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Objective: This investigation examined
whether raloxifene, a selective estrogen
receptor modulator, affects the risk for
Alzheimer’s disease.

Method: The Multiple Outcomes of
Raloxifene Evaluation was a randomized,
placebo-controlled trial among postmeno-
pausal women with osteoporosis. The ef-
fect of raloxifene (60 or 120 mg/day) on
vertebral fractures was the primary out-
come. Development of mild cognitive im-
pairment and dementia was a secondary
outcome. Women were given clinical and
cognitive evaluations at baseline and
annually. After 3 years, among the 5,386
women enrolled at participating sites,
those who had clinical symptoms of de-
mentia or scored in the lowest 10th per-
centile on cognitive screening were evalu-
ated by a blinded dementia specialist and
had brain scans and laboratory tests to
evaluate dementia etiology. Dementia was

diagnosed by a blinded adjudication
committee.

Results: Of the 5,386 women, 5,153
(95.7%) were classified as cognitively nor-
mal, 181 (3.4%) had mild cognitive impair-
ment, and 52 (1.0%) had dementia, 36
with Alzheimer’s disease. Compared to
those taking placebo, women receiving
120 mg/day of raloxifene had a 33% lower
risk of mild cognitive impairment (relative
risk, 0.67; 95% confidence interval [CI],
0.46–0.98) and somewhat lower risks of
Alzheimer’s disease (relative risk=0.52,
95% CI=0.22–1.21) and any cognitive im-
pairment (relative risk=0.73, 95% CI=0.53–
1.01). Risks of mild cognitive impairment,
Alzheimer’s disease, and any impairment
were not significantly different in the
group taking 60 mg/day of raloxifene.

Conclusions: Raloxifene at a dose of 120
mg/day, but not 60 mg/day, resulted in re-
duced risk of cognitive impairment in
postmenopausal women.

(Am J Psychiatry 2005; 162:683–690)

Over 33% of women and 20% of men ages 65 and
older will develop dementia during their lifetime, and
many more will develop a milder form of cognitive impair-
ment (1). With the aging of the population in many West-
ern countries, the incidence and prevalence of Alzheimer’s
disease and other forms of dementia are expected to qua-
druple over the next 50 years, highlighting the importance
of preventive interventions (2). To our knowledge, no ef-
fective preventive therapies have been identified from
randomized trials thus far. There is also growing interest in
preventing milder cognitive deficits that are not severe
enough to meet criteria for the diagnosis of dementia, as
patients with this disorder frequently progress to demen-
tia, especially Alzheimer’s disease (3, 4).

The decline in serum estrogen levels following meno-
pause has been hypothesized to increase the risk of devel-
oping cognitive impairment and Alzheimer’s disease in
older women. Estrogen has beneficial biological effects in
animal and cell culture models that support this hypothe-

sis; these effects include stimulation of choline acetyl-
transferase activity in ovariectomized rats, neurotrophic
effects on cultured neurons, and inhibition of amyloid
formation (5). The results of meta-analyses of the findings
from observational studies indicated that postmenopausal
estrogen therapy reduces the risk of developing dementia
by approximately 30% (6, 7). However, in recent large ran-
domized trials, not only did combined conjugated estro-
gen and progestin therapy (8) or unopposed estrogen (9)
fail to prevent all-cause dementia but there was an in-
crease in dementia associated with hormone assignment.

Raloxifene is a selective estrogen receptor modulator
used for prevention and treatment of osteoporosis (10,
11). Raloxifene has shown estrogen agonist effects on the
CNS in animal (12) and in vitro (13) studies but anti-estro-
gen effects as well (14). We evaluated the effect of ralox-
ifene treatment among older women with osteoporosis to
determine if raloxifene alters the risk of developing Alzhei-
mer’s disease and cognitive impairment.
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Method
Study Subjects

The Multiple Outcomes of Raloxifene Evaluation (MORE) trial
enrolled 7,705 postmenopausal women with osteoporosis. The
primary outcomes of the trial were vertebral fractures and bone
mineral density. The participants were randomly assigned by site
to receive 60 mg/day of raloxifene, 120 mg/day of raloxifene, or
identical placebo. All women were also asked to take calcium (500
mg) and vitamin D (400 to 600 IU) daily. Details of the study de-
sign and the main results already have been reported (10, 15). The
human studies review board at each site approved the protocol;

after complete description of the study to the subjects, written in-
formed consent was obtained.

The effect of raloxifene on the occurrence of mild cognitive im-
pairment and dementia was a planned secondary objective of the
trial. Of the 180 clinical sites in 25 countries, 19 sites (682 women)
were unable or unwilling to participate in the dementia evaluation
(Figure 1). The analysis includes the 5,386 women who were still
participating in the MORE study at the time of dementia screening
(the end of the third year of treatment).

Measurements

At baseline we collected information on age, ethnicity, educa-
tion, smoking, alcohol use, health conditions, prior postmeno-
pausal estrogen use (whether the woman had ever used estrogen,
up to 2 months before enrollment), and reproductive history.
Height and weight were measured, and the body mass index was
calculated. The participants completed the 15-item Geriatric De-
pression Scale (16), which assesses depressive symptoms over the
past week. Total serum estradiol was measured at baseline, after
at least a 6-hour fast, in serum shipped the same day to the labo-
ratory (SciCor [now Covance], Central Laboratory Services, India-
napolis). Estradiol concentration was determined by using a dou-
ble antibody procedure. The intra-assay coefficient of variation is
6.5% (with a standard deviation of 2.1 pmol/liter) at an estradiol
concentration of 33 pmol/liter. The detectable limit of the assay
used is ≥5 pmol/liter. For our analyses, we dichotomized total es-
tradiol as detectable or nondetectable.

Cognitive Impairment and Dementia

As defined at baseline, the primary outcomes of the dementia
study were the risks of developing Alzheimer’s disease, mild cog-
nitive impairment, and dementia of any type. The secondary out-
comes were the risk of developing vascular dementia and the risk
of any cognitive impairment (mild cognitive impairment and de-
mentia combined).

Screening. Six cognitive tests, similar to those used by the Con-
sortium to Establish a Registry for Alzheimer’s Disease (17), were
administered at baseline and annually in a standard order by
trained study personnel who were blinded to treatment assign-
ment. The Short Blessed Test (18) assesses orientation, con-
centration, and memory. Scores ranged from 0 to 28, with lower
scores indicating better performance, and a score of 8 is consis-
tent with probable cognitive impairment. Trail Making Tests A
and B measure visuospatial scanning, sequential processing, mo-
tor speed, executive function, and attention (19). The Word List
Memory and Recall Tests measure learning, immediate memory,
and delayed memory (17). The memory test requires immediate
recall of 10 standardized words. The Word List Fluency Test mea-
sures verbal production, semantic memory, and language by hav-
ing subjects name as many animals as possible in 60 seconds (17).

We used a staged evaluation similar to that used in clinical
practice to diagnose cognitive impairment and dementia. We
used the score on the Short Blessed Test to screen for possible
cognitive impairment or dementia. At year 3, participants with
the worst 10% of scores in each country or having clinical symp-
toms of cognitive impairment as judged by the investigator were
referred for further evaluation. At two sites, the Short Blessed Test
was not administered (N=188). At these two sites, women scoring
in the worst 10% on the Buschke Selective Reminding Test (a test
of verbal memory) (20) and those judged impaired by the site
investigator were referred for further evaluation. Women who
passed dementia screening at year 3 (N=4,540) were considered
cognitively normal and were not evaluated further.

Diagnosis

The women who were suspected of having cognitive impair-
ment or dementia were evaluated further by clinical experts to

FIGURE 1. Enrollment and Assessment of Women in the
Dementia Study of the Multiple Outcomes of Raloxifene
Evaluation Trial
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determine the presence of dementia or cognitive impairment
and, among those with dementia, to assess the type of dementia
(Figure 1). A blinded clinician who was expert in dementia diag-
nosis (geriatrician, psychiatrist, or neurologist) 1) interviewed the
participant and caregiver for the participant’s history of cognitive
deficits, functional abilities, and potential precipitating factors, 2)
obtained a list of current and recent medications, 3) performed a
physical and neurological examination, and 4) administered the
Mini-Mental State Examination (MMSE) (21), 30-item Geriatric
Depression Scale (22), Clinical Dementia Rating scale (23), and
Hachinski Ischemic Score (24). The Clinical Dementia Rating is a
semistructured interview of both participant and caregiver that
evaluates functional and cognitive status. A summary score (total
box score) is calculated from the six individual category scores,
and a standardized algorithm is used to assign an overall global
Clinical Dementia Rating score. A global score of 1 or higher sug-
gests the diagnosis of dementia, a score of 0.5 suggests mild cog-
nitive impairment, and a score of 0 is consistent with a normal
cognitive status (23).

Each participant with evidence of dementia based on the clini-
cal impression of the consulting clinician or with an MMSE score
less than 24 was given a brain scan with computerized tomogra-
phy or magnetic resonance imaging and laboratory tests (fluores-
cent treponemal antibody, vitamin B12, serum folate, and thyroid-
stimulating hormone). All brain scans were read locally for safety
purposes but were subsequently read by a neuroradiologist at the
University of California, San Francisco. This central reader, blind
to treatment groups, evaluated the scans for abnormal findings
and determined if these were clinically relevant.

All results of the medical history, physical examination, func-
tional and mental status assessments, cognitive functioning tests,
and brain imaging tests were recorded on standardized forms.
These forms, along with laboratory test results, were presented to
two members of the dementia adjudication committee. This
committee comprised four physicians (including V.W.H.) who are
recognized experts in the clinical and research diagnosis of cogni-
tive impairment and dementia. The committee members were
masked to treatment assignment. Using criteria established at
baseline, two committee members independently judged cogni-

tive status as normal cognitive functioning, mild cognitive im-
pairment (3, 25), Alzheimer’s disease (based on the criteria of the
National Institute of Neurological and Communicative Disorders
and Stroke/Alzheimer’s Disease and Related Disorders Associa-
tion [26]), vascular dementia (based on the criteria of the State of
California Alzheimer’s Disease Diagnostic and Treatment Centers
[27]), or other type of dementia. If the committee confirmed de-
mentia but could not assign a type, the diagnosis of “dementia
type indeterminate” was assigned.

Statistical Analyses

We compared baseline characteristics by treatment group,
using chi-square tests for categorical data, analysis of variance
(ANOVA) for normally distributed continuous variables, and
Kruskal-Wallis tests for skewed continuous variables. Baseline
characteristics were analyzed for the 5,386 women who partici-
pated in the dementia ancillary study. Among the 742 women
who completed phase 1 and phase 2, we also compared baseline
characteristics by final diagnosis.

We determined the incidence of each cognitive diagnosis by
treatment group and calculated the relative risk and 95% confi-
dence intervals (CIs) by using log-linear regression models for
comparisons of the 60- and 120-mg/day doses of raloxifene with
placebo (intention-to-treat analyses). All women who passed the
dementia screening (N=4,540) were considered to be cognitively
normal, and we adjusted the models by country to control for
variation in cognitive test scores. The 102 women who should
have been clinically evaluated but did not participate (Figure 1)
and the two women who did not complete the evaluation were
coded as missing. We repeated the analyses after coding them as
having any cognitive impairment to determine if our results were
sensitive to this categorization. We anticipated having only mod-
erate power to detect differences in dementia outcomes by treat-
ment group, given the low incidence rates of dementia and mild
cognitive impairment.

We examined the possibility of pooling the data from the two
raloxifene dose groups by performing a chi-square test on the in-
cidence rates of the cognitive outcomes. Since these rates were

TABLE 1. Baseline Characteristics of the 5,386 Women Screened in the Dementia Study of the Multiple Outcomes of
Raloxifene Evaluation

Baseline Characteristic
Placebo 

(N=1,766)
Raloxifene, 60 mg/day 

(N=1,792)
Raloxifene, 120 mg/day 

(N=1,828) Analysis
Mean SD Mean SD Mean SD F (ANOVA) df p

Age (years) 66.4 6.9 66.4 6.8 66.2 7.0 0.65 2, 5383 0.52
Body mass index (kg/m2) 25.3 4.0 25.2 4.0 25.3 4.0 0.03 2, 5381 0.97

H 
(Kruskal-Wallis test) df p

Education (years) 11.8 3.9 11.7 4.0 11.8 4.0 1.37 2 0.51
Years since menopause 18.5 8.1 18.6 8.3 18.1 8.0 2.43 2 0.30
Geriatric Depression Scale score 1.3 1.9 1.2 1.8 1.2 1.8 0.00 2 0.99

% % % χ2 df p

White race 96.1 95.8 95.6 0.50 2 0.78
Current smoker 16.2 16.0 16.5 0.21 2 0.90
Alcohol use (>3 drinks/week) 18.0 17.2 17.0 0.76 2 0.69
History of hysterectomy 21.7 23.1 21.0 2.39 2 0.30
History of myocardial infarction 1.6 1.6 1.9 0.71 2 0.70
History of stroke 0.4 0.2 0.2 1.32 2 0.52
Prior hormone replacement 

therapy 28.0 28.4 28.4 0.11 2 0.95
Detectable serum estradiol 

(≥5 pmol/liter) 50.0 49.4 50.2 0.25 2 0.88
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statistically different for some diagnoses, we analyzed the data
separately by dose of raloxifene.

To examine the effect of baseline serum total estradiol level on
the association between raloxifene and cognitive outcome (a post
hoc analysis), we stratified the women by whether or not serum
estradiol was detectable at baseline. We also tested for the possi-
bility of an interaction between treatment group and estradiol
level for all cognitive outcomes.

Results

There were no significant differences between treatment
groups in baseline characteristics (Table 1) or baseline cog-
nitive test scores (Table 2). The mean age of the partici-
pants was 66.3 years with a range of 35.7 to 80.9 years. Of
the 5,386 participants, 744 women had suspected demen-
tia at screening and were evaluated further (Figure 1). An
additional 102 women were suspected of having dementia
but were not evaluated further. The 102 women suspected
of dementia who did not undergo further evaluation were
equally distributed among the three treatment groups (p=
0.64, chi-square analysis). The 744 women who were sus-
pected of having dementia were generally older (p<0.001,
ANOVA), further past menopause, less educated, and
more depressed at baseline than were the women not
referred for further clinical evaluation (p<0.04, Kruskal-
Wallis test), and they were also more likely to have had a
hysterectomy and less likely to drink alcohol at baseline
(p<0.04, chi-square analysis). The mean time between
randomization and the completion of the clinical demen-
tia evaluation was 3.8 years and did not differ by treatment
group.

We determined if the 5,386 women included in our anal-
yses were similar to the entire 7,705 women who began the
MORE trial and found that on almost all of the baseline
characteristics, there were no statistically significant dif-
ferences between these groups. In addition, similar rates
of women in the three treatment groups were referred for

the clinical dementia evaluation, and there were no statis-
tically significant differences in baseline characteristics be-
tween the treatment and placebo groups. Among the 5,386
women who were part of the dementia evaluation study,
the rate of compliance (taking 70% or more of the study
drug between visits) was 94.2% for placebo, 94.6% for 60
mg/day of raloxifene, and 94.6% for 120 mg/day of ralox-
ifene. These rates were not significantly different (p=0.54,
chi-square analysis).

Of the 744 women referred for further evaluation of
dementia, 742 completed the evaluation. Of these, 509
(68.6%) were found to have normal cognitive functioning,
181 (24.4%) had mild cognitive impairment, and 52 (7.0%)
met the criteria for dementia (36 with Alzheimer’s disease,
one with vascular dementia, and 15 with indeterminate or
other type of dementia). As expected, women with mild
cognitive impairment or dementia were progressively
older, were further past menopause, were less educated,
had higher depression scores, and were less likely to use al-
cohol than those with normal cognitive functioning (Table
3). The percentage of women with a history of estrogen use
was nonsignificantly lower for women who developed de-
mentia than for those who developed mild cognitive im-
pairment or who were cognitively normal. Mean scores on
the MMSE and Clinical Dementia Rating obtained at the
dementia evaluation were worse in women diagnosed with
dementia than in those with mild cognitive impairment or
normal cognitive functioning, as expected (Table 3).

There was no significant difference between the pla-
cebo group and the women receiving 60 mg/day of ralox-
ifene in the risk of developing mild cognitive impairment,
Alzheimer’s disease, dementia from any cause, or any cog-
nitive impairment (dementia and mild cognitive impair-
ment combined) (Table 4). Compared with the placebo
group, women receiving 120 mg/day of raloxifene had a
significantly lower risk of developing mild cognitive im-
pairment (33% lower), a nonsignificantly lower risk of de-

TABLE 2. Baseline Cognitive Performance of the 5,386 Women Screened in the Dementia Study of the Multiple Outcomes
of Raloxifene Evaluation

Baseline Cognitive Test
Placebo 

(N=1,766)
Raloxifene, 60 mg/day 

(N=1,792)
Raloxifene, 120 mg/day 

(N=1,828) Analysis

Mean SD Mean SD Mean SD
H 

(Kruskal-Wallis test) df p

Short Blessed Test (18)a 2.3 3.0 2.3 2.9 2.3 2.9 0.05 2 0.98
Trail Making Tests (19)

A 52.8 26.4 53.7 26.4 53.3 27.4 2.93 2 0.23
B 102.6 40.4 103.9 40.7 103.0 40.8 0.76 2 0.68

Mean SD Mean SD Mean SD F (ANOVA) df p
Word List Memory 

and Recall Tests (17)
Memory 7.2 1.3 7.2 1.3 7.2 1.3 0.08 2, 3197 0.92
Recall 7.2 2.0 7.0 2.0 7.1 2.1 0.78 2, 3196 0.46
Fluency 18.8 5.4 18.7 5.3 18.8 5.2 0.66 2, 5122 0.52

Buschke Selective 
Reminding Test (20)a 0.5 0.2 0.5 0.2 0.6 0.2 1.03 2, 182 0.36

a At two study sites, the Short Blessed Test was not administered. The 188 women at these sites received the Buschke Selective Reminding Test
instead.
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veloping Alzheimer’s disease, and a nearly significantly
lower risk of developing any cognitive impairment. The
risk of dementia from any cause did not differ significantly
between the group receiving 120 mg/day of raloxifene and
the women taking placebo. When we repeated our analy-
ses by categorizing the 104 women who had a high likeli-
hood of cognitive impairment but did not start or com-
plete the dementia evaluation as having any cognitive
impairment, our results were similar.

The effects of raloxifene 60 and 120 mg/day of raloxifene
on the risk for mild cognitive impairment and any cogni-
tive impairment were significantly different (p=0.002 for
mild cognitive impairment and p=0.007 for any cognitive
impairment), indicating that the results of the two dose
groups cannot be pooled.

Women taking 120 mg/day of raloxifene who had unde-
tectable serum estradiol levels at baseline had a slightly
lower relative risk for each cognitive outcome (compared to
the placebo group) than women with detectable estradiol
levels. For example, the risk for any cognitive impairment
among those who were assigned to 120 mg/day of ralox-
ifene and had undetectable estradiol levels was 0.62 (95%
CI=0.37–1.04) and for those with detectable levels the risk

was 0.84 (95% CI=0.50–1.39), but these interactions were
not statistically significant (p>0.34 for all interactions).

Discussion

Raloxifene, at a dose of 120 mg/day, reduced the risk of
developing mild cognitive impairment by 33% among post-
menopausal women with osteoporosis. In the MORE trial,
one case of mild cognitive impairment was prevented for
every 91 women treated. There was also a somewhat lower
risk of developing Alzheimer’s disease among the women
treated with the higher dose of raloxifene that did not reach
statistical significance. Given that few women developed
Alzheimer’s disease, the lower risk observed among women
assigned to 120 mg/day of raloxifene may have occurred by
chance. However, most people with mild cognitive impair-
ment progress to develop dementia over several years, and
the majority of these develop Alzheimer’s disease (3, 4).
Thus, a drug that lowers the risk of mild cognitive impair-
ment might also be expected to reduce the risk of develop-
ing Alzheimer’s disease. As our results are tentative, trials
enrolling women at high risk for cognitive impairment or
Alzheimer’s disease, or longer trials, are required to estab-

TABLE 3. Characteristics of the 742 Womena Who Completed Phases 1 and 2 of the Dementia Assessment in the Multiple
Outcomes of Raloxifene Evaluation, by Final Cognitive Status

Characteristic
Normal 
(N=509)

Mild Cognitive Impairment
(N=181)

Dementia 
(N=52) Analysis

Mean SD Mean SD Mean SD F (ANOVA) df p
Years from randomization 

to dementia evaluation 3.8 0.3 3.7 0.3 3.7 0.3 1.37 2, 739 0.25

Mean SD Mean SD Mean SD
H

(Kruskal-Wallis test) p
Test scores at dementia evaluation

Mini-Mental State Examination 28.6 1.5 26.7 2.4 20.6 4.5 205.39 2 <0.001
Clinical Dementia Rating

Global 0.11 0.21 0.44 0.16 0.80 0.54 320.26 2 <0.001
Sum of boxes 0.20 0.48 0.98 0.89 4.69 3.28 362.47 2 <0.001

Baseline variables
Mean SD Mean SD Mean SD F (ANOVA) df p

Age (years) 67.2 6.7 69.3 6.3 71.5 5.2 15.81 2, 739 <0.001
Body mass index (kg/m2) 25.5 4.1 25.7 3.8 24.9 3.9 0.66 2, 738 0.52

Mean SD Mean SD Mean SD
H

(Kruskal-Wallis test) p

Education (years) 10.8 3.7 8.9 3.7 9.3 4.4 31.49 2 <0.001
Years since menopause 19.2 8.0 22.0 8.2 24.2 6.9 27.73 2 <0.001
Geriatric Depression Scale score 1.5 1.9 2.2 2.7 3.3 3.8 8.60 2 0.01

% % % χ2 df p

White race 96.1 93.9 90.4 4.08 2 0.13
Current smoker 18.4 16.8 7.7 3.84 2 0.15
Alcohol use (>3 drinks/week) 16.0 9.9 5.8 7.11 2 0.03
History of hysterectomy 25.3 21.6 30.8 2.10 2 0.35
History of myocardial infarction 1.2 1.7 3.9 2.35 2 0.31
History of stroke 0.4 1.1 0.0 1.57 2 0.46
Prior hormone replacement therapy 29.6 32.0 15.7 5.23 2 0.07
Detectable serum estradiol 

(≥5 pmol/liter) 49.5 48.3 48.9 0.08 2 0.96
a Two subjects were referred to the dementia evaluation but did not complete it.
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lish the effect of treatment with raloxifene on the risk for de-
veloping these cognitive outcomes.

We observed a differential effect of raloxifene on cogni-
tive outcomes by dose. While treatment with 120 mg/day
of raloxifene reduced the risk of mild cognitive impair-
ment, there was no significant benefit from treatment with
the lower dose of 60 mg/day, and the difference in the ef-
fects of the two doses was statistically significant. For
treatment of osteoporosis, 60 and 120 mg/day of ralox-
ifene appear to be equally effective (10). However, it is pos-
sible that higher doses of raloxifene are needed to cross
the blood-brain barrier and produce CNS benefits. Fur-
thermore, the raloxifene dose producing maximal in-
creases in hippocampal choline acetyltransferase activity
(3 mg/kg) (12) is greater than that producing maximal ef-
fects on bone (1 mg/kg) in ovariectomized rats (28).

From the data collected in our trial, we are unable to de-
termine if raloxifene has an estrogenic, anti-estrogenic, or
unique effect on the brain. However, given that several ob-
servational studies have suggested that estrogen use re-
duces the risk of developing Alzheimer’s disease or cogni-
tive impairment (29–32), it is most likely that raloxifene
has an estrogenic effect in the CNS (33). In rodent models,
raloxifene has demonstrated estrogen agonist effects on
neurons, including stimulation of neurite outgrowth from
cultured cells (13), stimulation of choline acetyltrans-
ferase activity in the hippocampus (12), and increased 5-
hydroxytryptamine-2A receptors in the cingulate and
frontal cortices of ovariectomized rats (34). All of these
mechanisms could potentially reduce risk of cognitive
impairment. On the other hand, given the recent results
from the Women’s Health Initiative trial indicating an in-
creased risk of developing dementia with either estrogen
and progestin (8) or estrogen alone (9), it is possible that

the reduction in risk of cognitive impairment with ralox-
ifene is due to an anti-estrogen effect. Another possible
explanation for the differences between our results and
those of the Women’s Health Initiative Memory Study may
be related to cardiovascular disease. Unlike estrogen (8, 9),
raloxifene is not associated with an increase in stroke and
other cardiovascular outcomes that may mediate cogni-
tive impairment (35). It is interesting that the women with
undetectable baseline estradiol levels had a greater reduc-
tion in risk associated with 120 mg/day of raloxifene than
did the women with higher baseline estradiol levels, al-
though this interaction was not statistically significant.

We previously studied the effect of 3 years of raloxifene
treatment, in both the 60 and 120 mg/day groups, on cog-
nitive functioning in women enrolled in the MORE study
and reported that there were no differences on mean 3-
year scores between treatment groups (36). However, com-
pared to the women assigned to placebo, those assigned to
raloxifene had less risk of developing impairment (as as-
sessed by a cutoff in the change in scores) in verbal mem-
ory and attention, cognitive domains affected earliest in
mild cognitive impairment and Alzheimer’s disease (37). In
addition, among the women who were at risk for cognitive
impairment because they were over 70 years of age, those
assigned to raloxifene had smaller 3-year declines in mem-
ory and attention. Data from a small, randomized trial of
120 mg/day of raloxifene for women with Alzheimer’s dis-
ease also indicated improvement in verbal memory in the
raloxifene group after 12 weeks of treatment (38).

Our trial has several limitations. Most of the women
enrolled in the MORE study were white, and all had os-
teoporosis. We cannot be sure that our results apply to
women without osteoporosis, to nonwhite women, or to
men. Even though the trial was large, the rate of develop-

TABLE 4. Relative Risk of Cognitive Impairment, Alzheimer’s Disease, or Any Dementia Among the 742 Womena Who
Completed Phases 1 and 2 of the Dementia Assessment in the Multiple Outcomes of Raloxifene Evaluation

Women With Outcome 
After 3 Years of Treatment

Cognitive Outcome and Treatment Group N
Percent of Total 

Treatment Groupc Relative Riskb 95% CI p
Mild cognitive impairment

Placebo 63 3.6 1.00
Raloxifene, 60 mg/day 74 4.2 1.18 0.85–1.64 0.32
Raloxifene, 120 mg/day 44 2.5 0.67 0.46–0.98 0.04

Alzheimer’s disease
Placebo 15 0.9 1.00
Raloxifene, 60 mg/day 13 0.7 0.82 0.39–1.71 0.60
Raloxifene, 120 mg/day 8 0.4 0.52 0.22–1.21 0.12

Any type of dementia
Placebo 18 1.0 1.00
Raloxifene, 60 mg/day 17 1.0 0.90 0.47–1.74 0.76
Raloxifene, 120 mg/day 17 1.0 0.91 0.47–1.76 0.78

Dementia or mild cognitive impairment
Placebo 81 4.7 1.00
Raloxifene, 60 mg/day 91 5.2 1.12 0.84–1.49 0.45
Raloxifene, 120 mg/day 61 3.4 0.73 0.53–1.01 0.054

a Two women were referred to the dementia evaluation but did not complete it.
b Relative to the placebo group, adjusted for country.
c Of the 5,282 women who completed phases 1 and 2 of the dementia assessment, 1,736 received placebo, 1,757 received 60 mg/day of

raloxifene, and 1,789 received 120 mg/day of raloxifene.
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ing dementia is low until advanced old age, and we had
limited power to detect differences in the risk of develop-
ing Alzheimer’s disease and other types of dementia. As-
suming a two-tailed alpha of 0.05 and 80% power, we were
able to detect relative risks of 0.22 or less for Alzheimer’s
disease, 0.57 or less for mild cognitive impairment, and
0.61 or less for any cognitive impairment. The observed
incidence of 1% per year for the development of any cog-
nitive impairment among the MORE participants is at the
low end of reported incidence rates for women ages 65–69
years (39). These lower rates are not surprising given that
all women who enrolled in the MORE study had high lev-
els of functioning at baseline and volunteered for a long-
term trial. Our observed mean MMSE and Clinical De-
mentia Rating scores for women in each diagnostic group
are consistent with scores previously reported for these di-
agnoses (40, 41), supporting the validity of the criteria
used in the dementia evaluation. However, given that
some women may have had very mild cognitive deficits at
baseline, we cannot determine whether raloxifene (120
mg/day) prevented cognitive impairment or delayed its
progression. Finally, some women who were referred for
the clinical dementia evaluation did not go or did not
complete the evaluation. The number of women in this
group did not differ by treatment group, and when we re-
peated our analyses and coded these women as having
cognitive impairment, our results were similar.

Cognitive impairment and especially dementia are dev-
astating conditions that cause severe debility and death
among older persons. Thus far, we know of no intervention
that has been proven to reduce the risk of developing these
conditions directly. Raloxifene at a dose of 120 mg/day (but
not 60 mg/day) resulted in a reduced risk of mild cognitive
impairment and a nearly significant reduction in any cog-
nitive impairment (mild cognitive impairment or demen-
tia) in postmenopausal osteoporotic women. Additional
trials of raloxifene and other selective estrogen receptor
modulators for prevention of cognitive impairment, espe-
cially in women at high risk, should be conducted to con-
firm these results.

Received March 23, 2004; revision received June 2, 2004; accepted
June 14, 2004. From the Departments of Psychiatry, Neurology, Epi-
demiology, and Medicine, University of California, San Francisco; Lilly
Research Laboratories, Eli Lilly and Company, Indianapolis; the De-
partments of Geriatrics, Neurology, Pharmacology and Toxicology,
and Epidemiology, University of Arkansas for Medical Sciences, Little
Rock; and the Center for Chronic Disease Outcomes Research, Minne-
apolis VA Medical Center and Division of Epidemiology, University of
Minnesota, Minneapolis. Address correspondence and reprint re-
quests to Dr. Yaffe, University of California, San Francisco, Box 181,
4150 Clement St., San Francisco, CA 94121; kyaffe@itsa.ucsf.edu (e-
mail). 

Funded by Eli Lilly and Company and by support to Dr. Yaffe from
the Paul Beeson Faculty Scholars Program, a Mt. Zion/UCSF Women’s
Health Grant, and grant R01 AG-021918 from the National Institute
on Aging. 

The authors thank the MORE investigators who participated in the
Dementia Diagnostic Evaluation ancillary study.

References

1. Ott A, Breteler MM, van Harskamp F, Stijnen T, Hofman A: Inci-
dence and risk of dementia: the Rotterdam Study. Am J Epide-
miol 1998; 147:574–580

2. Hebert LE, Beckett LA, Scherr PA, Evans DA: Annual incidence
of Alzheimer disease in the United States projected to the years
2000 through 2050. Alzheimer Dis Assoc Disord 2001; 15:169–
173

3. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV,
Ritchie K, Rossor M, Thal L, Winblad B: Current concepts in
mild cognitive impairment. Arch Neurol 2001; 58:1985–1992

4. Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin EH,
Berg L: Mild cognitive impairment represents early-stage
Alzheimer disease. Arch Neurol 2001; 58:397–405

5. McEwen BS: Clinical review 108: the molecular and neuroana-
tomical basis for estrogen effects in the central nervous sys-
tem. J Clin Endocrinol Metab 1999; 84:1790–1797

6. Yaffe K, Sawaya G, Lieberburg I, Grady D: Estrogen therapy in
postmenopausal women: effects on cognitive function and de-
mentia. JAMA 1998; 279:688–695

7. LeBlanc ES, Janowsky J, Chan BK, Nelson HD: Hormone re-
placement therapy and cognition: systematic review and
meta-analysis. JAMA 2001; 285:1489–1499

8. Shumaker SA, Legault C, Rapp SR, Thal L, Wallace RB, Ockene
JK, Hendrix SL, Jones BN III, Assaf AR, Jackson RD, Kotchen JM,
Wassertheil-Smoller S, Wactawski-Wende J (Women’s Health
Initiative Memory Study [WHIMS] Investigators): Estrogen plus
progestin and the incidence of dementia and mild cognitive
impairment in postmenopausal women: a randomized con-
trolled trial. JAMA 2003; 289:2651–2662

9. Shumaker SA, Legault C, Kuller L, Rapp SR, Thal L, Lane DS, Fillit
H, Stefanick ML, Hendrix SL, Lewis CE, Masaki K, Coker LH: Con-
jugated equine estrogens and incidence of probable dementia
and mild cognitive impairment in postmenopausal women:
Women's Health Initiative Memory Study. JAMA 2004; 291:
2947–2958

10. Ettinger B, Black DM, Mitlak BH, Knickerbocker RK, Nickelsen
T, Genant HK, Christiansen C, Delmas PD, Zanchetta JR, Stakke-
stad J, Gluer CC, Krueger K, Cohen FJ, Eckert S, Ensrud KE, Avioli
LV, Lips P, Cummings SR (Multiple Outcomes of Raloxifene Eval-
uation [MORE] Investigators): Reduction of vertebral fracture
risk in postmenopausal women with osteoporosis treated with
raloxifene: results from a 3-year randomized clinical trial. JAMA
1999; 282:637–645; correction, 1999; 282:2124

11. Delmas PD, Bjarnason NH, Mitlak BH, Ravoux AC, Shah AS,
Huster WJ, Draper M, Christiansen C: Effects of raloxifene on
bone mineral density, serum cholesterol concentrations, and
uterine endometrium in postmenopausal women. N Engl J
Med 1997; 337:1641–1647

12. Wu X, Glinn MA, Ostrowski NL, Su Y, Ni B, Cole HW, Bryant HU,
Paul SM: Raloxifene and estradiol benzoate both fully restore
hippocampal choline acetyltransferase activity in ovariecto-
mized rats. Brain Res 1999; 847:98–104

13. Nilsen J, Mor G, Naftolin F: Raloxifene induces neurite out-
growth in estrogen receptor positive PC12 cells. Menopause
1998; 5:211–216

14. O’Neill K, Chen S, Brinton RD: Impact of the selective estrogen
receptor modulator, raloxifene, on neuronal survival and out-
growth following toxic insults associated with aging and Alzhe-
imer’s disease. Exp Neurol 2004; 185:63–80

15. Cummings SR, Eckert S, Krueger KA, Grady D, Powles TJ, Cauley
JA, Norton L, Nickelsen T, Bjarnason NH, Morrow M, Lippman
ME, Black D, Glusman JE, Costa A, Jordan VC: The effect of ral-
oxifene on risk of breast cancer in postmenopausal women: re-
sults from the MORE randomized trial. JAMA 1999; 281:2189–
2197; correction, 1999; 282:2124



690 Am J Psychiatry 162:4, April 2005

RALOXIFENE AND DEMENTIA

http://ajp.psychiatryonline.org

16. Sheikh JI, Yesavage JA: Geriatric Depression Scale (GDS): recent
evidence and development of a shorter version, in Clinical Ger-
ontology: A Guide to Assessment and Intervention. New York,
Haworth Press, 1986, pp 165–173

17. Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G, Fillen-
baum G, Mellits ED, Clark C: The Consortium to Establish a Reg-
istry for Alzheimer’s Disease (CERAD), I: clinical and neuropsy-
chological assessment of Alzheimer’s disease. Neurology 1989;
39:1159–1165

18. Katzman R, Brown T, Fuld P, Peck A, Schechter R, Schimmel H:
Validation of a short Orientation-Memory-Concentration Test
of cognitive impairment. Am J Psychiatry 1983; 140:734–739

19. Reitan RM: Validity of the Trail Making Test as an indicator of
organic brain damage. Percept Mot Skills 1958; 8:271–276

20. Buschke H, Fuld PA: Evaluating storage, retention, and re-
trieval in disordered memory and learning. Neurology 1974;
24:1019–1025

21. Folstein MF, Folstein SE, McHugh PR: “Mini-Mental State”: a
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12:189–198

22. Yesavage JA: Geriatric Depression Scale. Psychopharmacol Bull
1988; 24:709–711

23. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL: A new
clinical scale for the staging of dementia. Br J Psychiatry 1982;
140:566–572

24. Hachinski VC, Lassen NA, Marshall J: Multi-infarct dementia. a
cause of mental deterioration in the elderly. Lancet 1974; 2:
207–210

25. Tuokko H, Frerichs RJ: Cognitive impairment with no dementia
(CIND): longitudinal studies, the findings, and the issues. Clin
Neuropsychol 2000; 14:504–525

26. McKhann G, Drachman D, Folstein M, Katzman R, Price D,
Stadlan EM: Clinical diagnosis of Alzheimer’s disease: report of
the NINCDS-ADRDA Work Group under the auspices of Depart-
ment of Health and Human Services Task Force on Alzheimer’s
Disease. Neurology 1984; 34:939–944

27. Chui HC, Mack W, Jackson JE, Mungas D, Reed BR, Tinklenberg
J, Chang FL, Skinner K, Tasaki C, Jagust WJ: Clinical criteria for
the diagnosis of vascular dementia: a multicenter study of
comparability and interrater reliability. Arch Neurol 2000; 57:
191–196

28. Black LJ, Sato M, Rowley ER, Magee DE, Bekele A, Williams DC,
Cullinan GJ, Bendele R, Kauffman RF, Bensch WR, Frolik CA, Ter-
mine JD, Bryant HU: Raloxifene (LY139481 HCI) prevents bone
loss and reduces serum cholesterol without causing uterine hy-
pertrophy in ovariectomized rats. J Clin Invest 1994; 93:63–69

29. Tang MX, Jacobs D, Stern Y, Marder K, Schofield P, Gurland B,
Andrews H, Mayeux R: Effect of oestrogen during menopause
on risk and age at onset of Alzheimer’s disease. Lancet 1996;
348:429–432

30. Kawas C, Resnick S, Morrison A, Brookmeyer R, Corrada M,
Zonderman A, Bacal C, Lingle DD, Metter E: A prospective study
of estrogen replacement therapy and the risk of developing
Alzheimer’s disease: the Baltimore Longitudinal Study of Ag-
ing. Neurology 1997; 48:1517–1521; correction, 1998; 51:654

31. Yaffe K, Haan M, Byers A, Tangen C, Kuller L: Estrogen use,
APOE, and cognitive decline: evidence of gene-environment
interaction. Neurology 2000; 54:1949–1954

32. Henderson VW, Paganini-Hill A, Emanuel CK, Dunn ME, Buck-
walter JG: Estrogen replacement therapy in older women.
comparisons between Alzheimer’s disease cases and nonde-
mented control subjects. Arch Neurol 1994; 51:896–900

33. Barkhem T, Carlsson B, Nilsson Y, Enmark E, Gustafsson J, Nils-
son S: Differential response of estrogen receptor alpha and es-
trogen receptor beta to partial estrogen agonists/antagonists.
Mol Pharmacol 1998; 54:105–112

34. Cyr M, Landry M, Di Paolo T: Modulation by estrogen-receptor
directed drugs of 5-hydroxytryptamine-2A receptors in rat
brain. Neuropsychopharmacology 2000; 23:69–78

35. Barrett-Connor E, Grady D, Sashegyi A, Anderson PW, Cox DA,
Hoszowski K, Rautaharju P, Harper KD (Multiple Outcomes of
Raloxifene Evaluation [MORE] Investigators): Raloxifene and
cardiovascular events in osteoporotic postmenopausal
women: four-year results from the MORE randomized trial.
JAMA 2002; 287:847–857

36. Yaffe K, Krueger K, Sarkar S, Grady D, Barrett-Connor E, Cox DA,
Nickelsen T (Multiple Outcomes of Raloxifene Evaluation
[MORE] Investigators): Cognitive function in postmenopausal
women treated with raloxifene. N Engl J Med 2001; 344:1207–
1213

37. Chen P, Ratcliff G, Belle SH, Cauley JA, DeKosky ST, Ganguli M:
Patterns of cognitive decline in presymptomatic Alzheimer dis-
ease: a prospective community study. Arch Gen Psychiatry
2001; 58:853–858

38. Gleason CE, Baker LD, Chlerton B, Craft S, Cherrier M, Lofgreen
T, Hyde K, Asthana S: Effects of raloxifene on verbal memory in
women with Alzheimer’s disease, in Abstracts of the Society for
Neuroscience 2001. Washington, DC, Society for Neuroscience,
2001, p 1449

39. Launer LJ, Andersen K, Dewey ME, Letenneur L, Ott A, Ama-
ducci LA, Brayne C, Copeland JR, Dartigues JF, Kragh-Sorensen
P, Lobo A, Martinez-Lage JM, Stijnen T, Hofman A (EURODEM In-
cidence Research Group and Work Groups): Rates and risk fac-
tors for dementia and Alzheimer’s disease: results from EURO-
DEM pooled analyses. Neurology 1999; 52:78–84

40. Berg L: Clinical Dementia Rating (CDR). Psychopharmacol Bull
1988; 24:637–639

41. Gussekloo J, Westendorp RG, Remarque EJ, Lagaay AM, Heeren
TJ, Knook DL: Impact of mild cognitive impairment on survival
in very elderly people: cohort study. BMJ 1997; 315:1053–1054


