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Alzheimer’s disease (AD) is a degenerative brain disease that impairs memory, thinking, and behavior and interferes with usual daily activities. Although memory loss is usually the first sign of the disorder, as the disease progresses, higher cognitive functions decline, resulting in language deterioration and difficulties doing even simple tasks. Eventually patients may come to depend totally on caregivers. These symptoms are associated with severe neuropathological changes including neurofibrillary tangles and neuritic plaques, deficiencies in acetylcholine and other neurotransmitters and brain cell death.1,2 
    Today AD affects 4.5 million Americans and claims more than 100,000 lives annually. With no cure or prevention, the number of AD patients will increase to 14 million by the middle of the next century. Only two drugs are approved by the Food and Drug Administration for treatment of AD: tacrine (Cognex®) and donepezil (Aricept®). These centrally active cholinesterase inhibitors may improve cognitive symptoms in some AD patients. However, benefits are modest.

     More women than men have AD. The age-specific prevalence of AD is 1.5 to three times greater for women than men.3 Although AD can appear in middle age, symptoms more often occur after age 65. The prevalence then doubles approximately every five years, resulting in nearly 50% of all persons over 85 years being afflicted.3,4 Because women also tend to live longer than men, the burden of AD falls particularly hard on women.

    Accumulating evidence suggests that, for women, estrogen replacement therapy (ERT) may be beneficial in both treating and preventing this disease.

Estrogen in the Treatment
Of Alzheimer’s Disease

   Ten intervention trials have evaluated the efficacy of estrogen for treating women with AD.5-14 In each case of these trials, the number of subjects was small, outcome measures were generally restricted
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	Table 1. Studies of Estrogen Replacement Therapy in the Treatment of Alzheimer’s Disease.

Author

Date

Drug Dose

Duration

No. of

Subjects

No.

Improved

MMSEa
HDSb
Fillit5
1986

2 mg Estrace

6 weeks

7

3

Weiss6
1987

1 mg estradiol / nalmefene

4 weeks

5

0

Honjo7
1989

1.25 mg Premarin Untreated

6 weeks

7

7

6

0

Honjo8
1993

1.25 mg Premarin Placebo

3 weeks

7

7

7

18.0 to 21.5

17.5 to 18.0

17.3 to 20.7

13.4 to 13.3

Ohkura9
1994

1.25 mg Premarin Untreated

6 weeks

15

15

11

11.6 to 13.8

11.3 to 11.0

8.6 to 11.6

8.0 to 8.3

Ohkura10
1994

0.625 mg Premarin Untreated

5 months

10

10

18.8 to 20.5

18.0 to 15.2

18.0 to 20.7

17.8 to 15.3

Honjo11
1995

1.25 mg Premarin + 2.5 mg MPA (weeks 4-7)

7 weeks

13

↑in 3rd week

↓in 6th week

Ohkura12
1995

1.25/0.625 mg Premarin + 5 mg MPA (days 10-21)

5-45 months

7

4

4

0 on MPA

Asthana13
1996

Transdermal estrogen Placebo

8 weeks

5

5

Birge14
1997

0.625 mg Premarin + 5 mg MPA for 13 days every 3 months Placebo
9 months

10

10

8

0

Table 2. Effects of Various Routes of Administration and Formulations of Estrogen on Alzheimer’s Disease Risk.

No. of cases

No. of controls

Relative risk

95% confidence interval

From Brenner et al16
  No estrogen

55

62

1.0

-

  Oral conjugated estrogen

24

33

0.7

0.3-1.4

  Other oral estrogen

2

1

2.3

0.2-30.9

  Vaginal conjugated estrogen

17

16

1.4

0.7-3.1

  Other vaginal estrogen

27

34

0.9

0.5-1.6

From Paganini-Hill and Henderson

  No estrogen

150

615

1.00

-

  Oral estrogen only

60

343

0.70

0.50-0.98

  Oral plus injection and/or cream

21

139

0.59

0.35-0.98

  Injection and/or cream only

11

88

0.48

0.24-0.94



	to brief cognitive screening tests, and duration of treatment was often short (Table 1). Only three studies were double-blind, placebo-controlled trials.8,13,14  However, in all but one study,6 some women treated with estrogen showed improved test scores. Women with mild or moderate dementia exhibited greater improvement than those severely demented. When measured, the AD symptoms that improved with ERT appeared to cover a broad 


	spectrum of tasks. Improvement occurred in memory, attention, orientation in time and space, calculation, mood, social interaction, and daily activities. The effect was lost after treatment ceased.

  In the majority of these trials, the estrogen given was conjugated equine estrogen (Premarin®). However, Estrace,® estradiol, and Transdermal estrogen were also beneficial.

  Although these small treatment studies showed a beneficial




	effect of estrogen, the lack of randomization or blinding in most trials tempers a decision that estrogen is efficacious for cognitive symptoms of AD.

Estrogen in the Prevention
of Alzheimer’s Disease
  An agent that is an effective treatment for women with an illness will not necessarily reduce risk in a symptom-free woman. However, as well as altering the clinical course of AD after symptom onset in some women, estrogen may diminish AD risk.

  Paganini-Hill and Henderson were the first to report a significantly reduced AD risk among women who had used ERT.15 In a study of elderly women (the Leisure World Cohort Study), ERT decreased AD risk by 30%. Since this report, eight of nine subsequent studies reported significantly lower AD risk among estrogen users 16-24 (Fig.1). Among these studies, all but one estimated the relative risk of AD to be at least 45% lower


	among ERT users than among nonusers. Study design, however, limits interpretation of some of these studies. The strongest support for the estrogen hypothesis comes from longitudinal studies of women initially free from the disease. Four research teams have provided complete reports on AD risk when information on ERT was collected prospectively before the presumptive onset of dementia symptoms.15,16,22,24,25 Although one study16 of Seattle health maintenance organization members failed to confirm an association with ever using estrogen (odds ratio =1.1), three others found AD risk reduced by 35% (Leisure World Study25), nearly 50% (Manhattan cohort22) and 60% (Baltimore Longitudinal Study of Aging24).

Dose-Response Effect

  Findings of a dose-response relationship would strengthen the argument for a causal relationship between ERT and reduced AD risk. Although data on dose response are sparse, the Leisure World Cohort Study found a significant trend of decreasing risk with increasing dose of the oral conjugated equine estrogen used for the longest time25 (Fig.2). The risk was 0.78 for women who used low-dose estrogen (<= 0.625 mg) and 0.54 for high-dose estrogen (>= 1.25 mg) compared with nonusers. The risk also deceased significantly with increasing years of ERT: 0.83 for <= three years, 0.50 for four to 14 years, 0.44 for >= 15 years (Fig.3). The Manhattar cohort22 also found a significant trend of decreasing risk with increasing duration. Women who had taken estrogen for one year or less (average four months) had an AD risk of 0.47; women who had taken estrogen for more than one year (average 13.6 years) had a risk of 0.13. However, the smaller Baltimore Longitudinal Study of Aging found no duration effect.24
Effect of Formulation and Route of Administration

  Minimal information relates formulation of estrogen or route of administration to AD risk (Table 2). Brenner and colleagues




	classified estrogen users by route and formulation into oral conjugated estrogen users, other oral estrogen (diethylstilbestrol and ethinyl estradiol) users, vaginal conjugated estrogen users, and other vaginal estrogen (dienestrol) users. No odds ratio among women using these formulations and routes of administration was statistically significant. The confidence intervals were wide and overlapped considerably. However, among oral conjugated estrogen users the AD risk was reduced by 30% (odds ratio = 0.7, 95% confidence interval, 0.3 to 1.4). In the Leisure World Cohort Study all administration routes (oral, oral plus injection and/or cream, and injection/cream only) showed reduced risks.25 Estrogen users in the Manhattan cohort included only oral users.22 In the Baltimore Longitudinal Study of Aging, both oral and Transdermal estrogen users were considered; but separate risk estimates were not given.24
Effect of Estrogen on the Brain

   The effects of estrogen on AD are biologically plausible. In the adult nervous system, sex steroids play an important role in the dynamic process of formation and remodeling of neuronal circuits and in neurotransmitter activity (Table 3). Studies in experimental animals and culture systems have established a role for estrogen in the preservation and growth of neuronal elements that may be analogous to regions of the brain affected by the neurodegenerative changes of AD. In addition, behavioral studies of estrogen effects on learning and memory in animals are consistent with the hormone-dependent neuronal changes.

Summary

  The burden of AD falls particularly hard on women. Considerable evidence suggests that estrogen might be beneficial in both the treatment and prevention of this disease in postmenopausal women. The epidemiological data show a strong association of about a 50% risk reduction among estrogen users. The findings of a dose/duration effect of decreasing risk with increasing dose/duration suggest a casual relation. In clinical trials, although they have been small and generally not randomized, estrogen appears to improve several AD symptoms in some women. However, little information is available to determine the optimum formulation or administration route of the estrogen compound. Larger treatment trials in affected women and prospective, randomized trials in older nondemented women are needed to confirm initial findings that estrogen is an efficacious treatment for and a prevention strategy against AD. With the limited choices available for the treatment and prevention of AD, the possible benefit of ERT in this disorder should be weighed with the established risk and benefits of this therapy.
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	Table 3. Effects of Estrogen on the brain

· Increases dendritic spine formation

· Promotes synapse formation

· Modulates nerve growth factor activity

· Influences several neurotransmitter systems including the acetylcholine system

· Acts as anti-oxidant – May blunt B-amyloid neurotoxicity and damaging effects of free radicals

· Acts as anti-inflammatory – may moderate inflammatory processes of neuritic plaque formation

· Increases brain levels of apolipoprotein E

· Promotes the breakdown of amyloid precursor protein so less B-amyloid forms

· Enhances cerebral blood flow

· Augments cerebral glucose uptake and metabolism

· Reduces the deleterious gluocorticoid elevations induced by stress
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