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Objective: To evaluate whether antioxidant supple-
ments presumed to target specific cellular compart-
ments affected cerebrospinal fluid (CSF) biomarkers.

Design: Double-blind, placebo-controlled clinical trial.

Setting: Academic medical centers.

Participants: Subjects with mild to moderate Alzhei-
mer disease.

Intervention: Random assignment to treatment for 16
weeks with 800 IU/d of vitamin E (�-tocopherol) plus
500 mg/d of vitamin C plus 900 mg/d of �-lipoic acid (E/
C/ALA); 400 mg of coenzyme Q 3 times/d; or placebo.

Main Outcome Measures: Changes from baseline to
16 weeks in CSF biomarkers related to Alzheimer dis-
ease and oxidative stress, cognition (Mini-Mental State
Examination), and function (Alzheimer’s Disease Coop-
erative Study Activities of Daily Living Scale).

Results: Seventy-eight subjects were randomized; 66 pro-
vided serial CSF specimens adequate for biochemical

analyses. Study drugs were well tolerated, but acceler-
ated decline in Mini-Mental State Examination scores oc-
curred in the E/C/ALA group, a potential safety con-
cern. Changes in CSF A�42, tau, and P-tau181 levels did
not differ between the 3 groups. Cerebrospinal fluid F2-
isoprostane levels, an oxidative stress biomarker, de-
creased on average by 19% from baseline to week 16 in
the E/C/ALA group but were unchanged in the other
groups.

Conclusions: Antioxidants did not influence CSF bio-
markers related to amyloid or tau pathology. Lowering
of CSF F2-isoprostane levels in the E/C/ALA group sug-
gests reduction of oxidative stress in the brain. How-
ever, this treatment raised the caution of faster cogni-
tive decline, which would need careful assessment if
longer-term clinical trials are conducted.

Trial Registration: clinicaltrials.gov Identifier:
NCT00117403
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O XIDATIVE DAMAGE IS ASSO-
ciated with aging and is
widespreadinthebrain in
Alzheimer disease (AD).1

Freeradical speciesmedi-
atedamagetoproteins, lipids,mitochondria,
and DNA and may activate the cell cycle;
overwhelmendogenousantioxidantdefenses
inthebrain;andcontributetoneuronaldam-
age.1,2 Observational studies suggest that an
antioxidant-richdietmayreduce the riskof
AD.3 However, prevention trials of combi-
nations of antioxidant dietary supplements
in elderly subjects did not influence age-
associatedcognitivedecline.4,5 Antioxidant
randomized clinical trials in AD have had
mixed results. High doses of vitamin E (�-
tocopherol) in moderate to severe AD de-
layedclinicalmilestoneswithoutbenefiting
cognition.6 High-dose�-tocopheroldidnot

influenceprogression inamnesticmildcog-
nitive impairment.7

We hypothesized that if antioxidant
treatment affects key pathogenic mecha-
nisms in patients with AD, this would be re-
flected by cerebrospinal fluid (CSF) bio-
marker changes. Aided by an expert panel
of advisors, we reviewed antioxidant stud-
ies for evidence of benefit in transgenic
mouse and other models relevant to AD, de-
termined dose ranges likely to be safe and
potentiallyefficacious inhumans,andiden-
tifiedcombinations that couldprovide syn-
ergism8 (eg, vitamin C helps to quench re-
activeoxygenintermediateswhencombined
withvitaminE).9Wedecidedtostudyacom-
binationofvitaminE,vitaminC,and�-lipoic
acid (ALA); coenzyme Q (CoQ) alone (to
ourknowledge,thisstudywouldprovidethe
first safety data in AD), and placebo.
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In transgenic mouse models of amyloid deposition,
effects of antioxidant supplements depend on time and
dose. In an amyloid protein precursor transgenic mouse,
early treatment with vitamin E (�-tocopherol) attenu-
ated plaque formation but was not effective if started af-
ter amyloid deposits were present.10 Treatment with vi-
tamin C plus a medium dose of vitamin E decreased
oxidative damage and improved performance on tests of
spatial memory; these benefits were not seen with vita-
min C plus a high dose of vitamin E.11 Treatment with
vitamin E improved the morphology of neurites sur-
rounding plaque cores.12

�-Lipoic acid is a mitochondrial coenzyme with anti-
oxidant actions; it also induces the transcription factor Nrf2,
which induces many antioxidant enzymes.9 Aged dogs given
a diet rich in antioxidant supplements, including ALA,
showed better cognitive performance, decreased amyloid
burden, and reduced oxidative damage.13 Studies of long-
term dietary supplementation with ALA in amyloid pro-
tein precursor transgenic mice have reported ameliora-
tion of deficits on memory testing14 and decreased oxidative
markers without changes in amyloid pathology.15 A co-
hort of patients with mild AD who received 600 mg/d of
ALA, compared with patients who did not receive ALA,
showed cognitive stabilization over 48 months.16

Coenzyme Q is a naturally occurring antioxidant that
helps to protect mitochondria from reactive oxidative spe-
cies generated during oxidative metabolism. It is cur-
rently under investigation in amyotrophic lateral scle-
rosis and Parkinson disease.17 Administration of CoQ to
aged amyloid protein precursor/presenilin 1 mice led to
a decrease in cortical levels of A�42 and reduction of
markers of oxidative stress.18 Aged mice treated with CoQ
showed decreased levels of brain carbonyls and other oxi-
dative stress markers.19

METHODS

PARTICIPANTS

The Alzheimer’s Disease Cooperative Study (ADCS) Anti-
oxidant Biomarker study was a double-blind, randomized mul-
ticenter clinical trial, conducted between 2006 and 2008 at 12
centers across the United States, funded by the National Insti-
tute on Aging. Subjects diagnosed with probable AD20 with Mini-
Mental State Examination (MMSE)21 scores of 16 or more of
30 were enrolled. Further inclusion criteria were age between
50 and 85 years, presence of a caregiver to supervise study medi-
cations, and neuroimaging (computed tomography or mag-
netic resonance imaging) results within the past 24 months con-
sistent with AD but lacking evidence of significant vascular
disease (infarction that could cause dementia) or other intra-
cranial disease processes. Stable anti-AD treatment with a
cholinesterase inhibitor, memantine, or both for at least 3
months was required. Medications for behavioral symptoms
were allowed only if doses were stable for at least 4 weeks be-
fore screening.

Subjects were excluded if they had a diagnosis of dementia
other than AD (eg, vascular dementia), a neurological disor-
der or major psychiatric disorder, or drug or alcohol abuse or
dependence. Subjects with contraindications to lumbar punc-
ture were excluded, eg, treatment with oral anticoagulants, prior
surgery or deformity of the lumbosacral spine, or a platelet count

less than 100�103/µL. Medical factors or conditions that could
increase systemic oxidative stress were also exclusions: diabe-
tes mellitus; obesity (body mass index �30 [calculated as weight
in kilograms divided by height in meters squared]); cardiac,
renal, or pulmonary failure; smoking; inflammatory diseases;
and regular use of nonsteroidal anti-inflammatory drugs, im-
munosuppressive drugs, or drugs for Parkinson disease. Be-
cause supplements and vitamins are widely used in elderly in-
dividuals, subjects were allowed to continue taking their current
antioxidant supplements provided that daily doses were less
than the following thresholds: 100 IU/d or less for �-tocoph-
erol, 200 mg/d or less for vitamin C, 60 mg/d or less for CoQ,
and 100 IU/d or less for ALA.

STUDY DESIGN

Subjects who met study criteria and provided informed con-
sent were assigned to a 16-week double-blind period of treat-
ment in 1 of 3 arms: 800 IU/d of vitamin E (�-tocopherol) plus
500 mg/d of vitamin C plus 900 mg/d of �-lipoic acid (E/C/
ALA); 400 mg of CoQ 3 times/d; or placebo. To maintain blind-
ing, all subjects received 3-times/d dosing, including placebos
matching CoQ and the E/C/ALA combination as needed. Study
drugs were dispensed in coded containers.

Study visits occurred at screening, baseline (within 4 weeks
of screening), 8 weeks, and 16 weeks. Lumbar punctures were
performed at the baseline and 16-week visits. Investigators re-
ceived training regarding research lumbar punctures, includ-
ing the use of atraumatic small-gauge needles. Vitaline Inc. pro-
vided CoQ and a matching placebo, in the form of chewable
wafers, taken at mealtime. They also supplied encapsulated �-to-
copherol, vitamin C, and racemic ALA and matching placebo
capsules. Subjects, caregivers, and investigators were blind to
treatment allocation.

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and with the laws and regu-
lations of the locality in which the research was conducted. The
study protocol was approved by the institutional review boards
of the participating centers. The study was conducted under
an Investigational New Drug Application from the Food and
Drug Administration. A data safety monitoring board re-
viewed the study data every 3 months.

OUTCOME MEASURES

Safety was assessed by interviewing subjects and informants
about adverse events, measuring vital signs, brief physical ex-
amination, and a panel of blood tests at baseline, week 8, and
week 16. Electrocardiograms were obtained at baseline and 16
weeks. Adverse experiences were recorded at each study visit
and defined according to Medical Dictionary for Regulatory Ac-
tivities terminology.

Cognition was assessed with the MMSE at baseline and 16
weeks; scores range from 0 to 30. Functional abilities were rated
by informant interview using the ADCS Activities of Daily Liv-
ing Scale (ADCS-ADL); scores range from 0 to 78.22

The primary outcome measures were levels of 4 biochemi-
cal markers measured in CSF.23 A�42 is a 42–amino acid pep-
tide that aggregates and is deposited in the brain to form plaques
in AD. Cerebrospinal fluid levels of A�42 are decreased in AD,
presumably because binding of this peptide to aggregated amy-
loid in the brain results in less being cleared into the CSF.24

The microtubule-associated protein tau is an integral compo-
nent of neurofibrillary tangles and neuritic dystrophy in AD.
Cerebrospinal fluid levels of tau and tau phosphorylated at spe-
cific sites (P-tau) are increased in AD, related to damage to neu-
rons and their axonal processes.24 To evaluate oxidative dam-
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age to the central nervous system, F2-isoprostane levels, which
are stably oxidized forms of arachidonic acid, were mea-
sured.25 Brain levels of F2-isoprostanes increase in patients with
AD and in transgenic mouse models.26 Cerebrospinal fluid lev-
els of F2-isoprostanes are increased in AD25,26 and in cogni-
tively intact subjects who carry mutations in the amyloid pro-
tein precursor or presenilin 1 genes associated with familial AD.27

Cerebrospinal fluid cell counts and total protein and glu-
cose levels were measured by local laboratories. Only samples
with a red blood cell count less than 500/mL were used for bio-
marker measurements. Within 30 minutes of the lumbar punc-
ture, CSF samples were aliquoted into polypropylene cryo-
tubes, frozen, shipped to a central laboratory, then sent to the
University of California, San Diego, and stored at −80°C until
biomarkers were measured. Levels of A�42, total tau, and P-
tau181 were measured using multiplex sandwich assays
(INNO-BIA AlzBio3; Innogenetics), following established meth-
ods.28 F2-isoprostane levels were measured in the laboratory
of one of us (T.J.M., University of Washington, Seattle) by stable
isotope dilution assay using gas chromatography–mass spectro-
metry with selective ion monitoring.26 Assays were measured
by technicians who were blind to subjects and treatment groups.

DATA ANALYSIS

Statistical analyses were conducted by the ADCS Data Core. The
primary efficacy analysis was a between-group comparison of the
changes from baseline in CSF levels of A�42, total tau, P-tau181,
and F2-isoprostanes. Secondary analyses compared safety data and
changes in MMSE and ADCS-ADL scores among the 3 groups.
The primary analyses were performed in subjects who com-
pleted a baseline and follow-up lumbar puncture that yielded ana-
lyzable CSF. For clinical and safety outcomes, modified intention-
to-treat analyses were performed, including subjects who received
at least 1 dose of double-blind medication, had a baseline evalu-
ation, and had at least 1 evaluation after the start of treatment.

Baseline data were compared between groups, using the Krus-
kal-Wallis test for continuous variables and the Fisher exact test
for categorical variables. For analysis of change in CSF biomark-
ers, analysis of covariance was used. Age, sex, and baseline MMSE
score did not differ across groups, and models with and without
these as covariates were analyzed. Models were fitted comparing
each treatment group with placebo, and the P values were ad-
justed using the Hochberg method for multiple comparison.29 The
adjusted P values were compared with �=.05.

Power calculations for CSF biomarkers were based on pub-
lished data on serial CSF levels of tau.30 With 25 subjects in each
treatment arm, there would be 80% power to detect a 40% or more
change in CSF tau level, with �=.05 and �2 (variance)=382.

RESULTS

Eighty-seven subjects were screened at 12 sites, and 78
were randomized to E/C/ALA, CoQ, or placebo, using per-
muted block randomization (blocks of 3 subjects at each
site), generated by the Coordinating Center. The flow of
subjects is shown in the Figure, and demographic and
clinical data, in Table 1. The groups were well matched
at baseline.

The study drugs were well tolerated. There were no sig-
nificant changes in vital signs or body mass index from base-
line to the end of the study in any treatment arm and no
group differences in the frequencies of reported adverse
events. There were no significant changes in results of a
panel of hematological and biochemical blood tests in any

of the treatment groups. Three serious adverse events were
reported, in different subjects, and were judged to be un-
related to the study drug. One subject was hospitalized
briefly after a pacemaker lead fell off. One subject fell and
sustained a wrist fracture, which was treated. One subject
developed dizziness and headache about 7 days before the

87 Assessed for eligibility

9 Excluded, not meeting 
inclusion criteria

78 Randomized

26 26 Allocated to 
coenzyme Q

6 Failed to complete 
study (did not 
complete second 
lumbar puncture or 
CSF not analyzable)

20 Completed study 
and provided 
analyzable CSF data

Allocated to 
vitamin E + vitamin 
C + α-lipoic acid

2 Failed to complete 
study (did not 
complete second 
lumbar puncture or 
CSF not analyzable)

24 Completed study 
and provided 
analyzable CSF data

26 Allocated to placebo

8 Failed to complete 
study (did not 
complete second 
lumbar puncture or 
CSF not analyzable)

18 Completed study 
and provided 
analyzable CSF data

Figure. Flowchart of subject participation in the study. CSF indicates
cerebrospinal fluid.

Table 1. Demographic and Clinical Features of 78 Study
Participantsa

E/C/ALA
(n = 28)

CoQ
(n = 25)

Placebo
(n = 25)

Age, y, mean (SD) 73.6 (9.1) 71.4 (8.4) 73.2 (9.5)
Women, % 46 44 48
Education, y, mean (SD) 14.6 (3.7) 15.0 (2.5) 15.8 (2.4)
BMI, mean (SD) 26.5 (4.1) 27.0 (4.2) 25.8 (4.1)
Acetylcholinesterase

inhibitor use, %
88 84 100

Memantine use, % 44 40 50
Concomitant vitamin or

supplement use, %b
52 64 43

MMSE score, mean (SD) 23.1 (3.9) 23.3 (4.4) 23.1 (3.4)
MMSE score change at

16 wk, mean (SD)
−2.8 (2.9)c −1.0 (2.5) −0.9 (2.5)

ADCS-ADL score, mean
(SD)

61.1 (16.3) 65.2 (12.8) 65.4 (8.7)

ADCS-ADL score change
at 16 wk, mean (SD)

−4.6 (7.9) −2.4 (6.7) −2.3 (5.9)

Abbreviations: ADCS-ADL, Alzheimer’s Disease Cooperative Study
Activities of Daily Living Scale; BMI, body mass index (calculated as weight
in kilograms divided by height in meters squared); CoQ, coenzyme Q;
E/C/ALA, vitamin E plus vitamin C plus �-lipoic acid; MMSE, Mini-Mental
State Examination.

a Intention to treat. Demographic or clinical variables listed in Table 1 did
not differ at baseline among the treatment arms.

bConcomitant vitamins or supplements were allowed only if they
contained vitamin E, vitamin C, �-lipoic acid, or CoQ in amounts less than
defined thresholds, much lower than the doses used in the treatment arms of
this trial.

cP = .04, analysis of covariance, adjusted for multiple comparisons. In a
logistic model that compared MMSE score changes in the E/C/ALA and
placebo arms, and included age, sex, and baseline MMSE score as
covariates, treatment arm was significant (P = .02).
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week 16 visit. That subject successfully completed the week
16 lumbar puncture but was noted to have drowsiness,
worsening mental abilities, and mild left hemiparesis about
5 days later. Brain magnetic resonance imaging revealed a
tumor subsequently diagnosed as glioblastoma multi-
forme. There was no evidence of a tumor on a head com-
puted tomographyreviewedwhen this subjectwas screened,
which was obtained about 18 months before the subject
entered the study.

Clinical measures of cognitive abilities (MMSE) and
function (ADCS-ADL) did not differ between groups at
baseline. The MMSE scores showed a greater decline in
the E/C/ALA group relative to placebo. There were no
differences between groups in changes in ADCS-ADL total
scores, or in scores for subscales of basic or instrumen-
tal ADL, although there were trends toward greater de-
cline in the E/C/ALA group.

Cerebrospinal fluid levels of A�42, tau, P-tau181, and
F2-isoprostanes were measureable in 66 subjects at base-
line and week 16 (Table 2). Levels of each biomarker
did not differ between the 3 groups at baseline. At 16
weeks, mean changes in each of the biomarkers were
small. Changes in levels of A�42, tau, and P-tau181

did not differ between the 3 groups. Levels of F2-
isoprostanes decreased in the E/C/ALA group from base-
line but did not change in the CoQ or placebo groups.
This was significant before and after adjustment for age
and sex and represented a mean decrease of about 19%.

Correlations were examined between clinical scores
(MMSE and ADCS-ADL) and CSF biomarker indices (lev-
els of tau, P-tau, A�42, and F2-isoprostanes), analyzing
baseline and 16-week change data. Significant correla-
tions were found among all subjects for baseline MMSE

scores vs ADCS-ADL scores (R = 0.42) and vs CSF total
tau level (R = −0.32). No other correlations were signifi-
cant for baseline or change data, among all subjects or
within specific treatment arms.

COMMENT

Basic and observational studies provide strong support for
antioxidant treatment in AD. Oxidative stress is a wide-
spread cellular process and lacks a typical treatment tar-
get such as a receptor or a single major metabolic path-
way. This is a challenge to designing and measuring
treatment interventions. Approaches to combat oxidative
stress typically involve augmenting antioxidant defenses,
eg, with nutritional supplements or vitamins. Key ques-
tions include what doses to use, whether defenses are more
critical in relation to mitochondrial or cytosolic oxidative
stress, and whether a combination of antioxidants is more
effective than a single agent at quenching oxidative reac-
tions. A related question, whether a diet high in naturally
occurring antioxidants may reduce the risk of developing
AD, is difficult to address in an intervention study.

The present study examined the effects of a high dose
of CoQ, a naturally occurring antioxidant that may pro-
tect mitochondria from reactive oxidative species gen-
erated during oxidative metabolism. Oral administra-
tion can achieve brain antioxidant effects in animal
models.19,31 A phase 2 trial in Parkinson disease sug-
gested that 400 mg of CoQ 3 times/d resulted in slowing
of motor progression,32 and a phase 3 trial is currently
in progress. A phase 2 trial in amyotrophic lateral scle-
rosis used a high-dose range of CoQ (1800 and 2700 mg/d)
but found no difference in clinical progression over 9
months of treatment compared with placebo.33 Al-
though our study found that CoQ was safe and well tol-
erated in patients with AD, the absence of a biomarker
signal in CSF suggests that CoQ, at the dose tested, does
not improve indices of oxidative stress or neurodegen-
eration. These results do not support further clinical trial
development of CoQ in AD. Idebenone, a benzoqui-
none derivative structurally related to CoQ, has been stud-
ied widely in AD and other disorders. A placebo-
controlled 12-month clinical trial that assessed 3 different
doses of idebenone in mild to moderate AD found no dif-
ferences between treatment and placebo.34

Doses for the E/C/ALA combination were selected based
on expert opinion and clinical trials for other indications.
A similar combination of E/C/ALA improved indices of skel-
etal muscle metabolism in elderly subjects.35 Although prior
studies of vitamin E in AD and other neurodegenerative
disorders have used high doses, typically 2000 IU/d, we lim-
ited vitamin E to 800 mg/d because of a meta-analysis of
clinical trials and prevention studies that raised the possi-
bility that more than 800 IU/d of vitamin E may be asso-
ciated with increased all-cause mortality.36

Increased decline on the MMSE and a trend in this di-
rectionontheADCS-ADLintheE/C/ALAgroupraisesacon-
cern that this combinationcouldadversely affect cognition
in AD. The lack of correlation of changes in these measures
withchanges inCSFbiomarkers suggests that thecognitive
changesmaynotbedue toworseningofAD-relatedpathol-

Table 2. CSF Biomarker Data

Mean (SD)

E/C/ALA
(n = 24)

CoQ
(n = 20)

Placebo
(n = 22)

A�42 level at
baseline,
pg/mL

190 (43) 185 (54) 201 (57)

A�42 level
change

−8 (23) −15 (31) −6 (37)

Tau level at
baseline,
pg/mL

123 (60) 109 (64) 114 (84)

Tau level
change

−23 (39) −9 (21) −12 (19)

P-tau181 level at
baseline,
pg/mL

68 (33) 70 (37) 58 (35)

P-tau181 level
change

−6 (19) −4 (17) 0.5 (19)

F2-isoprostane
level at
baseline,
pg/mL

38 (15) 34 (15) 35 (12)

F2-isoprostane
level change

−7 (10)a 0 (8) 0 (6)

Abbreviations: CoQ, coenzyme Q; CSF, cerebrospinal fluid; E/C/ALA,
vitamin E plus vitamin C plus �-lipoic acid.

aP = .04, analysis of covariance, adjusted for multiple comparisons.
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ogy.Althoughamechanismisuncertain, thiscognitive find-
ing raises a caution and will need to be carefully monitored
if longer-term studies are planned.

The combination of E/C/ALA did not affect CSF bio-
markers related to A�, tau, or P-tau. The half-life of A�42
in CSF is extremely short, measured in hours.37 Tau and
P-tau persist for a few weeks in CSF after acute stroke.38

Our clinical trial was therefore long enough to be able
to detect a potential anti-AD effect on these biomarkers.
Our findings suggest that this antioxidant combination
did not influence pathways related to amyloid and tau
pathology. However, E/C/ALA did result in a significant
decrease in CSF levels of F2-isoprostanes, consistent with
antioxidant effects in the brain. These findings are analo-
gous to the transgenic mouse model study cited earlier,
in which vitamin E plus vitamin C decreased neuropros-
tane levels in the brain, without affecting measures of A�,
plaques, or neuritic changes; in this model, there was im-
provement of performance on spatial memory testing.11

It is unclear whether the relatively small reduction in
CSF F2-isoprostane level seen in this study may lead to
clinical benefits in AD. The more rapid MMSE score de-
cline raises a caution and indicates that cognitive per-
formance would need to be assessed if a longer-term clini-
cal trial of this antioxidant combination is considered.
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