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Abstract
Introduction Emerging evidence has suggested that lipid metabolism is correlated with Parkinson’s disease (PD) onset 
and progression. However, the effect of lipid metabolism on motor performance in PD patients is still unknown. This study 
estimated the association between lipid profiles and the severity of motor performance in PD.
Methods This cross-sectional study enrolled 279 idiopathic PD patients from the Department of Neurology of Beijing 
Tiantan Hospital from May 2016 to August 2018. Serum triglyceride (TG), total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), apolipoprotein A1 (Apo-A1), and apolipoprotein B 
(Apo-B) levels were detected in fast serum samples. Motor performance was assessed by Movement Disorder Society-Unified 
Parkinson’s Disease Rating Scale part III (MDS-UPDRS III) total scores and subscores in these patients. The associations 
of lipid profiles with motor performance were analyzed using multivariable linear regression models.
Results Compared to males, females with PD exhibited significantly higher serum TC, LDL-C, HDL-C, Apo-A1, and Apo-B 
levels. When accounting for covariates, lower serum TG levels were significantly associated with higher MDS-UPDRS III 
total scores and gait/postural instability subscores. Additionally, the univariate linear regression model showed that in males 
with PD, serum HDL-C or Apo-A1 levels were significantly associated with tremor subscores.
Conclusion Lower serum TG levels were associated with more severe motor performance in patients with PD and TG may 
be a potential predictive biomarker for motor performance in PD patients.

Keywords Parkinson’s disease · Motor performance · Gait · Triglyceride · Lipid

Introduction

Parkinson’s disease (PD) is the second most common neu-
rodegenerative disease in the world and is characterized by 
a variety of motor and nonmotor symptoms. Cardinal motor 

symptoms, including resting tremor, rigidity, bradykinesia, 
and gait/postural instability, are usually the initial presen-
tation and seriously affect the daily activities of patients. 
Action and postural tremors are also observed in PD patients 
and are considered variant types of resting tremor [1, 2]. In 
addition to the well-known α-synuclein aggregation, neu-
roinflammation is another pathological feature of PD [3].

Lipid metabolism is a well-established risk factor for 
cerebrovascular disease and cardiovascular disease and 
regulates postischemic inflammation [4]. However, increas-
ing evidence indicates that lipid metabolism is correlated 
with PD onset and progression. In a longitudinal large-
scale Israeli cohort study including statin-free individuals, 
a 0.3% (746 cases) PD incidence was detected after a mean 
7.9-year follow-up, and they found higher levels of serum 
total cholesterol (TC) and low-density lipoprotein choles-
terol (LDL-C) in men over time, indicating a decreased PD 
risk [5]. Another large cohort study in Switzerland showed 
that increasing levels of triglyceride (TG), TC, LDL-C, and 
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apolipoprotein B (Apo-B) were associated with a decreased 
risk of PD, and the association did not differ between men 
and women [6].

There are few studies on the correlation between lipid 
metabolism and motor and nonmotor performance in PD 
patients and the existing studies have reported inconsistent 
results. A study from China showed that levels of serum 
TC and LDL-C were negatively correlated with Unified 
Parkinson’s Disease Rating Scale part III scores [7]. Lipid 
subfractions may be associated with nonmotor symptoms 
in individuals with PD. Studies reported that higher serum 
TG levels were associated with PD with mild cognitive 
impairment [8] and lower anxiety levels [9]. Another study 
showed that compared to males with PD, females with PD 
had higher serum HDL-C levels, which were potentially 
associated with poorer cognition performance [10]. How-
ever, Choe et al. found that no lipid fraction was significantly 
associated with motor and cognitive function in PD patients 
in a cross-sectional analysis of the Biomarkers in Parkin-
son’s Disease (Mark-PD) study [11].

Whether lipid metabolism factors can be utilized as PD 
disease severity biomarkers have not been clarified, although 
a study from Parkinson’s Progression Markers Initiative 
(PPMI) showed that lower serum apolipoprotein A1 (Apo-
A1) levels were associated with earlier age of PD onset and 
greater motor severity in drug-naïve PD [12]. The effect of 
lipid metabolism on individual motor symptoms, such as 
tremor, rigidity, bradykinesia, and gait instability, has not 
been investigated. In addition, previous studies considered 
limited lipid measurements, mostly TC alone or TC with 
LDL-C and high-density lipoprotein cholesterol (HDL-C), 
but not the effects of whole lipid profiles.

Therefore, the aim of our study was to estimate the asso-
ciation of relatively complete lipid profiles with the severity 
of global motor performance and four carinal motor symp-
toms in PD patients.

Methods

Participants

This cross-sectional study enrolled 279 idiopathic PD 
patients from the Department of Neurology of Beijing Tian-
tan Hospital, Capital Medical University, from May 2016 
to August 2018. Patients who met the clinically definite PD 
based on 2015 Movement Disorder Society (MDS) Clinical 
Diagnosis Criteria were included [13]. The exclusion crite-
ria included (1) an uncertain PD diagnosis or suspicion of 
atypical parkinsonism (multiple system atrophy, corticobasal 
ganglionic degeneration, or progressive supranuclear palsy) 
or second parkinsonism syndrome (vascular, drug-induced, 
toxin-induced, or postinfectious parkinsonism); (2) a history 

of cerebral infarction or coronary atherosclerotic heart dis-
ease; or (3) a history of moderate-to-severe head trauma, 
hydrocephalus, brain surgery, or brain tumor. This study was 
approved by the Ethics Committee of the Beijing Tiantan 
Hospital and was performed in accordance with the Declara-
tion of Helsinki. Informed consent was obtained from either 
the participant or their closest relative.

Clinical assessment of participants

The demographic data (age at admission, sex, weight and 
height, and disease duration) of all the enrolled PD patients 
were collected. The use of statin or other lipid-lowering 
medicines was also recorded. The severity of PD was 
assessed by Hoehn–Yahr (H-Y) staging and the Movement 
Disorder Society-Unified Parkinson’s Disease Rating Scale 
part III (MDS-UPDRS III) total score. The subscores for 
tremor (items 3.15, 3.16, 3.17, and 3.18), rigidity (items 
3.3), bradykinesia (items 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, and 
3.14), and gait/postural instability (items 3.10, 3.11, and 
3.12) were obtained from the MDS-UPDRS III. Cogni-
tion was assessed by the Montreal Cognitive Assessment 
(MoCA). Mood was assessed by the Hamilton Anxiety 
Rating Scale (HAMA) and Hamilton Depression Rating 
Scale (HAMD). Motor assessment was performed in an off-
medication state, which was defined after 12 h of overnight 
withdrawal from antiparkinsonian medications; however, 
cognition and mood assessments were performed in on/
off-medication state (the on-medication state was defined 
after 1.5–2 h from antiparkinsonian medications intaking). 
The levodopa equivalent daily dosage (LEED) was calcu-
lated as levodopa dose + levodopa dose × 1/3 if on entaca-
pone + piribedil (mg) + pramipexole (mg) × 100 + selegiline 
(mg) × 10 + amantadine (mg) + controlled-release levodopa 
(mg) × 0.75 [14]. All individuals with PD were assessed by 
experienced neurologists.

Laboratory assessment

Fast serum samples were obtained in the morning and serum 
levels of lipid profiles, including TC, LDH-C, HDL-C, TG, 
Apo-A1, and Apo-B, were measured in the clinical labora-
tory of the Beijing Tiantan Hospital. The levels of serum 
TC, TG, LDL-C, and HDL-C were determined using enzy-
mological methods while the levels of Apo-A1 and Apo-B 
were determined using immunoturbidimetric assays. Serum 
uric acid and homocysteine were also detected.

Statistical analysis

All statistical analyses were performed in SPSS 24.0. The 
Kolmogorov–Smirnov test was used to check the distribution 
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of the data. Continuous variables were expressed as means 
and standard deviation (SD) or median and interquartile 
range (IQR) accordingly to normality of the data, and cat-
egorical variables were reported as numbers and percent-
ages. Student’s t-test and Mann–Whitney U test were used 
for comparison of normally and nonnormally distributed 
data between males and females, respectively. Chi-square 
test was used to evaluate differences in categorical variables.

We assessed the association between lipid profiles and 
motor performance in PD using univariate and multivari-
able linear regression models. We used motor performance 
(MDS-UPDRS III total scores, tremor subscores, rigid 
subscores, bradykinesia subscores, or gait/postural insta-
bility subscores) as the dependent variable, and the serum 
lipid levels (TG, TC, LDL, HDL, Apo-A1, or Apo-B) as 
the independent variables. Data with missing outcomes 
were removed from the analysis. Two multivariable linear 
regression models were conducted. Model 1 accounted for 
demographic and clinical variables, including age, educa-
tion, body mass index (BMI), age at onset, disease dura-
tion, MoCA score, HAMA score, HAMD score, LEED, 
and use of lipid-lowering medication. Model 2 additionally 
accounted for other biomarkers reported to affect motor per-
formance in PD patients, such as uric acid and homocysteine 
[15]. Unstandardized (B) or standardized coefficients (β) and 
their 95% confidence intervals were calculated. The level of 
significance was p < 0.05 (two-sided).

Results

Demographic and clinical information

The demographic and clinical characteristics of the par-
ticipants were summarized in Table 1. A total of 279 PD 
patients with a median age at assessment of 64.00 years old, 
median disease duration of 6.00 years, and median age of 
PD onset of 57.00 years were enrolled in our study, and 
56.99% were males. There were no significant sex-specific 
differences in age, disease duration, age at onset, BMI, use 
of lipid-lowering medicines, H-Y staging, MDS-UPDRS III 
total scores, and LEED (Table 1). Males had more education 
years, higher MoCA scores, and lower HAMA and HAMD 
scores than females (Table 1). Subsequent analyses of the 
association between lipid profiles and motor performance 
therefore included MoCA and HAMA scores as covariates, 
as well as other demographic and clinical variables.

Sex‑based differences within lipid profiles in PD

To explore the association of lipids with motor performance 
considering sex differences in lipid profiles, a total of 159 
males and 120 females with PD were included and lipids 
were measured. The mean level of TG was 1.21 mmol/L, 
TC was 4.10 mmol/L, LDL-C was 2.44 mmol/L, HDL-C 

Table 1  Sex differences in demographic and clinical features in PD

Nonnormal distributed continuous variables were expressed as median (IQR) and categorical variables expressed as number (percentage %). Sta-
tistically significant results are shown in bold
Abbreviations: BMI, body mass index; H-Y staging, Hoehn–Yahr staging; MDS-UPDRS III, Movement Disorder Society-Unified Parkinson’s 
Disease Rating Scale part III; LEED, levodopa equivalent daily dosage; MoCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Rat-
ing Scale; HAMD, Hamilton Depression Rating Scale

Total (n = 279) Males (n = 159) Females (n = 120) p

Age (years) 64.00 (58.00, 69.00) 64.00 (57.00, 70.00) 64.50 (58.00, 68.75) 0.641
BMI (kg/m2) 24.22 (22.04, 26.50) 24.34 (22.84, 26.57) 23.44 (21.48, 26.32) 0.056
Lipid-lowering medicine, n (%) 14 (5.02%) 7 (4.40%) 7 (5.83%) 0.593
Education (years) 10.00 (8.00, 12.00) 12.00 (9.00, 15.00) 9.00 (6.00, 12.00)  < 0.001
Age at onset (years) 57.00 (50.00, 62.00) 55.00 (50.00, 62.00) 57.50 (50.00, 62.00) 0.670
Disease duration (years) 6.00 (4.00, 10.00) 6.00 (4.00, 10.00) 7.00 (4.00, 10.00) 0.221
H-Y stage 3.00 (2.00, 4.00) 3.00 (2.00, 3.00) 3.00 (2.00, 4.00) 0.084
MDS-UPDRS III total score 39.00 (29.00, 52.00) 38.00 (29.00, 52.00) 41.00 (28.00, 52.75) 0.505
Tremor subscores 6.00 (3.00, 10.50) 6.00 (2.00, 9.50) 6.50 (3.00, 11.00) 0.131
Rigid subscores 8.00 (4.00, 10.00) 8.00 (5.00, 10.75) 8.00 (4.00, 10.00) 0.442
Bradykinesia subscores 23.00 (14.00, 31.25) 22.00 (15.00, 30.50) 24.00 (13.00, 32.00) 0.750
Gait/postural instability subscores 4.00 (2.00, 6.00) 3.00 (1.25, 5.00) 4.00 (2.00, 7.00) 0.002
LEED (mg/day) 475.00 (300.00, 675.00) 450.00 (300.00, 650.00) 500.00 (300.00, 739.00) 0.348
MoCA score 23.00 (17.00, 26.00) 24.00 (20.00, 26.00) 22.00 (15.00, 25.00) 0.004
HAMA score 13.00 (8.00, 19.00) 11.00 (6.00, 11.50) 16.00 (9.50, 22.00)  < 0.001
HAMD score 12.00 (6.00, 18.00) 10.00 (5.00, 16.00) 15.00 (9.00, 22.00)  < 0.001
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was 1.23 mmol/L, Apo-A1 was 1.35 g/L, and Apo-B was 
0.86 g/L.

We compared lipid profiles between males and females 
with PD, as sex-specific differences in lipid profiles are 
often reported in healthy populations [16, 17] and a study 
showed higher TC and LDL-C levels associated with lower 
PD risk in males [5]. We observed significant differences 
between male and female participants in serum levels of 
TC (p < 0.001), LDL-C (p < 0.001), HDL-C (p = 0.001), 
Apo-A1 (p < 0.001), and Apo-B (p = 0.018) (Fig. 1). Such 
a difference was not found in serum TG levels (p > 0.05) 
(Fig. 1). Therefore, in order to accurately explore the effects 
of lipid profiles on motor performance in patients with PD, 
the sex-based analyses were considered necessary and were 
employed for further statistical analyses concerning TC, 
LDL-C, HDL-C, Apo-A1, and Apo-B. However, analysis 
of TG levels was conducted in males and females together.

Considering the missing information for MDS-UPDRS 
III subitem scores of 12 participants, we finally enrolled 267 
PD participants in the following linear regression analysis.

Motor performance and TG levels in PD

The univariate linear regression model showed that 
lower serum TG levels were significantly associated with 
higher MDS-UPDRS III total scores, rigidity subscores, 

bradykinesia subscores, and gait/postural instability sub-
scores in PD patients (p < 0.05) (Table 2). The multivari-
able linear regression models (models 1 and 2) showed that 
lower serum TG levels were significantly associated with 
higher MDS-UPDRS III total scores and gait/postural insta-
bility subscores (p < 0.05) (Table 2); no significant associa-
tion was shown between TG levels and rigid subscores and 
bradykinesia subscores in the two models. Serum TG levels 
were not significantly associated with tremor subscores in 
either the univariate or multivariable linear regression model 
(p > 0.05) (Table 2).

Motor performance and TC levels in PD

The univariate and multivariable linear regression models 
(models 1 and 2) showed that serum TC levels were not 
significantly associated with motor performance in males or 
females with PD (p > 0.05) (Supplementary Table 1).

Motor performance and LDL‑C levels in PD

The univariate and multivariable linear regression models 
(models 1 and 2) showed that serum LDL-C levels were not 
significantly associated with motor performance in males or 
females with PD (p > 0.05) (Supplementary Table 2).

Fig. 1  Sex differences in lipid profiles in PD. Boxplots (A–F) show 
the differences between males and females with PD, including TG, 
TC, LDL-C, HDL-C, Apo-A1, and Apo-B. Abbreviations: TG, tri-

glyceride; TC, total cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; HDL-C, high-density lipoprotein cholesterol; Apo-A1, apoli-
poprotein A1; Apo-B, apolipoprotein B
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Motor performance and HDL‑C levels in PD

The univariate linear regression model showed that higher 
HDL-C levels were significantly associated with higher 
tremor subscores in males (p < 0.05), while only tenden-
cies toward significant associations (P < 0.1) were found in 
model 1 and model 2 (Table 3). There were no significant 
associations between HDL-C levels and MDS-UPDRS III 
total scores, rigidity subscores, bradykinesia subscores, 
and gait/postural instability subscores in males (p > 0.05) 
(Table 3). The univariate and multivariable linear regression 
models (models 1 and 2) showed that serum HDL-C levels 
were not significantly associated with motor performance in 
females with PD (p > 0.05) (Table 3).

Motor performance and Apo‑A1 levels in PD

The univariate linear regression model showed that higher 
Apo-A1 levels were significantly associated with higher 
tremor subscores (p < 0.05), while only tendencies toward 
significant associations (p < 0.1) were found in model 1 and 
model 2 (Table 4). There were no significant association 
between Apo-A1 levels and MDS-UPDRS III total scores, 
rigidity subscores, bradykinesia subscores, and gait/postural 
instability subscores in males (p > 0.05) (Table 4). The uni-
variate and multivariable linear regression models (models 
1 and 2) showed that serum Apo-A1 levels were not signifi-
cantly associated with motor performance in females with 
PD (p > 0.05) (Table 4).

Motor performance and Apo‑B levels in PD

The univariate linear regression model showed no significant 
association between Apo-B levels and motor performance in 
PD patients (p > 0.05), while the multivariable linear regres-
sion models (models 1 and 2) showed that Apo-B levels 
were significantly associated with gait/postural instability 
subscores in males with PD (p < 0.05) (Table 5).

Discussion

The present study investigated the association between lipid 
profiles and motor performance in patients with PD. The main 
result revealed that serum TG levels had a negative effect on PD 
motor performance independent of age, education, BMI, age at 
onset, disease duration, MoCA score, HAMA score, HAMD 
score, LEED, use of lipid-lowering medication, uric acid, and 
homocysteine levels. Lower serum TG levels were associated 
with more severe motor performance, including not only global 
motor performance but also gait or postural instability symp-
toms in patients with PD. In addition, higher serum HDL-C 
and Apo-A1 levels were associated with more severe tremor Ta
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performance in males with PD. Lower Apo-B levels were asso-
ciated with more severe gait or postural instability symptoms in 
males with PD.

Previous prospective studies found that higher serum TG 
levels were associated with lower future PD risk [6, 18] and 
case–control studies showed that TG levels were lower in 
patients with PD [19, 20]. Our findings revealed that higher TG 
levels were linked to better motor performance in patients with 
PD, which was in line with previous results that suggested that 
TG may play a protective role in PD.

Although the mechanisms by which TG exerts protection 
against PD development and motor performance are not fully 
understood, the biosynthesis and function of lipids make it 
biologically plausible. Lipids are major components of the 
nerve cell membranes and play important physiological 
roles in the brain, such as aiding in neural communication, 
neurogenesis, synaptic transmission, signal transduction, 
membrane compartmentalization, and regulation of gene 
expression [21, 22]. Furthermore, TG can be converted into 
free acids and ketones, which are highly effective energy 
sources for mitochondria in neurons, and TG has a protective 
effect on the mitochondrial function by altering reactive 
oxygen species release [23].

Another theory about the inverse association between TG 
levels and motor performance in PD is that TG reinforce 
dopamine-mediated behaviors. An animal study showed that 
increased serum TG levels after the intake of high-calorie 

food which entered brain served as direct positive reinforce-
ment in the reward system, which is mediated by dopamine 
neurons and dopamine receptors [24].

However, there have been controversial results regarding the 
association between serum TG levels and PD. Huang and col-
leagues found that higher serum TG levels were associated with 
mild cognitive impairment in PD patients in a subgroup analy-
sis [8]. The explanation was that serum TG led to a transient 
increase of blood–brain barrier permeability in a rat model [25]. 
Increased serum TG levels were associated with future increased 
cerebral β-amyloid and tau pathology, too [26].

Overall, the controversial results regarding the asso-
ciation between serum TG levels and PD warrant further 
exploration.

In contrast to the strong association between TG levels and 
motor performance in PD in the current study, associations 
between motor performance and TC, LDL-C, HDL-C, Apo-
A1, or Apo-B levels were less robust. While higher HDL-C 
or Apo-A1 levels were associated with more severe tremor 
symptoms and lower Apo-B levels were associated with more 
severe gait or postural instability symptoms in males with 
PD, no significant associations were found for other motor 
symptoms in PD.

Such sex-specific differences should be considered, although 
the potential mechanism is largely unknown. The literatures 
have provided some explanations, including sex differences 
in cholesterol transportation and age-related cholesterol level 

Table 4  Motor performance based on Apo-A1 levels by sex

Multivariable linear regression model 1 was adjusted for age, education, BMI, age at onset, disease duration, MoCA scores, HAMA scores, 
HAMD scores, LEED, and use of lipid-lowering medication; model 2 was further adjusted for uric acid and homocysteine levels. Statistically 
significant results are shown in bold
Abbreviations: Apo-A1, apolipoprotein A1; CI, confidence interval; MDS-UPDRS III, Movement Disorder Society-Unified Parkinson’s Disease 
Rating Scale part III; BMI, body mass index; MoCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Rating Scale; HAMD, Hamil-
ton Depression Rating Scale; LEED, levodopa equivalent daily dosage

Univariate Model 1 Model 2

Unstandardized B coefficient 
(95% CI)

p Standardized β coefficient (95% CI) p Standardized β coefficient (95% CI) p

Males
  MDS-UPDRS III total scores 4.219 (− 8.952, 17.391) 0.528 0.006 (− 16.073, 16.992) 0.956 0.009 (− 15.720, 17.104) 0.933
  Tremor subscores 6.748 (1.645, 11.851) 0.010 0.203 (− 0.488, 10.654) 0.073 0.201 (− 0.599, 10.679) 0.079
  Rigid subscores  − 0.622 (− 4.177, 2.933) 0.730  − 0.050 (− 5.162, 3.240) 0.650  − 0.054 (− 5.239, 3.183) 0.628
  Bradykinesia subscores  − 2.440 (− 13.241, 8.360) 0.655  − 0.057 (− 15.672, 9.094) 0.598  − 0.060 (− 15.888, 8.956) 0.580
  Gait/postural instability 

subscores
0.894 (− 1.641, 3.429) 0.486 0.047 (− 2.534, 3.900) 0.674 0.042 (− 2.590, 3.814) 0.704

Females
  MDS-UPDRS III total scores  − 0.215 (− 14.328, 13.897) 0.976  − 0.007 (− 16.317, 15.210) 0.944  − 0.027 (− 17.959, 13.876) 0.799
  Tremor subscores 0.518 (− 4.142, 5.178) 0.826 0.228 (− 4.975, 6.254) 0.752 0.032 (− 5.064, 6.514) 0.803
  Rigidity subscores 0.055 (− 3.562, 3.673) 0.976 0.013 (− 3.982, 4.417) 0.918  − 0.003 (− 4.355, 4.253) 0.981
  Bradykinesia subscores  − 5.043 (− 16.044, 5.958) 0.365  − 0.057 (− 14.776, 8.909) 0.622  − 0.077 (− 16.080, 8.143) 0.514
  Gait/postural instability 

subscores
 − 0.198 (− 3.043, 2.648) 0.891  − 0.056 (− 1.471, 2.654) 0.658  − 0.111 (− 4.809, 1.819) 0.370
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changes [27, 28], genetically mediated lipid metabolism, steroid 
hormone synthesis [29], and the interaction between lipids and 
α-synuclein [30, 31]. What is important and cannot be ignored 
is the neuroprotective effects of sex hormones in females [32].

Our findings were specific to males and may be linked to 
male sex hormones, which do not have a neuroprotective role 
in diseases. Additionally, increasing evidence indicates that 
low-grade, chronic inflammation occurs in people with PD, and 
inflammation plays an important role in the genesis and patho-
physiology of PD [33, 34]. It has been reported that HDL-C may 
become dysfunctional in circumstances of elevated inflamma-
tion, resulting the loss of anti-inflammatory and cardiovascular 
protective properties [35]. Apo-A1, as the main apolipoprotein 
of HDL-C, may have a similar effect as HDL-C on PD.

Our study also found that females have higher serum TC, 
LDL-C, and HDL-C levels than males in PD, which were in 
line with previous studies [10, 36]. Furthermore, we com-
pared the serum Apo-A1 and Apo-B levels between sexes 
in PD for the first time, and females showed higher Apo-A1 
and Apo-B levels in PD. Such sex differences have been 
shown in healthy populations, especially in males and post-
menopausal females [17, 37]. Median age of females in our 
study was 64.50 years old, which was a postmenopausal age 
in Chinese women. Furthermore, the differences of serum 
lipid levels in sex may provide a more rational sex-based 
lipid management in clinic.

The study has several strengths. First, to the best of our 
knowledge, this is the first study to investigate the correlation 
between lipid profiles and various motor performance in PD 
patients, and reveal a novel association between serum TG levels 
and motor performance in patients with PD. Second, we con-
sidered the sex differences in lipid profiles to further clarify the 
effect of lipid profiles on motor performance in patients with PD. 
Third, we constructed several regression models to understand 
the effect of lipid profiles on motor performance in PD.

A number of limitations in the current study must be 
acknowledged. First, the present study was cross-sectional 
in nature, and the association between changes in lipid pro-
files levels and motor performance in PD over time was not 
assessed. Future longitudinal studies and larger samples are 
needed. Second, genetic confounding was not considered in 
our study, and a previous study indicated shared genetic risk 
between lipids and PD [38]. Third, data on other vascular risk 
factors, such as diet, physical exercise, smoking, alcohol con-
sumption, menopausal status in females, and some inflamma-
tion biomarkers, were not available for analysis. Fourth, the 
diagnosis of PD in this study was based on clinical diagnostic 
criteria rather than pathology, which may affect the diagnostic 
accuracy.

Conclusion

In conclusion, the novel findings of the current cross-
sectional study that lower serum TG levels were linked 
to more severe motor performance in patients with PD 
provide further support for the protective role of serum 
TG levels in PD. Furthermore, sex-specific effects of 
HDL-C, Apo-A1, and Apo-B levels on tremor or gait and 
posture performance suggest different mechanisms under-
lying motor performance in males and females with PD. 
Lipids, as the modifiable factors, should be considered in 
PD patients, and further studies need to explore the under-
lying mechanisms to maximize the effect of lipid profiles 
control on PD.
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