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Abstract

Objective—Using a large US claims database (MarketScan®), we investigated the controversy 

surrounding the role of statins in Parkinson’s disease (PD).

Corresponding Author: Xuemei Huang, M.D., Ph.D., Department of Neurology, Penn State-Hershey Medical Center, Hershey, PA 
17033, Tel: 717-531-1530, xuemei@psu.edu.
*These authors contributed equally to the manuscript

Financial Disclosures: The authors have nothing to disclose as it relates to this research.

Documentation of Author Roles
Guodong Liu: Conception, organization, execution of the project; statistical design and execution; writing of the first draft, and review 
and critique of the manuscript;
Nicholas W. Sterling: Organization of the project, review of statistical analysis, and review and critique of the manuscript.
Lan Kong: Review of statistical design, review and critique of the manuscript.
Mechelle M. Lewis: Organization of the project, review of the statistical design, extensive review and critique of the manuscript.
Richard B. Mailman: Review of statistical design, extensive review and critique of the manuscript.
Honglei Chen: Organization of the project, review and critique of the statistical design and manuscript.
Douglas Leslie: Organization and execution of the project, review and critique of the statistical design and manuscript.
Xuemei Huang: Conception, organization, and execution of the project; review of the statistical design; writing of the first draft, and 
review and critique of the manuscript.

Financial Disclosures for last three years:

Xuemei Huang: Has received consultant fees from the National Institute of Environmental Health Sciences unrelated to 
this study.

Richard B. Mailman: Patents related to D1 dopamine agonists as therapeutic agents, including in Parkinson’s disease (assigned 
to University foundations). Expert witness or consultant to several law firms unrelated to this research. 
Consultant to Pfizer and Jazz Pharma on projects unrelated to this study.

Nicholas W. Sterling: Nothing to disclose

Guangwei Du: Nothing to disclose

Mechelle M. Lewis: Nothing to disclose

Lan Kong: Nothing to disclose

Honglei Chen: Nothing to disclose

HHS Public Access
Author manuscript
Mov Disord. Author manuscript; available in PMC 2018 June 01.

Published in final edited form as:
Mov Disord. 2017 June ; 32(6): 913–917. doi:10.1002/mds.27006.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Methods—We performed a retrospective case-control analysis. First, we identified 2,322 incident 

PD cases having a minimum of 2.5 y of continuous enrollment prior to earliest diagnosis code or 

prescription of antiparkinson medication. Then, 2,322 Controls were matched individually by age, 

gender, and a “follow-up window” to explore the relationship of statin use with incident PD.

Results—Statin usage was significantly associated with PD risk, with the strongest associations 

being for lipophilic (OR=1.58, p<0.0001) vs. hydrophilic (OR=1.19, p=0.25) statins, statins plus 

non-statins (OR=1.95, p<0.0001), and for the initial period after starting statins (<1 y OR=.82, 1–

2.5 y OR =1.75, and ≥2.5 y OR =1.37; ptrend<0.0001).

Conclusion—Use of statin (especially lipophilics) was associated with higher risk of PD, and 

the stronger association in initial use suggests a facilitating effect.
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Introduction

Approximately 43 US million adults receive or are eligible for statin therapy; this may 

increase based on new cardiovascular prevention guidelines and new generic statins. Several 

preclinical studies have suggested statins may protect against Parkinson’s disease (PD),1–5 

yet epidemiological findings on this relationship have been inconsistent: some reported 

lower PD risk among statin users,6–8 but others no difference9–13 or even higher risk.14

The interpretation of these data, however, is not straightforward. First, a recent meta-analysis 

suggested a significant publication bias toward reporting protective effects of statins in 

PD.15 Second, even in those studies reporting protective effects, the interpretation of the 

results is confounded by the use of statins for hyperlipidemia.16 This is relevant because 

several case-control10–12 and prospective studies13,17 suggest that higher serum/plasma 

total- and/or LDL-cholesterol levels are related to lower occurrence of PD. Lastly, statins 

differ in their ability to cross the blood-brain-barrier, and the number of PD subjects was too 

small in prior studies to allow stratification.

Despite this uncertainty,14,18 there has been a prevailing sentiment to use statins as 

neuroprotective agents,19–21 indeed simvastatin (a lipophilic statin) is in current clinical 

trial.19 It is, therefore, timely to evaluate carefully the relationship of statins and PD risk.

Methods

Data Source

The MarketScan® Commercial Claims and Encounters database (Truven Health Analytics) 

consists of individual reimbursed healthcare claim information from more than 130 payers 

describing the healthcare use and expenditures for >50 million employees and family 

members per year. Ages range from birth to 64 y, when most individuals switch from private 

insurance to Medicare.22 Because PD is age-related and mainly affects older adults, we 

limited our search to all individuals in the database who had one year or more of continuous 
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enrollment during January 1, 2008 to December 31, 2012 and were 40 or older at any time 

during their enrollment period.

PD case identification and confirmation

Possible prevalent PD cases were identified using the following criteria: 1) primary or 

secondary diagnosis of PD (ICD-9 332); 2) use of any anti-PD medication containing 

carbidopa/levodopa (Sinemet, Parcopa, Stalevo, Duodopa), pramipexole (Mirapex), 

ropinirole (Requip), pergolide (Permax), rotigotine (Neupro), entacapone (Comtan), 

selegiline (Eldepryl, Zelapar), rasagiline (Azilect), carbidopa (Lydosyn), or amantadine 

(Symmetrel); and 3) deep brain stimulation (DBS) surgery (CPT-4 codes 61850, 61860, 

61863, 61864, 61867, 61868, 61870, 61875, 61880, 61885, 61886, 61888, 64573, 64580, 

95970, 95971, 95972, 95973, 95974, 95975, 95978, 95979). To increase accuracy of PD 

classification, we excluded any patient who had PD indications from only one of the three 

aforementioned criteria.

To ascertain incident PD patients, we narrowed our search to those prevalence cases who had 

a minimum of 2.5 y of continuous enrollment prior to the index date defined as the earliest 

PD indication by diagnosis or prescription of antiparkinson medication. This ensured a 

reasonable observation window. Controls were matched individually to cases by age, gender, 

and a “follow-up window” that was defined as the time from a patient’s initial insurance 

coverage date during our study period to the index date of PD indication. The control in the 

matched pair must have had a follow-up window that was at least as long as the PD case. 

The matched control then was assigned the same index date as the matched patient case.

Ascertainment of hyperlipidemia and comorbidities

Although cholesterol may play a role in the hypothesized statin-PD association, cholesterol 

lab data were not included in the MarketScan database. Thus, we used the diagnosis of 

hyperlipidemia (272.0–272.4) as a surrogate marker of history of high cholesterol level. 

Statins can be prescribed for conditions other than hyperlipidemia, so we identified the 

following disorders by diagnosis codes (ICD-9 codes): hypertension (401); coronary artery 

disease (CAD; 410); and diabetes (250).

Ascertainment of statins and other cholesterol-lowing drug usage

Statins and other cholesterol-lowering drugs (i.e., unspecified anti-hyperlipidemics, bile 

sequestrants, or fibrates) usage were defined as greater than two separate prescriptions. 

Statins were subgrouped into hydrophilic (pravastatin, rosuvastatin) and lipophilic 

(atorvastatin, fluvastatin, lovastatin, pitavastatin, simvastatin). Fenofibrate, ezetimibe, and 

niacin were considered as non-statin cholesterol lowering drugs. For the matched case-

control analysis, we determined whether a patient had been prescribed statins and/or non-

statin cholesterol-lowering drugs. If so, we then calculated the statin exposure window as the 

period between the earliest date of a filed-claim for a statin prescription and the index date. 

We categorized statin users into three groups according to the length of their statin exposure 

(i.e., <1 y, 1–2.5 y, or ≥2.5 y) prior to first PD indication.
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Data analysis

Cross-sectional analysis—We performed descriptive analyses on the entire study 

cohort, summarizing the cohort demographics (age, gender), comorbidities, and cholesterol-

lowering drug use (statins and non-statins). We then ran a multivariable logistic regression to 

assess the significance of the association between cholesterol-lowering drug use (vs. non-

user as a reference) and prevalent PD, adjusting for age, gender, and comorbid diseases such 

as hyperlipidemia, diabetes, hypertension, and CAD. Cholesterol-lowering drugs were 

divided into statin only, non-statin cholesterol lowering drugs only, and the use of both statin 

and non-statin cholesterol-lowering drugs.

Matched incident case-control analysis—We ascertained the usage of cholesterol-

lowering drugs prior to index dates for PD cases and controls, and statins also were analyzed 

based on their lipophilic or hydrophilic properties. We also categorized the earliest time of 

drug exposure epochs as <1 y, 1–2.5 y, or ≥2.5 y before the index date. We ran a conditional 

logistic regression to determine the significance of the associations between PD incidence 

and the earliest prior statin exposure (i.e., <1 y, 1–2.5 y, or ≥2.5 y) in conjunction with or 

without use of non-statin cholesterol-lowering drugs. The analyses were adjusted for all of 

the aforementioned covariates except for age and gender that had been used for matching 

cases and controls.

All statistical analyses were performed using SAS version 9.3 software (SAS Institute, Cary, 

NC). Statistical tests were two-sided, with α≤0.05 being statistically significant.

Results

Population characteristics

Of the 30,343,035 subjects eligible for the analysis, a total of 21,599 individuals met our 

prevalence case definition (Supplemental Table 1). As expected, PD patients were older and 

more likely to be males. PD prevalence was associated positively with age, male gender, 

hypertension, CAD, usage of cholesterol lowering drugs (statins or non-statins), and 

negatively with hyperlipidemia.

Case-control analysis of prior statin exposure and PD

Prior statin usage was associated significantly with higher PD risk (Table 1, Figure 1). The 

association was strongest for lipophilic- (OR [95% CI]: 1.58 [1.33–1.89]), and weaker for 

hydrophilic-statins (1.19 [0.88–1.61]) and non-statin cholesterol lowering drugs (1.34 [0.90–

2.02]). The combined use of both statins and non-statin cholesterol-lowering drugs (marking 

aggressive cholesterol management) had the highest PD incidence (1.95 [1.56–2.43]). 

Moreover, the association was stronger for the initial period of statin use with OR: 1.82 

[1.30–2.56] <1 y prior to index date, 1.75 [1.35–2.27] for 1–2.5 y, and 1.37 [1.14–1.64] for 

≥2.5 y (ptrend<0.0001, Figure 1).
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Discussion

Statin use was associated with higher, not lower, PD risk, and the association was more 

pronounced for lipophilic statins, an observation inconsistent with the current hypothesis 

that these statins are neuroprotective.19–21 In addition, the statin-PD association was most 

robust for the initial phase of statin treatment (<2.5 y), suggesting that statins may facilitate 

the onset of preclinical PD. Because new guidelines23 may lead to broader statin use, 

additional studies should assess the potentially adverse effect of statins (particularly 

lipophilic ones) on certain populations vulnerable to PD.

Although not unanimous,24 the weight of the literature favors an association of high lipid 

cholesterol levels with lower risk of PD via both case control 9,25–28 and prospective14,29–31 

studies. Our cross-sectional analysis of the Marketscan Database (supplemental Table 1) also 

found that the diagnosis of hyperlipidemia (a marker of high cholesterol) was associated 

with lower PD prevalence, consistent with the large majority of literature.

Most literature used data collected in the post-statin era where hyperlipidemia would prime 

statin usage. Some reports have suggested lower PD risk among statin users,6–8,17 but none 

factored in this confound (i.e., hyperlipidemia). Indeed, a recent meta-analysis reported that 

“protective effects” of statins disappear if hyperlipidemia is considered.16 Moreover, 

prospective data from the Atherosclerosis in Community cohort (ARIC) showed that after 

accounting for total- and LDL-cholesterol levels, statin usage was associated with higher 

future risk of PD.14 The current analysis also found that statin use was associated with 

higher PD risk after adjusting for all potential confounders, including hyperlipidemia.

We explored the timing of initial statin exposure relative to the earliest indication of PD 

onset. PD risk was highest during the initial period after statin use (<2.5 y) compared to 

exposure further from PD diagnosis (≥2.5 y). Various environmental factors may trigger an 

otherwise dormant disease or medical condition, particularly in high-risk populations, and 

our data suggest that the statin-PD link may represent one such scenario. The large sample 

size in the current study also permitted estimation of associations with different statin types 

(lipophilic vs. hydrophilic). In contrast to prior studies17,18 with much smaller sample sizes, 

we found that lipophilic statins were associated with highest PD risk. Conversely, a 

significant association was not found for non-statin cholesterol lowering agents, but the less 

frequent use of these drugs left this aspect of the study underpowered.

A recent study using the Taiwanese NHI database reported that discontinuing statins 

(especially lipophilics) was more likely to lead to diagnosis of PD,32 and this was interpreted 

as compelling evidence for neuroprotection.17,21 The current study, however, leads to an 

alternate interpretation -- statins may have “unmasked” symptoms in those with pre-PD,17 

explaining why those subjects discontinued statins. In the future, it is critical to obtain both 

diagnosis and lipid status for those discontinuing statins.

The study has several limitations. First, the claims data did not include Medicare, Medicaid, 

or the uninsured. Because it was based on private insurance, the population did not include 

individuals 65 y or older (the transition age to Medicare), hence, we are unable to generalize 

our findings to older populations. We ascertained PD cases from the claims records alone, 
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without having clinical details or case confirmation, and misdiagnosis may have occurred 

due to record entry, coding, etc. To minimize diagnostic uncertainty, we required that PD 

cases had at least two separate criteria supporting the diagnosis. Additionally, the claims 

data lacked lab values, preventing quantitative assessment of lipid cholesterol levels, 

something of importance for future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Forest plot of the association between Parkinson’s disease and exposure to statins prior to 

the earliest disease indication in a case-control analysis. Reference group: non-users of 

cholesterol lowering drugs. Abbreviations: aOR = Adjusted Odds Ratio; CI = confidence 

interval
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