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Why do more Women than Men have 
Alzheimer’s disease??

 Women live longer than men?
– In some rural, developing areas, the sex difference in longevity 

is reversed, & AD-sex ratio is also reversed.
– After control for the sex-longevity effect, epid. St. yet still 

showed a sex difference in AD. 

 The mortality rate of AD in NH
– men 54% : women 33%

 Men get more VaD?
– masking early AD sx.

 Low level of education?
 Hormones?

– Testosterone & Estrogen
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성호르몬?

 정말 성호르몬이 맞는가?
– 남녀 모두에게 존재

– 생식기에만 작용하나?

– 난소나 고환에서만 생성되나?
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E2 & TT in different cognitive domains 
in the healthy elderly 

 Psychoneuroendocrinology. 2004

 Methods
– 145 non-demented elderly volunteers 

– aged 61-91 years



5

남녀 인지기능 하부영역 차이

n=66

n=79

Hogervorst E. Psychoneuroendo 2004
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Verbal

Recall
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E2 & Spatial span 
in the elderly

E2

Spatial Span
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Testosterone & Speed of 
performance in the elderly

T

Speed of information
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인지기능의 남녀차이 정리

 여성
– verbal recall
– 에스트로겐

 언어 기억력와 관련

 시공간 능력과 부정적 상관(?)

 남성
– naming
– 테스토스테론

 정보처리속도와 관련
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Effects of Testosterone on 
Behavioral & Neural Systems

 Hippocampus
– High concentrations of androgen receptors.

– Spatial learning & memory in the rats
 Administration of T to females during critical 

periods of development enhances spatial learning

 Castration in males impairs maze learning
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Neural Effects of Testosterone

 an early organizational effect
– on the development of the hypothalamus, the cerebral 

cortex, and the hippocampus.

 Physiological effects
– Neuroprotective & Neurotrophic factor
– Eg

 Prevent NMDA excitotoxicity in hippocampal neurons
 Increase NGF levels in the hippocampus
 Inhibit the expression of amyloid

– Suppression of T for Tx of prostate ca => x 2 inc. of plama 
amyloid concentration
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Relationship b/w Testosterone & 
Human Cognitive Function

 Enhanced visuo-spatial performance in females 
exposed prenatally to excess androgens

 ↓ Spatial performance in young male 
hypogonadism

 An Inverted U-shaped relationship b/w T & 
spatial cognition in young adults

 Language-related measures (Verbal fluency)
– No relationship to T.

 결) In young adults, spatial cognition as the 
domain of cognitive function : most sensitive to T.
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Psychoneuroendocrinology
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 In Women (1276명)
– Verbal components 우세

 word comprehension / recognition, verbal fluency, recall, 

– Negative correlation with FT
 Verbal fluency

 In Men (1107명)
– Block design (visuospatial abilities) 우세

– Positive Correlation with  FT
 Block design, recall

– Positive influence (older > younger men)
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In MEN
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Testosterone & Cognition 
in Older Men 

 Longitudinal St.  (Moffat SD, 2002)
– BLSA
– 407 men aged 50 to 91 years
– F/U for 10 years
– Results

 Free T. was ass. with higher scores visual & verbal 
memory and visuospatial functions and with a reduced 
rate of decline in visual memory.

 No relations b/w T. & verbal knowledge, general 
mental status, or depressive symptoms
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Decline in Visual Memory

Harman SM. BLSA. J Clin Endocrinol Metab 2001
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Q) A Marker or a Causative Factor ?

Low T. level in age-related cognitive decline

The decreased androgen levels in AD could be a 
consequence rather than a cause of the disease.

Degenerative brain change in AD => hypothalamic-
pituitary-gonadal axis function
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Neuroimaging Study

 Neuroimaging Study with PET
– Men with higher free T. had increased blood 

flow in the hippocampus bilaterally.

 Physiological explanation for the possible 
beneficial effects of free T. on cognitive 
function.
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Free T & Risk for AD in Older Men

Moffat SD, Neurology 2004 
FT 1U 증가 => AD 위험도 10% 감소
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Q) Global or Specific Domain of 
Cognitive Function?
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 Route test 
– Spatial memory

 AT group
– Pure T?

 Story Recall 
– Verbal memory

 T group
– Estrogen effect?
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Testosterone & Brain

 Neural aspects
– Androgen receptors in hippocampus
– Neuroprotective & Neurotrophic factor
– ↑ CBF in hippocampus

 In young adults,
– spatial cognition : most sensitive to T.

 In the elderly
– Free T. was assiated. with higher scores visual & verbal 

memory and visuospatial functions and with a reduced rate of 
decline in visual memory.

– Verbal memory improved by aromatization?

Only Short term, Small-sized Clinical Trials with T. in elderly men
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Hormone Replacement Therapy and 
Cognition Systematic Review and Meta-analysis

OR = 0.66

(0.53-0.82)

JAMA. 2001;285:1489-1499
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WHIMS E+P trial

(4.1yr, n=4532)

E alone trial

(5.2yr, n=2947)

Combined

MCI 1.1  

(0.7-1.6)

1.3  

(0.95-1.9)

1.25 

(0.97-1.6)

Dementia 2.1  

(1.2-3.8)

1.5  

(0.8-2.7)

1.8

(1.2-2.6)
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Observational St. vs WHIMS

(healthy-user bias)
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Cache County Study: Prospective Observational St.
risk of AD : effect of timing & duration of HT use 

Zandi PP. JAMA 2002;288:2123-9
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Postmenopausal hormone therapy and 
Alzheimer’s disease risk: interaction with age 

Henderson. J Neurol Neurosurg Psychiatry. 2005
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Early postmenopausal hormone therapy may 
prevent cognitive impairment later in life

Bagger. Menopause 2005;12(1):12-17 

N=343 women
f/u at 5,11,15 yr
Age at f/u =65
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REMEMBER pilot study        MacLennan Menopause 2006

(Research into Memory Brain function & Estrogen Replacement)

428 PMW >60yrs
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Hormone Therapy & Cognitive Function:
Is there a Critical Period for Benefit? 

 Critical Period Hypothesis
 early initiation ; may be beneficial

– commenced within 4-6yrs of menopause
– cardio- & neuro- protection 
– Verbal memory & other hippocampally mediated 

functions

 late initiation ; detrimental 
– commenced within many yrs after menopause
– cardiac events & dementia ↑

Maki PM.  Neuroscience 2006


