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ABSTRACT
ObjectiveaaThe impact of statin use on the progression and survival of patients with Parkinson’s disease (PD) remains unclear. 
Moreover, evidence in Asian populations is limited. This study aimed to assess the associations between statin prescription, cu-
mulative dosage, and all-cause mortality in PD patients.
MethodsaaThis retrospective cohort study was conducted using sample data obtained from the Korean National Health Insur-
ance Service (KNHIS) claims database. The study included 3,152 adults who were diagnosed with PD and whose history of statin 
use and cumulative dose information were obtained from claims records. Data were collected from the KNHIS database, and all 
eligible participants were followed longitudinally to determine all-cause mortality. The primary outcome was all-cause mortality, 
and the exposures were statin use (yes or no) and cumulative dose. The analysis was conducted using Cox proportional hazards 
regression adjusted for relevant covariates.
ResultsaaStatin use was associated with a lower risk of all-cause mortality (hazard ratio [HR], 0.600; 95% confidence interval [CI], 
0.521–0.691). Among statin users, a higher cumulative statin dose was linked to a further reduction in mortality (HR, 0.800; 95% 
CI, 0.761–0.842).
ConclusionaaStatin use and increased cumulative exposure were associated with reduced all-cause mortality in patients with PD, 
and these findings suggest a potential survival benefit and warrant further investigation in diverse populations.
KeywordsaaParkinson’s disease; Statin; Adults; Cohort study.
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INTRODUCTION

Parkinson’s disease (PD) is the second most common neuro-

degenerative disorder and is characterized by progressive de-
generation of the nigrostriatal system and a range of motor and 
nonmotor symptoms.1 The specific pathophysiology of PD re-
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mains unknown; however, several pathomechanisms, includ-
ing abnormal protein homeostasis, oxidative stress, neuroin-
flammation, and lipid metabolism disturbance, are believed to 
contribute to the development and progression of PD.1,2 Large-
scale genome sequencing studies of patients with PD have re-
vealed risk gene loci and several known gene mutations linked 
to PD, suggesting that lipid homeostasis disturbance may con-
tribute to the development of disease.3 Statins block cholesterol 
biosynthesis, are widely prescribed for the primary and second-
ary prevention of cardiovascular and cerebrovascular diseas-
es,4,5 and are known for their potential neuroprotective effects 
through their pleiotropic actions.6

Nevertheless, the role of statins in PD remains controversial. 
Several in vitro and in vivo studies have shown that statins may 
have beneficial effects by inhibiting α-synuclein aggregation 
and protecting against dopaminergic neuronal death via the 
modulation of oxidative stress and inflammatory processes.7-9 
In addition, epidemiological studies have demonstrated that 
statin therapy is associated with a lower risk of PD,10,11 thus sup-
porting the results of previous preclinical studies. Conversely, 
another observational study suggested that the low incidence 
of PD may be primarily attributed to high cholesterol levels,12 
given that patients with PD exhibit reduced cholesterol biosyn-
thesis.13 Moreover, recent epidemiological studies have sug-
gested that statin use increases the risk of PD in several popu-
lations.12,14,15

Notably, the effects of statin therapy on longitudinal outcomes 
in patients with PD have not been thoroughly examined. Re-
search has suggested that statins have the ability to slow the 
progression of motor deficits and cognitive impairment16,17; 
however, a recent study revealed an association between statin 
use, low baseline dopamine transporter availability, and poor 
prognosis in drug-naïve patients with PD.18 Therefore, the effect 
of statin therapy on the long-term outcomes of patients with 
PD remains undetermined.

Therefore, we aimed to investigate the association between 
statin prescription and all-cause mortality in patients with PD 
using data from a national sample cohort obtained from the 
Korean National Health Insurance Service (KNHIS). We in-
vestigated the longitudinal association between statin use and 
overall mortality in patients with PD both qualitatively and 
quantitatively.

MATERIALS & METHODS

Data source
The KNHIS is a comprehensive national claims database that 

provides various medical information for research purposes, 

such as patient demographics, diagnoses, procedures, surgical 
histories, and prescribed medications.19 In this study, we select-
ed a study cohort whose medical records were recorded in the 
Korean National Health Insurance Service–National Sample 
Cohort (KNIHS-NSC) database from 2007 to 2019. The KNI-
HS-NSC is a cohort of approximately 1 million individuals and 
is designed to be representative of the entire South Korean pop-
ulation.19 For this study, we utilized patient data, including the 
identification of PD patients, history of comorbidities, and drug 
prescription data extracted from the period from 2007 to 2019. 
The data were extracted and analyzed in January 2023. The 
KNHIS provided deidentified health information. This study 
was approved by the Institutional Review Board of Wonju Sev-
erance Hospital (Ref# CR323356), and informed consent was 
waived by the institutional review board. The research proto-
col adhered to the principles of the Declaration of Helsinki and 
its subsequent revisions.

Study population
The Rare Intractable Disease Registration Program was initi-

ated in South Korea in 2004 for conditions such as PD. In the 
present study, participants with PD were defined as individuals 
who satisfied both of the following criteria to ensure diagnostic 
validity: 1) the G20 code (International Classification of Diseas-
es, 10th Revision [ICD-10]) identified in the type-of-disease ta-
ble, which contains master diagnostic information, and 2) the 
V124 code (rare intractable disease registration code for PD) 
identified in the statement table, which contains claim details 
generated at each medical visit. By requiring codes from both 
the master diagnostic records and visit-specific claim details, we 
aimed to identify PD patients more accurately than by using 
claim codes alone. We included patients aged >18 years who were 
newly diagnosed with PD between January 1, 2007, and Decem-
ber 31, 2019. Among those, we excluded patients with duplicate 
medical records, missing data in health insurance quantiles, and 
outliers regarding total statin dose (defined as any value >1.5 
times the interquartile range of the total dose range). Patients 
who were subsequently diagnosed with PD before January 1, 
2009, were excluded from the analysis. This exclusion was based 
on the findings of a previous study, which indicated that at least 
2 years of prediagnosis prescription data are necessary to define 
the exposure to statin therapy operationally. Thus, this study 
enrolled patients who had been diagnosed with PD between 
2009 and 2019 (n=3,219), and the exclusion of missing covari-
ates and outliers of total statin dose resulted in the inclusion of 
3,152 subjects in the analysis. The study cohort selection pro-
cedures are presented in Figure 1.
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Assessment of statin use
Statin use was evaluated by extracting information from the 

KNHIS database using statin prescription codes (Supplemen-
tary Table 1). The participants were divided into two groups, 
the ever-statin group and the never-statin group, according to 
their history of statin prescription. The ever-statin group was 
defined as individuals who had been prescribed statins at least 
once in the 2 years preceding the date of PD diagnosis or at least 
once since the date of PD diagnosis. The never-statin group 
comprised individuals who had never been prescribed statin 
medication during the study period. The cumulative duration 
of statin prescription for each individual was computed by ag-
gregating the total number of days for which statins were pre-
scribed throughout the observation period. The formula for 
calculating total statin use is as follows: total defined daily dose 
(DDD) = (prescribed daily dose of statin/DDD of the statin) × 
(number of days prescribed). Since participants received either 
hydrophilic or lipophilic statins during the observation period, 
the cumulative doses of hydrophilic statins (atorvastatin, simv-

astatin, pitavastatin, lovastatin, and fluvastatin) and lipophilic 
statins (rosuvastatin and pravastatin) were calculated separately.

Covariates
The study covariates included age at PD diagnosis, sex, in-

come level, Charlson Comorbidity Index (CCI), hypertension, 
dyslipidemia, osteoporosis, and levodopa equivalent daily dose 
(LEDD). Age was calculated on the basis of age at the time of 
PD diagnosis. Income levels were categorized into three groups 
using health insurance decile data. The CCI was derived from 
the number of concomitant diseases for 13 chronic diseases that 
were disclosed, excluding sensitive information. Hypertension, 
dyslipidemia, and osteoporosis were classified according to the 
disease codes in the disease type table (hypertension codes I100, 
I101, and I109; dyslipidemia code E78; osteoporosis codes M80, 
M81, and M82). The 13 covariates and three chronic diseases 
(hypertension, dyslipidemia, and osteoporosis) were coded as 
1 if the cases occurred within 1 year before being diagnosed 
with PD; otherwise, they were coded as 0. The LEDD was cal-

Statement table
(n=162,028,359)

Excluded 161,817,266 individuals
without a diagnosis of PD and 

did not have G20 code
(n=211,093)

Excluded 200,495 individuals
with duplicate observations

(n=10,598)

n=20,086

n=4,673

n=3,219

n=3,190

n=3,152

Excluded 264,251 individuals
with duplicate observations

(n=11,041)

Excluded 438,476,450 individuals
without a diagnosis of PD (G20) or 

without V124 code
(n=275,292)

Type of disease table
(n=438,751,742)

Merged and removed duplicate 
observations (n=1,553)

Excluded 15,413 individuals 
with duplicate observations

Excluded 1,454 individuals 
with a diagnosis of PD before 2009

Excluded 29 who have missing data
in health insurance quantile variable

Excluded 38 individuals with outlier
of total statin dose

Figure 1. Flowchart of participant enrollment. PD, Parkinsons’ disease.
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culated at the time of enrollment20 and transformed by obtain-
ing the logarithm of the LEDD to increase normality and obtain 
accurate values for survival analysis.

Mortality outcomes
The causes of death were determined by comparing the Na-

tional Health Insurance Service data with the death certificate 
data. The following causes of death were categorized into eight 
groups on the basis of the ICD-10 codes: infection (A00-B99), 
neurological diseases (G00-G99), circulatory diseases (I00-I99), 
pulmonary diseases (J00-J99), digestive diseases (K00-K93), 
neoplasms (C00-D48), metabolic diseases (E00-E99), and gen-
itourinary diseases (N00-N99).

Statistical analysis
Population characteristics were analyzed using independent 

t-tests for continuous variables and chi-square tests for categori-
cal variables. Survival time analysis was conducted by compar-
ing the ever-statin and never-statin groups using Kaplan–Meier 
curves. Univariate and multivariate Cox regression analyses were 
conducted to investigate the association between statin use and 
the survival rate of participants with PD in 3 individual models 
(Model 1: unadjusted; Model 2: age, sex, and income level as 
covariates; Model 3: age, sex, income level, CCI, presence of hy-
pertension, dyslipidemia and osteoporosis, and initial LEDD as 
covariates). Survival time was defined as the time from PD di-
agnosis to death. For individuals who died before January 1, 
2020, the year of diagnosis was subtracted from the year of 
death. For those who died after December 31, 2019, and those 
who were alive, the date of diagnosis was subtracted from the 
end date of observation.

In addition to the comparison of ever-statin versus never-
statin use, we performed dose–response analyses using the cu-
mulative statin dose as a continuous variable and a categorized 
variable to quantitatively investigate the longitudinal association 
between statin use and mortality. We categorized cumulative 
statin exposure into 3 groups (1–365 DDD, 366–730 DDD, and 
DDD>730) to facilitate interpretability and to evaluate poten-
tial threshold effects. Statistical significance was set at p<0.05. 
All analyses were performed using SAS software version 9.4 
(SAS Institute).

Sensitivity analyses
To investigate whether the effects of lipophilic statins and hy-

drophilic statins differ, we performed a sensitivity analysis of 
the cumulative dose of hydrophilic statins and lipophilic statins 
as independent variables using Cox regression analysis adjust-
ed for study covariates, including sex, age, insurance premium 
quintile, CCI, and LEDD. In addition, as demographic charac-

teristics, including sex, age at diagnosis, CCI, and the incidence 
of diabetes, hypertension, dyslipidemia, and osteoporosis, sig-
nificantly differed between the never-statin and ever-statin groups, 
we performed subgroup analyses using the inverse probability 
of treatment weighting (IPTW) method to minimize the con-
founding effects of those variables. Among the matched sam-
ples, we investigated the association between statin use and sur-
vival rates by adjusting for study covariates, including age, sex, 
insurance premium quintile, CCI, and LEDD. To mitigate pos-
sible immortal time bias, we analyzed the effect of time-depen-
dent statin use on the risk of mortality using time-dependent 
Cox regression analysis. To elucidate the effects of statin use on 
cardiovascular and neurological mortality, we performed sepa-
rate Cox regression analyses for cardiovascular mortality and 
neurological mortality. To consider the possible association be-
tween lipids and mortality, we conducted analyses in a subpop-
ulation whose blood lipid profiles were available at baseline. In 
these models, baseline low-density lipoprotein (LDL) cholester-
ol was included as an additional independent variable, and we 
also constructed models in which LDL cholesterol, high-density 
lipoprotein (HDL) cholesterol, total cholesterol, and triglycer-
ides were included as additional independent variables.

RESULTS

Baseline characteristics of the study participants
The demographic characteristics of the study participants are 

presented in Table 1. A total of 3,152 adults with PD were in-
cluded in the analysis, of which 1,755 (55.68%) were statin us-
ers. The cohort included more female patients (n=1,805; 57.27%). 
In the ever-statin group, there were 1,097 female patients (62.51%) 
and individuals with two or more chronic diseases (n=1,068, 
60.85%). The initial LEDD values of the ever- and never-statin 
groups were 366.9 mg (standard deviation [SD]=476.4) and 
379.3 mg (SD=583.5), respectively, which were not signifi-
cantly different. The total person-years of follow-up duration 
was 15,805 years, with 9,203 person-years in the ever-statin 
group and 6,602 person-years in the never-statin group. The 
mean observation period (SD) was longer in the ever-statin 
group (5.2 [2.9] years) than in the never-statin group (4.7 [2.8] 
years, p<0.0001).

Mortality
During the follow-up period, 956 (30.3%) patients died, with 

476 deaths (27.1%) in the ever-statin group and 480 (34.4%) in 
the never-statin group. The Kaplan–Meier curve revealed sig-
nificantly higher mortality in the never-statin group than in the 
ever-statin group (log-rank p<0.0001) (Figure 2).
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Cox regression analysis
Cox regression analysis revealed that statin use was associat-

ed with a lower risk of mortality in Model 1 (hazard ratio [HR] 

0.691; 95% confidence interval [CI] 0.608–0.784; p<0.0001), 
Model 2 (HR 0.727; 95% CI 0.640–0.826; p<0.0001), and Model 
3 (HR 0.600; 95% CI 0.521–0.691; p<0.0001) (Table 2). Cox re-
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Figure 2. Kaplan–Meier estimates of the probability of survival in the ever-statin group vs. the never-statin group.

Table 1. Demographic characteristics of study participants

Variables Total samples (n=3,152)
Statin use

p
Yes (n=1,755) No (n=1,397)

Age at diagnosis (yr) 71.36±9.88 71.87±8.55 70.72±11.31 0.0012

Sex <0.0001

Male 1,347 (42.73) 658 (37.49) 689 (49.32)

Female 1,805 (57.27) 1,097 (62.51) 708 (50.68)

Observation period (yr)    5.0±2.9 5.2±2.9 4.7±2.8 <0.0001

Person-years 15,805 9,203 6,602

Income levels 0.2823

Q1 (lowest) 787 (24.97) 425 (24.22) 362 (25.91)

Q2 831 (26.36) 454 (25.87) 377 (26.99)

Q3 (highest) 1,534 (48.67) 876 (49.91) 658 (47.10)

CCI <0.0001

0 912 (28.93) 422 (24.05) 490 (35.08)

1 585 (18.56) 265 (15.10) 320 (22.91)

≥2 1,655 (52.51) 1,068 (60.85) 587 (42.02)

Hypertension (Yes) 1,318 (41.81) 888 (50.60) 430 (30.78) <0.0001

Diabetes (Yes) 936 (29.70) 648 (36.92) 288 (20.62) <0.0001

Dyslipidemia (Yes) 1,406 (44.61) 1,097 (62.51) 309 (22.12) <0.0001

Osteoporosis (Yes) 741 (23.51) 473 (26.95) 268 (19.18) <0.0001

Initial LEDD (mg)   373.9±539.0 366.9±476.4 379.3±583.5 0.5270

Statin usage

Statin prescription day 1,213.7±1,057.5 -

Total DDD 1,681.7±1,363.1 -

Values are presented as mean±standard deviation or n (%).
CCI, Charlson Comorbidity Index; DDD, defined daily dose; LEDD, levodopa equivalent daily dose.
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gression analysis revealed that a higher total dose of statins 
(DDD) was associated with reduced mortality in Model 1 (HR 
0.855, 95% CI 0.813–0.896; p<0.0001), Model 2 (HR 0.860, 95% 
CI 0.820–0.902; p<0.0001), and Model 3 (HR 0.800, 95% CI 
0.761–0.842; p<0.0001) (Table 3). When cumulative statin DDDs 
were categorized, participants with >730 DDDs had a lower risk 
of mortality in Model 1 (HR 0.604, 95% CI 0.524–0.695, p< 
0.0001), Model 2 (HR 0.631, 95% CI 0.547–0.727, p<0.0001), 
and Model 3 (HR 0.487, 95% CI 0.401–0.590, p<0.0001) (Table 
4). However, those with 1–365 DDDs and 366–730 DDDs had 
a comparable risk of mortality. Cox regression sensitivity anal-
ysis revealed that both a higher total dose of hydrophilic statins 
(HR 0.904, 95% CI 0.875–0.934; p<0.0001) and lipophilic statins 
(HR 0.912, 95% CI 0.878–0.947; p<0.0001) were associated with 
reduced mortality independent of covariates among the ever-
statin group (Supplementary Table 2).

Causes of death
Comparisons of the causes of death between the ever-statin 

and never-statin groups are shown in Supplementary Figure 1. 

A statistically significant difference in the cause of death was ob-
served between the two groups (p=0.002). The most common 
cause of death in the ever-statin group was neurological disease 
(n=135; 28.6%), followed by circulatory disease (n=87; 18.4%). 
The most common cause of death in the never-statin group was 
neurological disease (n=170, 35.6%), similar to that in the ever-
statin group. Other diseases (n=73, 15.3%) were the second most 
common cause of death in the never-statin group. Among the 
305 neurological deaths, 271 were attributed to PD and 1 to sec-
ondary parkinsonism, with the remainder due to various other 
neurological causes (Supplementary Table 3).

Sensitivity analyses
After propensity score matching using the IPTW method, 

demographic characteristics, including age at diagnosis, sex, 
CCI, initial LEDD, income level, and the presence of diabetes, 
hypertension, dyslipidemia, and osteoporosis, were comparable 
between the ever-statin and never-statin groups (Supplemen-
tary Table 4). The standardized mean differences (SMDs) be-
tween the two groups revealed that the data were adequately 

Table 2. Cox proportional hazard regression analysis on the risk of all-cause mortality according to the statin use

PD (n) Mortality 
(n)

Person-
years

Mortality 
rate

Model 1 Model 2 Model 3

HR (95% CI) p HR (95% CI) p HR (95% CI) p
Never-statin 1,397 480 6,602 0.34 1.00 1.00 1.00
Ever-statin 1,755 476 9,203 0.27 0.691

(0.608–0.784)
<0.0001 0.727

(0.640–0.826)
<0.0001 0.600

(0.521–0.691)
<0.0001

Model 1: Unadjusted. Model 2: Adjusted for age, sex, and income levels. Model 3: Adjusted for age, sex, income levels, CCI, presence of hyperten-
sion, dyslipidemia, osteoporosis, and initial LEDD.
PD, Parkinsons’ disease; HR, hazard ratio; CI, confidence interval; CCI, Charlson Comorbidity Index; LEDD, levodopa equivalent daily dose.

Table 3. Cox proportional hazard regression analysis on the risk of all-cause mortality according to the cumulative statin dose

PD (n) Mortality
(n)

Person-
years

Mortality
rate

Model 1 Model 2 Model 3

HR (95% CI) p HR (95% CI) p HR (95% CI) p
Total dose of 
  statins (DDD)

1,755 476 9,203 0.27 0.855
(0.813–0.896)

<0.0001 0.860
(0.820–0.902)

<0.0001 0.800
(0.761–0.842)

<0.0001

Model 1: Unadjusted. Model 2: Adjusted for age, sex, and income levels. Model 3: Adjusted for age, sex, income levels, CCI, presence of hyperten-
sion, dyslipidemia, osteoporosis, and initial LEDD.
PD, Parkinsons’ disease; HR, hazard ratio; CI, confidence interval; DDD, defined daily dose; CCI, Charlson Comorbidity Index; LEDD, levodopa 
equivalent daily dose.

Table 4. Cox proportional hazard regression analysis on the risk of all-cause mortality according to the categorized cumulative statin dose

Groups n Mortality
(n)

Person-
years

Mortality 
rate

Model 1 Model 2 Model 3

HR (95% CI) p HR (95% CI) p HR (95% CI) p
Never statin 1,397 480 6,602 0.34 Ref. Ref. Ref.
DDD 1–365 289 115 1,520 0.39 0.974 

(0.792–1.198)
0.8028 1.077 

(0.876–1.326)
0.4808 1.048 

(0.807–1.360)
0.7260

DDD 366–730 102   37 516 0.36 0.985
(0.705–1.376)

0.9298 0.974 
(0.697–1.361)

0.8767 0.851
(0.549–1.319)

0.4702

DDD >730 1,364 324 7,167 0.23 0.604 
(0.524–0.695)

<0.0001 0.631 
(0.547–0.727)

<0.0001 0.487 
(0.401–0.590)

<0.0001

Model 1: Unadjusted. Model 2: Adjusted for age, sex, and income levels. Model 3: Adjusted for age, sex, income levels, CCI, presence of hyperten-
sion, dyslipidemia, osteoporosis, and initial LEDD.
HR, hazard ratio; CI, confidence interval; DDD, defined daily dose; CCI, Charlson Comorbidity Index; LEDD, levodopa equivalent daily dose.
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balanced after matching (all SMDs <0.1) (Supplementary Table 5). 
Cox regression analysis revealed that statin use (HR 0.595, 95% 
CI 0.520–0.680; p<0.0001) was associated with a reduced mor-
tality risk among matched participants (Supplementary Table 6). 
Time-dependent Cox regression revealed a protective effect of 
statin use on the risk of mortality (HR 0.591, 95% CI 0.513–0.681; 
p<0.0001) (Supplementary Table 7). Cox regression revealed 
that the risk of cardiovascular mortality was comparable be-
tween the ever-statin group and the never-statin group (Supple-
mentary Table 8). However, the ever-statin group had a lower 
risk of neurological mortality with and without the covariates in 
Model 1 (HR 0.551; 95% CI 0.439–0.691; p<0.0001), Model 2 
(HR 0.575; 95% CI 0.458–0.722; p<0.0001), and Model 3 (HR 
0.597; 95% CI 0.476–0.749; p<0.0001) (Supplementary Table 9). 
Among those with available health check-up data, triglyceride 
levels were higher in the ever-statin group than in the never-
statin group (134.7±72.2 mg/dL vs. 112.8±61.5 mg/dL, p< 
0.0001) (Supplementary Table 10). With LDL as an additional 
independent variable, statin DDD remained significantly asso-
ciated with lower mortality in Model 1 (HR 0.827, 95% CI 
0.754–0.907; p<0.0001), Model 2 (HR 0.838, 95% CI 0.764–
0.918; p=0.0002), and Model 3 (HR 0.897, 95% CI 0.862–0.933; 
p<0.0001) (Supplementary Table 11). This association remained 
significant even after simultaneous adjustment for LDL, HDL, 
total cholesterol, and triglyceride in Model 1 (HR 0.829; 95% CI 
0.756–0.910; p<0.0001), Model 2 (HR 0.836; 95% CI 0.762–
0.917; p=0.0001), and Model 3 (HR 0.898; 95% CI 0.862–0.935; 
p<0.0001) (Supplementary Table 12).

DISCUSSION

In this nationwide population-based study of 3,152 partici-
pants with PD, we investigated the association between statin 
prescription and all-cause mortality in patients with PD. A low-
er mortality rate was observed in individuals with PD who were 
prescribed statins than in those who were never prescribed 
statins. Moreover, the cumulative dose of statins exhibited an 
inverse dose–response relationship with all-cause mortality in 
patients with PD. The inverse dose–response relationship was 
significant for both the hydrophilic statin and lipophilic statin 
cumulative doses. These results might reflect the possible ben-
eficial effect of statins on mortality in patients with PD.

In addition to their ability to protect against cardiovascular 
disease, statins have pleiotropic effects, including protective ef-
fects against oxidative stress and anti-inflammatory effects.21 
However, the role of statins in PD is unclear. Several animal stud-
ies have revealed multiple protective mechanisms of statins in 
preclinical studies of PD.7,9,22-24 Conversely, the harmful effects 

of statins on dopaminergic neurons have been demonstrated in 
a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine mouse model 
of PD.25 Clinical studies have also shown contradicting results. 
Several epidemiological studies have shown a reduced risk of 
PD in population cohorts.10,11 However, Jeong et al.26 reported 
a J-shaped association between statins and the incidence of 
PD, and another study14 demonstrated an increased risk of PD 
in those who used statins for more than 12 months. Moreover, 
Jeong et al.18 revealed a detrimental effect of statins on dopami-
nergic depletion and dementia conversion in patients with PD. 
Considering the lipid-lowering effect of statins and the associa-
tion between lipids and the risk of PD, the relationship be-
tween statin use and PD becomes more complicated.

The effect of statins on the long-term prognosis of PD has 
rarely been investigated. A recent randomized controlled study 
revealed less deterioration of dopamine transporter uptake in 
participants treated with lovastatin.27 In contrast, another ran-
domized controlled trial revealed that participants treated with 
simvastatin experienced comparable deterioration in motor 
severity at 24 months.28 However, to the best of our knowledge, 
the effect of statins on mortality in PD patients has not been 
investigated.

In our study, we observed that statin use was associated with 
lower mortality in patients with PD. These findings are consis-
tent with those of previous studies that revealed the possible 
protective effect of statins on α-synuclein aggregation and asso-
ciated PD neuropathology.7,8,24,29 Patients with PD who were 
prescribed statins (ever-statin group) had a lower risk of mor-
tality than those who had never been prescribed statins (never-
statin group) during the study period. Moreover, in the ever-
statin group, the cumulative dosage of statins during the follow-
up period was negatively associated with the mortality rate, 
indicating that patients with PD who were prescribed a higher 
statin dose had a lower risk of mortality. Interestingly, when cu-
mulative DDDs were categorized, the protective effect of statin 
use was significant only in the DDD>730 group, indicating that 
prolonged use of statins may be associated with reduced mor-
tality in PD patients. These findings suggest the possibility of a 
protective effect of statins on PD prognosis. However, mortality 
in patients with neurodegenerative diseases is a complex out-
come that occurs over a relatively long disease course. Patients 
with PD are known to have a higher risk of mortality than the 
general population is,30 and the most common primary cause of 
death is pneumonia in patients with PD.31 With respect to the 
clinical phenotype, higher mortality is associated with the non-
tremulous motor phenotype, with earlier cognitive impairment 
and the involvement of autonomic dysfunction in PD.32 How-
ever, the effects of statins or other medications on mortality in 
PD patients have not been fully elucidated. Statins are associat-
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ed with lower cardiovascular mortality in the general popula-
tion owing to their lipid-lowering effect,4 and cardiovascular 
mortality is an important cause of death in both the general 
population and patients with PD. With respect to cardiovascu-
lar risk factors, the incidence of hypertension, diabetes, and dys-
lipidemia was higher in the ever-statin group at baseline, and 
even after controlling for the CCI, hypertension, diabetes, and 
dyslipidemia as covariates, statins were still associated with low-
er mortality. Interestingly, while the prevalence of dyslipidemia 
was greater in the ever-statin group, their actual lipid levels did 
not differ significantly from those in the never-statin group. 
This phenomenon suggests that statin treatment effectively 
modified the lipid profiles of these high-risk patients. Therefore, 
it is plausible that such lipid stabilization might have contribut-
ed to the observed reduction in all-cause mortality among statin 
users. Our study revealed comparable causes of cardiovascular 
death between the ever-statin and never-statin groups. Interest-
ingly, when the contribution of statin use to cardiovascular or 
neurological mortality was investigated, there was no significant 
difference in the risk of cardiovascular mortality between the 
ever-statin group and the never-statin group; however, com-
pared with the never-statin group, the ever-statin group had a 
lower risk of neurological mortality, with and without covari-
ates. Moreover, among those whose blood lipid profiles were 
available, those in the ever-statin group had higher triglyceride 
levels at baseline; however, the effect of statins on overall mor-
tality was significant even when the baseline lipid profiles were 
controlled. Intriguingly, the occurrence of myocardial infarction, 
cardiovascular events, and stroke was greater in the ever-statin 
group during the observation period (Supplementary Table 13). 
Despite this apparent cardiovascular “penalty,” overall mortali-
ty was lower in the ever-statin group, suggesting that the pro-
tective effect of statins against mortality may extend beyond 
their cardiovascular effects. However, the so-called cholesterol 
paradox remains unresolved. Some studies have suggested that 
higher serum cholesterol levels may be beneficial,33-35 whereas 
others have reported that elevated cholesterol levels can be 
harmful, particularly through its association with vascular co-
morbidities.36,37 In our study, statin use was associated with a 
protective effect on mortality, and this association persisted af-
ter adjustment for baseline lipid profiles, despite a higher inci-
dence of vascular events in the ever-statin group. These findings 
suggest that the benefit of statins may be at least partially inde-
pendent of lipid levels. However, as we were unable to assess 
longitudinal changes in lipid profiles, future studies are warrant-
ed to determine whether the mortality benefit observed in our 
cohort is lipid driven or reflects the effects of statins themselves 
(e.g., pleiotropic or neuroprotective). Furthermore, there was a 
tendency toward fewer neurological causes of death in the ever-

statin group, suggesting the possibility of a protective effect of 
statin use on the progression of PD. However, our study lacks 
detailed clinical and biomarker features of PD, and further re-
search is necessary to elucidate the underlying biological basis 
of the mortality-lowering effect of statins in PD.

This study has several limitations. First, selection bias may 
have occurred, as this study was based on sample cohort data, 
and not every patient with PD in Korea was investigated. Thus, 
this sample may not be representative of the entire population 
of patients with PD in Korea. However, considering the large 
number of study participants, the beneficial effects of statins on 
mortality in patients with PD may still be meaningful. Second, 
the diagnoses of PD and other comorbidities were defined us-
ing the diagnostic codes in the claims data. Therefore, the pos-
sibility of misclassification cannot be excluded. Third, clinical 
features, such as the severity of motor symptoms or motor phe-
notype, degree of dopaminergic depletion, and severity of non-
motor symptoms, were unavailable in this study. Since the clini-
cal phenotype is associated with favorable or poor prognosis in 
PD patients, future studies regarding these clinical characteris-
tics are warranted. Fourth, the baseline characteristics were not 
balanced between the ever-statin and never-statin groups. The 
ever-statin group was older and had a higher CCI. Moreover, 
conditions associated with increased mortality, such as diabetes 
mellitus, hypertension, dyslipidemia, and osteoporosis, were 
more frequently observed in the ever-statin group. Despite this 
higher burden of mortality-related risk factors, the risk of over-
all mortality was lower in the ever-statin group. Moreover, sen-
sitivity analyses after propensity score matching revealed simi-
lar results. Therefore, the protective effect of statins might not 
be attributable to differences in baseline characteristics. Fifth, 
the effects of lipid status, such as serum LDL, HDL, and total 
cholesterol levels, were not available for all study participants 
because this study was based on claims data. However, we per-
formed sensitivity analyses among those with available health 
checkup data and serum lipid profiles. The ever-statin group 
had higher triglyceride levels at baseline; however, the associa-
tion between statin use and lower mortality was significant after 
controlling for the lipid profiles. Additionally, as the incidence 
of cardiovascular events was greater in the ever-statin group, 
overall cardiovascular mortality was comparable between the 
two groups. These findings suggest that the association between 
statin use and reduced mortality involves mechanisms inde-
pendent of those underlying the cardiovascular or lipid-associ-
ated effects of statins. However, as our study did not investigate 
the trajectory of longitudinal lipid status, future studies are need-
ed to elucidate the complex relationships among statins, lipids, 
and mortality in patients with PD. Sixth, the cause of death was 
obtained from death certificate data and may not be accurate. A 



Statin Use and Mortality in Adults With PD
Park M, et al.

www.e-jmd.org  165

recent study revealed that only 66.8% of death certificates of pa-
tients from a prospective incident cohort with degenerative/
vascular parkinsonian syndromes mentioned any parkinsonian 
syndrome.38 Moreover, the complications of PD, such as pneu-
monia or femoral fractures, which can lead to death, might have 
been misclassified. Therefore, evaluating the specific causes of 
death in patients with PD in this claims-based study was chal-
lenging. Accordingly, our cause-specific mortality analyses (e.g., 
neurological versus cardiovascular mortality) should be inter-
preted cautiously and considered exploratory, whereas our pri-
mary endpoint—all-cause mortality—is less vulnerable to 
cause-of-death misclassification.

In this analysis of 3,152 adults with PD, we identified an in-
verse association between statin use and all-cause mortality. Ad-
ditionally, an inverse dose–response relationship was observed 
between cumulative statin dose and mortality, regardless of co-
morbidities and the lipophilicity of statins. These findings sug-
gest a potential protective effect of statins on PD prognosis, pos-
sibly extending beyond their cardiovascular effects to regulate 
neurodegenerative processes. Despite limitations such as poten-
tial selection bias and a lack of detailed clinical data, our results 
highlight the need for further research to clarify the mechanisms 
underlying the mortality-lowering effects of statins in PD and 
to explore their role in disease progression. Future studies are 
needed to elucidate the underlying mechanism between statin 
use and mortality in patients with PD.

Supplementary Materials
The Data Supplement is available with this article at https://doi.org/10.14802/

jmd.25240.

Conflicts of Interest
The authors have no financial conflicts of interest.

Funding Statement
This work was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korean government Ministry of Science and ICT 
(RS-2022-NR072160), the Technology Innovation Program (20018182) fund-
ed By the Ministry of Trade, Industry & Energy (MOTIE, Korea), the Korea 
Health Technology R&D Project through the Korea Health Industry Develop-
ment Institute (KHIDI), funded by the Ministry of Health & Welfare (grant 
number: RS-2025-25459509). and the investigator-initiated grant (Grant 
number: SJ-IIT-33-10) from Samjin Pharmaceutical Co., Ltd. Korea, which 
was not involved in the study design, data collection and analysis, or decision 
to publish.

Acknowledgments
The original anonymized data used in this analysis were obtained from the 

Korean National Health Insurance System (KNHIS). The dataset from the 
KNHIS is not publicly available owing to restricted access. However, for re-
searchers who require access, the data can be obtained directly through a li-
cense agreement. Requests for data can be submitted to KNHIS website 
(https://nhiss.nhis.or.kr/bd/ab/bdaba000eng.do).

Author Contributions
Conceptualization: Mincheol Park, Hokyung Lee, Ickpyo Hong, Min Seok 

Baek. Data curation: Hokyung Lee, Mincheol Park. Formal analysis: Hokyung 
Lee. Funding acquisition: Ickpyo Hong, Min Seok Baek. Investigation: all au-
thors. Methodology: Mincheol Park, Hokyung Lee, Ickpyo Hong, Min Seok 
Baek. Project administration: Ickpyo Hong, Min Seok Baek. Resources: Ickpyo 
Hong, Min Seok Baek. Software: Hokyung Lee. Supervision: Ickpyo Hong, 
Min Seok Baek. Validation: Mincheol Park, Hokyung Lee. Visualization: Min-
cheol Park, Hokyung Lee. Writing—original draft: Mincheol Park. Writing—
review & editing: all authors.

ORCID iDs 
Mincheol Park	 https://orcid.org/0000-0003-2714-7494
Hokyung Lee	 https://orcid.org/0009-0002-6549-4198
Yeonju Jin	 https://orcid.org/0000-0002-7085-1340
Sanghee Yoo	 https://orcid.org/0009-0009-1364-4669
Jiwon Hong	 https://orcid.org/0009-0009-5666-8759
Ickpyo Hong	 https://orcid.org/0000-0001-5404-7646
Min Seok Baek	 https://orcid.org/0000-0001-5250-9480

REFERENCES

1.	 Poewe W, Seppi K, Tanner CM, Halliday GM, Brundin P, Volkmann J, et 
al. Parkinson disease. Nat Rev Dis Primers 2017;3:17013.

2.	 Fanning S, Selkoe D, Dettmer U. Parkinson’s disease: proteinopathy or 
lipidopathy? NPJ Parkinsons Dis 2020;6:3.

3.	 Klemann CJHM, Martens GJM, Sharma M, Martens MB, Isacson O, 
Gasser T, et al. Integrated molecular landscape of Parkinson’s disease. NPJ 
Parkinsons Dis 2017;3:14. 

4.	 US Preventive Services Task Force. Statin use for the primary prevention 
of cardiovascular disease in adults: US Preventive Services Task Force 
recommendation statement. JAMA 2022;328:746-753. 

5.	 Beltrán Romero LM, Vallejo-Vaz AJ, Muñiz Grijalvo O. Cerebrovascular 
disease and statins. Front Cardiovasc Med 2021;8:778740.

6.	 Malfitano AM, Marasco G, Proto MC, Laezza C, Gazzerro P, Bifulco M. 
Statins in neurological disorders: an overview and update. Pharmacol Res 
2014;88:74-83. 

7.	 Bar-On P, Crews L, Koob AO, Mizuno H, Adame A, Spencer B, et al. Statins 
reduce neuronal alpha-synuclein aggregation in in vitro models of Par-
kinson’s disease. J Neurochem 2008;105:1656-1667. 

8.	 Ghosh A, Roy A, Matras J, Brahmachari S, Gendelman HE, Pahan K. Sim-
vastatin inhibits the activation of p21ras and prevents the loss of dopami-
nergic neurons in a mouse model of Parkinson’s disease. J Neurosci 2009; 
29:13543-13556.

9.	 Min JO, Ho HA, Lee W, Jung BC, Park SJ, Kim S, et al. Statins suppress 
cell-to-cell propagation of α-synuclein by lowering cholesterol. Cell Death 
Dis 2023;14:474.

10.	 Lin KD, Yang CY, Lee MY, Ho SC, Liu CK, Shin SJ. Statin therapy pre-
vents the onset of Parkinson disease in patients with diabetes. Ann Neu-
rol 2016;80:532-540. 

11.	 Gao X, Simon KC, Schwarzschild MA, Ascherio A. Prospective study of 
statin use and risk of Parkinson disease. Arch Neurol 2012;69:380-384.

12.	 Huang X, Alonso A, Guo X, Umbach DM, Lichtenstein ML, Ballantyne 
CM, et al. Statins, plasma cholesterol, and risk of Parkinson’s disease: a 
prospective study. Mov Disord 2015;30:552-559. 

13.	 Huang X, Sterling NW, Du G, Sun D, Stetter C, Kong L, et al. Brain choles-
terol metabolism and Parkinson’s disease. Mov Disord 2019;34:386-395.

14.	 Kim JH, Chang IB, Kim YH, Kwon MJ, Kim JH, Choi HG. Association 
between statin use and Parkinson’s disease in Korean patients with hyper-
lipidemia. Parkinsonism Relat Disord 2022;97:15-24. 

15.	 Liu G, Sterling NW, Kong L, Lewis MM, Mailman RB, Chen H, et al. Statins 
may facilitate Parkinson’s disease: Insight gained from a large, national 
claims database. Mov Disord 2017;32:913-917.

16.	 Mutez E, Duhamel A, Defebvre L, Bordet R, Destée A, Kreisler A. Lipid-



166

J Mov Disord  2026;19(2):157-166

lowering drugs are associated with delayed onset and slower course of 
Parkinson’s disease. Pharmacol Res 2009;60:41-45. 

17.	 Deck BL, Rick J, Xie SX, Chen-Plotkin A, Duda JE, Morley JF, et al. Statins 
and cognition in Parkinson’s disease. J Parkinsons Dis 2017;7:661-667. 

18.	 Jeong SH, Lee HS, Chung SJ, Yoo HS, Jung JH, Baik K, et al. Effects of 
statins on dopamine loss and prognosis in Parkinson’s disease. Brain 
2021;144:3191-3200. 

19.	 Lee J, Lee JS, Park SH, Shin SA, Kim K. Cohort profile: The National 
Health Insurance Service-National Sample Cohort (NHIS-NSC), South 
Korea. Int J Epidemiol 2017;46:e15.

20.	 Schade S, Mollenhauer B, Trenkwalder C. Levodopa equivalent dose con-
version factors: an updated proposal including opicapone and safinamide. 
Mov Disord Clin Pract 2020;7:343-345. 

21.	 Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins on the cardio-
vascular system. Circ Res 2017;120:229-243.

22.	 Kumar A, Sharma N, Gupta A, Kalonia H, Mishra J. Neuroprotective po-
tential of atorvastatin and simvastatin (HMG-CoA reductase inhibitors) 
against 6-hydroxydopamine (6-OHDA) induced Parkinson-like symp-
toms. Brain Res 2012;1471:13-22.

23.	 Tan W, Xue-bin C, Tian Z, Xiao-wu C, Pei-pei H, Zhi-bin C, et al. Effects 
of simvastatin on the expression of inducible nitric oxide synthase and 
brain-derived neurotrophic factor in a lipopolysaccharide-induced rat 
model of Parkinson disease. Int J Neurosci 2016;126:278-286. 

24.	 Yan J, Sun J, Huang L, Fu Q, Du G. Simvastatin prevents neuroinflamma-
tion by inhibiting N-methyl-D-aspartic acid receptor 1 in 6-hydroxydo-
pamine-treated PC12 cells. J Neurosci Res 2014;92:634-640.

25.	 Kreisler A, Gelé P, Wiart JF, Lhermitte M, Destée A, Bordet R. Lipid-low-
ering drugs in the MPTP mouse model of Parkinson’s disease: fenofibrate 
has a neuroprotective effect, whereas bezafibrate and HMG-CoA reduc-
tase inhibitors do not. Brain Res 2007;1135:77-84. 

26.	 Jeong SM, Jang W, Shin DW. Association of statin use with Parkinson’s dis-
ease: dose-response relationship. Mov Disord 2019;34:1014-1021. 

27.	 Lin CH, Chang CH, Tai CH, Cheng MF, Chen YC, Chao YT, et al. A dou-
ble-blind, randomized, controlled trial of lovastatin in early-stage Parkin-
son’s disease. Mov Disord 2021;36:1229-1237.

28.	 Stevens KN, Creanor S, Jeffery A, Whone A, Zajicek J, Foggo A, et al. Eval-
uation of simvastatin as a disease-modifying treatment for patients with 
Parkinson disease: a randomized clinical trial. JAMA Neurol 2022;79:1232-
1241.

29.	 Koob AO, Ubhi K, Paulsson JF, Kelly J, Rockenstein E, Mante M, et al. Lo-
vastatin ameliorates alpha-synuclein accumulation and oxidation in trans-
genic mouse models of alpha-synucleinopathies. Exp Neurol 2010;221: 
267-274. 

30.	 Macleod AD, Taylor KS, Counsell CE. Mortality in Parkinson’s disease: a 
systematic review and meta-analysis. Mov Disord 2014;29:1615-1622.

31.	 Savica R, Grossardt BR, Bower JH, Ahlskog JE, Boeve BF, Graff-Radford 
J, et al. Survival and causes of death among people with clinically diag-
nosed synucleinopathies with parkinsonism: a population-based study. 
JAMA Neurol 2017;74:839-846.

32.	 Pinter B, Diem-Zangerl A, Wenning GK, Scherfler C, Oberaigner W, Sep-
pi K, et al. Mortality in Parkinson’s disease: a 38-year follow-up study. 
Mov Disord 2015;30:266-269. 

33.	 de Lau LM, Koudstaal PJ, Hofman A, Breteler MM. Serum cholesterol 
levels and the risk of Parkinson’s disease. Am J Epidemiol 2006;164:998-
1002. 

34.	 Huang X, Auinger P, Eberly S, Oakes D, Schwarzschild M, Ascherio A, et 
al. Serum cholesterol and the progression of Parkinson’s disease: results 
from DATATOP. PLoS One 2011;6:e22854.

35.	 Jiang Z, Xu X, Gu X, Ou R, Luo X, Shang H, et al. Effects of higher serum 
lipid levels on the risk of Parkinson’s disease: a systematic review and 
meta-analysis. Front Neurol 2020;11:597. 

36.	 Alza NP, Iglesias González PA, Conde MA, Uranga RM, Salvador GA. Lip-
ids at the crossroad of α-synuclein function and dysfunction: biological 
and pathological implications. Front Cell Neurosci 2019;13:175.

37.	 García-Sanz P, MFG Aerts J, Moratalla R. The role of cholesterol in 
α-synuclein and Lewy body pathology in GBA1 Parkinson’s disease. Mov 
Disord 2021;36:1070-1085.

38.	 Shi H, Counsell C. Accuracy of death certificates for recording parkinso-
nian syndromes and associated dementia. J Neurol 2021;268:140-146. 




