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1. Menopausal ERT appears to help preserve certain cognitive skills immediately after
induced menopause [B] and during normal aging [C].

2. Estrogen therapy begun after menopause may reduce risk of Alzheimer’s disease
[C]. In contrast, limited data from RCTs indicate that estrogen alone begun after 
the onset of dementia does not seem to improve Alzheimer symptoms [B].

3. In observational studies, ERT does not modify stroke risk in older healthy 
women [C].

4. For many neurologic disorders (epilepsy, migraine, multiple sclerosis, and
Parkinson’s disease), observational study findings do not indicate an overall 
positive or negative impact of menopause or HRT on neurologic symptoms or 
disability [C]. Some sleep disturbances that occur during the climacteric may 
benefit from ERT [C].

5. Hormonal changes associated with menopause have shown little direct impact on mood [C]. Although 
clinical implications are uncertain, limited data suggest a beneficial effect of estrogen on mood [B].

6. There is little evidence that HRT alters risk for age-related maculopathy, cataract, or dry eye [C].

7. Few clinical characteristics or diagnostic procedures identify subgroups of women particularly likely to 
benefit from HRT for the prevention or treatment of disorders of neurologic function, mental health, or the
eye [D]. Despite a strong biologic rationale, clinical data are sparse. Thus, recommendations regarding 
HRT to prevent or ameliorate those disorders are limited. Well-characterized benefits and risks of HRT for
other organ systems override considerations of potential benefit for the brain and eye [D].
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1. INTRODUCTION

Menopause is associated with sharp declines in
concentrations of circulating estrogen and other
alterations in the hormonal milieu.1 The hormonal
changes affect a variety of reproductive and nonre-
productive tissues, including the CNS eye; HRT
with estrogen or other sex steroids may influence
brain and eye functions (table 12–1).2

In the brain and eye,3,4 as in
other target organ systems,
estrogen interacts with specif-
ic intranuclear receptors to
regulate protein synthesis.
Within the CNS system, indi-

vidual neurons can express ERα, the ERβ, neither
receptor, or occasionally both receptor types. (See
ch. 5.)3 Androgen and PRs are found in popula-
tions of neurons. Within the brain, some estrogen
actions occur within a matter of seconds or min-
utes, too rapidly to involve genomic activation.
Those rapid estrogen effects are believed to
involve receptors located in the cell membrane.5

Finally, estrogen can influence brain and eye func-
tions indirectly, through effects on nonneural and
nonocular tissues, including the vasculature and
the immune system.

Despite a strong biologic rationale, there is no
strong evidence based on consistent findings from
well-designed RCTs, controlled trials regarding the
clinical importance of HRT for the central nervous
system and the eye. Relevant preclinical and clini-
cal data are beginning to emerge for several disor-
ders. In some areas, a developing consensus may
help guide clinical decisions on prevention and
treatment.

Age-associated cognitive decline is considered in
this chapter, as are dementia, stroke, epilepsy,
migraine, multiple sclerosis, Parkinson’s disease,
and sleep disorders. With regard to mental health,
there are data on mood and schizophrenia. Eye dis-
orders of interest include age-related maculopathy,
cataract, and dry eye.

2. AGE-ASSOCIATED COGNITIVE
DECLINE AND NEUROLOGIC DISORDERS

Clinical data exist for age-associated cognitive
decline in healthy women and for a number of
neurologic conditions. Some topics have been
reviewed.6

2.1 Age-Associated Cognitive Decline

Memory and other cognitive abilities change over
time during adult life. Changes that represent usual
or normal accompaniments of aging are not viewed
as pathologic. Modest cognitive decrements initially
detectable in middle age are accentuated at elderly
age. In general, cognitive tasks that depend on 
previously learned knowledge are more resistant 
to decline than tasks involving new information 
or requiring the manipulation of old information.

2.1.1 Effects of Estrogen

Considerable data indicate that sex hormones 
measurably influence brain functioning throughout
life. Higher cognitive scores in childhood are 
associated with a later age at menopause.7 There 
is little evidence that menopause per se initiates
cognitive deterioration.

As inferred from in vitro and animal studies, 
estrogen has the potential to modulate cognitive
processes.6 Within the brain, estrogen affects a
number of neurotransmitter systems, including
cholinergic, noradrenergic, serotoninergic, and
dopaminergic pathways,6 which are involved in
aspects of memory and attention. In ovariec-
tomized rodents, estrogen improves memory 
performance on a variety of behavioral tasks.8–10

Estrogen interacts with NGF and other neuro-
trophins,11 promotes the growth of nerve
processes,12,13 and enhances synaptic plasticity.14

Estrogen protects neurons from a variety of
endogenous and exogenous insults.15,16 In animal
studies, estrogen augments glucose transport into
the brain and increases cerebral metabolism.17,18

In human studies, estrogen influences the pattern
of brain activation during the performance of cog-
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nitive tasks, as inferred from measures of cerebral
blood flow.19–21 Chronic estrogen use is associated
with greater increases in relative blood flow in
regions of the temporal lobe.22 As described below,
effects of estrogen on cognitive abilities of healthy
adult women have been studied in various clinical
settings; the findings have been inconsistent but
often positive.

Primary prevention: The possibility that estrogen
might help preserve cognitive function during nor-
mal aging has been examined in observational
studies.23 Serum estrogen concentration in post-
menopausal women does not appear to be closely
related to cognitive skills,24 although one study
reported a positive relationship between levels of
bioavailable estradiol and verbal memory but an

TABLE 12–1

Estrogen Actions Potentially Germane to Disorders of the Brain and Eye*

Effects on neurotransmitter systems

Acetylcholine

Noradrenaline

Serotonin

Dopamine

Others  

Neurotrophic actions

Interactions with neurotrophins

Neurite extension

Synapse formation and synaptic plasticity  

Protective actions

Augmentation of blood flow

Enhancement of glucose transport into the brain

Protection against apoptosis

Antioxidant properties

Anti-inflammatory properties  

Effects on proteins involved in Alzheimer's disease

Apolipoprotein E

Amyloid precursor protein  

Effects on ocular tissues 

Effects on light transmission through the crystalline lens  

* Modified from Henderson VW, 1997.2
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inverse relation with nonverbal memory.25 Healthy,
community-dwelling older women who use ERT,
with or without a progestin, appear to perform bet-
ter on cognitive tasks.26,27 In one well-characterized,
longitudinally assessed American cohort, post-
menopausal women receiving estrogen performed
significantly better on measures of nonverbal and
verbal learning and memory than menopausal
women who had never used estrogen.28,29 In other
American cohorts estrogen users scored better on
specific tests of verbal memory, naming, and
abstract reasoning30 or on cognitive screening
tasks.31,32 In Austria, a population-based study
found that postmenopausal women currently using
estrogen performed better than nonusers on several
psychometric measures; the greatest differences
were seen in complex problem-solving tasks and
psychomotor speed.33 In a Dutch patient registry,
women receiving HRT performed significantly bet-
ter on a composite measure of psychomotor speed
but did not differ significantly from nonusers on
measures of memory or cognitive flexibility.34

Analyses in two large American cohorts, did not
show appreciable differences in a variety of cogni-

tive measures between users and
nonusers of postmenopausal
estrogen.35,36 Longitudinal
observations imply that estro-
gen may help preserve cogni-
tive30 or functional37 abilities,
although current estrogen use
failed to protect against cogni-
tive decline on a brief psycho-
metric instrument in another
observational study.31

Treatment of symptoms: Several randomized,
controlled clinical trials have examined cognitive
effects of estrogen after natural or surgical
menopause. Treatment was up to 3 months in dura-
tion. Women given estrogen outperformed women
given placebo on a variety of psychometric mea-
sures.38,39 On long-term memory tasks, improve-
ment was more apparent when verbal, as opposed

to nonverbal, memory was assessed.38–40 Verbal
memory enhancement was also described in a
placebo-controlled study of younger women whose
ovarian function had been suppressed with a
GnRH agonist before “add-back” treatment with
estrogen.41 Positive findings generally occurred in
acute studies of relatively younger women after
ovarian function was abruptly suppressed;38,39,41 few
clinical trials considered ERT initiated at a later
point after natural menopause. In contrast to these
generally positive findings, a randomized,
placebo-controlled trial of estrogen in 62 women
who had previously undergone hysterectomy, con-
ducted by Finnish investigators, detected no bene-
fit of estrogen on measures of psychomotor speed,
attention, working memory, or visual memory.42

2.1.2 Recommendations for Age-Associated
Cognitive Decline

Recommendations for the primary prevention of
age-associated cognitive decline and for the
improvement of cognitive skills in otherwise
healthy women are derived primarily from incon-
sistent findings of observational studies and uncon-
trolled trials and from a limited number of
short-term RCTs. In observational studies, women
who choose to use estrogen differ in a number of
ways from women who do not,43 and positive find-
ings in such studies may reflect unrecognized bias
or confounding.44 Evidence that estrogen use after
menopause is associated with better cognitive
skills remains weak. The evidence is somewhat
better in short-term studies of younger women
with induced menopause. On the basis of available
information, the desire to protect against age-asso-
ciated cognitive decline should not generally affect
decisions about whether to use ERT, except possi-
bly in women undergoing surgical menopause.

2.2 Dementia

Dementia represents a decline in memory and
other cognitive abilities severe enough to have a
deleterious effect on daily function. In many
regions, Alzheimer’s disease is the commonest
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cause of dementia;45 whether its occurrence or pro-
gression is affected by estrogen has been of
research interest. Very few data directly address
whether estrogen might influence dementia due to
disorders other than Alzheimer’s disease. 

2.2.1 Alzheimer’s Disease

As an age-associated disorder, Alzheimer’s disease
rarely appears before menopause, but its preva-
lence increases exponentially between the 6th and
10th decades of life.46 During the first half of the
21st century, it is expected that current trends of an
increasing proportion of elderly people in the pop-
ulation will continue for both developed and devel-
oping countries, and that the burden of
Alzheimer’s disease will expand accordingly.
Alzheimer’s disease is 1.5 to 3 times more com-
mon among women than men,46 in part because of
sex differences in longevity.

Alzheimer’s disease is a progressive neurodegener-
ative disorder characterized by the insidious onset
of memory loss and other cognitive symptoms that
relentlessly worsen over a period of years.
Pathologic features include intracellular neurofib-
rillary tangles and extracellular neuritic plaques.
The latter are associated with inflammatory pro-
teins and typically contain a central core composed
of β-amyloid. There is evidence that oxidative
damage contributes to Alzheimer pathology.

Both genetic and nongenetic factors are implicated
in Alzheimer pathogenesis. Autosomal dominant
mutations are important causes of early-onset, but
not late-onset, illness. For the common, late-onset
form of Alzheimer’s disease, several genes may
modify susceptibility. The best-recognized suscep-
tibility gene encodes the lipid transport protein
apolipoprotein E, which is involved in neuronal
repair processes. Increased Alzheimer susceptibili-
ty is conferred by the apolipoprotein E ε4 allele,47

which is associated with reduced neuronal sprout-
ing compared with the more common ε3 allele.48

Sex appears to modify risk: the ε4 allele increases
risk more for women than men.49,50

Of theoretical benefit in Alzheimer’s disease are
neurotrophic and neuroprotective effects of estro-
gen, as well as effects on cholinergic and other
neurotransmitter systems. In the laboratory, protec-
tive effects against programmed neuronal death
(apoptosis),51 inflammation,52 and
oxidative damage15,16 appear par-
ticularly relevant to Alzheimer
pathogenesis. Finally, estrogen
increases the expression of
apolipoprotein E within select
brain regions53 and inhibits the
formation of β-amyloid from its
precursor protein.54 For these rea-
sons, investigators have inquired
whether ERT might have roles in
preventing or treating
Alzheimer’s disease.

Primary Prevention: In the early 1990s, cross-sec-
tional analyses compared current estrogen use in
women with Alzheimer’s disease and women in the
same age group without dementia.55–57 Although
subject to important bias, results implied that ERT
may reduce Alzheimer risk. Several earlier case-
control studies had failed to document a link
between estrogen use and Alzheimer risk, but since
1994 nine additional studies have assessed the rela-
tion between ERT and Alzheimer’s disease.57–66

Most analyses were based on data for estrogen use
collected prior to the onset of dementia symp-
toms,56–61,63,64 and most, but not all,59 found an associ-
ation between the use of estrogen after menopause
and protection against Alzheimer’s disease. In these
case-control and cohort studies, estimates of total
reduction in RR are about 50 percent.60 Estrogen
effects were reported for women with and without
the ε4 allele of apolipoprotein E.61

If ERT reduces Alzheimer risk, it might be expect-
ed that greater estrogen exposure would be associ-
ated with greater risk reduction. Several studies of
estrogen exposure assessed by dosage or duration
of use support that contention. In the Leisure
World Study, risk estimates for Alzheimer’s dis-
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ease decreased significantly with increasing dose
of the longest used oral estrogen preparation.60

Significant associations between the duration of
estrogen use and the degree of risk reduction were
found in analyses from Leisure World,60 New York
City,61 and Rochester, MN.66 However, in a longitu-
dinally followed cohort in Baltimore, MD, there
was no significant link between duration of use
and the magnitude of risk reduction.63 No data
address whether there may be a critical period dur-
ing which ERT exerts its putative beneficial effects
(e.g., the early menopausal period versus the seni-
um). There are no clinical studies on possible ben-
eficial or deleterious effects of dietary estrogens on
Alzheimer risk in women, although one study
reported a link between higher midlife consump-
tion of tofu, a rich source of isoflavone phytoestro-
gens, and poor cognitive test performance in men.67

Treatment of Symptoms: Cholinergic systems of
the brain are markedly impaired by pathologic
changes of Alzheimer’s disease, and medications
that increase cholinergic activity by inhibiting the
breakdown of acetylcholine are of modest bene-
fit.68–70 Antioxidants may slow disease progression
(e.g., vitamin E)71 or modestly improve symptoms
(e.g., gingko biloba).72 In observational studies of
women with Alzheimer’s disease, HRT is associat-
ed with milder cognitive deficits,73,74 although most
estrogen use is of long-standing duration. Results
from relatively short-term randomized clinical trials
of estrogen use are less supportive. Positive results
in a 3-week study of conjugated estrogens in 14
women with Alzheimer’s disease75 and suggestive

results in an 8-week study of
transdermal estradiol in 12
women76 are offset by decidedly
negative findings in two larger
trials of conjugated estrogens.
One randomized trial in 

42 menopausal women with mild to moderate
Alzheimer’s dementia showed no difference
between the estrogen and the placebo group after
16 weeks on the primary cognitive outcome mea-

sure or on secondary measures of global change
and functional status.77 Women with mild to mod-
erate Alzheimer symptoms who had undergone
hysterectomy were randomized in a second trial to
one of two treatment arms using different estrogen
dosages (N = 42 and 39) or to placebo (N = 39).
At 12 months, there was no benefit of estrogen on
measures of global change, cognition, or func-
tion.78 Preliminary observational analysis of con-
comitant estrogen use in a large, multicenter trial
of tacrine raises the possibility that estrogen given
in combination with a cholinergic drug may be
useful; greatest improvement was observed in the
subgroup taking ERT at the time of initial random-
ization to tacrine.79

2.2.2 Vascular Dementia

Another common cause of dementia is ischemic
vascular disease of the brain, particularly multiple
strokes, that is, multi-infarct dementia.45 In some
Asian countries, the prevalence of vascular demen-
tia may exceed that of Alzheimer’s disease.80

Symptoms of multi-infarct dementia often begin
abruptly, and cognitive decline may occur in a
stepwise manner. Neurologic examination typically
finds signs of focal brain damage, and radiologic
studies, such as MRI usually confirm cerebral
infarction. Neuroprotective effects of estrogen
could be important. In experimental models of
acute cerebral ischemia, estrogen reduces ischemic
damage.81–83 In one observational study, women
with vascular dementia were less likely than
healthy women to use HRT.57 Stroke incidence,
however, is not closely associated with the use of
HRT (see below), and there is no defined role for
menopausal estrogen in women with vascular
dementia.

2.2.3 Recommendations for Dementia

Evidence from an increasing number of case-con-
trol and cohort studies provides substantial—but
not compelling—evidence that use of estrogen
after menopause reduces women’s risk for
Alzheimer’s disease. A woman at high risk for
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Alzheimer’s disease from, for example, genetic
predisposition or a strong family history in first-
degree relatives, may wish to consider ERT if
other potential benefits of treatment are not exceed-
ed by well-recognized potential risks. Decisions
concerning estrogen dosage, timing, and treatment
duration should be guided by other medical con-
siderations; the literature on Alzheimer’s disease
allows no consistent guidance. On the basis of data
from a small number of RCTs,77,78 estrogen
monotherapy is not useful for the treatment of
dementia in women diagnosed with Alzheimer’s
disease. Short-term side effects, including venous
thrombosis,75 breast tenderness, and withdrawal
bleeding, are particularly worrisome in that popu-
lation. Few data address estrogen effects in forms
of dementia other than Alzheimer’s disease.

2.3 Other Neurologic Disorders

2.3.1 Stroke

Stroke refers to brain disease caused by ischemic
or hemorrhagic abnormalities in the vascular supply
to the brain. (See ch. 8, sec. 7.) The incidence of
stroke varies widely from country to country.84 Its
incidence rises dramatically with age, and world-
wide, stroke is the second leading cause of death.85

In the Framingham Study in the United States,
rates for ischemic stroke are lower in women than
men.84 Atherosclerosis in arteries that supply blood
to the brain predisposes to cerebral infarction.86

Estrogen may reduce these atherosclerotic
changes, perhaps due to favorable effects on the
serum lipid profile and vascular endothelial func-
tion. (See ch. 8, sec. 3.2 and sec. 4.1.1).87,88

Estrogen increases cerebral blood flow in humans.89

In rats, estrogen reduces the extent of brain damage
caused by acute infarction.81–83

In a number of observational studies, HRT is asso-
ciated with reductions in risk for stroke death of
20–60 percent.90 However, even in analyses
restricted to ischemic stroke, HRT does not appear
to reduce stroke incidence.91,92 This conclusion is
supported by secondary analyses in a large clinical

trial among postmenopausal women with CHD;
after a mean followup of 4 years, HRT had no
effect on stroke risk.93

Among relatively younger women in the Nurses’
Health Study, current hormone use was associated
with higher risk of ischemic stroke.91 There is good
evidence that treatment of hypertension, the use of
statins after MI, and carotid endarterectomy in
patients with severe stenosis can reduce the risk of
a first ischemic stroke due to atherothrombotic 
disease.94 Because ERT may increase short-term
cardiovascular risk,93 there is a need for caution in
beginning estrogen after recent ischemic stroke.

2.3.2 Epilepsy

Epilepsy is a CNS disorder
characterized by recurrent
seizures. Epilepsy often begins
in early life but can start at any
age. Causes are legion. In rats,
estrogen increases the excitabil-
ity of hippocampal neurons95

and exacerbates epilepsy by lowering the seizure
threshold;96 epileptogenic effects may be opposed
by progesterone.96 In women with so-called cata-
menial epilepsy, seizures tend to recur immediately
preceding or during menstruation and are thought
to be triggered by fluctuations in concentrations of
ovarian hormones.97 Catamenial seizures can occur
during other phases of the menstrual cycle as
well.98 The use of estrogen-containing OCs does
not increase seizure frequency.99 Effects of
menopause on epilepsy have not been well studied.
Based on limited questionnaire data, epileptic
women probably would not experience a change in
seizure frequency or severity with menopause, but
HRT may increase seizure frequency.100,101

2.3.3 Migraine

Migraine is a common disorder characterized by
recurrent attacks of throbbing headache. Pain is
often unilateral and is sometimes preceded by
focal neurologic symptoms and accompanied by
gastrointestinal symptoms. A questionnaire study
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of households selected to be representative of the
U.S. population found migraine prevalence to be
greatest between ages 35 and 45 years and women
to be affected three times as often as men.102

Headache frequency is influenced by the menstrual
cycle and pregnancy. Migraine attacks occur less

often during middle age and
beyond.102,103 Menopause per se has
been reported to have either little
effect104 or a beneficial effect105 on
migraine frequency. For women
undergoing surgical menopause,
migraine symptoms may worsen, and
occasionally migraine first appears
after menopause.105 Effects of ERT
on migraine have not been exten-
sively studied, but estrogen treatment
may reduce headache frequency.106

2.3.4 Multiple Sclerosis

Multiple sclerosis, a chronic immunologic disorder
of the CNS system, affects women more often than
men. Disease incidence is greater among whites
and with increasing latitude in temperate regions
of the northern and southern hemisphere.107

Pathologic changes of multiple sclerosis are medi-
ated by T-cell lymphocytes directed against white
matter antigens. Neurologic symptoms, which
often first appear in early adulthood, depend on the
focal distribution of pathologic changes.
Exacerbations and remissions are common.

Estrogen influences cell-mediated immunity,108 but
the clinical relevance of estrogen to multiple scle-
rosis is not well established. Incidence is not
increased by the use of OC medications.109 Among
women with multiple sclerosis, pregnancy does not
increase long-term disability,110 even though neuro-
logic relapse often occurs during the postpartum
period.111 Some women experience a worsening of
neurologic symptoms immediately prior to or dur-
ing menstruation.112,113 Effects of menopause or
HRT on the neurologic symptoms or long-term
course of multiple sclerosis are unknown.114

2.3.5 Parkinson’s Disease

Parkinson’s disease is a common, progressive 
neurodegenerative disorder of the basal ganglia.
Symptoms include tremor, rigidity, and reduced
movement (bradykinesia). Catecholamine neuro-
transmitters are characteristically reduced in
Parkinson’s disease, and most symptoms are attrib-
uted to the prominent loss of dopamine-containing
neurons in the substantia nigra. Although the sub-
stantia nigra does not appear to contain large num-
bers of ERs in the adult brain,115 estrogen affects
dopamine receptors, the activity of dopaminergic
neurons, and motor behaviors mediated by
dopamine.116–118

There are a few studies of ERT and Parkinson’s
disease. For postmenopausal women with early
Parkinson’s disease, a retrospective chart review
found estrogen use to be associated with milder
Parkinsonian symptoms,119 and results of a small
crossover trial suggested that estrogen may
enhance the response to dopaminergic therapy.120

An American cohort study that compared women
with idiopathic Parkinson’s disease and women
without stroke or dementia found no association
between ERT and a Parkinson diagnosis.121 For
women in the cohort who had dementia as well as
Parkinson’s disease, estrogen use was linked to a
significantly reduced likelihood of dual symptoms.

2.3.6 Sleep Disorders

A common symptom of the climacteric is the hot
flush, characterized by an increase in core body
temperature followed by cutaneous vasodilation,
diaphoresis, tachycardia, and the transient sensa-
tion of heat. Troubled sleeping can be caused by
hot flushes. Thermoregulatory disturbances in part
reflect increased noradrenergic activity,122 probably
at the level of the hypothalamus, which in turn
may be modulated by sex steroids. (See ch. 3, sec.
4.) Data from observational studies suggest that
menopause is associated with increased sleep dis-
turbances.123,124 Nocturnal hot flushes are known to
disrupt normal sleep patterns;125,126 sleep disruption
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is alleviated by estrogen treatment.123,127 In a small
pilot study, ERT ameliorated sleep apnea syndrome
in menopausal women.128

2.3.7 Recommendations for Other 
Neurologic Disorders

Data from observational studies suggest that ERT
does not protect healthy women from the occur-
rence of stroke. For epilepsy, migraine, multiple
sclerosis, and Parkinson’s disease, no compelling
data indicate that ERT after menopause has sub-
stantial effects. Sleep disturbances, particularly
during the climacteric and particularly when asso-
ciated with hot flushes, may improve with ERT,
although evidence from RCTs is lacking.

3. DISORDERS OF MENTAL HEALTH

3.1 Mood

Women of all ages have higher rates of depression
than men.129,130 Geriatric depression is an important
public health concern.131 Hot flushes and other
menopausal symptoms may affect the quality of a
woman’s life.132 The menopausal transition does
not appear to represent a time of heightened vul-
nerability to affective disorders.133

A number of antidepressant drugs increase CNS
levels of noradrenaline and serotonin, suggesting
the importance of monoaminergic neurotransmitter
systems in regulating mood. Estrogen influences
noradrenalin and serotonin. Research findings on
women with premenstrual dysphoric disorder or
with major depression beginning in the postpartum
period point toward the importance of sex hormones.
Several short-term studies indicate that ERT given
during the perimenopausal or menopausal period
can diminish anxiety or enhance mood and subjec-
tive sense of well-being.134–136

Limited data suggest that severe depression in cer-
tain clinical populations is occasionally improved
by ERT. Recent clinical experimental studies of
postpartum depression indicate that reproductive

hormones can be involved in the development of
the disorder137 and that estrogen can be effective in
a major depressive episode with postpartum
onset.138 For women with a major depressive disor-
der, an older randomized, placebo-controlled trial
of high-dosage estrogen showed significant ame-
lioration of affective symptoms.139 Among women
with major depression treated with a selective
SSRI, retrospective analyses do not strongly sug-
gest important additive effects of concomitant
ERT.140,141

Older postmenopausal women who use estrogen
typically report fewer depressive symptoms than
nonusers.142 In RCTs in postmenopausal women
without a diagnosis of depression, ERT has been
reported to reduce scores on measures of depres-
sive symptoms134–136 and to have no effect on
mood.42,43 Apparent beneficial effects of estrogen
on mood may be diminished by the concomitant
administration of a progestin.143

3.2 Schizophrenia

Schizophrenia is a chron-
ic psychotic disorder
characterized by delu-
sions, auditory hallucina-
tions, disorganized
thought processes, affec-
tive blunting, and diffi-
culty in sustaining
goal-directed activity. Frequency does not signifi-
cantly vary according to sex. Symptoms typically
appear in the third decade of life, but onset occurs
on average 3–5 years later for women than
men.144,145 Late-onset schizophrenia is more com-
mon in women,146 although menopause does not
appear to heighten risk.145 Estrogen effects on
dopaminergic or serotonergic systems of the brain
could influence schizophrenic symptoms. Among
ovulating women, a higher serum estrogen 
concentration has been associated with milder 
psychopathology.147 In a small, open-label trial in
women with schizophrenia, estrogen added to 
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standard antipsychotic drugs increased the speed
with which psychotic symptoms improved,
although the difference was not sustained.148

3.3 Recommendations for Mood Disorders 
and Schizophrenia

Possible estrogen effects on schizo-
phrenia are inadequately addressed in
the literature, and estrogen should
probably not be considered as treat-
ment for a major depressive episode or
schizophrenia. There are weak data that
estrogen might be considered for mild
depressive symptoms attributed to hot
flushes, sleep disturbances, or other cli-

macteric symptoms. No data exist whether estro-
gen could be used as adjunct therapy for other
depressive disorders during the menopausal transi-
tion or postmenopausal period.

4. DISORDERS OF THE EYE

Increasing age is often accompanied by visual loss
or blindness, and among older people diminished
visual acuity affects women more often than
men.149 Two of the most important causes of visual
loss in older adults are age-related maculopathy
and cataract. Another common problem among
older adults is dry eye syndrome; symptoms, while
usually not disabling, can be distressing and diffi-
cult to eradicate.

Because clinical data on estrogen and eye disor-
ders are limited, visual considerations should not
influence practice decisions on the use of HRT.

4.1 Age-Related Maculopathy

Maculopathy, which is most severely manifest as
macular degeneration, is characterized by atrophy
and neovascularization of the central portion of the
retina. Age-related maculopathy affects women
somewhat more often than men.150 Although patho-
physiologic mechanisms for the condition are 

unknown, several studies have evaluated possible
effects of reproductive events and exogenous hor-
mone use.

A case-control study from Rotterdam found that
women with early surgical menopause were more
likely to have macular degeneration than those
with late surgical menopause.151 Early spontaneous
menopause was not associated with increased risk.
In a cohort from the Blue Mountains region of
Australia, increasing years from menarche to
menopause, a measure of endogenous estrogen
exposure, was associated with reduced odds of
early changes of age-related maculopathy.150

In a U.S. multicenter case-control study, the use of
HRT was associated with decreased risk for neo-
vascular age-related macular degeneration,152 the
form of macular degeneration most commonly
associated with severe visual loss. In a
population-based cohort in Beaver Dam, WI, there
was an inverse relation of borderline significance
between the number of years of ERT and macu-
lopathy, although there was no association between
ever-use of estrogen and occurrence of maculopa-
thy.153 Analysis of pooled data from Rotterdam,
Blue Mountains, and Beaver Dam failed to con-
firm an association between the use of menopausal
estrogen and age-related macu-
lopathy.150 Similarly, the U.S.
NHANES III found that cur-
rent, but not past, use of HRT
is associated with a lower
prevalence of age-related mac-
ulopathy.154 In an analysis of
data from the Beaver Dam Eye
Study, there was no evidence
of a relationship between HRT
and 5-year incidence of age-
related maculopathy.155

Maculopathy is among the most serious of the eye
disorders, but evidence of estrogen benefit remains
tenuous. No data address effects of HRT once
maculopathy is evident.

Symptoms of 

dry eye improved 

significantly in an

RCT of estrogen

eye drops in 

postmenopausal

women.

Women of all

ages have

higher rates 

of depression

than men.



261

4.2 Cataract

Cataract refers to a loss of transparency within the
crystalline lens of the eye, which interferes with the
transmission of light to the retina. The generic term
encompasses different kinds of opacity, including
opacities located in the nuclear, cortical, and posterior
subcapsular portions of the lens. About 50 percent
of the world’s blind have cataract. Epidemiologic
studies from Australia,156 Asia,157 Europe,158 and
North America159–161 indicate that cataract affects
elderly women more often than elderly men. In
studies that discriminated among types of cataract,
female sex was positively associated with both
nuclear156,161 and cortical160,161 cataracts.

The relation of cataract formation to menopause or
estrogen use has been considered in several obser-
vational epidemiologic studies. Early menopause
was associated with cataract formation in reports
from Beaver Dam and the Nato area of Japan162,163

but not in a report from Blue Mountains.164 In
Beaver Dam, cortical cataract was more prevalent
among older women; premenopausal women in the
sixth decade of life had fewer nuclear cataracts
than perimenopausal or postmenopausal women of
the same age.162 Transmission of light through the
crystalline lens was greater in postmenopausal
women receiving ERT than in women not taking
estrogen or in men of similar age. The prevalence
of cortical cataract was reduced among current
estrogen users in the Blue Mountains Eye 
Study,164 165 as was the severity of nuclear sclerosis
in the Beaver Dam Eye Study.162 Neither study,
however, found an association between cataract
and ever-use of menopausal hormones.162,164 In the
Blue Mountains data, but not Beaver Dam, posteri-
or subcapsular opacity was more prevalent among
older subjects who were current users of estrogen-
progestin replacement therapy.162,164 In the Beaver
Dam Eye Study, there was no evidence of a rela-
tionship between HRT and the 5-year incidence of
any type of age-related cataract.155

Estrogen effect on cataract has not been studied in
randomized controlled studies.

4.3 Dry Eye

Dry eye, or keratoconjunctivitis sicca, is a com-
mon complaint among older adults.166–168 Symptoms
localized to the ocular surface include irritability,
burning, itching, and sensations of
dryness or the presence of a for-
eign body. Visual disturbances
can occur, and severe manifesta-
tions occasionally threaten vision.
Dry eye syndrome is pathogeneti-
cally heterogeneous and is caused
by both decreased tear production
and increased evaporative loss of
the aqueous component of tears.
Dry eye is associated with
Sjögren’s syndrome and other
autoimmune diseases but fre-
quently occurs in the absence of
associated systemic illnesses.

Little evidence links estrogen to dry eye. Women
are more likely to report symptoms of dry eye than
men;167–169 not all studies support the finding.166 In
the Beaver Dam Eye Study, the age-adjusted
prevalence was 11 percent in men and 17 percent in
women.169 Menstrual status, history of hysterectomy,
and use of HRT were not associated with dry eye.169

Gonadal steroids are important in the production of
different tear components. Androgens may be the
most important in the process.170–172 It is hypothe-
sized that the decline in androgen production after
menopause, rather than the menopausal loss of
estrogen, contributes to dry eye symptoms in older
women.170 Symptoms of dry eye improved signifi-
cantly in an RCT of estrogen eye drops in post-
menopausal women.173 Clarification of the roles of
hormones and of potential treatment possibilities
awaits further investigation.

Because clinical

data on estrogen

and eye disorders

are limited, visual

considerations

should not 

influence practice

decisions on the

use of HRT.
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5. FUTURE NEEDS

• Explore the possibility that SERMs may act as
estrogen antagonists in the brain or eye.

• Evaluate in long-term RCTs the potential effects
of HRT on age-associated cognitive decline.

• Evaluate in long-term RCTs the potential effects
of HRT on primary prevention of Alzheimer’s
disease and vascular dementia.

• Evaluate the effectiveness of combination thera-
py with estrogen plus a cholinomimetic drug in
RCTs for women with Alzheimer symptoms.

• Evaluate in RCTs the potential effects of HRT
on primary prevention of Parkinson’s disease
and on symptoms of Parkinson’s disease.

• Determine in RCTs whether estrogen combined
with antidepressants or antipsychotic drugs
might enhance the effects of these medications
in depressive disorders and schizophrenia,
respectively.

• Determine in long-term RCTs whether HRT
might reduce incidence of age-associated macu-
lopathy, cataract, or dry eye.

• If estrogen proves beneficial for disorders of
neurologic function, mental health, or eye, the
timing of therapy and the duration of usage for
optimal benefit have to be resolved.

• If estrogen proves beneficial for disorders of
neurologic function, mental health, or eye, the
possibility that benefit may be altered by a
progestin has to be resolved.
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