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IMPORTANCE Although vitamin E and memantine have been shown to have beneficial effects

in moderately severe Alzheimer disease (AD), evidence is limited in mild to moderate AD.
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OBJECTIVE To determine if vitamin E (alpha tocopherol), memantine, or both slow
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progression of mild to moderate AD in patients taking an acetylcholinesterase inhibitor.
DESIGN, SETTING, AND PARTICIPANTS Double-blind, placebo-controlled, parallel-group,
randomized clinical trial involving 613 patients with mild to moderate AD initiated in August
2007 and concluded in September 2012 at 14 Veterans Affairs medical centers.
INTERVENTIONS Participants received either 2000 IU/d of alpha tocopherol (n = 152), 20

mg/d of memantine (n = 155), the combination (n = 154), or placebo (n = 152).
MAIN OUTCOMES AND MEASURES Alzheimer’s Disease Cooperative Study/Activities of Daily
Living (ADCS-ADL) Inventory score (range, 0-78). Secondary outcomes included cognitive,
neuropsychiatric, functional, and caregiver measures.
RESULTS Over the mean (SD) follow-up of 2.27 (1.22) years, participants receiving alpha
tocopherol had slower decline than those receiving placebo as measured by the ADCS-ADL.
The change translates into a delay in clinical progression of 19% per year compared with
placebo (approximately 6.2 months over the follow-up period). Caregiver time increased least
in the alpha tocopherol group. All-cause mortality and safety analyses showed a difference
only on the serious adverse event of “infections or infestations” with greater frequencies in
the memantine (31 events in 23 participants) and combination groups (44 events in 31
participants) compared with placebo (13 events in 11 participants).

ADCS-ADL Inventory
Baseline score, mean (SD)
Least squares mean (SE)
change from baseline
Mean change difference
compared with placebo
(95% CI)

Vitamin E
(n = 140)
57.20 (14.38)
−13.81 (1.11)
3.15
(0.92 to
5.39)

Memantine
(n = 142)
57.77 (13.78)

Vitamin E +
Memantine
(n = 139)
57.16 (13.59)

−14.98 (1.10)

−15.20 (1.11)

1.98
(−0.24 to
4.20)

1.76
(−0.48 to
4.00)

Placebo
(n = 140)
56.93 (13.61)
−16.96 (1.11)

CONCLUSIONS AND RELEVANCE Among patients with mild to moderate AD, 2000 IU/d of
alpha tocopherol compared with placebo resulted in slower functional decline. There were no
significant differences in the groups receiving memantine alone or memantine plus alpha
tocopherol. These findings suggest benefit of alpha tocopherol in mild to moderate AD by
slowing functional decline and decreasing caregiver burden.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT00235716
JAMA. 2014;311(1):33-44. doi:10.1001/jama.2013.282834
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A

lpha tocopherol, a fat-soluble vitamin and antioxidant,
has been studied in patients with moderately severe Alzheimer disease (AD)1 and in participants with mild cognitive impairment (MCI)2 but has not been studied in patients
with mild to moderate AD. In patients with moderately severe
AD,1 alpha tocopherol (2000 IU/d) was shown to be effective in
slowing clinical progression. In participants with MCI,2 however, alpha tocopherol (2000 IU/d) had no benefit compared with
placebo in reducing the rate of conversion to AD.
Memantine, a moderate-affinity NMDA antagonist, was
shown to be effective in 2 randomized clinical trials (RCTs),3,4 both
of which were in patients with AD and moderately severe dementia. Three RCTs of memantine in AD patients with mild to moderate dementia have been
AChEI acetylcholinesterase inhibitor
published5-7and reviewed
in a meta-analysis.8 There
ADAS-cog Alzheimer Disease
Assessment Scale–Cognitive Subscale
were no significant differADCS-ADL Alzheimer’s Disease
ences between memantine
Cooperative Study/Activities of Daily
and placebo in patients
Living
with mild AD, either within
APOE apolipoprotein E
any of the trials or when
CAS Caregiver Activity Survey
data were combined. For
MMSE Mini-Mental State
patients with moderate AD,
Examination
there were small improveNPI Neuropsychiatric Inventory
ments in cognitive but not
functional measures. Because the duration of each of these trials was only 6 months, these
studies do not assess the long-term efficacy of memantine in AD
patients with mild to moderate dementia.
The Trial of Vitamin E and Memantine in Alzheimer’s Disease (TEAM-AD) examined the effectiveness and safety of alpha tocopherol (vitamin E), memantine (Namenda), and the
combination for treatment of functional decline in patients with
mild to moderate AD who were taking a background acetylcholinesterase inhibitor (AChEI).

Methods
The Department of Veterans Affairs (VA) Cooperative Studies
Program (CSP) designed the TEAM-AD trial (CSP No. 546) as a
double-blind, placebo-controlled, parallel-group RCT to assess the effectiveness of 2000 IU/d of alpha tocopherol, 20 mg/d
of memantine, and the combination in delaying clinical progression in patients with AD currently taking an AChEI. The
duration of treatment ranged from 6 months to 4 years. Details regarding the study design and baseline characteristics
of the participants have been previously published.9
The study was approved by the institutional review board
at each participating medical center and by the human rights
committee at the West Haven CSP Coordinating Center. An independent data monitoring committee oversaw the conduct,
safety, and efficacy of the trial. (The organizational structure and
participating investigators are listed at the end of the article.)

Participants
Veterans with a diagnosis of possible or probable AD10 of mild
to moderate severity, defined as a Mini-Mental State Exami34

nation (MMSE) total score between 12 and 26 inclusive,11 who
were currently taking an AChEI were recruited from 14 VA
medical centers between August 2007 and March 2012. Potential participants were initially screened by medical record review, and only those who appeared to be eligible were approached for consent. After formal screening, all participants
or their surrogates provided written informed consent. Written consent for collection of caregiver data was also obtained
from the participants’ designated caregivers.

Interventions
Eligible participants were randomized centrally by the coordinating center to 1 of the 4 treatment groups stratified by site
using a random permuted block design with randomly varying block sizes. The treatment allocation ratio was 1:1:1:1. Patients, caregivers, and site investigators were blinded to treatment assignment. Eligible patients were randomly assigned to
receive either alpha tocopherol plus a matching placebo for
memantine, memantine plus a matching placebo for alpha tocopherol, alpha tocopherol plus memantine, or matching placebos for both memantine and alpha tocopherol. Alpha tocopherol (or matching placebo) was given as an oral dose of
1000 IU twice a day. The form of alpha tocopherol used in this
study was DL-alpha-tocopheryl acetate (“synthetic” vitamin E)
formulated as hard-gelatin, liquid-filled capsules. Memantine (or matching placebo) was titrated over 4 weeks to a maintenance dosage of 10 mg twice a day. Site investigators were
directed to reduce the dosage of memantine (or matching placebo) to 5 mg twice a day for individuals whose estimated creatinine clearance at entry or during follow-up was less than 30
mL/min. Other dosage adjustments for memantine and alpha
tocopherol were permitted based on participant tolerability.

Outcome Measures
The primary outcome of the study was the Alzheimer’s Disease Cooperative Study/Activities of Daily Living (ADCSADL) Inventory.12 The ADCS-ADL Inventory is designed to assess functional abilities to perform activities of daily living in
Alzheimer patients with a broad range of dementia severity.
The total score ranges from 0 to 78 with lower scores indicating worse function. Although there is not a consensus on a
minimally clinically important difference for the ADCS-ADL Inventory, some clinicians, patients, or caregivers would consider a difference of 2 points as meaningful because it potentially represents, for example, a loss of dressing or bathing
independently.
The ADCS-ADL Inventory was selected as the primary outcome measure for a number of reasons. First, it is an established outcome measure that is sensitive to multiple levels of
functioning in AD. Second, it has substantial clinical relevance and can be more meaningful as an outcome measure
than cognition; additionally, a patient’s inability to perform
ADLs may be more apparent to a caregiver than cognitive loss.
Third, unlike a global measure such as the Clinical Global Impression of Change13 that relies on subjective judgment and has
inconsistent interrater reliability, the ADCS-ADL Inventory is
based on scoring of specific questions posed to an informant
and has demonstrated excellent interrater reliability. Fourth,
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Figure 1. Flow of Participants in the Study
706 Patients approached for consent
38 Excluded
33 Declined to participate
5 Did not meet eligibility criteria
668 Consented and were assessed
for eligibility
55 Excluded
52 Did not meet eligibility criteria
29 Had MMSE score outside of eligibility range
11 Had a life expectancy of <1 y
12 Other reasons
3 Declined to participate after initial consent

613 Randomized

152 Randomized to receive
vitamin E
90
26
23
13

Completed follow-up
Died during follow-up
Withdrew
Lost to follow-up

140 Included in the primary outcome
analysis
12 Excluded (lack of follow-up data)

155 Randomized to receive
memantine
88
39
19
9

Completed follow-up
Died during follow-up
Withdrew
Lost to follow-up

142 Included in the primary outcome
analysis
13 Excluded (lack of follow-up data)

data on estimated rate of change based on a large cohort of patients with mild to moderate Alzheimer disease allowed for an
efficiently designed study. Fifth, the ADCS-ADL Inventory can
be administered by a telephone interview with the caregiver.
Secondary outcome measures included the MMSE,11 the
most widely used instrument to assess cognitive function and
dementia severity; the Alzheimer Disease Assessment Scale–
Cognitive Subscale (ADAS-cog),14,15 a commonly used measure to assess memory, language, and praxis functions in AD;
the 12-item Neuropsychiatric Inventory (NPI),16 an assessment of the severity and frequency of psychological and behavioral problems in patients with dementia; the Caregiver Activity Survey (CAS),17 a measurement of the time caregivers
spend assisting Alzheimer patients in 6 major areas of daily activities; and the Dependence Scale,18 which assesses 6 levels
of functional dependence.
All adverse events (AEs) and serious adverse events (SAEs)
were recorded. Serious AEs were coded according to the Medical Dictionary for Regulatory Activities. Caregivers and patients were queried about adverse experiences at each contact and specifically for patient falls, syncope, and congestive
heart failure because of concerns from previous studies of highdose alpha tocopherol treatment.1,19 Annual assessments also
included a physical examination, a review of concomitant
medications, and a blood draw for alpha tocopherol and memantine serum concentrations. In addition to mean changes
in serum concentrations, cut points of 1.3-fold or greater increases in alpha tocopherol and 6 μg/dL or greater absolute increases in memantine compared with baseline were monitored because these increases are associated with a reasonable
jama.com

154 Randomized to receive
vitamin E plus memantine
89
32
17
16

152 Randomized to receive
placebo
90
31
18
13

Completed follow-up
Died during follow-up
Withdrew
Lost to follow-up

139 Included in the primary outcome
analysis
15 Excluded (lack of follow-up data)

Completed follow-up
Died during follow-up
Withdrew
Lost to follow-up

140 Included in the primary outcome
analysis
12 Excluded (lack of follow-up data)

level of medication adherence. All randomized participants
were scheduled for assessments every 6 months for a minimum of 6 months to a maximum of 4 years.

Statistical Analysis
The original sample size of 840 participants was designed to
provide 90% power to detect a 4-point mean treatment difference with a mean of 2.5 years of follow-up (0.8 units per 6
months) between either treatment given alone vs placebo in
the ADCS-ADL Inventory, assuming a type I error of 0.0083 to
control for 6 treatment comparisons and adjusted for 2.5%
losses per 6-month follow-up. A difference of 4 points was chosen based on previous studies of vitamin E and memantine in
populations with more severe AD.1,3,4 This difference was also
estimated as an approximate 20% reduction in the annual rate
of decline, equivalent to slowing the rate of progression of the
disease by nearly 6 months over the follow-up period. In January 2011, and prior to the scheduled end of recruitment, sample
size reestimation was conducted per protocol based on the nuisance parameters and not the observed treatment effect that
included the observed overall primary outcome variance (12.1),
the correlation of the repeated measures (0.57), the loss rate
(7.8% per 6 months), and the original protocol hypothesized
slope of the treatment effect of 0.8 units per 6 months. Based
on these data, the data monitoring committee recommended
an extension of the enrollment period from 3 to 4.5 years and
an increase in median follow-up from 2.5 to an estimated 3 years
(minimum follow-up, 0.5 years; maximum, 4.0 years) to allow for a reduction in sample size to maintain approximately
90% power.
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Table 1. Baseline Characteristics of Participants by Treatment Groupa
Vitamin E
(n = 152)

Characteristic

Memantine
(n = 155)

Vitamin E + Memantine
(n = 154)

Placebo
(n = 152)

Age, mean (SD) [range], y

78.6 (7.2) [55-93]

78.8 (7.2) [53-92]

78.3 (7.0) [54-94]

79.4 (7.0) [61-96]

Male sex, No. (%)

146 (96)

149 (96)

150 (97)

149 (98)

White

131 (86)

132 (85)

136 (88)

131 (86)

Black

21 (14)

21 (14)

18 (12)

20 (13)

Other

1 (1)

2 (1)

17 (11)

15 (10)

Race/ethnicity, No. (%)a

Hispanic

0
15 (10)

1 (1)
19 (13)

Education, No. (%)
<High school graduation

41 (27)

41 (26)

26 (17)

29 (19)

High school graduation

46 (30)

48 (31)

57 (37)

56 (37)

Some college

27 (18)

38 (25)

37 (24)

33 (22)

College graduation or advanced degree

38 (25)

28 (18)

34 (22)

34 (22)

APOE ε4 status, No. (%)
Noncarriers

47 (49.0)

48 (45.7)

59 (53.2)

55 (53.4)

One ε4 allele

39 (40.6)

44 (41.9)

44 (39.6)

38 (36.9)

Two ε4 alleles
Charlson Risk Index score, mean (SD)b

10 (10.4)

13 (12.4)

2.4 (1.7)

2.4 (1.6)

8 (7.2)

10 (9.7)

2.4 (1.8)

2.7 (1.8)

Comorbidity Disease Index domains, No. (%)c
≤1

64 (42)

73 (47)

75 (49)

71 (47)

2

39 (26)

43 (28)

40 (26)

36 (24)

≥3

49 (32)

39 (25)

39 (25)

45 (30)

AChEI, No. (%)d
Donepezil

104 (68)

100 (65)

100 (65)

96 (63)

Galantamine

43 (28)

47 (30)

49 (32)

55 (36)

Rivastigmine

5 (3)

8 (5)

4 (3)

1 (1)

Time from AChEI start to randomization
≤12 wk

46 (31)

36 (23)

49 (32)

37 (24)

>12 wk

105 (69)

119 (77)

104 (68)

115 (76)

ADCS-ADL, mean (SD) [range]e

56.6 (14.9) [13-78]

57.3 (14.2) [11-78]

56.4 (14.0) [15-78]

56.8 (13.7) [8-78]

MMSE, mean (SD) [range]f

21.3 (3.3) [12-26]

20.8 (3.8) [12-26]

21.3 (3.4) [12-26]

20.8 (3.8) [12-26]

ADAS-cog score, mean (SD) [range]g

18.5 (8.8) [5.0-51.0]

19.5 (7.9) [2.3-50.0]

18.0 (8.4) [4.0-56.0]

19.1 (8.4) [3.0-46.3]

NPI score, median (range)]h

7.5 (0-61)

8.0 (0-95)

8.0 (0-81)

8.0 (0-62)

CAS time, median (range), hi

2.7 (0-144)

3.2 (0-49)

3.2 (0-97)

3.0 (0-59)

Dependence Scale level, No. (%)j
0

5 (3)

6 (4)

8 (5)

1

8 (5)

6 (4)

8 (5)

5 (3)

2

85 (56)

91 (59)

80 (52)

79 (52)

3

31 (20)

35 (23)

31 (20)

37 (24)

4

4 (3)

7 (5)

10 (6)

8 (5)

5

19 (13)

10 (6)

17 (11)

20 (13)

Abbreviations: AChEI; acetylcholinesterase inhibitor; ADAS-cog, Alzheimer
Disease Assessment Scale–Cognitive Subscale; ADCS-ADL, Alzheimer’s Disease
Cooperative Study/Activities of Daily Living; APOE, apolipoprotein E; CAS,
Caregiver Activity Survey; MMSE, Mini-Mental State Examination; NPI,
Neuropsychiatric Inventory.
a

Race and ethnicity were self-identified by participants; >1 race was indicated
by 1 participant in the vitamin E only group.

b

Predicts 10-year mortality based on 22 comorbid conditions, each assigned 1,
2, 3, or 6, depending on risk of dying associated with the condition.

c

Domains include cardiac, respiratory, neurologic, musculoskeletal, general
(mental or emotional problems and sleep or pain disorders), cancer, diabetes,
and visual problems. The domain scores are totaled to create an overall
comorbidity score (ⱕ1, 2, or ⱖ3 domains).

d

36

One participant was not taking an AChEI at baseline, which represented a

protocol violation. Data was missing for 1 participant’s AChEI initiation date
and 1 participant was not taking an AChEI at baseline.
e

Range, 0-78; higher scores = better functioning.

f

Range, 0-30; higher scores = better functioning.

g

Assesses cognitive function in the areas of memory, language, and praxis
functions; range, 0-70: higher scores = worse functioning.

h

Assesses frequency and severity of psychological and behavioral problems in
patients with dementia; range, 0-144: higher scores = more frequent and/or
severe behavioral problems.

i

Measures caregiver time in caring for patients with dementia, summing total
hours spent in a day on 6 caregiving tasks; range, 0-144 hours: higher
scores = more time spent on caregiving.

j

Level of assistance needed by patients with AD on scale of 0-5.

JAMA January 1, 2014 Volume 311, Number 1

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ on 05/26/2015

3 (2)

jama.com

Vitamin E and Memantine for Alzheimer Disease

Results
From August 7, 2007, to March 31, 2012, 706 veterans were
approached for consent after initial medical record screening,
668 consented and were formally screened, and 613 were
randomized: 152 (24.8%) to receive alpha tocopherol alone,
155 (25.3%) to receive memantine alone, 154 (25.1%) to
receive alpha tocopherol plus memantine, and 152 (24.8%) to
receive placebo (Figure 1). The most common reason for
exclusion was an MMSE score outside the inclusion range of
12 to 26 (53% of those excluded). Participant follow-up concluded in September 2012 with an overall mean (SD)
follow-up time of 2.27 (1.22) years with 2.35 (1.21) years for
alpha tocopherol alone, 2.23 (1.22) years for memantine
alone, 2.31 (1.24) years for alpha tocopherol plus memantine,
and 2.18 (1.22) years for the placebo group. A total of 256 participants (42%) did not complete the trial (Figure 1). The most
common reasons were death, 128 (50%), and withdrawal of
consent, 77 (30%); 3 (1%) withdrew because of an adverse
event possibly related to the study medication. Withdrawal
rates were comparable across treatment groups.
jama.com

Figure 2. Changes in Primary Outcome (ADCS-ADL Inventory Score)
During the 4-Year Study Period, Compared With Baseline
4
0

Mean Change From Baseline

The effect of treatment on the primary end point was
analyzed by a longitudinal repeated-measures mixed-effects
model assuming missing at random, adjusted for medical
center as a random effect and for the baseline ADCS-ADL
Inventory score using all available data. In building the
model, we first determined the best mean structure of the
outcome (eg, time as linear or categorical and treatment × time interactions) and then determined the bestfitting and most parsimonious covariance structure for the
data. Additional sensitivity analyses were conducted to
examine the missing-at-random assumption (eTable 5 in the
Supplement). Results are presented as least squares (LS)
means differences from baseline with standard errors and
95% confidence intervals. P values are presented as unadjusted and adjusted for the 6 treatment comparisons using an
overall type I error of 5% (2-sided).20 The model estimated LS
means are presented as a delay in clinical progression over
the average follow-up period by estimating the time it would
take for a treatment group to decline to the level of the placebo group based on the annual rate of decline. Delays in
clinical progression at annual time points are also presented
using the same method. The ratio of the annual rates of
decline are calculated to estimate an annual rate of delay in
progression. The same analytic approach was used for the
secondary outcomes except for the Dependence Scale, which
was analyzed by a time-to-event (increase in dependence)
interval-censored model assuming a Weibull distribution
because the time of the event was known only at the end of a
discrete interval of time (every 6 months).21,22 All fitted models included time as categorical with an unstructured covariance matrix. The test for a treatment × time interaction was
not significant for any of the outcomes. The P values for SAE
and mortality were not adjusted for multiple comparisons.
All analyses were performed according to randomized treatment assignment using SAS version 9.2 (SAS Institute).
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–4
–8
–12
–16
–20
Vitamin E
Memantine
Vitamin E plus
memantine
Placebo

–24
–28
–32
–36
6
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18
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42

48

Time, mo
No. of patients
Vitamin E
Memantine
Vitamin E plus
memantine
Placebo

134
139
131

122
119
120

103
95
102

88
80
84

66
64
64

51
45
55

39
38
46

31
30
32

135

112

96

77

54

41

33

25

In this between-group comparison, lower scores indicate worse functioning.
Data are least squares means at each time point. Values have been adjusted for
baseline scores as a fixed effect and the study site as a random effect.
ADCS-ADL indicates Alzheimer’s Disease Cooperative Study/Activities of Daily
Living; error bars, 95% CIs.

Baseline Characteristics of the Patients
The baseline characteristics of the treatment groups were similar (Table 1 and eTable 1 in the Supplement). The mean (SD)
age at enrollment was 78.8 (7.1) years; 97% of the participants
were men; 86% were white, 13% were black, and 11% were Hispanic. The mean (SD) Charlson Risk Index score23 at entry was
2.5 (1.7), and the majority of participants (54%) had 2 or more
comorbidity domains on the Comorbidity Disease Index.24,25
A total of 612 participants (99.8%) were taking an AChEI at baseline. The 2 most commonly prescribed AChEIs were donepezil (65%) and galantamine (32%). The mean (SD) ADCS-ADL Inventory and MMSE scores at baseline were 56.8 (14.2) and 21.0
(3.6), respectively. The apolipoprotein E (APOE) ε2, ε3, and ε4
allele frequencies for the entire group were 0.04, 0.66, and 0.30,
respectively, with 50% of participants having at least 1 ε4 allele. The allele frequencies, genotype frequencies, and number of ε4 alleles did not differ between treatment groups
(Table 1 and eTables 2, 3, and 4 in the Supplement).

Primary Outcome
The results from the prespecified longitudinal analyses are presented in Figure 2, Figure 3, Figure 4, and Table 2. Data from
561 participants were analyzed (alpha tocopherol = 140, memantine = 142, combination = 139, placebo = 140) with 52 excluded because of a lack of any follow-up data. Over the mean
follow-up time of 2.27 years, participants receiving alpha tocopherol had significantly slower decline than those receiving placebo as measured by the ADCS-ADL Inventory. The LS
mean change (decline) from baseline in the ADCS-ADL Inventory for the alpha tocopherol treatment group was 3.15 units
less (95% CI, 0.92-5.39; adjusted P = .03) than the decline in
the placebo group (Table 2). Results from missing data sensitivity analyses were similar (eTable 5 in the Supplement).
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Figure 3. Changes in 4 Secondary Outcomes During the 4-Year Study Period, Compared With Baseline
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Data are least squares means at each time point. Values have been adjusted
for baseline scores as a fixed effect and the study site as a random effect.
For between-group comparisons of scores on the the Mini-Mental State
Examination (MMSE) (A), lower scores indicate worse functioning. For

comparisons of the Alzheimer Disease Assessment Scale–Cognitive portion
(ADAS-cog) (B), Neuropsychiatric Inventory (C), and the Caregiver Activity
Survey (D), higher scores indicate worse functioning. Error bars indicate
95% CIs.

The annual rate of decline in ADLs was reduced by 19% with
alpha tocopherol (−6.08) compared with placebo (−7.47)
(Table 2). The mean treatment effect of 3.15 units also translates into a clinically meaningful delay in progression in the
alpha tocopherol group of 6.2 months (95% CI, 5.4-7.4) compared with the placebo group. A delay in progression was sustained throughout most of the 4-year trial with delays at 1, 2,
3, and 4 years of 10.6, 8.7, 9.3, and 1.8 months, respectively.
The LS mean decline for the placebo group was also greater than
the decline for the memantine and the alpha tocopherol plus
memantine groups, but the differences were not statistically
significant. A significant negative treatment interaction between alpha tocopherol and memantine was detected on the
primary outcome (P = .03).

The rate of decline was greater in those participants who
were more severe and there was a larger treatment effect in
the more severe group (eTable 6 in the Supplement); however, the interaction test of treatment and severity level was
not significant (P = .38). The interaction test of treatment and
medical center was also nonsignificant (P = .35).

Adherence
The mean percentage of days taking alpha tocopherol reported by caregivers was 65% in the alpha tocopherol group
and 68% in the alpha tocopherol plus memantine group. The
mean percentage of days taking memantine reported by caregivers was 68% in the memantine group and 66% in the alpha
tocopherol plus memantine group. Of the 435 participants (71%)
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Figure 4. Dependence Scale Score Time-to-Event Analysis

Proportion Without Event

1.0
Vitamin E
Memantine
Vitamin E plus memantine
Placebo

0.8

0.6

0.4

0.2
P = .69
Log-rank χ2 = 1.46

The Dependence Scale assesses 6
levels of functional dependence.
Time to event is the time to loss of 1
dependence level (increase in
dependence). We used an
interval-censored model assuming a
Weibull distribution because the time
of the event was known only at the
end of a discrete interval of time
(every 6 months).
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who had blood drawn for serum concentration assays at baseline and year 1, alpha tocopherol levels increased at year 1 by
1.3 times from baseline levels in 82% of the alpha tocopherol
group (mean [SD] increase, 1.6 [1.4] mg/dL), 74% of the alpha
tocopherol plus memantine group (mean [SD] increase, 1.5 [1.7]
mg/dL), and in 7% of the 2 alpha tocopherol placebo groups
(mean [SD] increase, 0.0 [0.2] mg/dL). Year 1 serum levels of
memantine were 6 μg/dL or greater in 70% of the memantine
group (mean [SD] increase, 9.9 [6.0] μg/dL) and in 70% of the
alpha tocopherol plus memantine group (mean [SD] increase, 10.1 [10.1] μg/dL), and in 6% of the 2 memantine placebo groups (mean [SD] increase, 0.9 [3.6] μg/dL).

Secondary Outcomes
None of the treatment differences was significant for any of
the secondary outcomes based on adjusted P values except for
the comparison of alpha tocopherol vs memantine on the CAS
(P = .03). The LS mean difference in the change (increase in
hours per day) from baseline over the follow-up period on the
CAS was 2.17 hours less (95% CI, 0.63-3.71) in the alpha tocopherol group (7.3 to 10.6) compared with the memantine group
(6.7 to 12.2). Alpha tocopherol vs placebo treatment differences before adjustment for multiple comparisons favored alpha tocopherol on both the ADAS-cog and the CAS, but these
differences were not statistically significant after adjustment
for multiple comparisons (Table 2).

Safety
There were no significant differences between treatment
groups on total AEs or SAEs (Table 3), including heart failure,
falls, syncope, or bleeding events. Serious AEs occurring in 5%
or more of participants in an active treatment group that were
also greater than the frequency in the placebo group included falls (P = .89), bleeding (P = .78), pneumonia (P = .12),
urinary tract infection (P = .66), and any infections or infestations (P = .01) (Table 3). When frequencies for the SAE category of infections or infestations were compared between
treatment groups and placebo, the frequencies in the memanjama.com

tine alone group (31 events in 23 participants) and the combination group (44 events in 31 participants) were significantly
greater than in the placebo group (13 events in 11 participants); however, alpha tocopherol alone vs placebo was not
significant.
The annual mortality rate was 7.3% for the alpha tocopherol group, 11.3% for memantine, 9.0% for alpha tocopherol
plus memantine, and 9.4% for placebo. The hazard ratios for
alpha tocopherol, memantine, and alpha tocopherol plus
memantine vs placebo were 0.87 (95% CI, 0.67-1.13), 1.06 (95%
CI, 0.91-1.24), and 0.94 (95% CI, 0.57-1.54), respectively. The
mortality hazard ratio for the main effect of alpha tocopherol
vs no alpha tocopherol (the 2 alpha tocopherol groups vs the
alpha tocopherol placebo groups) was 0.78 (95% CI, 0.55-1.10)
and for memantine vs no memantine it was 1.21 (95% CI, 0.861.72). Kaplan-Meier survival curves are presented in the eFigure in the Supplement.

Discussion
The current study is one of the largest and longest treatment
trials in patients with mild to moderate AD.26 It is the first largescale clinical trial to assess not only the effectiveness of alpha
tocopherol in patients with mild to moderate AD, but also the
combination of alpha tocopherol and memantine. In addition, the study provides information on reported safety issues of alpha tocopherol27 that have resulted in decreased prescribing of alpha tocopherol for patients with AD.28 The allele
and genotype frequencies for our multiethnic population were
comparable with other AD cohorts.29,30
We found that when compared with placebo, 2000 IU/d of
alpha tocopherol significantly delayed clinical progression in
ADLs in patients with mild to moderate AD who were taking
an AChEI. This effect was not seen in the memantine and the
memantine plus alpha tocopherol groups. The observed alpha tocopherol scores on each secondary outcome declined
less that the placebo group; however, none of the differences
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Table 2. Mean Changes in Primary and Secondary Outcome Measures During the 4-Year Study Period as Compared With Baselinea

ADCS-ADL

Vitamin E

Memantine

Vitamin E + Memantine

Placebo

(n = 140)

(n = 142)

(n = 139)

(n = 140)

Mean (SD) baseline scoreb

57.20 (14.38)

57.77 (13.78)

57.16 (13.59)

56.93 (13.61)

Least squares mean follow-up score
(95% CI)

44.15 (41.98 to 46.32)

42.98 (40.82 to 45.14)

42.76 (40.58 to 44.94)

41.00 (38.82 to 43.17)

−6.08 (−7.04 to −5.13)

−6.60 (−7.55 to −5.65)

−6.70 (−7.66 to −5.74)

−7.47 (−8.43 to −6.52)

Mean annual rate of functional decline
(95% CI)c
Least squares means change (SE)

−13.81 (1.11)

Mean difference compared with
placebo (95% CI)

−14.98 (1.10)

3.15 (0.92 to 5.39)

1.98 (−0.24 to 4.20)

−16.96 (1.11)

1.76 (−0.48 to 4.00)

Unadjusted P valued

.006

.08

.12

Adjusted P value

.03

.40

.49

(n = 136)

(n = 140)

(n = 136)

(n = 137)

Mean annual rate of cognitive declinec

−1.37 (−1.66 to −1.07)

−1.41 (−1.70 to −1.11)

−1.29 (−1.59 to −0.99)

−1.46 (−1.76 to −1.16)

Least squares means change (SE)

−2.97 (0.33)

−3.05 (0.33)

−2.80 (0.33)

−3.16 (0.33)

MMSE

Mean difference compared with
placebo (95% CI)

0.19 (−0.54 to 0.92)

0.12 (−0.61 to 0.84)

0.37 (−0.36 to 1.10)

Unadjusted P valued

.60

.75

.32

Adjusted P value

.84

.84

.84

(n = 135)

(n = 140)

(n = 136)

(n = 137)

2.75 (2.12 to 3.39)

2.94 (2.31 to 3.57)

2.82 (2.18 to 3.46)

3.59 (2.95 to 4.22)

6.13 (0.71)

7.78 (0.70)

ADAS-cog
Mean annual rate of cognitive declinec
Least squares means change (SE)
Mean difference compared with
placebo (95% CI)

5.97 (0.70)
−1.80 (−3.28 to −0.33)

6.38 (0.70)
−1.39 (−2.85 to 0.07)

−1.65 (−3.12 to −0.17)

Unadjusted P valued

.02

.06

.03

Adjusted P value

.10

.25

.14

(n = 140)

(n = 142)

(n = 139)

(n = 140)

0.35 (−0.51 to 1.21)

0.82 (−0.04 to 1.69)

0.79 (−0.08 to 1.66)

1.00 (0.12 to 1.87)

1.79 (1.00)

2.26 (1.01)

NPI
Mean annual rate of increased
symptomsc
Least squares means change (SE)
Mean difference compared with
placebo (95% CI)

0.79 (1.00)
−1.46 (−3.55 to 0.63)

1.87 (1.00)
−0.39 (−2.47 to 1.70)

−0.47 (−2.57 to 1.63)

Unadjusted P valued

.17

.72

.66

Adjusted P value

.94

.94

.94

(n = 140)

(n = 142)

(n = 139)

(n = 140)

1.48 (0.80 to 2.15)

2.43 (1.76 to 3.11)

2.20 (1.52 to 2.88)

2.26 (1.58 to 2.94)

5.00 (0.78)

5.14 (0.79)

CAS
Mean annual rate of increased
caregiver time, hc
Least squares means change (SE), h
Mean difference compared with
placebo (95% CI)

3.35 (0.78)
−1.79 (−3.35 to −0.23)

5.52 (0.78)
0.38 (−1.18 to 1.94)

−0.14 (−1.70 to 1.42)

Unadjusted P valued

.02

.63

.86

Adjusted P value

.12

.86

.86

Abbreviations: AChEI, acetylcholinesterase inhibitor; ADAS-cog, Alzheimer
Disease Assessment Scale–Cognitive Subscale; ADCS-ADL, Alzheimer’s Disease
Cooperative Study/Activities of Daily Living; APOE, apolipoprotein E; CAS,
Caregiver Activity Survey; MMSE, Mini-Mental State Examination; NPI,
Neuropsychiatric Inventory.
a

All fitted models included time as categorical variable with an unstructured
covariance matrix. The test for a treatment × time interaction was not
significant for any of the outcomes; therefore, the overall mean effects over
the follow-up period are presented.

b

Baseline scores are for those included in the outcome model. These scores do
not equal mean decline plus follow-up scores because the baseline scores are

were significant. In addition, caregiver time increased least in
the alpha tocopherol group compared with the other 3 groups;
however, only the comparison between the alpha tocopherol
group and the memantine group was significant after adjustment for multiple comparisons.
40

−15.20 (1.11)

actual means and the follow-up and change scores are model-estimated least
squares means.
c

Annual rate of decline is calculated by dividing the least squares means change
by the average follow-up time of 2.27 years for the ADCS-ADL Inventory, NPI,
and CAS, and by 2.17 years, the average follow-up time for the MMSE and
ADAS-cog. Average follow-up for the patient-completed questionnaires was
slightly less due to the requirement for an in-person evaluation as opposed to
the caregiver questionnaires, which were occasionally completed over the
telephone.

d

P value is unadjusted for multiple comparisons.

A delay in the annual rate of clinical progression in the alpha tocopherol group of 19% or approximately 6.2 months over
the follow-up period is a meaningful treatment effect and is
comparable with positive AChEI Alzheimer clinical trials that
used the ADCS-ADL Inventory.31,32 This delay along with a re-
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Table 3. Adverse Events and Serious Adverse Events
Vitamin E
(n = 152)

Event

Memantine
(n = 155)

Vitamin E +
Memantine
(n = 154)

Placebo
(n = 152)

Adverse events
Patients with event, No. (%)

91 (60)

97 (63)

90 (58)

89 (59)

Adverse event, No. of events

198

196

211

202

35

29

33

24

58 (20)

38 (17)

64 (23)

48 (20)

6 (4)

5 (3)

11 (6)

5 (3)

Patients with event, No. (%)

82 (54)

84 (54)

83 (54)

95 (63)

Serious adverse event, No. of events

180

187

179

170

19

18

13

19

Event attributed to study medications,
No. of eventsa
Adverse event >5% and ≥placebo, No. of
events (% of patients with event)b
Falls
Bleedingc
Serious adverse events

Event attributed to study medications,
No. of eventsa
Type of event, No. of eventsd
Hospitalization

152

143

146

128

Other

14

20

41

28

Death

26

39

32

31

Annual mortality rate, %e

7.3

11.3

9.0

9.4

Cardiac disorders

5

10

8

10

Nervous system disorders

4

6

6

5

Infections or infestations

4

4

3

2

Neoplasms

4

5

3

1

a

The principal investigator at each
clinical site determined whether an
adverse event or serious adverse
event was attributed to study
therapy.

b

Adverse events and serious adverse
events are listed according to the
preferred term used in the Medical
Dictionary for Regulatory Activities
(MedDRA).

c

Bleeding events are calculated by
combining preferred terms from
MedDRA and other events that
involved bleeding.

d

More than 1 event type permitted
for serious adverse events.

e

Cox proportional hazard ratio for
vitamin E relative to placebo = 0.87;
95% CI, 0.67-1.13; P = .31.

f

Cause of death is based on the
organ class system used in
MedDRA.

g

Infections or infestations are based
on the organ class system used in
MedDRA; χ 32 test of a difference
across treatment groups P = .01; χ 12
test for vitamin E vs placebo P = .12,
for memantine vs placebo P = .03,
and for vitamin E + memantine vs
placebo P = .001.

f

Cause of death

Respiratory disorders

2

4

5

3

Other

5

6

6

8

Unknown

2

4

1

2

Serious adverse event >5% and ≥placebo,
No. of events (% of patients with an event)b
Falls
Bleedingc
Pneumonia
Urinary tract infection
All infections or infestationsg

16 (10)

16 (10)

14 (8)

18 (10)

7 (5)

10 (5)

7 (5)

10 (5)

11 (5)

9 (5)

15 (10)

5 (3)

8 (5)

8 (5)

13 (5)

5 (3)

29 (13)

31 (15)

44 (20)

13 (7)

duction of approximately 2 hours of caregiver time per day in
the alpha tocopherol group could have a major effect on informal and direct medical care costs.33,34 The results of the current study are consistent with the findings of Sano et al,1 which
showed a delay in clinical progression of approximately 7
months for moderately severe AD in patients who took 2000
IU/d of alpha tocopherol over a 2-year period.
Decline in functioning in AD is increasingly recognized as
an important determinant of both patient quality of life and
social and economic costs.35 Maintaining the ability to perform ADLs is very relevant to patients and to caregivers. The
loss of the ability to perform ADLs is associated not only with
increased caregiver burden but also with nursing home
placement.36-38 In the current study, the placebo group lost approximately 3 units more on the ADCS-ADL Inventory than the
alpha tocopherol group. A loss of this magnitude could translate into either the complete loss of being able to dress or bath
independently, for example, or losing independence on any 3
different ADLs. Because vitamin E is inexpensive, it is likely
jama.com

these benefits are cost-effective as alpha tocopherol improves functional outcomes and decreases caregiver
burden.23,39
The lack of effectiveness of memantine in the current study
is consistent with the negative findings reported in previous
studies of AD patients with mild dementia.5-8 Our findings reinforce current VA memantine treatment guidelines that restrict the use of memantine to patients with moderately severe AD.3-5 The absence of memantine related safety issues in
the current study agrees with the findings in previously reported studies of memantine.5-8
When compared with placebo, the alpha tocopherol alone
group showed significant benefit, but paradoxically, the combination of alpha tocopherol and memantine had less effect
than either alpha tocopherol alone or memantine alone. Although it is possible that memantine could have interfered with
the effectiveness of alpha tocopherol, it is difficult to postulate a plausible mechanism. To our knowledge, no studies have
examined whether memantine interferes with alpha tocophJAMA January 1, 2014 Volume 311, Number 1
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erol’s antioxidant effects. This study and previously published studies3,4 do not address whether a similar interaction
exists for patients with AD and severe dementia for whom a
combination of alpha tocopherol and memantine could be recommended.
In contrast to the conclusion drawn from a 2005 metaanalysis of vitamin E,27 which showed that high-dose vitamin E (≥400 IU/d) may increase the risk of all-cause mortality, we found no significant increase in mortality with vitamin
E. The annual mortality rate was 7.3% in the alpha tocopherol
group vs 9.4% for the placebo group. The observed hazard rate
for mortality was reduced by 13% (95% CI, −33% to 13%) in the
alpha tocopherol group compared with the placebo group and
by 22% (95% CI, −45% to 10%) in the 2 alpha tocopherol groups
compared with the 2 alpha tocopherol placebo groups. Of note,
the meta-analysis included 1 Alzheimer study,1 and in that
study the all-cause mortality rate was also reduced in the alpha tocopherol groups compared with the other treatment
groups.
The original target sample size of 840 could not be
achieved because of a lower than expected number of eligible patients, greater than anticipated staff workload to
enroll and follow up participants, and higher than predicted
refusal rates. The reestimated sample size with the extension of follow-up reduced the sample size to a feasible target
(600). By the completion of the trial, the revised target
sample size was exceeded (613); however, the mean
follow-up was less than expected primarily because of a
greater withdrawal and mortality rate than estimated, a nonuniform enrollment rate over time, and a larger number of
missed final visits than expected. This reduced power and
possibly contributed to some of the nonsignificant adjusted
P values for the secondary outcomes that were significant
prior to adjustment for multiple comparisons.
Based on our data, there was no evidence that any of the
treatments were unsafe; however, the size of the study did not
allow us to detect infrequent but potentially significant adverse events. Only 1 of the 21 system organ classes recorded
for SAEs showed a significant difference in frequencies among
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treatment groups, namely infections or infestations. None of
the 30 individual preferred terms that comprised the events
in this system organ class, showed a significant difference
among treatment groups. An increase in infections or infestations has not been reported in other studies on alpha
tocopherol.1,2,27 Based on the number of different types of AEs
examined, it is plausible that the significant difference detected for infections or infestations is due to chance alone. Although falls and syncope were more frequent in participants
taking alpha tocopherol in the study by Sano et al,1 there were
no statistically significant differences among the groups for
these AEs. The incidences of falls and syncope in the current
study did not differ among treatment groups for both AEs and
SAEs.
One limitation of the study was the higher than anticipated rates of withdrawal, although the withdrawal rates were
nearly equivalent across all treatment groups. Because the average length of treatment for participants was considerably longer than most published trials in patients with similar AD
severity,9 the overall proportion of withdrawals in the current study was somewhat higher. The higher than anticipated withdrawal rates were mostly addressed with the sample
size reestimation. A second limitation was the small percentage of women in the study; however, based on the results from
previous studies, there is no evidence that the effectiveness
of alpha tocopherol or memantine differs in males compared
with females.1-10

Conclusions
We found that a dosage of 2000 IU/d of alpha tocopherol was
effective in slowing the functional decline of mild to moderate AD and was also effective in reducing caregiver time in assisting patients. Neither memantine nor the combination of alpha tocopherol and memantine showed clinical benefit in
patients with mild to moderate AD. These findings suggest that
alpha tocopherol is beneficial in mild to moderate AD by slowing functional decline and decreasing caregiver burden.
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