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IMPORTANCE Current treatments manage symptoms of Parkinson disease (PD),
but no known treatment slows disease progression. Preclinical and epidemiological
studies support the potential use of statins as disease-modifying therapy.

OBJECTIVE To determine whether simvastatin has potential as a disease-modifying
treatment for patients with moderate PD.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial, a double-blind,
parallel-group, placebo-controlled futility trial, was conducted between March 2016
and May 2020 within 23 National Health Service Trusts in England. Participants aged 40
to 90 years with a diagnosis of idiopathic PD, with a modified Hoehn and Yahr stage of 3.0
or less while taking medication, and taking dopaminergic medication with wearing-off
phenomenon were included. Data were analyzed from May 2020 to September 2020,
with additional analysis in February 2021.

INTERVENTIONS Participants were allocated 1:1 to simvastatin or matched placebo via a
computer-generated random sequence, stratified by site and Hoehn and Yahr stage.
In the simvastatin arm, participants entered a 1-month phase of simvastatin, 40 mg daily,
followed by 23 months of simvastatin, 80 mg daily, before a 2-month washout period.

MAIN OUTCOMES AND MEASURES The prespecified primary outcome was 24-month change in
Movement Disorder Society Unified Parkinson Disease Rating Scale (MDS-UPDRS) part III
score measured while not taking medication (high scores indicate worse outcome).
The primary futility analysis included participants who commenced the 80-mg phase
and had valid primary outcome data. The safety analysis included all participants who
commenced trial treatment and is reported by dose at time of event.

RESULTS Of 332 patients assessed for eligibility, 32 declined and 65 were ineligible.
Of 235 recruited participants, 97 (41%) were female, 233 (99%) were White, and the mean
(SD) age was 65.4 (9.4) years. A total of 216 patients progressed to the 80-mg dose. Primary
outcome analysis (n = 178) indicated the simvastatin group had an additional deterioration in
MDS-UPDRS III score while not taking medication at 24 months compared with the placebo
group (1.52 points; 2-sided 80% CI, −0.77 to 3.80; 1-sided futility test P = .006). A total of 37
serious adverse events (AEs), including 3 deaths, and 171 AEs were reported for participants
receiving 0-mg simvastatin; 37 serious AEs and 150 AEs were reported for participants taking
40 mg or 80 mg of simvastatin. Four participants withdrew from the trial because of an AE.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, simvastatin was futile as a
disease-modifying therapy in patients with PD of moderate severity, providing no evidence
to support proceeding to a phase 3 trial.
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P arkinson disease (PD) is the fastest growing neurologi-
cal condition worldwide,1 currently affecting more than
6.2 million people. To date, there is no treatment proven

to slow disease progression.
Preclinical studies suggest that statins, widely used to treat

hypercholesterolemia, may have disease-modifying effects rel-
evant to the pathogenesis of PD unrelated to cholesterol
lowering.2 Much of this evidence relates to simvastatin, which
is one of the most lipophilic statins and able to cross the blood-
brain barrier.3,4 Epidemiological studies support a potential
protective effect of statins on PD, with meta-analyses demon-
strating statin use may be associated with a relative risk re-
duction in PD incidence.5-7

Our aim was to assess the potential disease-modifying ef-
fects of 24 months’ exposure to simvastatin in patients with
moderate PD and to determine if simvastatin is clearly inef-
fective (futile) in preventing the clinical decline of PD.

Methods
Study Design, Setting, and Participants
The study was a double-blind, parallel-group, randomized,
placebo-controlled futility trial. The protocol was previously
published,8 and the trial protocol can be found in Supple-
ment 1. Participants were recruited from Parkinson services
within 23 National Health Service (NHS) Trusts in England
(eAppendix in Supplement 3). Patients were eligible if they were
aged 40 to 90 years with a diagnosis of idiopathic PD, had a
modified Hoehn and Yahr stage of 3.0 or less while taking
medication, and were taking dopaminergic medication with
wearing-off phenomenon (defined by the 9-item wearing-off
questionnaire9). Patients were excluded if they had a diagno-
sis or suspicion of a secondary cause of parkinsonism; clini-
cally relevant brain imaging abnormality; dementia; severe de-
pression; prior intracerebral surgical intervention; intolerance,
prior, or current use of statins; untreated hypothyroidism; end-
stage kidney disease; severe cardiac disease; estimated glo-
merular filtration rate less than 30 mL/min; alcoholism or liver
impairment; raised creatine kinase or aspartate/alanine trans-
aminase levels; pregnancy; breastfeeding; participation in high-
impact sports; or inability to abstain from grapefruit-based
products. Ethnicity was defined by investigators and assessed
to facilitate description of the study sample. Details of evalu-
ation of cardiovascular risk, including new diagnosis of dia-
betes, are given in the trial protocol.8 Ethical approval was ob-
tained from the North East–Newcastle and North Tyneside 2
Research Ethics Committee. All participants provided writ-
ten informed consent. This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline.

Procedures
Participants were invited to attend face-to-face visits at baseline
and months 1, 6, 12, 18, 24, and 26 (within 2 weeks) postbaseline,
with 1 telephone call every 2 months to capture adverse events
(AEs). Participants attended visits at baseline, 12, 24, and 26
months in the practically defined state of not taking medication
(short-actinglevodopa-containingmedicationsand/ordopamine

agonists omitted from 6 PM the evening before the study visit and
long-acting preparations, including monoamine oxidase inhibi-
tors, for the entire previous day).

Lockdown restrictions related to COVID-19 were intro-
duced in the United Kingdom on March 23, 2020; remaining
visits were conducted remotely using video conferencing.
Where necessary, data were collected via telephone or mail.

Allocation and Concealment
Allocation 1:1 to simvastatin or placebo, stratified by recruit-
ing site and Hoehn and Yahr stage (either stage 2.0 or less or
stage 2.5 to 3.0) used computer-generated random permuted
blocks of size 2, 4, or 6. The randomization process generated
a study-specific prescription of the participant’s study num-
ber, initials, and allocated bottle number for the relevant hos-
pital pharmacy to dispense study medication.

Participants, trial management team, site investigator
teams (including outcome raters), and site pharmacy staff were
blinded to treatment allocation. Primary statistical analyses
of the primary outcomes were undertaken blinded.

Interventions
Trial treatment was overencapsulated simvastatin, 40 mg oral,
tablets or visually identical matched placebo. A 1-month low-
dose phase of simvastatin, 40 mg, once daily was followed by
a 23-month high-dose phase of simvastatin, 80 mg, once daily
and a final 2-month phase without trial medication. In the
event of AEs thought to be related to trial medication, the par-
ticipant’s dose could be reduced to 40 mg, then increased to
80 mg at a later date.

Outcomes
The primary outcome was change between baseline and 24
months in the Movement Disorder Society Unified Parkinson
Disease Rating Scale (MDS-UPDRS)10 part III, measured in the
practically defined state of not taking medication (higher scores
indicate worse outcome). Other assessments while not tak-
ing medication were the Bradykinesia Akinesia Incoordina-
tion Tap Test (number of alternate key strikes [s and ;] in
30 seconds) and 10-meter walk test. Remaining secondary
outcomes were measured while participants were taking
medication, including MDS-UPDRS total and part II score,

Key Points
Question Does simvastatin hold promise as a disease-modifying
therapy in patients with Parkinson disease of moderate severity?

Findings In this randomized clinical trial, a double-blind,
parallel-group, placebo-controlled futility trial involving
235 participants from 23 sites within the UK, participants in the
simvastatin group had an additional deterioration in Movement
Disorder Society Unified Parkinson Disease Rating Scale part III
scores while not taking medication at 24 months compared with
those in the placebo group (−1.52 points).

Meaning In this randomized clinical trial, simvastatin was
futile as a disease-modifying therapy in patients with moderate
Parkinson disease.
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Montgomery-Åsberg Depression Rating Scale score, Non-
Motor Symptom Scale score, Parkinson Disease Question-
naire score, King’s Parkinson Pain Scale score (higher scores
worse), Addenbrooke’s Cognitive Examination III (ACE-III)
score (lower scores worse), levodopa-equivalent daily dose
(LEDD), and cholesterol levels (high-density lipoprotein [HDL]
cholesterol, total cholesterol, and total/HDL cholesterol ra-
tio). The visit and outcome schedule is detailed in the pub-
lished trial protocol8 and in Supplement 1.

Safety and tolerability data were gathered via telephone
and during follow-up visits. The number of capsules re-
turned was recorded at months 1, 6, 12, 18, and 24.

Sample Size
The sample size calculation was based on a 1-sided t test of fu-
tility at the 10% significance level with 80% power.11 At the time
of study development, the minimal clinically important dif-
ference (MCID) of UPDRS part III score while not taking medi-
cation was estimated to be between 2.3 and 2.7 points12; there-
fore, a target difference of −3 was deemed clinically relevant.
The anticipated SD was inflated from a reported 7.313 to 7.5
points, yielding an effective required sample size of 57 par-
ticipants per group. This was inflated for initial, potentially dif-
ferential, loss to follow-up during the 1-month low-dose phase
and then for further loss to follow-up by 24 months, giving a
total recruitment target of 198 (Supplement 1).8

Statistical Analysis
Predefined statistical analyses are fully detailed in the statis-
tical analysis plan, which has been previously published14 and
can be found in Supplement 2. Primary analyses followed a
modified intention-to-treat principle (mITT). The mITT sample
included all randomized participants who commenced the
higher-dose phase at 1 month and provided valid outcome mea-
surement data. Missing outcome/questionnaire items were im-
puted using published methods and imputation rules. An er-
ror in the researcher booklet for item 15 of the MDS-UPDRS part
III (postural tremor of the hands) left space for 1 score instead
of 2. Therefore, imputation was restricted to a maximum of
3 missing items (Supplement 2).

A mixed-effects linear regression model was fitted to the
24-month change in the MDS-UPDRS part III score while not
taking medication (primary outcome), with adjustments for
baseline outcome, sex, age at baseline, PD duration, and modi-
fied Hoehn and Yahr stage15,16 and a random intercept for re-
cruiting site. The primary analysis of the primary outcome was
based on the futility hypothesis test of the allocated group dif-
ference estimate from this mixed-effects model, under the null
hypothesis of simvastatin arm score minus placebo arm score
is −3 or less (ie, not futile) vs greater than −3 (ie, futile). To test
for futility, the estimated adjusted mean between-group dif-
ference was compared with the 1-sided upper tail critical value
of t test distribution.17 Planned sensitivity futility analyses in-
cluded complier average causal effect analysis and treatment
compliance (Supplement 2).

There were 2 planned secondary analyses of the primary
outcome: (1) a mixed-effects repeated-measures model fitted
to the MDS-UPDRS part III score while not taking medication

at baseline, 12, and 24 months, testing between-group differ-
ences at follow-up under the superiority framework; and (2)
an exploratory analysis of any disease-modifying effect of sim-
vastatin if there was evidence of nonfutility in primary out-
come analysis (Supplement 2). A post hoc futility analysis was
conducted for the 12-month change in MDS-UPDRS part III
score, following the observed (before unblinding) statisti-
cally significant between-group difference at 12 months from
the repeated-measures model.

Analyses of the secondary outcomes were performed un-
der the superiority framework (ie, 2-sided hypotheses, 5% sig-
nificance level) using linear mixed-effects models for (1) the
outcome at 24 months and (2) the repeated measures of the
outcome. Planned sensitivity analyses are detailed in the sta-
tistical analysis plan (Supplement 2).

The safety population consisted of all participants who had
at least 1 dose of allocated trial treatment. All AEs considered
possibly, probably, or definitely related to trial treatment and
all serious AEs were reported. As AEs of simvastatin are gen-
erally related to plasma levels of simvastatin and extent of
3-hydroxy-3-methylglutaryl coenzyme A reductase activity, the
safety reporting groups were defined by dose of simvastatin
at the time of the event. Accounting for the elimination half-
life of 2 hours, these are 0 mg if the participant was allocated
to placebo or the participant had discontinued simvastatin
more than 24 hours prior to event (more than 5 half-lives); 40
mg if the event observed during the simvastatin, 40 mg, phase
and participant was taking simvastatin, 40 mg, or 24 hours af-
ter reducing simvastatin dose from 80 mg to 40 mg; and 80
mg if the event was observed while taking simvastatin, 80 mg,
or within 24 hours of discontinuing simvastatin, 80 mg. The
safety data are summarized as frequency of cumulative inci-
dence. Analyses were performed in Stata SE version 14 (Stata-
Corp) and independently double-coded in R version 4.0.2
(The R Foundation).

Results
Recruitment was between March 1, 2016, and March 31, 2018.
Of 332 patients screened, 235 were randomized; 117 were al-
located to simvastatin and 118 to placebo (Figure 1; eTable 1 in
Supplement 3). Of 332 patients assessed for eligibility, 32 de-
clined and 65 were ineligible. Of 235 recruited participants, 97
(41%) were female, 233 (99%) were White, and the mean (SD)
age was 65.4 (9.4) years. Of the 228 participants who com-
menced trial treatment, 216 progressed to the high-dose phase
at 1 month (evaluable sample; baseline characteristics sum-
marized in Table 1). At the primary end point (24 month), 178
of 216 (82.4%) of the mITT sample remained in the study, in-
cluding 88 of 107 (82.2%) in the simvastatin group and 90 of
109 (82.6%) in placebo group.

Figure 2 shows, by allocated group, the mean of the MDS-
UPDRS part III score while not taking medication at each time
point and the mean change between baseline and follow-up
time points with 95% CIs. At 12 months, mean (SD) change in
MDS-UPDRS part III score from baseline was −1.7 (10.9) in the
placebo group and 2.0 (11.8) in the simvastatin group (Figure 2;
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Table 2). At 24 months (primary end point), the mean (SD)
change was 2.4 (11.2) in the placebo group and 4.5 (12.2) in the
simvastatin group. The fully adjusted between-group differ-
ence (simvastatin minus placebo) in the 24-month change of
MDS-UPDRS part III score indicated that participants in the

simvastatin group had worsened, on average, by an addi-
tional 1.52 points (2-sided 80% CI, −0.77 to 3.80) compared
with the placebo group. The test of the futility hypothesis in-
dicated that simvastatin was futile as a treatment for PD
(P = .006). All prespecified sensitivity analyses of the pri-

Figure 1. CONSORT Diagram of the PD STAT Study

332 Participants assessed for eligibility

97 Excluded
65 Were ineligible
32 Declined

3 Withdrew from the study
1 Because of illness
1 Attended clinics
1 Became ineligible

3 Withdrew from the studya

3 Because of illness
3 Because of deterioration of PD
2 Attended clinics

1 Withdrew from the study
because of joint/muscle pain

235 Randomized

118 Randomized to placebo

115 Attended baseline visit

117 Randomized to simvastatin

114 Attended the 1-mo visit
109 Progressed to high dose

4 Discontinued IMP

90 Included in the primary analysis
4 Did not progress to high dose
2 Missing valid primary

outcome data

104 Attended the 12-mo visit
11 Discontinued IMP

96 Attended the 24-mo visit
15 Discontinued IMP

91 Attended the 26-mo visit

10 Withdrew from the studya

3 Because of illness
3 Had other commitments
1 Died
1 Had travel difficulties
1 Attended clinics
1 Because of joint/muscle pain
1 Because of deterioration of PD
1 Not taking medication
1 Because of poor compliance

8 Withdrew from the studya

5 Because of illness
2 Attended clinics
1 Because of deterioration of PD
1 Because of poor compliance
1 Became ineligible
1 Died

5 Withdrew from the studya

4 Attended clinics
3 Because of poor compliance

114 Attended baseline visit

111 Attended the 1-mo visit
107 Progressed to high dose

4 Discontinued IMP

88 Included in the primary analysis
5 Missing valid primary

outcome data
3 Did not progress to high dose

101 Attended the 12-mo visit
9 Discontinued IMP

96 Attended the 24-mo visit
14 Discontinued IMP

91 Attended the 26-mo visit

10 Withdrew from the studya

4 Because of illness
3 Because of deterioration of PD
2 Attended clinics
1 Because of poor compliance
1 Became ineligible 
1 Because of joint/muscle pain

5 Withdrew from the studya

1 Because of illness
1 Because of travel difficulties
1 Attended clinics
1 Died
1 Because of poor compliance
1 Because of joint/muscle pain

5 Withdrew from the study
4 Attended clinics
1 Because of illness

3 Withdrew from the studya

2 Became ineligible
1 Had travel difficulties
1 Attended clinics
1 Because of illness
1 Because of deterioration of PD

One participant who did not progress
to the high dose was also missing
valid primary outcome data.
IMP indicates investigational
medicinal product; PD, Parkinson
disease.
a Multiple reasons provided for

withdrawal.
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mary outcome indicated that simvastatin was futile (Table 2).
As there was no evidence that simvastatin was nonfutile,
a disease-modifying analysis, including the 26-month data,
was not performed.

The a priori repeated measures model of MDS-UPDRS part
III score while not taking medication, under superiority as-
sumptions, showed a mean between-group difference of 2.74
(95% CI, −0.11 to 5.58; P = .06) at 12 months and 1.17 (95% CI,
−1.78 to 4.13; P = .43) at 24 months. This prompted a post hoc
blinded futility analysis of the 12-month change in MDS-
UPDRS part III score, which indicated that the simvastatin
group had deteriorated, on average, by 2.74 points (80% CI,
0.75-4.35; P < .001) more than the placebo group. However, in

a (planned) superiority analysis, the between-group differ-
ence of the 12-month change in MDS-UPDRS part III score was
not statistically significant (mean difference in changes, 2.74;
95% CI, −0.38 to 5.85; P = .09) (Table 3).

Summary statistics for the secondary outcomes are shown
in Table 3. Where modeling assumptions were violated (mean
10-minute walk test time, HDL cholesterol level, Non-Motor
Symptom Scale, and King’s Parkinson Pain Scale), mean
between-group estimates are presented on the original scale
with bootstrapped CIs; conclusions were confirmed by fitting
both models to the log-transformed outcome data. Conclu-
sions regarding the statistical significance of the 24-month
between-group difference were the same for both sets of analy-

Table 1. Summary Statistics of the Baseline Characteristics by Allocated Group of All Participants
Who Progressed to the High-Dose Phase at 1 Month

Characteristic

No. (%)

Placebo (n = 109) Simvastatin (n = 107) Total (N = 216)
Age, mean (SD), y 64.8 (9.9) 65.9 (8.6) 65.3 (9.3)

Sex

Female 49 (45) 40 (37) 89 (41)

Male 60 (55) 67 (63) 127 (59)

Disease duration, mean (SD), y 9.8 (4.6) 9.5 (3.8) 9.7 (4.2)

Systolic blood pressure, mean (SD), mm Hg 128.9 (17.9) 125.7 (16.3) 127.3 (17.2)

BMI, mean (SD)a 26.8 (4.7) 26.2 (4.6) 26.5 (4.7)

MoCA score, mean (SD) 27.6 (2.4) 27.6 (2.2) 27.6 (2.3)

Ethnicityb

White 108 (99) 106 (99) 214 (99)

Other 1 (1) 1 (1) 2 (1)

Smoking status

Never 76 (70) 71 (66) 147 (68)

Ex-smoker 30 (27) 32 (30) 62 (29)

Light 3 (3) 3 (3) 6 (3)

Moderate 0 1 (1) 1 (0.5)

Relationship status

Single 7 (6) 5 (5) 12 (6)

Married or civil partnership 89 (82) 90 (84) 179 (83)

Separated 3 (3) 1 (1) 4 (2)

Divorced or partnership dissolved 6 (6) 7 (7) 13 (6)

Widowed or surviving partner 4 (4) 4 (4) 8 (4)

Living status

Live alone 10 (9) 12 (11) 22 (10)

Live with spouse or partner 95 (87) 92 (86) 187 (87)

Live with parent(s) 1 (1) 0 1 (0.5)

Live with children

<18 y 10 (9) 13 (12) 23 (11)

≥18 y 17 (16) 14 (13) 31 (14)

Live with nonfamily 1 (1) 1 (1) 2 (1)

QRISK2 risk score

≥10% 51 (47) 49 (46) 100 (46)

Median (IQR) 9.2 (3.7-16.0) 8.6 (5.8-15.9) 9.0 (4.7-16.0)

Cholesterol, mean (SD), mg/dL

HDL 61.8 (19.3) 61.8 (19.3) 61.8 (19.3)

Total 189.2 (42.5) 189.2 (38.6) 189.2 (42.5)

Total/HDL ratio 3.2 (1.0) 3.3 (1.0) 3.2 (1.0)

Hoehn and Yahr stage

1.0-2.0 74 (68) 75 (70) 149 (69)

2.5-3.0 35 (32) 32 (30) 67 (31)

Abbreviations: BMI, body mass index;
HDL, high-density lipoprotein;
MoCA, Montreal Cognitive
Assessment.

SI conversion factor: To convert
cholesterol to mmol/L, multiply by
0.0259.
a Calculated as weight in kilograms

divided by height in meters
squared.

b Ethnicity was defined by
investigators and assessed to
facilitate description of the study
sample. The other category
included Indian and unreported.
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ses (linear regression and repeated measures) of all second-
ary outcomes. The expected reductions in total cholesterol level
and total/HDL cholesterol ratio in the simvastatin group were
observed. There was evidence of a between-group difference
in LEDD at 12 months; mean LEDD in the simvastatin group
was 83.4 mg (95% CI, 27.1-139.7; P = .004) lower than in the
placebo group. There were no other statistically significant
between-group differences at 12 or 24 months. Planned
sensitivity analyses of the secondary outcomes of the non–
COVID-19 population yielded similar results to the mITT popu-
lation (eTable 2 in Supplement 3).

There were 74 SAEs reported by 49 participants who com-
menced trial treatment (eTable 3 in Supplement 3). No SAEs
occurred while participants were taking low-dose (40 mg) sim-
vastatin; 37 SAEs were reported among those taking high-
dose (80 mg) simvastatin and 37 SAEs among those not tak-
ing any active treatment (ie, 0 mg of simvastatin or placebo),
of which 8 were after simvastatin discontinuation of at least
8 days. Three participants’ SAE outcome (all having discon-
tinued simvastatin or taking placebo) was death.

In total, there were 321 AEs considered related to simva-
statin, reported by 72 participants (eTable 4 in Supple-
ment 3). Of these, 214 AEs were common adverse effects of sim-
vastatin (eTable 5 in Supplement 3); details can be found in
Supplement 2. The proportion of related AEs associated with
known adverse effects increased as the dose of simvastatin
increased (0 mg, 93 of 171 [54.4%]; 40 mg, 48 of 66 [72.7%];
80 mg, 68 of 80 [85.0%]). The most frequently observed com-
mon adverse effect across all groups was myalgia (0 mg, 62
[36.3%]; 40 mg, 30 [45.5%]; 80 mg, 54 [67.5%]). Of the 171 AEs
reported by participants not taking active treatment, 6 oc-
curred following simvastatin discontinuation of at least 6 days.

Discussion
We have demonstrated that daily simvastatin, 80 mg, pre-
scribed for 23 months, is futile for slowing motor progression

in patients with PD of moderate severity, as determined by
change in MDS-UPDRS part III score measured while not tak-
ing medication, a conclusion supported by the planned sen-
sitivity analyses. We found no evidence of statistically signifi-
cant differences between the simvastatin and placebo groups
at 24 months in other motor or nonmotor measures, quality
of life, or LEDD. Frequency and severity of AEs did not differ

Table 2. Results of the Fully Adjusted Linear Regression
Mixed-Effects Modelsa

Analysis
Mean between-group
difference (2-sided 80% CI)

Futility test
P value

Primary analysis

24-mo Change in MDS-UPDRS
part III score in mITT population

1.52 (−0.77 to 3.8) .003

Sensitivity analyses

24-mo Change in MDS-UPDRS
part III score

Excluding outliers in the mITT
population

0.82 (−1.08 to 2.72) .006

Visit location in the
non–COVID-19 population

1.62 (−0.70 to 3.93) .006

Unrestricted imputation

mITT population 1.10 (−1.16 to 3.36) .01

COVID-19 population 1.51 (−0.78 to 3.81) .007

CACE

Compliance (i) 2.17 (−1.29 to 5.64) .03

Compliance (ii) 2.08 (−1.26 to 5.42) .03

Treatment complianceb 1.74 (−1.03 to 4.51) .02

Post hoc analysis

12-mo Change in MDS-UPDRS
part III score

mITT populationb 2.74 (0.70 to 4.77) <.001

Excluding outliers 2.55 (0.75 to 4.35) <.001

Abbreviations: CACE, complier average causal effect; mITT, modified intention
to treat.
a Adjusted for baseline, age, sex, Parkinson disease duration, Hoehn and Yahr

stage as fixed effects and study center as a random effect, with futility tests of
the primary outcome for the primary, planned sensitivity, and post hoc analyses.

b Post hoc analysis.

Figure 2. Mean Movement Disorder Society Unified Parkinson Disease Rating Scale (MDS-UPDRS) Part III Score by Allocated Group
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MDS-UPDRS part III score while not taking medication and mean of the change in MDS-UPDRS part III score from baseline to follow-up time point,
including participants who progressed to the high dose at 1 month who had valid outcome data at each time point.
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Table 3. Summary Statistics of Those Who Progressed to the High-Dose Phase at 1 Month With Valid Outcome Measurement by Visit Montha

Visit, mo

Placebo Simvastatin Fully adjusted mean between-group difference (2-sided 95% CI)
Total,
No. Mean (SD)

Total,
No. Mean (SD) 24-mo Linear regression model Repeated-measures model

MDS-UPDRS part III score
while not taking medicationb

0 109 35.1 (13.8) 107 33.3 (13.7) NA NA

12 97 33.3 (15.5) 97 34.7 (16.0) NA 2.74 (−0.11 to 5.58)

24 90 36.4 (15.9) 88 37.0 (16.7) NA 1.17 (−1.78 to 4.13)

26 72 34.7 (15.4) 68 35.0 (12.8) NA NA

HDL cholesterol, mg/dL

0 109 61.8 (19.3) 107 61.8 (19.3) NA NA

12 93 61.8 (23.2) 96 61.8 (15.4) NA −0.05 (−0.18 to 0.07)c

24 83 65.6 (27.0) 86 61.8 (23.2) 0.001 (−0.14 to 0.14)c 0.01 (−0.16 to 0.14)c

26 68 57.9 (19.3) 68 57.9 (15.4) NA NA

Total cholesterol, mg/dL

0 109 189.2 (42.5) 107 189.2 (38.6) NA NA

12 97 193.1 (34.8) 97 135.1 (34.8) NA −1.47 (−1.70 to −1.25)

24 87 185.3 (42.5) 88 139.0 (38.6) −1.15 (−1.41 to −0.88) −1.15 (−1.38 to −0.91)

26 70 193.1 (1.2) 69 189.2 (38.6) NA NA

Total/HDL cholesterol ratio

0 109 3.2 (1.0) 107 3.3 (1.0) NA NA

12 93 3.3 (1.0) 96 2.3 (0.7) NA −0.99 (−1.19 to −0.78)

24 83 3.1 (1.0) 86 2.4 (0.9) −0.69 (−0.90 to −0.48) −0.70 (−0.91 to −0.49)

26 68 3.5 (1.0) 68 3.4 (1.0) NA NA

Bradykinesia Akinesia Incoordination
Tap Test while not taking medicationb,d

0 91 45.2 (12.0) 92 46.1 (11.9) NA NA

12 85 44.9 (12.5) 81 45.4 (13.9) NA 0.25 (−2.20 to 2.72)

24 74 44.5 (13.1) 72 44.1 (14.0) −1.25 (−4.35 to 1.85) −1.58 (−4.15 to 0.99)

26 66 44.3 (12.6) 56 43.2 (14.1) NA NA

Mean 10-minute walk test time
while not taking medication, sb

0 108 6.8 (10.3) 105 7.7 (11.6) NA NA

12 94 5.7 (3.5) 95 6.2 (12.4) NA −0.69 (−2.94 to 1.57)c

24 84 6.3 (5.5) 79 5.5 (3.1) −0.64 (−1.61 to 0.33)c −0.88 (−2.91 to 1.14)c

26 73 6.0 (3.8) 66 6.2 (5.0) NA NA

10-Minute walk test completed at least
1 test while not taking medication,
No. (%)b

0 109 108 (99) 107 105 (98) NA NA

12 97 94 (97) 97 95 (98) NA NA

24 91 84 (92) 94 79 (96) Odds ratio, 0.50 (0.18 to 1.43) NA

26 87 73 (84) 86 66 (77) NA NA

MDS-UPDRS part II scoreb

0 108 10.8 (7.1) 106 10.6 (6.0) NA NA

12 100 12.1 (8.1) 91 11.7 (7.4) NA 0.03 (−1.30 to 1.23)

24 85 11.4 (7.1) 90 13.1 (8.6) 0.97 (−0.52 to 2.46) 1.07 (−0.25 to 2.39)

26 83 12.3 (7.5) 85 12.6 (8.5) NA NA

MDS-UPDRS total score
while taking medicationb

0 107 46.3 (21.5) 106 45.9 (18.3) NA NA

12 99 47.8 (23.5) 91 50.0 (21.4) NA 2.89 (−0.98 to 6.77)

24 85 49.1 (22.9) 87 51.6 (22.1) 0.45 (−4.11 to 5.01) 0.66 (−3.39 to 4.70)

26 70 53.2 (24.9) 69 48.7 (17.5) NA NA

PDQ-39 total scoreb

0 99 16.3 (12.0) 98 14.4 (10.2) NA NA

12 81 19.0 (14.7) 79 15.9 (11.5) NA −1.98 (−4.46 to 0.51)

24 73 18.2 (14.0) 76 17.1 (11.8) 0.41 (−2.41 to 3.22) −0.05 (−2.51 to 2.60)

26 70 18.7 (14.6) 68 14.8 (10.8) NA NA

(continued)
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between the 2 groups and are similar to those previously
reported.18

Retention of 82% of participants at the 24-month pri-
mary end point exceeded the required sample size. Our study
sample was similar in terms of disease duration and baseline
motor characteristics to that in the study from which the
sample size calculation was derived.13 The calculation was
based on the published MCID for the UPDRS part III score while
not taking medication12 during study development. A subse-
quent publication evaluating the MCID for the MDS-UPDRS part
III score while not taking medication suggested an MCID of
−3.25 points for improvement and 4.63 points for worsening.19

Using these updated figures further supports our finding of the
futility of simvastatin, although a potential cumulative ben-
efit that might have accrued with longer-term exposure has
not been explored. In our study, we observed the expected rate
of progression in MDS-UPDRS part III score in the simvastatin-
allocated group, with a lower-than-expected progression rate
in the placebo-allocated group. The higher proportion of fe-
male participants within the placebo group, who may be more
likely to have more slowly progressing tremor-dominant PD,20

may have contributed to this finding.
To maximize retention, particularly in view of the need for

assessments while not taking medication, we allowed home

Table 3. Summary Statistics of Those Who Progressed to the High-Dose Phase at 1 Month With Valid Outcome Measurement by Visit Montha (continued)

Visit, mo

Placebo Simvastatin Fully adjusted mean between-group difference (2-sided 95% CI)
Total,
No. Mean (SD)

Total,
No. Mean (SD) 24-mo Linear regression model Repeated-measures model

NMSS total scoreb

0 108 39.1 (31.4) 104 38.9 (31.1) NA NA

12 96 41.7 (30.9) 94 38.9 (29.3) NA −1.98 (−9.30 to 5.35)c

24 88 37.9 (29.9) 88 40.9 (27.4) 3.11 (−3.77 to 9.98)c 3.02 (−4.18 to 10.22)c

26 86 37.7 (34.1) 83 39.8 (29.0) NA NA

KPPS total scoreb

0 108 12.7 (13.0) 106 11.1 (11.8) NA NA

12 99 13.5 (13.9) 98 12.1 (14.5) NA 0.12 (−3.06 to 3.29)c

24 91 13.5 (15.0) 92 13.1 (13.7) 0.72 (−2.35 to 3.78)c 0.49 (−3.16 to 4.15)c

26 87 13.3 (15.6) 86 13.0 (12.3) NA NA

LEDD, mg

0 109 606.4 (302.5) 107 608.6 (286.2) NA NA

12 100 729.1 (359.6) 98 646.6 (311.6) NA −83.40 (−139.68 to −27.12)

24 91 734.0 (344.5) 93 744.0 (351.8) −18.99 (−87.32 to 49.34) −6.35 (−64.38 to 51.67)

26 87 756.7 (372.8) 87 749.9 (375.1) NA NA

Hemoglobin A1c, mmol/mol

0 109 36.5 (3.9) 107 36.3 (4.6) NA NA

24 84 36.9 (3.9) 86 37.1 (4.1) 0.31 (−0.46 to 1.08) NA

Diabetes

0 109 0 107 1 (0.9) NA NA

24 84 1 (1.2) 86 1 (1.2) Odds ratio, 0.86 (0.05 to 14.6) NA

ACE-III total score

0 109 93.8 (6.1) 105 94.6 (4.5) NA NA

12 98 93.4 (7.5) 96 94.1 (5.6) NA 0.58 (−0.73 to 1.88)c

24 89 94.2 (5.6) 85 94.0 (5.9) −0.11 (−1.28 to 1.07)c 0.10 (−1.00 to 1.20)c

26 73 94.7 (6.5) 73 93.3 (8.1) NA NA

MADRS total scoreb

0 109 7.3 (5.8) 107 6.0 (5.2) NA NA

12 99 7.6 (6.2) 97 6.7 (6.1) NA −0.26 (−1.62 to 1.11)

24 90 6.9 (5.7) 92 7.1 (5.3) −0.62 (−0.79 to 2.04) 0.69 (−0.73 to 2.10)

26 86 6.7 (7.3) 85 7.4 (5.6) NA NA

Abbreviations: ACE, Addenbrooke Cognitive Examination;
HDL, high-density lipoprotein; KPPS, King’s Parkinson Disease Pain Scale;
LEDD, levodopa-equivalent daily dose; MADRS, Montgomery-Åsberg
Depression Rating Scale; MDS-UPDRS, Movement Disorder Society Unified
Parkinson Disease Rating Scale; NA, not applicable; NMSS, Non-Motor
Symptom Scale; PDQ-39, Parkinson Disease Questionnaire.

SI conversion factor: To convert cholesterol to mmol/L, multiply by 0.0259.
a All models were adjusted for age and PD duration at baseline, sex, and Hoehn

and Yahr stage as fixed effects and study center as random effects. In addition,

the 24-month model included the corresponding outcome measure at
baseline as a fixed effect and the repeated-measures model included
participants nested within study center as a random effect.

b Higher scores indicates worse outcome.
c CIs calculated from bootstrapped SE estimate.
d Bradykinesia Akinesia Incoordination Tap Test measured as frequency

of key presses in 30 seconds.
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visits to be conducted if required. In addition, 6 of our pri-
mary outcome assessments at the 24-month follow-up were
conducted by video because of lockdown necessitated by the
COVID-19 pandemic.21 However, sensitivity analyses demon-
strate that neither visit location nor outcome assessment
modality influenced our primary finding.

There were some interesting findings in our study. First,
there was nonsignificant worsening of MDS-UPDRS part III
score in participants taking simvastatin compared with those
taking placebo. It has been suggested that there may be an in-
verse association between serum cholesterol level and rate of
PD progression22 as well as cognitive and motor function,23

which may underlie the trend observed, as well as the differ-
ence in MDS-UPDRS part III score in favor of placebo at 12
months. However, we also found a greater increase in LEDD
in the placebo group at 12 months compared with the simva-
statin group, which might have affected the outcome mea-
sures at this time point. We undertook assessments in the prac-
tically defined state of not taking medication, but nevertheless,
long-duration effects of dopamine replacement therapies,
including levodopa, are an important potential confounder,24

which we will evaluate in post hoc analyses.
MDS-UPDRS part III score improved for both groups at 26

months compared with 24 months for participants having
in-person assessments. This could be due to those with more
severe disease withdrawing from the study or having their
26-month visits conducted remotely (with remote assess-
ments exceeding the missing-item threshold for imputation/
calculation of outcome, thus leading to a biased sample).
However, this observation could relate to other factors influ-
encing the outcome measure such as the participant’s trial ex-
perience. Understanding such potential influences could be
important for future studies.

Limitations
This study recruited participants with moderate PD, rather than
an incident medication-naive population. To standardize mo-
tor assessments to account for the variable response to dopamine
replacement therapy, we included the presence of wearing-off
phenomenon as an inclusion criterion and primary outcome

assessments were conducted in the practically defined state of
not taking medication. To maximize retention, we allowed for
continued titration of dopamine replacement therapies. This ap-
proach also reduced the risk of inclusion of atypical PD but po-
tentiallyreducedsensitivityoftheoutcomemeasuretochange.25

Additionally, the lack of ethnic diversity among trial participants
limits the generalizability of the findings.

It could be that investigation in particular subgroups or very
early PD might be more fruitful in terms of detecting a protec-
tive effect,24 a notion supported by epidemiological studies
demonstrating a reduced risk of PD with statin use5-7 and the
recently reported trial of lovastatin,26 although the trend in
favor of treatment reported in that small, short-duration study
was not statistically significant.

There are many potential mechanisms by which simva-
statin might exert a protective effect2 but none that lends itself
readily to demonstration of target engagement or biological
effect within the context of a clinical trial. Simvastatin is known
to be one of the more brain-penetrant statins, and our chosen
dose of 80 mg once daily, as well as being the maximum li-
censed dose, is also the dose demonstrated to have efficacy
in a phase 2 study in individuals with secondary multiple
sclerosis.18 We saw the expected reduction in cholesterol lev-
els in participants taking simvastatin, providing objective evi-
dence of adherence. We are as confident as we can be that the
dosing was adequate to achieve a response.

Conclusions
In this study, we have robustly demonstrated futility of
simvastatin for slowing motor progression in patients with
moderate severity PD. The relationship between PD and
cardiovascular risk factors, including cholesterol level, is
complicated.27 A better understanding of the interplay be-
tween the potential protective effect of statins, the potential
negative effect of low cholesterol level, the stage of disease,28

and relevant comorbidities might inform whether, when,
and in whom statins merit further investigation as disease-
modifying therapy in PD.
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