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ABSTRACT

BACKGROUND
Mild cognitive impairment is a transitional state between the cognitive changes of nor-
mal aging and early Alzheimer’s disease.

METHODS

In a double-blind study, we evaluated subjects with the amnestic subtype of mild cognitive
impairment. Subjects were randomly assigned to receive 2000 IU of vitamin E daily, 10 mg
of donepezil daily, or placebo for three years. The primary outcome was clinically possi-
ble or probable Alzheimer’s disease; secondary outcomes were cognition and function.

RESULTS

A total of 769 subjects were enrolled, and possible or probable Alzheimer’s disease de-
veloped in 212. The overall rate of progression from mild cognitive impairment to Alz-
heimer’s disease was 16 percent per year. As compared with the placebo group, there
were no significant differences in the probability of progression to Alzheimer’s disease
in the vitamin E group (hazard ratio, 1.02; 95 percent confidence interval, 0.74 to 1.41;
P=0.91) or the donepezil group (hazard ratio, 0.80; 95 percent confidence interval, 0.57
to 1.13; P=0.42) during the three years of treatment. Prespecified analyses of the treat-
ment effects at 6-month intervals showed that as compared with the placebo group, the
donepezil group had a reduced likelihood of progression to Alzheimer’s disease dur-
ing the first 12 months of the study (P=0.04), a finding supported by the secondary out-
come measures. Among carriers of one or more apolipoprotein E €4 alleles, the benefit
of donepezil was evident throughout the three-year follow-up. There were no signifi-
cant differences in the rate of progression to Alzheimer’s disease between the vitamin
E and placebo groups at any point, either among all patients or among apolipoprotein
E €4 carriers.

CONCLUSIONS
Vitamin E had no benefit in patients with mild cognitive impairment. Although donep-
ezil therapy was associated with a lower rate of progression to Alzheimer’s disease dur-
ing the first 12 months of treatment, the rate of progression to Alzheimer’s disease after
three years was not lower among patients treated with donepezil than among those
given placebo.
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ILD COGNITIVE IMPAIRMENT REP-

resents a transitional state between the

cognitive changes of normal aging and
the earliest clinical features of Alzheimer’s disease.*
Amnestic mild cognitive impairment refers to the
subtype that has a primary memory component, ei-
ther alone (single domain) or in conjunction with
other cognitive-domain impairments (multiple do-
main), but of insufficient severity to constitute de-
mentia.?® Previous research has shown that the
rate of progression to clinically diagnosable Alzhei-
mer’s disease is 10 to 15 percent per year among
persons who meet the criteria for the amnestic
form of mild cognitive impairment, in contrast to
arate of 1 to 2 percent per year among normal el-
derly persons.” Approximately 80 percent of those
who meet the criteria for amnestic mild cognitive
impairment will have Alzheimer’s disease within
six years, and the presence of one or more apo-
lipoprotein (APOE) €4 alleles is associated with a
more rapid rate of progression.®° Thus, prevent-
ing the progression of mild cognitive impairment
to Alzheimer’s disease is likely to provide substan-
tial benefit.

Oxidative damage accompanies Alzheimer’s dis-
ease, and cholinesterase inhibitors are recommend-
ed for use in mild-to-moderate Alzheimer’s dis-
ease.’® The Alzheimer’s Disease Cooperative Study
(ADCS)** showed that treatment with the antioxi-
dant vitamin E could delay the time to important
milestones in patients with moderately severe Alz-
heimer’s disease. The present study was designed
to determine whether treatment with vitamin E or
donepezil, the most widely used cholinesterase in-
hibitor available at the time the study was designed,
could delay the clinical diagnosis of Alzheimer’s
disease in subjects with the amnestic form of mild
cognitive impairment.

METHODS

PARTICIPANTS

We enrolled 769 subjects from 69 ADCS sites in the
United States and Canada.*? The criteria for inclu-
sion were amnestic mild cognitive impairment of
a degenerative nature (insidious onset and gradual
progression),” impaired memory, a Logical Memory
delayed-recall score approximately 1.5 to 2 SD be-
low an education-adjusted norm, a Clinical De-
mentia Rating (CDR) of 0.5, a score of 24 to 30 on
the Mini—Mental State Examination (MMSE), and
an age of 55 to 90 years. Detailed inclusion and ex-

clusion criteria are presented in the Supplementary
Appendix, available with the full text of this article
atwww.nejm.org.

STUDY DESIGN
In this multicenter, randomized, double-blind, pla-
cebo-controlled, parallel-group study, which was
conducted between March 1999 and January 2004,
subjects with amnestic mild cognitive impairment
were randomly assigned to receive 2000 IU of vita-
min E, placebo donepezil, and a multivitamin daily;
10 mg of donepezil, placebo vitamin E, and a mul-
tivitamin daily; or placebo vitamin E, placebo do-
nepezil, and a multivitamin daily. The multivita-
min contained 15 IU of vitamin E. The initial dose
of donepezil was 5 mg daily, and the dose was in-
creased to 10 mg after six weeks. The initial dose of
vitamin E was 1000 IU daily, and the dose was in-
creased to 2000 IU (1000 IU twice daily) after six
weeks. If a subject had difficulty tolerating the high-
er dose of vitamin E or donepezil, the investigator
could reduce the dose of either medication tempo-
rarily and then rechallenge with the higher dose.
We used an adaptive allocation scheme for the
treatment assignment, with the MMSE score, age,
and APOE €4 status as balancing covariates. The
study was designed by the mild-cognitive-impair-
ment protocol committee of the ADCS and was exe-
cuted and analyzed by the ADCS investigators. Fifty
percent of the funding was provided by the Nation-
al Institute on Aging, with the other 50 percent com-
ing from Pfizer and Eisai. Pfizer and Eisai served in
an advisory capacity for the study, but final deci-
sions concerning all phases of the study were made
by the ADCS investigators. The study was conduct-
ed according to Good Clinical Practice guidelines,
the Declaration of Helsinki, and the U.S. Code of
Federal Regulations title 21 Part 50 (Protection of
Human Subjects) and title 21 Part 56 (Institutional
Review Boards). Written informed consent was
obtained from all participants and study partners
who had knowledge of the participants’ functional
activities. A data and safety monitoring board re-
viewed the blinded safety data every three months
during the trial.

EFFICACY MEASURES

The primary end point was the time to the devel-
opment of possible or probable Alzheimer’s dis-
ease, defined according to the clinical criteria of
the National Institute of Neurological and Commu-
nicative Diseases and Stroke and the Alzheimer’s
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Disease and Related Disorders Association.® On
verification by a central review committee thata par-
ticipant met these clinical criteria for Alzheimer’s
disease, the participant stopped taking donepezil
or matching placebo in a blinded fashion and was
offered open-label donepezil until he or she com-
pleted the study at month 36.

Secondary measures were also assessed, includ-
ing the scores for the MMSE; the Alzheimer’s Dis-
ease Assessment Scale, cognitive subscale (ADAS-
Cog); the global CDR; the CDR sum of boxes (the
sum of individual CDR domain scores); the ADCS
Mild Cognitive Impairment Activities of Daily Liv-
ing Scale; the Global Deterioration Scale; and a
neuropsychological battery consisting of the New
York University paragraph-recall test, the Symbol
Digit Modalities Test, the category-fluency test, a
number-cancellation test, the Boston Naming Test,
the digits-backward test, the clock-drawing test,
and a maze-tracing task.*>4

STATISTICAL ANALYSIS

The primary analysis was conducted according to
the intention-to-treat principle in order to determine
whether there was a significant reduction in the
time to progression to Alzheimer’s disease among
subjects treated with either vitamin E or donepezil
as compared with those given placebo. The Cox pro-
portional-hazards model was used, and baseline
variables (age, the MMSE score, and the APOE ge-
notype) were included in the analysis as covariates.
Two primary analyses were conducted, one com-
paring the vitamin E and placebo groups, and one
comparing the donepezil and placebo groups. The
Hochberg method™® was used to adjust the two Pval-
ues for multiple comparisons. The Schoenfeld re-
siduals test was used to test for nonproportional
hazards.® A z-test (the difference in the propor-
tions divided by the standard error of the difference)
was used to compare estimated survival rates at var-
ious points on the Kaplan—Meier curves (at 6, 12,
18, 24, 30, and 36 months). The Hochberg method
was used to adjust the six P values for multiple com-
parisons.

Hazard ratios derived from the Cox analysis
were used to compare the risk of progression in
the donepezil or vitamin E group with that in the
placebo group for the entire cohort and for the sub-
group of APOE €4 carriers. In the 12- and 24-month
analyses, data were censored at 388 and 749 days,
respectively. The hazard-ratio analyses were sec-
ondary, and the resulting P values were not adjust-

ed for multiple comparisons. Baseline character-
istics among the three groups were compared with
the use of Wilcoxon’s rank-sum test or Fisher’s ex-
act test, as appropriate. For the statistical evalua-
tion of main effects, a P value of less than 0.05 was
considered to indicate statistical significance, and
for interaction effects, a P value of less than 0.10
was used.

The secondary outcomes were examined with
the use of analysis of covariance for the change in
scores without correction for multiple comparisons,
and missing values were imputed with the use of
a projection method appropriate for assessing re-
sponses among subjects with neurodegenerative
diseases.’” As part of the secondary analyses, sev-
eral cognitive-domain scores for memory (consist-
ing of the ADAS immediate and delayed word-recall
scores and the New York University immediate and
delayed paragraph-recall scores), executive function
(the digits-backward test, Symbol Digit Modali-
ties Test, and number-cancellation test), language
(the Boston Naming Test and category-fluency test),
and visuospatial skills (the clock-drawing test) were
calculated in addition to an overall composite cog-
nitive-function score. The cognitive-domain and
overall composite scores were calculated as the
weighted sum of the individual standardized test
scores. The individual test scores were standardized
by dividing each score by the standard deviation of
the baseline scores. Weights were calculated as the
reciprocal of the sum of the correlation coefficients
between the tests in each domain at baseline.

The annual rates of progression to dementia
were calculated with the use of a life-table analysis.
An analysis based on a logistic-regression model
was conducted to determine whether missing data
from subjects who were lost to follow-up were miss-
ing completely at random® and, if so, could be ig-
nored.

RESULTS

STUDY POPULATION

A total of 790 subjects underwent randomization,
and 769 completed the baseline assessment. There
were no significant differences among the three
groups in baseline demographic or psychometric
characteristics (Table 1).

PRIMARY OUTCOME MEASURES
Atotal of 214 participants had progression to de-
mentia, with 212 being classified as having possi-
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Table 1. Baseline Characteristics of the Subjects.*
Placebo  Donepezil Vitamin E All
Group Group Group Subjects
Variable (N=259) (N=253) (N=257) (N=769)
Age —yr 72.9+7.6 73.1+7.1 72.8+7.3 72.9+7.3
Female sex — no. (%) 121 (47) 112 (44) 119 (46) 352 (46)
APOE €4 carrier —no. (%) 136 (53) 147 (58) 141 (55) 424 (55)
ADAS-Cog score
Original 11.03+4.2 11.28+4.5 11.48+4.4 11.26+4.4
Modified 17.40+6.0 17.72+6.2 18.04+6.0 17.72+6.1
MMSE score 27.35£1.8 27.25+1.8 27.20+£1.9 27.27+1.8
CDR sum-of-boxes score 1.87+0.8  1.80+0.8 1.78+0.8  1.82+0.8
Score on Global Deteriora-  2.72+0.6  2.66+0.6  2.64+0.6  2.67+0.6
tion Scale
Score on Activities of Daily ~ 45.87+£5.2 46.49+4.3 45.82+4.6 46.06+4.7
Living Scale

* Plus—minus values are means +SD. A total of 2264 subjects were screened.
The primary reason for exclusion was failure to meet cutoff scores for the Log-
ical Memory paragraph. Scores for the original cognitive subscale of the Alz-
heimer’s Disease Assessment Scale (ADAS-Cog) can range from 0 to 70, and
scores for the modified ADAS-Cog can range from 0 to 85, with higher scores
indicating poorer function. Scores for the Mini-Mental State Examination
(MMSE) can range from 0 to 30, with higher scores indicating better function.
Scores for the Clinical Dementia Rating (CDR) sum of boxes can range from
0to 18, with lower scores indicating better performance. Scores for the Global
Deterioration Scale can range from 1 to 7, with higher scores indicating poorer
function. Scores for the Activities of Daily Living Scale can range from 0 to 53,
with higher scores indicating better function.
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ble or probable Alzheimer’s disease, 1 as having
mixed dementia, and 1 as having primary progres-
sive aphasia. The overall rate of progression to Alz-
heimer’s disease was 16 percent per year.

During the three years of the trial, there were no
significant differences in the probability of progres-
sion from mild cognitive impairment to Alzheimer’s
disease on the basis of the Cox analysis between the
vitamin E group and the placebo group (hazard ra-
tio, 1.02; 95 percent confidence interval, 0.74 to
1.41; P=0.91) or the donepezil group and the pla-
cebo group (hazard ratio, 0.80; 95 percent confi-
dence interval, 0.57 to 1.13; P=0.42) (Fig. 1A). The
Schoenfeld residuals test of nonproportional haz-
ards was significant (P=0.001 for the comparison
of the donepezil group with the placebo group and
P=0.01 for the comparison of the vitamin E group
with the placebo group), indicating that the pro-
portional-hazards assumption for the Cox model
was not met. The 36-month analysis was therefore
followed by a prespecified assessment of the treat-
ment effects at each six-month evaluation point.
This analysis showed that there were no signifi-

cant differences between the vitamin E and place-
bo groups at any time during the trial.

Therisk of progression to Alzheimer’s disease
was lower in the donepezil group than in the pla-
cebo group for the first 12 months of the trial (P=
0.004 at 6 months and P=0.04 at 12 months by a
z-test adjusted for comparisons at multiple points)
(Fig. 1B). A total of 38 subjects in the placebo group
had progression to Alzheimer’s disease in the first
12 months, as compared with 33 in the vitamin E
group and 16 in the donepezil group. By 36 months,
however, the numbers of subjects with progression
to Alzheimer’s disease did not differ significantly
among the three groups: 73 in the placebo group,
76 in the vitamin E group, and 63 in the donepe-
zil group. For the comparison that included all sub-
jects, the hazard ratios for progression to Alzhei-
mer’s disease were lower in the donepezil group
than the placebo group during year 1 (P=0.004)
and during years 1 and 2 (P=0.03), but not during
the entire three years of the study (P=0.21; P values
not adjusted for comparisons at multiple points).

SECONDARY OUTCOME MEASURES

There were few significant differences in cogni-
tive function from baseline between the vitamin E
and placebo groups. The exceptions were in the
scores for the executive, language, and overall cog-
nitive scores, and these were confined to the first
18 months of the study. There were more differenc-
es in the change from baseline scores between the
donepezil group and the placebo group, as shown
in Table 2; they included the scores for the MMSE,
CDR sum of boxes, Global Deterioration Scale, and
modified ADAS-Cog, as well as memory, language,
and overall cognitive scores, but with one exception,
they were also confined to the first 18 months of
the study.

APOE €4 CARRIERS

Possession of the APOE €4 allele was a major pre-
dictor of progression to Alzheimer’s disease in all
three groups, with 76 percent of the cases of pro-
gression to Alzheimer’s disease occurring among
APOE €4 carriers (P<0.001) (Fig. 1C). There were
136 carriers in the placebo group, 147 in the do-
nepezil group, and 141 in the vitamin E group (Ta-
ble 1). The curves for the vitamin E and placebo
groups separated slightly during the first year, then
merged again (P=0.77) (Fig. 1D). In this secondary
analysis, it was observed that the curves for the do-
nepezil and placebo groups had separated by six
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Figure 1. Kaplan—-Meier Estimates of the Rate of Progression from Mild Cognitive Impairment to Alzheimer’s Disease (AD).
Panel A shows the survival estimates in all three groups during the three-year study. Panel B shows the results of pre-
specified comparisons involving z-tests at 6 months (P=0.004) and 12 months (P=0.04). Panel C shows the effect of
APOE €4 carrier status on the rate of progression to Alzheimer’s disease, and Panel D shows the effect of treatment
among APOE €4 carriers. Comparisons were adjusted for multiple comparisons with the use of the Hochberg method.

months and remained apart during the remainder
of the trial (P=0.04), with donepezil treatment
reducing the risk of progression to Alzheimer’s
disease by approximately one third at year 3
among subjects with one or more APOE €4 alleles
(Table 3).

OUTCOMES AND ADVERSE EVENTS
Adverse events in the donepezil group included
muscle cramps, gastrointestinal symptoms, and
sleep disturbances (Table 4). Twenty-three deaths
occurred during the study (17 during the double-
blind phase and 6 during the open-label phase), and
all were judged to be unrelated to treatment. Dur-
ing the double-blind phase, seven subjects died in
the donepezil group and five subjects died in each
of the other two groups (P=0.79).

A total of 230 subjects discontinued treatment
during the double-blind phase: 92 in the donepezil
group, 72 in the vitamin E group, and 66 in the pla-

cebo group (P=0.90). Among the leading reasons
for discontinuation besides death were adverse
events in the case of 47 subjects and withdrawal of
consent in the case of 105 subjects.

EFFECT OF MISSING DATA

To assess the effect of missing data, we compared
the baseline values between the 230 subjects who
withdrew during the double-blind phase and the
539 subjects who progressed to open-label treat-
ment or completed the double-blind phase. There
were no significant differences in demographic
characteristics or neuropsychological measures.
A contingency-table analysis of the number of sub-
jects according to the treatment group and peri-
od of withdrawal indicated a trend toward more
early dropouts (at the three- and six-month visits)
in the donepezil group than in the placebo group
(P=0.07). The results of an evaluation of the as-
sumption that the missing data were missing com-
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Table 2. Changes from Baseline in Cognitive and Functional Measures.*
Test Change in Score from Baseline
6 mo 12 mo 18 mo 24 mo 30 mo 36 mo
Cognitive and functional measures
MMSE
Donepezil 0.06+2.031 -0.31+2.25% -0.52+2.461 -0.98+2.54% -1.47+3.04 -2.31+3.72
Vitamin E -0.53+2.28  -0.54+2.28 -0.96+2.61 -1.21+2.78 -1.75+3.09 -2.20+3.64
Placebo -0.36+£2.02  -0.80+2.34  -1.02+2.61 -1.49+2.90 -1.77+£3.24 -2.75+4.04
Activities of Daily Living Scale
Donepezil -0.21+3.43 -1.41+4.48 -1.78+5.02 -3.09+6.24 -4.44+7.39 -6.26+8.67
Vitamin E -0.34+4.29  -1.08+4.90 -2.13+5.76  -2.84+6.16 -4.16+7.46 -5.63+8.75
Placebo -1.06+4.54  -1.44+5.00 -2.34+6.02 -3.43+6.73  -5.00+8.05 -6.39+8.99
CDR sum of boxes
Donepezil 0.05+0.66 0.25+0.92%  0.51+1.18% 0.87+1.55 1.19+1.69  1.60+2.09
Vitamin E 0.17+0.70 0.51+1.21 0.75+1.44 1.02+1.76 1.26+1.89 1.67+2.18
Placebo 0.14+0.86 0.40+1.28 0.72+1.55 0.97£1.76 1.26+£2.15  1.64+2.55
Global Deterioration Scale
Donepezil -0.01£0.521  0.11+0.57 0.19+0.66%  0.32+0.73 0.45+0.78  0.59+0.89
Vitamin E 0.11+0.49 0.21+0.61 0.27+0.73 0.42+0.80 0.51+0.85  0.64+0.96
Placebo 0.07+0.53 0.15+0.65 0.27£0.73 0.38+0.81 0.48+£0.87  0.56+0.99
ADAS-Cog (original)
Donepezil -0.61+3.79 0.17+£3.73 1.08+4.37 1.22+4.79 2.71+£5.21  3.68+5.95
Vitamin E —0.16+4.19 0.91+4.21 1.19+4.32 1.93£5.13 3.01+5.57  4.59+6.54
Placebo -0.13+3.34 0.61+4.10 1.29+4.71 1.49+5.07 2.98+5.62  3.74+6.97
ADAS-Cog (modified)
Donepezil -1.23+4.741 -0.55+£5.20%  0.03+5.64%  0.35+6.23 2.05£6.74  3.12+7.39
Vitamin E -0.47+5.06 0.27+5.20 0.49+5.42 1.15+6.37 2.48+6.68  3.98+7.56
Placebo -0.09+4.38 0.60+4.96 0.99+6.07 1.02+6.27 2.65£7.02  3.72+8.54

pletely at random demonstrated that cognitive
scores for the MMSE and the ADAS-Cog and total
score for the CDR sum of boxes at each visit were
predictive of withdrawal before the next visit, indi-
cating that the missing observations cannot be ig-
nored. To assess the z-test results, we conducted
a sensitivity analysis consisting of simulations in
which the subjects in the donepezil group who
dropped out in the first 12 months were randomly
divided into two groups: a group of 40 to match the
number of dropouts in the placebo group during
this period and a group of 24 excess dropouts. A
proportion of the 24 excess dropouts was then se-
lected at random and assumed to have had progres-
sion to Alzheimer’s disease. That proportion was
set at the conservative level of double the rate in the
group of subjects who completed the study. This
analysis included six excess progression events.

In these analyses, the 6- and 12-month z-test results
remained significant in favor of the donepezil group
over the placebo group. The results atall other times
were nonsignificant. Similar analyses were per-
formed for the vitamin E and placebo groups, and
the results were uniformly nonsignificant.

DISCUSSION

Over the three years of the study, there were no sig-
nificant differences in the probability of progres-
sion to Alzheimer’s disease between either the vi-
tamin E or the donepezil group and the placebo
group. However, since the effect of treatments var-
ied during the three years of the trial and assump-
tions for the primary-analysis model were not met,
prespecified group comparisons were carried out
at each of the six-month evaluations. These analy-
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Table 2. (Continued.)*
Test
6 mo 12 mo
Cognitive domains§
Memory
Donepezil 0.01+0.517 0.00+0.57
Vitamin E -0.10+0.48 -0.08+0.49
Placebo -0.17+0.47 -0.10+£0.51
Executive
Donepezil 0.09+0.36 0.11+0.40
Vitamin E 0.11£0.417 0.04+0.41
Placebo 0.04+0.42 0.05+0.44
Language
Donepezil 0.09+0.247 0.04+0.223
Vitamin E 0.07+0.233 0.05+0.263
Placebo 0.03+0.23 0.00+0.24
Visuospatial
Donepezil 0.00+0.32 0.00+0.32
Vitamin E 0.03+0.34 -0.01+0.35
Placebo -0.01+0.34 0.02+0.32
Overall
Donepezil 0.18+0.827 0.15+0.92
Vitamin E 0.10+0.81} 0.00+0.90
Placebo -0.12+0.80 -0.03+0.86

Change in Score from Baseline
18 mo 24 mo 30 mo 36 mo
-0.03+0.57% -0.07+0.59 -0.32+0.60  -0.26+0.60
-0.12+0.55 -0.12+0.57 -0.43+0.55 -0.31+0.59
-0.15+0.52 -0.11+0.55 -0.34+0.55 -0.28+0.62
0.03+0.42 -0.01+0.45 -0.06+0.46  -0.16+0.48
0.00+0.42 0.03+0.45 0.00+0.47  -0.19+0.48
-0.02+0.45 0.01+0.48 -0.08+0.51  -0.19+0.53
0.04+0.247  -0.03+0.25 -0.06+0.29  -0.11+0.32
0.02+0.28%  -0.03+0.31 -0.05+0.33  -0.10+0.35
-0.03+0.24 0.00+0.27 -0.04+028 -0.08+0.33
-0.05+0.32 -0.06+0.35 -0.14+0.35  -0.14+0.34
-0.02+0.33 -0.04+0.34 -0.07+0.36 -0.12+0.37
—0.04+0.36 -0.06+0.39 -0.09+0.39  -0.11+0.39
0.01+0.967 -0.16+1.03 -0.59+1.18 -0.67+1.24
-0.13+0.94 -0.16+1.07 -0.54+1.14  -0.70+1.21
-0.24+0.96 -0.15+1.09 -0.53+1.17 -0.65+1.35

3

Scores for the Mini—-Mental State Examination (MMSE) can range from 0 to 30, with higher scores indicating better func-

tion. Scores for the Activities of Daily Living Scale can range from 0 to 53, with higher scores indicating better function.

Scores for the Clinical Dementia Rating (CDR) sum of boxes can range from 0 to 18, with lower scores indicating better
performance. Scores for the Global Deterioration Scale can range from 1 to 7, with higher scores indicating poorer func-
tion. Scores for the original cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-Cog) can range from
0 to 70, and scores for the modified ADAS-Cog can range from 0 to 85, with higher scores indicating poorer function.

i P<0.01 for the comparison with the baseline value.
1 P<0.05 for the comparison with the baseline value.

§ The values for the cognitive-domain measures (memory, executive, language, and visuospatial) are standardized com-
posite z scores, with positive numbers indicating improvement. The overall cognitive score was based on the four do-
main scores and computed as explained in the Methods section.

ses demonstrated that vitamin E had no significant
effect during the trial with respect to the develop-
ment of Alzheimer’s disease at any time. The analy-
sis for donepezil, however, demonstrated a reduced
likelihood of progression to Alzheimer’s disease in
the donepezil group, as compared with the placebo
group, for the first 12 months of the trial.

These results suggest that donepezil treatment
may delay clinical progression to Alzheimer’s dis-
ease but do not address the question of the under-
lying mechanism. As shown in Table 2, the overall
cognitive function of the subjects with mild cogni-
tive impairment in the donepezil group did not
decline on most of the measures during the first

6 to 18 months of the study and thereafter declined
atabout the same rate as in the placebo group. As
a result, the size of the donepezil-placebo treat-
ment effect on the MMSE score was about 0.5 point
throughout the 36-month trial. This delay in cog-
nitive decline probably contributed to the slower
rate of progression to Alzheimer’s disease in the
donepezil group. The observed relative reduction
in the risk of progression to Alzheimer’s disease of
58 percent at one year and 36 percent at two years
in the entire cohort is likely to be clinically signifi-
cant. Although our findings do not provide support
for a clear recommendation for the use of donepe-
zil in persons with mild cognitive impairment, they
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as Compared with the Placebo Group.*

Table 3. Hazard Ratios for the Risk of Progression to Alzheimer’s Disease in the Donepezil and Vitamin E Groups

Interval

Hazard Ratio
(95% Cl)

Donepezil vs. placebo

First 12 mo 0.42 (0.24-0.76)
First 24 mo 0.64 (0.44-0.95)
All 36 mo 0.80 (0.57-1.13)
Vitamin E vs. placebo

First 12 mo 0.83 (0.52-1.32)
First 24 mo 0.95 (0.67-1.36)
All 36 mo 1.02 (0.74-1.41)

All Subjects

APOE €4 Carriers
Hazard Ratio
P Value (95% Cl) P Value
0.004 0.34 (0.16-0.69) 0.003
0.03 0.54 (0.35-0.86) 0.009
0.21 0.66 (0.44-0.98) 0.04
0.43 0.78 (0.46-1.34) 0.37
0.79 0.95 (0.64-1.41) 0.79
0.91 0.95 (0.66-1.36) 0.77

* Cl denotes confidence interval. P values were not adjusted for multiple comparisons. In the donepezil group, when correct-
ed for multiple comparisons, the P value at 24 months for all subjects became nonsignificant (P=0.052), and the P value
at 36 months for APOE €4 carriers also became nonsignificant (P=0.078).

could prompt a discussion between the clinician
and the patient about this possibility.

We also found that amnestic mild cognitive im-
pairment and the presence of one or more APOE €4
alleles were highly predictive of progression to Alz-
heimer’s disease. Of the 214 diagnoses of demen-
tia, 212 were possible or probable Alzheimer’s dis-
ease, with 76 percent of the cases of progression to
Alzheimer’s disease occurring among APOE €4 car-
riers. The results show that the enrollment criteria
for amnestic mild cognitive impairment were highly
specific. Furthermore, this study replicated obser-
vational studies demonstrating a rate of progres-
sion from mild cognitive impairment to Alzheimer’s
disease of 10 to 15 percent per year.>’

Treatment with vitamin E and donepezil did not
produce any unexpected side effects. No episodes
of bleeding occurred in the vitamin E group. There
were more discontinuations in the donepezil group
than in the other two groups, as would be expect-
ed from its known side-effect profile.***° Most dis-
continuations were related to gastrointestinal side
effects, sleep disturbances, and muscle cramps.
There were slightly more deaths in the donepezil
group, but the number was not out of proportion
to the number expected among subjects in this age
group and was not significantly different from the
numbers in the vitamin E and placebo groups.

We used numerous secondary measures, and
in general, they appeared to corroborate the over-
all outcome data concerning the rate and risk of
progression from mild cognitive impairment to
Alzheimer’s disease. Results for language and the

N ENGL J MED 352;23 WWW.NEJM.ORG

overall composite measure showed some effect
of vitamin E therapy, but they were of insufficient
magnitude to affect the overall performance of the
group. In the donepezil group, the results for mem-
ory, language, the overall composite measure, and
global measures of cognition, disease severity, and
stage of dementia paralleled the overall treatment
effect of the drug on the risk of progression to Alz-
heimer’s disease.

Table 4. Adverse Events.*

Donepezil Vitamin E Placebo
Adverse Event Group Group Group

percent

Diarrhea 16.77 10.2 6.6
Muscle cramps 16.3F 1.2 1.9
Insomnia 10.87 3.1 1.9
Nausea 8.4% 1.2 1.9
Abnormal dreams 6.87 0.4 1.6
Bronchitis 6.4 2.4 3.1
Loose stools 6.0 2.7 1.6
Vomiting 6.0% 2.7 19
Arthritis 5.2% 2.0 1.6
Cataract extraction 4.8 59 2.7

%

* The rates are for adverse events that occurred in at least
5 percent of subjects in the donepezil or vitamin E group
and at least two times in the placebo group during the
double-blind phase.

T P<0.01 for the comparison with the placebo group.

1 P<0.05 for the comparison with the placebo group.
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A major modifying effect of the comparison of
donepezil with placebo was the APOE €4 carrier sta-
tus. Most of the treatment effect of donepezil oc-
curred among the APOE €4 carriers. In secondary
analyses, we observed that when the analysis was
confined to the APOE €4 carriers, the effect of donep-
ezil was significant at 12, 24, and 36 months. How-
ever, there are insufficient data to warrant recom-
mending APOE genotyping in persons with mild
cognitive impairment, and our results cannot be
used to make this recommendation, since the study
was not statistically powered to determine the ef-
fects of treatment in separate groups of APOE €4
carriers and noncarriers.

Despite evidence of oxidative stress in patients
with Alzheimer’s disease and mild cognitive im-
pairment and observational studies suggesting that
supplementation with antioxidant vitamins may de-
crease the risk of Alzheimer’s disease, we did not
find that vitamin E significantly affected the risk of
progression.?%-22 Furthermore, this therapy had
only minimal effects on secondary measures.

In summary, this study provides evidence that

12 months of the study among patients treated with
donepezil, as compared with those who received
placebo; however, in secondary analyses, it was ob-
served that the effect was more prominent among
APOE €4 carriers, with a reduction in risk apparent
throughout the 36 months of the study. The results
of the secondary analyses of cognitive and global
measures supported the primary-outcome results.

Our findings suggest that the design of our
study and the enrollment criteria are practical and
can be used to demonstrate the effects of a given
intervention in subjects with amnestic mild cogni-
tive impairment. Other therapeutic agents under
development, particularly those designed to pre-
vent Alzheimer’s disease or progression to Alzhei-
mer’s disease, may be particularly beneficial in
subjects with mild cognitive impairment.
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treatment may delay the clinical diagnosis of Alz-
heimer’s disease. Specifically, the likelihood of Alz-
heimer’s disease was reduced for only the initial
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