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Background: Observational studies have shown re-
duced risk of Alzheimer dementia in users of nonsteroi-
dal anti-inflammatory drugs.

Objective: To evaluate the effects of naproxen sodium
and celecoxib on cognitive function in older adults.

Design: Randomized, double-masked chemopreven-
tion trial.

Setting: Six US memory clinics.

Participants: Men and women aged 70 years and older
with a family history of Alzheimer disease; 2117 of 2528
enrolled had follow-up cognitive assessment.

Interventions: Celecoxib (200 mg twice daily), naproxen
sodium (220 mg twice daily), or placebo, randomly al-
located in a ratio of 1:1:1.5, respectively.

MainOutcomeMeasures: Seven tests of cognitive func-
tion and a global summary score measured annually.

Results: Longitudinal analyses showed lower global sum-
mary scores over time for naproxen compared with pla-
cebo (−0.05 SDs; P=.02) and lower scores on the Modi-
fied Mini-Mental State Examination over time for both
treatment groups compared with placebo (−0.33 points
for celecoxib [P=.04] and −0.36 points for naproxen
[P=.02]). Restriction of analyses to measures collected from
persons without dementia attenuated the treatment group
differences. Analyses limited to measures obtained while
participants were being issued study drugs produced re-
sults similar to the intention-to-treat analyses.

Conclusions: Use of naproxen or celecoxib did not im-
prove cognitive function. There was weak evidence for
a detrimental effect of naproxen.

Trial Registration: clinicaltrials.gov identifier:
NCT00007189
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C YTOKINE-MEDIATED IN-
flammatory processes
may play a role in neuro-
degenerative disorders
and the development of

cognitive impairment in the elderly. Con-
sistent with this hypothesis, observa-
tional studies have shown an association
between the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) and a lower
risk of Alzheimer disease (AD).1

In addition to possibly modifying risk
of dementia, extended NSAID use might
protect against age-related cognitive de-

cline (a possible forerunner of AD diag-
nosis). In the Established Populations for
Epidemiological Studies of the Elderly co-
hort, long-time NSAID users had higher
scores after 3 years on the Short Portable
Mental Status Questionnaire than did non-
users.2 The magnitude of this effect was
comparable with that of a 3.5-year differ-
ence in participant age. A modest associa-
tion between NSAID use and reduced
decline during 54 months in paired-
associate learning was found in the United
Kingdom hypertension treatment trial.3

Not all studies have shown a benefi-
cial effect of NSAIDs on cognition, how-
ever, and some have found them to be del-
eterious.4,5 Whether better or poorer
cognitive performance is caused by NSAID
use is unknown, and controlled clinical
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trials are required. We report the early results of such a
primary prevention trial. More than 2500 cognitively nor-
mal elderly participants in the Alzheimer’s Disease Anti-
inflammatory Prevention Trial (ADAPT) were ran-
domly assigned to take naproxen sodium, celecoxib, or
placebo, and had annual cognitive assessments. This ar-
ticle describes changes in neuropsychological test per-
formance in this sample during 1 to 4 years following
randomization.

METHODS

STUDY DESIGN, FUNDING, AND APPROVAL

The Alzheimer’s Disease Anti-inflammatory Prevention Trial
is a randomized, placebo-controlled, multicenter, primary
prevention trial sponsored by the National Institute on Aging.
All pertinent institutional review boards approved the study
protocol.

PARTICIPANTS AND ENROLLMENT

Participants were recruited primarily through mailings to
Medicare beneficiaries targeted by age and zip code in areas
surrounding the trial’s 6 field sites (Baltimore, Maryland;
Boston, Massachusetts; Rochester, New York; Seattle, Wash-
ington; Sun City, Arizona; and Tampa, Florida). Participants
were required to be aged 70 years or older, to have a history
of at least 1 first-degree relative with AD-like dementia, and
to score satisfactorily on an eligibility test battery for excluding
cognitive impairment. Persons who regularly used NSAIDs
were excluded, but aspirin use of 81 mg or less per day was
allowed. More specific information on eligibility criteria is
available in the trial’s protocol (http://www.jhucct.com/adapt
/manall43.pdf). Written consent was obtained from each par-
ticipant and a collateral respondent. Enrollment commenced
in March 2001.

INTERVENTIONS AND RANDOMIZATION

Participants were randomly assigned to receive celecoxib (200
mg twice daily), naproxen sodium (220 mg twice daily), or pla-
cebo. The randomization scheme was generated by the trial’s
coordinating center in permuted blocks stratified by 3 age groups
(ages 70-74, 75-79, and �80 years) and by the 6 field sites,
with an assignment ratio of 1:1:1.5, respectively. Treatment as-
signments were released only after baseline data were keyed
and eligibility was confirmed. Masking was achieved using a
double-placebo design.6

SAMPLE SIZE

Sample size calculations were performed using a SAS macro for
time-to-event outcomes (SAS Institute Inc, Cary, North Caro-
lina).7 Based on parameter assumptions outlined in the trial’s
protocol, the sample size provided 80% power to detect a 30%
reduction in the incidence of Alzheimer dementia across up to
7 years of follow-up.

DATA COLLECTION

The eligibility test battery was designed to provide acceptable
sensitivity for exclusion of those with dementia or other cog-
nitive impairment. It included the Modified Mini-Mental State
Examination (3MS-E), the Hopkins Verbal Learning Test–

Revised, and the informant-rated Dementia Severity Rating
Scale. Those meeting eligibility criteria returned for a more
extensive baseline Cognitive Assessment Battery before ran-
domization. In addition to these 3 tests, this battery also in-
cluded the Digit Span Test, a generative verbal fluency of nam-
ing as many supermarket items as possible in 1 minute, narratives
from the Rivermead Behavioral Memory Test, the Brief Visuo-
spatial Memory Test–Revised, self-rating of memory functions,
and the Geriatric Depression Scale. The Cognitive Assessment
Battery was then administered annually thereafter. Participants
who scored below predetermined cutoffs received a dementia
evaluation that included more extensive psychometric testing and
physical and neurological examinations. These tests and proce-
dures are documented in the study protocol.

We reported analyses and results of 7 of the Cognitive As-
sessment Battery tests (excluding the self-rated, informant-
rated, and depression scales) collected through June 17, 2005
(6 months after cessation of study treatment). Specifically, we
used the education-adjusted score for the 3MS-E, the age- and
sex-adjusted scores from trial 4 of the Hopkins Verbal Learn-
ing Test–Revised, and the delayed recall scores of the River-
mead Behavioral Memory Test and Brief Visuospatial Memory
Test–Revised. For all tests, higher scores reflect better cogni-
tive functioning. Additionally, we calculated a global sum-
mary score. Each participant’s score on each test and at each
point were standardized to the mean and SD of the entire sam-
ple’s baseline test scores. The global summary score was then
calculated for each administration of the test battery as an un-
weighted average of the standardized scores for the 7 tests.

STATISTICAL ANALYSIS

Analyses included participants who had at least 1 set of fol-
low-up cognitive measures. The mean change from baseline to
1, 2, and 3 years after randomization was calculated by treat-
ment group for each test and for the global summary score. Each
active treatment group was compared with the placebo group
using t tests of the change from baseline to each follow-up point.
Longitudinal analyses of change from baseline to all follow-up
points were conducted with generalized estimating equations
regression to account for the correlation of within-person mea-
sures. This method provided estimates of the difference be-
tween the active treatment groups and the placebo group av-
eraged across all follow-up points, with confidence intervals
around these estimates.

In secondary analyses, we investigated the change in nor-
mal cognitive function by treatment group, after exclusion of
scores obtained at the time of or after a diagnosis of dementia
in 37 participants (event rates by treatment group are pub-
lished elsewhere8). Longitudinal analyses were conducted as
for all scores. Additionally, we calculated odds ratios for each
treatment compared with placebo for the outcome of a decline
from baseline of 5, 6, 7, 8, 9, or 10 points on the 3MS-E at any
time during follow-up. Similarly, we calculated the odds ra-
tios for a decline from baseline of 0.50, 0.75, 1.00, and 1.25
SDs on the global summary score.

Finally, we performed longitudinal analyses after exclu-
sion of observations obtained after participants were no longer
being issued the study drug. Thus, cognitive measures were in-
cluded if they were obtained on or before the first semiannual
visit at which participants were not given a new 6-month sup-
ply of the study drug. All analyses were conducted using SAS,
version 8.1 (SAS Institute Inc).

The trial’s treatment effects monitoring committee was ad-
visory to the steering committee and the National Institute on
Aging. The committee met in person twice a year to review ef-
ficacy and safety data classified by treatment assignment.
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TREATMENT DISCONTINUATION

On December 17, 2004, enrollment and treatment with both
celecoxib and naproxen were suspended after increased car-
diovascular risk was observed with celecoxib in another pre-
vention trial. The rationale for suspending treatments in ADAPT
was presented at the joint meeting of the Food and Drug Ad-
ministration Arthritis Advisory Committee and Drug Safety and
Risk Management Advisory Committee on February 18, 2005.9

RESULTS

STUDY POPULATION

A total of 2528 participants were enrolled in ADAPT from
March 2001 to December 2004, and 2117 contributed

follow-up cognitive measures. Table 1 provides base-
line characteristics and cognitive function scores by treat-
ment group. More men than women were enrolled and
race/ethnicity was predominantly white. More than three-
quarters of the population had post–high school educa-
tion. Median 3MS-E scores were well above the eligibil-
ity requirement. These baseline characteristics were similar
for the 3 treatment groups.

FOLLOW-UP AND TREATMENT ADHERENCE

Figure 1 shows the flow of participants from random-
ization to analysis. A total of 411 participants did not con-
tribute to the analyses either because the data were cen-
sored before their first annual follow-up (n=207) or

Table 1. Characteristics of Study Population by Treatment Group

Characteristic

Randomization Follow-up

Total Celecoxib
Naproxen
Sodium Placebo Total Celecoxib Naproxen Placebo

No. of participants 2528 726 719 1083 2117 617 596 904
Age, y

Median 74 74 74 74 74 74 74 74
First/third quartile 72/77 72/77 72/77 72/77 72/77 72/77 72/77 72/77
Range 70-90 70-90 70-88 70-90 70-90 70-88 70-89 70-90

Sex, %
F 45.9 47.1 45.9 45.1 45.5 47.5 45.6 44.1
M 54.1 52.9 54.1 54.9 54.5 52.5 54.4 55.9

Ethnicity/race, %a

White 97.0 96.1 97.1 97.4 96.8 96.1 97.0 97.1
African American 1.5 1.8 1.8 1.0 1.6 1.9 1.9 1.2
Hispanic 0.7 1.4 0.3 0.6 0.8 1.5 0.3 0.7
Other 0.8 0.6 0.7 0.9 0.7 0.5 0.7 0.9
Did not answer 0.1 0.1 0.1 0.1 0.1 0.0 0.2 0.1

Marital status, %
Married 71.9 70.2 75.0 71.0 71.9 70.2 74.7 71.2
Widowed 18.2 19.7 16.1 18.7 18.7 20.3 16.6 19.1
Divorced/separated 7.3 7.3 6.1 8.0 6.7 6.7 5.5 7.4
Single 2.6 2.8 2.8 2.3 2.7 2.9 3.2 2.3

Education, %
�High school 4.0 3.9 4.9 3.6 4.1 3.6 5.2 3.7
High school degree 19.9 20.8 17.5 20.9 19.5 21.1 17.1 20.0
College, no degree 27.5 27.7 28.4 26.8 27.0 27.6 27.7 26.2
College degree 19.2 19.2 17.0 20.6 19.5 19.3 17.5 21.0
Postgraduate 29.4 28.5 32.3 28.2 29.9 28.5 32.6 29.1

Karnofsky scoring, %
100 82.3 84.3 80.1 82.5 84.0 85.3 83.2 83.6
90 15.3 13.5 18.2 14.6 14.2 12.8 15.9 13.9
80 2.2 2.1 1.4 2.8 1.7 1.8 0.8 2.2
60-70 0.2 0.1 0.3 0.2 0.1 0.2 0.0 0.2

Aspirin use, % 56.1 57.0 56.2 55.4 49.7 51.4 48.8 49.1
Cognitive measure, median score

Global summary 0.01 0.00 0.02 0.00 0.02 −0.01 0.01 0.03
Adjusted 3MS-E 95.0 95.0 95.0 95.0 95.0 95.0 95.0 95.0
GVF 25.0 24.0 24.0 25.0 25.0 24.0 24.0 25.0
RBMT delayed recall 6.0 6.5 6.0 6.0 6.5 6.5 6.0 6.5
BVMT-R delayed recall 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Adjusted HVLT-R trial 4 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Digit Span, forward 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Digit Span, backward 7.0 7.0 6.0 7.0 7.0 7.0 6.0 7.0

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised; GVF, generative verbal fluency; HVLT-R, Hopkins Verbal Learning Test–Revised;
RBMT, Rivermead Behavioral Memory Test; 3MS-E, Modified Mini-Mental State Examination.

aThis variable was collected for the tracking of minority participation in this trial. Participants were asked to designate their race or ethnicity as 1 of the listed
categories including “other.”
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because they did not return for cognitive follow-up
(n=204). These losses were distributed evenly across treat-
ment groups (P=.53). There were 51 deaths: 16 partici-
pants who were taking naproxen (2.2% of all partici-
pants assigned to naproxen), 17 who were taking celecoxib
(2.3%), and 18 who were taking placebo (1.7%). Death
rates were comparable between placebo and naproxen
(P=.38) and placebo and celecoxib (P=.30). For those
with follow-up cognitive assessments, the median time
to last cognitive assessment was 736 days for the cele-
coxib, 737 days for the naproxen, and 736 days for the
placebo groups. Median time to discontinuation of treat-
ment (for early terminators, the first semiannual visit at
which the study drug was not issued or, for the remain-
der of participants, December 17, 2004) was 546 days
for the celecoxib, 520 days for the naproxen, and 544 for
the placebo groups (P=.46).

COGNITIVE FUNCTION SCORES
BY TREATMENT GROUP

Figure 2 shows the raw scores for each of the 7 tests
and the global summary over time by treatment group.
Changes from baseline to 1, 2, and 3 years after random-
ization and t tests of the differences by treatment group
at each point in time are presented in Table 2. Mean
scores mostly decline with time, though the declines are
small relative to the SDs of the changes from baseline and
most were not statistically significant at individual points.
Decline over time is most apparent in 3MS-E scores; de-
clines in 3MS-E scores are greater in both treatment groups
than in the placebo group at all follow-up points.

Results of longitudinal analyses are presented in
Table 3. Coefficients represent the difference between
the active treatment groups and the placebo group av-
eraged across all follow-up points. For naproxen, coef-
ficients for all 7 tests were negative and global summary
scores were significantly lower over time (−0.05 SDs;

P=.02). For celecoxib, coefficients were negative for 4
of the 7 tests and global summary scores were not dif-
ferent from placebo (−0.01 SDs; P=.47). Scores over time
on the 3MS-E were lower for both treatment groups com-
pared with the placebo group (−0.32 points for cele-
coxib [P=.04] and −0.36 points for naproxen [P=.03]).

As is shown in Figure 3A and B, odds ratios com-
paring each treatment to placebo tended to show increas-
ing risk for increasingly larger declines in 3MS-E and
global summary scores. In other secondary analyses, af-
ter exclusion of measures obtained just before (at the trig-
gering assessment) or after a dementia diagnosis, esti-
mates of longitudinal differences by treatment group were
generally closer to 0 without changing negativity or posi-
tivity, but the estimates for 3MS-E and global summary
scores were no longer statistically significant (Table 4).

Finally, analyses in which cognitive measures were cen-
sored after participants were no longer being issued study
drugs showed similar results to the intention-to-treat
analyses. Scores over time on the 3MS-E again were sta-
tistically significantly lower for both treatment groups
compared with the placebo group (−0.41 points for cele-
coxib [P=.02] and −0.47 points for naproxen [P=.01]).
For naproxen compared with placebo, the global sum-
mary scores also were significantly lower over time (−0.05
SDs; P=.03).

COMMENT

The ADAPT cognitive function results through 6
months after study treatment cessation do not show a
protective effect with the use of NSAIDs and may sug-
gest that cognitive scores are lower. The global sum-
mary scores, which combine the results from 7 indi-
vidual tests in the cognitive assessment battery, were
significantly lower over time for naproxen, but not for
celecoxib, compared with placebo. Scores over time on

726 Allocated to celecoxib
000o11 Never took celecoxib
000o298 Terminated celecoxib use†

615 Participants with follow-up cognitive
0assessment

598 Participants with follow-up cognitive
0assessment

904 Participants with follow-up cognitive
0assessment

719 Allocated to naproxen sodium
000o12 Never took naproxen
000o304 Terminated naproxen use†

1083 Allocated to placebo
0000o17 Never took placebo
0000o414 Terminated placebo use†

109 Underwent no follow-up cognitive assessment
000o59 Censored by cutoff‡
000o50 Lost to cognitive assessment
32 Lost to cognitive assessment after 1+ years§

123 Underwent no follow-up cognitive assessment
000o58 Censored by cutoff
000o65 Lost to cognitive assessment
23 Lost to cognitive assessment after 1+ years§

179 Underwent no follow-up cognitive assessment
0090 Censored by cutoff
0089 Lost to cognitive assessment
44 Lost to cognitive assessment after 1+ years§

2528 Randomized∗

Figure 1. Flowchart of the Alzheimer’s Disease Anti-inflammatory Prevention Trial. * Indicates numbers available only for those randomized, not those screened
for eligibility; †, participants considered to have terminated study drug if study drugs had been started but were no longer being issued at scheduled visits before
December 17, 2004 (does not include temporary interruptions); ‡, participants considered administratively censored if their 1-year visit window had not closed by
June 17, 2005; §, participants considered lost to cognitive assessment after 1 or more years if they did not have cognitive assessment data in the 1.5 years before
June 17, 2005 (losses include death).
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Figure 2. Raw scores for each of the 7 tests of cognitive function and the global summary over time by treatment group (baseline, N=2528; year 1, n=2088;
year 2, n=1485; year 3, n=700). BVMT-R indicates Brief Visuospatial Memory Test–Revised; HVLT-R, Hopkins Verbal Learning Test–Revised; RBMT, Rivermead
Behavioral Memory Test; and 3MS-E, Modified Mini-Mental State Examination.
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the 3MS-E, a single measure of global cognitive func-
tion, were lower for both treatment groups compared
with placebo. The lack of a positive effect is congruent
with ADAPT results over the same period regarding
diagnoses of AD, any dementia, or mild cognitive

impairment/prodromal AD.8 The data for both the cog-
nitive test scores and cognitive diagnoses are limited
by the early termination of treatments in ADAPT,
associated with emerging concerns regarding the car-
diovascular safety of NSAIDs.10

Table 2. Mean Changes From Baseline in Cognitive Function by Treatment Group

Measure

Treatment Group

Celecoxib Naproxen Sodium Placebo P Value

No. of
Participants

Mean Change
in Score (SD)

No. of
Participants

Mean Change
in Score (SD)

No. of
Participants

Mean Change
in Score (SD)

Celecoxib
vs Placebo

Naproxen
vs Placebo

Global summary, y
1 608 −0.04 (0.40) 589 −0.06 (0.39) 889 −0.03 (0.39) .61 .15
2 432 −0.05 (0.45) 424 −0.07 (0.45) 629 −0.02 (0.40) .22 .07
3 195 −0.01 (0.44) 202 −0.10 (0.51) 303 −0.04 (0.42) .47 .12

Adjusted 3MS-E, y
1 608 −0.79 (3.22) 589 −0.67 (3.47) 889 −0.46 (3.22) .06 .21
2 432 −1.19 (4.28) 424 −0.95 (4.03) 629 −0.50 (3.41) .004 .06
3 195 −1.03 (3.53) 202 −1.39 (4.84) 303 −0.99 (3.59) .92 .28

GVF, y
1 608 −0.01 (5.38) 589 −0.06 (5.76) 889 0.32 (5.59) .25 .19
2 432 −0.38 (5.66) 424 −0.81 (5.79) 627 −0.01 (5.45) .29 .02
3 195 −0.18 (5.10) 202 −0.60 (6.02) 303 −0.33 (6.02) .77 .61

RBMT delayed recall, y
1 608 −0.05 (3.39) 589 −0.27 (3.19) 889 0.04 (3.26) .59 .08
2 432 −0.15 (3.28) 424 0.17 (3.39) 628 0.02 (3.29) .41 .47
3 195 0.35 (3.12) 201 0.16 (2.73) 303 0.26 (2.79) .73 .70

BVMT-R delayed recall, y
1 608 −0.15 (2.25) 589 −0.22 (2.35) 889 −0.20 (2.14) .69 .87
2 431 −0.17 (2.50) 424 −0.23 (2.44) 628 −0.28 (2.39) .46 .74
3 195 0.14 (2.59) 202 −0.24 (2.57) 302 0.04 (2.36) .64 .22

Adjusted HVLT-R trial 4, y
1 608 0.02 (2.32) 589 −0.07 (2.46) 888 −0.11 (2.29) .30 .78
2 432 0.00 (2.36) 424 −0.03 (2.66) 628 0.07 (2.41) .62 .51
3 195 −0.12 (2.28) 202 −0.22 (2.65) 303 −0.18 (2.26) .80 .85

Digit Span, forward, y
1 607 0.00 (1.74) 589 0.07 (1.71) 889 0.02 (1.73) .88 .56
2 430 0.09 (1.70) 422 −0.03 (1.82) 627 0.11 (1.86) .83 .22
3 195 0.07 (1.71) 202 −0.19 (1.74) 303 0.06 (1.80) .92 .13

Digit Span, backward, y
1 606 0.05 (1.68) 589 −0.04 (1.72) 889 0.00 (1.76) .53 .69
2 430 0.20 (1.75) 423 −0.05 (1.70) 625 0.09 (1.84) .33 .19
3 195 0.17 (1.82) 202 −0.04 (2.01) 302 −0.03 (1.65) .23 .95

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised; GVF, generative verbal fluency; HVLT-R, Hopkins Verbal Learning Test–Revised;
RBMT, Rivermead Behavioral Memory Test; 3MS-E, Modified Mini-Mental State Examination.

Table 3. Longitudinal Effect of Treatment on Cognitive Function

Measure

Celecoxib vs Placebo Naproxen Sodium vs Placebo

� (95% Confidence Interval) P Value � (95% Confidence Interval) P Value

Global summary score −0.01 (−0.05 to 0.02) .47 −0.05 (−0.09 to −0.01) .02
Adjusted 3MS-E score −0.32 (−0.62 to −0.02) .04 −0.36 (−0.68 to −0.04) .03
GVF score −0.27 (−0.73 to 0.19) .24 −0.54 (−1.01 to −0.07) .02
RBMT delayed recall score −0.09 (−0.32 to 0.15) .47 −0.18 (−0.42 to 0.06) .14
BVMT-R delayed recall score 0.03 (−0.15 to 0.21) .75 −0.12 (−0.31 to 0.07) .22
Adjusted HVLT-R trial 4 score 0.08 (−0.11 to 0.27) .4 −0.10 (−0.30 to 0.10) .34
Digit Span score, forward −0.06 (−0.20 to 0.08) .42 −0.04 (−0.19 to 0.10) .55
Digit Span score, backward 0.03 (−0.11 to 0.17) .67 −0.11 (−0.26 to 0.03) .13

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised; GVF, generative verbal fluency; HVLT-R, Hopkins Verbal Learning Test–Revised;
RBMT, Rivermead Behavioral Memory Test; 3MS-E, Modified Mini-Mental State Examination.
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The Alzheimer Disease Anti-inflammatory Prevention
Trial is the first primary prevention trial to test the asso-
ciation of NSAIDs with the incidence of AD and the change
over time in cognitive function in people without exist-
ing cognitive impairment. Other trials have been con-
ducted to test NSAIDs for treating AD11-17 or as secondary
prevention agents in people who have mild cognitive im-
pairment.18,19 These trials did not show a benefit with the
use of NSAIDs and, if anything, showed an increased risk
associated with NSAIDs. Nevertheless, because of the strong
epidemiological evidence of a lower incidence of AD in
people taking NSAIDs,1 it was thought that these drugs
should be tested as primary prevention agents.

The ADAPT findings add to the negative or null evi-
dence from treatment trials and secondary prevention
trials, and therefore appear to be inconsistent with the
epidemiological findings that provided the rationale for
the trial. The divergent results may be due to confound-
ing by indication in the observational studies. Also, in-
flammatory processes are complex and may be hypoth-
esized to have either reparative or detrimental effects on
neurons.20 Alternatively, it may be that the ADAPT find-
ings relate specifically to celecoxib or naproxen, per-
haps because these drugs are not among those NSAIDs
that have been shown in vitro and in vivo in mouse mod-
els to lower production of the 42-residue form of amy-

loid � (A�42)21; that is, the epidemiological findings could
be due to the effects of other NSAIDs, such as the com-
monly used ibuprofen, that do lower A�42. More specu-
latively, the ADAPT findings may represent early detri-
mental effects following initiation of treatment in people
who have subclinical neuropathology. That is, NSAIDs
might exert protective effects only if given several years
before the time when symptoms would otherwise de-
velop. Such a difference in effect has been suggested by
results of both the Rotterdam22 and Cache County23 ob-
servational studies, which showed apparent protective
effects with more distant, but not recent, use of NSAIDs.

In this article, the mean differences by treatment group
in the changes from baseline are small; only for the 3MS-E
do the differences approach a 10th of an SD, or about one-
third of a point on this 100-point scale, over a median fol-
low-up of close to 2 years. The cognitive test measures used
have a fair amount of variability both within and among
persons, but the large sample size of this trial results in
the ability to detect fairly small differences in group means
and changes over time as statistically significant. Whether
any detected differences are clinically significant must be
considered. To aid in clinical interpretation, we may view
the difference in 3MS-E scores found between treatment
groups in ADAPT as equivalent to the average yearly de-
cline in 3MS-E score in the placebo group.
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Figure 3. Odds ratios (ORs) comparing treatment groups with placebo for magnitudes of decline from baseline in global summary (A) and Modified Mini-Mental
State Examination (3MS-E) (B) scores. CI indicates confidence interval.

Table 4. Longitudinal Effect of Treatment on Cognitive Function, Excluding Measurements Associated With Incident Dementia

Measure

Celecoxib vs Placebo Naproxen Sodium vs Placebo

� (95% Confidence Interval) P Value � (95% Confidence Interval) P Value

Global summary score −0.004 (−0.04 to 0.03) .84 −0.03 (−0.07 to 0.01) .09
Adjusted 3MS-E score −0.20 (−0.47 to 0.07) .14 −0.19 (−0.47 to 0.09) .19
GVF score −0.23 (−0.69 to 0.23) .32 −0.43 (−0.90 to 0.03) .07
RBMT delayed recall score −0.06 (−0.29 to 0.18) .64 −0.13 (−0.37 to 0.11) .28
BVMT-R delayed recall score 0.05 (−0.14 to 0.23) .62 −0.07 (−0.26 to 0.12) .45
Adjusted HVLT-R trial 4 score 0.12 (−0.06 to 0.30) .2 −0.04 (−0.23 to 0.16) .7
Digit Span score, forward −0.05 (−0.19 to 0.09) .48 −0.03 (−0.17 to 0.11) .69
Digit Span score, backward 0.03 (−0.11 to 0.18) .64 −0.09 (−0.23 to 0.05) .22

Abbreviations: BVMT-R, Brief Visuospatial Memory Test–Revised; GVF, generative verbal fluency; HVLT-R, Hopkins Verbal Learning Test–Revised;
RBMT, Rivermead Behavioral Memory Test; 3MS-E, Modified Mini-Mental State Examination.
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An interesting question is whether this treatment dif-
ference represents a small decline occurring in a large por-
tion of the study population or might be explained by a
larger decline in a small number of people developing

dementia. In fact, Figure 3A and B suggest treatment ef-
fects of only low magnitude with small changes in 3MS-E
or global summary scores, but a higher magnitude of as-
sociation for large changes. Furthermore, the associa-
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tion of treatment with change from baseline in 3MS-E
score was attenuated when measures obtained just be-
fore or after a diagnosis of dementia were excluded. There-
fore, the treatment group differences could be attrib-
uted in part, but not entirely, to the difference by treatment
group in the incidence of dementia.

The similarity of the results in secondary analyses of
cognitive measures in treatment-adherent participants and
the primary intention-to-treat results is reassuring. Thus
the trial results do not appear to have been unduly in-
fluenced by treatment terminations that occurred be-
fore December 17, 2004. Such terminations typically oc-
curred because of perceived adverse effects or health risks
of study treatments or because patients required use of
NSAIDs for analgesia. Treatment also was terminated af-
ter diagnosis of dementia.

The ADAPT experience illustrates the potential diffi-
culty of primary prevention trials in AD, a disease with
a long subclinical phase and for which a long duration
of exposure to a preventative agent is presumed neces-
sary. It is possible that the effect of treatment may not
be consistent over the subclinical phase or the exposure
period. If the potential preventive agent has adverse ef-
fects and if early results of the trial do not show benefit
or even suggest harm, the trial may not be able to con-
tinue to its planned completion. Continued follow-up of
trial participants, even after cessation of treatment, ap-
pears warranted to investigate treatment effects with re-
spect to the timing of exposure. However, for now we
suggest that naproxen and celecoxib should not be used
for the prevention of AD.
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Call for Papers

The Archives will publish a special theme issue in March
2009 on neurological disorders related to obesity, dia-
betes mellitus, and other comorbidities. We invite sub-
mission of papers as Neurological Reviews, Clinical Trials,
Original Communications, Case Reports, Images in
Neurology, and Research Letters. Papers submitted by
November 1, 2008, will have the best opportunity to be
considered for this theme issue.
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