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A Randomized Clinical Trial of High-Dosage
Coenzyme Q10 in Early Parkinson Disease
No Evidence of Benefit
The Parkinson Study Group QE3 Investigators

IMPORTANCE Coenzyme Q10 (CoQ10), an antioxidant that supports mitochondrial function,
has been shown in preclinical Parkinson disease (PD) models to reduce the loss of dopamine
neurons, and was safe and well tolerated in early-phase human studies. A previous phase II
study suggested possible clinical benefit.

OBJECTIVE To examine whether CoQ10 could slow disease progression in early PD.

DESIGN, SETTING, AND PARTICIPANTS A phase III randomized, placebo-controlled,
double-blind clinical trial at 67 North American sites consisting of participants 30 years of age
or older who received a diagnosis of PD within 5 years and who had the following inclusion
criteria: the presence of a rest tremor, bradykinesia, and rigidity; a modified Hoehn and Yahr
stage of 2.5 or less; and no anticipated need for dopaminergic therapy within 3 months.
Exclusion criteria included the use of any PD medication within 60 days, the use of any
symptomatic PD medication for more than 90 days, atypical or drug-induced parkinsonism, a
Unified Parkinson’s Disease Rating Scale (UPDRS) rest tremor score of 3 or greater for any
limb, a Mini-Mental State Examination score of 25 or less, a history of stroke, the use of
certain supplements, and substantial recent exposure to CoQ10. Of 696 participants
screened, 78 were found to be ineligible, and 18 declined participation.

INTERVENTIONS The remaining 600 participants were randomly assigned to receive placebo,
1200 mg/d of CoQ10, or 2400 mg/d of CoQ10; all participants received 1200 IU/d of vitamin E.

MAIN OUTCOMES AND MEASURES Participants were observed for 16 months or until a
disability requiring dopaminergic treatment. The prospectively defined primary outcome
measure was the change in total UPDRS score (Parts I-III) from baseline to final visit. The
study was powered to detect a 3-point difference between an active treatment and placebo.

RESULTS The baseline characteristics of the participants were well balanced, the mean age
was 62.5 years, 66% of participants were male, and the mean baseline total UPDRS score was
22.7. A total of 267 participants required treatment (94 received placebo, 87 received 1200
mg/d of CoQ10, and 86 received 2400 mg/d of CoQ10), and 65 participants (29 who
received placebo, 19 who received 1200 mg/d of CoQ10, and 17 who received 2400 mg/d of
CoQ10) withdrew prematurely. Treatments were well tolerated with no safety concerns. The
study was terminated after a prespecified futility criterion was reached. At study termination,
both active treatment groups showed slight adverse trends relative to placebo. Adjusted
mean changes (worsening) in total UPDRS scores from baseline to final visit were 6.9 points
(placebo), 7.5 points (1200 mg/d of CoQ10; P = .49 relative to placebo), and 8.0 points (2400
mg/d of CoQ10; P = .21 relative to placebo).

CONCLUSIONS AND RELEVANCE Coenzyme Q10 was safe and well tolerated in this population,
but showed no evidence of clinical benefit.

TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00740714

JAMA Neurol. 2014;71(5):543-552. doi:10.1001/jamaneurol.2014.131
Published online March 24, 2014.
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P arkinson disease (PD) is a progressive neurodegen-
erative disorder commonly resulting in the loss of
motor function, in nonmotor symptoms, and in cog-

nitive decline. It affects 4.1 to 4.6 million people worldwide,
and its prevalence is predicted to more than double by
2030.1 Strong evidence has emerged that mitochondrial dys-
function and increased oxidative stress play a pivotal role in
the pathogenesis of PD, providing a robust scientific ratio-
nale for testing potential “neuroprotectants” that target
these processes.2-4 Coenzyme Q10 (CoQ10) is a key compo-
nent of the electron transport chain responsible for mito-
chondrial adenosine triphosphate generation, leads to
decreased free radical generation, and, in its reduced form,
acts as a powerful antioxidant.5 Coenzyme Q10 levels and
redox status have been shown to be altered in individuals
with PD,6 and CoQ10 has neuroprotective effects in multiple
in vitro and animal models of neuronal toxicity, including
the MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)
model of PD.7 Finally, CoQ10 has shown promising clinical
benefits in small human studies of progressive supranuclear
palsy, Huntington disease, and Friedreich ataxia.8-10

A randomized, double-blind, placebo-controlled, multi-
center phase II study of CoQ10 in early PD examined the
effects of 300, 600, and 1200 mg/d vs placebo (all dosages,
including placebo, also contained 1200 IU of vitamin E).
Eighty participants were observed for 16 months or until
dopaminergic therapy was required, whichever came first.11

Coenzyme Q10 supplementation was associated with a
trend toward decreased functional decline in participants
(P = .09), as indicated by the change in total Unified Parkin-
son’s Disease Rating Scale (UPDRS) score (Parts I-III) from
baseline to last visit, and those assigned to receive 1200
mg/d of CoQ10 had a nominally significantly improved out-
come (44% reduction) compared with those assigned to
receive placebo (P = .04). Moreover, increased platelet mito-
chondrial complex I and II/III activities were demonstrated
in participants assigned to receive CoQ10 vs those assigned
to receive placebo (P = .04). Because CoQ10 is not known to
provide symptomatic benefit,12 these results suggested a
possible disease-modifying effect. The QE3 study was
designed to test the hypothesis that a high dose of CoQ10
would slow functional decline in early PD.

Methods
The QE3 trial (Coenzyme Q10 in Early Parkinson Disease) was
a phase III multicenter, randomized, double-blind, placebo-
controlled study examining the efficacy of 1200 and 2400 mg/d
CoQ10 in reducing functional decline in patients with early PD
who had not yet developed a disability requiring dopaminer-
gic therapy. The primary clinical outcome was change in total
UPDRS score from baseline to the 16-month visit, or to the last
visit prior to development of sufficient symptoms requiring
dopaminergic therapy (“end point”) if this occurred earlier. Sec-
ondary outcomes included time to reach end point; changes
in mental, motor, and activities of daily living UPDRS
subscales13; changes in Modified Schwab and England activi-

ties of daily living scale; and changes in modified Rankin and
symbol digit scores.

Participants were randomly assigned to receive 1200 mg/d
of CoQ10, 2400 mg/d of CoQ10, or a matching placebo, each
with 1200 IU/d of vitamin E. The vitamin E was used in com-
bination with CoQ10 owing to reports that they may have syn-
ergistic antioxidant effects and that vitamin E may enhance
CoQ10 absorption.

Randomization was conducted at the baseline visit
within 30 days of the screening visit, which was conducted
to assess eligibility and obtain consent. Eligibility criteria
included being 30 years of age or older, the presence of all 3
cardinal signs of PD (rest tremor, bradykinesia, and rigidity),
a modified Hoehn and Yahr stage of 2.5 or less, and no cur-
rent or anticipated disability requiring dopaminergic
therapy in the next 3 months. Major exclusion criteria
included the use of any PD medication within 60 days of the
baseline visit, the use of any symptomatic PD medication
for more than 90 days, atypical or drug-induced parkinson-
ism, a diagnosis of PD of 5 years’ or more duration, a UPDRS
rest tremor score of 3 or greater for any limb, a Mini-Mental
State Examination score of 25 or less,14 and a history of
stroke or other serious illness. Individuals taking certain
supplements judged to influence outcome measures, neuro-
leptic individuals, individuals receiving dosages of vitamin
E exceeding 800 IU or of vitamin C exceeding 300 mg, or
individuals with substantial exposure to CoQ10 within 120
days were also excluded. Women of childbearing potential
were required to use a reliable form of contraception from
60 days prior to baseline visit until 30 days after the final
dose of the study drug.

Participants were then reevaluated at 1, 4, 8, 12, and 16
months, by the site investigator, for PD disability sufficient to
require dopaminergic therapy and for UPDRS score. A partici-
pant judged by the site investigator to have reached the end
point of disability, at or between scheduled visits, was deemed
to have completed the study, and his or her total UPDRS score
at that visit (prior to commencing symptomatic therapy) was
taken as his or her primary outcome measure.

Safety information obtained at all study visits included data
on adverse events, data from clinical laboratory studies, vital
sign data, and results of general physical and neurological ex-
aminations, along with the annual results of dermatologic ex-
aminations. Adverse events, including serious adverse events,
were reviewed throughout the trial by the independent medi-
cal monitor, the steering committee, and the independent data
and safety monitoring board (DSMB). Provision was made for
investigator-initiated temporary or permanent dose reduc-
tions or suspensions due to adverse effects.

Blood samples for CoQ10 plasma analysis were obtained
at baseline and at 1, 8, and 16 months. Compliance was tracked
through medication logs. Use of concomitant medications was
tracked at all visits. Participants provided written informed con-
sent and received no compensation. The protocol and con-
sent documents were approved by institutional review boards
at all participating sites.

The primary statistical analysis used analysis of covari-
ance, with change in total UPDRS score from baseline to the
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last study visit as the primary outcome measure, the baseline
total UPDRS score entered as a continuous predictor, and the
enrolling investigator and assigned treatment as categorical
predictors.

Sites enrolling fewer than 4 participants were grouped to-
gether. Separate comparisons were made for each active dos-
age against placebo. A Bonferroni correction was used (and ac-
counted for in the sample size calculations) to maintain an
overall 2-sided α level of .05. Secondary outcomes were simi-
larly analyzed. Repeated measures analyses, using data ob-
tained at all follow-up visits, were also performed. Time to
reach the end point of disability was analyzed using Kaplan-
Meier plots, log-rank tests, and the proportional hazards model.

Our study was powered to detect a difference of 3.0 points
in the primary outcome measure between placebo and active
treatment groups. After allowance for an estimated 10% of early
dropouts, and assuming a residual standard deviation of 8.0
units in the primary outcome model, a value consistent with
other recent studies in early PD,15 the required sample size was
200 participants per group, with a total of 600 participants.

Study personnel, including site investigators and coordi-
nators, principal investigators (PIs), the steering committee,
and the study biostatistician, remained blinded to treatment
assignments throughout the study. The independent DSMB
monitored study progress with access to unblinded data. In ad-
dition to monitoring the occurrence of adverse events, early
terminations, and other study incidents, the DSMB reviewed
3 prespecified interim analyses of the primary outcome mea-
sure for efficacy (based on the first 150, 300, and 450 partici-
pants) and 1 prespecified interim analysis for futility (based on
the first 300 participants). A Peto-Haybittle stopping rule, ad-
justed for multiple comparisons, was used for efficacy, requir-
ing a nominal P < .0005 for early stopping. The futility analy-
sis used a predictive power criterion so that an active treatment
arm would be terminated if the likelihood of its demonstrat-
ing a statistically significant benefit over placebo was less than
10%.

Results
Enrollment and Participant Characteristics
Of the 696 patients with early PD who were screened, 600 were
enrolled between January 2009 and October 2010 (Figure 1) at
67 participating Parkinson Study Group research sites (http:
//www.parkinson-study-group.org) (520 participants at 60 US
sites and 80 participants at 7 Canadian sites). At baseline, the
demographic and clinical variables were comparable across
treatment groups (Table 1), although the placebo group was
slightly younger and less impaired. The mean age of the par-
ticipants was 62.5 years, the male to female ratio was 2 to 1,
and the total UPDRS score at baseline was 22.8 points. A total
of 45 participants (7.5%) were minorities.

Study Termination and Disposition
On April 29, 2011, the DSMB informed the PIs that both active
treatment groups had reached the prespecified termination cri-
terion for futility. Following confirmation by an independent

statistician, site investigators were informed on May 6, 2011,
that the study was terminating for futility. No safety con-
cerns having arisen, active participants were so informed by
site investigators and were encouraged to continue their as-
signed study medication until a final study visit (scheduled by
June 30, 2011). The study leaders addressed participants’ ques-
tions during 2 conference calls.

Following database closeout, final clinical data analysis was
conducted in December 2011. A final database of plasma lev-
els of CoQ10 was received in October 2013. The initially re-
ported values were in error in that they included only the oxi-
dized CoQ10 plasma levels. The correct values of the total
CoQ10 plasma level were obtained by summing the reduced
and oxidized levels. This report details all safety and efficacy
data collected prior to study termination. The mean fol-
low-up time was 10.4 months.

The numbers of participants who prematurely withdrew
from the study (Figure 1; eTable 1 and eFigure 1 in the Supple-
ment) were as follows: 29 participants who received placebo,
19 participants who received 1200 mg/d of CoQ10, and 17 par-
ticipants who received 2400 mg/d of CoQ10. The numerical
trend toward a higher withdrawal rate in the placebo group was
not statistically significant. The numbers of participants re-
quiring symptomatic therapy were 94, 87, and 86, respec-
tively, with no significant difference shown between groups.
A total of 108 participants (32 receiving placebo, 38 receiving
1200 mg/d of CoQ10, and 38 receiving 2400 mg/d of CoQ10)
were still active at study termination.

Safety
Tolerability
Coenzyme Q10 was well tolerated, with only 10 of 397 partici-
pants (2.5%) in the CoQ10 groups withdrawing owing to ad-
verse events or drug intolerance, compared with 4 of 203 par-
ticipants (2.0%) in the placebo group. In the CoQ10 groups, the
adverse events leading to withdrawal that were judged to have

Figure 1. Participant Flowchart and Status at Study Termination
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a possible relation to the study drug were nausea, abdominal
pain, or vomiting (2 participants); diarrhea; worsening depres-
sive symptoms; palpitations; constipation; insomnia; and diz-
ziness. Drug dosage was reduced for 12 participants assigned
to CoQ10 (3.0%), compared with 2 participants assigned to re-
ceive placebo (1.0%), and drug treatment was suspended (tem-
porarily or permanently) for 8.3% of participants assigned to
receive CoQ10 compared with 6.4% of participants assigned
to receive placebo. Compliance rates were similar across
groups.

Adverse Events
Overall, 73.5% of participants reported an adverse event (mean
number of adverse events, 2.3 [range, 0-19]). These events were
usually mild (for 62.7% of participants) and considered unre-
lated to the study drug (for 59.6% of participants). There were
no group differences in the number of adverse events re-
ported, nor in the proportions of participants reporting an ad-
verse event, a moderate or severe adverse event, or adverse
events with any potential relation to the study drug (unlikely
or greater). There were no clinically significant differences
among treatment groups in any laboratory measure, in vital

signs, or in electrocardiogram measures. Table 2 lists the most
common adverse events. Hypertension and insomnia were re-
ported more frequently in the CoQ10 groups, but at low rates.

Serious Adverse Events
Among 33 participants, there were 41 serious adverse
events. One serious adverse event, severe gastrointestinal
bleeding in association with angiodysplasia, was considered
to be possibly related to the study medication. Other serious
adverse events that were considered unlikely to be due to
CoQ10 were pulmonary embolism, atrial fibrillation, gastro-
intestinal bleeding, coronary artery disease, and multiple
myeloma. In the placebo arm, potentially related (unlikely
or greater) serious adverse events included prostatitis, exac-
erbation of chronic obstructive pulmonary disease, chest
pain, vertigo, and elevated creatine kinase level. One death,
due to a cardiac arrest 8 days after study completion,
occurred in the group of participants who received 1200
mg/d of CoQ10. Four types of cancer were identified during
the study: 2 types in the placebo arm (colon cancer and
breast cancer) and 2 types in the CoQ10 arms (multiple
myeloma and recurrence of prostate cancer).

Table 1. Baseline Demographic and Clinical Characteristics by Assigned Treatment

Characteristic

Treatment Group

P Value
Placebo

(n = 203)

Coenzyme Q10
1200 mg
(n = 201)

2400 mg
(n = 196)

Categorical variables,
No. (%) of participants

Male sex 130 (64.0) 139 (69.2) 128 (65.3) .53

White race 188 (92.6) 187 (93.0) 178 (90.8) .56

Education, y

<9 5 (2.5) 6 (3.0) 12 (6.1) .34

9-11 8 (3.9) 6 (3.0) 11 (5.6)

12 29 (14.3) 30 (14.9) 30 (15.3)

13 37 (18.2) 25 (12.4) 29 (14.8)

14 19 (9.4) 18 (9.0) 10 (5.1)

16 50 (24.6) 59 (29.4) 54 (27.6)

>16 55 (27.1) 57 (28.4) 50 (25.5)

Continuous variables, mean (SD)

Age, y 61.3 (10.5) 63.3 (9.8) 62.8 (9.7) .11

Age at onset, y 59.7 (10.6) 61.8 (10.2) 61.2 (9.6) .10

Age at diagnosis, y 61.1 (10.6) 63.2 (9.9) 62.6 (9.7) .10

Duration of PD, y 2.0 (1.5) 2.1 (1.5) 2.2 (1.9) .40

Diagnosed, y 0.7 (0.8) 0.6 (0.7) 0.8 (0.9) .09

UPDRS score

Total 22.7 (9.8) 22.7 (8.4) 22.8 (8.7) .94

Mental 0.7 (1.0) 0.8 (1.1) 0.7 (1.1) .88

ADL 5.5 (3.2) 5.8 (2.9) 5.6 (2.9) .54

Motor 16.5 (7.7) 16.2 (7.0) 16.4 (6.8) .83

Hoehn and Yahr stage 1.6 (0.5) 1.7 (0.5) 1.6 (0.5) .69

Modified SE-ADL scale 94.5 (4.8) 94.6 (4.7) 94.0 (5.3) .84

PDQOL scale 25.5 (12.7) 25.1 (12.9) 25.9 (14.2) .89

Modified Rankin score 1.1 (0.3) 1.1 (0.3) 1.0 (0.3) .33

Symbol digit score 43.6 (17.0) 44.0 (16.7) 43.0 (16.4) .76

Abbreviations: ADL, activities of daily
living; PD, Parkinson disease; PDQOL,
Parkinson Disease Quality of Life; SE,
Schwab and England; UPDRS, Unified
Parkinson’s Disease Rating Scale.
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Efficacy
Figure 2 shows changes from baseline to each visit in the pri-
mary outcome measure of total UPDRS score (actual data, no
imputation). Table 3 shows the results of the prespecified pri-
mary and secondary analyses; for the primary analysis, the mean
total UPDRS scores increased from baseline by 6.9 (placebo), 7.5
(1200 mg/d of CoQ10; P = .49 relative to placebo), and 8.0 (2400
mg/d of CoQ10; P = .21 relative to placebo) points, showing that
both active treatment groups fared slightly worse than the pla-
cebo group, although differences were not statistically signifi-
cant (eTable 2 in the Supplement). The secondary outcomes also
showed no benefit of CoQ10 against placebo, nor did the re-
peated measures analysis (data not shown; eFigure 2 in the
Supplement shows the raw changes from baseline for each sec-
ondary outcome). Subgroup analyses (eTable 3 in the Supple-
ment) showed no differences in overall findings by sex, age, or

disease severity (P > .10 for interaction in all cases). Among the
participants who reached the clinical end point of disability, the
mean total UPDRS scores at end point were 35.4 (placebo), 35.2
(1200 mg/d of CoQ10), and 36.5 (2400 mg/d of CoQ10), approxi-
mately 11 points greater than at baseline and comparable across
groups (eTable 4 in the Supplement). These treatment thresh-
olds are similar to those observed in the QE2 study and other
recent studies in early PD.

Compliance as judged by medication logs was generally ex-
cellent. Analyses of CoQ10 levels show clear differences between
the treatment groups (eTable 5 and eFigure 3 in the Supplement),
and the achieved levels for participants in the active treatment
groups were in line with those anticipated.16 Correlations be-
tween achieved blood levels and changes in total UPDRS scores
from baseline were small and nonsignificant for all participants
and within each treatment group (data not shown).

Figure 2. Change in Total UPDRS Score From Baseline to Each Study Visit
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Table 2. Adverse Events That Occurred in More Than 3% of Study Participantsa

Adverse Event

Treatment Group, No. (%) of Participants

Placebo

Coenzyme Q10

1200 mg 2400 mg
Back pain 9 (4.4) 13 (6.5) 9 (4.6)

Constipation 7 (3.4) 13 (6.5) 7 (3.6)

Insomniab 6 (3.0) 13 (6.5) 6 (3.1)

Anxiety 14 (6.9) 13 (6.5) 12 (6.1)

Tremor 8 (3.9) 13 (6.5) 10 (5.1)

Nasopharyngitis 3 (1.5) 9 (4.5) 7 (3.6)

Diarrhea 11 (5.4) 9 (4.5) 6 (3.1)

Headache 11 (5.4) 8 (4.0) 9 (4.6)

Urinary tract infection 3 (1.5) 8 (4.0) 6 (3.1)

Nausea 10 (4.9) 7 (3.5) 7 (3.6)

Hypertensionc 0 (0.0) 7 (3.5) 5 (2.6)

Depression 14 (6.9) 6 (3.0) 9 (4.6)

Dizziness 5 (2.5) 6 (3.0) 7 (3.6)

Fall 7 (3.4) 6 (3.0) 6 (3.1)

a P values were calculated by use of
the χ2 test for heterogeneity. There
were no statistically significant
differences between treatment
groups other than those indicated.

b P = .04 for insomnia of
moderate/severe intensity; when
including all reported cases of
insomnia, the groups were not
significantly different.

c P = .03.
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Discussion

The QE3 study tested the hypothesis that high dosages of CoQ10
could slow functional decline in early PD, as suggested by the
results of the phase II QE2 study. The QE3 study was well pow-
ered to detect substantially smaller therapeutic effects of CoQ10
than those seen in the QE2 study. The CoQ10 dosages in the
QE3 study included the highest dosage used in the QE2 study
and an additional higher dosage, and, as in the QE2 study, in-
cluded 1200 IU/d of vitamin E for all groups. Apart from the
sample size, the QE3 protocol, including inclusion and exclu-
sion criteria, closely matched the QE2 protocol. The target en-
rollment of 600 participants was achieved, and the partici-
pants were demographically and clinically similar to those in
the QE2 study. There were no major imbalances between treat-
ment groups regarding baseline variables, premature with-
drawals, serious adverse events, or other study incidents that
could explain the different results for the 2 studies. The QE3
study confirmed the safety and tolerability of high dosages of
CoQ10. However, in the QE3 study, neither of the active treat-
ment groups showed any benefit compared with the placebo
group. Moreover, the adverse trend in the primary outcome
measure crossed the futility threshold, leading to the termi-
nation of the study. The QE3 study therefore shows no evi-
dence of a benefit from high dosages of CoQ10, and it fails to
confirm the results of the QE2 study.

Following the completion of the QE2 study, and prior to
the completion of the QE3 study, other studies have exam-
ined the effects of high-dosage CoQ10 in early untreated PD.
In a randomized double-blind study that enrolled 213 pa-
tients, the National Institute of Neurological Disorders and
Stroke Neuroprotection Exploratory Trials in PD (NET-PD) in-
vestigators compared the change in total UPDRS score over 1
year among the 71 patients receiving 2400 mg of CoQ10, with
futility criteria established from placebo data from the Depre-
nyl and Tocopherol Antioxidative Therapy of Parkinsonism
trial.17 The primary analysis found that CoQ10 did not meet the
futility criteria. However, the applicability of this historically
based criteria was criticized because practice styles and pa-
tient expectations have changed. With an adjusted futility

threshold, incorporating data from the NET-PD placebo group,
combined with the placebo group from Parkinson Research Ex-
amination of CEP-1347 Trial, a contemporaneous clinical trial
in early PD,15 we found that treatment with CoQ10 did appear
futile. Most recently, a CoQ10 derivative, MitoQ, which has en-
hanced mitochondrial uptake, failed to demonstrate benefit
in a randomized, double-blind, placebo-controlled 12-month
clinical trial with 128 individuals with early PD.18 These re-
ports, combined with the definitive results of the present study,
suggest that the results of the QE2 study may have been an ab-
erration, possibly due to its relatively small size.

The plasma levels of CoQ10 in patients assigned to active
treatment in the QE3 study were comparable to and, in fact,
exceeded those expected in the patients from the QE2 study.
The mean plasma level of CoQ10 was 5.80 μg/mL at the 16-
month visit in the QE3 study for the participants who re-
ceived 1200 mg/d of CoQ10 compared with 3.94 μg/mL at the
16-month visit in the QE2 study11 and a mean level of 4.0 μg/mL
observed for the same dosage in a separate pilot study.16 In this
same pilot study, the administration of 2400 mg/d produced
a mean level of 7.5 μg/mL compared with 9.94 μg/mL at the
16-month visit in the QE3 study. In the QE3 study, the levels
in the active treatment groups were substantially elevated over
those in the placebo group and, based on the QE2 study, should
have been sufficient to demonstrate clinical effectiveness.4

Failure to demonstrate clinical efficacy for CoQ10 in PD
contrasts with predictions based on strong evidence for mi-
tochondrial dysfunction and oxidative damage in PD
pathogenesis.2,3,19,20 It is possible that mitochondrial oxida-
tive damage may be a consequence of other pathological pro-
cesses rather than the primary cause of neurodegeneration and,
therefore, that targeting this pathway would not be expected
to provide benefit in PD. However, CoQ10 has demonstrated
neuroprotective activity in multiple preclinical models of dis-
ease, including cell cultures and animal models of PD and other
neurodegenerative diseases.7 One problem may be optimiz-
ing administration, and how to achieve this remains to be un-
derstood. For example, ubiquinol, the reduced form of CoQ10,21

achieves more than 3-fold higher blood levels compared with
similar doses of oxidized CoQ10.22,23 Whether coadministra-
tion of other supplements is desirable also remains to be de-

Table 3. Analysis of Primary and Secondary Outcome Variablesa

Variable

Change From Baseline to Each Visit, Mean (SE)

Placebo

Coenzyme Q10

1200 mg 2400 mg
UPDRS score

Total 6.92 (0.63) 7.50 (0.62) 8.01 (0.63)

Mental 0.41 (0.09) 0.45 (0.09) 0.60 (0.09)

ADL 2.23 (0.23) 2.76 (0.23) 2.50 (0.23)

Motor 4.23 (0.45) 4.24 (0.45) 4.88 (0.45)

Hoehn and Yahr stage 0.16 (0.03) 0.20 (0.03) 0.21 (0.03)

Modified Schwab and England
ADL scale

−4.07 (0.62) −4.29 (0.62) −4.94 (0.62)

PDQOL scale 5.57 (0.89) 6.12 (0.87) 5.06 (0.89)

Modified Rankin score 0.40 (0.05) 0.31 (0.05) 0.38 (0.05)

Symbol digit score −3.02 (1.48) −0.49 (1.39) −3.36 (1.40)

Abbreviations: ADL, activities of daily
living; PDQOL, Parkinson Disease
Quality of Life; UPDRS, Unified
Parkinson’s Disease Rating Scale.
a The values shown are the least

squares mean (SE) values of the
change from baseline to each visit,
adjusted for the baseline value and
the enrolling site. There were no
statistically significant differences
between treatment groups.
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termined. In the QE3, QE2, and NET-PD studies, CoQ10 was ad-
ministered in combination with vitamin E, and there is
evidence from animal studies that coadministration may be
beneficial.24,25

Significant methodological issues affect the interpreta-
tion of studies evaluating putative neuroprotective agents in
early PD. The dopaminergic deficit is typically far advanced at
the time of diagnosis, with upwards of 50% of the dopaminer-
gic neurons lost and the fate of those remaining possibly al-
ready determined.26 The optimal time to initiate a disease-
modifying therapy may be before the onset of motor symptoms.
The window from diagnosis to need for symptomatic therapy
is short, and a growing tendency to treat earlier could affect the

ability to determine a positive benefit.27 In the CARE-HD (Co-
enzyme Q10 and Remacemide Evaluation in Huntington's Dis-
ease) study,28 for example, a possible benefit did not become
apparent until after 2 years of treatment.

Conclusions
In summary, although the QE3 study shows that CoQ10 can be
safely administered to patients with early PD at dosages of 1200
and 2400 mg/d, no therapeutic efficacy was demonstrated. In
view of these results, we cannot recommend CoQ10 for the
treatment of early PD.
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