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Introduction
Midlife women frequently report mem-
ory problems. The majority of women
participating in the Seattle Midlife
Women’s Health Study (62%) report
declines in memory function from an
earlier period in life.1 These declines
include difficulty recalling words or
numbers, forgetting events and actions,
and difficulty concentrating. Women
attributed declines in memory to stress,
health problems and age, rather than
hormonal changes or menopausal stage.
Women in the early and middle transi-
tional stages are more likely to report
these declines than are women in the late
transition to postmenopausal stages.2

Among women seeking treatment for
relief of menopausal symptoms, this
rate may be even higher. 

With reports from the Women’s
Health Initiative (WHI) of an increase in
the risk for dementia with hormone ther-
apy (HT),3 clinicians frequently confront
the challenge of addressing patients’ con-
cerns about perceived cognitive declines
and fears of dementia. This is a particular
concern among women currently using
HT, and among those considering initi-
ating HT for the treatment of meno-
pausal symptoms. The present article
addresses how our understanding of
HT’s effects on cognition has evolved in
light of findings from the WHI. 

Normal and Abnormal Cognitive Aging
HT studies have focused on three pri-
mary areas of cognitive aging: normal,
age-related changes in cognition; pre-
clinical dementia; and clinical dementia.
Individuals who show a decline in per-
formance on cognitive tests from an
earlier period in life, but who perform
at levels normal for their age are
exhibiting normal, age-related changes
in cognitive function. Given the lack of
proven interventions to slow normal
cognitive declines, an important consid-
eration is whether HT might help to
maintain cognitive abilities as a woman
ages. A second important question is
whether HT alters the risk for patho-
logical changes in cognition, specifical-

ly preclinical and clinical dementia.
Preclinical dementia is observed among
individuals who score significantly
below their age-peers on cognitive
tests, particularly tests of memory, but
have minimal, if any, declines in day-to-
day function.4 This preclinical stage is
referred to as “mild cognitive impair-
ment.” Clinical dementia sets in when
impairment becomes evident in multi-
ple cognitive domains and significantly
affects day-to-day functioning.  

The most common form of dementia
is Alzheimer’s disease (AD). In the
United States, the number of people
diagnosed with AD doubles every 5
years beginning at age 65, and the death
rate among women is almost 21⁄2 times
higher than that among men.5 Esti-
mates suggest that the prevalence of AD
will nearly triple by the year 2050 to
13.7 million Americans,6 unless treat-
ments are identified that lower disease
risk or delay disease onset. With no
known primary or secondary treatments
to prevent dementia, there is a pressing
need for information about factors that
might increase or decrease the risk of
AD, particularly in women who are at
highest risk for the disease (Figure 1). 

Hormone Therapy and Dementia Risk
Interest in HT and dementia was
heightened with findings from observa-
tional studies suggesting a significant

decreased risk for AD among women
who had received HT.7 Three prospec-
tive, observational studies suggested
that HT reduced the risk by 39 to
50%.8-10 Concerns about treatment bias
in the observational studies prompted
the Women’s Health Initiative Memory
Study (WHIMS), a randomized clinical
trial in women over age 65.11 WHIMS
addressed whether the risk for all-cause
dementia (AD, vascular dementia, etc.)
is decreased among two groups of
women: older hysterectomized women
treated with conjugated equine estro-
gens (CEE); and older, naturally meno-
pausal women treated with CEE plus
medroxyprogesterone acetate (MPA;
CEE/MPA). The inclusion of older
women only was due to the practical
need for a sufficient number of demen-
tia cases over the planned 8.5-year
study. This need precludes similar stud-
ies in younger populations. 

All participants in the WHIMS were
without probable dementia at the time
of their enrollment in the WHI.
Dementia evaluations took place in four
phases. In Phase I, the modified Mini-
Mental State Examination (3MSE) was
used to screen WHIMS participants for
probable dementia and mild cognitive
impairment (MCI)—the preclinical
phase of dementia—and to assess global
cognitive function. Patients who scored
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Figure 1. Estimated increase in the prevalence of Alzheimer’s disease in the United States.
Adapted from Hebert LE, Scherr PA, Bienias JL, et al. Alzheimer disease in the US population: prevalence estimates using
the 2000 census. Arch Neurol 2003;60:1119-22. 
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below designated cut points on the
3MSE underwent additional clinical
evaluation in Phase II, including a neu-
ropsychological evaluation and inter-
views with the patient and an informant.
Phase III involved a clinical dementia
evaluation that yielded a determination
of no dementia, MCI or probable
dementia. Phase IV involved the use of
laboratory and imaging studies to aid in
diagnosis of the specific dementia sub-
type (eg, AD, vascular). Central adjudica-
tion by three experts was carried out to
reach consensus on diagnosis. Across all
arms of the study combined, about half of
referrals (51%) underwent adjudication
and the rest either refused further testing
(15%), had incomplete data (14%), died
(< 1%) or were not adjudicated (19%).3

The study population for the HT arm
of the WHIMS was comprised of 4,532
postmenopausal women age 65 years and
older who were enrolled in the CEE/
MPA arm of the WHI (Table 1).11 After an
average of 4 years of follow-up, 40 cases of
probable dementia occurred in the 2,229
women randomly assigned to CEE/MPA,
compared with 21 cases in the 2,303
women randomly assigned to placebo.
The hazard ratio (HR) for probable

dementia was 2.05, indicating a doubling
of the risk for dementia. The HR for MCI
was 1.07, which was not statistically signif-
icant (95% CI, 0.74–1.55; P = .72). In a
secondary analysis of cognitive function as
measured by the 3MSE, mean total scores
in both groups increased slightly over
time, presumably due to improvement
with practice, but the increases in the
CEE/MPA group were smaller compared
with the placebo group (P < .05).12

WHIMS investigators considered these
differences to be “not clinically impor-
tant.” However, a potentially meaningful
decline (> 2 SDs) in 3MSE total scores
was observed more frequently in the
CEE/MPA group (6.7%) compared with
the placebo group (4.8%; P = .008). 

The estrogen therapy (ET) alone
arm of the WHI included 2,947 hys-
terectomized women age 65 years and
older who were randomly assigned to
CEE only.3 After an average of 5.2 years
of follow-up, 28 cases of probable
dementia occurred in the 1,464 CEE
users compared with 19 cases in the
1,483 women randomly assigned to
placebo. This difference was not statis-
tically significant (HR = 1.49; 95% CI,
0.83-2.66; P = .18). Similarly, the risk
for MCI did not differ between the two
groups, with 76 cases in the CEE arm
compared to 58 in the placebo arm (HR
= 1.34; 95% CI, .95-1.89). Importantly,

however, there was no indication of a
risk reduction in either AD or MCI
with CEE alone. 

As per the protocol, WHIMS investi-
gators evaluated the effects of HT on risk
for dementia across the two arms com-
bined, and the analysis indicated a signifi-
cant risk for dementia.3 Sixty-eight of the
3,693 women randomized to active treat-
ment received a dementia diagnosis com-
pared to 40 of 3,786 women randomized
to placebo, for an HR of 1.76 (95% CI,
1.19-2.60). Although the risk for demen-
tia in the CEE-alone arm did not reach
significance, the incidence rates for prob-
able dementia and hazard ratios did not
differ significantly between the CEE/
MPA and CEE-alone arms. One must be
cautious in comparing the two arms and,
in particular, in attributing less risk to
CEE alone, because compared with
women in the CEE/MPA arm, those in
the CEE-alone arm had used HT more
frequently in the past, were more ethni-
cally diverse, were more likely to have had
a previous stroke or coronary heart dis-
ease, had lower educational attainment
and had lower 3MSE scores (Table 1).

HT and Risk for Dementia: 
A Vascular Effect?
The increased risk of dementia with HT
in the WHI was hypothesized to be due
primarily to an increase in vascular-relat-

Table 1.
Incidence of Probable Dementia by Treatment Assignment in all Arms of the Women’s Health Initiative 
Hormone Therapy Intervention Trial.* 

Estrogen Alone or Estrogen + 
Estrogen-Alone Trial Estrogen + Progestin Trial Progestin Trial

Treatment Placebo Treatment Placebo Matching Treatment Placebos

(n = 1464) (n = 1483) HR (95% CI) (n = 2229) (n = 2303) HR (95% CI) (n = 3693) (n= 3786) HR (95% CI)

Probable dementia 28 (1.9) 19 (1.3) 40 (1.8) 21 (0.9) 68 (1.8) 40 (1.1)
No. (%)

Follow-up 5.16 (1.77) 5.20 (1.71) 4.01 (1.21) 4.06 (1.18) 4.47 (1.56) 4.51 (1.52)
mean (SD), y

Rate per 10,000 37 25 1.49 (0.83-2.66) 45 22 2.05 (1.21-3.48) 41 23 1.76 (1.19-2.60)
person–years

*Reprinted with permission from Shumaker SA, Legault C, Kuller L, et al. Conjugated equine estrogens and incidence of probable dementia and mild cognitive impairment in
postmenopausal women: Women’s Health Initiative Memory Study. JAMA 2004;291:2947-58. Copyrighted © 2004, American Medical Association. All rights reserved.
CI indicates confidence interval; and HR, hazard ratio.  
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ed dementia. The risk of ischemic stroke
was significantly higher among women
randomized to active treatment in both
the CEE/MPA arm (HR = 1.44; 95% CI,
1.09–1.90)13 and the CEE-alone arm (HR
= 1.39; 95% CI, 1.10-1.77).14 In recent
years there has been an increased appre-
ciation for the relationship between
dementia and silent ischemic events; ie,
those ischemic events that are not clini-
cally manifest but are evident at autopsy
or on imaging scans. Several studies
report increased risk of dementia in indi-
viduals showing infarcts. For example, a
higher prevalence of dementia and lower
cognitive outcomes are found among
those with postmortem evidence of
infarcts plus Alzheimer’s pathology com-
pared to those with Alzheimer’s patholo-
gy alone.15 These findings suggest that
ischemic events lead to a worse clinical
outcome in AD. Notably, women with
AD appear to have a higher incidence of
infarctions at autopsy compared to men.16

To further explore the impact of HT on
ischemia and cognition in the WHI,
WHIMS participants are now undergo-
ing structural magnetic resonance imag-
ing brain scans as part of a new study to
determine whether the risk for ischemic
events differed between active treatment
and placebo groups. 

Do the WHIMS Results Generalize 
to Younger Women? 
An important and unanswered question
is whether the WHIMS dementia find-
ings in women 65 years and older gener-
alize to the typical HT user who initiates
therapy earlier in life for the treatment of
menopausal symptoms. Prospective,
observational studies suggesting that
HT reduces the risk of AD are based on
women with typical patterns of HT use
earlier in the menopause. Thus, the
prospective and randomized studies dif-
fer not only in terms of whether treat-
ment was randomized but also in terms
of the timing of initiation of therapy.
Recent studies suggest that age of initia-
tion of therapy may be an important
determinant for whether HT is harmful
or beneficial to brain function.   

Some observational studies provide
support for the view that early initiation of
HT might protect against AD whereas
later use may increase the risk. For exam-
ple, data from a prospective observational
study from Cache County Utah revealed
an increased risk for AD in older women
who initiated HT on average after age 64,
and a decreased risk for dementia in older
women who initiated HT on average
before age 64 (Figure 2).10 These observa-
tional findings predicted the WHIMS
findings of increased dementia in women
initiating HT after age 65. The findings
also led to the “critical period hypothe-
sis”,17 which proposes that HT confers
optimal neuroprotection when initiated
close in time to the menopausal transition. 

Additional evidence in favor of the
critical period hypothesis was found in a
recent case-control study of women par-
ticipating in the Multi-Institutional
Research in Alzheimer Genetic Epidemi-
ology (MIRAGE) study (Table 2).18 The
sample included 971 postmenopausal
women, and the large number of AD cas-
es (n = 426) provided sufficient power to
examine whether age modulated the
effect of HT on AD risk. Hormone users
included women who used either stan-
dard HT or oral contraceptives after age
35 for at least 6 months (n = 279). Across
all age groups combined, the risk of AD

was significantly lower among HT users
(OR = 0.70; 95% CI, 0.51-0.95). In analy-
ses stratified by age tertiles, only the
youngest age group (aged 50-63) showed
a significant risk reduction (OR = 0.35;
95% CI, 0.19-0.66). One interpretation
of these findings is that early initiation
protects against AD; those in the
youngest age group necessarily initiated
HT at a younger age, but those in the old-
er age groups could have initiated HT at
any age. The variability in age of initia-
tion in the older groups may also account
for the wider confidence intervals
observed in those groups. 

Other data suggest that timing of HT
initiation may influence cognitive aging.
For example, prospective observational
data from the Melbourne Midlife
Women’s Health Study revealed better
verbal memory among women who initi-
ated HT before the final menstrual peri-
od compared with women who initiated
HT sometime after menopause.19 These
findings are consistent with findings from
randomized clinical trials showing benefi-
cial effects of HT on verbal memory in
women initiating HT immediately after
surgical menopause.20,21 The findings also
agree with those of two recent random-
ized clinical trials showing enhanced ver-
bal memory in women aged 50 to 65 ran-
domized to receive HT,22,23 but no benefit

Figure 2. Risk of incident AD in the Cache County Study: the effect of timing and duration of HT use.
Reprinted with permission from Zandi PP, Carlson MC, Plassman BL, et al. Hormone replacement therapy and incidence
of Alzheimer’s disease in older women: The Cache County Study. JAMA 2002;288:2123-9. Copyrighted © 2002, Ameri-
can Medical Association. All rights reserved.
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or a trend toward worse verbal memory in
women who were, on average, age 71 or
82 at randomization.24,25 Variations in age
at initiation might also explain the incon-
sistency in findings regarding HT and
cognitive function. Additional random-
ized clinical studies are needed to under-
stand whether the discrepancy between
findings from the prospective observa-
tional studies and the WHIMS reflect the
critical issue of study design (randomized
versus observational), timing of initiation
of HT in relation to the menopause (ear-
ly versus late) or some other factor.

Two of the primary mechanisms by
which HT is thought to exert neuropro-
tection appear to be age-dependent;
namely, effects on the hippocampus and
interactions with the cholinergic system.
Early studies show that estrogen exerts
direct effects on the morphology and con-
nectivity of the hippocampus, a brain area
critical to memory functioning. Dendritic

spine density in the hippocampus fluctu-
ates with circulating estradiol over the
estrous cycle26 and increases with estradi-
ol treatment27 in female rats. The mecha-
nisms by which estradiol induces increas-
es in hippocampal spine density are
age-dependent, with younger, but not
older, female rats showing the increase.28

Estrogen interacts with the cholinergic
system to reverse memory deficits in
younger rats,29 but not in older rats.30

These studies suggest two mechanisms by
which HT might confer protection to the
hippocampus and memory in younger,
but not older animals.

Limitations on the 
Critical Period Hypothesis
The critical period hypothesis may apply
only to certain cognitive domains affected
by normal aging, and to certain HT regi-
mens. For example, older rhesus monkeys
given cyclic estrogen without a progestin

show improvement on a spatial working
memory task.31 Similarly, older women
initiating HT show preservation of figur-
al memory as they age compared to con-
trols matched for age, education, and per-
formance prior to HT initiation.32 Finally,
elderly women with osteoporosis enrolled
in the Multiple Outcomes of Raloxifene
Evaluation and randomized to raloxifene
treatment demonstrated improved verbal
memory and psychomotor speed over a 3-
year interval compared to women ran-
domized to placebo.33

Critical Period for Cardioprotection 
and Neuroprotection
A similar critical period has been pro-
posed for HT and cardioprotection.34 For
example, although the WHI was under-
powered to detect benefit for cardiopro-
tection in the CEE-alone arm, the data
suggested a trend toward benefit (HR =
.50; 95%CI, .53-1.03). Recent longitudi-
nal studies suggest that cardiovascular
risk factors, including hypercholes-
terolemia and hypertension, increase the
risk for AD, and that statins may lower
the risk for AD.35,36 The parallel between
potential early benefit of HT on the car-
diovascular system and brain raise inter-
esting questions about possible common
mechanisms of benefit and risk. Results
from the CEE-alone arm of the WHI
suggest that the hormone effects on car-
diovascular and other outcomes may be
age-dependent.14 There was a trend
toward an effect of age on the Global
Index (P < 10), a composite score reflect-
ing the impact of treatment across multi-
ple health outcomes, including breast
cancer, fractures, cardiovascular disease
and stroke. Although the study was
underpowered to detect an age effect, the
pattern of effects on the Index suggested
a tendency to favor CEE among the
youngest group and placebo among the
oldest group. Questions concerning the
impact of HT on cognition and cardio-
vascular health are the focus of the Kro-
nos Early Estrogen Prevention Study, a
5-year, randomized, placebo-controlled
trial examining the effects of transdermal

Table 2.
Risk for Alzheimer’s Disease by Age and Hormone Therapy Use in the
MIRAGE study*

Number of
Number controls Crude Adjusted
of Alzheimer without OR OR
cases dementia (95% CI) (95% CI)†

Entire sample (ages 50-99)
No HT 339 353 Reference Reference
HT 87 192 (0.35-0.63) (0.51-0.95)

First age tertile (50-63 years)
No HT 58 135 Reference Reference
HT 17 112 0.35 0.35

(0.19-0.64) (0.19-0.66)

Second age tertile (64-71 years)
No HT 105 127 Reference Reference
HT 28 52 0.65 0.86

(0.39-1.1) (0.50-1.5)

Third age tertile (72-99 years)
No HT 176 91 Reference Reference
HT 42 28 0.78 0.97

(0.47-1.3) (0.57-1.6)

*Reproduced with permission from the BMJ Publishing Group. Henderson VW, Benke KS, Green R, et al.
Postmenopausal hormone therapy and Alzheimer’s disease risk: interaction with age. J Neurol Neurosurg
Psychiatry 2005;76:103-5. 
CI indicates confidence interval; and HT, estrogen-containing hormone therapy.
†Adjusted for age, education, and ethnicity. 
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and oral HT on cardiovascular risk fac-
tors and cognitive test performance over
time in 900 younger (ie, perimenopausal
and early postmenopausal) women. 

Summary and Conclusions
Basic science studies, observational stud-
ies, and randomized clinical studies sug-
gest that women in the earlier stages of
the menopausal transition might gain
cognitive benefits from HT. These data
support the critical period hypothesis, but
not definitively. Indeed, it is not likely that
a definitive study supporting the critical
period hypothesis will be carried out any
time in the near future. This is due in part
to the impracticality of performing a ran-
domized clinical study in midlife for a
dementia outcome after age 65. The lim-
itations of carrying out a primary preven-
tion study in midlife are a concern not
only for HT, but for statins and other
agents that might optimally alter the
course of cognitive aging when given
before the disease process is evident. Giv-
en those limitations, there is a critical
need for clinical studies with cognitive
test endpoints examining the effects of
various menopausal therapies (selective
estrogen-receptor modulators, various
progestins, estrogens, routes of delivery,
phytoestrogens), particularly among
symptomatic women and women with
premature ovarian failure. With the
increase in the number of elderly women
worldwide and the lack of proven
approaches to preventing dementia, a bet-
ter understanding of the impact of HT on
cognitive function is critically important. 

How is a clinician to counsel women
about the risks of HT and dementia?
Cognitive complaints are not an indica-
tion for HT. Therefore, consideration
of cognitive effects applies to women
who initiate HT for menopausal symp-
toms or other complaints. In the
absence of firm data to the contrary, it
seems clinically prudent to caution
women initiating HT early in life about

the WHIMS findings, recognizing that
the absolute risk of dementia in those
women is very low. ■

Pauline M. Maki, PhD, is Associate Professor
of Psychiatry and Psychology, Departments of
Psychiatry and Psychology, University of Illi-
nois at Chicago. 

Dr. Maki receives speaking honoraria from
Wyeth Pharmaceuticals and Norvonordisk, and
grant support from Wyeth Pharmaceuticals. 

Submitted: December 22, 2004. Accepted:
January 11, 2005.

References

1. Mitchell E, Woods N. Midlife women’s attributions about
perceived memory changes: observations from the Seattle
Midlife Women’s Health Study. J Women’s Health Gender-
based Med 2001;10:351-62.

2. Woods NF, Mitchell ES, Adams C. Memory functioning
among midlife women: observations from the Seattle Midlife
Women’s Health Study. Menopause 2000;7:257-65.

3. Shumaker SA, Legault C, Kuller L, et al. Conjugated
equine estrogens and incidence of probable dementia and
mild cognitive impairment in postmenopausal women:
Women’s Health Initiative Memory Study. JAMA 2004;
291:2947-58.

4. Winblad B, Palmer K, Kivipelto M, et al. Mild cognitive
impairment—beyond controversies, towards a consensus:
report of the International Working Group on Mild Cognitive
Impairment. J Intern Med 2004;256:240-6.

5. Hoyert DL, Arias E, Smith BL, et al. Deaths: Final Data for
1999. Natl Vital Stat Rep 2001;49.

6. Hebert LE, Scherr PA, Bienias JL, et al. Alzheimer disease
in the US population: prevalence estimates using the 2000
census. Arch Neurol 2003;60:1119-22.

7. Yaffe, K, Sawaya G, Lieberburg, et al. Estrogen therapy in
postmenopausal women: Effects on cognitive function and
dementia. JAMA 1998;279:688-95.

8. Tang MX, Jacobs D, Stern Y, et al. Effect of oestrogen
during menopause on risk and age at onset of Alzheimer’s dis-
ease. Lancet 1996;348:429-32.

9. Kawas C, Resnick S, Morrison A, et al. A prospective
study of estrogen replacement therapy and the risk of devel-
oping Alzheimer’s disease: the Baltimore Longitudinal Study of
Aging. Neurology 1997;48:1517-21.

10. Zandi PP, Carlson MC, Plassman BL, et al. Hormone re-
placement therapy and incidence of Alzheimer’s disease in older
women: The Cache County Study. JAMA 2002;288:2123-9.

11. Shumaker S A, Reboussin BA, Espeland MA, et al. The
Women’s Health Initiative Memory Study (WHIMS): a trial of
the effect of estrogen therapy in preventing and slowing the
progression of dementia. Control Clin Trials 1998;19:604-21.

12. Rapp SR, Espeland MA, Shumaker SA, et al. Effect of
estrogen plus progestin on global cognitive function in post-
menopausal women: the Women’s Health Initiative Memory
Study: a randomized controlled trial. JAMA 2003;289:2651-72. 

13. Wassertheil-Smoller S. Effect of estrogen plus progestin on
stroke in postmenopausal women: the Women’s Health Initia-
tive: a randomized trial.[comment]. JAMA 2003;289:2673-84.

14. Anderson GL, Limacher M, Assaf AR, et al. Effects of
conjugated equine estrogen in postmenopausal women with
hysterectomy: the Women’s Health Initiative randomized con-
trolled trial. JAMA 2004;291:1701-12.

15. Snowdon DA, Greiner LH, Mortimer JA, et al. Brain infarc-
tion and the clinical expression of Alzheimer disease. The Nun
Study. JAMA 1997;277:813-7.

16. Sawada H, Udaka F, Izumi Y, et al. Cerebral white matter
lesions are not associated with apoE genotype but with age
and female sex in Alzheimer’s disease. J Neurol Neurosurg
Psychiatry 2000;68:653-6.

17. Resnick SM, Henderson VW. Hormone therapy and risk
of Alzheimer disease: a critical time. JAMA 2002;288:2170-2. 

18. Henderson VW, Benke KS, Green R, et al. Post-
menopausal hormone therapy and Alzheimer’s disease risk:
interaction with age. J Neurol Neurosurg Psychiatry
2005;76:103-5.

19. Henderson VW, Guthrie JR, Dudley EC, et al. Estrogen
exposures and memory at midlife: A population-based study of
women. Neurology 2003;60:1369-71.

20. Sherwin BB. Estrogen and/or androgen replacement
therapy and cognitive functioning in surgically menopausal
women. Psychoneuroendocrinology 1988;13:345-7.

21. Phillips SM, Sherwin BB. Effects of estrogen on memory
function in surgically menopausal women. Psychoneuroen-
docrinology 1992;17:485-95.

22. Shaywitz SE, Naftolin F, Zelterman D, et al. Better oral
reading and short-term memory in midlife, postmenopausal
women taking estrogen. Menopause 2003;10:420-6.

23. Woo J, Lau E, Ho SC, et al. Comparison on Pueraria
lobata with hormone replacement therapy in treating the
adverse health consequences of menopause. Menopause
2003;10:352-61.

24. Grady D, Yaffe K, Kristof M, et al. Effect of postmenopausal
hormone therapy on cognitive function: the Heart and Estrogen/
progestin Replacement Study. Am J Med 2002;113:543-8.

25. Binder EF, Schechtman KB, Birge SJ, et al. Effects of
hormone replacement therapy on cognitive performance in
elderly women. Maturitas 2001;38:137-46.

26. Woolley CS, McEwen BS. Estradiol mediates fluctuation
in hippocampal synapse density during the estrous cycle in
the adult rat. J Neurosci 1992;12:2549-54.

27. Woolley CS, Weiland NG, McEwen BS, et al. Estradiol
increases the sensitivity of hippocampal CA1 pyramidal cells
to NMDA receptor-mediated synaptic input: correlation with
dendritic spine density. J Neurosci 1997;17:1848-59.

28. Adams MM, Shah RA, Janssen WG, et al. Different
modes of hippocampal plasticity in response to estrogen in
young and aged female rats. Proc Natl Acad Sci U S A
2001;98:8071-6.

29. Markowska AL, Savonenko AV. Effectiveness of estrogen
replacement in restoration of cognitive function after long-term
estrogen withdrawal in aging rats. J Neurosci 2002.22:
10985-95.

30. Savonenko AV, Markowska AL. The cognitive effects of
ovariectomy and estrogen replacement are modulated by
aging. Neuroscience 2003;119:821-30.

31. Rapp PR, Morrison JH, Roberts JA. Cyclic estrogen
replacement improves cognitive function in aged ovariec-
tomized rhesus monkeys. J Neurosci 2003;23:5708-14.

32. Resnick SM, Metter EJ, Zonderman AB. Estrogen
replacement therapy and longitudinal decline in visual memory:
a possible protective effect? Neurology 1997;49:1491-7.

33. Yaffe K, Krueger K, Sarkar S, et al. Cognitive function in
postmenopausal women treated with raloxifene. N Engl J Med
2001;344:1207-13.

34. Naftolin F, Taylor HS, Karas R, et al. The Women’s Health
Initiative could not have detected cardioprotective effects of
starting hormone therapy during the menopausal transition.
Fertil Steril 2004;81:1498-501.

35. Scott H, Laake K. Statins for the prevention of
Alzheimer’s disease. Cochrane Database Syst Rev
2001;4:CD003160.

36. Zamrini E, McGwin G, Roseman J. Association between
statin use and Alzheimer’s disease. Neuroepidemiology
2004;23:94-8.

Effects of Hormone Therapy on 
Cognitive Function
(continued from page 17)


