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PURPOSE: To determine if hormone therapy results in better
cognitive function in older postmenopausal women.
SUBJECTS AND METHODS: The Heart and Estrogen/pro-
gestin Replacement Study (HERS) was a randomized, placebo-
controlled trial involving 2763 women with coronary disease.
Women were assigned randomly to conjugated estrogen (0.625
mg) plus medroxyprogesterone acetate (2.5 mg) in one tablet
daily or identical placebo; they were followed for a mean (� SD)
of 4.2 � 0.4 years. Participants at 10 of the 20 HERS centers were
invited to enroll in the cognitive function substudy. At the end
of the trial, we measured cognitive function in 517 women in the
hormone group and 546 in the placebo group using six standard
tests: the modified Mini-Mental Status Examination, Verbal
Fluency, Boston Naming, Word List Memory, Word List Recall,
and Trails B. Cognitive function was not measured at baseline.
RESULTS: The mean age of participants at the time of cogni-

tive function testing was 71 � 6 years. There were no differences
in age-adjusted cognitive function test scores between the two
treatment groups, except that women assigned to hormones
scored worse on the Verbal Fluency test than women assigned to
placebo (15.9 � 4.8 vs. 16.6 � 4.8, P � 0.02). Adjustment for
other potential confounders and restriction of the analyses to
women who had been adherent to study medication did not
change the results.
CONCLUSION: Among older postmenopausal women with
coronary disease, 4 years of treatment with postmenopausal
hormone therapy did not result in better cognitive function as
measured on six standardized tests. Whether these results also
apply to elderly women without coronary disease cannot be
determined from this study. Am J Med. 2002;113:543–548.
©2002 by Excerpta Medica, Inc.

The findings of several randomized trials suggest
that estrogen therapy improves cognition in post-
menopausal women without pre-existing demen-

tia (1–7). However, all of these trials were small (18 to 64
participants), several reported improved cognition in the
estrogen-treated group but did not compare these
changes with those in the placebo group (2,6,7), and most
enrolled women who were recently menopausal (2,4 –7)
and likely to be suffering from menopausal symptoms.
Relief of vasomotor symptoms and insomnia by estrogen
therapy might have resulted in better concentration and
improvement in cognitive performance (8).

The Heart and Estrogen/progestin Replacement Study
(HERS) was a 4-year, randomized, placebo-controlled
trial of daily oral conjugated estrogen plus medroxypro-
gesterone acetate for prevention of coronary heart disease

events (nonfatal myocardial infarction and coronary dis-
ease death) among 2763 postmenopausal women with
established coronary disease. As an ancillary study, we
measured the effect of this hormone regimen on cogni-
tive function at the end of the trial among 1063 partici-
pants at 10 of the 20 HERS clinical centers. Our aim was
to test the hypothesis that women treated with hormone
replacement therapy would have better cognitive func-
tion at the end of the trial than women treated with pla-
cebo.

SUBJECTS AND METHODS

The design, methods, baseline findings, and main out-
comes of the trial have been published (9,10). Briefly,
participants were postmenopausal women younger than
80 years old with established coronary disease and an in-
tact uterus. Participants were assigned randomly to daily
oral conjugated estrogen (0.625 mg) and medroxypro-
gesterone acetate (2.5 mg) in one tablet (Prempro,
Wyeth-Ayerst, Radnor, Pennsylvania) or identical pla-
cebo. Randomization was stratified by clinical center.
Participants, investigators, and those who assessed the
outcomes were blinded to treatment status.

Measurements and Follow-up
At baseline, participants completed questionnaires
that included information on age, ethnicity, education,
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cigarette smoking, alcohol consumption, exercise, gen-
eral health (poor, fair, good, excellent), health condi-
tions, prior postmenopausal hormone use, and meno-
pausal symptoms. All prescription and over-the-counter
medications were recorded. Height and weight were mea-
sured, and participants completed the Medical Outcomes
Survey depression scale. Women were classified as having
hot flushes or trouble sleeping if they reported these
symptoms in the prior week. Fasting lipoprotein levels
were measured by the Lipoprotein Analytical Laboratory
at Johns Hopkins Hospital. Cognitive function testing
was not performed at baseline.

At follow-up visits that occurred every 4 months dur-
ing the trial, compliance was measured by pill counts, and
outcome and adverse events (including reported demen-
tia) were ascertained. At the final visit at the end of the
trial, all surviving participants at 10 of the 20 HERS clin-
ical centers (see Appendix) were asked to participate in
this ancillary study of the effect of postmenopausal hor-
mone therapy on cognition. We invited 10 HERS centers
to participate to yield an adequate number of participants
for at least 90% power to detect a two-sided 10% or
greater difference between the treatment groups in each
of the six cognitive test scores.

Women who agreed to participate signed informed
consent and completed a modified Consortium to Estab-
lish a Registry for Alzheimer’s Disease battery (11) of six
standard cognitive function tests: the modified Mini-
Mental Status Examination, Verbal Fluency, modified
Boston Naming, Word List Memory, Word List Recall,
and Trails B. The modified Mini-Mental Status Examina-
tion is a brief, general cognitive battery with components
for orientation, concentration, language, praxis, and im-
mediate and delayed memory (12). Scores range from 0
to 100, with higher scores denoting better cognitive per-
formance. Verbal Fluency (Category Fluency) tests se-
mantic memory, verbal production, and language. Scores
are based on the number of animals named in 1 minute
(13), with higher scores denoting better cognitive func-
tion. Modified Boston Naming is a 15-item test of lan-
guage that requires the subject to name objects presented
in pictures. The test is scored based on the number of
correct answers (maximum score of 15) (11). Word List
Memory assesses the ability to remember 10 printed
words on three separate trials (11) (maximum score of
30). Word List Recall tests the ability to remember the
same 10 printed words after a delay of 10 minutes (max-
imum score of 10) (11). Trails B is a timed test measuring
attention, visual scanning, visual sequential abilities, and
executive function. Scores are based on the number of
seconds required to complete the task, with lower scores
denoting better cognitive function (14). These tests were
chosen because they are reproducible and valid measures
(11) that are also being used in other large trials of post-
menopausal hormone therapy, including the Women’s

Health Initiative Randomized Trial (15). Because depres-
sion can cause impaired cognitive function, participants
also completed the Geriatric Depression Scale (16) at the
time of cognitive function testing. Staff who administered
the cognitive function tests attended a 2-day training ses-
sion conducted by neuropsychologists who were experts
in cognitive function measurement. Certification re-
quired correct administration and scoring of the tests
documented by audiotaping of mock testing and expert
review of scoring.

Analysis
Baseline differences between treatment groups were
compared using either the chi-squared test or the Student
t test. We compared age-adjusted scores on the six cogni-
tive function tests between treatment groups using mul-
tivariate linear regression. We then adjusted the cognitive
function test scores for variables that differed between the
treatment groups at the time of cognitive testing at P
�0.01 (age, alcohol drinks per week, years menopausal,
and use of statins), variables known to be associated with
cognitive function (education, Geriatric Depression Scale
score), and conditions that might affect cognitive func-
tion (general health status, hot flushes, and trouble sleep-
ing). Because older women may be more likely to suffer
cognitive decline, we also repeated the between-group
analyses of age-adjusted cognitive function test scores,
restricting the cohort to women who were aged �70
years. Finally, we repeated the between-group compari-
son of age-adjusted cognitive function test scores among
women who reported taking more than 80% of assigned
study medication during the entire follow-up and during
the period since the prior study visit (about 4 months).

A score �80 on the modified Mini-Mental Status Ex-
amination is commonly used to define cognitive impair-
ment (17). Using this cutoff, we compared the propor-
tion of women who were cognitively impaired in the two
treatment groups with multivariate logistic models ad-
justed for predictors of better cognitive test scores. Statis-
tical analyses were performed using SAS Version 6.12
(SAS Institute, Cary, North Carolina).

RESULTS

Between January 1993 and September 1994, the 10 HERS
centers that participated in this ancillary study enrolled
1328 women; 662 were assigned randomly to estrogen
plus progestin therapy and 666 to placebo. All partici-
pants were fluent in English. By the end of the trial, 61
women in the hormone group and 58 women in the pla-
cebo group had died. Twenty-eight women in the hor-
mone group and 22 in the placebo group were willing but
unable to complete cognitive testing because of physical
problems such as visual impairment, hearing loss, or pa-
ralysis. Forty women in the hormone group and 28 in the

Effect of Postmenopausal Hormone Therapy on Cognitive Function/Grady et al

544 November 2002 THE AMERICAN JOURNAL OF MEDICINE� Volume 113



placebo group declined to give informed consent for the
cognitive function measures, and 12 women in each
treatment group did not attend the final visit. Thus, 1063
women completed cognitive function testing: 517 (78%)
of the 662 women in the hormone group and 546 (82%)
of the 666 women in the placebo group (P �0.01).

Participants who completed cognitive function testing
were aged 44 to 79 years at the time of testing (interquar-
tile range, 62 to 72 years; mean, 71 � 6 years). The base-
line characteristics of women who were tested did not
differ by treatment assignment, except that women in the
hormone group were, on average, 1 year younger than
those assigned to the placebo group (P � 0.01) and had
spent 1 year less in the postmenopausal period (P � 0.03;
Table 1).

The mean duration of study treatment among partici-
pants who completed cognitive function measures was
4.2 � 0.4 years. At the end of the first year of treatment,
83% (429/517) of women assigned to hormone therapy
and 95% (519/546) of those assigned to placebo reported
taking at least 80% of the study medication; by the end of
the trial, these percentages had fallen to 78% (401/517)
and 84% (460/546).

Effects of Hormone Therapy on Measures of
Cognitive Function
Women assigned to the hormone group scored slightly
lower (worse) on the Verbal Fluency test (15.9 vs. 16.6, P
� 0.02) and on the Word List Memory test (19.7 vs. 20.1,
P � 0.06) than women assigned to placebo (Table 2).
There were no differences in age-adjusted mean scores on
the other four tests. The results did not change substan-
tially after adjusting cognitive test scores for age, educa-
tion, years postmenopausal, statin use, Geriatric Depres-
sion Scale score, alcohol drinks per week, hot flushes, and
trouble sleeping (adjusted score on Verbal Fluency: 15.9
� 4.8 in the hormone group vs. 16.6 � 4.8 in the placebo
group, P � 0.01; adjusted score on the Word List Mem-
ory: 19.7 � 3.9 vs. 20.1 � 3.9, P � 0.04).

Results were similar in analyses restricted to women in
both groups who were 70 years or older at the start of the
trial, and in analyses restricted to those who took at least
80% of assigned study medication during the entire trial
or during the period from the next to last visit to the final
study visit at which cognitive function testing was per-
formed (about 4 months).

Table 1. Baseline Characteristics of 1063 HERS Participants Who Completed Cognitive Testing,
by Treatment Group

Characteristic
Estrogen/Progestin

(n � 517)
Placebo

(n � 546) P Value

Number (%) or Mean � SD

Age (years) 66.3 � 6.4 67.3 � 6.3 0.01
White race 470 (90.9) 494 (90.5) 0.81
Education (years) 12.7 � 2.7 12.7 � 2.7 0.63
Current smoker 64 (12.4) 65 (11.9) 0.81
Drinks per week 1.5 � 3.9 1.1 � 2.8 0.07
Body mass index (kg/m2) 28.1 � 05.3 28.5 � 5.5 0.31
Exercise �3 times per week 222 (42.9) 224 (41.0) 0.53
Hot flashes 81 (15.7) 80 (14.7) 0.64
Trouble sleeping 240 (46.4) 252 (46.2) 0.93
LDL cholesterol (mg/dL) 142.3 � 36.6 143.4 � 36.6 0.64
HDL cholesterol (mg/dL) 50.5 � 13.9 50.2 � 13.2 0.73
Years since menopause 17.5 � 7.8 18.6 � 7.7 0.03
Medical Outcomes Survey depression score 0.04 � 0.13 0.04 � 0.13 0.88
Fair or poor health 115 (22.2) 126 (23.1) 0.75
Diabetes 103 (19.9) 102 (18.7) 0.61
Prior postmenopausal estrogen use 126 (24.4) 130 (23.8) 0.83
Medication use

Statins 200 (38.7) 214 (39.2) 0.87
Aspirin 420 (81.2) 444 (81.3) 0.97
Nonsteroidal anti-inflammatory drugs 106 (20.5) 121 (22.2) 0.51
Multivitamins 142 (27.5) 158 (28.9) 0.59
Benzodiazepines 25 (4.8) 32 (5.9) 0.46
Dementia medications 0 0
Sedative hypnotics 0 0

HDL � high-density lipoprotein; HERS � Heart and Estrogen/progestin Replacement Study; LDL � low-
density lipoprotein.
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At the end of the trial, 6.0% of women (31/517) in the
hormone group and 4.8% (26/546) of those in the pla-
cebo group were cognitively impaired (adjusted odds ra-
tio [OR] � 1.4; 95% confidence interval [CI]: 0.8 to 2.4; P
� 0.2). Similar results were seen when the analysis was
confined to women who took at least 80% of assigned
study medication during the trial (OR � 0.9; 95% CI: 0.5
to 1.8; P � 0.8). Nine women in the hormone-treated
group and 9 in the placebo group were reported to have
developed dementia during the trial, but these diagnoses
were not confirmed.

DISCUSSION

Compared with placebo, 4 years of treatment with oral
estrogen plus progestin did not result in better cognitive
function in elderly women. Rather, the age-adjusted
mean score on one of the six cognitive tests was statisti-
cally significantly worse among women assigned to hor-
mones compared with those assigned to placebo. How-
ever, the absolute difference in scores between the groups
was small and not likely to be clinically important. Similar
proportions of the hormone and placebo groups were
cognitively impaired (defined as a score �80 on the mod-
ified Mini-Mental Status Examination) at the end of the
trial.

Biochemical and neurophysiologic studies have sug-
gested several mechanisms by which estrogen may affect
cognition or prevent dementia. Degeneration of cholin-
ergic neurons and their tracts in the basal forebrain is one
of the earliest and most pronounced neuropathologic
changes in Alzheimer’s disease and age-related cognitive
decline (18,19). Studies in rodents suggest that estrogen
prolongs survival of cholinergic neurons (20) and pro-
motes cholinergic neural activity (21). Estrogen therapy
might improve or prevent dementia due to vascular dis-
ease by favorably affecting lipoproteins (22), by reducing

cerebral ischemia (23) through central nervous system
vasodilation, by reducing the smooth muscle injury re-
sponse, or by reducing platelet aggregation (24). Never-
theless, we could not detect a benefit of 4 years of treat-
ment with oral estrogen plus progestin on cognition.

All participants in HERS had documented coronary
heart disease. Women with coronary disease may be at
increased risk of cognitive decline (25) and of dementia
due to both Alzheimer’s disease and vascular disease (26).
However, cognitive function among HERS participants
appeared to be very similar to that of other populations of
elderly women (27), as did the prevalence of cognitive
impairment (28). About 20% of persons carry the apoli-
poprotein E (ApoE) allele, and this genotype is more
common among persons with coronary disease and those
with cognitive decline and dementia (27,29). Previous
studies have suggested that estrogen therapy prevents
cognitive decline only among persons who do not carry
the ApoE allele (27). Unfortunately, we did not measure
genetic variants of apolipoprotein. Thus, failure to detect
a benefit of hormone therapy on cognitive function
among HERS participants may, in part, be due to a high
prevalence of ApoE among these women with heart dis-
ease.

Eleven randomized trials have evaluated the effect of
various types of estrogen on cognitive function in nonde-
mented postmenopausal women (1–7,30 –33). Seven of
these trials (1–7) concluded that estrogen therapy im-
proved cognitive function, but substantial methodologic
problems make the results difficult to evaluate. The trials
were small (18 to 64 participants), and several used neu-
ropsychiatric tests that are not validated (1,3,4). Two of
the trials concluded that estrogen use improved cognitive
function, although there was improvement in only one or
two of several cognitive tests (1,3,7), and two trials re-
ported that scores on cognitive tests improved after treat-
ment with estrogen, but did not compare change in the

Table 2. Age-Adjusted Scores on Tests of Cognitive Function and Depression, by Treatment Group

Test (Score Range*)
Estrogen/Progestin

(n � 517)
Placebo

(n � 546)
Difference†

(95% Confidence Interval) P Value

Mean � SD

Modified Mini-Mental Status (0–100) 93.1 � 6.4 93.4 � 6.4 �0.4 (�1.1 to 0.4) 0.36
Verbal Fluency (0–�) 15.9 � 4.8 16.6 � 4.8 �0.7 (�1.3 to �0.1) 0.02
Boston Naming (0–30) 14.0 � 1.4 14.1 � 1.4 �0.1 (�0.3 to 0.1) 0.34
Word List Memory (0–30) 19.7 � 3.9 20.1 � 3.9 �0.5 (�1.0 to 0.02) 0.06
Word List Recall (0–10) 6.4 � 2.1 6.6 � 2.1 �0.1 (�0.7 to 0.4) 0.29
Trails B (0–300) 156.2 � 77.5 151.5 � 77.5 4.6 (�4.9 to 14.2) 0.34
Geriatric Depression Scale (0–15) 2.0 � 2.6 2.0 � 2.6 0.001 (�0.3 to 0.3) 0.99

* Higher scores reflect better cognitive function on all tests except Trails B, where a lower score reflects better cognitive function. Higher scores on the
Geriatric Depression Scale reflect more depressive symptoms.
† Estrogen/progestin group minus placebo group. A negative difference indicates a worse score in the estrogen/progestin group for all tests except
Trails B and Geriatric Depression Scale.
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estrogen group with change in the placebo group (2,7).
Participants in these trials were recently menopausal
women, many of whom had vasomotor symptoms. Relief
of symptoms and associated insomnia might have im-
proved attention or concentration and resulted in better
cognitive performance. In contrast, four trials did not
show a benefit of estrogen therapy on cognitive function
(30 –33). Although participants in these negative trials
were also recently menopausal, most did not have vaso-
motor symptoms, and this may have accounted for the
lack of benefit of hormone therapy. These trials were also
small (36 to 124 participants) and the duration of treat-
ment was short (21 days to 3 months), and thus they had
inadequate power to detect small benefits of hormone
treatment on cognitive function and provided no infor-
mation on longer duration of hormone use. In compari-
son, HERS was large (providing approximately 99%
power to detect 5% or greater differences between the
treatment groups in cognitive function) and the average
duration of treatment was over 4 years. Similar to the
other trials that found no effect of hormone therapy on
cognitive function, the majority of women enrolled in
HERS did not have vasomotor symptoms.

All prior trials have studied unopposed estrogen. In
our trial, it is possible that the addition of medroxypro-
gesterone acetate negated a beneficial effect of estrogen.
Because all hormone-treated women in HERS received
estrogen and progestin, the trial provides no evidence re-
garding the effect of unopposed estrogen therapy on cog-
nitive function. In HERS, not enough women were in-
cluded and follow-up was not long enough to provide
information on the risk of developing dementia. Estrogen
therapy has also been hypothesized to improve function
in women with known dementia, but a recent random-
ized trial found no benefit in women with documented
Alzheimer’s disease (34).

We did not measure cognitive function in HERS par-
ticipants at the beginning of the trial. Because random-
ization of a large number of participants generally assures
that groups are balanced at the beginning of a trial, lack of
baseline measurement of cognitive function is unlikely to
have introduced bias in the comparison of cognitive
function at the end of the trial. Comparing change in
cognitive function from baseline to the end of the trial
between the treatment groups may, however, have pro-
vided more power to detect a difference. However, the
95% confidence intervals around the difference between
mean cognitive function scores in the hormone and pla-
cebo groups were very narrow, making it unlikely that we
missed more than a trivial difference between the treat-
ment groups.

Some HERS participants died, were unable to com-
plete cognitive function testing, or were lost to follow-up
by the end of the trial when cognitive function was mea-
sured. This could potentially bias the comparison of cog-

nitive function in the treatment groups. At the end of the
trial, women in the two treatment groups were still simi-
lar with regard to all variables measured, with the excep-
tions that the placebo group was approximately 1 year
older than the hormone group and had spent 1 year more
in the menopausal state. That hormone-treated women
were somewhat younger than women in the placebo
group should favor better cognitive function in the hor-
mone group. After adjusting for this age imbalance, per-
formance on the Verbal Fluency test was worse among
women assigned to the hormone group, but there was no
difference between the treatment groups on the five other
cognitive function tests. Multivariate adjustment for
other baseline predictors of cognitive function did not
substantially change the results.

Because we did not measure cognitive function at base-
line, we cannot determine the rates of development of
cognitive impairment in the two treatment groups. How-
ever, given the level of cognitive function required to
complete HERS enrollment procedures, it is unlikely that
there were many women with cognitive impairment at
baseline. Among older women similar in age to the HERS
cohort, the incidence of new cognitive impairment has
been reported to be about 1% per year (28). Because the
HERS cohort was followed for 4 years, this rate would
result in about the 5% prevalence of cognitive impair-
ment that we observed at the end of the trial.

In summary, treatment with oral estrogen plus proges-
tin therapy for 4 years did not result in better cognitive
function compared with treatment with placebo in el-
derly women with coronary disease.

REFERENCES
1. Caldwell B, Watson R. An evaluation of psychologic effects of sex

hormone administration in aged women: results after six months. J
Gerontol. 1952;7:228 –244.

2. Hackman BW, Galbraith D. Replacement therapy with piperazine
oestrone sulphate (‘Harmogen’) and its effect on memory. Curr
Med Res Opin. 1976;4:303–306.

3. Vanhulle G, Demol R. A double-blind study into the influence of
estriol on a number of psychological tests in post-menopausal
women. In: Van Keep P, Greenblatt R, Albeaux-Fernet M, eds. Con-
sensus on Menopause Research. London: MTP Press; 1976:94 –99.

4. Campbell S, Whitehead M. Oestrogen therapy and the menopausal
syndrome. Clin Obstet Gynaecol. 1977;4:31–47.

5. Fedor-Freybergh P. The influence of oestrogens on the well-being
and mental performance in climacteric and postmenopausal
women. Acta Obstet Gynecol Scand Suppl. 1977;64:1–91.

6. Sherwin BB. Estrogen and/or androgen replacement therapy and
cognitive functioning in surgically menopausal women. Psychoneu-
roendocrinology. 1988;13:345–357.

7. Phillips SM, Sherwin BB. Effects of estrogen on memory function in
surgically menopausal women. Psychoneuroendocrinology. 1992;17:
485–495.

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

Effect of Postmenopausal Hormone Therapy on Cognitive Function/Grady et al

November 2002 THE AMERICAN JOURNAL OF MEDICINE� Volume 113 547



9. Grady D, Applegate W, Bush TL, et al. Heart and Estrogen/proges-
tin Replacement Study (HERS): design, methods and baseline char-
acteristics. Control Clin Trials. 1998;19:314 –335.

10. Hulley SB, Grady D, Bush TL, et al. Randomized trial of estrogen
plus progestin for secondary prevention of coronary heart disease
in postmenopausal women. JAMA. 1998;280:605–613.

11. Morris JC, Heyman A, Mohs RC, et al. The Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD). Part I. Clinical and
neuropsychological assessment of Alzheimer’s disease. Neurology.
1989;39:1159 –1165.

12. Ebly EM, Hogan DB, Parhad IM. Cognitive impairment in the non-
demented elderly. Results from the Canadian Study of Health and
Aging. Arch Neurol. 1995;52:612–619.

13. Spreen O, Strauss E. A Compendium of Neuropsychological Tests:
Administration, Norms and Commentary. New York: Oxford Uni-
versity Press; 1991.

14. Fromm-Auch D, Yeudall L. Normative data for Halsted-Reitan
neuropsychological tests. J Clin Neuropsychology. 1983;5:221–238.

15. Women’s Health Initiative Study Group. Design of the Women’s
Health Initiative Clinical Trial and Observational Study. Control
Clin Trials. 1998;19:61–109.

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

17. Kuller LH, Shemanski L, Manolio T, et al. Relationship between
ApoE, MRI findings, and cognitive function in the Cardiovascular
Health Study. Stroke. 1998;29:388 –398.

18. Bartus RT, Dean RL, Beer B, Lippa AS. The cholinergic hypothesis
of geriatric memory dysfunction. Science. 1982;217:408 –414.

19. Coyle JT, Price DL, DeLong MR. Alzheimer’s disease: a disorder of
cortical cholinergic innervation. Science. 1983;219:1184 –1190.

20. Honjo H, Tamura T, Matsumoto Y, et al. Estrogen as a growth
factor to central nervous cells: estrogen treatment promotes devel-
opment of acetyl-cholinesterase-positive basal forebrain neurons
transplanted in the anterior eye chamber. J Steroid Biochem Mol
Biol. 1992;41:633–635.

21. Gibbs RB, Hashash A, Johnson DA. Effects of estrogen on potassi-
um-stimulated acetylcholine release in the hippocampus and over-
lying cortex of adult rats. Brain Res. 1997;749:143–146.

22. Applebaum-Bowden D, McLean P, Steinmetz A, et al. Lipoprotein,
apolipoprotein, and lipolytic enzyme changes following estrogen
administration in postmenopausal women. J Lipid Res. 1989;30:
1895–1906.

23. Paganini-Hill A, Ross RK, Henderson BE. Postmenopausal oestro-
gen treatment and stroke: a prospective study. BMJ. 1988;297:519 –
522.

24. Sullivan TR, Karas RH, Aronovitz M, et al. Estrogen inhibits the
response to injury in a mouse carotid artery model. J Clin Invest.
1995;96:2482–2488.

25. Breteler MM, Claus JJ, Grobbee DE, Hofman A. Cardiovascular
disease and distribution of cognitive function in elderly people: the
Rotterdam Study. BMJ. 1994;308:1604 –1608.

26. Aronson MD, Ooi WL, Morgenstern H, et al. Women, myocardial
infarction, and dementia in the very old. Neurology. 1990;40:1102–
1106.

27. Yaffe K, Haan M, Byers A, et al. Estrogen use, APOE and cognitive
decline: evidence of gene-environment interaction. Neurology.
2000;54:1949 –1954.

28. Jorm AS, Jolley D. The incidence of dementia: a meta-analysis. Neu-
rology. 1998;51:728 –733.

29. Eichner JE, Dunn ST, Perveen G, et al. Apolipoprotein E polymor-
phism and cardiovascular disease: a HuGE review. Am J Epidemiol.
2002;155:487–495.

30. Ditkoff EC, Crary WC, Cristo M, Lobo R. Estrogen improves psy-
chological function in asymptomatic postmenopausal women. Ob-
stet Gynecol. 1991;78:991–995.

31. Polo-Kantola P, Portin R, Polo O, et al. The effect of short-term
estrogen replacement therapy on cognition: a randomized, double-
blind, cross-over trial in postmenopausal women. Obstet Gynecol.
1998;91:459 –466.

32. Shaywitz SE, Shaywitz BA, Pugh KR, et al. Effect of estrogen on
brain activation patterns in postmenopausal women during work-
ing memory tasks. JAMA. 1999;281:1197–2002.

33. Janowsky JS, Chavez B. Sex steroids modify working memory. J
Cogn Neurosci. 2000;12:407–414.

34. Mulnard RA, Cotman CW, Kawas C, et al. Estrogen replacement
therapy for treatment of mild to moderate Alzheimer’s disease: a
randomized controlled trial. Alzheimer’s Disease Cooperative
Study. JAMA. 2000;283:1007–1015.

APPENDIX
University of California, San Francisco, Coordinating
Center: Deborah Grady, MD, MPH, Kristine Yaffe, MD,
Margaret Kristof, MA, Feng Lin, MS.

Trainers for cognitive function testing: Wendy McBee,
MA, Steven Rapp, PhD (Wake Forest University School
of Medicine, Winston-Salem, North Carolina); Margaret
Kristoff, MA, Kristine Yaffe, MD (University of Califor-
nia, San Francisco, San Francisco, California).

HERS Clinical Centers: Duke University Medical Cen-
ter, Durham, North Carolina: Robert Califf, MD, Jennifer
Grinnell, Karen Philbrick, MSN, FNP; Emory University,
Atlanta, Georgia: Nanette K. Wenger, MD, Janice Parrott,
RN, Dana Law-McKenzie, RN; George Washington
University, Washington, D.C.: Judith Hsia, MD, Donna
Embersit, Ginny Levin, MPH; Stanford University Cen-
ter for Disease Prevention, Palo Alto, California: William
Haskell, PhD, Kathy Berra, RN, ANP, Sarah French, RN,
CNP, Tami Runyan; University of California, San Diego,
San Diego, California: Elizabeth Barrett-Connor, MD,
Susan A. Hawley, RN, Carol Kerridge, RN, MPH; Univer-
sity of Iowa, Iowa City, Iowa: Helmut Schrott, Pamela A.
Terrill, ARNP, Mary Cherrico, RNP; University of Pitts-
burgh, Pittsburgh, Pennsylvania: Jane A. Cauley, PhD,
Karen Southwick, CCRC, Rana Ezzedine; University of
Tennessee, Memphis, Tennessee: William Applegate,
MD, Beth McCammon, RN, Kathleen Meier, RN; Wake
Forest University School of Medicine (two sites): David
Herrington, MD, Marcia Davis, BSN, Karen Blinson, BS,
Judy Iannuzzi, BSN, Kay Cheshire, MEd, Mary Boozer,
LPN, Vickie Wayne, RN.

Effect of Postmenopausal Hormone Therapy on Cognitive Function/Grady et al

548 November 2002 THE AMERICAN JOURNAL OF MEDICINE� Volume 113


	Effect of Postmenopausal Hormone Therapy on Cognitive Function: The Heart and Estrogen/progestin Replacement Study
	SUBJECTS AND METHODS
	Measurements and Follow-up
	Analysis

	RESULTS
	Effects of Hormone Therapy on Measures of Cognitive Function

	DISCUSSION
	REFERENCES


