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Hormone-replacement therapy (HRT) has been used for more than 40 years to reduce 
perimenopausal symptoms. Estrogens may protect brain structures and functional systems 
affected by Alzheimer's disease, which  suggests that maintaining high levels of hormones 
with HRT can protect against Alzheimer's disease. Moreover, high premenopausal estrogen 
concentrations are thought to be protective against stroke and, consequently, in the past, 
HRT was considered to be a potential protective agent against stroke. However, large 
clinical trials have failed to demonstrate a benefit from HRT on either cognitive 
performance or risk of dementia. In addition, although HRT has been associated with a 
reduction in the risk of heart disease in observational studies, results regarding stroke have 
been less clear. Recently, evidence has shown that HRT does not reduce but actually 
increases vascular risk. Here, the data from the most important studies are examined, 
concluding that HRT has no beneficial effect on dementia or stroke risk reduction in 
postmenopausal women.
Hormone-replacement therapy (HRT), originally
used to reduce perimenopausal symptoms, such as
vasomotor sweats, hot flashes and genitourinary
changes, consists of estrogen therapy alone or with
progesterone. Estrogens have a hypothesized role
in protecting the brain structures and functional
systems affected in Alzheimer’s disease (AD), sug-
gesting that maintaining high levels of hormones
in women with HRT may protect against AD.
Postmenopausal women have been reported to
have a greater risk of developing AD than men [1].
Women appear to be protected from heart disease
and stroke before menopause. One explanation
could relate to women’s lower endogenous estro-
gen levels after menopause [2]. Stroke is a major
contributor to long-term disability and is the third
leading cause of death among postmenopausal
women in developed countries, after coronary
heart disease (CHD) and cancer. Stroke occurs at
an older age in women compared with men, and
women have poorer reported outcomes from
stroke than men. In both sexes, stroke is the sec-
ond leading cause of dementia, after AD. Cerebral
vascular and coronary artery disease have com-
mon AD risk factors: hypertension, hyperlipi-
demia, elevated homocysteinemia serum levels
and vascular factors [3]. 

Dementia & women 
It is estimated that, by 2050, approximately
13 million men and women worldwide will be
affected by AD. To date, however, treatment has
failed to produce any significant benefits. With

this reality, a better understanding of the risk fac-
tors responsible for cognitive impairment is an
utmost public health priority.

The prevalence of AD is greater for women
than men [4], in large part due to longevity and
survival differences favoring women. Even so,
some studies have suggested that incidence rates
may also be higher for women [5]. However,
women have a higher risk of developing AD than
men [6,7] and their age-specific prevalence of AD
is twice as high [8].

One hypothesis for this is that women have
lower endogenous estrogen levels after meno-
pause [2]. Natural menopause occurs at a median
age of approximately 51 years; the incidence of
AD increases with age but is very low for women
in their 50s [6,7,9,10]. In addition, postmenopause
women have much lower gonadal hormone
levels than men [11]. 

Estrogens have a potential role in maintaining
brain structures and protecting functional systems
that are compromised in AD, suggesting that
maintaining high levels of hormones in women
with HRT protects against AD. However, recent
reviews have reported findings contradictory to
this thinking. Specifically, the most widely used
HRT, premarin, failed to protect against the
progression of AD or treat its symptoms [12–14]. 

Stroke & women
Women are believed to be protected from stroke
and heart disease before menopause because of
the protective effects of ovarian hormones. These
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protective effects could hold indications for pre-
venting stroke and ischemic vascular disease. The
idea of using estrogen as a stroke therapy is based
on certain lines of evidence: the observation that
ischemic stroke caused by atherosclerosis is
uncommon in women before menopause; this is
thought to be because of the protective effects of
ovarian hormones. Animal data suggest that HRT
may have beneficial effects for the prevention of
vascular disease. Human studies document bene-
ficial effects. Most epidemiological studies on car-
diac disease suggest that women using HRT have
25–50% lower rates of cardiovascular disease [15]. 

Population-based studies have demonstrated
that women of any age have a lower risk of stroke
compared with men. In addition, women are less
likely to have conventional vascular risk factors
[16]. Finally, there are stroke risk factors specifi-
cally associated with women, which include
pregnancy [17], oral contraceptive use [18,19] and
the use of exogenous hormonal treatment for
menopausal symptoms. However, since the risk
of stroke increases with age and women on aver-
age currently live 5–10 years longer than men,
their overall burden of stroke is higher. Lifetime
epidemiological studies have consistently
reported increases in stroke severity and fatal
stroke in women, leading to death in one in six
women compared with one in 12 men [20–23]. 

Even after factoring in an adjustment for age,
women have reported poorer outcomes compared
with men and both a higher incidence of pre- and
post-stroke disabilities and a much higher likeli-
hood of being admitted to nursing facilities [23]. 

After AD, stroke is the second leading cause of
dementia when women and men are considered
together; however, in the subgroup of elderly
women aged 85 years and over it ranks as the
first cause, before AD [24]. 

Role of estrogens & 
experimental studies
Estrogens are essential for normal reproductive
function and exert diverse nonreproductive
actions on multiple tissues, such as neuroprotec-
tive effects, vasodilatation, improved vascular reac-
tivity, angiogenic effects, anti-thrombotic effects,
enhanced neurogenesis and axonal sprouting after
injury, and lipid-lowering effects. Moreover, the
brain is a recognized target for estrogen and other
gonadal steroids. In fact, subsets of neurons
possess intranuclear receptors for estrogen [25].

Estrogens are neuroprotective against numer-
ous insults (oxidative stress, excitatory neurotox-
icity and ischemia) [26,27] and can promote the

growth of nerve processes [28] and modulate
synaptic plasticity [29]. Other benefits include an
improvement in cerebral blood flow [30],
enhanced glucose transport into the brain [31]

and a reduction in β-amyloid formation [32].
Furthermore, estrogens are able to positively
enhance neurotransmitter functions, which are
known to decline with ageing and dementia [33–35].
In addition, they can foster the outgrowth of
dendritic spines [36,37] and protect neurons
against oxidative stress, both directly and indi-
rectly via actions on the vascular system [38–40].
However, this evidence supporting the neuro-
protecting benefit of estrogens has come principally
from studies on animals.

Experimental evidence from these studies indi-
cates that estrogen modulates production of
endothelium-derived factors, including nitric
oxide, angiotensin-converting enzyme, cyclo-
oxygenase metabolites of arachidonic acid
(prostacylcin and thromboxane), endothelin-1,
endothelium-derived hyperpolarizing factor,
natriuretic peptides, superoxide radicals and tissue
factor pathway inhibitor [41]. These varied actions
of estrogen on the endothelium may, in part,
explain the differences in the efficacy of cardiovas-
cular prophylactic therapies, such as aspirin and
angiotensin-converting enzyme inhibitors,
between men and women [42]. This is plausible
given that the modulation of endothelium-
derived growth factor production induced by
estrogen favors vasodilatory and antimitogenic
factors [43].

Results from numerous studies using animal
models and in vitro cell and explant cultures,
observational studies performed with human
populations and clinical trials have led to the
belief that ovarian hormones play an important
role in protecting against neurodegenerative dis-
eases. However, these benefits related to HRT in
postmenopausal women have come under attack
because of the seemingly contradictory results
reported by the Women’s Health Initiative
(WHI) [44–47]. 

In contrast to their apparent neuroprotection,
estrogens (with or without progestin) increase
inflammation, which is a proposed stroke risk
mechanism. Furthermore, opponents of estrogen
therapy hold that the accumulation of estrogens
in the liver induces metabolic modifications
comparable to those during pregnancy [48,49].
These modifications are increased triglycerides,
linked to a decrease in the size of low-density
lipoprotein particles, higher levels of C-reactive
protein and activation of coagulation [48–55]. 
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Thus, there is a risk that oral administration
reduces, not increases, the anti-atherogenic
effects of estradiol, thereby increasing the risk of
venous and arterial thromboembolism. Accord-
ing to this hypothesis, the main source of hor-
mone-dependent cardiovascular benefits is not
the hepatocyte but the arterial endothelium,
which is estradiol dependent in women [56–62].
Given this, the choice of progestin is important,
not so much for the control of the hepatic
metabolism of cholesterol but for the progestin
estradiol agonistic or antagonistic effects on
endothelial function that are also progesterone
dependent [63–69]. In addition, there is an
increased risk of venous thromboembolism in
postmenopausal women [44,70–72]. Several stud-
ies have associated the incidence of stroke with
an increased concentration of C-reactive pro-
tein [73]. However, concentrations of these
inflammatory markers were not significantly
increased by the use of HRT in women with
heart disease. At low doses, estrogen has been
reported to have an anti-inflammatory effect,
while at the standard replacement doses, it is
believed to have a proinflammatory effect [74].

Regarding cognition, estrogen receptors are
expressed in the forebrain cholinergic neurons,
which are involved in learning and memory and
are specifically affected by pathological changes
in AD. Luine evidenced an increased choline
acetyltransferase activity after estrogen treat-
ment in female rats [35]. This could point to a
potential protective estrogen effect from hormo-
nal treatment able to improve dementia symp-
toms and/or reduce AD risk. On the other
hand, some estrogen actions might be harmful.
In fact, proinflammatory effects could be delete-
rious [75] and prothrombotic properties of some
estrogens could adversely affect the cerebral
vasculature [76].

Hormone-replacement therapy
HRT, consisting of estrogen therapy with or
without progesterone, was originally used to
relieve symptoms of menopause, such as hot
flashes and genitourinary changes. Additional
benefits were subsequently observed, including
the reduced risks of osteoporosis, CHD and
AD [77,78]. HRT has been increasingly promoted
over the last 40 years to improve quality of life
and to reduce the risks of osteoporotic fractures
and CHD. 

However, in recent years, observational stud-
ies, randomized trials and systematic reviews of
such trials have shown that HRT does not

reduce, but actually increases, vascular risk. HRT
increases the relative risks of venous thrombo-
embolism (twofold) and of fatal or disabling
stroke (by 50%). Although the use of HRT is
associated with a roughly 50% reduction in the
risk of heart disease in observational studies, the
results regarding stroke have been less clear. 

The rational for HRT in preventing stroke was
originally based upon the following facts: women
have a lower risk of stroke before menopause,
atherosclerosis strokes are rarer before menopause
and estrogens have protective effects on lipids and
vascular tone. All of this was thought to be corre-
lated with the elevated levels of estrogen in
women before menopause [79–83]. The findings
from both arms of the WHI suggest that oral
HRT, whether combined or unopposed, is throm-
bogenic, not only in the venous circulation, but
also in the arterial circulation [47,84]. 

Gray and Bath have recently carried out a sys-
tematic review of data from 11 randomized, con-
trolled trials of HRT, involving 23,310 subjects [85].
Here, HRT was associated with an increase in
stroke risk, with an odds ratio (OR) of 1.30
(95% confidence interval [CI]: 1.09–1.54). More
importantly, for fatal or disabling stroke, the OR
was 1.56 (95% CI: 1.11–2.20; three trials). This
HRT-associated stroke risk was confined to
ischemic stroke, while hemorrhagic stroke was not
observed. There was no reported heterogeneity
among studies and the effect sizes appeared similar
for opposed and unopposed HRTs.

Observational studies have suggested that post-
menopausal HRT may improve cognitive func-
tion, but data from randomized clinical trials have
been inconclusive. The effects of HRT on demen-
tia and mild cognitive impairment (MCI) were
assessed in a subgroup of the Women’s Health Ini-
tiative Memory Study (WHIMS), a multicenter,
randomized, double-blind, placebo-controlled
clinical trial [46]. Conjugated equine estrogens
(CEEs) with or without medroxyprogesterone ace-
tate (MPA) did not show any protection against
dementia, but instead a substantial increase due to
any cause or cognitive decline. The incidence of
probable dementia in the estrogen-alone trial was
statistically similar to that of the estrogen plus pro-
gestin trial. When data from both trials were
pooled, the overall risk for probable dementia was
increased by 76% (hazard ratio [HR]: 1.76;
95% CI: 1.19–2.60; p = 0.005). A second report
from WHIMS suggested that cognitive decline in
women aged 65 years and older was greater in
those receiving HRT than in those receiving
placebo (HR: 1.25; 95% CI: 0.97–1.60).
701www.futuremedicine.com
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Observational studies
In one of the first observational studies investigat-
ing the effects of HRT on stroke risk in postmen-
opausal women, Grady et al. derived a summary
relative risk (RR) of stroke in estrogen-
replacement therapy (ERT) users of 0.96
(95% CI: 0.82–1.13) and went on to point out
that there was evidence of statistical heterogeneity
among the studies reviewed [86]. 

Most of the initial epidemiological studies
tended to group all stroke subtypes together and
often the only comparison made was between
users and nonusers of estrogen. Dosage duration
and estrogen type were rarely specified.

Numerous epidemiological studies have
reported a reduced risk of cardiovascular disease
among postmenopausal women who use ERT
[87]. In these studies, the risk of CHD was
reported to be reduced by 30–50%, leading to
speculation that estrogen may reduce stroke
risk, because of the many shared risk factors
between stroke and CHD. Furthermore, ova-
riectomy may increase the risk of both CHD
and cerebrovascular disease [88]. 

The Framingham Heart Study investigated the
effects of estrogen use on morbidity from cardio-
vascular disease in 1234 postmenopausal women,
aged 50–83 years, and reported a significantly
increased risk of stroke (RR: 2.6) in estrogen users
[89]. The medication history recorded at biennial
examinations eight through to 12 was used to
classify the degree of estrogen exposure before
8 years of observation for cardiovascular morbid-
ity and mortality. Despite a favorable cardio-
vascular risk profile and controls for the major
known risk factors for heart disease, women
reporting postmenopausal estrogen use at one or
more examinations had over a 50% elevated risk
of cardiovascular morbidity (p < 0.01) and more
than a twofold risk of cerebrovascular disease
(p < 0.01) after the index examination. Increased
rates for myocardial infarction (p < 0.05) were
observed, particularly among the estrogen users
who smoked. Conversely, among nonsmokers,
estrogen use was only associated with an increased
incidence of stroke (p < 0.05). No benefits from
estrogen use were observed in the study group. In
particular, between estrogen users and nonusers,
mortality from all causes and CHD did not differ.
Further uncontrolled cohort studies reported a
20–50% reduced risk in HRT users [90–93], two of
which were significant [92,93]. 

The Nurses’ Health Study reported a limited
association between all stroke types and the cur-
rent use of oral conjugated estrogen alone

(RR: 1.2), but did report a 45% significantly
higher stroke risk among women receiving com-
bined estrogen plus progestin versus those who
had never taken HRT [94]. 

In a study by Cairu et al., the risk of first-ever
stroke among 16,906 middle-aged and older
women taking HRT was examined and the
potential factors that may modify the risk of
stroke among HRT users were investigated [95].
No significant association between HRT and the
risk of total stroke in women during the
10.5-year follow-up was reported. However, the
preparation of estrogens and time of treatment
initiation may have affected the risk of stroke. 

Of the 16,906 subjects, 2148 (12.7%) took
HRT. A total of 461 strokes occurred during fol-
low-up, 48 of these in HRT users. Incidence of
total stroke and ischemic subtype had no signifi-
cant relation to HRT use. However, an increased
risk of hemorrhagic stroke (50–70%) was found
in women receiving unopposed estrogen
(RR: 2.55; 95% CI: 1.03–6.35) or un-native estro-
gen regimens (RR: 4.27; 95% CI: 1.71–10.66).
Although not significant, the risk of stroke was
33% lower in women who had started their treat-
ment before menopause. Among HRT users, the
risk of stroke was associated with advancing age,
smoking, excess body weight and hypertension.
Covariate-adjusted analyses showed that women
using unopposed estrogen had more than a two-
fold increased risk of hemorrhagic stroke. Not-
withstanding this, the pattern of HRT had no
apparent relation to ischemic stroke. The risk of
stroke was lower among women who had
initiated therapy before menopause compared
with nonusers (RR: 0.67; 95% CI: 0.28–1.62).
Furthermore, this risk of stroke was higher in the
women who had started treatment after meno-
pause. The risk factors for stroke were examined
among HRT users and the risk of first-ever
stroke was seen to be significantly associated
with advancing age, waist circumference, BMI
and current smoking. Compared with users
with normal blood pressure, the risk of stroke
showed a fivefold increase in those with blood
pressure 160/110 mmHg or higher. Further-
more, no significant association between HRT
and risk of total stroke in women over the
10.5-year follow-up was observed. 

Initial studies reported a positive association
between exogenous estrogen and cognitive per-
formance in older women with dementia.
Meta-analyses of the potentially protective
effects of estrogen against dementia reported a
risk reduction of 29 [96] and 34% [97].
Women's Health (2007)  3(6) future science groupfuture science group
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However, evidence of estrogen deficiency in
women with dementia and cognitive dysfunction
has been inconsistent. Nevertheless, epidemiologi-
cal studies have suggested that HRT protects
against the development of clinically diagnosed
AD. In the early 1990s, there was a great belief in
the potential of HRT for the treatment of AD and
cognitive ageing. However, currently, this opinion
is losing favor.

Postmenopausal women have much lower lev-
els of gonadal hormones than men [11]. This could
suggest that maintaining high level of hormones
in women with HRT may protect against AD. 

Most observational studies carried out to date
have shown a decrease in the risk of developing
AD in HRT users [96], along with demonstrating
positive treatment effects related to HRT in AD.
In spite of this, recently controlled trials have not
shown any significant HRT effects in AD sub-
jects [12–14]. To date, three prospective observa-
tional studies have suggested that HRT reduces
the risk of AD by 39–50% [98–100].

The Hogervost meta-analysis examined the
results of numerous studies to determine the
validity of reports investigating HRT effects on
cognition in elderly women [101]. Specifically,
this meta-analysis sought to both discover the
reasons for the inconsistencies present in the data
and identify crucial questions that could form
the basis of future research. This meta-analysis,
along with the Yaffe meta-analysis [96], suggests
an overall AD risk reduction of approximately
29–44%.

In conclusion, Hogervost et al. evidenced
small but inconsistent effects related to HRT on
several aspects of cognitive function in healthy
women: memory, attention, reaction time speed
and abstract reasoning. These effects do not
seem to be explicable by the alleviation of
depression or climacteric symptoms, or the use
of combination therapy.

A possible bias of the epidemiological results
that have shown more positive effects because
of HRT, compared with experimental studies, is
probably not related to sample size. Women
who start HRT are generally healthier and usu-
ally belong to a higher socioeconomic status
and therefore commonly have a better vascular
risk control compared with those who do not
use HRT.

A recent review has investigated whether age
at assessment and duration of HRT had a mod-
erating effect on the influence of HRT in cogni-
tion [102]. HRT may impact on cognition
through two pathways: by acting directly on

brain systems and structures, or by acting indi-
rectly on the brain through the cardiovascular
system. Low and Anstey evidenced that:

• There was some evidence for a positive
association between HRT and verbal mem-
ory in cross-sectional data, although not in
longitudinal or randomized, controlled trials; 

• There was no consistent association between
HRT use and visual memory; 

• HRT did not have a consistent association
with speed of performance; 

• Cross-sectional studies reported a positive
association between HRT and executive func-
tion that was not detected in longitudinal and
randomized trials. This did not allow for con-
clusions to be drawn on the relationship
between HRT and executive function; 

• There was contradictory evidence between
observational and randomized trials on the
effects of HRT and performance on the cogni-
tive screening instruments. Overall, it would
appear that there is no positive effect and there
may even be a small negative effect of HRT on
cognitive screening instruments; 

• The observational studies, particularly longi-
tudinal studies, provided evidence that HRT
reduced the risk of dementia, but this was in
contradiction to the results of the randomized,
controlled trials, which found increased risk
of dementia. 

Low and Anstey found that there were many
nonsignificant results, although the positive
results tended to favour HRT users over con-
trols. However, no consistent positive associa-
tion between HRT use and cognition in any
cognitive domain was found. 

Trials
The effects of HRT on dementia and MCI were
assessed in a subgroup of WHIMS, aged 65 years
or over [103]. There were two study arms, one
included 4532 postmenopausal women who
received continuous CEE plus MPA or placebo,
while the second included 2947 hysterectomized
women randomized to continuous unopposed
CEE or placebo. 

CEE with or without MPA did not protect
against dementia but instead substantially
increased its risk. Incidence of probable dementia
in the estrogen-alone trial was statistically similar
to that seen in the estrogen plus progestin trial.
When pooled together, the data from both trials
evidenced that the overall risk for probable demen-
tia was increased by 76% (HR: 1.76;
703www.futuremedicine.com
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95% CI: 1.19–2.60; p = 0.005). A second report
from WHIMS suggested that cognitive decline in
women aged 65 years and over was greater in those
receiving HRT than in those receiving placebo
(HR: 1.25; 95% CI: 0.97–1.60). The WHIMS
results clearly indicate that CEE with or without
MPA should not be used to prevent dementia or
enhance cognition in women older than 65 years.

In order to investigate the possible effects of
HRT on stroke risk, randomized, controlled
trials of cardio- and/or cerebrovascular disease
prevention in women have been designed. 

In the Heart and Estrogen/Progestin Replace-
ment Study (HERS), women with established car-
diovascular disease were randomized to either oral
CEE plus medroxyprogesterone or placebo [104].
Although stroke was a secondary end point, after
an average follow-up of 4 years, nonsignificant
increases were observed in the incidence of fatal
stroke (HR: 1.61; 95% CI: 0.73–3.55) and nonfa-
tal stroke (HR: 1.18; 95% CI: 0.83–1.66),
although no increase in the incidence of transient
ischemic attack in women receiving combination
HRT was found (HR: 0.90; 95% CI: 0.57–1.42).
This study did not evidence any difference
between the myocardial infarction or coronary
death rate (HR: 0.99; 95% CI: 0.80–1.22) and
the stroke rate.

In the Women Estrogen Stroke Trial (WEST),
women were randomized to oral 17-β estradiol or
placebo within 90 days of ischemic stroke or tran-
sient ischemic attack [82]. There was no overall
benefit related to 17-β estradiol in the prevention
of the primary end points, death or nonfatal
stroke over a follow-up period of approximately
3 years (HR: 1.1; 95% CI: 0.8–1.4). However,
post hoc analysis revealed an increase in the
number of fatal and nonfatal strokes in the
17-β estradiol group 6 months after randomiza-
tion (HR: 2.3; 95% CI: 1.1–1.5), suggesting an
early adverse effect related to HRT use. In this
study, as with HERS, there was evidence of an
increased early risk among those subjects rand-
omized to HRT. In the first 6 months following
randomization, three fatal and 18 nonfatal strokes
were reported in the estradiol group compared
with one fatal and eight nonfatal strokes in the
placebo group (RR: 2.3; 95% CI: 1.1–5.0).
Besides this, there was no clear evidence that
women randomized to estradiol had more severe
recurrent strokes. Among those subjects with
recurrent nonfatal strokes, complete or near com-
plete recovery was half as likely to occur among
those randomized to estrogen therapy compared
with those on placebo (19 vs 33%; p = 0.12).

Assessment of the effect of estrogen on cogni-
tive function was a defined secondary study aim,
while global and domain-specific measures of
cognitive function were assessed [105].

Additionally, this study assessed whether
estrogen therapy reduces the risk of cognitive
decline in women with cerebrovascular disease.
The Mini-Mental State Examination (MMSE)
and five domain measures were recorded at base-
line and exit. Among 461 women withdrawn
alive without stroke, estrogen therapy did not
have a significant effect on cognitive measures
after an average of 3 years (RR of MMSE
decline: 0.74; 95% CI: 0.49–1.13). In women
with normal MMSE at entry, estrogen was
associated with less decline (RR: 0.46;
95% CI: 0.24–0.87). In this study, estradiol did
not have significant effects on cognitive meas-
ures. However, in women with normal function
at baseline, there may have been a benefit related
to estrogen therapy use in reducing the risk of
cognitive decline.

The WHI randomized, controlled trial has
been the most recent primary prevention study
to investigate the effect of postmenopausal
HRT on cardiovascular disease in healthy
women, with stroke as a secondary outcome
[44]. The trial reported a 40% increased risk of
stroke and 30% increased risk of first CHD
with combined therapy. The combination HRT
(oral CEE plus medroxyprogesterone) group
was terminated early (after ∼5 years of follow-
up) due to unacceptable increased risks of inva-
sive breast cancer and stroke (RR: 1.4;
95% CI: 1.1–1.8), although the risk of nonfatal
stroke (HR: 1.50; 95% CI: 1.08–2.08) was higher
than the risk of fatal stroke (HR: 1.20;
95% CI: 0.58–2.50). However, when adjust-
ments for multiple comparisons were made, these
differences were no longer statistically significant. 

The global index also indicated a net adverse
effect related to hormonal therapy (19 per 10,000
person-years). Beneficial effects were seen (six
fewer colorectal cancers and five fewer hip frac-
tures per 10,000 person-years); however, these
benefits were offset by an increase in other nega-
tive consequences (seven more coronary events,
eight more strokes, eight more pulmonary emboli
[PE] and eight more invasive breast cancers per
10,000 person-years) [44].

The second report investigated women who
had had a hysterectomy [47]. Among these
women, estrogen alone (CEE) was used as the
active therapy. The results obtained were
similar to those obtained in the estrogen plus
Women's Health (2007)  3(6) future science groupfuture science group
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progestin group. The increased risk of stroke
was reported to be 1.39 (95% CI: 1.10–1.77).
In the WHI trial of combination HRT, an
absolute excess risk (in their global index) of 19
out of 10,000 person-years was reported.

The WHI study differed in both design and
purpose from HERS and WEST, in that HERS
and WEST focused on secondary prevention
and WHI assessed primary prevention. 

Therefore, HERS and WEST subjects were at
a higher risk of stroke at baseline compared with
women in the WHI study. Specifically, approxi-
mately 68 and 75% of HERS and WEST sub-
jects, respectively, had hypertension compared
with only 30% in WHI. Moreover, WHI women
were younger (mean age: 63 years) than those in
either HERS (mean age: 66 years) or WEST
(mean age: 71 years). In addition, only 20% of
WHI subjects were reported to be taking aspirin
at baseline compared with 80% in HERS. 

Despite these baseline differences, none of
these studies were able to demonstrate a stroke
risk reduction with HRT use. Although the
increased number of strokes in HERS did not
reach significance and there was a neutral risk in
WEST, the WHI study, which sought to enrol the
healthiest subjects, reported a 40% increased risk
of stroke in HRT users from unadjusted analysis. 

These WHI results are now reflected in national
guidelines. That is, HRT should not be initiated
to prevent vascular disease in postmenopausal
women [106]. 

HRT trial & cognition 
Numerous studies have suggested that estrogen
therapy in postmenopausal women may prevent
or retard cognitive function decline. A meta-
analysis of observational studies concluded that
estrogen therapy was associated with a 34%
decrease in the risk of dementia (OR: 0.66;
95% CI: 0.53–0.82) [107]. 

Results of randomized, controlled trials, how-
ever, have not shown a consistent trend for
cognitive improvement with estrogen treatment.

Recently reported results from two large clini-
cal trials (HERS-WHIMS) have failed to dem-
onstrate a beneficial effect of daily estrogen and
progestin treatments on cognitive performance
or risk of dementia [108,109].

WHIMS, a substudy of the WHI, was a ran-
domized, double-blind, placebo-controlled
trial assessing 0.625 mg of conjugated estrogen
and 2.5 mg of medroxyprogesterone in post-
menopausal dementia-free women aged
65 years or older. Its aim was to evaluate the

impact of estrogen plus progestin on the inci-
dence of dementia and MCI in healthy women
enrolled in the WHI. The primary outcome
was incidence of probable dementia, while the
secondary outcome was the development of
MCI with a planned 8.5-year duration. The
study was terminated after 5.6 years because of
an increased risk of heart disease, stroke, PE
and breast cancer on active drug. Average age
was 69 years and nearly 20% of subjects were
aged 75 years or over. In total, 1% had previous
cerebrovascular accidents, 7% diabetes, 10%
were on statins and nearly 30% were regular
acetylsalicylic acid users. 

The mean time between date of randomiza-
tion and the last Modified Mini-Mental Status
Exam was 4 years. A total of 61 women were
diagnosed with probable dementia, of which
66% were on active treatment. Estrogen/proges-
tin was associated with a RR of 2.05, or 45 ver-
sus 22 per 10,000 person-years for placebo
(p = 0.01). Treatment effects on MCI did not
differ between groups. The risk of probable
dementia from therapy became evident at the
first year, persisted over the 5 years of follow-up
and was present after controlling for adherence.
Estrogen plus progestin therapy increased the
risk of probable dementia in postmenopausal
women aged 65 years or older and did not pre-
vent MCI. These data, coupled with the previ-
ous reports from WHI, support the conclusion
that the risk of estrogen plus progestin out-
weighs the benefits. The absolute risk increase
for AD was relatively small, an additional
23 cases per 10,000 women. Added together,
the risk of a major adverse outcome from estro-
gen/progestin was approximately 0.01 per
10,000 women [46].

Furthermore, the results from WHIMS
showed a near doubling of the risk for all-cause
dementia [103]. One explanation for this could be
that the late use of HRT, after age 65 years, con-
fers a cognitive risk. A secondary analysis exam-
ined HRT effects on MCI, considered to be an
early ‘preclinical’ indicator of AD [110]. For
women assigned to HRT, MCI risk was modestly,
but not significantly, elevated [46,103].

WHIMS subjects who had used HRT in the
past were less likely to develop dementia than
never-users, regardless of treatment allocation.
However, trial findings did not vary significantly
by baseline differences in age, education, cogni-
tive score, history of hypertension or stroke, or
prior HRT use. Increased risk was apparent
within several years of randomization. Older
705www.futuremedicine.com
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women and those with low cognitive test scores
at baseline were more likely to develop dementia
in both treatment arms.

In conclusion, WHIMS demonstrated that,
contrary to earlier research suggesting a protec-
tive effect of estrogen on the brain, estrogen
plus progestin had a damaging effect and the
risk of dementia, along with global cognitive
deterioration, increased with estrogen plus pro-
gestin compared with placebo in this group of
postmenopausal women aged over 65 years.

It is not known how HRT elevates dementia
risk. Given that HRT increases stroke incidence
in some populations [47,84] and given that vascular
factors are implicated in AD pathogenesis [3], one
hypothesis is that the HRT effects on vascular
disease could account for the WHIMS findings
on dementia.

Secondary prevention clinical trials have not
demonstrated any benefit of HRT in slowing the
progression of dementia [96,111].

Most of the research examining the effects of
estrogen on cognition in demented persons has
focused on Alzheimer’s dementia. The character-
istic brain pathologies in AD are the gradual and
insidious accumulation of both neuritic plaques
and neurofibrillary tangles. Failure of HRT to
lessen the impact of AD may mean that, once it
has begun, HRT cannot arrest or reverse these
neuropathologies [112].

An alternative hypothesis is that an increased
risk of dementia among women in the early
stages of AD occurs when estrogen provokes
neurovascular disease (small strokes), a second
pathology in the brain that leads to cognitive
decline and, ultimately, dementia [113].

Moreover, epidemiological studies have sug-
gested that there is a window of biological
opportunity when benefit from estrogen can be
realized [100].

In fact, women who reported taking HRT dur-
ing perimenopausal and early postmenopausal
periods had better global cognitive scores and a
lower incidence of dementia than either those who
had never taken HRT or those who had started
well after the menopausal transition. This prospec-
tive, observational study by Zandis et al. had pre-
dicted the WHIMS findings of increased dementia
in women initiating HRT after age 65 years.

The Women’s International Study on Long-
Duration Oestrogen After Menopause (WIS-
DOM) trial, a randomized, placebo-controlled
trial, compared combined estrogen and pro-
gestogen versus placebo, and estrogen alone ver-
sus combined estrogen and progestogen in

226,282 women aged 50–69 years [114]. The trial
sought to randomize 22,300 postmenopausal
women and treat them for 10 years. The inter-
ventions were: conjugated equine estrogens
0.625 mg orally daily; conjugated equine estrogens
plus medroxyprogesterone acetate 2.5/5.0 mg
orally daily; or matched placebo. Primary out-
come measures were major cardiovascular disease,
osteoporotic fractures, breast cancer and demen-
tia. Secondary outcomes were other cancers, all
causes of death, venous thromboembolism and
cerebrovascular disease. The trial was prematurely
closed during recruitment, following the publica-
tion of early results from the WHI. At the time of
closure, 56,583 women had been screened,
8980 entered run-in and 5694 (26% of target of
22,300) were randomized. Randomized women
had received a mean of 1 year of therapy, mean
age was 62.8 years and total follow-up time was
6491 person-years. When combined HRT
(n = 2196) was compared with placebo
(n = 2189), there was a significant increase in
the number of major cardiovascular events (7 vs
0; p = 0.016) and venous thromboembolisms (22
vs 3; HR: 7.36; 95% CI: 2.20–24.60). There were
no statistically significant differences in numbers
of breast or other cancers (22 vs 25; HR: 0.88;
95% CI: 0.49–1.56), cerebrovascular events (14 vs
19; HR: 0.73; 95% CI: 0.37–1.46), fractures (40
vs 58; HR: 0.69; 95% CI: 0.46–1.03) and overall
deaths (8 vs 5; HR: 1.60; 95% CI: 0.52–4.89).
Comparison of combined HRT (n = 815) versus
estrogen therapy (n = 826) outcomes revealed no
significant differences. In conclusion, HRT
increases cardiovascular and thromboembolic risk
when started many years after the menopause.
These results are consistent with the findings of
the WHI and secondary prevention studies [115].

The Kronos Early Estrogen Prevention Study
(KEEPS) is an ongoing, prospective, randomized,
placebo-controlled study comparing oral and
transdermal estrogens with pulsed progestin in
women shortly after menopause. The primary
outcome is vascular disease measured by progres-
sion of carotid intimal medial thickness and coro-
nary artery calcification [116]. This study is
matching the characteristics of women who might
benefit from postmenopausal hormone treatment.
In addition, it is studying the formulation of
hormones that might reduce risk.

Conclusion
Currently, there is no convincing evidence that
combination HRT reduces primary or second-
ary stroke risk in postmenopausal women and
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• It seems that the grea

• Previous trials were no

• In previous trials, ther
there seems to be no protective effect on demen-
tia. However, the trials performed in the past
were not designed for women at the physio-
logical age for HRT and the therapy was not
administered following the cyclic hormone
metabolism but was instead administered con-
tinuously. The trials had shown that the longer
the time between menopause and treatment
beginning, the greater the risk of sides effects.
Thus, the target women should be those close to
menopause, as suggested by the KEEPS trial. 

Future perspective
The incidence of AD is believed to increase in
the next years. In fact, it is estimated that in
2050, approximately 13 million men and
women worldwide will be affected by this dis-
ease. The prevalence of AD is greater for
women than men. With this reality, a better
understanding of the risk factors responsible
for cognitive impairment is an utmost public
health priority. 

Probably, the HRT may provide benefit if it is
administered in a window of time following the
loss of ovarian function. Future research should
be designed to identify when and how long this
therapy could be administered to protect women
against the negative effects of menopause without
harming as shown by randomized trials. How-
ever, at present the data about dementia/stroke
prevention with HRT are contradictory. Being
so, the results of the un-going research and the
future of HRT are unpredictable and its rule in
dementia and stroke prevention is uncertain.  
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estrogen concentrations are thought to be protective against stroke and may protect brain structures and 
ected by Alzheimer’s disease. 

t therapy (HRT) reduces the risks of osteoporotic fractures and coronary heart disease, but a recent trial 
 any benefit in women with established coronary heart disease.

 evidence that combination HRT reduces primary or secondary stroke risk in postmenopausal women.

 evidence that combination HRT protects against dementia.

 the longer the time between menopause and the beginning of treatment, the greater the risk of side effects.

test benefit from HRT comes from initiating such treatment as close to the onset of menopause as possible.

t designed for women in the physiological age for HRT.

apy was not administered following the cyclic hormone metabolism. 
Bibliography
Papers of special note have been highlighted as 
either of interest (•) or of considerable interest (••) 
to readers.
1. Payami H, Montee K, Grimslid H, 

Shattuc S, Kaye J: Increased risk of familial 
late-onset Alzheimer’s disease in women. 
Neurology 46, 126–129 (1996).

2. Paganini-Hill A, Henderson VW: Estrogen 
deficiency and risk of Alzheimer’s disease in 
women. Am. J. Epidemiol. 140, 256–261 
(1994).

3. Zekry D, Duyckaerts C, Moulias R, 
Belmin J, Herrmann F, Hauw JJ: 
Degenerative and vascular lesions of the 
brain have synergistic effects in dementia of 
the elderly. Acta Neuropathol. (Berl.) 103, 
481–487 (2002).

4. Jorm AF, Korten AE, Henderson AS: 
The prevalence of dementia: 
a quantitative integration of the 
literature. Acta Psychiatr. Scand. 76, 
465–479 (1987).

5. Gao S, Hendrie HC, Hall KS, Hui S: 
The relationships between age, sex, and 
incidence of dementia and Alzheimer’s 
disease: a meta-analysis. Arch. Gen. 
Psychiatry 55, 809–815 (1998).

6. Doraiswamy PM, Bieber F, Kaiser L, 
Krishnan KR, Reuning-Schrerer J, 
Gulanski B: The Alzheimer’s disease 
assessment scale patterns and 
predictors of baseline cognitive 
performance in multicenter Alzheimer’s 
disease trails. Neurology 48, 1511–1517 
(1997).

7. Launer L, Andersen K, Dewy ME et al.: 
Rates and risk factors for dementia and 
Alzheimer’s disease. Neurology 1, 78–84 
(1990).

8. Rocca WA, Bonaiuto S, Lippi A et al.: 
Prevalence of clinically diagnosed 
Alzheimer’s and other dementing
disorders. Neurology 40, 626–631 
(1990).

9. Hagnell O, Öjedsjö L, Rorsman B: 
Incidence of dementia in the Lundby 
study. Neuroepidemiology 11(Suppl. 1), 
61–66 (1992).

10. Kokmen E, Beard CM, O’Brien PC, 
Kurkand LT: Epidemiology of dementia in 
Rochester, Minnesota. Mayo Clin. Proc. 71, 
275–282 (1996).
707www.futuremedicine.com



REVIEW – Billeci, Caso, Paciaroni, Palmerini & Agnelli 
11. Maas D, Jochen A, Lalande B: Age related 
changes in male gonadal function. 
Implications for therapy. Drugs Ageing 11, 
45–60 (1997).

12. Henderson VW, Paganini-Hill A, Miller BL 
et al.: Estrogen for Alzheimer’s disease in 
women. Neurology 54, 295–301 (2000).

13. Wang PN, Liao SQ, Liu RS et al.: Effects of 
estrogen on cognition, mood, and cerebral 
blood flow in AD. Neurology 54, 
2061–2066 (2000).

14. Mulnard RA, Cotman CW, Kawas C et al.: 
Estrogen replacement therapy for treatment 
of mild to moderate Alzheimer’s disease. 
JAMA 28, 1007–1015 (2000).

15. Hurn PD, Brass LM: Estrogen and stroke: a 
balanced analysis. Stroke 34, 338–341 
(2003).

16. Marini C, de Santis F, Sacco S et al.: 
Contribution of atrial fibrillation to 
incidence and outcome of ischemic stroke: 
results from a population-based study. Stroke 
36(6), 1115–1119 (2005).

17. James A, Bushnell CD, Jamison M, 
Myers E: Incidence and risk factors for 
stroke in pregnancy and the purperium. 
Obstet. Gynecol. 106, 509–516 (2005).

18. Gillum LA, Mamidipudi SK, Johnston SC: 
Ischemic stroke risk with oral contraceptive. 
A meta-analysis. JAMA 284, 72–78 (2000).

19. Chan WS, Ray J, Wai EK et al.: Risk of 
stroke in women exposed to low-dose oral 
contraceptives. A critical evaluation of the 
evidence. Arch. Intern. Med. 164, 741–747 
(2004).

20. Bonita R: Epidemiology of stroke. Lancet 
339, 342–344 (1992).

21. Wolf PA, D’Agostino RB, Balanger AJ, 
Kannel WB: Probability of stroke: a risk 
profile from the Framingham Study. Stroke 
22, 312–318 (1991).

22. Glader EL, Stegmayr B, Norrwing B et al.: 
Sex differences in management and outcome 
after stroke. A Swedish national perspective. 
Stroke 34, 1970–1975 (2003).

23. di Carlo A, Lamassa M, Baldreschi M et al.: 
Sex differences in the clinical presentation, 
resource use, and 3-month outcome of acute 
stroke in Europe. Data from a Multicenter 
Multinational Hospital-Based Registry. 
Stroke 34, 1114–1119 (2003).

24. Skoog I, Nilsson L, Palmertz B, 
Andreasson LA, Svanborg A: A population-
based study of dementia in 85-years old. 
N. Engl. J. Med. 328, 153–158 (1993).

25. Shughrue PJ, Scrimo PJ, Merchenthaler I: 
Estrogen binding and estrogen receptor 
characterization (ERα and ERβ) in the 
cholinergic neurons of the rat basal 
forebrain. Neuroscience 96, 41–49 (2000).

26. Alkayed N, Murphy S, Traystman R, Hurn P, 
Miller V: Neuroprotective effects of female 
gonadal steroids in reproductively senescent 
female rats. Stroke 31, 161–168 (2000).

27. Goodman Y, Bruce AJ, Cheng B, 
Mattson MP: Estrogens attenuate and 
corticosterone exacerbates excitotoxicity, 
oxidative injury, and amyloid β-peptide 
toxicity in hippocampal neurons. 
J. Neurochem. 66, 1836–1844 (1996).

28. Brinton RD, Tran J, Proffitt P, Montoya M: 
17β-estradiol enhances the outgrowth and 
survival of neocortical neurons in culture. 
Neurochem. Res. 22, 1339–1351 (1997).

29. Foy MR, Henderson VW, Berger TW, 
Thompson RF: Estrogen and neural 
plasticity. Curr. Direct. Psychol. Sci. 9, 
148–152 (2000).

30. Ohkura T, Teshima Y, Isse K et al.: Estrogen 
increases cerebral and cerebellar blood flows 
in postmenopausal women. Menopause 2, 
13–18 (1995).

31. Bishop J, Simpkins JW: Estradiol enhances 
brain glucose update in ovariectomized rats. 
Brain Res. Bull. 36, 315–320 (1995).

32. Petanceska SS, Nagy G, Frail D, Gandy S: 
Ovariectomy and 17β-estradiol modulate 
the levels of Alzheimer’s amyloid-β peptides 
in brain. Neurology 54, 2212–2217 (2000).

33. Janowsky DS, Daris JM: 
Progesterone–estrogen effects on the uptake 
and release of norepinephrine by 
synaptosomes. Life Sci. 9, 525–531 (1970).

34. Luine VN, McEwen BS: Effect of estradiol 
on turnover of type A monoamine oxidase in 
brain. J. Neurochem. 28, 1221–1227 (1977).

35. Luine VN: Estradiol increases choline 
acetyltransferase activity in specific basal 
forebrain nuclei and projection area of female 
rats. Expl. Neurol. 89, 484–490 (1985).

36. Gibbs RB: Estrogen and nerve growth 
factor-related systems in brain. Ann. NY 
Acad. Sci. 14, 165–199 (1994).

37. Woolley C, McEwen BS: Roles of estradiol 
and progesterone in regulation of 
hippocampal dendritic spine density during 
oestrus cycles in the rat. J. Comp. Neurol. 
336, 293–306 (1993).

38. McEwen BS, Alves SE, Bulloch K, 
Weiland NG: Ovarian steroids and the brain 
implications for cognition and ageing. 
Neurology 48, S14–S18 (1997).

39. Sarrel PM: Effects of ovarian steroids on the 
cardiovascular system. In: The Circulation of 
the Female from the Cradle to the Grave. 
Ginsberg J (Ed.). Parthenon, Carnford, UK 
(1989).

40. Sarrel PM: Ovarian hormones and the 
circulation. Maturitas 590, 287–298 (1990).

41. O’Rourke ST, Vanhoutte PM, Miller VM: 
Vascular pharmacology. In: Vascular 
Medicine: A Companion to Braunwald’s Heart 
Disease. Creager MA, Dzau V, Loscalso J 
(Eds). Elsevier, PA, USA 71–100 (2006).

42. Ridker PM, Cook NR, Lee I-M et al.: 
A randomized trial of low-dose aspirin in 
the primary prevention of cardiovascular 
disease in women. N. Engl. J. Med. 352, 
1293–1304 (2005).

43. Lieberman EH, Gerhard MD, Uehata A 
et al.: Estrogen improves endothelium-
dependent, flow-mediated vasodilation in 
postmenopausal women. Ann. Intern. Med. 
121, 936–941 (1994).

44. Rossouw JE, Anderson GL, Prentice RL 
et al.: Risk and benefits of estrogen plus 
progestin in healthy postmenopausal 
women: principal results from the Women’s 
Health Initiative randomized controlled 
trial. JAMA 288, 321–333 (2002).

45. Rapp SR, Espeland MA, Shumaker SA 
et al.: Effect of estrogen plus progestin on 
global cognitive function in postmenopausal 
women: the Women’s Health Initiative 
Memory Study: a randomized control trial. 
JAMA 289, 2663–2672 (2003).

46. Shumaker SA, Legault C, Rapp SR et al.; for 
the WHIMS Investigators: Estrogen plus 
progestin and the incidence of dementia and 
mild cognitive impairment in 
postmenopausal women. The Women’s 
Health Initiative Memory Study: 
a randomized clinical trial. JAMA 289, 
2651–2662 (2003).

•• The Women’s Health Initiative Memory 
Study demonstrated that estrogen plus 
progestin had a damaging effect on the brain 
and increased the risk of both dementia and 
global cognitive deterioration in 
postmenopausal women aged over 65 years.

47. Anderson GL, Limacher M, Assaf AR et al.: 
Effect of conjugated equine estrogen in 
postmenopausal women with hysterectomy: 
the Women’s Health Initiative Steering 
Committee. JAMA 291, 1701–1712 (2004).

•• Reports a 40% increased risk of stroke 
in hormone-replacement therapy (HRT) 
users, transforming international guidelines.

48. Holst J, Cajander S, Carlstrom K et al.: 
A comparison of liver protein induction in 
postmenopausal women during oral and 
percutaneous oestrogen replacement 
therapy. Br. J. Obstet. Gynaecol. 90, 355–360 
(1983).

49. de Lignieres B: The case for a non-plasma 
lipoprotein etiology of reduced vascular risk 
in estrogen replacement therapy. Curr. Opin. 
Obstet. Gynecol. 5, 389–395 (1993).
708 Women's Health (2007)  3(6) future science groupfuture science group



Hormone-replacement therapy, dementia and stroke – REVIEW
50. de Lignieres B, Mauvais-Jarvis P: 
Postmenopausal hormonal therapy. In: 
Ovarian Endocrinology. Scholler R (Ed.). 
SEPE, Paris, France 578–592 (1976).

51. de Lignieres B, Basdevant A, Thomas G 
et al.: Biological effects of estradiol-17β in 
postmenopausal women: oral versus 
transdermal administration. J. Clin. 
Endocrinol. Metab. 62, 536–541 (1986).

52. Moorjani S, Dupont A, Labrie F et al.: 
Changes in plasma lipoprotein and 
apolipoprotein composition in relation to 
oral vesrsus transdermal administration of 
estrogens. J. Clin. Endocrinol. Metab. 73, 
373–379 (1991).

53. Scarabin PY, Alhenc-Gelas M, 
Plu-Bureau G et al.: Effects of oral and 
transdermal estrogen/progesterone regimens 
on blood coagulation and fibrinolysis in 
postmenopausal women. Arterioscler. 
Thromb. Vasc. Biol. 17, 3071–3078 (1997).

54. Godsland IF: Effects of postmenopausal 
hormone replacement therapy on lipid, 
lipoprotein, and apolipoprotein (a) 
concentrations: analysis of studies published 
from 1974–2000. Fertil. Steril. 75, 898–915 
(2001).

55. Wakatsuki A, Okatani Y, Ikenoue N et al.: 
Different effects of oral conjugated equine 
strogen and transdermal estrogen 
replacement on size and oxidative 
susceptibility of low-density lipoprotein 
particles in postmenopausal women. 
Circulation 106, 1771–1776 (2002).

56. Venkov CD, Rankin AB, Douglas E et al.: 
Identification of authentic estrogen receptor 
in cultured endothelial cells. A potential 
mechanism for steroid hormone regulation 
of endothelial function. Circulation 94, 
727–733 (1996).

57. Kim-Schulze S, McGowan K, Hubchak SC 
et al.: Expression of an estrogen receptor by 
human coronary artery and umbilical vein 
endothelial cells. Circulation 94, 1402–1407 
(1996).

58. Alvarez RJ, Gips SJ, Moldovan N et al.: 
17β-estradiol inhibits apoptosis of 
endothelial cells. Biochem. Biophys. Res. 
Commun. 237, 372–381 (1997).

59. Iwakura A, Luedemann C, Shasrty S et al.: 
Estrogenmediated, endothelial nitric oxide 
synthase-dependent mobilization of bone 
marrow-derived endothelial progenitor cells 
contributes to reendothelialization after 
arterial injury. Circulation 108, 3115–3121 
(2003).

60. SimonciniT, Genazzani AR: Direct vascular 
effects of estrogens and selective estrogen 
receptor modulators. Curr. Opin. Obstet. 
Gynecol. 12, 181–187 (2000).

61. Simoncini T, Hafezi-Moghadam A, 
Brazil D, Ley K, Chin WW, Liao JK: 
Interaction of oestrogen receptor with the 
regulatory subunit of phosphatidylinositol-
3-OH kinase. Nature 407, 538–541 (2000).

62. Simoncini T, Genazzani AR: Non-genomic 
actions of sex steroid hormones. Eur. J. 
Endocrinol. 148, 281–292 (2003).

63. Vazquez F, Rodriguez-Manzanesque JC, 
Lydon JP et al.: Progesterone regulates 
proliferation of endothelial cells. J. Biol. 
Chem. 274, 2185–2192 (1999).

64. Adams MR, Register TC, 
Golden DL,Wagner JD,Williams JK: 
Medroxyprogesterone acetate antagonizes 
inhibitory effects or conjugated equine 
estrogens on coronary artery atherosclerosis. 
Arterioscler. Thromb. Vasc. Biol. 17, 217–221 
(1997).

65. Miyagawa K, Rosch J, Stanczyk F, 
Hermsmeyer K: Medroxyprogesterone 
interferes with ovarian steroid protection 
against coronary vasospasm. Nat. Med. 3, 
324–327 (1997).

66. Cheng W, Lau OD, Abumrad NA: Two 
antiatherogenic effects of progesterone on 
human macrophages; inhibition of 
cholesteryl ester synthesis and block of its 
enhancement by glucocorticoids. J. Clin. 
Endocrinol. Metab. 84, 265–271 (1999).

67. Otsuki M, Saito H, Xu X et al.: 
Progesterone, but not medroxyprogesterone, 
inhibits vascular cell adhesion molecule-1 
expression in human vascular endothelial 
cells. Arterioscler. Thromb. Vasc. Biol. 21, 
243–248 (2001).

68. Xing D, Miller A, Novak L et al.: Estradiol 
and progestins differentially modulate 
leukocyte infiltration after vascular injury. 
Circulation 109, 234–241 (2004).

69. Simoncini T, Mannella P, Fornari L, 
Caruso A, Varone G, Genazzani AR: In vitro 
effects of progesterone and progestins on 
vascular cells. Steroids 68, 831–836 (2003).

70. Grady D, Herrington D, Bittner V et al.: 
Cardiovascular disease outcomes during 
6.8 years of hormone therapy (HERS II). 
JAMA 288, 49–57 (2002).

71. Hoibraaten E, Qvigstad E, Arnesen H et al.: 
Increased risk of recurrent venous 
thromboembolism during hormone 
replacement therapy results of the 
randomized, double-blind, placebo 
controlled estrogen in venous 
thromboembolism trial. Thromb. Haemost. 
84, 961–967 (2000).

72. Barrett-Connor E: An epidemiologist looks 
at hormones and heart disease in women. 
J. Clin. Endocrinol. Metab. 88, 4031–4042 
(2003).

73. Cushman M, Meilahn EN, Psaty BM, 
Kuller LH, Dobs AS, Tracy RP: 
Hormone replacement therapy, 
inflammation, and hemostasis in elderly 
women. Arterioscler. Thromb. Vasc. Biol. 19, 
893–899 (1999).

74. Prestwood KM, Unson C, Kulldorff M, 
Cushman M: The effect of different dose of 
micronized 17-β estradiol on C-reactive 
protein, interleukin 6, and lipid in older 
women. J. Gerontol. Biol. Sci. Med. Sci. 59, 
827–832 (2004).

75. Cushman M, Legault C, Barrett-Connor E 
et al.: Effects of postmenopausal hormones 
on inflammation-sensitive proteins: the 
Postmenopausal Estrogen/Progestin 
Interventions (PEPI) study. Circulation 100, 
717–722 (1999).

76. Rosendaal FR, Helmerhorst FM, 
Vandenbroucke JP: Female hormones and 
thrombosis. Arterioscler. Thromb. Vasc. Biol. 
22, 201–210 (2002).

77. Fillit HM: The role of hormone 
replacement therapy in the prevention of 
Alzheimer’s disease. Arch. Intern. Med. 162, 
1934–1942 (2002).

78. Genazzani AR, Gambacciani M: Hormone 
replacement therapy: the perspective for the 
21st Century. Maturitas 32, 11–17 (1999).

79. Wenger NK, Speroff L, Packard B: 
Cardiovascular Health and Disease in 
Women. N. Engl. J. Med. 329, 247–256 
(1993).

80. Leys D: Ischemic strokes in young adults. 
Rev. Med. Intern. 24(9), 585–593 (2003).

81. Littleton-Kearney MT, Klaus JA, Hurn PD: 
Effects of combined oral conjugated 
estrogens and medroxyprogesterone acetate 
on brain infarction size after experimental 
stroke in rat. J. Cereb. Blood Flow Metab. 
25(4), 421–426 (2005).

82. Viscoli CM, Brass LM, Kernan WN, 
Sarrel PM, Suissa S, Horwitz RI: Estrogen 
replacement after ischemic stroke: report of 
the Women’s Estrogen for Stroke Trial 
(WEST). N. Engl. J. Med. 345, 1243–1249 
(2001).

83. Falkeborn M, Persson I, Terènt A, 
Adami H-O, Lithell H, Bergström R: 
Hormone replacement therapy and the risk 
of stroke. Follow-up of a population-based 
cohort in Sweden. Arch. Intern. Med. 153, 
1201–1209 (1993).

84. Wassertheil-Smoller S, Hendrix SL, 
Limacher M et al.: Effect of estrogen plus 
progestin on stroke in postmenopausal 
women. The Women’s Health Initiative: a 
randomized trial. JAMA 289, 2673–2684 
(2003).
709future science groupfuture science group www.futuremedicine.com



REVIEW – Billeci, Caso, Paciaroni, Palmerini & Agnelli 
85. Gray LJ, Bath PMW: The effect of hormone 
replacement therapy on stroke risk, type and 
outcome: a systematic review of data from 
randomised controlled trials. Cerebrovasc. 
Dis. 17(Suppl. 5), 18 (2004).

•• Systematic review where HRT was 
associated with an increase in stroke risk. 
This HRT-associated stroke risk was 
confined to ischemic stroke, while 
hemorrhagic stroke was not observed.

86. Grady D, Rubin SM, Petitti DB et al.: 
Hormone therapy to prevent disease and 
prolong life in postmenopausal women. 
Ann. Intern. Med. 117, 1016–1037 (1992).

87. Grodstein F, Stampfer M: The epidemiology 
of coronary heart disease and estrogen 
replacement in postmenopausal women. 
Prog. Cardiovasc. Dis. 38, 199–210 (1995).

88. Upmark E: Life and death without ovaries. 
Acta Med. Scand. 172, 129–135 (1962).

89. Wilson PWF, Garrison RJ, Castelli WP: 
Postmenopausal estrogen use, cigarette 
smoking, and cardiovascular morbidity in 
women over 50. The Framingham Study. 
N. Engl. J. Med. 313, 1038–1043 (1985).

90. Byrd BF Jr, Burch JC, Vaughn WK: The 
effects of long-term estrogen support after 
hysterectomy. A report of 1016 cases. Ann. 
Surg. 185, 574–580 (1977).

91. MacMahon B: Cardiovascular disease and 
non-contraceptive oestrogen therapy. 
In: Coronary Heart Disease in Young Women. 
Oliver MF (Ed.). Churchill Livinstone, NY, 
USA 197–207 (1978).

92. Hunt K, Vessey M, McPherson K: Mortality 
in a cohort of long-term users of hormone 
replacement therapy: an updated analysis. Br. 
J. Obstet. Gynaecol. 97, 1080–1086 (1990).

93. Schairer C, Adami H-O, Hoover R, 
Persson I: Cause-specific mortality in women 
receiving hormone replacement therapy. 
Epidemiology 859, 6566–6569 (1997).

94. Grodstein F, Manson JE, Colditz GA, Willett 
WC, Speizer FE, Stampfer MJ: A prospective, 
observational study of postmenopausal 
hormone therapy and primary prevention of 
cardiovascular disease. Ann. Intern. Med. 133, 
933–941 (2000).

95. Li C, Engström G, Hedblad B, Berglund G, 
Janzon L: Risk of stroke and hormone 
replacement therapy. a prospective cohort 
study. Maturitas 54, 11–18 (2006).

96. Yaffe K, Sawaya G, Lieberburg I, Grady D: 
Estrogen therapy in postmenopausal 
women: effects on cognitive function 
and dementia. JAMA 279, 688–695 
(1998).

97. Nelson HD, Humphrey LL, Nygren P, 
Teutsch SM, Allan JD: Postmenopausal 
hormone replacement: scientific review. 
JAMA 288, 872–881 (2002).

98. Kawas C, Resnick S, Morrison A et al.: 
A prospective study of estrogen replacement 
therapy and the risk of developing 
Alzheimer’s disease: the Baltimore 
Longitudinal Study of Aging. Neurology 48, 
1517–1521 (1997).

99. Tang M-X, Jacobs D, Stern Y et al.: Effect of 
oestrogen during menopause on risk and age 
at onset of Alzheimer’s disease. Lancet 348, 
429–432 (1996).

100. 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 
288, 2123–2129 (2002).

101. Hogervorst E, Williams J, Budge M, 
Riedel W, Jolles J: The nature of the effect 
of female gonadal hormone replacement 
therapy on cognitive function in 
postmenopausal women: a meta-analysis. 
Neuroscience 101, 485–512 (2000).

102. Low LF, Anstey KJ: Hormone replacement 
therapy and cognitive performance in 
postmenopausal women – a review by 
cognitive domain. Neurosci. Biobehav. Rev. 
30(1), 66–84 (2006).

103. Shumaker S, 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 291, 2947–2958 (2004).

104. Simon JA, Hsia J, Cauley JA et al.: 
Postmenopausal hormone therapy and risk 
of stroke. The Heart and 
Estrogen–Progestin Replacement Study 
(HERS). Circulation 103, 638–642 (2001).

105. Viscoli CM, Brass LM, Kernan WN, 
Sarrel PM, Suissa S, Horwitz RI: Estrogen 
therapy and risk of cognitive decline: results 
from the Women’s Estrogen for Stroke Trial 
(WEST). Am. J. Obstet. Gynecol. 192(2), 
387–393 (2005).

106. Mosca L, Banka CL, Benjamin EJ et al.; for 
the Expert Panel/Writing Group: Evidence-
based guidelines for cardiovascular disease 
prevention in women. J. Am. Coll. Cardiol. 
49(11), 1230–1250 (2007).

•• Latest guidelines of the American College 
of Cardiology, where it is stated that HRT 
should not be initiated to prevent vascular 
disease in postmenopausal women.

107. LeBlanc ES, Janowsky J, Chan BK, 
Nelson HD: Hormone replacement therapy 
and cognition: systemic review and meta-
analysis. JAMA 285, 1489–1499 (2001).

108. Grady D, Yaffe K, Kristof M, Lin F, 
Richards C, Barrett-Connor E: Effect of 
postmenopausal hormone therapy on 
cognition function: the Heart and 
Estrogen/Progestin Replacement Study. Am. 
J. Med. 113, 543–548 (2002).

109. Espeland MA, Rapp SR, Shumaker SA 
et al.; WHIMS Investigators: Conjugated 
equine estrogens and global cognitive 
function in postmenopausal women: 
Women’s Health Initiative Memory Study. 
JAMA 291, 2959–2968 (2004).

110. Petersen RC, Doody R, Kurz A et al.: 
Current concepts in mild cognitive 
impairment. Arch. Neurol. 58, 1985–1992 
(2001).

111. Hogervorst E, Yaffe K, Richards M, 
Hupper F: Hormone replacement therapy 
for cognitive function in postmenopausal 
women. Cochrane Database Syst. Rev. 
CD003122 (2002).

112. Klein KP: Women’s cognitive health: 
postmenopausal dementia and the Women’s 
Health Initiative Memory Study. Womens 
Health Issues 143(3), 71–74 (2004).

113. Iadecola C, Gorelick PB: Converging 
pathogenic mechanism in vascular and 
neurodegenerative dementia. Stroke 34, 
335–337 (2003).

114. Vickers MR, Martin J, Meade TW; 
WISDOM study team: The Women’s 
International Study of Long-Duration 
Oestrogen after Menopause (WISDOM): a 
randomized controlled trial. BMC Womens 
Health 7, 2 (2007).

115. Vickers MR, MacLennan AH, Lawton B 
et al.; for the WISDOM team: Main 
morbidities recorded in the women’s 
international study of long duration 
oestrogen after menopause (WISDOM): a 
randomised controlled trial of hormone 
replacement therapy in postmenopausal 
women. Br. Med. J. 335, 239 (2007).

116. Harmon S, Brinton E, Cedars M et al.: 
KEEPS: the Kronos Early Estrogen 
Prevention Study. Climateric 8, 3–12 
(2005).
710 Women's Health (2007)  3(6) future science groupfuture science group


