced production of cat-
echolamine and cortisol. Since non-motor symptoms
have preceded motor symptoms for decades [56], lower
levels of cholesterol may be the result of autonomic dis-
orders or extensive sympathetic denervation, earlier than
the clinical diagnosis of PD [25, 57]. In addition, it has
been reported that dopamine converted by levodopa
could exert its peripheral effects and reduce S-TG levels,
and PD patients taking levodopa as a medicine are more
likely to reduce S-TG than other PD patients [58, 59].

Similarly, nutrition also contributes to lipid profile. Be-
cause the competitive effects between levodopa and food
proteins occur in transportation across the blood-brain
barrier and intestinal absorption, excessive protein-rich
diet is not recommended for PD patients who were
treated with levodopa. Studies have shown that PD pa-
tients prefer to consume carbohydrates rather than milk
and its derivatives [60]. The intake of polyunsaturated
fatty acids is also lower [61]. Food intake may also be af-
fected by reduced activities or dyskinesia. All of the diet-
ary habits listed above may affect serum lipids more or
less.

Confounding factors

The actual relationship may be masked by various con-
founding factors: (i) Serum lipids may decline during the
development of other chronic diseases, such as AD and
some neurodegenerative diseases [62—64]. (ii) Patients
with a prescription of cholesterol-lowering agents or sta-
tins in their studies; (iii) Special dietary habits and dys-
kinesia of PD patients; (iv) Smoking, BMI, coffee
consumption and other factors that may influence the
risk of PD; (v) Environmental and genetic backgrounds
may play an important role to some extent. In this study,
this research fully considered the bias caused by these
confounding factors. This article preferred the adjusted
data in this analysis, but where there was no adjusted
data, this research chose the unadjusted data. Mean-
while, the above factors should be fully considered in the
following experimental design.

Conclusion

According to available epidemiological evidence, higher
levels of S-TG may be protective factors for PD onset.
Meanwhile, it is prudent to draw a conclusion that S-TC
and S-LDL may be associated with a decreased risk of
PD. It is of great significance to explore the potential
links and molecular mechanism between them to deter-
mine whether the changes in serum lipid metabolism
are causal or consequence. However, most studies, as
case-control studies rather than prospective studies,
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could not make causal inference regarding the risk of
PD and serum lipids. Further longitudinal and well-
designed prospective studies with a large sample size are
needed to investigate the association between the PD se-
verity or clinical progression and lipid levels. With the
deepening of researches, effective intervention measures
for cholesterol and its metabolites are also of great clin-
ical significance for delaying the development of Parkin-
son’s disease and finding new therapeutic targets.

Acknowledgements
Not applicable.

Authors’ contributions

X-XF, HL, X-YZ, YW, X-FH and H-YL are resposible for the concept of all
manuscript. X-XF, HL independently evaluated each article separately. Dis-
agreements were resolved by discussion with a third party (YW). X-XF, X-FH,
H-YL performed statistical analysis. X-XF, YW, X-FH, X-YZ analyzed and inter-
preted data and were major contributor in writing the manuscript. All au-
thors read, improved and approved the final manuscript.

Funding
This study as funded by Tianjin Natural Science Foundation (17JCYBJC28100).

Availability of data and materials
The data analyzed during the present study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Heping Hospital Affiliated to Changzhi Medical College, Changzhi, Shanxi
Province, China. “Department of Neurology, Tianjin Medical University
General Hospital, Tianjin, China. 3Departmem of Science and Education,
Heping Hospital Affiliated to Changzhi Medical College, Changzhi city,
Shanxi, P.R. China. “CAS Key Laboratory of Mental Health, Institute of
Psychology, Chinese Academy of Sciences, 16 Lincui Road, Chaoyang District,
Beijing 100101, China. *Department of Psychology, University of Chinese
Academy of Sciences, 16 Lincui Road, Chaoyang District, Beijing 100101,
China.

Received: 5 November 2019 Accepted: 12 May 2020
Published online: 19 May 2020

References

1. Doria M, Maugest L, Moreau T, Lizard G, Vejux A. Contribution of cholesterol
and oxysterols to the pathophysiology of Parkinson's disease. Free Radic
Biol Med. 2016;101:393-400.

2. Hirsch E, Graybiel AM, Agid YA. Melanized dopaminergic neurons are
differentially susceptible to degeneration in Parkinson's disease. Nature.
1988,334(6180):345-8.

3. Jankovic J. Parkinson's disease: clinical features and diagnosis. J Neurol
Neurosurg Psychiatry. 2008;79(4):368-76.

4. Martin MG, Pfrieger F, Dotti CG. Cholesterol in brain disease: sometimes
determinant and frequently implicated. EMBO Rep. 2014;15(10):1036-52.

5. Johnson CC, Gorell JM, Rybicki BA, Sanders K, Peterson EL. Adult nutrient
intake as a risk factor for Parkinson's disease. Int J Epidemiol. 1999,28(6):
1102-9.

6. Bousquet M, St-Amour |, Vandal M, Julien P, Cicchetti F, Calon F. High-fat
diet exacerbates MPTP-induced dopaminergic degeneration in mice.
Neurobiol Dis. 2012;45(1):529-38.



Fu et al. Lipids in Health and Disease

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2020) 19:97

Tan LC, Methawasin K, Tan EK, Tan JH, Au WL, Yuan JM, Koh WP. Dietary
cholesterol, fats and risk of Parkinson's disease in the Singapore Chinese
health study. J Neurol Neurosurg Psychiatry. 2016,87(1):86-92.

Huang X, Auinger P, Eberly S, Oakes D, Schwarzschild M, Ascherio A,
Mailman R, Chen H. Serum cholesterol and the progression of Parkinson's
disease: results from DATATOP. PLoS One. 2011;6(8):e22854.

de Lau LM, Koudstaal PJ, Hofman A, Breteler MM. Serum cholesterol levels
and the risk of Parkinson's disease. Am J Epidemiol. 2006;164(10):998-1002.
Guo X, Song W, Chen K, Chen X, Zheng Z, Cao B, Huang R, Zhao B, Wu Y,
Shang HF. The serum lipid profile of Parkinson's disease patients: a study
from China. Int J Neurosci. 2015;125(11):838-44.

Huang X, Chen H, Miller WC, Mailman RB, Woodard JL, Chen PC, Xiang D,
Murrow RW, Wang YZ, Poole C. Lower low-density lipoprotein cholesterol
levels are associated with Parkinson's disease. Mov Disord. 2007,22(3):377-81.
Kaikkonen J, Nyyssonen K, Tuomainen TP, Ristonmaa U, Salonen JT. Determinants
of plasma coenzyme Q10 in humans. FEBS Lett. 1999,443(2):163-6.

Gudala K, Bansal D, Muthyala H. Role of serum cholesterol in Parkinson's
disease: a meta-analysis of evidence. J Park Dis. 2013;3:363-70.

Qin XY, Wu HT, Cao C, Loh YP, Cheng Y. A meta-analysis of peripheral
blood nerve growth factor levels in patients with schizophrenia. Mol
Psychiatry. 2017;22:1306-12.

Qin XY, Feng JC, Cao C, Wu HT, Loh YP, Cheng Y. Association of peripheral
blood levels of brain-derived neurotrophic factor with autism spectrum
disorder in children: a systematic review and meta-analysis. JAMA Pediatr.
2016;170(11):1079-86.

Sterne JA, Sutton AJ, loannidis JP, Terrin N, Jones DR, Lau J, Carpenter J,
Ruicker G, Harbord RM, Schmid CH, Tetzlaff J, Deeks JJ, Peters J, Macaskill P,
Schwarzer G, Duval S, Altman DG, Moher D, Higgins JP. Recommendations
for examining and interpreting funnel plot asymmetry in meta-analyses of
randomised controlled trials. Br Med J. 2011;343:d4002.

Bown MJ, Sutton AJ. Quality control in systematic reviews and meta-
analyses. Eur J Vasc Endovasc. 2010;40(5):669-77.

Becker C, Jick SS, Meier CR. Use of antihypertensives and the risk of
Parkinson disease. Neurology. 2008;70(16 Pt2):1438-44.

Du G, Lewis MM, Shaffer ML, Chen H, Yang QX, Mailman RB, Huang X.
Serum cholesterol and nigrostriatal R2* values in Parkinson's disease. PLoS
One. 2012;7(4):35397.

lkeda K, Nakamura Y, Kiyozuka T, Aoyagi J, Hirayama T, Nagata R, Ito H,
lwamoto K, Murata K, Yoshii Y, Kawabe K, Iwasaki Y. Serological profiles of
urate, paraoxonase-1, ferritin and lipid in Parkinson's disease: changes linked
to disease progression. Neurodegener Dis. 2011;8(4):252-8.

Kim JH, Hwang J, Shim E, Chung EJ, Jang SH, Koh SB. Association of serum
carotenoid, retinol, and tocopherol concentrations with the progression of
Parkinson's disease. Nutr Res Pract. 2017;11(2):114-20.

Kirbas A, Kirbas S, Cure MC. Tufekci a Paraoxonase and arylesterase activity
and total oxidative/anti-oxidative status in patients with idiopathic
Parkinson's disease. J Clin Neurosci. 2014;21(3):451-5.

Miyake Y, Tanaka K, Fukushima W, Sasaki S, Kiyohara C, Tsuboi Y, Yamada T,
Oeda T, Miki T, Kawamura N. Case-control study of risk of Parkinson's
disease in relation to hypertension, hypercholesterolemia, and diabetes in
Japan. J Neurol Sci. 2010,293(1-2):82-6.

Savica R, Grossardt BR, Ahlskog JE, Rocca WA. Metabolic markers or
conditions preceding Parkinson's disease: a case-control study. Mov Disord.
2012;27(8):974-9.

Scigliano G, Musicco M, Soliveri P, Piccolo I, Ronchetti G, Girotti F. Reduced
risk factors for vascular disorders in Parkinson disease patients: a case-
control study. Stroke. 2006;37(5):1184-8.

Vikdahl M, Backman L, Johansson |, Forsgren L, Haglin L. Cardiovascular risk
factors and the risk of Parkinson's disease. Eur J Clin Nutr. 2015:69(6):729-33.
Wei Q, Wang H, Tian Y, Xu F, Chen X, Wang K. Reduced serum levels of
triglyceride, very low density lipoprotein cholesterol and apolipoprotein B in
Parkinson's disease patients. PLoS One. 2013;8(9):e75743.

Zhang L, Wang X, Wang M, Sterling NW, Du G, Lewis MM, Yao T, Mailman
RB, Li R, Huang X. Circulating cholesterol levels may link to the factors
influencing Parkinson's risk. Front Neurol. 2017,8:501.

Simon KC, Chen H, Schwarzschild M, Ascherio A. Hypertension,
hypercholesterolemia, diabetes, and risk of Parkinson disease. Neurology.
2007,69(17):1688-95.

Huang X, Abbott RD, Petrovitch H, Mailman RB, Ross GW. Low LDL
cholesterol and increased risk of Parkinson's disease: prospective results
from Honolulu-Asia aging study. Mov Disord. 2008,23(7):1013-8.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

Page 9 of 10

Benn M, Nordestgaard BG, Frikke-Schmidt R, Tybjeerg-Hansen A. Low LDL
cholesterol, PCSK9and HMGCR genetic variation, and risk of Alzheimer's disease
and Parkinson's disease: Mendelian randomisation study. BMJ. 2017;357j1648.
Séaaksjarvi K, Knekt P, Mannistd S, Lyytinen J, Heliévaara M. Prospective study
on the components of metabolic syndrome and the incidence of
Parkinson's disease. Parkinsonism Relat Disord. 2015;21(10):1148-55.

Hu G, Antikainen R, Jousilahti P, Kivipelto M, Tuomilehto J. Total cholesterol
and the risk of Parkinson disease. Neurology. 2008;70(21):1972-9.
Grandinetti A, Morens DM, Reed D, MacEachern D. Prospective study of
cigarette smoking and the risk of developing idiopathic Parkinson's disease.
Am J Epidemiol. 1994;139(12):1129-38.

Fang F, Zhan Y, Hammar N, Shen X, Wirdefeldt K, Walldius G, Mariosa D.
Lipids, Apolipoproteins, and the risk of Parkinson disease. Circ Res. 2019;125:
643-52.

Liu Q, Trotter J, Zhang J, Peters MM, Cheng H, Bao J, Han X, Weeber EJ, Bu
G. Neuronal LRP1 knockout in adult mice leads to impaired brain lipid
metabolism and progressive, age-dependent synapse loss and
neurodegeneration. J Neurosci. 2010;30(50):17068-78.

Block RC, Dorsey ER, Beck CA, Brenna JT, Shoulson I. Altered cholesterol and
fatty acid metabolism in Huntington disease. J Clin Lipidol. 2010;4(1):17-23.
Di Paolo G, Kim TW. Linking lipids to Alzheimer's disease: cholesterol and
beyond. Nat Rev Neurosci. 2011;12(5):284-96.

Wang Q, Yan J, Chen X, Li J, Yang Y, Weng J. Statins: multiple
neuroprotective mechanisms in neurodegenerative diseases. Exp Neurol.
2011;230(1):27-34.

Blandini F. An update on the potential role of excitotoxicity in the
pathogenesis of Parkinson's disease. Funct Neurol. 2010;25(2):65-71.

Aytan N, Jung T, Tamtrk F, Grune T, Kartal-Ozer N. Oxidative stress related
changes in the brain of hypercholesterolemic rabbits. Biofactors. 2008;33(3):
225-36.

Thirumangalakudi L, Prakasam A, Zhang R, Bimonte-Nelson H, Sambamurti
K, Kindy MS, Bhat NR. High cholesterol-induced neuroinflammation and
amyloid precursor protein processing correlate with loss of working
memory in mice. J Neurochem. 2008;106(1):475-85.

Prasanthi JR, Dasari B, Marwarha G, Larson T, Chen X, Geiger JD, Ghribi O.
Caffeine protects against oxidative stress and Alzheimer's disease-like
pathology in rabbit hippocampus induced by cholesterol-enriched diet.
Free Radic Biol Med. 2010,49(7):1212-20.

Halliday GM, Ophof A, Broe M, Jensen PH, Kettle E, Fedorow H, Cartwright
MI, Griffiths FM, Shepherd CE, Double KL. Alpha-synuclein redistributes to
neuromelanin lipid in the substantia nigra early in Parkinson's disease. Brain.
2005;128(Pt11):2654-64.

Rantham Prabhakara JP, Feist G, Thomasson S, Thompson A, Schommer E,
Ghribi O. Differential effects of 24-hydroxycholesterol and 27-
hydroxycholesterol on tyrosine hydroxylase and alpha-synuclein in human
neuroblastoma SH-SY5Y cells. J Neurochem. 2008;107(6):1722-9.

Marwarha G, Rhen T, Schommer T, Ghribi O. The oxysterol 27-
hydroxycholesterol regulates a-synuclein and tyrosine hydroxylase
expression levels in human neuroblastoma cells through modulation of liver
X receptors and estrogen receptors--relevance to Parkinson's disease. J
Neurochem. 2011;119(5):1119-36.

Roy A, Pahan K. Prospects of statins in Parkinson disease. Neuroscientist.
2011;17(3):244-55.

Rajanikant GK, Zemke D, Kassab M, Majid A. The therapeutic potential of
statins in neurological disorders. Curr Med Chem. 2007;14(1):103-12.
Bar-On P, Crews L, Koob AO, Mizuno H, Adame A, Spencer B, Masliah E.
Statins reduce neuronal alpha-synuclein aggregation in in vitro models of
Parkinson's disease. J Neurochem. 2008;105(5):1656-67.

Wolozin B, Wang SW, Li NC, Lee A, Lee TA, Kazis LE. Simvastatin is
associated with a reduced incidence of dementia and Parkinson's disease.
BMC Med. 2007;5:20.

Koob AOQ, Ubhi K, Paulsson JF, Kelly J, Rockenstein E, Mante M, Adame A,
Masliah E. Lovastatin ameliorates alpha-synuclein accumulation and
oxidation in transgenic mouse models of alpha-synucleinopathies. Exp
Neurol. 2010;221(2):267-74.

Braak H, de Vos RA, Bohl J, Del Tredici K. Gastric alpha-synuclein
immunoreactive inclusions in Meissner's and Auerbach's plexuses in cases
staged for Parkinson's disease-related brain pathology. Neurosci Lett. 2006;
396(1):67-72.

Savica R, Carlin JM, Grossardt BR, Bower JH, Ahlskog JE, Maraganore DM,
Bharucha AFE, Rocca WA. Medical records documentation of constipation



Fu et al. Lipids in Health and Disease

54.
55.
56.
57.

58.

59.

60.

61.

62.
63.

64.

(2020) 19:97

preceding Parkinson disease: a case-control study. Neurology. 2009;73(21):
1752-8.

Wakabayashi K, Takahashi H. Neuropathology of autonomic nervous system
in Parkinson's disease. Eur Neurol. 1997;38(Suppl 2):2-7.

Gaig C, Tolosa E. When does Parkinson's disease begin? Mov Disord. 2009;
24(Suppl 2):5656-64.

Awerbuch Gl, Sandyk R. Autonomic functions in the early stages of
Parkinson's disease. Int J Neurosci. 1994;74(1-4):9-16.

Kimura T, Hasegawa M, Takano O. The effect of dopamine on serum lipid
concentration after propofol administration. Masui. 2002;51(3):286-8.
Scigliano G, Ronchetti G, Girotti F, Musicco M. Sympathetic modulation by
levodopa reduces vascular risk factors in Parkinson disease. Parkinsonism
Relat Disord. 2009;15(2):138-43.

Barichella M, Akpalu A, Cham M, Privitera G, Cassani E, Cereda E, lorio L, Cilia
R, Bonetti A, Pezzoli G. Nutritional status and dietary habits in Parkinson's
disease patients in Ghana. Nutrition. 2013,29(2):470-3.

Adén E, Carlsson M, Poortvliet E, Stenlund H, Linder J, Edstrom M, Forsgren
L, Haglin L. Dietary intake and olfactory function in patients with newly
diagnosed Parkinson's disease: a case-control study. Nutr Neurosci. 2011;
14(1):25-31.

Solomon A, Kéreholt |, Ngandu T, Winblad B, Nissinen A, Tuomilehto J,
Soininen H, Kivipelto M. Serum cholesterol changes after midlife and late-life
cognition: twenty-one-year follow-up study. Neurology. 2007,68(10):751-6.
Chen H, Zhang SM, Hernan MA, Willett WC, Ascherio A. Weight loss in
Parkinson's disease. Ann Neurol. 2003;53(5):676-9.

Dexter DT, Jenner P. Parkinson disease: from pathology to molecular disease
mechanisms. Free Radic Biol Med. 2013;62:132-44.

Dong XX, Wang Y, Qin ZH. Molecular mechanisms of excitotoxicity and
their relevance to pathogenesis of neurodegenerative diseases. Acta
Pharmacol Sin. 2009;30(4):379-87.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Objectives
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Search strategy
	Eligibility criteria and exclusion criteria
	Data extraction and methodological quality
	Statistical analysis

	Results
	Search results
	Study characteristics and results of the quality assessment
	Pooled meta-analysis
	Investigation of heterogeneity

	Discussion
	Cholesterol and PD
	Triglyceride and PD
	Confounding factors

	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

