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ALZHEIMER DISEASE (AD) AF-
fects more than 4 million
Americans and is one of the
most frequent obstacles to

healthy aging in this country. Women
appear to be at higher risk for devel-
oping AD, only in part due to in-
creased longevity.1 Because women with
AD also live longer than men with AD,
there are approximately twice as many
women as men in the population with
this disorder. It has been suggested that
the abrupt decline of estrogen produc-
tion in postmenopausal women may be
associated with a vulnerability of
women to develop AD. Men, in con-
trast, have an intrinsic supply of estro-
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Context Several reports from small clinical trials have suggested that estrogen re-
placement therapy may be useful for the treatment of Alzheimer disease (AD) in women.

Objective To determine whether estrogen replacement therapy affects global, cog-
nitive, or functional decline in women with mild to moderate AD.

Design The Alzheimer’s Disease Cooperative Study, a randomized, double-blind, pla-
cebo-controlled clinical trial conducted between October 1995 and January 1999.

Setting Thirty-two study sites in the United States.

Participants A total of 120 women with mild to moderate AD and a Mini-Mental
State Examination score between 12 and 28 who had had a hysterectomy.

Interventions Participants were randomized to estrogen, 0.625 mg/d (n = 42), or 1.25
mg/d (n = 39), or to identically appearing placebo (n = 39). One subject withdrew after
randomization but before receiving medication; 97 subjects completed the trial.

Main Outcome Measures The primary outcome measure was change on the Clini-
cal Global Impression of Change (CGIC) 7-point scale, analyzed by intent to treat; sec-
ondary outcome measures included other global measures as well as measures of mood,
specific cognitive domains (memory, attention, and language), motor function, and
activities of daily living; compared by the combined estrogen groups vs the placebo
group at 2, 6, 12, and 15 months of follow-up.

Results The CGIC score for estrogen vs placebo was 5.1 vs 5.0 (P = .43); 80% of
participants taking estrogen vs 74% of participants taking placebo worsened (P = .48).
Secondary outcome measures also showed no significant differences, with the excep-
tion of the Clinical Dementia Rating Scale, which suggested worsening among pa-
tients taking estrogen (mean posttreatment change in score for estrogen, 0.5 vs 0.2
for placebo; P = .01).

Conclusions Estrogen replacement therapy for 1 year did not slow disease progres-
sion nor did it improve global, cognitive, or functional outcomes in women with mild
to moderate AD. The study does not support the role of estrogen for the treatment of
this disease. The potential role of estrogen in the prevention of AD, however, requires
further research.
JAMA. 2000;283:1007-1015 www.jama.com
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gen by having the ability to aromatize
testosterone into estrogen in the brain.

Considerable evidence has emerged
from neuropathological studies,2-4 ani-
mal behavioral studies,5,6 and human in-
vestigations7,8 to suggest that estrogen
may be beneficial in improving cogni-
tion and mood in AD. Several open-
label clinical trials9-11 and 1 random-
ized clinical trial12 reported selective
cognitive improvement in women with
dementia who received estrogen re-
placement therapy (ERT). However,
these studies have all been relatively
brief, generally ranging from 6 to 8
weeks of treatment with estrogen. Simi-
larly, the number of subjects taking the
drug in these trials has been small, rang-
ing from 7 to 12, and most have not
used standardized diagnostic criteria.
Thus, the evidence for using estrogen
as treatment for clinically diagnosed AD
is modest at best. Since the potential
role of estrogen for the treatment of AD
is of public health significance, this in-
tervention, if scientifically supported,
could become a routine part of the man-
agement regimen for women with AD.

We conducted this study to provide
a definitive, placebo-controlled, double-
blind, randomized clinical trial of ad-
equate duration and size to determine
the benefit of ERT for the treatment of
women with mild to moderate AD. We
chose to study unopposed estrogens be-
cause previous investigations have sug-
gested that progesterone may mitigate
some of estrogen’s beneficial effects in
the central nervous system.

METHODS
Objectives

The specific aims of the study were to
(1) determine if women with AD treated
with unopposed estrogens would expe-
rience improvement or stability in cog-
nition and other parameters during or
after 12 months of therapy; (2) deter-
mine which components of the psycho-
metric assessment were improved or sta-
bilized by treatment; (3) determine
whether there was a differential re-
sponse to 2 dosages of estrogen; and (4)
establish the safety and tolerability of es-
trogen in elderly women with AD.

Participants
Participants for this study were re-
cruited from participating sites of the
Alzheimer’s Disease Cooperative Study
(ADCS; a consortium supported by the
National Institute on Aging), with en-
rollment of 120 women with hysterec-
tomies between October 1995 and Janu-
ary 1999. Selection of women with
hysterectomies allowed for the sub-
jects’ long-term exposure (1 year) to un-
opposed estrogen therapy while elimi-
nating the risk and safety concern of
endometrial hyperplasia, which oc-
curs in prolonged unopposed estro-
gen administration in women with an
intact uterus. Thirty-two sites (desig-
nated as AD centers by the National In-
stitute on Aging and/or selected sites of
the ADCS) participated in the recruit-
ment of these subjects. General inclu-
sion criteria included a diagnosis of
probable AD according to National In-
stitute of Neurological and Communi-
cative Disorders and Stroke–Alzheim-
er’s Disease and Related Disorders
Association criteria13 in the mild to
moderate stage (the study protocol
specified a Mini-Mental State Exami-
nation [MMSE]14 score of 14-28; sev-
eral exceptions were made by the
project director to allow for partici-
pants with MMSE scores as low as 12);
female sex; previous hysterectomy (oo-
phorectomy not required); age older
than 60 years; absence of major clini-
cal depressive disorder (as measured by
scores of ,17 on the Hamilton Depres-
sion Rating Scale [Ham-D]15); and nor-
mal gynecological, breast, and mam-
mography examination results.

Exclusion criteria were myocardial
infarction within 1 year, history of
thromboembolic disease or hyperco-
agulable state, hyperlipidemia, or use
of excluded medications (ie, estro-
gens within 3 months; current use of
antipsychotics, anticonvulsants, anti-
coagulants, b-blockers, narcotics, meth-
yldopa, clonidine, or prescription cog-
nitive-enhancing or antiparkinson
medications, including experimental
medications within 60 days prior to
baseline. Stable dosages of neurolep-
tics, antidepressants, anxiolytics, seda-

tives, and hypnotics were allowed). At
the initiation of the protocol, individu-
als treated with donepezil or tacrine
were excluded, but a protocol amend-
ment after 20 months of enrollment al-
lowed the stable use (minimum of 4
weeks) of these medications before
screening for the study.

Intervention
This study used a 12-month, random-
ized, double-blind, placebo-con-
trolled, parallel-group design, in which
120 women were enrolled and random-
ized to receive a single daily dose of
placebo, Premarin (conjugated equine
estrogens [CEEs], Wyeth-Ayerst Phar-
maceuticals, St Davids, Pa), 0.625 mg,
or Premarin, 1.25 mg, followed by a
3-month, single-blind placebo wash-
out phase for all women. Conjugated
equine estrogens were chosen for this
trial because this formulation is the
most commonly prescribed form of
ERT. Additionally, CEEs include mul-
tiple components, some of which have
been shown to have neurotrophic prop-
erties, which could be beneficial to brain
function.

Participants were randomly allo-
cated to 1 of the 3 treatment arms
(FIGURE 1). Treatments were assigned
in randomized permuted blocks of 6
and shipped to each site at the start of
the study. The ADCS biostatistical di-
vision generated and archived the ran-
domization list. Boxes containing 7-day
blister cards of study medication were
packaged and shipped by the manufac-
turer according to instructions pro-
vided by the ADCS. Patients were in-
structed to take 2 identically appearing
tablets of study medication each morn-
ing. Subjects assigned to estrogen, 1.25
mg/d, received 2 estrogen 0.625-mg tab-
lets; those assigned to estrogen, 0.625
mg/d, received 1 placebo tablet and 1
estrogen 0.625-mg tablet; those as-
signed to placebo received 2 placebo
tablets. Hereafter, the 0.625-mg/d and
1.25-mg/d estrogen dosages are re-
ferred to as low and high dosages, re-
spectively. All subjects in this study
were required to have a caregiver who
administered the investigational agent

ESTROGEN REPLACEMENT THERAPY FOR ALZHEIMER DISEASE

1008 JAMA, February 23, 2000—Vol 283, No. 8 ©2000 American Medical Association. All rights reserved.

Downloaded From:  by a University of California - Irvine User  on 06/14/2018



during the trial. Compliance monitor-
ing was done through plasma estra-
diol level evaluation at each visit and
pill count.

Cognitive, global, and other outcome
measures were evaluated at screening,
baseline, and 2, 6, 12, and 15 months.
A telephone check was performed at the
4-month interval to verify ongoing ad-
ministration of the experimental medi-
cation and the status of concurrent medi-
cations and to address any issues or
concerns, and a brief safety visit was con-
ductedat the9-month interval.Thestudy
was reviewed and approved by the in-
stitutional review board at each site.
Written informed consent was ob-
tained from all participants.

Outcome Measures
The ADCS version of the Clinical Glob-
alImpressionofChange(CGIC)scale,de-
veloped as a semistructured interview
fromthetraditionalCGICscale,16 wasthe
primaryoutcomemeasureusedtoassess
changefrombaseline.Onthisscale,scores
of 1, 2, and 3 represent marked, moder-
ate,andmild improvement, respectively;
4 represents no change; and 5, 6, and 7
represent mild, moderate, and marked
worsening, respectively.

The MMSE (range, 0-30) and the
Clinical Dementia Rating Scale17 (CDR;
range, 0-5) also were used as global
staging instruments. Through the ju-
dicious choice of other secondary out-
come measures, this study also aimed
to address several unanswered ques-
tions: (1) independent of mood en-
hancement, does estrogen therapy im-
prove cognition in AD; (2) by what
mechanism is memory improved; and
(3) what other clinically relevant ben-
efit does estrogen have in AD?

The first goal was to determine to what
degree observed cognitive benefit was as-
sociated with improved mood. To this
end, it was proposed that the evalua-
tionof estrogen includea traditionalmea-
sure of depression (Ham-D) and an in-
dex of mood state (Multiple Affect
Adjective Checklist–Revised [MAACL-
R]18) conducted concurrently with other
cognitive assessments. To elucidate pos-
sible mechanisms for estrogen’s effect on

memory that are separate from specific
mood alteration, the assessment of
memory included measurement of (1)
explicit verbal learning (Alzheimer’s Dis-
easeAssessmentScale–Cognitive [ADAS-
Cog]19), (2) mood-congruent memory
(Emotional Face Recognition Test; un-
published data, Elizabeth Koss, PhD,
1995), and (3) visual delayed non-
matched to sample recognition(NewDot
Test20). We investigated other cogni-
tive benefits that could be associated with
estrogen by testing the subjects on mea-
sures of attention (Letter Cancella-
tion,21 Trail-Making Test A,22 and Digit
Symbol23), language (Category Flu-
ency24 and Letter Fluency25), and mo-
tor behavior (Grooved Pegboard Test26

and Finger Tapping Test27). Another goal
in the choice of secondary measures was
to assess the effect of estrogen on activi-
ties of daily living abilities in AD, as mea-
sured by the Blessed Dementia Rating
Scale28 and the Dependency Scale.29

Safety Monitoring
To reduce risk associated with estrogen
administration, screening measures be-

fore enrollment included a baseline gy-
necological and breast examination
within the 3 preceding months, a mam-
mogramwithin the6precedingmonths,
and a Papanicolaou test within the pre-
vious 3 years. As an additional safety
measure, themammogramwasrepeated
at theendof the12-monthdouble-blind
phase of the study to monitor for any
breastcomplications.Ateachvisit,blood
pressure, body weight, and fluid reten-
tion (ankle swelling) were monitored.
Anadditional lipidprofilewasperformed
at the 2-month visit to detect the com-
plication of hyperlipidemia as a rare re-
action to estrogen compounds. Adverse
event reports were reviewed quarterly
by the independent ADCS safety moni-
toring committee, who found no neces-
sity to break the blind or interrupt the
trial at any time.

Patient Populations
For purposes of analysis, 3 patient
populations were defined. These in-
cluded traditional intent-to-treat (based
on a last observation carried forward
imputation scheme) and completers

Figure 1. Participant Flow Diagram

39 Randomized to Placebo 
1 Withdrawal Prior to Treatment 
Due to Medical Condition

42 Randomized to Conjugated 
Equine Estrogens, 0.625 mg/d

39 Randomized to Conjugated 
Equine Estrogens, 1.25 mg/d

32 Completed Trial 35 Completed Trial 30 Completed Trial

7 Withdrawals
2 Adverse Events

2 Psychiatric 
Admission/Psychosis

5 Other
1 Medical Condition
1 Dizziness
1 Agitation, Rash
2 Wanted Active Drug

7 Withdrawals
7 Adverse Events

4 Vaginal Bleeding
2 Deep Vein Thrombosis
1 Death

9 Withdrawals
4 Adverse Events

2 Deep Vein Thrombosis
1 Death
1 Fall, Hip Fracture

5 Other
2 Wanted Active Drug
2 Nursing Home Placements
1 Rash, Lower Extremity 

Edema, Elevated Blood Pressure

153 Screened

120 Eligible

120 Randomized

33 Not Eligible
2 History of Pulmonary Embolus
9 High Triglyceride Level
1 Death Before Baseline
3 No Hysterectomy
5 Changed Mind
1 No Caregiver
4 Untestable by Neuropsychological Examination
1 Abnormal Mammogram Result
1 Unable to Draw Blood
3 History of Stroke
1 Seizure Disorder
1 Idiopathic Thrombocytopenia
1 Moved to Distant Location
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populations (12-month visit com-
pleted) as well as a compliers popula-
tion (defined as all individuals who
completed the study and ingested at
least 80% of the randomized agent by
pill count). Of the 120 randomized sub-
jects, 119 were exposed to the investi-
gational agent (1 subject dropped out
because of medical problems before
starting the medication). Figure 1 shows
the subject flow and disposition through
the course of the trial. Of the 120 ran-
domized subjects, 97 completed the
trial. There was no attempt to balance
the use of donepezil across treatment
groups. TABLE 1 shows that more
patients in the ERT groups took done-
pezil during the course of the trial com-
pared with the placebo group.

Statistical Analyses
Power calculations were performed us-
ing data from a clinical trial with a simi-

lar design that included only women
aged at least 60 years with baseline
MMSE scores of 16 to 28. Based on the
data from this similar trial, with 40 sub-
jects receiving placebo and 80 subjects
receiving estrogen, the design power was
81% to detect a 29% difference in the
proportion of subjects who worsen in the
2 groups (60% worse in the placebo
group vs 31% worse in the estrogen
group) using a 2-tailed a = .05. Since this
was a dosage-finding study, a large ef-
fect size was sought to ensure clinical
meaningfulness and to estimate the sig-
nal size for a possible follow-up trial, if
the findings were positive.

In all analyses, a set of predefined co-
variates was assessed as potential con-
founders (subject age, apolipoprotein
e4 allele frequency, subject education).
Any variables unbalanced at baseline
(P#.15) and significantly associated
with response (P#.10) were included

in the statistical model. In the 2-group
analysis (combined estrogen groups vs
placebo group), there was no signifi-
cant imbalance of the covariates at base-
line, negating the inclusion of these
prestated potential confounders to the
statistical models. In the 3-group analy-
sis (differential dosage response vs pla-
cebo), subject age at baseline was mar-
ginally unbalanced (P = .07) in the low-
dosage estrogen group, and was
significantly associated with 3 out-
come variables. Therefore, age was in-
cluded as a covariate in the statistical
analysis models for the ADAS-Cog
(P = .07), Dependency Scale (P = .07),
and Grooved Pegboard (P = .06).

The primary end point used to evalu-
ate the differential effect of estrogen on
progression of AD was the ADCS-
CGIC. For this analysis, the 7-point
scale was collapsed to 5 points be-
cause of lack of subjects in the marked

Table 1. Baseline Demographic and Clinical Characteristics*

Characteristics

Treatment Group

Placebo
(n = 39)

Low-Dosage Estrogen
(n = 42)†

High-Dosage Estrogen
(n = 39)‡

Age, mean (SD) [range], y 74.1 (16.6) [62-87] 76.8 (6.5) [60-91] 74.2 (7.4) [56-89]

Race, No. (%)
White 32 (82) 39 (93) 36 (92)

Other 7 (18) 3 (7) 3 (8)

Weight, mean (SD) [range], kg 64.8 (16.8) [40-104] 60.3 (10.0) [44-86] 66.0 (12.9) [41-109]

Education, mean (SD), y 12.1 (3.0) 12.6 (3.0) 12 (3.6)

Oophorectomy status, No. (%)
Yes 20 (53) 21 (50) 27 (69)

No 10 (26) 6 (14) 3 (8)

Unknown 8 (21) 15 (36) 9 (23)

Prior estrogen exposure
Yes/no/unknown, No. 12/25/1 17/20/5 16/21/2

Mean duration (SD) [range], y 5.4 (7.6) [1-24] 16.8 (12.9) [1-38] 6.4 (7.3) [1-25]

Serum estradiol level, mean, pg/mL§ 22.7 48.0 58.4

Hamilton Depression Scale score, mean (SD) 3.8 (4.0) 3.4 (4.0) 3.2 (3.0)

Clinical Dementia Rating Scale score, mean (SD) 1.0 (0.5) 1.2 (0.5) 1.1 (0.5)

Mini-Mental State Examination score, mean (SD) 21.1 (3.3) 20.2 (4.7) 20.8 (4.2)

Alzheimer disease severity, No. (%)
Mild 29 (74) 23 (55) 24 (62)

Moderate 10 (26) 19 (45) 15 (38)

Donepezil use, No. (%) 5 (13) 10 (24) 9 (23)

Apolipoprotein e4 allele frequency, No.
None 15 15 11

1 15 19 18

2 6 4 6

*No significant group differences were observed on any characteristic at baseline (P ..05 for all).
†Low-dosage estrogen indicates conjugated equine estrogens, 0.625 mg/d.
‡High-dosage estrogen indicates conjugated equine estrogens, 1.25 mg/d.
§To convert estradiol to picomoles per liter, multiply by 3.67.
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or moderately improved categories and
was analyzed using ordinal logistic re-
gression. Other primary and second-
ary end-point treatment differences
were analyzed as follows: for continu-
ous measures, linear regression adjust-
ing for baseline values (analysis of co-
variance) was applied. For categorical
measures, logistic regression adjust-
ing for baseline values was used. Con-
firmatory analyses were conducted us-
ing linear regression on changes in
scores with no baseline adjustment and
x2 tests (with Mantel-Haenszel adjust-
ment if necessary) for categorical mea-
sures. No interim analyses were per-
formed.

RESULTS
The demographic and clinical charac-
teristics of each group at baseline are il-
lustrated in Table 1. No significant group

differences were seen on any character-
istic at baseline (all P values ..05).

Two-Group Comparison
To assess the overall efficacy of estro-
gen, the low- and high-dosage estrogen
groups were combined into a single
group of 81 women with AD and hys-
terectomies who took estrogen. These
81 women were compared with the 39
placebo subjects regarding perfor-
mance on the ADCS-CGIC, MMSE,
ADAS-Cog, and the CDR at 12 months
to assess change. The primary intent-
to-treat analysis comparing the com-
bined estrogen groups with the pla-
cebo group showed no difference
between groups for the percentage of pa-
tients who worsened on the ADCS-
CGIC (P = .48), the ADCS-CGIC score
(P = .43), the MMSE score (P = .51), or
the ADAS-Cog score (P = .13). How-

ever, a significant difference was seen on
the CDR (P = .01) favoring the placebo
group (TABLE 2 and FIGURE 2). Re-
peated completers and compliers analy-
ses on the primary outcome measure
likewise did not reveal any differential
treatment effects on the ADCS-CGIC
(data available from the authors on
request).

Analysis of secondary outcomes with
sensitivity to changes in mood (Ham-
D), memory (Emotional Face Recogni-
tion Test and New Dot Test), attention
(Letter Cancellation, Trail-Making Test
A, and Digit Symbol) and activities of
daily living (Blessed Dementia Rating
Scale and Dependency Scale) showed no
significant differences between treat-
ment and placebo groups (Table 2).
Among the language measures, Cat-
egory Fluency favored the placebo group
(P = .05), yet there were no group dif-

Table 2. Intent-to-Treat Analysis of Combined Estrogen Groups vs Placebo Group: Mean Change in Scores at 12 Months*

Measures
Placebo Group, Mean (SD)

[n = 39]
Estrogen Groups, Mean (SD)

[n = 81] P Value†

Primary Outcomes

Patients who worsened on ADCS-CGIC, No. (%) 28 (74) 64 (80) .48

ADCS-CGIC score‡ 5.0 (1.1) 5.1 (0.9) .43

Secondary Outcomes

Global scores
Mini-Mental State Examination§ −3.1 (4.1) −2.7 (3.7) .51

ADAS-Cog‡ 3.6 (4.7) 5.6 (7.3) .13

Clinical Dementia Rating Scale‡ 0.2 (0.4) 0.5 (0.6) .01\

Mood scores, Hamilton Depression Rating Scale‡ 0.0 (3.9) 0.2 (4.0) .99

Memory scores
Emotional Face Recognition Test§ −5.7 (22.4) −9.7 (14.2) .15

New Dot Test§ −0.9 (3.1) −1.5 (3.1) .32

Attention scores
Letter Cancellation§ −1.3 (5.5) −1.4 (7.5) .80

Trail-Making Test A‡ 18.6 (43.4) 18.9 (48.6) .94

Digit Symbol§ −3.9 (6.8) −3.4 (7.7) .68

Language scores
Category Fluency§ −2.9 (6.6) −5.7 (7.6) .05\

Letter Fluency§ −1.7 (6.8) −2.7 (6.4) .46

Motor scores
Grooved Pegboard Test§ −5.2 (42.4) 3.7 (66.4) .95

Finger Tapping Test§ 4.0 (9.6) 0.1 (8.8) .05\

Activities of daily living scores
Blessed Dementia Rating Scale part 1‡ 1.2 (1.5) 1.0 (1.2) .60

Blessed Dementia Rating Scale part 2‡ 0.8 (1.6) 1.0 (1.4) .60

Dependency Scale‡ 0.4 (1.1) 0.4 (0.9) .30

*ADCS-CGIC indicates Alzheimer’s Disease Cooperative Study version of the Clinical Global Impression of Change scale; ADAS-Cog, Alzheimer’s Disease Assessment Scale–
Cognitive. The ADCS-CGIC values reflect mean scores on the 7-point scale.

†P values for percentages reflect 2-tailed Fisher exact test; P values for the ADCS-CGIC and Clinical Dementia Rating Scale reflect ordinal logistic regression analyses. All other P
values reflect analysis of covariance.

‡Positive changes on these measures reflect clinical worsening.
§Negative changes on these measures reflect clinical worsening.
\Results significantly favor placebo group.
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ferences on Letter Fluency. Of the 2 mo-
tor measures, the Grooved Pegboard
Test did not detect group differences, but
the Finger Tapping Test favored the pla-
cebo group (P = .05). Similar analyses on
completer and complier populations
showed consistent results (data avail-
able on request).

Three-Group Comparison
A separate analysis addressed treat-
ment effect differences between each of
the 2 dosages of estrogen compared with
placebo. Again, the 12-month intent-
to-treat analysis showed no difference
between groups for the proportion who
worsened on the ADCS-CGIC (P = .73
for both low and high dosages), the
ADCS-CGIC score (low dosage, P = .66;
high dosage, P = .36), the MMSE score
(low dosage, P = .48; high dosage,
P = .64), or the ADAS-Cog score (low
dosage, P = .09; high dosage, P = .32).
However, a significant difference was
seen on the CDR at 12 months (low dos-
age, P = .03; high dosage, P = .01), again

favoring the placebo group (TABLE 3 and
FIGURE 3). In addition, we found a ben-
efit of low-dosage estrogen on the MMSE
change in score after 2 months of expo-
sure (low dosage = −0.36; pla-
cebo = −1.64; P = .05), but the benefit
did not persist with continued treat-
ment. There was no evidence of im-
provement in global functioning at any
point in the trial. Repeated completers
and compliers analyses on the primary
outcome measure likewise did not re-
veal any differential treatment effects on
the ADCS-CGIC (data available from the
authors on request).

Analysis of the remaining second-
ary outcome variables showed either
nonsignificant differences between
groups or results that favored the pla-
cebo group (Table 3). The Ham-D, a
measure of mood, did not differ be-
tween groups. The subscale factors of
the MAACL-R also did not differ be-
tween groups (data available from the
authors on request). There were no de-
tectable group differences in memory,

attention, or language measures. Among
the motor measures, the Grooved Peg-
board Test did not detect group differ-
ences, but the Finger Tapping Test
again favored placebo, but only in the
low-dosage group (P = .04). Measures
of activities of daily living were not sig-
nificantly different between groups. Re-
peated analyses on completer and com-
plier populations showed the same
results (data available from the authors).

Two additional analyses were per-
formedtocompareresultsontheprimary
outcome measures among women with
priorestrogenexposureandthenamong
women with prior donepezil treatment.
Within each treatment group (placebo,
low-dosage and high-dosage estrogen),
the participants with a history of estro-
gen use were compared with the partici-
pantswhohadnohistoryofestrogenuse
prior to the present trial on four 12-
month outcome variables, the CGIC,
CDR,MMSEandADAS).As reflected in
Table1,yearsofpriorestrogenexposure
were comparable between the placebo
and high-dosage estrogen groups (5.4
vs 6.4 mean years). For the placebo
group,meandifferencesontheoutcome
measures were not significant for prior
estrogen use vs nonuse, respectively,
(CGIC, 5.0 vs 5.1, P = .32; CDR, 1.3 vs
1.2,P = .42;MMSE,18.3vs17.5,P = .90;
ADAS-Cog, 27.9 vs 25.8, P = .41). For
thehigh-dosagegroup,meandifferences
were likewisenot significant (CGIC,5.4
vs 5.0, P = .07; CDR, 1.7 vs 1.5, P = .24;
MMSE,16.0vs19.4,P = .21;ADAS-Cog,
31.4 vs 26.2, P = .97). However, partici-
pants in the low-dosage estrogen group
with a longer period of prior estrogen
exposure (16.8 mean years) had signifi-
cantly better mean CGIC scores at 12
months (4.8 vs 5.5; P = .04), but no sig-
nificant impact on the CDR (mean, 1.4
vs 1.8; P = .71), the MMSE (mean, 18.8
vs 16.4; P = .61), and the ADAS-Cog
(mean, 26.6 vs 34.1; P = .86). A similar
analysis of donepezil users vs nonusers
showednosignificantdifferences inper-
formanceon theCGIC,CDR,MMSE,or
the ADAS-Cog outcome variables.

Treatment-emergent adverse events,
grouped categorically, were not signifi-
cantly different between placebo and es-

Figure 2. Two-Group Intent-to-Treat Analysis
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trogen-treated groups. However, 2 clini-
cally important issues arose during the
trial: 4 episodes of vaginal bleeding oc-
curred, representing protocol viola-
tions because these 4 women had not
had prior hysterectomies, despite con-
firmatory gynecological examinations
before randomization into the proto-
col; and 4 episodes of deep vein throm-
bosis occurred, 2 in the low-dosage and
2 in the high-dosage estrogen groups.
Two patients died, 1 in each of the es-
trogen groups. Both deaths were sud-
den but neither death was believed to
be related to treatment medication.

COMMENT
Estrogen failed to improve cognitive or
functional outcomes in this 1-year study
of women with mild to moderate AD

and hysterectomies. Similar to previ-
ous reports, we found a benefit of low-
dosage estrogen on the MMSE after brief
exposure (2 months; P = .05), but the
benefit did not persist with continued
treatment. In fact, patients receiving es-
trogen appeared to decline more than
those receiving placebo on 1 global
clinical measure, the CDR, despite the
greater use of donepezil in the estrogen-
treated patients. Overall, the results of
this study do not support the role of es-
trogen in the treatment of AD.

To date, this study is the largest and
the longest study to examine estrogen as
a treatment for women with AD. Given
that patients receiving estrogen did no
better or worse than patients receiving
placebo, the use of a larger sample size
would not have changed this result.

There are several plausible explana-
tions for the difference between the re-
sults of this study and previous stud-
ies. Animal studies indicate that in the
neural tissue, estrogen modulates cho-
linergic,3 serotonergic,30 and catechol-
aminergic31 neurotransmitter sys-
tems; regulates synaptogenesis during
the estrous cycle; regulates neurogen-
esis32; and is neuroprotective,33 reduc-
ing the brain damage associated with
ischemic insult.34,35 It is possible that
short-term improvements that have
been seen in some clinical trials were
due to gene-dependent regulation of
neurotransmitter systems such as the
up-regulation of cholinergic activ-
ity.36 A second mechanism of estrogen
action could involve surface receptor–
associated signaling via ion channels,

Table 3. Differential Dose-Response Intent-to-Treat Analysis: Mean Change in Scores at 12 Months by Treatment Arm*

Measures

Placebo Group,
Mean (SD)

[n = 39]

Low-Dosage
Estrogen

Group, Mean (SD)
[n = 42]

P Value,
Low-Dosage

Estrogen
vs Placebo†

High-Dosage
Estrogen Group,

Mean (SD)
[n = 39]

P Value,
High-Dosage

Estrogen
vs Placebo†

Primary Outcomes

Patients who worsened on ADCS-CGIC, No. (%) 28 (74) 33 (80) .73 31 (80) .73

ADCS-CGIC score‡ 5.0 (1.1) 5.1 (0.9) .66 5.2 (0.9) .36

Secondary Outcomes

Global scores
Mini-Mental State Examination§ −3.1 (4.1) −2.7 (3.5) .48 −2.7 (3.9) .64

ADAS-Cog‡ 3.6 (4.7) 6.3 (8.7) .09 4.8 (5.4) .32

Clinical Dementia Rating Scale‡ 0.2 (0.4) 0.4 (0.7) .03\ 0.5 (0.6) .01\

Mood scores, Hamilton Depression Rating Scale‡ 0.03 (3.9) 0.5 (3.7) .69 −0.1 (4.3) .69

Memory scores
Emotional Face Recognition§ −15.7 (11.4) −11.1 (15.2) .08 −8.2 (13.2) .41

New Dot Test§ −0.9 (3.1) −0.9 (3.5) .57 −2.1 (2.6) .19

Attention scores
Letter Cancellation§ −1.3 (5.5) −0.6 (8.7) .90 −2.3 (6.0) .45

Trail-Making Test A‡ 18.6 (43.4) 19.0 (54.2) .89 18.8 (42.8) .98

Digit Symbol§ −3.9 (6.8) −2.4 (6.8) .47 −4.5 (8.5) .99

Language scores
Category Fluency§ −2.9 (6.6) −6.3 (9.0) .06 −5.0 (5.7) .13

Letter Fluency§ −1.7 (6.8) −3.1 (5.8) .32 −2.1 (7.1) .71

Motor scores
Grooved Pegboard Test§ −0.6 (5.4) −0.6 (2.7) .90 −5.9 (5.5) .86

Finger Tapping Test§ 4.0 (9.6) −1.3 (10.2) .04\ 1.7 (6.9) .25

Activities of daily living scores
Blessed Dementia Rating Scale part 1‡ 1.2 (1.5) 1.0 (1.2) .80 1.0 (1.2) .61

Blessed Dementia Rating Scale part 2‡ 0.8 (1.6) 1.0 (1.4) .56 0.92 (1.4) .73

Dependency Scale‡ 0.4 (1.1) 0.4 (0.8) .59 0.5 (1.0) .21

*ADCS-CGIC indicates Alzheimer’s Disease Cooperative Study version of the Clinical Global Impression of Change scale; ADAS-Cog, Alzheimer’s Disease Assessment Scale–
Cognitive. Low-dosage estrogen indicates conjugated equine estrogens, 0.625 mg/d; high-dosage estrogen, conjugated equine estrogens, 1.25 mg/d. The ADCS-CGIC values
reflect mean scores on the 7-point scale.

†P values for percentages reflect 2-tailed Fisher exact test; P values for the ADCS-CGIC and Clinical Dementia Rating Scale reflect ordinal logistic regression analyses. All other P
values reflect analysis of covariance. Age was included as a covariate for low-dosage estrogen vs placebo analysis of the ADAS-Cog, Dependency Scale, and Grooved Pegboard
Test.

‡Positive changes on these measures reflect clinical worsening.
§Negative changes on these measures reflect clinical worsening.
\Results significantly favor placebo group.
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modulating electrical properties of neu-
rons and transmitter release pro-
cesses.37,38 Such mechanisms are pal-
liative, however, and insufficient to
prevent decline over the long term.

In basic studies on the mechanisms
underlying neurodegeneration, it has
been suggested that there are at least 2
phases in the process, an initiation phase
and a propagation phase.39 It is hypoth-
esized that estrogen can delay the ini-
tiation phase but is insufficient to slow
the propagation phase. Thus, for ex-
ample, cell culture studies on primary
hippocampal neurons show that estro-
gen is only partially protective against
a variety of insults.33 Estrogen appears
to operate in part through a gene-
dependent up-regulation of antiapop-
totic proteins in the bcl-2 family in vitro
and in vivo.33,34 In the AD brain, these
genes are already up-regulated and, thus,
further benefit may not be gained.40 Es-
trogen also has antioxidant properties,
though they are relatively weak com-
pared with vitamin E. The present data

suggest that the antioxidant capacity of
estrogen is evidently insufficient to slow
progression. In addition, the anatomi-
cal organization of estrogen receptors
may favor a role in early stages. Estro-
gen receptors are most concentrated in
brain regions involved with the initial
stages of the disease (eg, the limbic
system). As degeneration spreads to
other regions, estrogen might be un-
able to regulate gene-dependent de-
fense mechanisms. Other mechanisms
also show selectivity for the initiation
and propagation phases. For example,
apolipoprotein e4 appears to accelerate
disease onset, but most studies agree that
it does not slow the rate of progres-
sion,39,41,42 although there have been ex-
ceptions.43 While the mechanisms un-
derlying the present results are as yet
unknown, the data suggest that some
therapeutic interventions may only act
during selective phases of the disease
process.

Thus, in the intact healthy brain, es-
trogen could play a key neuroprotec-

tive role by delaying the initiation phase
of neurodegenerative disease onset,
thereby supporting the finding of re-
duced risk of dementia from several
published epidemiological stud-
ies.44-47 Two multicenter prevention tri-
als are currently under way to answer
this question prospectively.

Of public health concern is the ten-
dency for experimental treatments to
become standard of care before the rig-
orous scientific evidence is thor-
oughly gathered. Such is the concern
with estrogen administration for
women with AD. Numerous publica-
tions with broad-based distribu-
tion48,49 are now supporting the addi-
tion of ERT to the armamentarium of
treatments for women with AD as a
means to enhance cognitive function
and delay progression of the disease.
Such clinical practice, begun in ad-
vance of rigorous clinical trials, could
prove to be detrimental to patient out-
come. While other ongoing investiga-
tions (Women’s Health Initiative–
Memory Study, Women’s International
Study of Long Duration Oestrogen for
Menopause, and Preventing Postmeno-
pausal Memory Loss and Alzheimer’s
with Replacement Estrogens study) will
provide needed data on hormone re-
placement therapy in the primary pre-
vention of AD, this study does not sup-
port the role of estrogen for treatment
of established AD. However, there re-
mains a possibility that estrogen could
have an important role as an adjuvant
treatment, or as a means of delaying on-
set of disease. Further investigation of
ERT in these areas is still warranted.

Members of the Alzheimer’s Disease Cooperative
Study (NIA AG-10483): Martha G. MacAvoy, Lauren
M. Half, Yale University, New Haven, Conn; Lynn Hoff-
man, Paul Schulz, Jamie Sims, Baylor College of Medi-
cine, Houston, Tex; Karen Bell, Arlene Lawton, Eve-
lyn Dominguez, Karen Anderson, Christine Weber,
Columbia Presbyterian Medical Center, New York, NY;
Brian R. Ott, Margaret C. Lannon, Brown University,
Providence, RI; Dorothy Baxter, Barbara Luhn, Uni-
versity of South Florida College of Medicine, Tampa;
John C. Morris, Mary Coats, Eugene H. Rubin, Wash-
ington University, St Louis, Mo; Marwan Sabbagh,
Deborah Olasin Fontaine, Valerie Rice, Don Connor,
University of California, San Diego, La Jolla; John H.
Growdon, Michael C. Irizarry, Marsha Tennis, Mas-
sachusetts General Hospital, Boston; Alan J. Lenner,
Nancy A. Strick, Kathleen Fedor, Case Western Re-
serve University, University Hospitals of Cleveland,
Cleveland, Ohio; Frederick A. Schmitt, J. Wesson Ash-

Figure 3. Three-Group Intent-to-Treat Analysis
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ford, J. Eileen Tekrony, University of Kentucky, Lex-
ington; Neill R. Graff-Radford, Francine Parfitt, Dawn
Epstein, Mayo Clinic Jacksonville, Jacksonville, Fla; Cora
Tasaki, Catherine McAdams-Ortiz, University of Cali-
fornia, Irvine; Myron F. Weiner, University of Texas,
Dallas; Steven T. DeKosky, University of Pittsburgh,
Pittsburgh, Pa; Ronald C. Petersen, Kris Johnson, Mayo
Clinic, Rochester, Minn; Murray Raskind, Elaine Pes-
kind, University of Washington, Seattle; Ann S. Mor-
rison, Helen Karagiozis, Johns Hopkins University, Bal-
timore, Md; Martin Farlow, Nicki Coleman, Indiana
University, Indianapolis; Steven H. Ferris, Thomas
McRae, Isabel Monteiro, Istvan Boksay, New York Uni-
versity, New York, NY; Allan Levey, Janet Cellar, Joan
M. Harrison, Emory University, Atlanta, Ga; Charles
DeCarli, Michael White, University of Kansas, Kan-
sas City; David Bennett, Neelum Aggarwal, Concetta
Forchetti, Rush Alzheimer’s Disease Center, Chi-
cago, Ill; Ranjan Duara, Shawn Saunders, Vivian Gar-
cia, Mount Sinai Medical Center, Miami, Fla; Rachel
J. Schindler, State University of New York, Stony Brook;
David Knopman, Margaret Prod’Homme, June La-
Valleur, University of Minnesota, Minneapolis; San-
dra Vicari, Frances Schaefer, Southern Illinois Univer-
sity, Carbondale; Christopher Clark, University of
Pennsylvania, Philadelphia; William Jagust, Bruce Reed,
University of California, Davis, Martinez; John P. Blass,
Rosanna T. Cirio, Nancy E. Scott, Burke Medical Re-
search Institute, White Plains, NY. Clinical Monitors:
Kimberly Schafer, Rebecca E. Ryan-Jones, University
of California, San Diego, La Jolla; Mario Schittini, Co-
lumbia Presbyterian Medical Center, New York, NY;
Joan Mackell, New York University, New York, NY;
Angela L. Berry, Washington University, St Louis, Mo.
Safety Monitoring Committee: Karl Kieburtz, Pierre
Tariot, University of Rochester, Rochester, NY; Trey
Sunderland, National Institute of Mental Health,
Bethesda, Md; Arlene Morales, Charles C. Berry, Uni-
versity of California, San Diego, La Jolla.
Funding/Support: This study was supported by grant
U01-AG10483 from the National Institute on Aging,
National Institutes of Health. We thank Wyeth-
Ayerst Pharmaceuticals for providing the study drug
for this investigation.
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the cap, whether in quarterly or annually capped plans, we iden-
tified the first month of the year in which the capped limit was
exceeded. Unlike Rector, we were not able to identify and ex-
clude members who disenrolled nonvoluntarily. Like Rector,
we used an extended Cox model with the internally defined
time-dependent variable of reaching the cap to analyze the re-
lationship between reaching the cap and disenrollment from
the health plan.2 Models were estimated for each plan and each
year controlling for participant age, sex, and chronic disease
score.3

Results. The percentages of members reaching their annual
prescription cap for plans A, B, and C, respectively, were 22.6%,
0.7%, and 1.6% in 1997 and 12%, 4.1%, and 3.9% in 1998. Dis-
enrollment rates among those enrolled in the first 3 months of
each year for plans A, B, and C, respectively, were 19.3%, 28.9%,
and 6.8% in 1997 and 10.4%, 22.9%, and 14.0% in 1998. Among
those disenrolling in 1997, 21%, 7%, and 7%, respectively, re-
enrolled in 1998.

The risk of disenrollment across all plans and both years was
significantly associated with older age, greater disease burden
(ie, higher chronic disease score), and reaching the cap. In 1997,
the relative risks (RRs) of disenrollment in any given month
for those reaching the cap for the 3 plans were 2.62 (95% con-
fidence interval [CI], 2.15-3.19), 2.21 (95% CI, 1.70-2.88), and
2.24 (95% CI, 1.43-3.50); in 1998, the RRs of disenrollment
were 3.04 (95% CI, 2.40-3.86), 1.79 (95% CI, 1.12-2.86), and
2.30 (95% CI, 1.86-2.86) in plans A, B, and C, respectively.

Comment. Exhaustion of prescription coverage, whether ad-
ministered on a quarterly or annual basis, was associated with
a 2- to 3-fold increase in the RR of disenrollment. These find-
ings expand on those of Rector and suggest that this relation-
ship holds under various scenarios including variation in un-
derlying use, cap amounts, and cap administration.
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CORRECTIONS

Incorrect Unit of Measure and Numbers: In the Original Contribution entitled “Cog-
nitive-Behavioral Therapy, Imipramine, or Their Combination for Panic Disorder”
published in the May 17, 2000, issue of THE JOURNAL (2000;283:2529-2536), the
units of measure for imipramine and desipramine should be ng/mL instead of ng/dL
on page 2532 and ng/mL instead of mg/mL on page 2535. On page 2530 under
“Study Design” patients randomized to CBT+placebo should number 5 per block
of 24, not 25. In the “Treatment Conditions” section on page 2531, near the end
of the third paragraph, “ . . . the dosage [of imipramine] could be increased up to
300 mg/d by week 5” should read “week 7.”

Author Omitted: In the Caring for the Critically Ill Patient article entitled “Keto-
conazole for Early Treatment of Acute Lung Injury and Acute Respiratory Distress
Syndrome” published in the April 19, 2000, issue of THE JOURNAL (2000;283:1995-
2002), an author was inadvertently omitted from the ARDS Network listing on
page 2002. Brian Christman, MD, should have been listed with the Vanderbilt Uni-
versity group and identified as an author.

Acknowledgment Omission: In the Original Contribution entitled “Menopausal
Estrogen and Estrogen-Progestin Replacement Therapy and Breast Cancer Risk”
published in the January 26, 2000, issue of THE JOURNAL (2000;283:485-491), ac-
knowledgments were omitted. The authors wish to thank the Breast Cancer De-
tection Demonstration Project study participants as well as Susan Englehart,
Cathy Ann Grundmayer, and the staff at Westat Inc, Rockville, Md, for conduct
of the Breast Cancer Detection Demonstration Project Follow-up Study.

Incorrect Data in Table: In the Original Contribution entitled “Estrogen Replace-
ment Therapy for Treatment of Mild to Moderate Alzheimer Disease: A Random-
ized Controlled Trial” published in the February 23, 2000, issue of THE JOURNAL
(2000;283:1007-1015), incorrect data appeared in Table 3 on page 1013. In the
placebo group column, the mean (SD) changes in scores at 12 months for the Emo-
tional Face Recognition Test and the Grooved Pegboard Test should have been
−5.7 (22.4) and −5.2 (42.4), respectively.

Photo Misidentification: In the Medical News & Perspectives article entitled “Psy-
chiatrists Help Survivors in the Balkans” published in the March 8, 2000, issue of
THE JOURNAL (2000;283:1277-1278), the photo on page 1278 identified as Ismet
Ceric, MD, should have been identified as Vlado Jukić, MD.

Acknowledgment Omission: In the Original Contribution entitled “Vaginal Mi-
soprostol Administered 1, 2, or 3 Days After Mifepristone for Early Medical Abor-
tion: A Randomized Trial” published in the October 18, 2000, issue of THE
JOURNAL (2000;284:1948-1953), an acknowledgment was omitted. The authors
wish to acknowledge the contributions of Larry Lader, president of the Abortion
Rights Mobilization, for making the study possible.
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