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Abstract

Relationships between the steroid hormones estradiol (E,), testosterone (T), conisol (CRT)
and dehydroepiandrosterone-sulfate (DHEAS), memory and mood were investigated in
men, in women estrogen-users and non-users, and in patients with Alzheimer's Disease
(AD). In Study l, 72 year-old healthy men and women estrogen-users performed better
than estrogen non-users on Forward and Total Digit Span, which test attention and short­
term memory, concomitant with their higher ~ levels. The estrogen-users performed
better than the men and the non-users on Delayed Selective Reminding, a test of explicit
verbal memory. Men and women with higher CRT levels performed worse on several
explicit verbal memory tests compared to those with lower endogenous CRT levels. In
Study 2, maIe patients with AD performed better than estrogen non-using women with AD
on several everyday memory tests, and women estrogen-users with AD performed
similarly to the men. Both the men and estrogen-users had higher levels of ~ than the
non-users. AD patients with higber endogenous levels of DHEAS performed better than
those with lower levels on severa! everyday memory tests, and AD patients with higher
CRT levels were impaired on one aspect of everyday spatial memory, Route Recall. In
Study 3, no differences in hormone levels between AD patients and age-matcbed healthy
elderly controls were found. The AD patients were most severely impaired on tasks
invoiving explicit verbal recall compared to healthy controls , and least impaired on short­
term memory and concentration tasb. The AD patients reported more dysphoric mood
and mental dulling symptoms than healthy age-matched controls, but they did not report
feeling less positive about the future. Taken togetber, these results suggest that higher
levels of DHEAS and Et are related to better memory performance in both healthy elderly
men and women and in patients with AD, and higher CRT levels are associated with
poorer explicit verbal memory performance in healthy elderly men and women. Sorne of
the specifie morphological and biochemical actions of tbese hormones on brain sites
important for memory are discussed as possible mechanisms of action for these hormonal
effects, and future studies tbat might further clarify the role of these steroid hormones on
memory are suggested.
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Résumé

Nous avons étudié la relation qui existe entre les hormones stéroïdiennes estradiol CEz),
testostérone (1"), cortisol (CRn et déhydro-épiandrostérone (DHEAS) d'une pan. et la
mémoire et l'humeur d'autre part. chez des hommes et des femmes qui prennent de
l'oestrogène et n'en prennent pas et chez des sujets atteints de la maladie d'Alzheimer
(MA). Dans le cadre de l'étude l, un groupe de sujets de 72 ans comprenant des
hommes sains et des femmes recevant de l'oestrogène ont obtenu de meilleurs résultats
que des femmes ne prenant pas d'oesuogène au test Forward and Total Digit Span
(mesure de la concentration et de la mémoire à coon terme), tout en présentant des
taux plus élevés de~. Les femmes qui prenaient de l'oestrogène ont obtenu de
meilleurs résultats que les hommes et que les femmes qui ne prenaient pas
d'oestrogène au test Delayed Selective Reminding, qui mesure la mémoire verbale
explicite. Les hommes et les femmes qui présentaient des taux plus élevés de CRT
ont obtenu de moins bons résultats que les sujets présentant des niveaux de CRT
endogène moins élevés à plusieurs tests de mémoire verbale explicite. Dans le cadre
de l'étude 2. les sujets masculins atteints de MA ont obtenu de meilleurs résultats à
plusieurs tests de mémoire courante que les femmes qui ne prenaient pas d'oestrogène
et qui souffraient de MA; les femmes atteintes de MA qui prenaient de l'oestrogène
ont obtenu des résultats comparables à ceux des hommes. Les hommes ainsi que les
femmes qui prenaient de l'oestrogène présentaient des taux de ~ plus élevés que les
femmes qui ne prenaient pas d'oestrogène. Les patients atteints de MA qui
présentaient des taux plus élevés de DHEAS endogène ont obtenu de meilleurs
résultats à plusieurs tests de mémoire courante que les patients chez qui ces taux
étaient plus bas; les patients atteints de MA qui présentaient des taux de CRT plus
élevés ont obtenu de moins bons résultats en ce qui a trait à un aspect de la mémoire
spatiale courante (Route Recall). Dans le cadre de l'étude 3. aucune dliférence n'a été
observée entre les patients atteints de MA et les sujets sains de même âge pour ce qui
est des taux d'hormones. C'est au chapitre des tâches d'évocation verbale explicite que
les patients atteints de MA étaient le plus désavantagés par rappon aux sujets témoins
sains, et au chapitre des tâches de mémoire à court terme et de concentration qu'ils
l'étaient le moins. Les s.!1jets atteints de MA se plaignaient davantage d'étaIS
dysphoriques et de symptômes d'atténuation des facultés mentales que les sujets
témoins de même âge, sans pour autant se montrer moins optimistes face à l'avenir.
Dans l'ensemble, ces résultats semblent indiquer que les niveaux plus élevés de
DHEAS et de ~ sont liés à un meilleur fonctionnement de la mémoire tant chez les
hommes et les femmes âgés sains que chez les patients atteints de MA, et qu'il existe
un lien entre des taux de CRT plus élevés et la détérioration de la mémoire verbale
explicite chez les hommes et les femmes âgés sains. L'auteur analyse cenains effets
morphologiques et biochimiques spécifiques qui visent certains sites cérébraux
importants pour la mémoire et pourraient donc constituer le mode d'action de ces
hormones; enfm, il propose différentes études qui pourraient contribuer à préciser le
rôle de ces hormones stéroïdiennes dans la mémoire.

ü
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of the relationships between the changes in both memory performance and these four

steroid hormones in elderly men and women. This longitudinal study avoids sorne of

ix



•

•
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between everyday memory perfonnance and hormone levels, as weil as validity
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In Study 2. a relatively large sample of AD patients were recruited. IeveIs of

the same four steroid hormones were measured and everyday memory tests were

administered. The results indicated a role for endogenous DHEAS in memory function
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further suppon for possible roles for CRT and Ez in the memory deficits of AD as
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question of how the cognitive pathology in AD is different from nonnal aging.

Additionally, item and factor analysis of the Geriatric Depression Scale revealed new

infonnaùon regarding the type of depressive symptomatology associated with AD

compared to healthy age-matched conuol men and women.

xi



List of Tables

93

. . . . . . . . 83

. . . . . . . . 84
.86
. 88
. 91

Sociodemogrûphic Characteristics - Healthy Elderly .
Characteristics of Estrogen Use - Healthy EIderly. .
Hormone Levels Tl and 1'2 - Healthy Elderly. . . .
Honnone Nonns. . . . . . . . . . . . . . . . . . . . . . . .
Neuropsychological Test Scores - Healthy Elderly. . . . . . . . .
Correlations Between Estradiol Levels and Test Scores -
Healthy Elderly. . . . . . . . . . . . . . . . . . . . .
Correlations Between Testosterone Levels and Test Scores -
Healthy Elderly. . . . . . . . . . . . . . . . . . . . . 94
Correlations Between Corusol LeveIs and Test Scores -Healthy Elderly 95
Correlations Between DHEAS Levels and Test Scores -Healthy Elderly 96
Correlations Between DHEASlCRT Ratio and Test Scores -
Healthy Elderly. . . . . . . . . . . . . . . . . . . . . . . . . 97
Rivennead Behavioural Memory Test Scores - Healthy Elderly. . . . 103
Correlations Between Estradiol and RBMT Scores - Healthy Elderly .. 104
Correlations Between Testosterone and RBMT Scores -Healthy Elderly lOS
Correlations Between Corusol and RBMT Scores - Healthy Elderly. . 106
Correlations Between DHEAS and RBMT Scores - Healthy Elderly. . 107
Correlations Between DHEASlCRT and RBMT Scores -
Healthy Elderly. . . . . . . . . . . . . . . . . . . . . . . .. 108
Neuropsychological Test Scores: Healthy Elderly
Low Vs. High CRT Groups . . . . . . . . . . . . . . . . . " III
RBMT Scores: Heallhy Elderly Low Vs. High CRT Groups. . . .. III
Mood Scores - Healthy Elderly Time 1. . . . . . . . . . . . . . . 113
Correlations between Estradiol and Moad· Scores -
Healthy Elderly Time 1 . . . . . . . . . . . . . . . . . . . .. Ils
Moad Scores and Correlations Between Mood and Estradiol Levels ­
Healthy Elderly Time 2. . . . . . . . . . . . . . . . . . . . . . 116
Sociodemographic Characteristics of AD patients. . . . . . . . .. 144
Hormone Levels of AD Patients. . . . . . . . . . . . . . . . . . 145
Neuropsychological Test Scores - AD patients. . . . . . . . . .. 146
Correlations Between Hormone Levels and Test Scores -
Male AD patients . . . . . . . . . . . . . . . . . . . . . . . . 148
Correlations Between Hormone Levels and Test Scores -
Female Estrogen non-using AD patients. . . . . . . . . . . . .. 149
Cognitive Test Scores: Low Vs. High Hormone Levels in AD Patients. 151
Sociodemographic Characteristics of AD patients vs. Controls. . .. 166
Mean Honnone Levels of AD Patients vs. Conuols. . . . . . . .. 167
Neuropsychological Test Scores - AD patients vs. Controis. . . . . . 171

• 1.
2.
3.
4.
5.
6.

7.

8.
9.
10.

Il.
12.
13.
14.
15.
16.

17.

18.
19.
20.

2I.

22.
23.
24.
25.

26.

27.
28.
29.
30.

• xü



Study 3 DHEAS/CRT Levels. . . . . . . . . . . . . . . . . . . 170

Delayed Selective Reminding Test - Healthy Elderly Times 1 and 2 .. 100

Immediate Paired Associates - Healthy Elderly Times 1 and 2 .. " 101

Category Retrieval - HeaJthy Elderly Times 1 and 2. . . . . . . . . 101

102

168

168

169

169

. 100

Visual Reproduction - HeaJthy Elderly Times 1 and 2. .

Study 3 Estradiol Levels. . . . . . . . . . . . . . . .

Study 3 Testosterone Levels. .

Sludy 3 Corusol Levels .

Study 3 DHEAS Levels .

List of Figures

Delayed Paragraph Recall - Heaithy Elderly Tunes 1 and 2 .• 1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

• xili



List of Appendices

• A. Study 1 Phone Screening Questionnaire. Consent Fonns.
Background Questionnaire. . . . . . . . . . . . . . A-l

B. Study 1 Traditional Memory Test Fonns. . . . . . . . . . . . . . B-l

C. Mood Questionnaires. . . . . . . . . . . . . . . . . . . . . . . C-l

•

D.

E.

RBMT Test Forms and Scoring Guide .

Study 2 Consent Form. . . . . . . .

xiv

0-1

E-l



List of Abbreviations

•

•

ACh
ACfH
AD
ADX
AR
BOl
BSO
CAH
COR
CEE
ChAT
CRH
CRT
CT
DES
DEX
DHEA
DHEAS
DNA
El

~
ER
ERT
FM
GABA
GnRH
GDS
GR
HACU
HPA
HPG
LTP
MAACL-R
MAO
MF
MMSE
MPA
MR
MRI
mRNA
NF!"
OVX

Acetylcholine
Adrenocortieotropic Hormone
Alzheimer's Disease
Adrenalextomized
~drogen Reeeptor
Beek Depression Inventory
Bilateral Salpingo-oophorectomy
Congenital Adrenai Hyperplasia
Clinical Dementia Rating
Conjugated Equine Estrogen
Choline Aeelyltransferase
Cortieotropin Releasing Honnone
Cortisol
Computerized Tomography
Diethylstilbestrol
Dexarnethasone
Dehydroepiandrosterone
Dehydroepiandrosterone-sulfate
Deoxyribonucleic acid
Estrone
Estradiol
Estrogen R~ceptor

Estrogen Replacement Therapy
Female ta Male rranssexual
gamma-aminobutyric acid
Gonadotropin Releasing Honnone
Geriatrie Depression Scale
Glueoeorticoid Reeeptor
High-affinity Choline Uptake
Hypothalamie-Pituitary-Adrenal
Hypothalamie-Pituitary-Gonadal
Long-term Potentiation
Multiple Affect Adjective Checldist-Revised
Monoamine Oxidase
Male 10 Female transsexual
Mini Mental Status Examination
Medroxyprogesterone Acetate
Mineralconicosteroid Receptor
Magnetie Resonance Imaging
messenger Ribonucleic Acid
Neurotïbrillary Tangles
Ovariectomized

xv



•

•

PET
POMS
RIA
RBMT
RNA
SP
SRT
Ss
T
Tl
TI
TAH
WMS
WMS-R

Positron Emission Tomography
Profile of Mood States
Radioimmunoassay
Rivermead Behavioral Memory Test
Ribonucleic Acid
Senile Plaques
Selective Reminding Test
Subjects
Testosterone
Time 1
Tune 2
Total Abdominal Hyslerectomy
Wechsler Memory Scale
Wechsler Memory Scale-Revised

xvi



•

•

Steroid Hormones and Memory in Healthy Elderly Men, in Women Estrogen­

users and Non-users, and in Patients with Alzhiemer's Disease

Introduction

One of the most pervasive sequela of aging in humans is memory loss. As the

Canadian population grows increasingly older. understanding memory functioning in

normal aging as well as the more severe memory impairments that occur with

Alzheimer's Disease (AD) is becoming an increasingly imponant scientific endeavor.

This dissenation repoltS on several investigations of the relationships between different

steroid hormones and aspects of memory in both nonnal aging and in AD. In addition

to investigating both heallhy elderly and AD populations. this dissenation is unique in

that it investigated both men and women. and assessed, in the same individuals, four

different steroid hormones that have been linked to cognitive functions.

ln order to understand the rationale behind these studies, it is necessary flfSt to

review the literature in a number of different area5. First. different types of memory

are described. and the changes in various memory systems that occur with aging are

reviewed along with age-related changes in the production of the steroid hormones of

interest The general neurobiology of memory is discussed, and the specifie effects

that each hormone has on memory systems in the brain are analyzed. followed by a

review of behavioral studies linking each honnone to memory in both animaIs and

humans. The aging process in the brain during healthy aging is compared to the

process that occurs in AD, and the behavioral and clinical profile of AD is described.

followed by a review of studies linking each hormone to memory functioning in AD.
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Specific instruments that are used for assessing memory in aging and the need for

ecologically valid memory tests are reviewed9 and finally. the generai neurobiology of

mood and the effects of each hormone on mood are outlined.

MemoIT. Agin~ and HOrmones

Memory Systems:

In its broadest sense, cognition refers to the process of knowing9 and

encompasses the domains of thinkir.g. reasoning, decision making9 problem solving.

categorizing. remembering and imagining. Indeed, it refers to a!l the higher

intellectual processes. The focus of these experiments is on memory. a critical

component of cognition which encompasses everything we have recently perceived and

everything that we know. It generally includes the processes of acquisition9 retention

and retrieva19 but historically its components have been classified in a variety of ways

by different investigators.

Tulving (1983)9 for example9 divides memory into three distinct subsystems:

procedural, semantic and episodic. Procedural memory describes leamed habits. bath

motor and coenitive9 such as brushin2 one's teeth, rememberine how to tie a shoelace- - -
or how to carry on a conversation. Semantic memory is more representational in

nature, dealing with memory for names of objects and other non-contextual items.

while episodic memory is the system that deals with specific events9 detailing the tilDe

and place of occurrence. These systems are concentrieally embedded. with procedural

memory as the Most general, semantic memory as a subset of procedural memory. and

finallyepisodic memory as a more specifie subset of semantic memory.
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Other theorists suggested different ways of classifying memory. Craik (1991)

conceptualized memory in terms of memory processes. making the distinction between

short-term (primary) memory. materia! that has just been presented or recalled and is

thus "in mind". and long-term (secondary) memory. materia! which has left conscious

awareness. Primary memory is oost measured by the recency effect in free recall and

the digit span test (Craik. 1991). whereas secondary (long-tenn) memory is assessed

by any task in which maleria! that has left conscious awareness is recalled. TItus. the

distinguishirtg factor between primaI)' (shon·term) and secondary (long-tenn) memory

is whether an item is held "in mind" or not. rather than the duration of time before

recai!.

A component of primary memory that has received much recent research

attention is working memory. flfSt introduced by Baddeley and Hitch (1974). Working

memory describes tasks in which information must he held in rnind at the same time

as sorne other task. such as computation or decision making. is being carried out on

that or other material. Working memory is an essential element of other functions.

such as encoding for primary memory, problem solving and complex decision making.

An important type of secondary memory is prospective memory, referring to

situations in which a person must remember to carry out sorne task in the future.

Essentially, prospective memory tasks involve remembering to remember. for example

remembering ta caU sameone tamarrow or to stop by the grocery store on the way

home. These tasks are often difficult as they provide few cues to remind the

individua! of the task (Craik. 1994). Although this appears to be an imponant aspect
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of memory, there has been relatively little work on this topie.

Memory tasks have aIso been divided into those assessing explicit vs. implicir

memory (Craïk, 1991), a distinction that has aIso been referred to as declarative vs.

non-declarative (Squire & Zola-Morgan, 1991). Tests during which the individual is

aware that theu memory is being tested measure explicit memory. Tests of implicit

memory, measuring incidental memory for things that the individual was unaware that

they were supposed to be leaming, have shown that prior experience can affect larer

performance in me absence of conscious knowledge or conscious recollection of the

original episode (e.g. Schacter. 1987; Tulving. Schacter & Stark, 1982), an effect that

is known as priming.

Particularly in the sex differences literature. a distinction has aIso been drawn

between verbal and visuaUspatiai skills (for review, see Hampson & Kimura. 1992).

Verbal skills include spelling, speech acquisition, verbal articulation and verbal

fluency, whereas visuaIlspatial skills encompass spatial orientation. spatial visualization

and flexibility of closure. There is a gender differenee in performance on these tasks

such that men generaIly outperform women on tests of visuaUspatial functions sueh as

mental rotations. whereas women are generally superior on verbal tasks such as verbal

articulation and verbal fiuency (Jarvick, 1975). Whether or not this gender difference

in cognitive performance aIso holds for verbal versus visuallspatial menwry tasks is

unclear. as no gender differences are reported in the norms of standardized memory

tests that inelude both verbal and visual/spatial subtests (e.g. Wechsler Memory ScaIe­

Revised; Wechsler. 1987). However, sorne studies have shown that women outperfonn
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men on short·term verbal memory tasks (Hampson & Kimura. 1992).

Changes in memory Wilh normal aging:

The belief that memory funcùons decline with aging is commonly held in our

society. Although there is sorne justification for this contention based on subjective

and objective studies. not al! memory functions decline with age. and those that do

decline do sa to different degrees (for recent reviews see Craik. 1991. 1994; Craïk &

Jennings. 1992; Kausler. 1994; Smith. 1996). The largesl perfonnance differeoces

between young and older adults are found on explicit memory tasks requiring recall

of recently presented word lislS or passages (Craik. 1994). These differences are

largest in free recall of recently presented material. are less in cued recall. and are less

again in recognition memory. Older adults also show decrements in tasks assessing

working memory in terms of both speed and accuracy (Dobbs & Rule. 1989). and

show declines in memory for source (episodic memory) relative to younger adults

(Mclntyre & Craik. 1987). However. in tasks such as Forward Digit Span and in

memory for well-leamed knowledge. age differences in perfonnance are slight or noo­

existent (Craik. 1991 >. indicating that short-tenn. semantic and procedural memory

remain relatively intact Similarly. Most (Light & Singh. 1987) but not all (Kausler.

1994) studies of implicit memory failed to fmd age differences. Moreover. when age

differences in implicit memory did occur. they were of a considerably reduced

magnitude man age differences on working memory and free recall (Smith. 1996).

There are aIso sorne gender differences in the types of rnemory changes that

occur with aging. Women showed significantly less age-related decline in verbal
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mernory than men. whereas men had better preservation of visuospatial abilities, as

measured with visuoconceptual. conSlCUctional and spatial memory tasks (West. Crook

& Barran, 1992). Scores of men on the Selective Reminding Test. WMS Visual

Reproduction, the Mini-Mental Status Exam and on items from the Blessed

lnfonnation-Memory-Concentration test declined more rapidly with age than those of

wornen (Wiederholt et al., 1993), supponing the idea that wornen maintain some

memory functions better than men as they age.

Overall. tasks that assess visuospatial skills appear to show more detriments

with advancing age than do those that are more verbal. such as naming ability and

vocabulary (Alben. 1988). The particular tasks identified by Ardila & Rosselli (1989)

as comprising a "factor G for aging" included the WAIS Black Design, Digit Symbol.

Rey-Osterrieth Complex Figure and Poneus Mazes, all visuospatially oriented tasks.

Changes in steroid hormone levels with aging:

The major goal of the research described in this doctoral dissenation was to

investigate the possible influence of changing levels of steroid hormones that occur

with aging on memory in aIder individuals. Specifically, four steroid hormones known

to influence both brain function as weil as memory were studied - estradiol (~>,

testosterone <n. cortisol (CRn and dehydroepiandrosterone-sulfate (DHEAS). Not

only do these four sreroid hormones influence brain areas critical for memory. as will

be reviewed below, but they aIso influence different aspects of memory in both

animais and humans. Furthermore. age-related changes occur in the endogenous

production of sorne of these hormones.
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Estradiol (EJ:

Ez is the primary estrogen produced by the ovary. In premenopausal women.

ovarian ~ secretion accounts for 95% of the total ~ that entees the circulation

(Longcope. 1994). Estrone (El)' a much weaker esU'ogen. is derived principally from

the metabolism of E1 and from the conversion of androstenedione. an androgen

secreted by the adrenal gland (Levrant & Barnes. 1994). Around the age of 40 years,

the ovary begins to decrease in size due to loss of follicles and changes in supponing

tissues and cells. which. when coupled with subtle dysregulation of the hypothalamic­

pituitary-gonadal (HPG) axis. results in the menopause at about age 51 (Longcope,

1994). The menopausaJ transition. the lime between the onset of irregular monthly

flow 10 the complete cessation of menstruation, takes an average of four years (Burger,

1996). Mter the menopause. vinually no ~ is produced by the ovary. leaving only

small amounts of El as the primary source of esU'ogen in postmenopausal women. In

fact. the ovarian secretion rate of both ~ and El decrease to negligible levels within

24 months of the last menses (Longcope, 1986).

This sharp decrease in esU'ogens available to the female brain after the

menopause contrasts distinctly with the situation in males, who show only a very small

decrease in esU'ogens over time (Simon. Preziosi, Barrett-Connor, Roger. Saint-Paul,

Nahout & Papoz, 1992). FuUy 80% of plasma ~ in men arises from peripheral

conversion of androgens to estrogens. while the other 20% is derived from testicular

production (Braunstein. 1986). Although androgen levels decrease with increasing age

in men (Tenover. 1996), production never ceases entirely, so that the precursor to Ez
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is available in the brains of men lifelong. The normal male range of~ levels (37-220

pmollL) overlaps with levels seen in the early follicular phase of regularly cycling

women (110-440 pmoVL). and is generally higher than levels in postmenopausal

women «100 pmoVL; Depanment of Clinical Chemistry - Endocrine Norms,. Iewish

General Hospital. Montreal). Thus. it is clear that in older populations. males have

greater exposure to estrogens than females. in contrast to the situation in younger

adults where females have much higher average levels of estrogens than males.

Testosterone (TI:

In women. both the adrenal and the ovary synthesize and secrete androgens.

The ovary produces approximately 25% of total T production. while the adrenal

produces a fumer 25% of circulating T. The remaining 50% of circulating T arises

through peripheral conversion (Longcope. 1986). The menopause is associated with

a decrease in ovarian androgen secretion and results in a decline in circulating T in

mOSl postrnenopausal women (Longcope. 1994). In men. over 95% of circulating T

is secreted by the testicular Leydig cells,. while the remaining 5% is produced by the

adrenaIs (Braunstein. 1986). Although there has not been universal agreement in the

literature. 21 of 25 papers published between 1980 and 1993 have supported an age­

associated decrease in male T levels (Tenover. 1996). Thus. with aging, T leveIs

decline in both men and women.

DehydroepiandrosteroneeSulfate (DHEAS):

In both men and women. DHEAS is derived almost exclusively from the

adrenaI gland and shows lremendous variation throughout the lifespan and between
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individuals. On average. ac1renal secretion of DHEAS is very high in the fetus y drops

sharply afler birth and remains low throughoul childhood until the time of the

adrenarche. when levels rise and once again reach high values in young adulthood

(Homsby. 1995). After the age of approximately 25 years. DHEAS levels drop an

average of 2% per year. with the net effect at age 80 of levels about 20% of what they

were al age 25 (Vermeulen. 1995). The overlap in values between men and wornen

is significant, but men have leveis of DHEAS that are about 10-30% highery on

average. than those of women (Vermeulen. 1995). In women. the decrease in DHEAS

does not appear to be direclly related ta the endocrine events of the Menopause. for

there is no evidence that the menopause itself is characterized by any perturbation of

ac1renal steroid secretion (Longcope. 1994).

Cortisol (CRT):

In both men and women. CRT production usually remains stable with

increasing age (Shanna ct al.• 1989; Sherman. Wysham & Pfohl. 1985; Waltman.

Blackman. Chrousos. Riemann & Harman. 1991), which is consistent with the notion

that the adrenals are not affected by the menopausal transition (Longcope, 1994).

However. in sorne individuals CRT leveIs increase with aging. and il has been

suggested that these individuals may he at an increased risk for cognitive impainnents

compared to others whose CRT levels do not change over time (Lupien et al.• 1994;

Lupien et al.. 1995).

Neurobiology of Memary

Brain areas involved in leaming & memory:
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Over the past few deeades. research has delineaœd not only the specifie sites

in the brain that are important for memory, but aIso the speeialized memory funetions

that are subserved by these anatomical sites. Milner (1966) proposed that memory

depends on the integrity of the medial temporal lobe. based on observations of the

patient H.M. who had media! temporal lobe lesions accompanied by severe amnesia.

The medial temporal lobe contains severa! anatomieal structures including the

hippocampus. the nearby subiculum and dentate gyms. the amygdala. and the adjacent

entorhinal. perirhinaJ. and parahippocampal cortex. The hippocampus itself is

composed of three tïelds. the CAl. CA2 and CA3 aceas.

Subsequent studies of brain lesions in humans, in non-human primates and in

rats have examined the amnesia caused by lesions that encompass different structures

within the medial temporal lobe in an attempt ta localize the sites critical for memory

functions (Squire. 1992). The narrowest type of lesion. caused in humans and animais

by ischemia. damages the neurons in only the CAl layer of the hippocampus. The

next broadest type. termed an H lesion. encompasses the entire hippocampus plus the

dentate gyrus and subiculum. An H+ lesion aIso encompasses the surrounding

entorhinaJ cortex and the parahippocampal gyrus. Of the next largest lesions, the

H+A+ lesiün addiùonally subsumes the amygdala and underlying conex. while the

H++ lesion affects similar areas as the H+A+, but leaves the amygdala intact. By

comparing memory perfonnance of groups of subjects with differing degrees of

neuronal damage in the medial temporal lobes, researchers have been able to identify

the structures that are integral for different memory functions.
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Humans with ischemic lesions showed moderately severe memory impairment

compared to rilatched controls (Zola-Morgan, Squire, & Amaral, 1986). Ischemic

monkeys aIso showed memory impainnent compared to intact monkeys, and were just

as impaired as H lesioned monkeys, indicating that the CA1 layer of the hippocampus

is cruciaI for memory (Alvarez-Royo, Clower, Zola-Morgan & Squire, 1991). ln

comparison, both H lesioned and ischemic monkeys were less irnpaired than monkeys

with H+ and H++ lesions (Alvarez, Zola-Morgan & Squire, 1995; Squire & Zola­

Morgan, 1991), demonstrating that the surrounding cortical structures aIso play a role

in memory functioning. FinaIly, no differences in memory performance were observed

between H+A+ lesioned monkeys and H++ lesioned animaIs, suggesting that the

amygdala does not play an important role in memory.

Having established the structures that are important for normal memory

functions, work proceeded on the specification of the particular type of memory that is

affected by damage to the hippocampus and surrounding cortex. The tasks most

vulnerable to hippocampal damage ail measure what has variously been termed

exp/kit, declarative, relational or configurai memory. This type of memory is

distinguishable from implicit, nondeclaralive, procedural or habit memory (Squire,

1992). The key elements of explicit memory are purposefulness accompanied by a

tèe1ing of familiarity about the pasto RecaIl and recognition, the Most commonly used

tests of explicit memory, show the most impainnent in hippocampal lesioned animaIs

and humans, and are also the most impaired in nonnaI aging (Craik & Jennings, 1992).

It has also been postulated that the hippocampus functions as a device for
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forming new associates and conjunctions between previously unrelated events (Squire•

Shimamura & Amaral. 1989). which is thought to be the process underlying declarative

memory. The hippocampus is well suited for such tasks. as it is an active site of

neural plasticity through the process of long-term potentiation (LTP; Gustaffson &

Wigstrom. 1988). LTP is a rapid-developing and long lasting form of neural plasticity,

which provides a mechanism for forming and storing conjunctions in the hippocampus.

Such a high degree of neural plasticity could allow the hippocampus to accomplish the

memory tasks of acquiring information about relationships and combinations among

stimuli such that the resulting representation is flexible and accessible ta multiple

response systems (Zola-Morgan & Squire. 1993).

Implicit or nondeclarative memory includes tasks such as skillful behaviour or

habits (procedural memory). which may encompass perceptuo-motor, perceptual and

cognitive skills. as well as simple conditioning, including emotionaI leaming, and the

phenomenon of priming. Different brain systems appear to underlie these types of

leaming since lesions 10 the hippocampal regions leave these functions intact (Squire

& Frembach. 1990; Moscovitch. Winocur & McGachlan. 1986; Musen. Shimamura &

Squire, 1990). Sorne types of priming appear to be dependant on early-stage

processing systems in the posterior neoconex (Squire. 1992).

The hippocampus plays only a temporary role in memory storage, and after a

certain period of time il is not necessary for storage. recollection and manipulation of

memories eSquire. 1992). This is demonstrated by studies of reuograde amnesia,

which often occurs with hippocampallesions. and is usually temporally graded. with
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the most severe arnnesia found for more recent events and less amnesia for more

remote events Ce.g. K.ritchevsky & Squire. 1989). The severity of the Iesion dictates

the timespan of the amnesia. with smaller lesions resulting in amnesia for the near

pas~ and larger lesions leading to arnnesia for the past decade or more (e.g. Squire.

Slater & Chace. 1975; Kopelman. 1989). Thus. neuropsychologists have concluded

that the hippocampus works by gradually reorganizing and consolidating maleria! in

declarative memory. and afrer a certain amount of lime has passed. the contribution

of the hippocarnpus and adjacent structures diminishes and the neoconex alone

gradually becomes capable of supporting usable permanent memory (Zola-Morgan &

Squire. 1990; Milner. 1989; Squire. Shianmura & Amaral. 1989).

Neurotransmitter systems involved in learning and menwry:

In addition to the anatomical importance of the hippocampus and adjacent

cortical areas. certain neurotransmitter systems are critical for leaming and memory.

The cholinergic system has been associated with learning and memory functions in

both humans and non-humans as evidenced by a large number of pharmacological.

behavioral. and anatomical studies (for review see Gibbs. 1994). For example. in

humans, administration of the cholinergie muscarinic receptor antagonist scopolamine

produced 1earning and memory deficits for reeent events (Drachman, 1977). In young

adult monkeys scopolamine administration produced progressively more severe

memory deficits as delay intervals were lengthened, sirnilar to those observed in aged

monkeys (Aigner. Walker & Mishkin. 1991).

A raIe for cholinergie processes in age related cognitive decline and in the
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dementia of Alzheimer's Disease (AD) has been outlined as the "cholinergie hypothesis

of geriauic memory dysfunction" (Banus, Dean, Beer & Lippa, 1982). There is a

great deal of evidence that the cholinergie system functions poorly in people with AD.

A decrease in choline acelyluansferase (ChAn, the synthetic enzyme for acetylcholine

(ACh), has been found in the brains of AD patients, panicularly in the hippocampus

(Reviewed by Perry, 1986). Reduced activity of acetyleholinesterase (AChE), the ACh

degradation enzyme, was found in the conex of AD patients over 30 years ago (Pope,

Hess & Levin, 1965), but the signifieance of this finding was not appreeiated until

much later (reviewed by Hohmann, Antuono & Coyle, 1988). Other markers of

cholinergie dysfunction found in AD patients include decreased amounts of

endogenous ACh. impaired synthesis of ACh in vitro and decreases in high-affinity

choline uptake (HACU; Rossor. 1988). A decrease in the number of cholinergie

neurons of greater lhan 75% in the nucleus basalis of Meynert of the basal forebrain

in posunortem AD brains was tïrst documented by Whitehouse et al. (1982). and has

since been conîmned on numerous occasions in both aging humans and animais

(Gibbs, 1994).

Funher evidence that the cholinergie system is critical for lea.r:ning and memory

cornes Crom treatment studies in which small but significant improvements in leaming

and memory performance in aged monkeys and in humans with AD were found aiter

treatment with AChE inhibitors such as taerine (Banus, Dean & Beer. 1983; Kumar

& Calache, 1991). In some animal studies, transplantation of cholinergie neurons

directly into the hippoeampal formation led to funetionaI recovery that was eorrelated
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with the degree of cholinergie reinnervation of target tissues (Dunnett. Low, Iversen•

Stenevi & Bjorldund. 1982; Danlioff. Bodony, Low & Wells. 1985). This suggesfS

that cholinergie reinnervation of the hippc-.,;ampal formation and conex was primarily

responsible for the functional recovery produced (Gibbs, 1994).

Other neurotransmitter systems have also been implicated in cognitive

functioning but their effects on specific aspects of cognition have not been very well

defined. Norepinephrine may be an important factor for attentional processes

(McEntee & Crook. 1990) as well as for learning new associations (Frith. Dowdy,

Ferrier & Crow, 1985) and memory retention (McGaugh, Liang. Bennett & Sternberg,

1984). Indeed. reduced concentrations of norepinephrine have been detected in the

neocortex and hippocampus of AD brains (Rosser, 1988). Serotonin may play an

inhibitory role in leaming and memory such that higher levels of serotonin are

detrimental to learning while lower levels facilitate learning (MeEntee & Crook. 1991).

gamma-aminobutyric acid (GABA) aiso appears to play a role in learning and memory,

since GABA antagonists facilitated LlP in the hippocampus. a process thought to be

critical for learning and memory (Wigstrom & Gustaffson. 1985). Additionally,

excessive GABA activity in the brain caused by chronic use of benzodiazepines caused

cerebral atrophy in humans (Moodley. Golomboc, Shine & Lader, 1993). Indeed,

administration of a benzodia.zepine antagonist prolonged the lifespan and improved

memory in rats (Marczynski. A.mvolh & Marczynska. 1994), leading the authors to

propose a GABNbenzodiazepine theory of brain aging.

Steroid Hormones and Merona Systems in the Brain
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Esrrogen:

Estrogen Reœptor Localization in the Brain:

Receptors specifie for esuogen have been found in Many brain areas. including

the hypothalamus. pituitary, amygdala. caudate putamen. nucleus accumbens. substantia

nigra. cingulate conex. locus coeruleus. midbrain raphe nuclei. the basal forebrain and

hippocampus (McEwen. Gould. Orchinik, Weiland & Wooley, 1996). The latter two

structures have been associated with leaming and memory, as previously described.

Using autoradiographie techniques. estrogen receptors (ER) have been localized within

the hippocampus primarily ta the CAl layer. but are aIso found to a lesser extent in

the CA3 region and the dentale gyms (Loy, Gerlach & McEwen,1988).

The primary action of steroid hormones in the brain seems to he through the

alteration of the expression of specific genes or gene networks (Yammamoto, 1985).

Hormonal influence on gene expression in Many systems appears to occur al the DNA

or r.ranscriptional level, and the measurement of neurons expressing ER messenger

ribonucleic acid (mRNA) accurately retlects this activity (Simerly, Chang, Muramatsu

& Swanson. 1990). Therefore. much current research has focussed on the detection

of steroid receptor mRNA. using in situ hybridization. The suongest hippocampal

signal intensity of ER mRNA was found in the pyramidal layer of the subiculum and

the presubiculum. with lower concentrations in the CAl. CA2 and CA3 pyramidal

layers of the hippocampus and in the dentate gyrus (Simerly et al., 1990). ER mRNA

was expressed in 80% or more of hippocampal neurons from both men and women in

a postmonem study of human hippocampî in which none of the subjects had a history
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of brain disease (Tohgi. Utsugisawa. Yamagata. & Yoshimura. 1995). In comparison

to younger brains. those over the age of 6S years showed age-related reductions in the

percent of ER mRNA-expressing neurons in the CAl layer of the hippocampus.

Estrogen etrects on brain morphology:

Although the hippocampus loses many. but not all. of its ~ receptors shortly

after binh. significant activational effects of esuogen on axona! growth. cOMectivity

and function nonetheless occur in adults (Gould. Wooley, Frankfun & McEwen. 1990;

Weiland. 1992). Estrogen has been shown to increase synaptogenesis in the

hippocampus. Following ovariectomy, female rats show a decrease in dendritic spine

density in the CAl layer of the hippocampus. which is reversed when estrogen is

administered after the surgery <Gould et al. 1990). This effect of estrogen on the

density of dendritic spines on hippocampal neurons is aIso evident in vivo during

various phases of the estrous cycle of nonnal female rats. Dendritic spine density in

the CAl hippocampal layer increased and then decreased over the 72 hour period

between proestrus and estrous. mirroring the changes in ~ leveIs that occur over this

Lime period (Wooley & McEwen. 1992). Esttogen aIso affects neuronal sprouting

after hippocampal lesions in female rats. Sprouting was decreased in avx raIS

compared to intact females. but was restored to intact levels by subsequent

administration of estrogen. In males. castration did not affect successive hippocampal

dendritic sprouùng (Scheff. Morse & DeKostky. 1988a).

In a recent in vitro study of rat hippocampal neurons. cells exposed to beta-~

for three days showed a twofold increase in dendritic spine density which was Dot seen
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in eeUs treated with alpha-~ or progesterone (P). In neurons cultured with a

eombination of ~ and P treatment. spine density decreased somewhat from baseÜDe.

indicating that the P completely blocked the tropic effects of~ treatment (Murphy &

Segal. 1996). AIso. the effect of ~ on hippocampal spine density was blocked by an

N-methyl-D-aspartate (NMDA) receptor antagonist. suggesting that E2 works to

enhance hippocampal LTP. and thus memory function. through activation of the

NMDA receptor. Similarly, ~ enhanced the sensitivity of the hippocampus to

glutamate activation by increasing NMDA glutamate binding sites and the density of

agonist sites by 30% in the CAl region of the hippocampus in OVX rats (Weiland.

1992). These tïndings suggest that E:! may he acting on the hippocampus wough

direct effects on NMDA receptors.

Estrogen etrects on neurotransmitters:

The cholinergie system has been associated with learning and memory functions

in both humans and non-human animals (Banus et al., 1982). ChAT. the enzyme

needed ta synthesize acetylcholine. is directIy affected byesuogen. The administration

of estrogen to OVX rats increased ChAT activity in the frontal cortex and the CAl

layer of the hippocampus (Luine, 1985). However. this did not occur when esU'ogen

was administered to male rats. In female rats, esuogen counteraeted the detrimental

effects of scopolamine. a cholinergie musearinie antagonisl, on T-maze performance

(Dohanich. Fader & Javorsky. 1994). In OVX rats, levels of high-affinity choline

uptake (HACU) in bath the frontal cortex and hippocampus and ChAT activity in the

hippocampus decreased by 5 weeks post-OVX (Singh, Meyer, Millard & Simpldns,
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1994), and were restored to preoperative levels following 5 weeks of esU"ogen

replacement. The mechanism by which estrogen up-regulates the expression of ChAT

in females may be through direct tropic effects on cholinergie neurons in the basal

forebrain. through increasing the sensitivity of cholinergie neurons to growth factors.

or via both mechanisms (Toran-Allerand et al.• 1992).

Estrogen aIso acts on the nigrostriatal and mesolimbic dopaminergic systems.

and cao have both pro- and anti-dopaminergic actions depending on the dose and

duration of the ueatrnent. Although not direcùy implicated in memory. these actions

have possible effects on both normal and abnonnal locomotion (McEwen. Alves.

Bulloch & Weiland. 1996). Estrogens also influence the serotonergic system in the rat

hippocampus and forebrain. Female rats had a greater synthesis and turnover of 5­

hydroxytryptamine in the hippocampus than males (Haleeln. Kennett & Curzon. 1989),

indicating a higher serolonin metabolism. Estrogen caused decreased levels of

monoamine oxidase (MAO), the enzyme that degrades norepinepherine. dopamine and

serotonin. in the amygdala and hypothalamus of OVX rats (Luine. Khylchevskaya &

McEwen. 1975). and also led ta increased norepinepherine synthesis in these same

regions (Greengrass & Tonge. 1974). Thus. if norepinepherine does play a role in

learning and memory as has been suggested (Frith et al.. 1985; McGaugh et al.• 1984),

~ may also enhance memory via this mechanism.

It has been customary to distinguish between genomic and non-genomic steroid

actions. Genomic effects are thought to oceur at the level of gene transcription

affecting neurotransmiuer enzyme induction. synthesis of cellular products and
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neuronal growth and morphology. Such effects are relatively long-lasting and have a

delayed latency. The effects discussed above are primarily regarded as genomic.

Non-genomic effects are those that occur more immediately and have direct effects on

neuronal activity, which May be mediated by ceil membrane receptors (McEwen, Krey

and Lume, 1978; McEwen~ 1991).

Non-genomic effects of esuogens vary widely throughout the brain.

Administration of esuogen to intact female rats resulted in increased electrical activity

in the hippocampus during the estrous phase of the cycle, when endogenous estrogen

levels are Low (Butcher, Collins & Fugo. 1974), and increased the triggering and

amplitude of excitatory post-synaptic potentials in CAl hippocampal slices (Wong &

Moss. 1991; Wong & Moss. 1992). ~ administration wo increased spike amplitude

in the CAL layer of hippocampal slices from male rats (Teyler. Vardaris. Lewis &

Rawiteh, 1980). Other ~ actions defy such classification, leading researchers to

question the distinction between genomic and non-genomic mechanisms. For example,

cell surface receptors May signal changes in gene expression, while genomic actions

sometimes affect neuronal excitability, oCten quite rapidly. As weil. estrogens may

operate in conjunction with neurotransmitters to produce effects, sometimes involving

collaborations between groups of neurons (McEwen. 1994).

Taken together, the changes in neuroanatomy and neurochemistry induced by

~ provide a basis for thinking that esuogen may play an imponant role in facilitating

and sustaining specifie cognitive functions in women, and May even influence the

cognitive declines that occur with normal aging and the severe memoI}' deficits in
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individuals with AD. For males, however. the evidence eonceming the enhancïng

effects of estrogens on brain morphology and neurochemistry is somewhat less clear.

Testosterone:

Testosterone receptor locaJization in the brain:

Autoradiographie studies show that specific receptors for T are found

predominantly in the preoptic area of the hypothalamus. the amygdala. eonex and

hippoeampus of rats (McEwen. 1980). Using in situ hybridization to deteet neurons

in the rat brain that express androgen receptor (AR) mRNA. Simerly et al. (1990)

found the strongest hippocampal signal intensity in the amygdala. septum.

hypothalamus. brainstem. motor cortex and the hippocampus. In another in situ

hybridization study 80% or more of the neurons in the CAL CAl. CA3 and hilus

regions of the hippocampus in humans contained mRNA for ARs (Toghi et al.• 1995).

Additionally, the ratio of mRNA-eontaining neuron density to total neuron density

decreased significantly with age for ARs in the CAl region (Toghi et al. 1995),

indicating that ARs are present in brain areas critical for memory and that the density

of functional ARs in these areas decreases with increasing age.

Effects of T on brain morphology and neurotransmitters:

T, during prenatal life. is responsible for Many sex differences in the structure

of male and female brains. These effects are discussed in a later section detailing sex

differenees in the brain caused by the hormonal environmenL

Metabolism of T:

T is metabolized in the brain to ~ via the enzyme aromatase. The question of
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whether the effects of prenatal T exposure on the structure of cenain brain areas is due

to T itself, or if T is metabolized to ~ which then affects development, has yet to he

fully resolved. Researchers have investigated this question by looking at aromatase

activity in the brains of severa! species at different time frames during developmenL

Since aromatase must be present for T to he convened to ~. and there must be ERs

present in the brain area of question for ~ to be effective. these two conditions have

been investigated.

Not surprisingly, the highest concentrations of aromata.se activity are found in

the hypothalamus, preoptic area and the amygdala. areas involved in reproductive

behaviour (Roselli. 1995). However. aromatase activity is also detectable in the conex

and hippocampus of neonatal monkeys (MacLusky, Clark. Naftolin. & Goldman-Rakic.

1987; Naftolin. 1994). In fact. ARs and ERs generally co-Iocalize with aromatase in

the brain (Naftolin, 1994). indicating that the brains of young monkeys are capable of

converting T ta ~ in areas of the brain critical for learning and memory.

In male rats, accuracy in a radial ann Maze was impaired by the administration

of an aromatase inhibitor during early postnatal life (Williams & Meck, 1993).

Neonatal castration led to a female-like pattern of Morris water maze performance, and

Ez administration to newborn female rats led to male-like water maze performance

(Williams & Meck. 1991). These resuIts suggested that the sexually dimorphic effects

of T administration on brain structure and behaviour were due to its conversion to Ez

(Roof & Havens, 1992; Williams & Meck. 1991, 1993; McEwen et al, 1996).

Cortisol:
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Cortisol receptor Iocalization in the brain:

Glucocorticoid receptors in the rat brain have been categorized ioto two distinct

systems: the classic glucocorticoid receptor (GR, type rot to which the potent synthetic

glucoconicoid. dexamethasone (OEX) preferentially binds. and the type l receptor.

which is biochemically similar to the mineralconîcosteroid receptor (MR; for review

see McEwen & Gould. 1990). Conicosterone in the rat brain binds to both of these

receptors. However. the GRs are more responsive to cbanging levels of

glucoconicoids that regulate stress responses, whereas the MRs are saturated at normal

low physiological concentration of glucocorticoids and do nOl respond to

environmental stressors (McEwen et al., 1992). Thus, GRs are Most commonly slUdied

when investigating the effects of glucocorticoids in the brain and on behaviour. The

highest levels of glucoconicoid binding have been found in the hippocampus, followed

by the hypothalamus (Reul & deKloet, 1985).

GR rnRNA was localized to the CAl. CA2 and dentate gyms of the

hippocampus. as weIl as the hypothalamus, thalamus, amygdala. brainstem and

cerebellar cortex in an in situ hybridization study of the rat brain (Aronsson et al.

1988). A human postmonem study found GR rnRNA expression in over 80% of

hippocampal neurons, but this percentage decreased in the CAl, CA3 and the hilus

with advancing age (Tohgi et al. 1995).

Efrects of cortisol on brain morphology:

Exposure to high levels of glucocorticoids, either due to environmental stress

or via exogenous administration, has been associated with a nurober of physiological
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and biochemical actions in the brains of rodents. monkeys and humans. particularly in

the hippocampus. Corticosterone. given in high doses over three weeks to intact rats

produced a significant decrease in dendritic branchpoints of the apical dendritic uee

of CA3 pyramidal neurons in the hippocampus (Wooley. Gould & McEwen. 1990).

The exposure of rats to environmentai stressors also resulted in decreases in long-tenn

porentiation in the hippocampus (Foy. Stanton. Levine & Thompson. 1987).

In African green monkeys who suffered severe and prolonged abuse by

cagemates. degeneration and depletion of hippocampal neurons in the CA1 and CA3

layers was found after death (Uno. Tarara. Else. Suleman & Sapolsky, 1989). CRT

pellets implanted in the vicinity of the hippocampus in adult vervet monkeys induced

degeneration of the CA3 pyramidal neurons and their dendritic branches (Sapolsky.

Uno, Reben & Finch. 1990). When DEX was administered ta pregnant rhesus

monkeys. degeneration and depletion of hippocampal pyramidal and dentate granular

neurons occurred in the brains of the fetoses (Uno et al.• 1990). The infant monkeys

who were exposed to DEX in utera had higher levels of CRT at baseline and aiter

exposure to stress at the age of 9 months. and hippocampal formations about 30%

smaller than age-matched vehicle treated contrais. as assessed by MRI (Uno et al.•

1994). Taken together. these studies have provided sU"ong evidence that high levels

of glucocorticoids in both the adult and fetaI money. whether endogenously or

exogenously induced. cause severe damage to neurons. particularly the hippocampal

pyramidal neurons in the CA layers.

In the human brain detrimental effects of elevated conisoi have also been
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demonstrated. Patients with Cushing's Syndrome have CRT hypersecretion and Jack

the normal CRT circadian rhythm (Starkman, Gebarski, Berent & Schteingan, 1992).

In an MRI study, 64% of Cushing's Syndrome patients had hippocampal fonnation

volumes that were below those found in healthy controls, and their CRT levels were

negatively correlated with hippocampal formation volume (Starkman et al., 1992).

Patients with mood disorder and accompanying memory deficits also show elevaœd

CRT Ievels (Sikes, Stoken, & Lasley, 1989).

Based on this and other research, Sapolsky, Krey and McEwen (1986)

developed the Il glucocorticoid cascade hypothesis" of stress and aging, which poslulaœs

thal the hippocampus normally serves to inhibit glucoconicoid feedback to the HPA

axis. With aging, exposure 10 extreme suessors or exogenous administration of

glucocorticoids, degeneraùon appears in hippocampal neurons. This observed

degeneration leads to a 10ss of sensitivity of the axis 10 feedback inhibition. Thus, the

hippocampus fails to exen the appropriaœ inhibition to the HPA axis. so basal AClH

is secreted in high quantities, leading to hypersecretion of glucocorticoids from the

adrenal. This hypersecretion leads 10 more degeneration of hippocampal neurons,

funher down-regulaüon of the number of receptors per neuron, and eventual neuronal

death, îmally resulting in further dysregulation of feedback inhibition (Sapolsky et al

1986). This cascade of glucocorticoid hypersecretion, hippocampal damage, impaired

negative feedback, sustained hypersecreüon and funher neuronalloss is postulated to

have severe behavioural consequences. such as memory impairments,

immunosuppression, osteoporosis, hyperglycemia, aneriosclerosis and steroid diabetes.
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Thus. this model makes predictions of biologieal and behavioural outeomes associated

with hypereonisolemia that can he experimentally tested.

DHEAS:

DHEAS localization in the brain:

DHEA and its sulfate. DHEAS. have been identified as the most prevalent

steroid honnones in the brains of both rats and humans, where they are found at levels

many times higher than those in the plasma (Majewska. 1995). DHEAS is the

precursor of Many other steroid hormones in the brain, including other androgens and

estrogens. DHEA must first be convened to androstenedione by two catabolizing

enzymes, 3-B-OH-dehydrogenase and delta~5 isomerase. Androstenedione. in tom, is

converted to T via the enzyme 17 B-OH-dehydrogenase. T ean then be converted to

~ via aromatase. For these conversions to oceur. the specifie enzymes must he

present to fuel the conversion (Speroff. Glass & Kase, 1989).

Postnlortem studies have round the highest DHEAS concentrations in the

pituitary, amygdala. hippocampus and hypothalamus in the brains of 3 men (aged 56.

59 and 75) and two posunenopausal women (Lanthier & Patwardhan. 1986), and in the

temporal. prefrontai and parietal conex and cerebellum of 9 elderly women and 1

elderly man (Lacroix et al.. 1987). In Most regions, the women had higher

concentrations of DHEA and DHEAS than the men (Lanthier & Patwardhan, 1986).

This is contrary to what is seen in plasma. where men have approximately 30% higber

DHEAS levels than women (Venneulen. 1995).

DHEAS efrects on neurotransmitters and brain morphology:
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At low concenuations DHEA and DHEAS function as allosteric antagonislS of

GABAA receptors. and this non-competitive binding inhibits GABA-induced neuronal

activity (Majewska. Demirgoren. Spivak & London. 1990). The GABA agonist steroid

THP administered to cultured fetal hippocampal tissue induced a reversible structural

regression of neurons in this region. indicating that GABAergic steroids play a role in

shaping the neuronal architecture in the hippocampus (Brinton, 1994). Thus, siDce

DHEA and DHEAS have GABAergic antagonist propenies, it might he expected that

administration of these hormones would lead to neuronal growth in the hippocampus.

Indeed, when low doses of DHEA and DHEAS were administered to 14 day

embryonic mouse brain cultures. enhanced neuronal and glial survival was found

(Roberts. Balogna. Flood & Smith. 1987). This suggests thal DHEA and DHEAS

may influence learning and memory processes through their GABAergic antagonistic

properties in the hippocampus (Majewska, 1995).

DHEAS also has several fast-acting non-genomic effects in the hippocampus.

Application of DHEAS increased population spike amplitudes and excitatory

postsynapüc potential slopes in the CA1 field of the hippocampus, increased the tïring

rate of hippocampal principal ceUs and intemeurons in male rats and attenuated

GABA-mediated inhibition in the dentate gyrus and CAl hippocampal layer

(Steffensen. 1995). Intermediate doses of DHEAS administered to rats enhanced

primed borst potentiation, resulting in a lasting increase in the amplitude of the CAl

population spike produced by minimal elecuical stimulation (Diamond~ Branch &

Aeshner. 1996). Similarly, DHEAS increased the excitability of CAl hippocampal

27



--

•

neurons in hippocampal slices from rat brains. an effect that occurred within minutes

and was reversible (Meyer & Groot 1994). In intact rats. DHEAS application to the

dentate gyrus resulted in increases in LTP at all doses in relation to baseline (Yoo.

Harris & Dubrovsky, 1996). Taken together. these results indicate that DHEAS may

influence synaptic transmission wough multiple mechanisms. resulting in increased

excitability of postsynaptic neurons.

DHEAS and Cortisol:

In animal models. DHEAS has antiglucocorticoid actions in the liver by

blocking the enzymatic effects of glucoconicoids (Svec & Lapez-S. 1989; McIntosh

& Berdanier. 1988). Svec & Lopez-S (1989) suggested that the ratio of DHEAS to

CRT might serve as an appropriate measure of glucocorticoid agonist activity. If it is

the case that AD patients have lower DHEAS than age-matched controls (Sunderland

et al.. 1989). they could conceivably have an agonist ta antagonist ratio half that of the

normal population. which could lead to a mild but progressive degenerative effect on

hippocampal ceUs. If such degeneration caused dysregulation in feedback mechanisms

to the adrenals (Sapolsky et al.~ 1986), progressive hippocampal damage~ and

presumably memory impairment~ would occur.

Hormonally Induced Sex Differences in Brain Anatomy:

It is established that estrogen acts through the genome during ceitical periods

of neonatal growth to promote sexual dimorphism in a variety of brain tissues~

including but not limited to areas that control gonadal function and reproductive

behavior (McEwen, 1991; 1994). The organizationally dimorphic patterns of neuronal
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connectivity that develop in maies and females consequent to differential neonatal

hormonai exposure may be responsible for the sex differences in cognitive functions

that are observed later in life. Differences iu the anatomy of maie and femaIe brains

provide indirect evidence in support of this view. Studies in rats have identified

severaI brain areas that are anatomically different in the two sexes. Roof and Havens

(1992) found that male rats showed more lateraI asymmetry in the dentate gyrus

granular cell layer of the hippocampus than did females. Moreover, when females

were treated with T at postnatal days 3 and 5. their dentate gyms granular cell layer

was of a similar thickness and pattern of asymmetry as the males. Male rats aIso had

a higher density of apical excrescences and greater branching of dendrites of CAJ

pyramidal hippocampal neurons than did female rats (Gould. Westlind-Danielsson.

Frankfun & McEwen. 1990).

Other sex differences in the structure of the hippocampus in rats are dependant

on the environment in which the animal is reared. For example. femaIes reared in a

complex environment had significantly more branching in the Middle region of the

dendritic tree in the dentate gyms than thase reared in an isolated condition, whereas

in males there were few differences in dendritic branching between the two

environmems (Juraska. 1991). This May suggest that the female hippocampus shows

significantly more plasticity than does the male hippocampus. When male rats were

castrated at binh. they showed patterns of dendritic branching similar to the normal

femaIes. in that they evidenced greater plasticity ta the environment in which they

were raised (1uraska. 1991). It would seem from these studies mat T. acting either
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during development or around pubeny, suppressed much of the response of the

dendritic tree 10 me enriched environmenL

The size of the corpus callosum in rats is also int1uenced by neonatal T levels,

since injections of T to rats neonatally increased the size of the corpus callosum

attained in adulthood (Fitch. Cowell. Schrott & Denenberg, 1991). In humans, a

positive correlation was found between free T levels and the size of the corpus

callosum as assessed by MRI in young adult males, which the authors atuibuted to

early organizational effeclS of T exposure (Moffat, Hampson. Wickett.. Vernon & Lee,

1996). The splenium. the most posterior portion of the corpus callosum.. was initially

reponed as larger and more bulbous in women than in men (deLacoste-Utamising &

Holloway, 1982). However. this distinction has been called into question as severa!

studies found thal males had a larger splenium (Witelson.. 1991). The isthmal region

of the corpus callosum. where interhemispheric axons pass between right and left

posterior parietal and superior temporal regions.. does.. however. appear to be larger in

women than in men, particularly in right-handers (Witelson. 1991).

As early as 13 weeks into gestation. the entire right conex in male fetaI brains

and the prefrontal cortex in female brains were more developed relative to other brain

regions (deLacoste & Horvalh. 1985). Other sex differences found in humans include

the tinding that men had a larger weight difference between the leCt and right brain

hemispheres than did women (Hampson & Kimura, 1992), that the nuclei of the

preoptic anterior hypothalamic area was larger in males than in females (Allen. fines..

Scryne & Gorski, 1989). and that the anterior commissure was larger in females than
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in males (Allen & Gorski. 1986). However. these effects of early exposure to T are

often acting via its conversion to ~ in lhe brain, as· described in the section on the

metabolism of T.

A sex difference in GRs in the hippocampus has also been found. in that female

rats have a greater number of GRs in this area (Turner & Weaver. 1985).

Additionally. avx resulted in an increased concentration of hippocampal GR

receptors. while castration in the male had no effect on GR binding. This indicaleS

that female rats may be more susceptible ta the damaging neuronal effects of CRT

administration than males. and that this sex difference may be exacerbated by avx.

Indeed. adrenalectomy following hippocarnpal lesions resulted in an increased

sprouting response in the hippocampus of female rats. but had no effect on male rats.

indicating that adrenal hormones inhibited neuronal plasticity in the female

hippocampus (Scheff. Morse & DeKosky. 1988b).

Behavioural Studies of Steroid Action

Estrogen and Memor)'

Animal studies:

Organizational Errects • Sex differences

There are a great Many animal studies investigating the effects of estrogen

administration on cognition in a variety of non-human species. including birds. rodents

and non-human primates. These studies can he divided ioto those that investigated

early organizational effects of ~ and those that examined later activational effects.

In a typical study investigating organizational effects of hormones in radents. animais
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are castrated or OVX al binh when the brain is still developing. and subsequent

behaviour of these animais is compared to normaI controls. Often steroids will he

administered later to mimic the normaI hormonal milieu in an attempt to isolate the

early effects of steroid deprivation. Altematively, animais are treated in utero with

different hormone preparations given to the mother and the later behavioural

consequences observed. These methodologies alter the honnonal environment of the

animal during ao early stage of brain development in order to affect the "hard-wiring"

of the brain.

In contrast. studies of the activational effects of hormones usually investigate

the effects of steroid administration in adult animais. Animals may be castrated in

adulthood. and given replacement doses of various hormonal treatments. In this way,

comparisons between animais suddenly deprived of hormones and those remaining

intact can be made, and by later reinstating normaI hormone levels investigators can

determine whether these effects are reversible. These studies investigate the

relationships between levels of specifie hormones and relatively temporary fluctuations

in behaviour compared ta the more permanent alterations in brain morphology

investigated in organizationaI studies. Because the studies reponed in this dissertation

investigated activationaI effects of steroids on memory, other activational studies will

he the focus of this review.

Fust. however. the t1ndings of the organizational effects of estrogens 00

animais will be briefly reviewed. As reponed previously. severa! sex differences in

brain morphology between males and females exist Sa. too. are there sex differences
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in various cognitive functions. On learning and memory tasks that require the use of

spatial eues, male rats consistently perform better than females, acquiring the task more

rapidly and generally exhibiting superior performance (Aggleton, Blindt & Candy,

1989; Williams, Barneu & Meck, 1990; vanHaaren, vanHest & Heinsbroek, 1990;

Luine & Rodriguez, 1994). Even following gonadectomy in adulthood, male rats still

outperformed female rats on radial arm maze leaming (Luine & Rodriguez, 1994;

Williams et al, 1990). This is thought to be due to the perinatal exposure of male rats

to high levels of E~ throu2h the aromatization of testicular T (Williams et al, 1990;- ....

Roof & Havens, 1992; Luine & Rodriguez. 1994; McEwen et al, 1996).

Female rats are more active than males on the running wheel and in the open

field, while male rats show more active play behaviour than females (van Haaren al

al, 1990). Female rats are also better at active avoidance learning than male rats (e.g.

Beatty & Beatty. 1970), and (earn to perfonn a low rate responding task more

efficiently than do males (van Hest, van Harren & van de PolI, 1987). The latter two

gender differences favoring females May be due, at least in part, to the sex difference

in general activity. However. there is sorne evidence to suggest that the female

advantage in active avoidance leaming May he due ta a negative influence of

androgens prenatally because castration of the male rate improves performance, while

treaunent of the female rat with T impairs performance on this task (Beatty. 1979).

Activationm Effec~:

Severa! recent studies have focussed on the activaùonal effects of estrogens on

leaming and memory in rodents. Gonadally intact adult male rats injected with ~

33



•

•

valerate showed enhanced shon-term (10 minute) and long-term (24 hour) memory of

one-trial passive-avoidance conditioning compared to untreated rats (Vazquez-Pereyra.

Rivas-Arancibia. Castillo & Schneider-Rivas. 1995). Similarly, a post-training

intrahippocampal injection of ~ to male rats resulted in lower latencies to escape in

the Morris water Maze 24 hours later (Packard. Lohlmaier & Alexander, 1996). When

the cholinergie antagonist scopolamine was injected aiter ~, the enhancîng effects

were blocked. suggesting thal ~ was enhancing memory via the cholinergie system

in these male rats (Packard et al, 1996). Post-training scopolamine treaunent caused

adult OVX rats 10 perform poorly in a previously learned T maze. but pretreatment

with E"! reversed the detïcits induced by scopolamine (Dohanich et al., 1994). After

5 and 28 weeks of eSlfogen treatment. OVX rats performed more accurately and

learned faster in an active avoidance paradigm than control rats and OVX rats who did

not receive estrogen (Singh et al. 1994). However. Morris water maze performance

was not different between the groups, suggesting that while in males the cholinergie

system may mitigate Maze learning (Packard et al. 1996), in females it may Mediate

active avoidance behaviour.

In an attempt to resolve some of the ineonsistencies found between male and

female rats, Luine & Rodriguez (1994) aC1Jllinistered ~ or placebo to aged gonadally

intact male and female rats and also 10 gonadectomized young males and females. then

tested their radial arm maze learning speed and aeeuraey. ~ enhanced perfonnance

in both young and aged male rats in trials that required a delay component. but did not

enhance perfonnance in the female rats. In summary, these findings suggest that ~
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enhances spatial memory in male rats (Vazquez-Pereyra et al.• 1995; Packard et al•

1996; Luine & Rodriguez. 1994) and perfonnance in non-spatial 1eaming tasks in

female rats CSingh et al. 1994) although not all results are consistent with this

conclusion (e.g. Dohanich et al.• 1994).

Human studies

Sex dirrerences in cognition:

Gender differences in cognitive perfonnance are seen from a very early age in

humans. although in sorne cases they become stronger around the Lime of pubeny. In

general. men tend to perform slightly better than women on tasks of spatial and

quantitative abilities. while wornen show bener fine motor control. perceptual speed.

and excel at sorne verbal skills (Jarvick. (975). In a meta-analysis. Linn & Peterson

(1985) concluded that the largest sex differences favoring males occurred in tests of

mental rotations. The averall magnitude of this sex difference was one standard

deviation. which is cansidered ta be a large effect (Cohen. 1977). Tests of spatial

perception showed a sex difference ranging in sile from one third ta two thir<fs of a

standard deviation unit. a medium size effect Very small sex differences favoring

males occurred in tests of spatial visualization. AIl of these differences existed before

puberty and lasted into adulthood. becoming larger aiter the age of 18 in sorne

instances.

Hyde and Linn (1988) analyzed the results of 165 slUdies of sex differences in

various types of verbal ability. There was an overall effect size in Cavor of females

of +0.11 SD. which they characterize as very small though significant Indeed•
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compared with the effect sizes found in other studies investigating gender düferences

in spatial ability. aggressiveness and helping behaviour. this effect is one of the

smallest sex differences in the literature.

Sex differences have also been found in functional brain organization. such that

certain cognitive functions appear to be supponed by slightly düferent brain areas in

men and women. These differences occur both interhemispherically, between the left

and right hemispheres. and intrahemispherically. between the anterior and posterior

regions within the left hemisphere. In most right-handed humans. the left side of the

brain is considered 10 be primarily responsible for the control of speech and some

manual movements. while the right hemisphere is differentially responsible for other

non-verbal functions (Hampson & Kimura. 1992). Women tend to show a more

bilateral representation of cognitive functions than men. whereas men show a greater

degree of cerebrallateraliution than women (McGlone. 1980). This is consistent wim

the fmding that women have a larger corpus callosum, the connective pathway between

the two hemispheres. than do men (deLacoste-Utamising & Holloway. 1982).

Consistent with these findings. damage to the lert hemisphere resulted in more

impairment of verbal IQ in men than in women. whereas damage to the right

hemisphere impaired verbal IQ in women but not men (McGlone. 1978). Moreover.

only males showed deficits on a test of verbal proverbs following lesions to the leit

temporal lobe (Lansdell. 1961). Experiments using dichotic listening and

tachistoscopic techniques have also concluded that women have smaller auditory and

visual perceptual asymmetries than men (McGlone. 1980).
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There are sorne studies which show sex differences in inuahemispheric

organization of cognitive functions. Within the left hemisphere. the anterior region

may be more important for the production and decoding of speech in females than the

posterior region. Kimura (1983) found that aphasia and manuaI apraxia in wornen

resulted more often from damage to the anterior rather than the posterior pan of the

left hemisphere. However. in men there was no distinction between the cognitive

deficits incurred from anterior versus posterior left hemispheric lesions. Although it

appears that cognitive functions are supported by slightly different brain structures in

men versus wornen. many questions rernain. Are these l'unctional differences due to

the early organizaùonal effects of steroid hormones? If SOt are they related to the

structural differences found between male and female brains? Are these gender

differences in cerebral structure and funetion responsible for the sex differenees in

cognitive abilities? Sorne of the studies on organizational effects of gonadal hormones

allow partial answers to these questions. but they are by no means resolved.

Organizational Effects:

Clearly. it is difficult to investigate organizational effects of hormones in

humans due to the obvious ethical problem of altering the prenatal hormonal milieu.

To circumvent this problem. researchers often invesugate populations exposed to

abnormal prenatal hormonal environments. such as females with congenital adrenal

hyperplasia (CAH). who suCfer an adrenaI 21·hydroxylase deficiency which results in

exposure to high levels of androgens prenatally. CAH women tend to show an

advantage in visual and spatial tasks such as mental rotations. card rotations and
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embedded figures compared to age and IQ matched conuols (Nass & Baker. 1991;

Resnick. Barenbaum, Gottesman & Bouchard. 1986). On the other hand, hypogonadal

men who were exposed to ooly low levels of T in uœro have reduced visuospatial

abilities compared to matehed controis and to men who became hypogonadal

postpubenally (Hier & Crowley, 1982). These results indicate that early T exposure

"masculinizes" cognition later in life in wornen. and Jack of T in utero "feminizes"

cognition in men.

Other populations that have been studied include women and men exposed in

lltero to diethylstilbestrol (DES), a synthetic estrogen. In women. DES exposure laler

in fetallüe was more likely to lead to a pattern of cognitive masculinization than early

fetaJ exposure (Hines & Sandberg, 1996), and any DES exposure masculinized

perfonnance on a dichotic listening task (Reinsch. Zeimba-Davis & Sanders. 1991).

Men exposed to DES had worse spatial ability and less hemispheric laterality

compared to controls, indicative of cognitive feminization (Reinsch et al.. 1991).

Activational errec~: menstrual cycle studies

The menstrual cycle provides an opportunity to examine naturalistic fluctuations

of honnone levels in women. The tïrst day of menstruation is tenned day one of the

menstrual cycle. The follicular phase (Days 1-14) has been divided into two stages.

the menstrual stage and the pre-ovulatory stage. which occurs on days 12-14 just prior

to ovulation. ~ and P are at lheir lowest levels during the menstnlal stage and

increase gradually throughout the follicular phase. ~ rises to a high peak just prior

to ovulation and then faIls. During the approximately 14-day luteal phase (Days 15-
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28), ~ and P increase gradually and then decrease just prior to the anset of

menstruation on day 28. Thus. there are several distinct hormonal phases throughout

the cycle that provide opponunities to compare cognitive functioning.

A number of methodological issues are inherent in the available menstrual cycle

studies which have led to inconsistencies in the literature. Problems commonly found

in the research include 1) failure to directly measure hormone levels by

radioimmunoassay. relying on self-repon or indirect measures to a.scertain menstrual

cycle phase. 2) use of cognitive tests that are inappropriate for detecting the expected

changes in performance, 3) small sample sizes. 4) use of idiosyncratic terminology for

identifying days of the cycle. 5) testing women at times in the cycle that are

inappropriate to investigate the hypothesis of interest. and 6) failure to consider

concurrent menstrual symptoms that May interfere with test performance. such as

premenstrual dysphoria or menstrual cramps.

The stfongest evidence for differences in cognitive performance between cycle

phases is found on spatial tasks which generally show a more consistent sex difference

favoring men (Linn & Peterson. 1985). Women performed worse during the pre­

ovulatory estrogen surge than during the menstrual phase on the Embedded Figures test

(Komnenich. Lane. Dickey and Stone. 1978; Broverman et al.. 1981). and on a

composite score of spatial orientation. spatial visualization and flexibility of closure

(Hampson & Kimura. 1988; Hampson. 1990a; Hampson. 1990b). suggesting mat the

high ~ levels of the pre-ovulatory surge May have caused the decrement. However.

Gordon & Lee (1993) failed to find any differences in performance on tests measuring
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geomeuic rotations in space. imagining blacks in three dirnensional space or perceptual

closure between the menstrUal. ovulatory and luteal phases of the cycle.

During the menstrual phase. wornen scored worse on the delayed visual

reproduction test. which measures visual memory, compared ta during the lale luteal

phase (Phillips and Sherwin. 1992a). This change was positively correlated with

plasma P levels in the luteal phase. and showed no correlation with ~ levels. This

suggests that P May be benetïcial to spatial memory performance in regularly cycling

women.

Enhanced performance of simple verbal-articulatory skills have been reported

during periods of higher ~ (Hampson. 1990~ 1990b; Anderson, 1972; Snyder, 1978;

Broverman et al., 1981 >, but more complicated verbal skills such as vocabulary or

grarnmar did not vary across the cycle (Hampson & Kimura. 1992). No differences

in verbal memol}' performance were found across cycle phases in most studies (Phillips

& Sherwin, 1992a; Hanley, Lyons & Dunne. 1987; Keenan, Lindamer & Jang, 1995;

Keenan, Stern, Janowsky, & Pedersen, 1992; Morgan, Rapkin, D'Eli~ Reading, &

Goldman, 1996), although a positive correlation between ~ levels and Paired­

Associate scores occurred in one study (Phillips & Sherwin, 1992a). Taking into

account the discrepant lindings. it appears that the tluctuations in hormone levels

across the menstrual cycle do not consistently affect verbal memory performance in

normal healthy women.

Ta summarize. there is evidence ta suggest tbat the fluctuations of~ and P that

occur over the 28 days of the menstrual cycle cao affect performance on sorne
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cognitive tasks. Spatial skills. on the whole. appear to he better during the menstrual

phase of the cycle. when ~ and P are low. and worse during the pre-ovulatory and

luteal phases. both of which are characterized by higher ~, thus suggesting a causal

role for~. Although P may also be involved in spatial functions, the particular

relationship remains to be clarified. Simple verbal articulatory and perceptual abilities

rnay be enhanced during periods of the cycle characterized by higher~. However,

neither verbal nor spatial memory are consistently affected by the phase of the

menstrual cycle.

Transsexual hormone treatment

In a study of transsexuals undergoing honnone treatment. Van Goozen. Cohen­

Kettins. Gooren. Frijda. & VandePoll (1995) studied 35 female to male (FM) and 15

male to female (MF) transsexuals before and after a three month course of treatment.

~ were compared to groups of age matched heterosexual men and women. Those in

the FM group received T injections once every two weeks. and those in the MF group

were given both anti-androgens and esuogens orally twice daily.

Biological females performed better than males on verbal fluency tests. but

there were no sex differences in visuospatial ability. Verbal fluency scores decreased

and rotateà figures performance increased in the FM group aiter three months of

treatrnent. while the verbal fluency scores remained stable and rotated figures scores

decreased slightly in the MF group. Unfonunately, the authors did not test either

verbal or visuospatial memory performance in these subjects. However. this study

provides compelling evidence that T improves visual-spatial functioning and ~

41



•

•

(coupled with low n improves.verbal fluency.---------
Recall that prenatal exposure of the brain to ~ and T bath lead to

masculinization of cognitive functions. In adulthood. however. these results

demonstrated that T masculinizes cognitive functions in both men and women. while

~ feminizes functions. Whether this generalization applies ta aspects of memory as

weil as ta general verbal and visuospatial skiUs is unknown at the present time.

ft Add-Back" Estrogen Treatment

Women with uterine myomas are oCten treated with a gonadotropin releasing

hormone (GnRH) analog, which causes turnors to shrink by suppressing ovarian

secretion of E:!. In this manner. the shrunken myoma can be removed without

resoning ta invasive surgery. However. the complete suppression of the ovary leads

to uncomfonable symptoms related to hypoestrogenism. which can he relieved by

small "add-back'f doses of estrogen while still suppressing the ovarian secretion of

gonadal steroids. Women who were ta undergo this surgery were treated for 12 weeks

with the GnRH analog LAD. after which they were randomly assigned to either LAD

plus estrogen or LAD plus placebo for an additional 8 weeks, and their cognitive

functioning was tested al baseline, after 12 weeks of LAD and after 8 weeks of

combined treatrnent (Sherwin & Tulandi. 1996)

Scores on Immediate and Delayed Paragraph Recall and Immediate Paired

Associates decreased after 12 weeks of ovarian suppression in these women,

concomitant with decreasing levels of~. ACter the add-back phase. the scores of the

group who received E:! in addition to LAD returned to baseline levels. whereas scores
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for the LAD plus placebo group remained depressed in concordance with their low Ez

levels. None of the other tests scores in the comprehensive test battery changed over

the course of the study. These results strongly suggest that E1 enhances explicit verbal

memory functions in women.

Postmenopausal studies

The menopause provides an opponunity to study the possible effects on

cognition of a drastically changing hormonal milieu. At the lime of the menopause

(average age 51 years), women's estrogen leveis decrease dramaùcally (Longcope,

1986). Because of research demonstrating the clinically beneticial effects of estrogen

replacement therapy (ERT) for maintaining bone density, protecùng against hean

disease and eliminating Many distressing and uncomfonable symptoms of menopause,

the practice of prescribing ERT has become increasingly common. This provides a

unique paradigm to investigate the cognitive effects of estrogen in this population.

Sorne studies have used tasks that measure explicit memory in posunenopausal

women. Healthy 64 year-old posunenopausal estrogen-users performed better on both

Immediate and Delayed Paragraph Recall tests than non-users matched for age and

education (Kampen & Sherwin, 1994), but there was no effect of esuogen therapy on

any of the visual memory tests administered in that study. Estrogen administraùon to

nine menopausal women improved performance on the Guild Memory Scale, which

measures immediate and delayed verbal memory, compared to nine controls who were

administered placebo (Hackman & Galbraith, 1976). In a controlled study, Campbell

& Whitehead (1977) administered ~ daily for two months to postmenopausal women
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and found that estrogen improved memory more than placebo. However. the measure

of memory functioning was a self-repon analogue scale. which does not allow for fmn

conclusions regarding the role of estrogen on memory.

On a test of proper name recall. where panicipants were exposed to slides of

faces and auempted to remember the person's name. the performance of 67 year-old

female estrogen-users was better than that of non-users matched for age and education

(Robinson. Friedman. Marcus. Tinldenburg & Yesavage, 1994). This latter study is

the only one mat has shown explicit memory effects in areas other than verbal

memory, although there are both verbal and non-verbal components to the face-naming

task. Thus, it appears lhat the majority of the enhancing effects of Ez on explicit

memory seem ta be specific to verbal memory.

In terms of non-declaraùve memory, an epidemiological study of 800 elderly

women found that lhase who had been using estrogen for at least twenty years

perfonned significantly better on the lest of Category Retrieval, which measures

language fluency and semanùc memory, compared to those who had never used

estrogen (Barrett-Connor & Krtiz-Silverstein. 1993). Other clinical trials have aIso

reported an estrogenic enhancement of other. non-memory cognitive skills in elderly

women (Caldwell & Watson, 1952; Kantor, Milton & Ernst. 1973; Campbell &

Whitehead. 1977; Fedor-Freybergh, 1977). A variety of cognitive measures showed

improvement in these studies. including the verbal. but not visual, subtests of the

Wechsler-Bellevue intelligence test (Caldwell & Watson, 1952), standardized reaction

time and attention tests (Fedor-Freybergh. 1977), and other more subjective measures
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such as communication skills. self care. work and daily acùvities (Kantor et al.• 1973).

Most of these studies had srnall sample sizes and sorne were uncontrolled. In the

Caldwell & Watson (1952) study. one year after esuugen was withdrawn. scores of all

the women decreased relative to their baseline scores two years earlier. indicating that

the benetïcial effects of ERT were evident only as long as the hormone was being

administered.

Other researchers have reported contradicrory fmdings. No differences occurred

between eSlrogen-treated and placebo-treated wornen on the Raven's Progressive

Matrices. a test of general IQ (Raumaro. Lagerspetz. Engblom. & Punnonen. 1975).

on the Benton Visual Retention Test. the Digit Span Test. the Digit Symbol Test. or

on concentration tests (VanhuLle & Demoi. 1976; Ditkoff. Crary, Cristo & Lobo.

1991). However. methodological inconsistencies in these clinical studies malte

interpretation of their findings difficult. Nonetheless. if E2 were acting on medial

temporal lobe memory systems. effects on general IQ or on general visuospatial skills

would oot be expected. nor wouid enhancement of Digit Span. as performance on this

test is not significantly impaired after hippocampal lesions (Moscovitch. 1982).

Nonetheless. it is unc1ear if. in the Ditkoff et al. (1991) study. the authors assessed

both Forward and Backward Digit Span or whether the results differed on these sub­

tasks. Forward Digit Span is considered to be a test of shon-term memory, attention

and concentration while backward Digit Span requires working memory skills as weil

as short-term memory. Therefore Forward and Backward Digit Span are likely quite

different and thus these subtests should he assessed independently.
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IL is difficult to formulate a general conclusion regarding this literature because

there are many methodological issues to be considered. as outlined by Sherwin (1996).

Briefly, these include differing routes of estrogen administration. differing triallengths.

different estrogen preparations and doses, different age groups of women tested. failure

ta directly measure hormone levels, and different psychometrie instruments used to

measure vastly differing cognitive abilities.

More recent and better controlled studies have used populations of

premenopausal women about to undergo total abdominal hysterectomy (TAH) and

bilateral salpingo-oophorectomy (BSO) for benign disease. One such study included

standardized cognitive assessment and measurement of plasma hormone levels at

baseline prior to the operation. when the hormone levels were within the range of

normal cycling women. followed by random assignment to a placebo or trealment

group (10 mg estradiol vaJerate intramuscularly) postoperatively. Treatment continued

for three months followed by a one month placebo washout period. then a crossover

occurred in which each woman received the other treatmenl (placebo or ERT) for a

funher three months. Levels of plasma estradiol were monitored throughoul the

protocoI. and standardized cognitive testing was performed aiter the flfSt three months

and again after the final three month trial (Sherwin. 1988a). Scores on Paragraph

Recall were maintained in the ERT women pre- to posl-operatively, while !hose

receiving placebo showed significant decreases in Paragraph Recall. concomitant with

the dramatic decreases in estrogen precipitated by the surgery (Sherwin 1988a).

In a similar study, Sherwin & Phillips (1990) found that Paired-Associate
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scores were maintained in ERT wornen two months postoperatively, but were

significanùy. decreased in the placebo group. Further. scores on Paragraph Recall

increased in the ERT group while the placebo group maintained preoperative

performance levels. There were no differences pre- to post-operatively on measures

of visual memory. Finally. Phillips & Sherwin {l992b} reponed another study with

a larger group of wornen which found tha~ by the third postoperative month. scores

on both Immediate and Delayed Paired-Associate leaming had decreased significantly

in the placebo group. but were significantly better in the esuogen treated group. These

studies support the assertion that estrogen treatrnent in surgically menopausal wornen

helps to maintain and perhaps even facilitate specifie aspects of explicit verbal

memory.

To summarize the sludies of postmenopausal wornen ta date. there is

considerable evidence from well-eontrolled studies that ERT is associated with better

performance on sorne tests of explicit mernpry, primarily on tasks such as Paragraph

Recall mat assess verbal rnemory and on non-declarative memory tasks such as

Category Retrieval that assess verbal semanùc memory.

There have been no studies investigating the role of~ in elderly men. althougb

men likely have higher ~ levels after the age of 50 than do women. For this reason,

the studies in this dissertation are the flISt that have specifically included groups of

elderly men as weIl as women estrogen-users and non-usees to investigate the

relaùonships between ~ and cognition.

Testosterone and Memory
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Animal studies:

In the developing male brain. T appears to organize spatial memory functioning

through its aromatization to E~ by influencing the development of the hippocampus

(Roof & Haveos. 1992; Williams & Meck. 1993). On the Morris water Maze. males

outperformed females al age 90+ days. However. when T was adrninistered on

postnatal days 3 and 5, treated females performed better than control females and both

treated and untreated males at 90+ days. whereas treated males had small decrements

compared ta control males (Roof & Havens. 1992).

How fluctuations in T levels in adu1thood affect performance is unclear in

humans, although the picture is more definitive in other animal species. T improved

spatial memory in adult male rodents (Flood. Morley, & Roberts. 1992), and improved

both learning and retention of a footshock avoidance task in elder1y mice who

otherwise showed significant age-dependant impairment on the task (Flood, Farr.

Kaiser, Regina & Morley, 1995). When given to young domestic male and female

chicks, T improved performance in a passive-avoidance task designed to measure

memory and auentional processing (Clifton. Andrew & Raney, 1986), and facilitated

long-term memory retention in a similar passive-avoidance discrimination task (Gibbs.

Ng. & Andrew, 1986). Therefore. in rodents and chicks T appears to facilitate a

variety of leaming and memory behaviour in bath males and females.

Ruman studies:

While it is the case mat men of all ages generally outperform wamen on spatial

tasks (Jarvik. 1975). it is oot necessarily the case that T fluctuations in adult lüe have
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activating effects on these same skills. either in men or women. although sorne authors

have suggesled this possibilily (Hampson & Kimura. 1992). Il has been suggested

altematively that T levels are linearly related to performance (Christiansen &

Knussman. 1987), curvilinearly related to perfonnance (Gouchie & Kimura. 1991), or

effective only above a cenain threshold level (Bancroft, 1988).

Circulating T levels were positively associated with visuospatial orientation

(Gordon & Lee, 1986) and composite visuospatial scores (EIrico, Parsons, Kling &

Kling, 1992) in men. Administration of T la elderly men for three months enhanced

their spatial cognition compared 10 a matched group given a placebo (1anowsky,

Oviatt. & Orwoll. 1994). However. other investigators failed to find significant

correlations between T and aspects of cognitive performance, including spatial and

visual skills (Kampen & Sherwin. 1996; McKeever. Rich, Deyo, & Connor. 1987;

Gordon, Corbin, & Lee. (986). A recent study reported by Alexander (1996)

investigated cognitive abililies in hypogonadal and eugonadal men prior to and

following exogenous T administration in a manner that allowed testing of the three

aforementioned theories of T action. The results did not support the hypothesis that

androgens activate cognitive functioning. since performance did not improve in any of

the groups after T administration. However. the hypogonadal men performed worse

on tests of visuospatial ability than the eugonadal men, supporting the hypothesis that

early hormone exposure plays a role in the development of sex-typed behaviors.

In summary, the findings regarding the role of T in cognitive performance and

memory provide strong support for the notion that Tacts upon the developing brain
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ta sùmulate sex-typed behaviour laler in iïfe. but are inconsistent with respect ta

possible activational effects of T. Few studies have specifically investigated the

relationship between components of memory and T levels in either men or wornen.

Cortisol and memory:

Animal Studies:

Many studies have investigated the detrimental effects of CRT on the

hippocampus in rodents and primates. but relatively few have investigated behaviour

as weIl. Corticosteroid administration impaired perfonnance on maze leaming

(Landfield. Baskin & Piller. 1981) and forced extinction (Borrell. deKloet & Bohus,

1984) in rats. Adrenalectomized (ADX) rats have leaming and rnemory deficits that

can usually he ameliorated by administering epinephrine. However. when

corticosterone was adminislcred to AOX rats prior to leaming a passive avoidance

task. epinephrine failed 10 improve the impairment (Borrell et al., 1984). As well,

pretreatment with corticosteroids blocked the memory-improving effects of nootropics

and cholinomimetics in a paradigm of step-down passive avoidance in mice

(Mondadori. Ducret & Hausler. 1992). These classes of drugs have been used in

animal studies and with AD patients to improve memory. but their usefulness in AD

is controversial (Mondadori et al, 1992).

Human Studies:

The human research investigating the cognitive effects of CRT is cornpelling.

Individuals with Cushing's Syndrome have a cMonic elevation of corticosteroids and

therefore provide a useful model for studying the cognitive effects of
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hypercortisolemia. Twelve people with Cushing's syndrome showed cognitive

impairments on tests of verbal and visual immediate and delayed recall from the WMS

(Starkman et al.• 1992). Moreover. the magnitude of these impairments was positively

correlated wilh hippocampal formation volume as measured by MRI (Starkman et al.,

1992). This confmned an earlier repon of memory impairments in Cushing's

Syndrome patients (Whelan. Schteingart. Starkman & Smith. 1980). ADother study of

25 Cushing's Syndrome patients found impaired performance on tests of Immediate and

Delayed Paragraph Recalt Backward Digit Span. Visual Reproduction and the Digit

Symbol Substitution Test compared to nonnal controls (Mauri et al., 1993). Following

six rnonths of treaunent which reduced CRT levels to normal in eight patients, a

significant improvement in Immediate and Delayed Paragraph recall. Forward Digit

Span and the Digit Symbol Substiwtion Test was found.

Sorne studies have directly investigated the effects of treatment with exogenous

CRT to a variety of populations. Twenty-seven asthmatic children each received a

high and a low dose of prednisone (61.5 mglday and 3.33 mg/day, respectively), a

synthetic corticosteroid. The only memory test used was the Selective Reminding

Test. which assesses immediate and delayed verbal memory. Only the high dose of

corticosteroid was associated with decreased verbal memary and increased depression

and anxiety (Bender. Lemer, & Kollasch, 1988). When 1 mg DEX (synthetic canisol)

was given ta 49 healthy valunteers. a significantly higher rate of eITors of commission

and intrusions into free recall on a list learning task occurred in the DEX treated group

campared to thase who received placebo (WolkowilZ et al., 1990). Similarly, when
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Il volunteers received prednisone (80 mglday) for five days, the same increase in

commission errors occurred. However, scores retumed ta normal 7 days after

discontinuation of the treatment (Wolkowitz et al. 1990). Four days of treatment with

DEX (0.5. l, 1. 1 mg) resulted in a decrease in scores of both Immediate and Delayed

Paragraph Recall compared to placebo, followed by posttreatment recovery to baseline

scores (Newcomer, Craft. Hershey, Askins, & Bargdett, 1994), suggesting a selective

effect of DEX treatment on verbal declarative memory function.

Higher CRT levels and compromised cognitive perfonnance. including memory.

also occur frequently in individuals with major depressive disorder (Sikes et al.• 1989).

After an injection of 1 mg DEX. depressed subjects who were non-suppressors of

cortisol, indicating a dysfunction in the feedback of the HPA axis. showed a higher

rate of errors of commission on the verbal memory task than did depressed suppressors

and control subjects (Wolkowitz et al.. 1990).

In a naturalistic sLUdy of 19 healthy elderly people (Il men and eight women),

subjects who showed a significant increase in CRT levels over tïve years and whose

CRT levels were high at the lime of testing were impaired on Paired Associates and

selective attention tasks compared to those with stable or decreasing levels of CRT

across time (Lupien et al.. 1994). None of the other tasks that were assessed.

including WMS Paragraph Recall, Visual Reproduction. Digit Span, Verbal FIuency,

Picture Naming or Implicit memory showed any differences between groups. Only the

combination of an increasing slope of CRT levels coupled with high concurrent CRT

was predictive of impaired performance in this study.
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Finallyy O'Brien. Schweitzer. Ames. Tuckwell & Mastwyk (994) administered

l mg DEX to 33 older subjects aged 51-96 years. They assessed cognitive function

prior to the DEX test usine the Cambrid2e examination for mental disorders in the... -
elderlyy which contains a cognitive examination that measures language and memory.

as weil as orientation and praxis. The day following DEX administration. they

measured CRT and DEX levels but did not re-evaluate cognitive functions. Age was

positively correlated with post-DEX CRT. indicating a dysregulation of HPA feedback

with advancing age. Both age and CRT levels were negatively correlated with

cognitive scores.

Taken together, these studies provide evidence that exposure to high CRT levels

may result in cognitive impairments. panicularly in explicit memory functions reliant

on the hippocampus, in both heallhy and clinical populations. and that there may he

sorne dysregulation in HPA feedback with advancing age. These fmdings suppon

Sapolsky et al.'s (1986) glucocorticoid cascade hypothesis of memory dysfunction.

One sludy. however. found both beneficial and detrimental effects of CRT

administration on memory. Administration of different doses of hydrocortisone to

eighty male undergraduales sixty minutes prior to Iist leaming resulted in facilitation

of early word list recall al aU doses (5. 10. 20 and 40 mg; Beckwith. Petros. Scaglione

& Nelson. 1986). The design of this study included the successive presentation of ten

different word lists. with recall tested immediately afrer the presentation of each lisL

For the flfst half of each list. recall was facilitated by all dosagesy but for the last half

of the lists. those who received 40 mg doses did better. while those receiving 5 mg did
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worse. These results are inconsistent with those of other studies of steroid

administration that found deuimental effects on memory of high doses of prednisone

(80 mglday, Wolkowitz et al. 1990; 61.5 mg/day, Bender et al.• 1988). The authors

attributed their results to possible activatinglarousing effects of CRT.

DHEAS and memory:

Animal Studies:

Because of the effects of DHEAS on the GABAergic system. it was thought

that DHENS administration might influence cognition. When mice were given

OHEAS or placebo three minutes aiter training in an active avoidance T-maze

paradigm. then retested one week later. those who received DHEAS showed better

retention of the training (Robens et al.. 1987). Similarly. Rood et al.. (992) found

that post-training administration of DHENS to male mice resulted in improved

retention of footshock active avoidance training.

When 55 day old OVX rats were injected with DHEAS, those given 6.4 mglkg

of DHEAS performed better than vehicle injected animais on a delayed non-matehing

ta sample task. but not on the Morris water maze (Frye & Sturgis, 1995). Therefore.

DHEAS enhanced workingl long-term memory, but not spatial! reference memory.

which is consistent with results of other studies in this area suggesting that DHEAS

administration to rats enhances long-term memory.

Human Studies:

C02nitive effects of DHEAS have been investigated in several studies of human- -
populations. When given in replacement doses to elderly men and women. 50 mg/clay
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DHEAS improved subjective measures of psychological well-being as weil as immune

funcùon (Morales. Nolan. Jerald. Nelson. & Yen. 1994; Yen. Morales. & Khorram,

1995). However. objective memory functions and mood were not assessed. DHEAS

levels of male nursing home residents were inversely related to the presence of organic

brain syndrome (AD, multi-infarct demenùa and other types) and to the degree of

dependance in acùviùes of daily living (Rudman, Shetty & Manson, 1990).

In a community sample of elderly men and women, Barrett-Connor and

Edelstein (1994) measured DHEAS from blood samples taken from 270 men and 167

women between 1972 and 1974. Subjects were tested 16 years later on the Buschke

Selective Reminding tes~ visual reproduction, trailmaking, Category Aueney and the

Mini Mental Status Examination. A positive correlation oceurred between DREAS

levels and performance on the delayed Selecùve Reminding Test in the women only,

which was dismissed as a spurious result. The failure of these authors to re-assess

DHEAS levels al the time of retesting after the 16 year delay renders these results

uninterpretable. especially since DHEAS producùon decreases with increasing age

(Homsby. 1995; Vermeulen, 1995).

After four weeks of an open trial of DHEAS administration to six cIinically

depressed men and women, the patients were significantly less depressed. and their

scores on a measure of aUlomatie memory processing had improved, but scores on

tasks of explicit verbal memory performance did not change. Beeause there was no

control group. the possibility that any changes in memory May have occurred

secondary to the alleviation of depression cannot be ruled OUL Other investigators
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found preventative effects of DHEAS on physical outeomes such as mortality (Barrett­

Connor. Khaw, & Yen. 1986). coronary hean disease (Lacroix, Yanno & Reed, 1992)

and immune function (Casson et al.. 1993). but did not investigate cognition.

Severa! studies have investigated DHEAS. CRT and memory in AD patients,

which will be discussed in the section on AD.

Aging and Memory

Aging in the Brain:

The process of normal aging in humans is accompanied by Many changes in

the structure as well as the biochemistry of the brain. Structural changes include

weight loss. atrophy and increased ventricular volume (Winblad, Hardy, Backman &

Nilsson, 1985). The average reported weight loss in the brains of elderly subjects is

7-8% of peak adult weight (Creasey & Rapoport, 1985). PET and MRI technologies

have made it possible te assess changes in the aging brain in vivo. Age-associated

decrements in brain matter volumes of healthy subjects were found in the cerebellum,

cerebral hemispheres. parîeto-occipital lobe. parahippocampal gyms. amygdaIa.

thalamic nuclei and caudate nuclei using MRI. as weil as bilateral increa.ses in volume

of ventricular and peripheral cerebrospinal fluid (Murphy et al., 1996). Age-associated

decrements in glucose melabolism of whole-brain. frontal, temporal and parietal

regions were asymmetric in parietal (left more affected than right) and frontal (rigbt

worse than left) lobes. as weil as in language areas (Broca's area more affected tban

Wemicke's area).

Others who studied sex differences in the aging brain with MRI reponed that
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men had a significantly greater age-related volume loss in the whole brain and in the

frontal and ternporallobes. whereas loss was greater in women in the hippocampus and

parietal lobes (Murphy et al.• 1996). In a PET study, wornen showed a greater age­

related metabolie decline in the thalamus and hippocampus than men. Generally, men

evideneed greater age-related metabolic declines in the left hemisphere. while in

wornen the aging effeet was either equal in the two hemispheres or greater in the right

(Murphy et al.• 1996). If women experience ~ore damage to hippocampal structures

with aging. and the integrity of this structure is necessary for declarative memory

functions, it might be expected that wornen would show a greater mernory loss than

men with advancing age, and that men would experience a more general detriment in

language abilities and/or frontal functions. Indeed. a higher incidence of AD has been

reported in wornen (Jorm. Korten. & Henderson. 1987) and nondemented elderly men

show a greater deterioration of verbal functions than do wornen (West et al.• 1992).

Alzheimer's Disease

AD is the most prevalent form of dementia. with reported prevalence rates

ranging from 0.2% to 3.0% of the population under age 75 and from 7.1% to 47.3%

over age 85 (Keefover. 1996), and is more prevalent in wornen than men (Jorm et al.

1987). The age-specifie incidence rates of AD in women vary from 1.5 to 3.5 limes

that of men across multiple studies and ethnic groups (Birge. 1996). Increasing age

is a risk factor for this disease. and the higher prevalence of women is Most apparent

aiter the age of 65. Most studies that failed ta find a sex difference in the incidence

of AD have been conducted on younger samples. which are lilcely to cantain more
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instances of familial AD. which may be less related to hormonal status (Birge. 1996).

Neurological Effects:

AD is characterized by many gross changes in the brain. of which the most

common is coruca! atrophy, which involves shrinkage of the gyri and widening of the

sulci. primarily within the frontal and temporal lobes. but sometimes extending to

parietal and occipital regions (Mann. 1988). This shrinkage is thought to be due to

cell death in these areas (VonDrass & Blumenthal. 1992). Substantial celi 10ss has

been reported in the frontal. cingulate and temporal gyrus. and the hippocampus and

amygdala (Mann. (988). In the hippoeampus. there is approximately 40-47% reduction

in total eell numbers (BaH, 1976: Mann. Yates & Marcyniuk. 1985). However. In the

CAl layer a 68% eeU 1055 was detected (West. Coleman. flood. & Troncoso. 1994).

In contrast. vinually no cell loss in this region oecurred in healthy age-matehed

subjects (West et al.• 1994).

In addition to the actual loss of neurons. those ceUs still surviving undergo a

series of degeneraùve changes in individuals with AD. Neurotïbrillary tangles (NFT)

and senile plaques (SP) are eommonly found in the brains of bath healthy elderly

individuals and in AD patients. but are mueh more dense in AD patients (Priee. Davis.

Morris & White. 1991). SP are comprised of an amyloid core surrounded by swollen

degenerating neucites (pre- and post-synaptic nerve terminais) and glial cells. and are

generally larger than neurons (Mann. 1988; Perry. 1986). NFrs are accumulations of

fibrillary material that originate within neuronal cell bodies. As the neurofibrillary

material aecumulates within the neuron, it displaces inuacellular organelles until the
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cell dies. leaving behind a tangle (Saper. 1988). Thus, the NFf and the SP represent

the cell bodies and terminal axons, respectively, of neurons that have been affected by

the degenerative processes of AD.

The density of SP and NFf in the neocortex and hippocampus al autopsy are

markers used to diagnose AD. Guidelines for SP and NF[ densities required to merlt

the diagnose of AD upon autopsy require thal SP and NFr he present in the cingulate

cortex. hippocampus. entorhinal conex. amygdala and the association areas of the

temporal and frontal conical lobes (Khachaturian, 1985; Mann. 1988; Saper, 1988).

Neurochemical dislurbances in AD occur primarily in the cholinergie system.

In addition lO the depletion of ACh. norepinepherine concentrations in the neocortex

and the hippocampus and serotonin levels in the cortex are reduced. as are serotonin

receptor densities (Rossor. 1988). GABA activity is diminished in the temporal cortex

and midbrain. and glutamate concentrations and uptake are also decreased (Fowler,

O'Neill, Winblad & Cowbum. 1992; Mann, 1988). The loss of ceUs in the nucleus

basalis of Meynen. the locus coeroleus and the raphe nuclei are eonsidered to be the

major causes of the reductions of ACh, norepinepherine, and serotonin, respectively

(Rossor, 1988; Henderson & Finch. 1989).

Clinical Effects:

According to the National Institute of Neurological and Communicative

Disorders and Stroke (NINCDS) of the National Institute of Health and the AIzheimer's

Disease and Related Disorders Association (ADRDA) criteria (MeKhann et al., 1984),

in arder to receive a diagnosis of probable AD (confirmed as definite AD at post-
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mortem). a patient must have deficits in two or more of the following areas of

cognition: orientation ta place and time. memory. language. praxis. attention. visual

perception. problem solving or social functioning. The most common complaint and

usually the earliest. and most prominent symptom. is memory impairment (Nebes.

1992). AD patients show a more prominent dysfunction on tasks of long-term rather

than short-term explicit memory. including word liSlS and numbers (Nebes. 1992).

Implicit memory is also impaired in AD paùents under sorne circumslances (Brand~

Spencer. McSorley & Foistein. 1988: Salmon. Shimamura. Butters & Smith. 1988).

whereas implicit memory generally remains intact in nonnal aging (Craik. 1994). The

primary memory detïcit in AD appears to be one of stimulus encoding. rather than

storage or retrieval. although storage is somewhat impaired compared to nonnaIs

(Nebes. 1992; Grosse. Wilson & Fox. 1990).

Women with AD were more impaired on tests of verbal fluency. verbal delayed

recall and object narning. and showed a higher rate of forgetting verbal material than

men, aiter conuollin2 for a2e. education and dementia duration (Henderson &... ...

Buckwaller. 1994). Factor analysis of the neuropsychological test scores indicaœd that

women were more impaired on a language factor. but there were no gender differences

for the memory and attention factor or the visuospatial factor. These results support

those of a previous longitudinal study in which women with AD matched for age,

education and severity of dementia perfonned worse than men on tests of naming and

word recognition (Ripich. PetrHI. \Vhitehouse. & Ziol. 1995).

Sex Steroids and AD:
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Estrogen and AD:

After the menopause, when estrogen levels decrease substantially, women are

at increased risk for AD. Based on the neurobiological evidence reviewed previously,

there is reason to believe that estrogen may slow the progression of AD or possibly

even help to protect against this devastating illness.

Results of three nonblinded, uncontrolled studies provide suggestive evidence

of a beneficial estrogenic effect. Three of seven women with AD treated with 2 mg

micronized E2 daily for six weeks showed improved scores on the Mini-Mental Status

Examination (fvlMSE) and on the Randt Memory Test, while scores of the other four

remained unchanged (Fillit, 1986). Similarly, of seven women with AD treated with

1.25 mg CEE daily for six weeks, six showed improvement on the New Screening

Test for Dementia, which is not available in English (Honjo et al., 1989). In the third

study, 1.25 mg CEE daily was administered to 15 women with AD for six weeks and

15 other women with AD were designated as a control group and not treated. Patients

were not randomly assigned to treatment or control. ~lini-Mental Status scores of the

estrogen treated women increased significantly after administration of E2, and retumed

ta baseline three weeks after estrogen was withdrawn. No changes in scores occurred

in the control subjects over the nine week period (Ohkura, Isse, Akazawa, Hamamoto,

Yaoi & Hagino, 1994). Given the uncontrolled nature of these studies and their very

small sample sizes, it is difficult to draw any conclusions regarding the efficacy of

estrogen for treating AD, despite the generally positive results reported.

Henderson, Watt & Buckwalter (1996) compared 9 wornen with AD who were
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taking ERT at the time of their diagnosis to matched groups of esU'ogen non-users and

to men. The \Vomen estrogen-users perfonned better on the Boston Naming Test than

the other two groups. This test of language naming. considered to measure semantic

memory, was aIso more impaired in women AD patients compared to men (Henderson

& Buckwalter. 1996). An epidemiological reuospective. case-conuoi analysis was

carried out on a community sample of 143 volunteer women who met criteria for

probable AD. and 0092 control womeo (Henderson. Paganini-Hill. Emmanuel. Dunn.

& Buckwalter, 1994). Seventy women in the AD group had subsequently died and

autopsy contirmed the diagnosis of AD. Estrogen use had been assessed at the lime

of entry iota the study. and was used as the outcome measure. AD patients were

significantly less likely lhan control subjects ta use esU'ogen replacement (7% vs.

18%). when controlling for education and age. Within the AD group. esuogen usees

had significantly better perfonnance than non-users on the MMSE. although there were

no differences between these sub-groups in age. education or symptom duration. Due

ta the retrospective nature of this study it is impossible ta attribute causality to these

tïndings.

The relationship between esuogen use and subsequent AD was investigated in

a cahon of 8.877 femaIe residents of a retirement community in southem Califomia

who were [lfst assessed for esuogen use by self report in 1981. Of the 2529 females

who had died in the intervening years. 138 of those had AD as the cause of death on

the death certificate. Four controis were malched according to date of birth and date

of death to each AD patient. The risk of AD for esuogen users was about 65% of that
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for women who had never used estrogen. The risk decreased with both increasing

dose of the longest used oral estrogen and inereasing duration of use. Additionally.

the risk of AD deereased signitïeantly with decreasing age at menarehe and increasing

weight. indieators of inereased endogenous exposure to estrogens. (Paginini-Hill &

Henderson. 1994).

Another recent prospective report of 1124 community dwelling women found

that the age at onset of AD was significantly later in women who had taken estrogen

previously (12.5% of the population) than in those who did not, and the relative risk

of the disease was signitïcantly reduced in estrogen-users. after adjusting for education,

ethnie origin. age and apolipoprotein-E genotype (Tang et al.• 1996). Similarly, 472

post- or peri-menopausal women were followed for 16 years as part of the Baltimore

Longitudinal Study of Aging. after which time 34 of the women had developed AD.

Of those. only nine were estrogen-users, resulting in a relative risk for AD of 0.46 for

estrogen-users compared to non-users. after controlling for education (Kawas et al.,

1997).

Not aIl reports have shown a beneficial effect of estrogen. Using computerized

pharmaey data. a more rigorous methodology than self report. Brenner et al. (1994)

compared estrogen-use in 107 females with AD with mild to moderate dementia to 120

age matehed controls. SubjecLS were obtained from the AD Patient Registry of the

University of Washington. whieh is based on the enumerated health plan population.

There was no difference in the odds raùo of AD in estrogen-users and non-usees;

roughly 50% of both the cases and the controls had received ERT. yielding an odds
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ratio of 1.1, which indicated no association of ERT with AD. In a large case-control

study of 130 AD patients and matehed controls. an odds ratio of 1.15 for previous

estrogen use was reported (Graves et al.. 1990). Moreover. similar rates of estrogen

use were evident in AD patients and control subjects.

In summary, the generally retrospective nature of these epidemiological studies

do not allow for firm conclusions regarding the relationships between estrogen use and

AD. However. results of both c1inical and. to a lesser extent. epidemiological studies.

combined with our knowledge of estrogenic effects in brain areas involved in AD.

point to exciting and possibly fruiûul avenues for future research.

T and AD:

There are no studies investigating possible relationships between cognition and

T levels in AD patients. Neither have their been any reports of whether T levels in

AD patients differ from those of age-matched contrais.

Cortisol and AD:

Numerous sludies of normal aging have shown that cortisol production remains

stable wiLh increasing age (Sharma et al.• 1989; Sherman et al.• 1985; Waltman et al.,

1991). However, there have been reports of elevated CRT in AD patients (Leblhuber,

et al.• 1993; Swaab et al., 1994; Maed~ Tanimoto. Terada. Shintani & Kakigi. 1990).

The possibility that a pathological process of HPA dysregulation May cause an increase

in cortisol production in AD. a hypothesis proposed by Sapolsky et al. (1986). has

recently been investigated by a number of researchers. The administration of DEX,

ACTH or corticotrophin releasing hormone (CRH) to AD patients and subsequent
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measurement of the response of several HPA markers allows an assessment of the

degree ta which the HPA axis is reacting 10 feedback. Studies of this namre have

found that higher post-DEX CRT levels in AD were associated with hippocampal

atrophy on MRI (O'Brien. Ames. Schweitzer. Colman et al, 1996). that AD patients

were more likely to be DEX nonsuppressors (Hatzinger et al.• 1995; Nasman. 0lsson.

Viit & Carlstron. 1995). that CRH administration resulted in hypersecretion of CRT

and blunted ACTH response (Nasman et al., 1996) and that ACTH administration

caused hypersecretion of CRT (O'Brien. Ames. Schweitzer. Mastwyk & Colman.

1996). These studies aH support the notion that the feedback regulation of the HPA

axis is dismrbed in AD. Oniy one study found an association between CRT levels and

cognitive functions. In a lorigitudinal investigation of CRT over a one year period in

nine men and three women with AD. CRT levels at baseline correlated positively with

cognitive deterioration over the next 12 months as assessed by the Alzheimer's Disease

Assessment Scale (Weiner. Vobach. Svetlik & Risser. 1994).

DHEAS and AD:

DHEAS is an exclusively adrenal androgen and its production decreases with

increasing age. Plasma DHEAS concenuations were lower in AD patients compared

ta age-matched controis (Sunderland et al., 1989; Yanase et al.• 1996). However, other

studies have failed to confrrm this finding (Leblhuber, Windhager, Reisecker.

Steinparz. & Dienstl. 1990; Leblhuber et al.. 1993; Cuckle et al., 1990; Spath­

Schwalbe. Dodt. Dittmann. Schuttler & Fehm. 1990; Birkenhager-Gillesse, Derksen &

Lagaay. 1994). The question of whether AD patients have lower DHEAS levels than
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nonnal controls remains controversial and will be addressed in Study 3.

In the Leblhuber et al. (1993) study of 24 patients with AD, neither levels of

DHEAS or CRT were correlated with memory function as assessed by the MMSE, or

with the duration of AD symptoms. No other cognitive tests were administered.

Sunderland et al. (1989) similarly failed to find correlations between levels of DHEAS

and dementia severity or baseline cognitive testing in a sample of 10 AD patients. Il

is possible that smal1 correlations would not he significant with such small sample

sizes. However, DHEAS levels of male nursing home residents were inversely related

to the presence of organic brain syndrome (AD, multi-infarct dementia and other types)

and to the degree of dependance in activities of daily living (Rudman et al., 1990),

suggesting a possible relationship between DHEAS and dementia within a more

heterogeneous population.

DHEAS/CRT ratio and AD:

Since DHEAS has antiglucocorticoid properties. the ratio of DHEASlCRT may

serve as a measure of the putative protective actions of DHEAS against the damaging

hippocampal effects of CRT (Svec & Lapez-S, 1989). Indeed, a lower DHEAS/CRT

ratio occurred in elderly AD patients compared to age-matched controls. particularly

in wornen (Leblhuber et ai.• 1993). However. the DHEAS/CRT ratio was not

correlated with the duration of AD symptoms or with memory function as assessed by

the MM5E, which was the only cognitive test administered. DHEA5 levels decreased

with age in ail subjects. resulting in a decrease in the DHEA5/CRT ratio in the more

elderly controls. In the female AD patients, even lower ratios of DHEASlCRT were
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found compared to the control women. As weIl, women with AD had higher absolute

CRT levels than the control women and the AD men. Taken together, it appears that

high CRT levels May impair memory functions, while DHEAS May counteract the

effects ofCRT in the healthy elderly and in AD patients, most particularly in women.

l\1emory Assessmen/

Traditional Memory Tests:

Traditionally, memory has been assessed using neuropsychological batteries

that measure the Many different aspects of memory discussed earlier. The Wechsler

Memory Scale - Revised (WMS-R; Wechsler, 1987) is a commonly used instrument

with several subtests assessing different aspects of explicit memory. The Paragraph

Recall tests assesses verbal proPOsitionaI memory immediately and after a delay

component, while the Paired-Associates task assesses a more rote-Iearning aspect of

verbal memory (Emst~ Wamer, Morgan, Townes, Eiler, & Coppel, 1986). Visual

memory is also assessed by the Figurai Memory and Visual Reproduction subtests

(Wechsler, 1987). Other traditional memory tests include the Selective Reminding

Test (Buschke, 1974), and the test of Category Retrieval which measures aspects of

verbal semantic memory, but does not measure explicit memory.

EcologicaUy vaUd memory testing:

Although sorne traditional neuropsychological tests have been shown to

correlate reasonably weil with lesions to discrete brain areas (for example the

Paragraph Recall is a good test of the integrity of the hippocampal memory system),

Many criticize their lack ofecologicaI vaIidity and question the generalizability of such

67



•

•

test results to real-world functioning. Increasingly. the rationale of memory testing has

shifted from associating brain areas with specific memory functions and tests. to

predicting functioning in daily life (Cunningham. 1986; Erickson & Howieson. 1986;

Ferris. Crook. Aicker. Reisben. & Banus. 1986).

Crook and colleagues have developed a battery of computerized everyday

memory tests which measure memory for names. faces, object location. telephone

numbers and grocery list leaming, that have clear ecological validity (Lanabee &

Crook. 1992). As welle the Rivermead Behavioural Memory Test (RBMT; Wilson.

Cockbum & Baddeley, 1985) is a face valid standardized test that acts as a bridge

between laboratory-based measures of mernory and assessments obtained by

questionnaire and observaùon (Wilson. Cockburn. Baddeley, & Hioms. 1989).

Hormones and Mood

Estradiol and Mood:

Il is important to consider mood in any study assessing cognitive functioning,

as depressed mood is oCten associated with cognitive deficits (Emery, 1988; Kaszniak

& Christenson. 1994; McCallister & Priee. 1982). In the elderly, approximately 20%

of depressed patients show cognitive deficits severe enough to he labeled "depression

related cognüive dysfunction" (LaRue. D'Elia. Clark, Spar & Jarkvik. 1986). A

prominent biological theory of depression holds that abnormalities or deficits in central

serotonergic function occur in sorne groups of depressed patients (Lapin & Oxenkrug,

1969; Maes & Meltzer. 1995). An earlier theory, the catecholamine deficiency

hypothesis. implied that depression involves an impairment of central adrenergic
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functioning (Schildkraut. 1965). MAO degrades both serotollin and norepinepherine

in the brain. and has been a target of antidepressant pharmacotherapy in the pasL

There is reason to believe that ~ affects mood in women via its influence on

the serotonergic system. Studies of sex differences in the synthesis and turnover of

5-hydroxytryptamine in the hippocampus show that female rats have higher metaboüsm

than males (Haleem et al.. 1989). In OVX rats. ~ reduced serotonin receptor density

in areas of the brain known to contain esttogen receptors (Biegon. Rainbow &

McEwen.. 1982) and increased the rate of degradation of MAO. the enzyme that

catabolizes serotonin (Luine et al.. 1975). This suggests that ~ might act to increase

the brain concentration of serotonin which. in mm. would enhance mood. In a double­

blind. cross-over study of surgically menopausal women. Sherwin & Gelfand (1985)

found that hormone replacement therapy was effective in lowering depression scores.

This tïnding was subsequently confmned in another group of surgically menopausal

women (Sherwin, 1988b>. where mood was round to covary with circulating levels of

Ez in these generally healthy. non-depressed women. This relationship was extended

to naturally postmenopausal women (Sherwin. 1991), where women receiving estrogen

reported more positive mood than those receiving both esuogen and progestin.

Moreover, ERT in surgically menopausal women not only improved mood compared

to placebo, but aIso increased the number of tritiated imipramine binding sites on

platelets (Sherwin & Suranyi-Cadoue. 1990). These binding sites are thought to

modulate the presynaptic uptake of serotonin in the brain (Paul, Rehavi, Skolnick. &

Goodwin, 1984).
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An important point to note is that none of the women in the above studies were

suffering from clinical depression and therefore the beneficial estrogenic effects on

mood cannot be generalized to women with clinical depression. However. two repons

of ERT in clinical depression have hinted that E1 May even help alleviate symptoms

of severe. refractory depression. Crammer (1986) administered combined E/f therapy

to a 37 year-old woman with recurrent depression associated with the menstrual cycle

which seemingly alleviated the depression for eight years. Phannacological doses of

ERT administered for three months to 23 women (15 premenopausal and eight

postrnenopausal) with severe persistent depression were associated with a decrease in

Hamilton Depression Rating Scale scores compared to a placebo. although scores still

remained within the depressed range (Klaiber. Broverman. Vogel. & Kobayashi. 1979).

T and Mood:

Treatrnent of postmenopausal women with either ~. T or both ameliorated

depressive mood symptoms (Sherwin & Gelfand, 1985). Whether this was due to the

overall activating effects of T (Rose." 1972). or its aromatization to ~. is unclear. In

depressed men, circulating leveis of T were lower than those of non-depressed contraIs

(Rubin et al., 1981), and were reduced relative to the severity of the depression

(Yesavage. Davidson. Widrow & Berger, 1985). [n clinical trials. T administration

was as effective as amitriptyline in alleviating depressive symptoms in men with major

depression (Vogel. Klaiber. & Broverman, 1985), and in 64% of 81 men with EnV

illness and associated mood problems (Rabkin. Rabkin & Wagner. 1995). Thus.

exogenous T treatrnent seems to have mood-elevating effects in both men and wornen.
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CRT and mood:

Higher CRT levels occur in many individuals with major depressive disorder

(Sikes et al.. 1989). Depressive patients were more likely to show dysregulation of the

HPA axis in the form of nonsuppression of CRT secretion on the DEX suppression test

(W0 lkowitz. 1994). Twenty-seven asthmatic children receiving high doses of

Pregnenolone (61.5 mg/day) evidenced more depressive symptomatology than when

they were administered a low dose (3.3~ mglday). Additionally. adolescents with

major depression had higher evening CRT levels than matched non-depressed controis

(Goodyer. et al.• 1996). This research suggests that elevated CRT levels are associated

with increased depressed mood in a number of different populations.

DHEAS and mood:

Numerous anecdotal reports from small trials have suggested that DHEAS may

be related to mood (for a review. see Wolkowitz et al.• 1997). Moming DHEAS leveis

were lower in a group of depressed adolescents compared to age-matched contrais

(Goodyer et al.• 1996). DHEA administered to healthy elderly individuals resulted in

significant increases in self-evaluated ratings of "well-being" (Morales et al.• 1994).

In a recent clinical trial of DHEAS administration for four weeks to six elderly patients

with major depression and low basal plasma DHEAS levels. depression ratings

improved significantly pre- to post-treatment. and increases in circulating levels of

DHEAS were correlated with decreases in Beck Depression Inventory and Hamilton

Depression Rating Scale scores (Wolkowitz et al.• 1997). Taken together these results

indicate that all four steroid hormones might have influences on mood as weIl as on
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cogniùon.

In summary overaIl. although it has been established that certain aspects of

rnemory function decline with aging. and that circulating levels of severa! hormones

also decrease over ùme and influence these same memory functions and the brain areas

underlying them, the possible associations between the changes in levels of steroid

hormones and the concomitant decreases in specifie cogniùve abilities during the

normal aging process have not been thoroughly investigated. Nor have the

relationships between these hormones and cognition in AD patients been thoroughly

evaluated. These studies represent an attempt to investigate possible relationships

between cognitive functions. primarily memory, and hormone levels in groups of

elderly age-matehed healthy men and in women who were either estrogen-users or

non-users. The same hypotheses were tested in groups of men and women with AD.
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Studv 1 - Longitudinal Changes in Hormone Levels and MemoIT in Healthy

Elderly Men, and in 'Vomen Estrogen-users and Non-users

Introduction

Based on the research tïndings that associate ~. T. CRT. DHEAS and the

DHEAS/CRT ratio with memory functioning in animais and humans. this study was

undertaken to investigate and funher elucidate the relationships between levels of these

hormones and specifie aspects of memory functioning in healthy elderly men. women

estrogen-users and worncn eSlfogen non-users, Most previous studies of this nature

have investigated either men or women only, and many different instruments have

been used to measure aspects of memory. Age comparisons have usually been cross­

sectional. and no previous study has longitudinally investigated changes over lime in

hormone levels and memory functioning in the same population. As well. no other

studies have investigated all four stcroid hormones and cognitive function in the sarne

individuals.

Hypotheses

Based on the literature review. severa! hypotheses were proposed: 1) Women

estrogen-users would perform beuer on tests of verbal memory than estrogen non­

users. 2) Women estrogen-users would maiotain verbal memory test scores over lime

whereas estrogen non-users would show a temporal decline in scores, 3) Overall.

womcn wouId outperfonn men on verbal memory tasks. 4) Men would outperfonn

women on visuo-spatial tasks. 5) Higher T levels would be associated with better

performance on visuallspatial rasks in men. 6) Higher E2 levels would he associated
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with beuer verbal rnemory performance in estrogen-users and perhaps in men, 7) Men

would have higher T and DHEAS levels than women. 8) There would be no group

differences in CRT Ievels. 9) ~ and T Ievels would decline over time in the men. la)

~ and T levels would rernain stable in both groups of women, Il) DHEAS levels

would decline in al! three groups, but CRT levels wouId not change significantly, 12)

Subjects with higher CRT leveIs would have lower scores on explicit memory tests

lhan lhose with lower CRT levels.

Methods

Participantli; - Time 1

Thirty-one males. -t 1 female estrogen non-users. and 14 female estrogen-users

over the age of 65 were recruited through advertisements in local newspapers. AlI

subjects (~ were living independently in the community_ Ss experiencing any major

acute or chronic rnedical l)r psychiatrie illnesses were excluded. including those with

a history of slroke. rccenl hean disease. diabetes or vascular disorders. those recently

diagnosed with depression. anxiety, dementia or psychotic disorders. and those

currently taking any psycholropic medication.

Participants - Time 2

An average of 1.5 years later aIl the subjects were inviled ta retum ta the

laboratory for retesting. Twenty-three of the men. 27 of the feroale estrogen non-usees

and 10 of the estro2en-users retumed for Time 2 testine.- -
Materials - Time 1

The foUowing test battery was administered to each S once in an individual test
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session (Appendix B) .

Verbal l\lemory

Wechsler ~Iemory Scale (\Vl\'IS, \Vechsler, 1945) Paragraph Recali •

Immediate and Delayed: The S listened to a short paragraph of about four to five

sentences and then was asked to verbally recall v,,·hat he or she remembered from the

passage. Two paragraphs were presented once each. ACter approximately 30 minutes~

the S agaîn repeated all he/she eould remember of the paragraphs. which were not

presented a second Lime.

Wl\IS Paired-Associates • Immediate and Delayed: The S. listened to a List

of 10 ward pairs presentcd in random order, six of which were clearly related (easy­

associate; e.g.• fruit-apple) and four of which had no apparent relationship (hard-

associate; e.g.~ neektie-cracker). After hearing the list. the S was asked to recall the- --
ward that was paired with each eue word. Three such trials of presentation and

immediate recall were eondUCLed. After a 30 minute delay, one final reeall trial was

administered. In scoring. two points were given for a eorrectly recalled hard-associate

and one point for an easy-associate.

Selective Reminding Test (Buschke & Ruld, 1974) • Immediate and

Delayed: TIle S initially read aloud 12 wards presented one at a time 00 cue cards.

Helshe was then aslced to recall all of the words he/she was able. For the remaining

tïve trials. the S was verbally reminded of words not remembered and agaio asked to

recall all of the words. A 7 minute delay component tested free recall and was

followed by an auditory forccd-choice recognition test of words not recalled. The S
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was unaware of the delay component al the iniùal tesùng.

VisuaJ Memory

\Vechsler ~Iemory ScaJe - Revised (\VMS-R, Wechsler, 1987) Visual

Reproduction: The S. was shawn a design for 10 seconds and was then asked ta draw

what helshe remembered seeing on the cardo Four cards of designs were presented

once each. Ss were given separate sheets of paper for each drawing to minimize

visual exposure to designs presented earHer.

Wl\-IS-R Visual Paired Associates - Immediate and Delayed: The S saw

six different designs. ~ach of which \Vas paired with a different color. for three

seconds. Helshe then saw each design alone. and had to point to the associated color

in a separate folder. Errors were corrected by the experimenter. This procedure was

repeated for 6 trials or until ail six pairs were correctly identified. After a 30 minute

delay, the S. again saw the designs and had to point ta the associated color for each.

Wl\-IS-R Figurai ~lemory: The S. saw three designs for 15 seconds and was

encouraged to remember lhem. He/she then saw an array of nine designs and had to

point out the three just secn. This procedure was repeated with different designs for

three trials.

Wl\-IS-R Digit Span - Forward and Backward: Forward - The S was read

increasingly long groups oi numbers and asked to repeat them immediately after

hearing each group. For Backwards Digit Span. the S was read increasingly long

groups of numbers and asked ta repeat them backwards.

Wl\-IS-R Visual Memory Span - Forward and Backward: Forward - The
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S. watched as the cxperimenter touched a series ai colored squares on a cardo and was

asked to touch them in the same arder immediately afterwards. Backward - The S

watched the experimenter touch a series of colored squares on a different card and had

ta touch them in the reverse order immediately afterwards.

Language f1ueney 1 Semantie Memory

Category Retrieval (Drachman & Leavitt. 1972): The S. listed aloud as many

items as possible that belonged to a certain category in a 60 second period. The tïve

categories used were: animals. clothing. fruits. first names. and vegetables.

~Iood Questionnaires (Appendix C)

Beek Depression Inventory (BOl; Beck. Ward. Mendelson. Moek & Ergaugh.

1961): The S. read several groups of statements describing common depressive

symptoms and checked off the one statement from each group mat best described the

way he/she had been feeling over the last week.

Geriatrie Depression Scale (GOS; Yesavage et al., 1983): The S read 30

statements describing depressive symptomatology and indicated (yes or no) whether

the statement applied to the \Vay they had been feeling over the past week.

Profile of Mood States - Bipolar Form {POMS-BI: Lorr & MeNait, 1982):

The S. indicated for each of 72 adjecùves whether they had felt "much unlike this",

"slightly unlike this". "slightly like this", or "much like this" over the past week. This

scale yields scores on six dimensions of mood: elared-depressed, clearheaded-confused.

energeùc-tired. composed-anxious, contïdent-unsure. and agreeable-hostile. Each mood

state appears on a bipolar scale. with negaùve numbers represenùng the negative affect
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pole and positive numbers representing the positive affect pole. Scores can range from

-18 to 18 on each subscaJe. These scales are more sensitive to smali mood

t1uctuations than the BOl or the GDS.

Multiple Affect Adjective Checklist • Revised (MAACL-R: Zuckerman &

Lubin. 1985): The S indicated which of 132 adjectives best retlected hislher present

mood state at the time of testing. This instrument yieids scores for current levels of

anxiety. depression, hostility. positive affect. and sensation-seeking.

Materiais - Time 2

The same lest battcry as in Time 1 was re-administered. with the exception of

the MAACL-R and the BDI. which were eliminated as redundant with the POMS and

GDS and in arder ta shanen the test battery.

Rivermead Beha\'iouraJ l\lemory Test:

The Rivermead Behavioural Memory Test (RBMT: Wilson et al.. 1985). an

ecologically valid test of everyday memory functioning. was added at T2. Scores on

the RBMT show high inter-rater reliability and good criterion validity. and correlate

highly with behavioural observations of memory lapses. Scores also correlate

signitïcantly with sorne traditional neuropsychological test scores (Wilson et al. 1989).

The RBMT is composed of the following subtests:

Name: At the bcginning of the test. the S was shawn a picture of a woman

and toid that her name \Vas Catherine Taylor. After approximately 112 hour. al the end

of the test, the S was shawn the picture again and asked the woman's name. If no

spontaneous response was produced. the initials of the woman were given as a prompL
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Belonging: At the beginning ai the test. the S was asked for a persona! abject.

such as a handkerchief or gIasses case. and the experimentcr put it away in a drawer.

telling the S ta rernernber ta ask for the object al the end of the test. specify what it

was and where it was put. If the S did nOl ask spontaneously. the experimenter

provided a prompt.

Appointment 1 Results: Near the beginning of the test. a limer was set to

beep in 20 minutes. The S was laId ta remember ta ask when they would receive the

resu1ts of the test when the alarm beeped. Another version of the task was for the ~

ta ask when their next appoinLment is. However. lhis question was not appropriate for

these Ss, but was used in Study 1.

Picture Recognition: Ten line drawings of common objects were presented

for five seconds each. The S. was to1d ta name the object and try ta remember iL

Approximate1y 10 minutes later. 20 drawings were shown including the ten originaIs

which the à was asked lO idenLify. False positives were subtracted from correct

choices [0 detennine the score.

Face Recognition: Five faces were shawn for five seconds each and the S. was

laId lO try to remember them. Approximately 10 minutes 1ater. ten faces were shown

including the live originals which the S was asked to identify. Scoring was the same

as for Picture Recognition.

Story (Immediate and Delayed): A short story was read to the S who was

asked ta repeat il immediate1y and then. again. after a delay of approximately 15

minutes.
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Route (Immediate and Delayed): The experimenter loid the S to watch what

lhey did and then do the same lhing when mey were tïnished. She then walked fram

one locaùan to anather in the room making tïve disùnct stops and returned to her

chair. The S was asked to trace the same raute around the room as the experimenter

had taken. Approximately 15 minutes larer. the S. was asked ta repeal the route

(delayed).

Message (Immediate and Delayed): When the experimenter gal up ta

demonstrate the route. she took an envelape marked "message" with her. and deposited

il on a counter al stop three ai the route. The ~ was lOld to do the exact same thing

as the experimenter and scored as to whether the message was picked up

spomaneously and lcft in the correct locaùon.

Orientation: Ninc orientation questions assessed orientation to time. place. ,md

CUITent events.

Date: The Date was scorcd separately from the other orientaùon quesùons as

it is considered a more signitïcant pragnostic index.

Total Score (out of 24): Each subtest was allocated a standardized two points.

Ss could earn either O. 1 or 2 points on each sublest by performing to set levels. The

standardized scores were added ta achieve the total score.

Plasma Hormone Assays:

Ten millilitres of blood were collected via venipuncture into heparinized

Vacutainer tubes at each test session. The blood was immediately centrifuged and the

plasma stored at -50 degrees C. Ali samples were analyzed by radioimmunoassay at
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the conclusion of each phase of the sludy. E:! was measured using the Clinical Assay

for the Direct Determination of 17 beta-~ in Human Serum or Plasma kit (Sorin

Biomedica. Saluggia. Italy). Free T was assayed by means of the Coat·A-Count Free

T procedure (diagnostic Products Corporation. Los Angeles. CA); DHEAS was

analyzed using the Radioimmunoassay Kit for the Quantitative measurement of

DHEAS in Serum or Plasma (Diagnostic Systems Laboratories Incorporated. Webster.

Texas), and CRT by the Clinical Assays GammaCoat CRT I·RIA Kil (Incsw

Corporation. Stillwater. Minnesota).

Procedure - Time 1:

Prospective subjecLS \....ho replied to newspaper advertisements were screened

over the phone for CUITent medication use and medical history before being scheduled

for an interview (Appendix A). Ss then reponed to the laboratory individually.

females al 10h00. males al 12h30. and signed a consent fonn approved by the McGill

University Ethics Commiuee (Appendix A). Female~ had their blood samples taken

by a registered nurse afler their test session whereas the male ~ had their samples

taken before their neuropsychological test session. This was done in order to control

for the time of day that the blood sample was taken and in view of the constraints on

the availability of the blood technician. For ail ~ therefore. the blood sample was

obtained between 12h00 and 13h00 on the day of testing.

Test sessions were carried out in the laboratory and each lasted 1.5 to 2 hOUTS.

Ss tïrst completed a general infonnation forro that provided sociodemographic

information as weIl as personal. Medical. psychological. educational and vocational
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history (Appendix A). Next. the test bauery was administered. Each S was paid $15

at the end of the session to compensate them for their transportation expenses.

Procedure - Time 2:

~ were telephoned an average of 1.5 years after their tïrst test session. and

invited ta retum to the laboratory for a second test session and another blood sample.

They were screened over the telephone for any changes in their medical status during

the interval. and any who were experiencing any major acure or chronic medical or

psychiatrie illnesses were excluded. including those with a history of stroke. recent

heart disease. diabetes or vascular disorders. those recently diagnosed with depression.

anxiety, dementia or psyehotic disorders. and those currently taking any psychotropic

medication. ~ who met the exclusion criteria and agreed 10 retum were scheduled for

testing. The same procedure was followed as for Tl. with the exception that the test

baucry look somewhat longer with the addition of the RBMT, and ~ were

compensated $20 for their travel and parking expenses.

Results

Participants - Time 1 and 2:

Demographie characteristics of the ~ are presented in Table 1. Although the mean

socioeconomic status score indicated that most of the ~ were middle class (Blishen.

1967), at Tl one-way ANDVA analysis with Bonferroni corrected post-hoc t-tests

indicated that the female estrogen-users were of significantly higher socioeconomic

status (,E[2.,83]=4.17, p<.05) and had more years of formai education ŒI2.83]=3.57.

p<.05) than female non-users. There were no differences in age between the three
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Age (years) Education (years) Socioeconomic

Group Status"._----._---_._.-._+_4"...- ......._.•...._.......•._......_... .__...._.__..-......•.•._...-
Mean sn Mean sn Mean SD

Men TI (n=31) 71.9 5.9 12.1 3.5 55.5 11.9

TI (n=23) 73.4 5.9 12.8 3.6 55.9 12.7

Female estrogen Tl (n=41) 72.4 5.7 11.9 2.9 52.7 13.3
non-users

TI (n=27) 73.5 5.0 12.0 3.0 53.1 15.0

Female estrogen· TI (n= 14) 71.2 4.9 14.4* 2.7 63.6* 8.78
users

1'2 (n=IO) 73.5 4.9 14.8 2.3 63.1 10.2

Total sample Tl (0=86) 72.1 5.6 12.4 3.1 55.4 12.6

TI (0=60) 73.4 5.3 12.8 3.3 55.8 13.7

Table 1
Sociodemooraohic Characteristics Healthv Elderlv•

*

/\

Time 1: Female E-uscrs higher then Female E non-users only (p<.05).
Time 2: No group diffcrences
Socioeconomic Status as measured by Blishen (1967).

groups. who were. on average. 72.1 years old. At T2, there were no significant

differences between the threc groups in age. SES or education. This was due primarily

to the facL that there were smaller numbers of~ al T2. and because of slight shifts in

the group means of the Ss who rcturned.

Details of estrogen use and menopausal hisLOry of the women estrogen-users

are presented in Table 2. Of the 14 women using estrogen, 9 had undergone

hystercctomy and bilateral salpingo-oophorecLOmy 12-32 years previous1y (mean 21.7

years) and 7 had been taking estrogen replacement therapy continuously since the

surgery. Seven were taking conjugated equine eSLrogen 0.625 mg dai1y (CEE;

•
Premarin. Wyeth-Ayerst Laboratories, Canada). two took CEE 0.30 mg daily, and one

women was taking 0.625 mg esteritïed eSLrogens daily (Neo-Estrone. Neolab Inc.•
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• ~lontreal. Canada>. The remaining tïve women had had a natura! menopause 16 to 34

years previously (mean = 23 years) and had been taking estrogen for an average of

Table 2
Characteristics of Estraoen Use Healthv Elderlv= -

1

Subject Type of Years since Estrogen Type + Progesterone Years of
Number menopause menopause Dose Iday Type + Dose ueatment

Iday
1

1
106- surgical 28 1 CEE· .625 mg none 28

1 130- surgical 23 CEE .625 mg none 23

140- surgical 14 CEE .30 mg none 14

153- narural 34 CEE .625 mg none 34

1

159 surgical 12 CEE .625 mg none 12

163- surgical 32 CEE .625 mg none 32
(erratic)

166 surgical
1

28 CEE .625 mg none 28

180- naruraJ 17 CEE .625 mg none 9

182- natural 16 CEE .625 mg MPA** 2.5 16
mg

183- natural 23 CEE .625 mg MPA 2.5 mg 2

184- surgical 20 CEE .30 mg none 13

185- natura! 25 CEE .625 mg MPA 2.5 mg 25

187 surgical 25 CEE .30 mg none 25

188 surgical 13 Esterified estrogen none 7
.625 mg

natural 23.0 17.20
Mean
Values surgical 21.67 20.22

Ali E users 22.14 19.14

•
*
**

CEE= Conjugated equine estrogen
MPA= medroxyprogesrerone acetate
Retumed ar Time 2
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17.2 years. Three of the naturally menopausal women were taking 2.5 mg of

medroxyprogesterone acctate tMPA: Provera. LTpjohn Co.• Canada) in combination

\Vith CEE 0.625 mg daily.

At TI. all five of the naturally menopausal estrogen group retumed. and ail had

continued their honnone regimen (3 taking combined CEE 0.625 mg and MPA 2.5 mg

daily; 2 taking CEE 0.625 mglday only). Of the tïve surgically menopausal women

who retumed. three were taking CEE 0.625 mglday and two were taking CEE 0.30

mg/day, the same doses as at Tl. None of the tïve were taking progestins.

Hormonal Assays - Time 1:

Radioimmunoassays of plasma ~, free T. CRT and DHEAS were conducted

in duplicate for 75 S5 (Women estrogen-users. n=13; Wornen estrogen non-users,

n=38; Men. n=24). 8100d hormone levels were not available for all ~ due to

problems obtaining samples \Oia venipuncture from sorne of these elderly~. The

value reponed for each S is the mean of two assays per hormone. bath condlJcted on

blood from the same sample. As the distributions of values for CRT was significantly

positively skewed. a square root transfonnaùon was conducted and subsequent

correlaùonal analyses perforrned on the transformed values. The ratio of DHEAS lO

CRT was calculated by converting the CRT measurements ta the same units as

DHEAS, then dividing the CRT values into the DHEAS values for each S.

Transfonned values of CRT could nOl be used in these ratios as they w()uld he

meanin21ess in this context. The resulting ratios confonned to a normal curve_ These- -
ratios (expressed in exponential notation)~ and mean absolute hormone values for each
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• group ofsubjects appear in Table 3

Table 3
H,,- 1111"- lit: Level~Tt and TI - Hea th~v~Eg~lc!lde!f:f!rè5='lv==r:==========::;:::====:::;=========;======~

Group E2 T (pmoVL) CRT DHEAS DHEAS/C
1~ ...__..._~~(_nmoilIIWlllilIl')~ ....(1 .lo..lII.')....1IIi(·lu.lm.loMllfl.)......R~lIIIIIT_""1

Men (M) TI i Mean 74.4b 34.8e 325.0 3.OS 9.06 E_6i

~ (n=24) r-------- ------------~------------~------------ ------------ ------------
: ~ SO 19.4 8.0 78.1 2.0 4.75 E-6

T2
~ (n=22)

; Mean 66.1 d.k 34.1 f 382.7 3.4h 9.89 E-6-J

!-'-------- ------------~----------_.~------------~------------ ------------
SD 22.2 12.1 123.2 1.9 5.79 E-6

i TI i Mean 28.0 1.8 289.0 1.6 5.73 E-6
1(n=38) r-;~----~~~~~-------- ~~~--------- ;-;;--------..~~~--------- -;~;~;~---

FemaJe
Estrogen
non-users
(FnoE) T2

1 (n=23)
~ Mean 29.3 2.39 359.81 1.7 5.13 E_6m

r------- ..------------ ------------ ------------..------------------------
SO 15.9 1.89 104.0 1.0 2.75 E-6

•
female
estrogen­
users (FE)

Tl 1 Mean 115.6· 0.8 304.3 1.5 7.20 E-6
1 (n= 13) r-------- ~------------ ~----------- ..------------ ~------------ -----------

~ SO 62.6 0.6 139.3 1.4 6.61 E-6

T2 i Mean 98.21: 0.6 306.1 1.1 4.33 E-6
; (n=10) r-~;;---- ;;~-------- ~~~--------- ~~-;.~------- ~~~--------- -;~3-~;~----

.E2

a FE> M, FnoE
b M> FnoE
c FE> FnoE
d Men> FnoE

DHEAS/CRT:
M> FnoE

j M > Both FemaJe Groups

T.DHEAS
e, f M > FE, FnoE

g, hM> FE, FnoE

ChanGs:
k Men: Tl Ez > T2 ~
1 FnoE: Tl CRT < T2 CRT
m FnoE: TI DHEAS/CRT> T2 DHEAS/CRT

Analysis with one-way ANDVA procedures indicated there was a main effect

between groups for ~ levels at Tl Œ[2,72]=48.6, p<.OO1). When probed with

Bonferroni corrected post-hoc t-test analyses, plasma ~ levels were significantly higher

•
in the female estrogen-users compared to the estrogen non-users and the men (p<.05).

Also, the men had higher ~ values than the estrogen non-using women
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(p<.OS). As expectcd. the T levels at Tl were different between the three groups

(f[2,72]=411.2. p<.ûO 1), with higher levels in the male group eompared to both female

groups (p<.OS), while mean values of T of the female groups did not differ from each

ather. CRT levels were not signifieantly different between any of the groups.

However. DHEAS levels did differ (f[2.72]=8.13. p<.OOl), with higher levels in the

male group eompared to values of bath female groups (p<.05). Consequently the

DHEAS/CRT ratio was also different between the three groups Œ[2,72]=4.28. p<.OS).

with higher ratios in the males than in the female estrogen non-users Cp<.05).

Hormonal Assays - Time :2

Radioimmunoassays of plasma ~, free T. CRT and DHEAS were again

conducted in duplicatc for aH retuming 5s (Women estrogen-users. n=10; Women

estrogen non-users. n=23: .\1en. n=22). Once again. blood hormone levels were not

available for aU Ss due Ln problems obtaining samples via venipuncture in one man

and four estrogen non-using women. The value reported for each S is the mean of twa

assays per hormone. bath conducted on blood from the same sarnple. This time. the

distributions of values for CRT or any other hormone were not significantly positively

skewed, and thus no transformations of the raw data were neeessary. The ratio of

DHEAS ta CRT was calculated as at Tl. These values are aIso presented in Table 3.

Analysis with one-way ANGVA procedures indicated there was a main effeet

between groups for E1 levels (fJ2. 52]=12.81, p<.OOl). Bonferroni corrected post..hoc

t-teSt analyses showed that plasma ~ levels were significantly higher in the female

estrogen-users than in the estrogen non-users (p<.05), and the men had higher ~
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values man the estrogen non-using women (p<.OS). As at Tl. the T (fl2.52]=109.54.

p<.OOI) and DHEAS (E[2.S2]=12.15. p<.OOl) Ievels were different between the three

groups. with higher T and DHEAS levels in the maie group compared to both female

groups (p<.05), while mean values of T and DHEAS of the female groups did not

differ signitïcantly from each other. CRT levels were not signitïcantly different

between any of the groups. Because the men had higher DHEAS. the DHEAS/CRT

ratio was also different between the three groups Œ[2..52]=8.67 7 p<.OO O. with higher

ratios in the males than in bath female groups (p<.05).

Normal values for hormone levels by sex and age are those used by the

Endocrine Laboratory of the university teaching hospital that assayed these samples

and are presented in Table 4.

Table 4
Hormone Norm!\

Men Women

E2 (pmollL) 37 - 220 Early Follicular: 110 - 440
Later Follicular: 310 - 1400
Menopause: < 100

T CpmollL) 9.5 -91.4 0.2 - 8.5

CRT (nmollL) 08h00: 140 - 690
16h00: 55 - 360

DHEAS (umol/l..) 5.4 - 9.1 Cycling: 2.2 - 9.2
Menopause: 0.3 - 1.6

At Tl. the E.., levels of the female estr02en-users were within the ran2e of the- - -
early follicular phase values of the cycle in reproductive-aged women. while the non-

users had ~ levels within the posunenopausal range as expected. However. at TI the

~ values of the estrogen-users were slightly lower and the levels of the non-users
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remained simiJarly depressed as at Tl. The E2levels of the men were in the lower half

of the normal range of male values at both Tl and T2. At both test times~ the T levels

of these 72 year-old men were in the lower third of the normal range of male values~

and both groups of women had plasma T levels in the low end of the female range.

DHEAS levels in the men were below the lower limit of the nonnal male range, and

DHEAS values were within the postmenopausal range for estrogen-using women at

both test times~ but slightly higher than the normal menopausal range in estrogen non­

users at TI. Also~ CRT levels of all three groups, obtained at approximately 12hOO~

felI between the nonnal range of 8hOO and 16h00 norms for this hormone known to

have a prominent diurnal variation.

Changes in Hormone Levels:

Matched group t·tests with Bonferroni corrections comparing the levels ofeach

hormone in each of the three groups indicated that none of the hormones had changed

significantly during the 1.5 year interval in the estrogen-using women. However~ in

the men, E2 levels decreased significantly over the interval (p<.OO l)~ and in the

estrogen non-using women CRT levels increased significantly (p<.OOl)~ and

consequently the ratio of DHEAS/CRT decreased somewhat from Tl to T2 in these

women (p<.05)~ although this change did not meet the conservative criteria of p<.O 1.

Neuropsychological Tests - Tinte 1

In order to control for the possible confounding effects of higher SES

scores and more years ofeducation in the estrogen-using women compared to the 000­

users~ ANCOVA analyses were performed on oeuropsychological test scores
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using SES and years of education as covariates. Significant main effects were probed

using Bonferroni corrected post-hoc t-tests on the adjusted means. Repeated measures

ANCOVA analyses on the Immediate and Delayed components of Paragraph Recall.

Paired Associates. Selective Reminding. and Visual Paired Associates failed ta tind

interactions between group and time lImmediate versus Delayed).

As seen in Table 5. there was a main effect of group on Forward Digit Span

CE[2.57]=9.03. p<~OO 1) and on Total Digit Span Œ[2.571=5.05. p<.Ol) such that both

the males and the femalc cstro~en-users had hi2her scores than the estr02en non-users.
~ ~ -

On the Backward Digit Span. only the estrogen-users scared significantly higher than

the non-users C.E[2.57]=3.19. p<.05). Additionally. both groups of women scored

higher than the men on the Category Retrieval test ŒI2.57]=4.88. p<.O 1).

Pearson product-momcnt correlations were calculated between test scores and

hormone Ievels for each group (Tables 6 through 10). In arder to provide sorne

control for the number of correlations perfarmed, a eut-off value far significance of

p<.O 1 was used far aU correlatians. There were no significant correlations between

~ levels and any of the lest scores in any of the groups (Table 6). T levels were

positively correlated with Delayed Paragraph RecaJl (r=.681) and Category Retrieval

scores Cr=.690) in the estfagen-using wamen (Table 7). Transfonned CRT levels were

positively correlated with Digit Span in the men (r=.54ü, Table 8). but showed no

significant association with test scores of either group of women.

90



•

•

Table 5

Neuronsvchological Test Scores - Healthv Elderlv

Maxi- Men Female Female
mum Estrogen Estrogen-
Possible Non-Users Users
Score

~-------r-------------~------
_._- --

Test Name TI 1'2 Tl Tl Tl 1'2

Paragraph RecaU - 46 17.68 19.89 18.37 17.29 20.89 20.80
Immediate

Paragraph RecaU - 46 12.76 16.09 13.76 13.10 17.36 14.20
Delayedh

Paired Associates - 42 28.45 26.74 27.56 25.30 29.64 28.10
Immediate'

Paired Associates - 14 10.90 9.96 10.32 9.96 11.21 11.20
Delayed

Selective Reminding 72 51.42 48.3 51.71 51.37 52.86 54.22
Test - Immediate

Selective Reminding 12 7.42 6.96 7.56 7.33 7.64 10.ooe
Test - Delayed!

Visual Paired 18 11.06 11.35 11.34 12.42 12.29 14.3
Associates - Imm.

Visuai Paired 6 4.35 4.68 4.54 4.96 5.43 5.60
Associates • Del.

Visual Reproduction' 41 29.71 32.24 29.44 33.40 32.50 33.50

Figurai Memory 10 6.87 7.10 6.46 6.59 6.21 7.70

Digit Span Total 24 16.26 16.73 13.9S· 14.07! 17.64 17.2
--------------------.-------- ------------------------------------- -------

Forward 12 9.42 9.68 7.61 b 7.7OS 9.64 10.00
-------------------.-------- ------------------------------------- -------

Backward 12 6.84 7.18 6.221: 6.S9 8.00 8.20

Visual Memory Span 24 15.61 IS.74 14.83 14.59 14.14 14.90
-------------------.-------- 1------------_.--------~--------~----- 1-------

Forward 12 8.13 8.39 7.80 7.93 7.S7 8.10
-------------------.-------- '-------- ---------------~1----------- ...------

Backward 12 7.48 7.35 7.00 6.67 6.57 6.80

Calegory Retrieval' no max. 83.90d 87.6S 9S.90 90.04 98.71 98.78
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Table 5 (con'd) - Legend• Time 1: a. b
c
ct

Time 2: e
f
o
:::

Changes: h
i
j
k
1

Female E-users and Men> Female E non-users (a. p<.Ol; b. p<.OQl)
Female E-users > Female E non-users (p<.OS)
Both Female groups> Men (p<.O 1)

Female E-users > ~1en. Female E non-users (p<.05)
Men> Female E non-users (p<:.02)
Men. Female E users > Female E non-users (p<.OO5)

Interaction: Men increased. Female E-users decrease (p<.OO5)
Main effect of time: Tl>T2 (p<.Ol)
Interaction: Female E-users increase. men decrease (p<.05)
Main effect of time: TI<T2 (p<.OO5)
Main effect of ti me: Tl>T2 (p<.05)

•

DHEAS levels were ncgatively associated with performance on Total Digit

Span <[=.-.451) and Forward Digit Span ([=-.488) in the estrogen non-using wornen

(Table 9). FinalIy. a similar pattern of negative correlaùons was found between the

DHEAS/CRT raùo and test performance in the estrogen non-using women (Table 10).

such thut higher DHEAS/CRT ratios were associated with poorer performance on Total

(r=-.519> and Forward (r=-.564) Digit Span and Immediate Selective Reminding (r=-

.422) in eSlf02en non-usin2 \vomen.... -
To examine whether the effects of combined estrogen-progesterone treatment

differentially affected these tïndings. these analyses were repeated exciuding the three

estrogen-using women who were aiso taking progestins. There was no change in any

of the neuropsychological test results.

To determine whether duraüon of estrogen treatrnent was related to

perfonnance on any of the neuropsychological tests. years of estrogen use was

correlated with test scores for the estrogen-users. No correlations were significant at

p<.Ol.
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Table 6

Correlations Between Estradiol Lcvels and Test Scores - Healthv Elderlv

Group.-----..----.-.....-..1"...---..-...-.--...-..-- ..-.._---_.._._---------
Men Female Estrogen Female Estrogen-

Test NaIne Non-Usees Users
·_········_···_···r··················· ._-...•.•__.•._... 1"'••••••••••••_ ••••• • ••_ •••-.__••-.-- 1"'......_ ••--•••••

Tl TI Tl TI Tl TI

Paragraph Recall - .012 .086 -.225 -.188 .315 .018
Immediate

Paragraph Recall - Delayed .377 .224 -.005 -.255 .232 -.082

Paired Associates - -.068 -.280 -.010 -.126 -.104 .426
Immediate

Paired Associates - .179 -.383 -.182 -.012 -.143 .189
Delayed

Selective Reminding - -.201 -.106 -.208 .068 -.479 -.366
Immediate

Selective Reminding - -.211 -.031 -.005 -.336 -.264 -.637
Delayed

Visual Paired Associates - -.078 -.028 .162 -.115 -129 -.133
Imm

Visual Paired AssocialCS . -.360 .253 -.072 -.179 .138 -.269
Delayed

Visual Reproduction -.209 -.199 -.173 -.330 .377 -.237

FiguraI Memory -.268 -.035 -.114 .269 -.324 -.059

Digit Span Total .197 -.043 -.306 -.230 .060 -.299
-----------------------~------ ------- ~------ ...------ ------- --------

Forward .057 .012 -.337 -.306 .083 -.403
-----------------------.-~------ ~----- ...------ ------ ~------~-------

Backward .261 -.199 -.233 .048 .030 -.369

Visual Memory Span -.066 .032 -.079 -.086 .612 .315
----------------------.- ...------ ------ ...------ ~------ ~-- - ~-------

Forward -.090 .016 -.158 .127 .606 .245
------------------------------ ...------ ~------~------~------ --------

Backward .001 .040 -.059 -.207 .440 .212

Category RetrievaJ -.212 -.113 -.260 -.248 -.142 -.231
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• Table 7

Correlations Between Testosterone Levels and Test Scores - Healthv Elderly

1

Group

:~~~-~:_~~::~:~~~l~~~;;~~~~~---~-
"._.._--.._.._-._-.._.._--.._.--

1 Female Estrogen-

Test Name Users...._..._......_- .....-_..__.-
Tl 1'2

Paragraph Recall - .050 .175 -.086 .035 .510 .197
Immediate

Paragraph Recall - Delayed .135 .080 .088 .306 .681· .183

Paired Associates - -.120 -.191 .292 .174 .500 -.299
Immediate

Paired Associaœs - .186 -.405 .072 .301 .324 -.100
Delayed

Selective Reminding - .172 -.072 -.206 .125 .470 .098
Immediate

Selective Reminding - -.082 -.212 .013 .091 .359 .237
Delayed

Visual Paired Associares - -.310 .497 .307 .413 .345 .615
Immediate

Visual Paired Associatcs - .027 .149 .219 .372 .282 .350
Delayed

Visual Reproduction -.002 .352 -.016 .236 .357 .196

Figurai Memory -.117 .043 .098 -.117 .291 .583

Digit Span Total -.059 .362 -.169 .276 .195 -.021
-----------------------~------ ------- ~------ ------- ------- ~-------

Forward -.082 .073 -.241 -.103 .161 -.052
----------------------.-~------ ~------ 1------- 1------- --- 1--------

Backward -.025 .347 -.038 .394 .206 -.051

Visual Memory Span .011 .180 -.090 .163 .432 .349
----------------------.-------- 1------- ------- ...------ ~-----1--------

Forward -.010 .033 -.190 .082 .427 .429
------------------------.-------- ------- ------- ------- .._----- --------

Backward .031 .286 .023 .170 .302 .013

Category Retrieval .047 -.038 -.068 .324 .690· -.221

• • p<.01
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• Table 8

Correlations Between Cortisol Levels and Test Scores - Healthv Elderlv

Group
---------------------------1----------------------------- ...-.._._.._-....._--._.._..-

Men Female Estrogen FemaJe Estrogen-

Test Name Non-Usees Usees
········_·_···_···r··············_···- ......•.•._-_._... ....'_..•'.'-.'..-. ..._..._.•..•...- ,...•.•._..._._..
Tl 1'2 Tl 1'2 Tl 1'2

Paragraph Recall - .124 -.060 -.195 -.290 .038 -.026
Immediate

Paragraph Recall - Delayed .220 -.173 1-.180 -.271 .238 .129

Paired Associates - .183 -.196 .133 -.517 .091 -.151
Immediate

Paired Associates - .051 -.074 .041 -.431 -.063 -.489
Delayed

Selective Reminding - -.034 -.002 .097 -.080 -.090 -.169
Immediate

Selective Reminding - -.278 -.079 -.023 -.476 .122 -.811
Delayed

VisuaJ Paired Associales - -.183 .245 .139 -.235 -.247 -.368
Imm

Visual Paired AssocialCS . -.252 .063 .125 -.145 -.011 -.450
Delayed

Visual Reproduction -.080 -.097 .067 -.127 .491 -.052

1 Figurai Memory -.378 -.188 -.118 .080 -.067 .145

Digit Span Total .540* .439 .031 .106 -.626 -.002
------------------------ ...------ ...------ ------- '------- ------ ... _------

Forward .455 .330 .087 .145 -.297 .069
------------------------ ...------ ------- ..----- ------- ~------ --------

Backward .504 .496 .018 .002 -.560 -.016

Visual Memory Span -.013 .120 .072 -.136 .485 .199
------------------------------- ~------ ------- ..------ ------- ~-------

Forward -.048 .111 .052 .033 .433 .223
------------------------ ..------ ...------ ------- ~------------ ..-------

Backward .052 .098 .063 -.209 ..426 .037

Category Retrieval .154 .050 .149 -.392 .069 -.268

• * p<.OO5
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• Table 9

Correl:uions Iletween DHEAS Levels and Test Scores - Healthv Elderlv

Group

::::=::·~~::~~~~~:·l~~~~;;~~·~::~~
..-.._------------------
Female Estrogen-

Test Name Users..._._._..._._- -_.._..._.._.
Tl Tl

Paragraph Recall - -.371 .176 -.242 -.343 -.343 .311
Immediate

Paragraph RecaIJ - Delayed -.001 .012 -.124 -.352 -.084 .335

Paired Associates - .303 .126 .170 -.238 -.253 -.114
Immediate

Paired Associates - .158 -.108 .106 -.197 -.037 -.162
Delayed

Selective Reminding - .433 .020 -.360 -.398 -.094 .404
Immediate

Selective Reminding - .112 -.141 -.279 -.471 .150 .093
Delayed

1

Visual Paired Associates - -.224 .117 .051 -.296 .234 .479
Imm

Visual Paired Associatcs - -.055 .072 -.055 -.334 .169 .069
Delayed

Visual Reproduction -.400 .072 -.349 -.328 .529 .204

Figural Memory -.171 -.148 -.104 -.043 .137 .656

Digit Span Total .349 .168 -.451· -.04·18 -.059 .023
-------------------------------- ~------ ...------ ------- ------- ...-------

Forward .355 .082 -.488· -.401 .030 -.130
----------------.-------- ------- ------- ~------ ------- --------

Backward .257 .167 -.299 -.335 -.137 -.003

VisuaJ Memory Span .068 -.115 -.277 -.529· .119 .135
--------------------.- ...------ ------- ------- ------- ...------ --------

Forward .089 -.199 -.147 -.505 -.104 .395
-------------------.-~------ ------- ...------ ------- ~------ --------

Backward .004 .003 -.289 -.385 -.376 -.317

Caregory Retrieval .332 .340 -.267 -.500 -.346 -.085

•
... p<.01
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• Table 10

Correlations R~tween DHEAS/CRT Ratio and T~st Scores - Healthy Elderly

97

p<
p<.OOI

Group
·-··-··-·-··-··-·-··----···-··1·····-·-·---·····---···--_.. .._.._---._.....--_..__.._..-

~fen Female Esn-ogen Female Esttogen-

Test Name Non-Users Users
.........._..-_... ,..............................._..._... ,..................... ...-..._........- ,.-----._..--.._.
Tl 1'2 Tl Tl Tl TI

Paragraph Recall - .369 .081 -.145 -.197 -.170 .447
Immediate

Paragraph Recall - Delayed -.056 .084 -.075 -.206 .002 .300

Paired Associates • .358 .162 .099 .071 .085 .214
Immediate

Paired Associates - .101 -.112 .067 .139 .145 .242
Delayed

Selective Reminding - .423 -.024 -.422* -.287 .116 .425
Immediate

Selective Reminding - .115 -.030 -.347 -.194 .141 .438
Delayed

Visual Paired Associates - -.176 -.067 .020 -.076 .331 .591
Imm

Visual Paired Associates - .023 .035 -.082 -.205 .330 .307
Delayed

VisuaJ Reproduction .095 .022 -.354 -.220 -.038 .387

figurai Memory -.023 -.061 -.054 -.085 -.134 .342

Digit Span Total .195 -.124 -.519*" -.407 .054 .134
----------------------.-1------- 1------- ~------ ------- 1------ --------

Forward .250 -.115 -.564*" -.425 .020 -.071
----------------------.-------- ------- 1------- ------- ------- --------

Backward .101 -.182 -.340 -.286 .080 .067

VisuaJ Memory Span .139 -.073 -.283 -.455 -.379 -.119
------------------------------- ------- ~------1-------1------- 1--------

Forward .167 -.163 -.122 -.520 -.514 .124
----------------------.-~------ ------- ------- 1------- ------- 1--------

Backward .026 .040 -.315 -.276 -.093 -.384

Category Retrieval .328 .167 -.303 -206 -.125 .250
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~euroQsvchological Tests - Time 2:

To ensure that the Ss who retumed at T2 were a representative subsample of

the Tl ~ the Tl test scores of all T2~ were compared with the Tl scores of those

S5 who did not retum. using independent samples t-tests. There were no differences

in any of the Tl test scores between the retumees and the non-retumees. At T2.

similar group differences were found with one-way ANGVA procedures on the Total

and Forward Digit Span tests. in that the men scored beuer than the estrogen non-users

on Total Digits (fl2.57]=4.42. p<.05). and both the men and estrogen-users performed

betler on Forward Digits (62,57}=6.72. p<.005). This lime. scores on Category

ReUieval \Vere not signitïcantly different among the groups. but Delayed Selective

Reminding T~st scores were higher for estrogen-using women compared ta both men

and estrogen non-using worncn (B2.57}=4.08, p<.05).

Pearson producl-moment correlations were calculated between test scores and

hormone levels for each group at T2 (also in Tables 6 lhrough 10). Again. in order

to provide sorne control for the nurnber of correlations perfonned, a eut-off value for

significance of p<.O 1 was used for all correlations. There were no significant

correlations between E~ Ievels and any of the neuropsychological tests (Table 6), nor

were any correlations found between T levels and test scores in any of the three groups

(Table 7). Neither were signiticant correlations found between CRT levels and test

scores. However. DHEAS levels were negatively associated with Visual Memory Span

in female estrogen non-users (r=-.529). Finally. there were no significant correlations

between the ratio of DHEAS/CRT and any of the test scores at 1'2.
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To determine whether duration of estrogen treatment was related to

performance on any of the neuropsychological tests, years of estrogen use was

correlated with test scores for the estrogen-users. As at TI, no correlations were

significant at p<.O 1.

Changes in Neuropsvchological Test Scores:

Repeated-measures ANDVAs were calculated to reveal any changes in

neuropsychological test scores that occurred over time among the three groups. There

was an interaction between group and time on Delayed Paragraph Recall scores

(F[2,S6]=S.86, p<.OOS), and on Delayed Selective Reminding scores (F[2,SS]=3.43,

p<.OS), but no main effects in either case, which are illustrated in Figures 1 and 2,

respectively.

As seen in Figure 1, Delayed Paragraph Recall scores increased over time in

the men but decreased in the estrogen-users, causing the interaction. On Delayed

Selective Reminding (Figure 2), the opposite pattern was seen, in that scores increased

over time in the estrogen-users but decreased in the men and estrogen non-users.

There were main effects for time on Immediate Paired Associates (F[I,S7]=7.27,

p<.O1) and Category Retrieval (F[ 1,S6]=4.36, p<.OS) such that scores decreased in ail

groups from TIto T2 as seen in Figures 3 and 4. Scores increased over time across

groups on Visual Reproduction (F[1,51]=I0.46, p=.002), illustrated in Figure 5.

There were group but not time effects on Digit Span Total (F[2,56]=8.08,

p<.OOI), Forward (F[2,56]=11.98, p<.OOI) and Backward 9F[2,56]=4.46, p<.02), as

reported previously at Tl and T2 independently.
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• Figure 1: Delaved paragraph RecaJl - Times and 2
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Figure 2: Delayed Selective Reminding Test - TImes 1 and 2
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• Fi~ure 3: Immediate Paired Associares -. Times 1 and 2
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Figure 4: Category Retrieval - Times 1 and 2
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• Figure 5: Visual Reproductign • TImes 1 and 2
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Main effect of time (FII.S1J=I0.46. p=.002)

Rivermead BehaviouraI \1emory Test Scgres:

The scores of the three groups on the RB~tT subtests and total score were

compared using one-way ANGVA procedures with Bonferroni corrected post-hoc t-

tests. The mean values are presented in Table Il. There were no significant group

dUferences on any oi the tests. The ~ scored near the maximum possible on many

of the subtests. which led ta low variability and probably contributed ta the failure to

find group differences. However. according to the RBMT manual. profile scores above

22 are considered normal. and scores between 17-21 represent "poor memory" (Wilson

et al.. 1985). Because the range of the Total mean scores of our Si was 17-20. these

healthy elderly individuals all had poor memory according to the RBMT norms.

However. details of the normative population are not revealed in the manuai. On the
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. L -
Group._._..-........_._._........_._._........_._.._.........-.---- ...•.._._._-----_.-.....

Max. Men Female Estrogen Female Estrogen-
Test Name possible Non-Users Users

..........-....-...........•._.- ············_·_·l············_·- ..._......•..._. ---..._.._.-
score

Mean 50 Mean 50 Mean sn

Name Recall 4 2.91 1.20 3.19 1.18 3.40 0.97

Belonging 4 3.22 0.52 3.41 0.57 3.20 0.42

AppoinunentiResults 2 1.35 0.83 1.56 0.64- 1.40 0.84

Picture Recognition 10 9.74 0.86 9.41 1.12 10.00 0

Story - Immediate 21 7.24 3.24 6.57 3.26 7.70 2.59

Story - Delayed 21 5.93 2.83 5.39 3.38 5.10 2.80

Face Recognition 5 4.57 0.66 4.85 0.36 4.80 0.42

Route - Immediate 5 4.13 0.92 4.22 0.64 4.30 1.34

Route - Oelayed 5 3.91 0.95 4.30 0.61 4.40 0.70

Message 6 5.09 1.30 5.04 1.06 5.60 0.70

Orientation 9 8.87 0.34 8.78 0.42 9.00 0

Dale 2 1.91 0.42 1.93 0.38 2.00 0

Total ~4 17.35 3.49 17.33 3.91 19.40 2.17

Table Il
Rivermead RehavlOural Memorv Test Scores - Healthv Elderlv•

other hand. scores betwecn 16 and 24 were dcfined as the normal range for control Ss

in a validation report of the RBMT. where the control Ss were an average age of 41

years (Wilson et al.. 1989). These lïndings suggest that the healthy elderly Ss in this

study were likely performing normally for their age.

Pearson product-moment correlations were perfonned belween each hormone

•
level and scores on the RBMT in each of the three groups. again using cUloff

probabilities of p<.OI. The resu1ts of these correlations are presented in Tables 12-16.
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Table 12

Correlations Retween Estradiol and RBMT Scores - Healthv Elderlv

Group
._-.•.._.._-_._..........-_._-_. .._..•.._..__...._._._._..•.....__.._....._-_.--_...._.-

Test Name
Men Female Estrogen Female Estrogen-

Non-Users Usees

Name Recall -.061 -.093 -.136

Belonging -.168 -.300 .407

AppointmentlResults .064 -.393 -..585

Picwre Recognition .119 -.130 na

Story Recall - Immediate .075 -.086 .469

Story Recall - Delayed .138 -.028 .291

Face Recognition -.327 -.209 .490

Roule - Immediate .244 -.190 -.339

Route - Delayed .255 -.308 -.516

Message -.136 -.393 -.138

Orientation -.005 .023 na

Date -.082 na na

Total .064 -.406 -.196

na Correlations could not bc calculated due to lack of variance
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Table 13

Correlations Between Testosterone and RB~fT Scores - Healthv Elderly

Group

·-········---··--·-·--r·····-··--·--···-···----····-------
Test Name

Men Female Estrogen Female Estrogen-
Non-Users Usees

1

Name Recall .242 .154 .386

Belonging -.451 .074 -.194

AppointmentIResults -.197 .022 -.212

Picture Recognition .262 -.138 na

Stocy Recall - Immediate .052 .386 -.140

Stacy Recall - Delayed -.230 .382 -.554

Face RecoglÙtion -.244 -.258 .292

Route - Immediate .068 .363 .154

Route - Delayed .228 .189 -.192

Message -.185 .115 -.422

Orientation .126 .548· na

Date -.122 na na

Total -.043 .300 -.759

na Correlaùons could not be ca.lculated due to lack of variance

* P<.OI
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• Table 14

Correlations Between Cortisol and RBMT Scores - Healthv Elderlv

Group

Test Name
·~~;_·_·_···········_·_·-I·F~·;;ï~-B~·;;';·_··_·F~·;;;;d-;;-B;;-;;';:-

Non-Usees Users

Name Recall .133 .005 .304

Belonging -.026 .036 -.335

AppoinunentIResullS -.383 .113 -.941*

Picture Recognition .417 .234 na

Story Recall - Immediate -.056 -.366 .523

Story Recall - Delayed -.190 -.398 .207

Face Recognition .222 .075 .128

Route - Immediate -.001 -.366 -.422

Route - Delayed .082 .081 -.720

Message .058 -.110 .235

Orienration .235 .125 na

Date -.092 na na

Total -.013 -.167 -.564

•

na

•

Correlations could nO[ be ca.lculated due to lack of variance

p<.OI

106



• Table 15

Correlations Between DHEAS and RBMT Scores - Healthv Elderly

Group

·M;~------·--------Tï;~~··Ës--;;~~-;;-·-·-
- ..._._..-._....__._.._.-

Test Name
Female Estrogen-

Non-Users Users

Name Recall .090 -.190 .528

Belonging .034 .057 -.705

*AppoinunentlResullS .082 -.218 -.301

Picture Recognition .065 -.040 na

Story Recall - Immediate -.003 .017 -.502

Story Recall - DeJayed -.064 -.135 -.679

Face Recognition .147 .019 .247

ROUle - (mmediate .017 -.129 -.227

Roule - Delayed .123 -.149 -.118

Message .361 -.401 .311

Orientation -.016 .363 na

Date -.541* na na

Total .214 -.220 -.678

•

na

*

Correlations could not be calculated due [0 Jack of variance

P<.Ol
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Table 16

Correlations Between DHEAS/CRT and RBMT Scores - Healthy Elderly

Group
..__.•.._-_._._............._._.- ········_········_·_·_·_······1-·_·_··_-_··__··_·-

Test Name
Men Female Estrogen Female Estrogen-

Non-Users Users

Name Recall -.076 -.162 .262

Belonging -.089 .056 -.331

AppointmentIResults .344 -.278 .329

Picture RecoglÙtion -.189 -.182 na

Story Recall - Immediate -.023 .237 -.824

Stüry Recall - Delayed -.013 .087 -.810

Face Recognition -.038 .032 .138

Route - Immediate -.060 .118 .177

Route - Delayed .OOS -.104 .412

Message .213 -.346 .139

Orientation -.10S .368 na

Date -.332 na na

Total .117 -.101 -.240

na Correlations could nol he calculated due to lack of variance

Due ta the invariant nature of sorne of the subtest scores. primarily in the

estfogen-using group. correlations could not be computed for these subtests and are

marked on the tables as "na". E:! levels were not correlated with test performance in

any of the groups. T levels were posiùvely associated with performance on the

Orientation test in female estrogen non-users (r=.548, p<.O 1) ooly. CRT levels were

negatively correlated with the ability to remember 10 ask for test results in female
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estrogen-users ([=-.941. p<.OOl). DHEAS levels were negatively associated with the

men's ability ta recall the proper date U:=-.54I. p<.O 1). and the ratio of DHEAS/CRT

was unassociated with any of the test scores.

Ta determine whether duration of estrogen treatment was related ta

perfonnance on any of the RBMT subtests. years of estrogen use was correlated with

test scores for the estrogen-users. No correlations were significant at p<.O 1.

Correlations were also performed across aU ~ between the RB~1T subtest

scores and scores on the other neuropsychological tests to determine how performance

on the everyday memory tests was related to perfonnance on rraditional

neuropsychologicaI tests. The RBMT Total Score was the most predictive of

perfonnance on traditional tests. since it was significantly positively associated with

scores on seven of the traditional tests: Immediate (r=.511. p<.OO 1) and Delayed

(r=.493. p<.OOl) Paragraph RecalI. Immediate Paired Associates (r=.492. p<.OOl),

Immediate ([=.512. p<.OOl) and Delayed (r=.514. p<.OOl) Selective Reminding,

Category Retrieval Cr=.552. p<.OOl) and Visual Reproduction (r=.358. p<.Ol). Story

Delayed was positively correlated with six tests: Immediate Cr=.509. p<.OOl) and

Delayed (r=.574. p<.OOl) Paragraph Recall. Immediate (r=.443. p<.OOI) and Delayed

(r=.343. p<.O 1) Paired Associates. and Immediate ([=.506. p<.OO 1) and Delayed

(r=.424, p<.OOl) Selective Reminding. Story Immediate was associated with scores

on five of the other tests: Immediate ([=.541, p<.OOI) and Delayed (r=.512. p<.OOI)

Paragraph Recall. Immediate Paired Associates ([=.393, p<.005), Visual Reproduction

(r=.402, p<.005), and Selective Reminding (r=.411. p<.OOl). Name Recall was
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correlated with three traditional tests: Immediate (r=.382. p<.OOS) and Delayed (r=.346•

p<.O 1) Selective Reminding and Category Retrieval ([=.36 L p<.O 1). Picture Recall

scores were associated wilh scores on Forward Digit Span ([=.342. p<.O 1). Route

Delayed was positively correlated wilh Visual Reproduction ([=.362. p<.Ol). and

Orientation scores covaried with Visual Paired Associates scores (r=.377. p<.OOS).

Low Vs. High Hormone Groups:

Since there were no group differences in CRT levels. a Median split was

conducted to create low vs. high CRT groups. The Median split resulted in mixed

groups of men and women in each category. based on T2 CRT levels. These two

groups were compared using repeated measures ANDVA procedures to investigate the

effects of CRT group on neuropsychological test perfonnance. The Mean scores used

for this comparison are presented in table 17. There were no interactions between

CRT group and time. Main effeclS of CRT group were found on Immediate Paragraph

Recall CEl 1.50]=4.04. p<.05). Immediate Cf[1.50]=8.32. p=.006) and Delayed

Cf[ 1.50]=5.06. p=.03) Paired Associates. Delayed Selective Reminding œr1.50]=4.99.

p=.03) and Category Retrieval ŒII.50]=S.02. p=.030. In each instance. those~ with

lower CRT levels perfonned beller than those with high CRT over both Tl and TI.

For the RB MT. administered only al n. independent samples [-tests were

perfonned on the Mean scores of the low versus high CRT groups. which are presented

in Table 18. The low CRT group scored higher than the high CRT group on the

subtest of AppoinunentlResults (1=2.11. p<.05). in which ~ had to remember ta ask

the experimenter when they could hear the results of the test when prompted by a
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• Table 17

Neuropsychological Test Scores: Law Vs. High CRT Groyps - Healthy EIderlv

Tl 1'2._._._.-......_._.._......-...-....-.._.•....._..- ---_..._.._-----.. ---
Test Name Law CRT High CRT LowCRT High CRT

(0=26) (0=26) (0=26) (0=26)

Paragraph Recall - Immediate.l 20.12 18.37 21.29 17.20

Paragraph Reca11 - Delayed 16.79 12.82 15.94 13.36

Paired Associates - Irnmediateb 30.27 26.08 28.69 23.19

Paired Associates - DelayedC 11.65 9.85 10.65 9.20

Selective Reminding - Immediate 53.54 50.12 52.52 49.00

Selective Reminding - Delayetf 8.23 7.00 8.58 6.38

Visual Paired Associates - Il.73 Il.54 12.27 11.72
Immediate

Visual Paired Associates - Delayed 4.81 4.62 5.12 4.56

Visual Reproduction 31.08 28.77 33.04 32.27

FiguraI Memory 6.65 6.96 7.19 6.92

Digit Span Total 15.92 14.73 15.50 15.52
---------------------------------.-------------~----------- ~----------- -----------

Forward 8.81 8.31 8.96 8.52
~------------------------------.---------------------------------------------Bacleward 7.12 6.42 7.08 7.12

Visual Memory Span 15.35 15.31 15.31 14.92
~--------------------------------.-~----------------------------------~----------Forward 7.58 8.23 8.35 8.04
---.---------------------------------.-~----------- ~----------- -----------~------------

Bacleward 7.42 7.08 6.96 6.88

Category Retrievalc 97.69 85.35 92.92 84.27

a

b

Low CRT > High CRT. p<.05

Low CRT > High CRT. p=.006

d

e

Low CRT > High CRT. p<.05

Low CRT > High CRT. p<.OS

•
c Law CRT > High CRT. p=.03
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• Table 18

RBMT Scores - HealthY Elderlv Law V!';. High CET GrQups

Tl

Test Name LowCRT High CRT

Name Recall 2.87 3.19

Belonging 3.26 3.42

AppoinunentlResults 1.65 1.23-

Picture Recognition 9.52 9.73

Story Reca11 - Immediate 7.61 6.52

Story Recall - Delayed 6.43 5.09

Face Recognition 4.70 4.73

Route - Immediate 4.13 4.15

Route - Delayed 4.04 4.15

Message 5.39 5.04

Orientation 8.74 8.88

Date 2.00 1.92

Total 18.17 17.23

* Low CRT > High CRT. p<.OS

•

buzzer. This type of analysis was not done with the other hormones because there

were group differences in levels of each of the other hormones which would have

resulted in groups based on gender similar to those previously analyzed.

Moad Measures - Time 1:

Mood scores for each measure by group are found in Table 19.
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Table 19

Mood Scores - Healthy Eldeely Time 1

Scoring Men Female Estrogen Female Esttogen-
Range Non-Users Users

"M;~---TsD----..----------------~--_.- ..._-_.-
Test Name Mean SO Mean SD

BOl Max: 63 4.55 3.73 6.51 4.30 7.13 8.06

GDS Max: 30 3.35 3.77 4.48 4.56 4.23 5.69

POMS 1 - +18 to 11.81 3.94 10.80 5.53 6.21· 8.30
elatedVdepressed -18

POMS 2 - clear- +18 to 14.39 3.96 13.57 4.04 12.50 5.21
headedlconfused -18

POMS 3- +18 (0 10.35 6.58 9.52 5.26 7.14 7.24
energeticltired -18

POMS 4- +18 (0 12.61 4.24 Il.38 5.73 6.29b 9.32
cornposedl~ous -18

POMS 5 - +18 to 9.71 5.19 8.05 5.32 7.00 6.59
confidentlunsure -18

POMS 6- +18 to 12.13 5.62 13.18 4.34 10.29 5.97
ageeeable/hostile -18

MAACL-R 1 - Max: 10 .26 .51 .31 .73 .56 .73
anxiety

MAACL-R 2- Max: 12 .52 2.01 .49 .82 .56 1.01
depression

MAACL-R 3- Max: 15 .55 2.16 .29 .69 .33 .71
hostility

MAACL-R 4- Max: 21 16.42e 4.30 14.18 6.10 10.67 4.58
positive affect

MAACL-R 5- Max: 12 6.35 2.42 6.38 1.82 S.56 2.13
sensation seelcing

a, b Men, Female E non-usees> Female E-users (p<.01)

c Men> Female E-users (p<.OS)

113



•

•

Mood scores were analyzed with one-way ANGVA procedures followed by

Bonferroni correctcd post-hoc t-tests. There were no group differences on either the

BOl or the GDS. According 10 the standard BOl norms, scores below 9 are in the

normal. non-depressive range. and all three groups of our Si fell into this range. Low

scores on the GDS corroborate our~ euthymia. The POMS contains six scales that

measure different aspects of mood, and scores can range from -18 to 18 on eaeh

subscaIe. The POMS scales are much more sensitive to small mood fluctuations than

the BOl (LoIT & MeNair. 1982; McNair, Lorr & Droppleman, 1971). Female

estrogen-users scored lower than the estrogen non-usees and the men on the POMS 1,

which measures depression-clation Œ[2,82]=5.18, p<.Ol), and the POMS 4, the

anxious-eomposed scale <1:[2.821=4.08, p<.02), indicating that they felt less elated and

less composed than the other groups. However, mean scores of all three groups fell

within the ran2e of normal values. The estr02en-usin!! wornen aIso scored lower than- - ~

the men on the MAACL-R 4, which rneasures positive affect Œ[2,82]=3.98, p<.OS),

consistent \Vith the results of the POMS 1 scale.

Pearson product-moment correlations between ~ and rnood scores were

calculated for each group (Table 20). No correlations were significant at the p<.O 1

level. To investigate whether the effects of a combined estrogen-progesterone

treatrnent affected moad differentially, the same analyses were done excluding the

three estrogen-using women who were aIso taking progestins. After exclusion of these

three women. the mood scores between the esU'ogen-users and non-users were no

longer statistically different. The mean scores of the esU'ogen-using wornen changed

114



•

•

Table 20

Correlations hetween Estradiol and Mood Scores - Healthv Elderlv Time 1

Men Female Estrogen Non- Female Estrogen-Users
Users

BOl .162 .341 -.122

GDS .115 .186 -.120

POMS 1 - .061 -.145 -.185
elatedldepressed

POMS 2 - clear- .043 -.076 .008
headedlconfused

POMS 3 - -.263 -.155 -.051
energelicltired

POMS 4- -.339 -.190 .035
composed/anxious

POMS 5 - -.007 -.069 -.199
confidentlunsure

POMS 6 - -.192 -.346 .173
agreeable/hostile

MAACL-R 1 - -.083 .163 -.145
anxiety

MAACL-R 2- -.040 .263 -.338
depression

MAACL-R 3- -.084 -.122 -.547
hostility

MAACL-R 4- .097 -.254 -.305
positive affect

MAACL-R 5 - -.062 -.232 -.538
sensation seeking

no slgnitJcant correlauons

from 6.21 ta 8.64 on the POMS 1, from 6.26 ta 8.82 on the POMS 4, and from 10.67

to 11.71 on the MAACL-R 4 with the removal of the three women taking combined

estrogen and progestin Lherapy. The cognitive findings remained unchanged.
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• Mood Measures - Time 2:

At T2. the POMS and the GDS were re-administered. The mean scores on

these measures and the correlations between each measure and T2 ~ levels for each

group are presented in Table 21.

~

POMS POMS POMS POMS POMS POMS GDS
Group 1 2 3 4 5 6

Possible \-18 10 -18 to -18 to -18 to 1-18 10 -18 to Max.
Range +18 +18 +18 +18 +18 +18 30

~ Mean 11.69 14.04 9.96 12.70 10.26 13.70 3.52

Men ~ SO ~.59 4.50 5.81 5.00 5.94 4.06 3.52

(n=23) ; Correlation -.234 .081 -.338 -.089 -.162 -.324 .020
~ with ~

~ Mean 10.15 12.77 9.15 11.27 7.65 11.96 5.00
Female
Estrogen ~ SD 6.00 5.54 5.40 4.62 6.45 4.40 4.92
non-users
(n=26) ~ Correlation -.231 .221 .176 .089 .254 .036 .128

! with ~

Female ~ Mean 8.10 12.30 8.70 9.20 9.60 11.5 3.27
Estrogen-

1 sn 6.01 3.02 4.53 6.81 4.84 3.84 3.93users
(n= 10) ~ Correlation .391 .172 .114 .485 .304 .260 -.498

~ with ~

Table 21
~100d Scores and Correlations Between Mood and Estradiol Levels - Healthv Elderlv Time 2·

There were no signitïcant group differences on any of the mood measures. nor

were any correlations found between E:! levels and mood measures.

Discussion

Hormone Levels

•
Results of the radioimmunoassays of the four steroid hormone levels that were

measured showed that bath the men and the estrogen-using women had higher levels
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of plasma E1 than the estrogen non-users. at bath test urnes. However. whereas the

estr02en-users had E.. levels wilhin the ran2e ai menstrual cycle values. E, levels of
,..... - - -- -

bath the fcmale non-users and the men feH wiÙlin the range of posunenopausal values

«100 pmoIIL). which coincides with the lower third of the normal male ran2e of E.,... -

leveis (37-220 pmollL). Although it may seern counterintuitive that 72 year oid men

had higher ~ levels man untrealed age-matched women. il is important to recall that

the ovary is the major source of estrogen in women and that the ovarian production

of bath ~ and El decrcases lO negligible levels within 24 months of the last menses

(Longcope. 1986). In men. however. 80% of plasma E1 arises l'rom the peripheral

conversion of T (Braunstcin. 1986). Although T levels decrease with increasing age

in men (Tenover. 1996). production never ceases entirely so mat the prohonnone for

lhe metabolism of E~ is available lo men lifelong. Therefore. despite the slight. yel

significant decrease in E~ levels with increasing age in healthy males (Simon et al.•

1992), which was contïrmed in our sample. clderly men sùll had higher plasma levels

of E:! than untreated eiderly women.

The procedure for this study required that the women be tested prior to the

blood sarnpling and the men be tcsted aiter the sampling, due to the restricted

availability of the nurse who lOok the samples. Thus. all samples were collected at the

same lime of day to control for any differences in hormone levels due to diurnal

variation. Two possible confounds arise from this methodology. First. it is known

that CRT is responsive lO stressful stimuli. and can be elevated after stressful mental

tasks (Bohnen, Houx. Nicolson & JolIes. 1990; Kirschbaum, Wolf. May, Wippich &
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Hellhammer. 1996). Thus. elevated CRT Ievels may have been evident in the women

because the blood sample was drawn after the conclusion of the test session, which

may have been perceived as stressful. However. it is aIso possible that the men may

have been anticipating stressful mental activity when their blood sample was drawn.

which might have led to elevated CRT levels as weIl. Despite these possibilities. no

gender differences occurred in CRT Ievels. and all three groups had levels weil within

the normal range of CRT levels (Table 4). This argues against the possibility that the

tasks posed a significant stress. As well, CRT levels were not different at T2

compared to Tl, except in the estrogen non-users where they increased. The second

test session should have hecn less stressful. since at thal time the Ss were familiar with

the tasles. However. the stabilily in CRT Ievels over a year and a half in two of these

groups does not retlecl lhis possible change in stress Ievels. The increase in CRT

levels only in the worncn cstrogen non-users but not the estrogen-users. who were

exposed ta the same procedure. aIso argues against a stress-related elevation in CRT.

Thus, il does not appear thal the test battery was stressful enough to have significantly

elevaœd CRT levels in these Ss, and therefore it is unlikely that the timing of the

blood sample was a signitïcant confound.

The second issue arising from mis methodology relates to the timing of the test

battery, and will he discussed under neuropsychological test results.

The changes in hormone levels observed over one and a haU years confmned

our expectations. with a few exceptions. There was no reason 10 believe that CRT

levels would change over lime in any group (Sharma et al.. 1989; Sherman et al.•
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1985; Waltman et aL. 1991). and no changes in the levels of ~ or T were expected

in the estfogen-using women since the doses in their hormone regimen had remained

stable. ~ and T were expected ta remain stable in the estrogen non-users as weB.

having already declined shortly after the menopause to low and relatively stable levels

(Longcope, 1994). However. il was predicted that E2• T and DHEAS would decline in

the men (Tenover. 1996: Vermeulin. 1995) and OHEAS would decline in both groups

of women (Homsby, 1995; Vermeulin. 1995) due to the effects of aging. ERT should

not have differentially affected levels of OHEAS, since the decline in estrogens at the

menopause is not considered ta be causally related ta the age-associated decline in

DHEAS levels (Longcope. 1994). Therefore. estrogen replacement after the

menopause would not be predicted ta influence DHEAS levels.

Indeed. little change occurred in ~ levels in both groups of women after a year

and a half, whereas E! 1~\'els in the men decreased over time. as predictcd. T levels

remained stable in aH thr~e groups l'rom Tl ta TI. contrary only to the hypothesis that

they would decline in men. The failure to lind a decrease in T levels in men could

have been due to the relatively shon interval between test times. Most aging studies

have been cross-sectional and have reported differences in T levels only when

comparing mdividuals in different decades of life (Pike & Doerr, 1973; Dai et al.•

1981; Davidson et al.. 1985: Simon et al. 1992), whereas others have failed to find

age-related declines in T levels in men (Harman & Tsitouras. 1980; Naeves. Johnson.

Porter. Parker. & Peuy, 1984: Sparrow. Bosse & Rowe. 1980). Depressed T levels

have been reported in men with ill health (Tenover. 1996). However, the men in our
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sample were in good health at both testing times. Thus. considering the good health

ai these men and the relatively short time period of the follow-up. the observation of

no decreases in T levels is not unprecedented.

The finding that DHEAS levels did not decline in any of the groups is

inconsistent with Vermeulen's (1995) observation from cross-sectional data of a 2%

decrease in DHEAS levels per year until al least age 80. and with results l'rom a one­

year longitudinal study lhal recorded an Il% decline in DHEAS levels in men

(Thomas et al.. 1994). Sincc the 72 year-old men in our sample had DHEAS levels

below the lower limit of the nonnal male range. it is perhaps unlikely thal levels

would have decreased further over the next one and a hale years. The DHEAS levels

in the women were also eXLTemely low at Tl.

CRT levels increased in only the estrogen non-using wornen over the year and

a half between test sessions. This was inconsistent with other studies that have shown

stability of CRT with aging (Sharma et al., 1989; Sherman el al.• 1985; Waltman et

al.• 1991). However. one study identitïed a subgroup of elderly individuals whose

CRT levels increased over Lime (Lupien el al.. 1995). Thus. the estrogen non-using

group in our sLUdy may have consisted of more individuaJs with this pattern of

increasing CRT secretion than the men and estrogen-users.

Neuropsychological Tests

The major neuropsychological findings of this investigation of three groups of

72 year-old Ss were thal. at Tl. the men and the women estrogen-users performed

significantly better than the age-matched women estrogen non-users on Total and
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Forward Digit Span. Moreover. the estrogen-using wornen scored bener than the non­

users on Backward Digit Span as weIl. Additionally. bath groups of wornen had

higher scores than the men on the Category Retrieval test, which measures language

nuency, or nondeclarative verbal semantic rnernory (Tulving. 1983). The tïnding that

the wornen outperformed the men on the language fIuency test is consistent with sex

differences in this ability reported in the past tHampson & Kirnura. 1992; Hyde &

Linn. 1988; Jarvik.. 1975). Results sirnilar ta those from Tl were found on the Digit

Span test at T2. in that the estrogen-users and the men outperformed the estrogen non­

users on Forward Digit Span. and the men scored higher than the estrogen non-users

on Total Digit Span. The estrogen-using women also improved on the Delayed

Selective Reminding test over lime compared to the men and the estrogen non-usees.

but decreased on Delayed Paragraph Recall compared ta the men. As weIl. at T2~

with lower CRT kvels performed better on severa! explicit verbal memory tests than

those with higher CRT.

It has been suggested that the administration of estrogen ta healthy

postmenopausal women improves performance on measures of newly learned verbal

infonnation. or explicit memory (Sherwin. 1997). which is dependent on the

hippocampal memory system (Squire. 1992). In sorne reports. female estrogen-users

performed better on Digit Span than non-usees (Sherwin. 1988a). but this difference

has not been found consistently (Ditkoff et al.. 1991). Although. in this study. female

estfogen-users perfonned beuer than non-users on Forward~ Backward and Total Digit

Span. the neural basis of this finding is unclear. Digit Span. in generaI. has been
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characterized as a measure of attention and concentration (Lezak~ 1995), and of short­

term memory (Craïk, 1994; Kolb & Wishaw, 1995). Severa! authors have argued that

Forward and Backward Digit Span are conceptuaIly distinct tasks~ involving not only

different cognitive skills~ but different brain areas as weil (Banken~ 1985; Griffin &

Heffeman~ 1983). Forward Digit Span, which requires attention as well as short-term

memory, does not appear to he as heavily dependent upon the medial temporal lobe

hippocampal memory system as other verbal memory tasks, since lesions to this area

do not cause severe deficits on this task (Kolb & Wishaw, 1985, p. 495; Moscovitch &

Winocur~ 1992). In fact~ lesions to the left parietal lobe (Warrington & Weiskrantz~

1973; KoLb & Wishaw~ 1990) cao cause impairments in short-term memory,

particularly on Forward Digit Span. Additionally, sorne attentional processes are

dependent upon the anterior dorsolateral frontal cortex (Lezak~ 1995) and attention has

also been linked to the neurotransmitter norepinepherine (McEntee & Crook~ 1990).

Backward Digit Span~ which requires working memory as weil as short-term

memory and attention~ appears to involve more hippocarnpal regions, since amnesic

patients with hippocampal lesions show impaired performance on tasks which have a

working memory component (Moscovitch & Winocur, 1992). Thus, our findings of

superior Forward Digit Span performance in estrogen-using women and men

compared to estrogen non-using women May represent estrogenic actions in areas of

the brain other than the hippocampus, perhaps the frontal or parietal lobes, or may

involve the neurotransmitter norepinepherine. Indeed~ while estrogen influences

morphology and neurotransmitter levels in the hippocarnpus and adjacent cortex in rats
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(McEwen, et al., 1995), it may also act on ERs in other areas of the cortex (Simerly et

al., 1990). Additionally, there are instances in which E2 influences the

neurotransmitters dopamine and oorepinepherine throughout the brain in the absence

of detectable ERs (McEwen et al, 1996; DiPaulo, 1994). This eaises the possibility

that E2 may be acting on brain areas and neurotransmitter systems that support both

Forward and Backward Digit Span as well as other explicit verbal memory funCtiODS.

It is also noteworthy that the brain contains the aromatizing enzyme necessary

for the conversion of T to El (Naftolin & Ryan, 1975). The fact that male testes

continue to secrete T lifelong, together with the ability of the brain to convert T to E2

suggests that E2 is available to male brains throughout their lifespan while it is

unavailable to the brains of untreated postmenopausal womeo. This speculation gains

support from the fmding of higher El levels in our healthy elderly men than in our age­

matched estrogen non-users. If it is the case that El enhances cognitive function in

elderly men as weIl as in postmenopausal women, then this might explain why the

elderly men outperformed the age-matched female estrogen non-users 00 Forward and

Total Digit Span in the present study.

Despite the superior performance of estrogen-users on Forward, Backward and

Total Digit Span, they did not perfonn signjficantly better than the non-usees, or the

men, on tests of explicit verbal memory, with the exception of the Delayed Selective

Reminding test at TI. Two other tests in our battery, Paragraph Recall and Paired

Associates, also measured explicit verbal memory. Although scores did not differ

significantly between the three groups on Paragraph Recall or Paired Associates, it was

123



•

•

•

clear tha~ in absolute terms, the women receiving estrogen had higher scores than both

of the other groups on these tests, and on all other neuropsychological tests

administered except for Figural Memory and Visual Memory Span, in which the men

excelled (Table 5). There is a possibility that between group differences on these tests

of explicit verbal memory were not significant due ta the small sample size of the

estrogen-user group (n=14). Indeed, this possibility is supported by the findings of

previous studies in which E2 enhanced verbal mernory (Hackman & Galbraith, 1976;

Kampen & Sherwin, 1994; Phillips & Sherwin, 1992; Sherwin, 1988). Moreover, the

irnproved performance of the estrogen-users at T2 on the Delayed Selective

Reminding test relative to the men and estrogen non-users supports a possible

maintenance effect ofE2 on verbal memory. Why this effect did Dot occur on the other

tests of verbal memory is unclear, but May have to do with the different nature of the

tasks. The Selective Reminding Test measures a type of rote memory the requires

mental rehearsal, while Paragraph Recall assesses logical memory of ideas presented

in a story format. The possible differential effect of estrogen administration on

specific verbal memory tests requires further investigation.

There were no correlations between E2 levels and neuropsychological test

scores in any of the groups at either test time. Due to the exploratory nature of the

study, a large number of correlations were conducted. Thus, we used a conservative

significance level of p<.O1. With low and relatively invariant levels of hormones as

were found in these elderly men and women, and considering the small sample of

estrogen-using women, it is not surprising that no significant correlations were found.
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This failure to tind correlations between E1 and memory scores is consistent with

Kampen & Sherwin (1994), in which plasma E1 levels were uncorrelated with scores

on similar neuropsychological tests in elderly female estrogen-users and non-users. It

is, however. inconsistent with a study of surgically menopausal women receiving

estrogen replacement therapy (Phillips & Sherwin. 1992a) in which ~ levels were

positively associated with Immediate Paired Associates scores. In the laller study.

plasma E",! leveis were supraphysiologic at the lime of testing. which may have

accounted for the significant correlation. In our women whose ~ levels were either

in the low range of physiological values for naturally cycling women. or in the

postmenopausal range. no such correlations were apparent. Kampen & Sherwin (1996)

found a positive correlation between E1 and visuospatial skills on the Mental Rotations

test in men. In the present study. no correlations between E2 and any of our visual

memory tasks occurred in the men: however. we did not directly assess spatial skills.

Thus. our tïnding of no correlations between E1 and test scores in any of the three

groups corroborate the exisling literature.

With respect to changes in neuropsychological test scores. performance

decreased in aH subjecLS over the year and a half between test times on Immediate

Paired Associates and Category Re trieval. Age-associated decreases in scores of

explicit verbal memory are common. parùcularly on tasks such as Paired Associates

(Craik. 1994). In these instances. estrogen-use did not protect against the age·

associated decrements in performance. Despite the decreases. however. absolute scores

on these two tests were higher in the estrogen-users than the non-users and the men

125



•

•

at bath test times. There was aise a time-related improvement on the Visual

Reproduction test across groups. Although a honnonal explanation for this tïnding is

not apparent. it could have been due to practice effects. since at TI the same drawings

were used as at Tl due to the lack of a parallel fonn for this subtest.

When compared to the men. the estrogen-users scores on Delayed Paragraph

Recali decreased over one and a half years (Figure 1). which was unexpected.

Examination of the individual data of the estrogen-users showed that in two of the ten

Ss. scores on Delayed Paragraph Recall had decreased substantially from TI to TI (14

and 16 point decreases), while scores of the other eight estrogen-users had remained

relatively stable across time. Therefore. the data of only two women accounted for the

interaction between group and time that was observed. One of these women scored

only 3.5 on the DeIayed Paragraph Recall at TI. She complained at the beginning of

the test session that she was very nervous. and continued to express anxiety throughout

the session. Anxiety couid have accounted for her poor performance by interfering

with initial encoding and later retrieval of the staries. This same .s. was aIso one of

the three estrogen-users who was taking combined eSlrogen-progestin therapy. Since

progesterone can oppose the actions of ~ in the hippocampus (Murphy & Segal.

1996), combined therapy may have hampered her performance on this hippocampally­

dependent task.

The other woman whose score decreased over lime was the highest scorer on

Delayed Paragraph Recall al Tl. Allhough her score at TI on this test was very near

the average. the difference between her superior performance al Tl and her average
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performance at TI was quite drastic. When the data for these two Ss are eliminated,

there were no group differences on the DeIayed Paragraph Recali Test between test

times. The absence ofan estrogenic effect on tests of visual memory is consistent with

earlier studies (Kampen & Sherwin, 1994; Phillips & Sherwin, 1992) and supports the

notion that estrogen does not enhance visuallspatial memory (Phillips & Sherwin,

1992).

Because T Ievels were higher in men than in both femaie groups, it might have

been expected that the men would outperform both female groups on tests measuring

visuospatial skills (Hampson & Kimura, 1992). However, this did not occur in the

present study possibly because the tests we used did not properly assess the domain of

spatial skills that T is purported to influence (Gordon & Lee, 1986; Errico, Parsons,

KIing & Kling, 1992; Janowsky, Oviatt, & Orwoll, 1994), since the foeus was on

visuospatial memory. For example, a test of Mental Rotations, as opposed to FiguraI

Memory or Vîsual Reproduction, might have demonstrated a male superiority as it did

in these other studies. As weil, the 72 year-oid men in this study had T values in the

lower third of the normal male range, which may have precluded any effeets of these

sub-threshold values. The fmding that T Ievels were not related to the visuospatial

memory tasks that were administered suggests that while T May influence visuospatial

sld/ls, it does not play a role in the more complex processes invoived in visuospatial

memory.

In the estrogen-using women, an interesting pattern of positive correlations

occurred at TI between most test scores and T levels (Table 7). Significant positive
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correlations occurred between T . Delayed Paragraph Recall and Category Retrieval.

both tests of verbal memory. and RBMT Orientation (Table 14), which were not

predicted. However. no such correlations were found in the estrogen non-using

wornen. who had somewhat higher T levels and a greater range of scores. Others have

reported that women with higher T levels outperformed those with lower levels on

spatial tasks (Gauchie & Kimura. 1991), but there were no correlations in that study

between T levels and cognition in women. In our subjecLS. although the values of the

esrrogen-users appeared ta be lower than those of the non-users. there was no

statistically signîtïcant difference in T levels between the female groups. However.

within the estrogen-uscrs group. higher T was related ta better performance. It has

been suggested that the effecLS of T on cognition may follow a curvilinear function

such that there exisLS a certain optimal level for peak performance above which

elevated levels are detrimental (Gouchie & Kimura. 1991; Shute. Pellegrino, Huben

& Reynolds. 1983). Perhaps the estrogen-using women in this study had such 10w T

levels that they represent the increasing arc of such a function. 50 that within this

group higher T levels were associated with better test perfonnance.

The positive relationships between T values and visuospatial orientation in men

that have been reponed previously occurred in young men who also had considerably

higher T values than those of the elderly participants in this study (Errico et al.• 1992;

Gordon & Lee, 1986). Indeed. in another study of elderly men. no correlations

between T levels and visuospatial test scores were found (Janowsky et al. 1994).

\Vhile this SU22esLS that the low and restricted ran2e of T levels in elderly men-- ....
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precludes correlations with visuospatial test scores. a recent study of young men aIso

failed to document this hormone-behaviour relationship (Karnpen & Sherwin. 1996).

The reason for the inconsistency in these findings in young men is uncIear al the

present time. but for oider men with low T levels. such hormone-behaviour correlations

have nOl occurred in any study in which they were investigated.

The increase in CRT levels across one and a half years in the estrogen non­

using women was unpredîcled bUl nOl withoul precedent (Lupien et al. 1994). In one

study, women whose CRT levels increased over lime and who had relatively high CRT

levels al the ume of testing were cognitively impaired compared to control subjects

(Lupien et al. 1994). Sorne evidence from our study corroborates that finding. For

example. based on a median split. Ss with high CRT levels al TI were impaired

compared to Ss with low CRT levels on Immediate Paragraph Recall. Immediate and

Delayed Paired Associates. and Delayed Selective Reminding. all tests of explicit

verbal rnemory. As weIl. at TI negative correlations occurred between Remernbering

an Appointment and CRT levels in estrogen-users and between both Immediate Paired

Associates and Delayed Selective Reminding and CRT levels in estrogen non-users.

This tïnding of negative correlations between CRT levels and explicit verbal rnemory

only in women may retlect the greater sensitivity of the female hippocampus to

glucocorticoids, as suggested by the greater number of GRs in female compared to

male rat hippocampi (Turner & Weaver. 1985). If the same holds true for humans,

this sex difference may be exacerbated after the menopause. since OVX led to

increased concentrations of GRs in the female hippocampus. but castration did not
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affect GRs in males (Turner & Weaver. 1985).

Explicit memory performance. measured by the aforementioned tests. is

dependent upon the hippocampus (Squire. 1992). Elevated CRT Ievels resulted in cell

death in the CAl and CA3 layers of the hippocampus in rats (Wooley et al.• 1990),

monkeys (Uno et al., 1994) and humans (Starkman et al., 1992). These studies suggest

the possibility thal higher CRT levels may be causing cell death in the hippocampus

of lhese elderly men and particularly in the women. which would expIain our findings

of worse explicit memory performance in those ~ with higher CRT. These results.

along with those of Lupien et al (1994). are the tïrst to demonstrate detrimental effects

of CRT in healthv eideriv men and women who have CRT levels within the normal.. .

range.

CRT levels were positively associated with Total Digit Span scores in the men,

but were negatively associalcd with test performance in the women. as discussed

above. Thal higher CRT levels were associated in the men only with Digit Span

performance may be an indication that. in this instance. higher CRT levels caused an

arousing / motivating intluence and improved attention. Indeed. higher doses of CRT

facilitated avoidance learning in rodents and performance on attentional tasks in men

(Beckwith et al.• 1986; deWeid. VanWimersma Griedanus & Bohus. 1974). Why

higher CRT would exert both an arousing effect on short-term memory / attention and

a detrimental effect on longer-term explicit verbal memory is cause for speculation. but

5uch paradoxical effects have been described in the literature and may have to do with

the two types of glucocorticoid receptors and the different functions they subserve
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(McEwen et al.. 1993>. as well as the different brain areas associated with these two

types of tasks (Kolb & Wishaw. 1990; Lezak. 1995).

DHEAS levels (Table 9) and the DHEAS/CRT ratio (Table la) correlated

positively with sorne of the neuropsychological tests in the men (Immediate Selective

Reminding Test. Forward and Total Digit Span). but correlated negatively with the

same lest scores in the estrogen non-using women. If DHEAS was protective against

cognitive decline as others have suggested (Svec & Lopez-S. 1989), positive

correlations between DHEAS levels and cognitive performance would he expected.

It could be that such positive associations exist only for males. as much of the

previous research has focussed on male rodents Ce.g. Rood et al. 1998. (992). It is

aIso possible that DHEAS effects are not Likely to be seen in a population with such

low and invariant lcvels as those observed in these individuals. In a large

epidemiologic study. DHEAS levels were positively correlated only with the Selective

Reminding Test and only in women. and the tinding was dismissed as a spurious result

of multiple cornparisons (Barrett-Connor & Edelstein. 1994). Sorne investigators have

found that AD patients had lower DHEAS levels than control 5s (Sunderland et al.,

1989: Nasman et al. 1991: Yanase et al.• (996), but no correlations between DHEAS

levels and test performance in either AD patients or controls occurred even in those

samples. The ratio of DHEAS/CRT in this study was inconsistently related to memory

perfonnance in both men and women. Therefore. although the DHEAS/CRT ratio

measure may have sorne validity in pathological populations such as AD patients

(Leblhuber et al. 1993: Svec & Lapez-S. 1989), it may not be relevant in healthy
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populations with nonnal levels of CRT and DHEAS.

As mentioned previously. the cognitive testing was conducted between 10 AM

and noon in the wornen. and between noon and 2 PM in the men. Generally, people

are more alen in the moming and show a post-lunch dip in cognitive performance.

particularly in attention (Monk. Buysse. Reynolds. Kupfer, 1996; Monk, Buysse.

Reynolds. Kupfer. Houck. 1996). If this perfonnance dip occurred in our elderly~

we would have expected that the men. who were tested aiter lunch. would have

perfonned worse than both groups of wornen. who were tested just before lunch.

However. this only occurred in the case of the Category Retrieval test. in which

women generally outperform men regardless of the lime of day (1arvik. 1975). On

other tasks. such as Digit Span. which measures attention and short-tenn memory. the

men performed beller than the estrogen non-users and similarly to the estrogen-users,

though both of these groups were lested in the moming. Thus. the pattern of results

does not provide any reason to believe that a post-lunch dip in performance or

attention occurred in the men. panicularly since the men unexpectedly outperformed

the women estrogen non-users on the attentional task of Digit Span. Indeed. in more

elderly~ alertness rhythms did not confonn to the usual pattern of the post-lunch dip

(Monk et al., 1996>, 50 it is possible that this may be the case in our 72 year-old men

and women.

RBMT Subtests

The absence of group differences on the RBMT subtest5 may retlect a ceiling

effect on this test in these healthy 72 year olds. Although scores were generally high•
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only the estrogen·using women scored perfecdy on any of the subtests. In fact, every

estrogen-user had the highest possible score on Picture Recognition, Orientation and

Date, and the overall Total Score for the estrogen-users of 19.4 was slightly (although

not significantly) higher than the other two groups, both of whom scored a Mean of

17.3.

Correlational analyses of the RBMT subtests and the traditional

neuropsychological tests provided sorne infonnation regarding which

neuropsychological functions these face-valid everyday memory tasks May be

measuring. Explicit verbal memory test scores from the traditional test battery were

related to perfonnance on the RBMT Total Score and to performance on RBMT

Immediate and Delayed Story RecalI. The high positive correlations between

Paragraph Recall and Story Recall were expected, since they test the same function in

a similar format. The positive correlations between the RBMT Total score and such a

high number of explicit verbal memory tasks suggests that overall the RBMT is

measuring explicit verbal memory rather than visual or spatial memory. These

associations also suggest that Many aspects of everyday memory are based on explicit

verbal memory skills. Name Recall performance on the RBMT was also positively

associated with explicit verbal memory, which suggests that remembering a name may

be similar to remembering other verbal information. Picture Recognition scores were

related to perfonnance on Forward Digit Span, which could Mean this task May

require short·term memory and concentration. Route Recall and Visual Reproduction

performance were positively associated, which supports the idea that the route finding
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task is a measure of visuospaùaJ function.

The finding that overaJl, the RBMT seems ta be rneasuring skills related ta

those that have been reparted as enhanced by estragen-use (explicit verbal memory),

suggests that the type ai everyday mernory measured by the RBMT may aise be

sensitive ta estragen-use. If this is the case, then estrogen-users may find sorne

benetïts of estfogen-use in their everyday lives as well as on standard laboratory tests

of cognition. The esU'ogen-users in this study did not perfann significantly better than

the other graups on the RBMT, but this cauld have been due to a ceiling effecL. as

previously discussed. ~1ore difficult everyday memory tasks may be mare sensitive

ta performance differences bctween estrogen-users and non-users.

Mood Measures

Although the estrogcn-using wornen showed less elauan and positive affect and

[elt less composed than the men and the estrogen non-users at Tl. when the three

wornen who were also ta.king a progestin were excluded from the analyses, there were

no longer any differences in mood between the estrogen-users and the non-users. This

highlights the mood-dampcning effect of progestins co-administered with estrogen

replacement therapy, and is consistent with a number of clinical studies of combined

estrogen and progestin administration which found a decrease in mood compared to

the administration of estr02en alone (Sherwin, 1991; Ma20s et al.. 1986; Holst.- -
Backstrom, Hammerback. & VonSchoultz. 1989). Interestingly, a reanalysis of the

coenitive test results excludin2 the scores of the three wornen takin2 cornbined- - .....

estfogen-progestin therapy found no differences compared to analysis of the full

134



•

•

sample. This suggests that while the addition of a progestin ta an estrogen

replacement regimen dampened mood. it did not significanùy intluence cognitive

performance in this sample of women.

On average, the ~ in this study scored above the normative samples for

positive mood on the MAACL-R and POMS. Alllhree groups had lower than average

anxiety and hostility and higher sensation seeking for their age group on the MAACL­

R (Zuckerman & Lubin. 1985). Their high level of sensation seeking may have

prompted them to answer our advertisement in the newspaper and voluntarily subject

themselves ta an uniamiliar and possibly anxiety-provoking testing situation. Even

though the estrogen-users scored lawer than the other two groups on the MAACL-R

positive affect scale. their scores did not differ with respect to the normative sample.

whereas scores of posilive aifect in the men and estrogen non-using women were

higher than the normative ~vcrage score. On the GDS and BOl all three groups scored

well within the normal r~nge. The consistency of these findings derived from four

mood measures suggesLS that these volunteer ~ were self-selected for higher than

nonnative positive affect. Although the incidence of clinical depression in the elderly

is not higher than in individuals between the ages of 25-44 years (Myers et al., 1994),

the prevalen~e of signitïcanl depressive symptoms that do not meet formai diagnostic

criteria has been reponed at 20% among community-dwelling elderly men and women

(Scogin. 1994). The 13ck of such depressive symptomatology in our~ conîmns this

self-selection bias with respect ta normal moad.

Sample Characteristics
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Several characteristics of our sarnple merit attention. Compared to the

normative sample used in the standardization of the WMS-R (Wechsler. 1987). our~

obtained higher mean scores on the majority of the tests. The standardization sample

for this battery of memory tests was based on U.S. census data (1980) in which over

50% of the 70-74 year old subjects had 0-11 years of education. 20% had 12 years of

education. and only 20% had any post-secondary education (Wechsler. 1987). In

conuast. our sample was of higher educational status. with an average of over 12 years

of education. AlI three groups outperformed the WMS-R standardization sarnple on

all but the tests of Immediate and Delayed Paragraph Recall.

The female estrogen-users in our sample were of a higher socio-economic status

and had more years of education than the estrogen non-using women at TL a finding

that has been discussed previously in the literature as a confound in naturalistic

research. For this reason wc covaried out the effects of SES and education on all the

neuropsychological tests. which resulted in decreases to the absolute scores on the tests

of Immediate and Delayed Paragraph RecalI. Immediate and Delayed Paired

Associates. and Immediate Visual Paired Associates. This indicates mat educational

Slatus is most highly correlated to perfonnance on those lests that measure explicit

verbal memory. precisely those in which estrogen-users tend to excel. The observation

that elderly women who are estrogen-users are of a higher SES than non-users is

camman in this literature and may retlect their preferential access ta medical services.

greater awareness of preventive health techniques and greater tïnancial resaurces with

which ta seek optional medical treatments. This confound between estragen-use•
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education. and SES in elderly wornen can only be overcome by prospective. controlled

studies of homogeneous groups of women. That these demographic differences were

not found al T2 seemed to have been due to the smaller sample sizes. since the

absolute values of SES and education di~ not change significantly (Table l).

Il is unlikely that the inclusion of bath surgically and naturally menopausal

estrogen-users in this study confounded the results. Although levels of ~ and El are

higher in naturally postrnenopausal women compared to surgically menopausal wornen

for two years aiter the cessation of menses. progressive ovarian atrophy occurs over

time so that differences in E~ levels between surgically and naturally rnenopausal

women are no longer apparent two years after a natura! menopause (Longcope. 1986).

Therefore. l'rom the perspective of reproductive endocrinology, the distinction between

naturally and surgically poslmenopausal 72 year-old wornen with an average time of

22 years since the menopause is unimportant.

Summary

Both groups of worncn performed better on tests of verbal fluency than the

men. consistent with known sex differences in this ability. and the men and female

estrogen-users performed beller than the esU'ogen non-users on Total and Forward

Digit Span at both test limes. Female estrogen-users also performed better than non­

users on Backward Digit Span and better than both the men and non-users on the

Delayed Selective Reminding test. To the extent that estrogen increases the synthesis

of acetylcholine (Luine. 1985). increases the density of dendritic spines in the CAl

layer of the hippocampus (Wooley et al.• 1992). and decreases the rate of degradation
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of norepinepherine (Luine et al.. 1975) in brains of both sexes. the increased

availability of estrogen ta the aging brain would serve to maintain memory functions

in bath men and women. The direct evidence from the present study in suppon of this

hypothesis is the lïnding lhat estrogen-users and men performed significantly better

than estrogen non-users on Total and Forward Digit Span. a verbal test of attention and

shon-term memory. and that the estrogen-using women performed better than the other

groups on Delayed Selective Reminding.

Those elderly men and women with higher CRT levels showed worse memory

performance on explicit verbal memory tests compared to those with 10wer CRT.

which is consistent with the d~trimcntal effecLS of elevated CRT in the hippocampus

(Wooley et al.. 1990; Uno el al.. 1989; 1990; 1994; Sapolsky et al.. 1990), and with

clinical studies which have round elevated CRT to be associated with poorer memory

performance (Starkman et al.. 1992, \Volkowitz et al., 1990; Lupien et al., 1994).

Therefore. these tïndings in healthy elderly men and women funher support the notion

that higher CRT levels May be associated wim poorer memory performance in aging

individuals.

Overall. the estrogen-users in this study were less elated and composed than the

women estrogen non-users and men. and showed less positive affect than the men.

However. when the three estrogen-users who were also taking progestins were removed

from the analysis, the mood scores between the three groups were not different. This

tïnding emphasizes the possibly mood-dampening effecLS of adding a progestin to

estrogen replacement therapy and raises questions about the consequences of combined
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lherapy for the majority oi women who are compelled to take progestins ta protect the

uterus from endometrial hyperplasia mat may result from treatrnent with E1 alone.
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Studv 2 - Steroid Hormone Levels and Evervday Mernory in AD natients

Introduction

Considering lhat women who took estrogen were less likely ta develop AD

(Tang et al.• 1996; Paginini-Hill & Henderson. 1994). and that estrogen administration

enhanced memory in women with AD in severa! small uncontrolled trials. this study

was undenaken to investigate the rclationships between levels of ~ and memory

functioning in men and women with AD. Emphasis was placed on everyday memary

functioning. which is a major concem bath for individuals with AD and their

caregivers. The literaturc aise provides suggestive evidence that DHEAS and CRT

may be involved in the mernory problems associated with AD, as discussed previously.

Thus, in this study we rccruited men. estrogen-using women and estrogen non-using

women. all of whom had been diagnosed with AD. and compared their hormone levels

and performance on tests of rncmory.

Hypotheses

Based on the revicw of the literature and the results of study l, the following

hypotheses were proposed: l} Men and female estrogen-using AD patients would have

higher E:! levels than femalc estrogen non-using AD patients. 2) Performance on tests

of verbal memory would be correlated with ~ levels in the women. 3) Higher DHEAS

would be associated with beuer memory performance in the AD patients, 4) Higher

CRT levels would be associated with warse memory perfonnance in the AD patients.

5) Women AD patients may have higher CRT levels than the men, 6) The ratio of

DHEAS/CRT would be lower in female than male AD patients. 7) Lower
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DHEAS/CRT ratios would be associated with poorer overall perfonnance on the

memory test battery. 8} Overall. female AD patients would evidence more profound

verbal memory impairment than male AD patients.

Methods

Participants:

Patients with possible or probable Alzheimer's Disease who were being

followed at the Memory CHnie of the Geriatries deparunent al the lewish General

Hospital retum ta the cHnie annually for memory assessment and for molecular genetic

studies. These Ss were rcferrcd bv Dr. Howard Chenkow and Dr. Howard Ben!man-. -
at the S.M.B.D. - Jewish General Hospital. Montreal. and screened for eligibility for

the study. Exclusion criteria included the presence of Medical conditions such as

diabetes. recent hcart attack. stroke and recent head injuries as weIl as use of any

psychotropic: medication and lack of f1uency in the English' language. The diagnosis

of possible or probable AD was made by the neurologist based on the criteria

established by the National [nsutute of Neurological and Communicative Disorders and

Stroke (NTI"CDS) of the National Institute of Health and the Alzheimer's Disease and

Related Disorders Association (ADRDA). reparted by McKhann et al. (1984), with the

use of CT scans and blood work to mie out other saurces of dementia. Chans were

reviewed to determine the degree of dementia according ta the Clinical Dementia

Rating score. and only those diagnosed as mildly to maderately demented were

included. Only patients assessed by clinicians as capable of giving their own informed

consent were recruited. and not those under curatorship or judged by c1inicians as nat
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Iegally able to give consent. For those patients taking estrogen replacement therapy•

the duration and dosage of the prescription was verified by the caregiver and by having

the S. bring the pHI container to the testing session whenever possible.

Materials:

The RBMT. previously described in Study 1. was used ta assess everyday

memory. Additionally, results of the WMS digit span (\Vechsler. 1945), object naming

(The Boston Narning Test: Kaplan. Goodglass & \Veintraub. 1982). and the Mini­

Mental Status Exam (Foistein, Folstein & McHugh, 1975). which were administeced

routinely by the neuropsychologist at the annuaI c1inic visit were aIso obtained.

Procedure:

Patients with possible or probable Alzheimer's Disease being followed al the

Memory CHnie retum for annual assessments. At that time if, from a chan review, the

patient appeared to meet the inclusion and exclusion criteria for the present study,

heJshe was approached by his/her physician and invited ta panicipate. The study was

explained ta the prospective participant and ta their caregiver and any questions

answered by the research leam. al whieh lime informed consent was proeured. The

consent forro was signed by the patient. their caregiver. the physician and by the

research assistant who explained the study (Appendix E).

Then. a lOmL blood sample foc hormonal assays was taken by the Memory

Clinic nurse al the same time as blood was being collected for molecular genetie

studies. The samples were placed on ice. eentrifuged within two houes, and the plasma

was stored at -50 degrees Celsius for assay al the conclusion of the study. The
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patients and the caregiver then answered the same general information fonn as in

Study 1. which collects information on sociodemographic status and personal. medical.

psychological. educational and vocational history. This information was later checked

for consistency with that on the patient's chan and hislher eligibility for the study

recontïnned. Next. the RB~tT was administered with only the patient and

experimenter present. The administration of the RBMT look approximately 30

minutes. ResullS oi the other neuropsychological tests. usually administered within one

week of the RBMT. as weB as the Clinical Dementia Rating and the approximate date

of AD onset. were obtained from the patients chan at a later date. Patients and/or their

family members were rcimbursed for travel and parking expenses.

Hormonal Assays:

Levels of E~. T. CRT and DHEAS were measured at the conclusion of the

study. The assays were performed al the same laboratory with the same kits as

described in Study 1.

Results

Participants:

Twenty-six men. 19 estrogen non·using women. four estrogen past-using

women and three estrogen-using women participated in this study. The estrogen past­

users were indistinguishable from the non-users in terms of hormone levels.

demographics and test scores. and therefore they were collapsed into the estrogen non­

using group. for a total of 23 women. AIl subsequent analyses were performed with

the past- and never-users LOgether in the estrogen non-users group. AlI patients were
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diagnosed with either mild or moderate. possible or probable dementia by a neurologist

based on a full medical and neuropsychological assessmenL Sociodemographic

characterisùcs. duraLion of AD (based on the approximate date of onset obtained from

each patients chart), age at onset and Clinical Dementia Rating (COR) scores appear

in Table 22.

Table 22
Sociodernographic Characteristics of AD patients

Men (n=26) Female Estrogen Female Esuogen- Total Sample
Non-Users (n=23) Users (n=3) (n=52)

···__············-r····_··········· ._..-.-.._........ ...._...._._...• ...__........- .._.•......_.- _.._.._----- ....•-.--..
Mean 5D Mean SO Mean SO Mean SO

Age (years) 75.62 7.58 75.88 8.09 77.73 3.97 75.85 7.56

Education (years) 10.65 3.49 10.41 3.61 10.67 0.58 10.55 3.40

Socioeconomic 48.14 51.42 51.42 15.62 49.03 4.62 49.61 14.27
Starus

AD I Duration 4.49 2.62 3.54 1.72 4.20 0.20 4.06 4.20
(years)

Age at ûnset 71.97 7.45 72.70 7.75 75.53 4.14 72.39 7.3
(years)

CDR2 1.17 0.39 1.30 .057 1.33 0.58 1.24 0.48

no group differences
1. Alzheimer's Discase
2. Clinical Dementia Rating

The average CDR for the S.li was 1.24 (sd=O.48). On this measure. a score of

indicates mild dementia and a score of 2 denotes moderate dementia. The average

duration of AD was 4.06 years (sd=2.20}, the average age of all ~ was 75.85 years

(sd=7.65), and the mean age at AD onset was 72.39 years (sd=7.30). The mean

number of years of education was 10.55 (sd=3.4) and the socioeconomic status
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(Blishen~ 1967) was 49.61 (sd= 14.27), indicating that the Si were middle-class. There

were no group differences in CDR scores. duration of AD. current age~ age of AD

onset~ years of education or SES.

Hormonal Assays:

The hormone levels of the AD patients are presented in Table 23. Blood for

radioimmunoassay was collected from all but one women estrogen non-user.

Table 23
Hormone Levels of AD Patients

Men (n=26) Female Estrogen Non- Female Esuogen-Users
Hormone Users (n=22) (n=3)._._-_._-_._._- ....._._._._._.- ._------_..-._- _..._._-------- ...._-_._..._._-- _.__.........._.-

Mean SO Mean SO Mean sn
Estradiol (pmoVL) 63.62& 21.18 27.01 27.01 91.00b 30.20

Testosterone (pmol/L) 44.68C 20.33 3.23 3.23 0.33 0.23

Cortisol (nmoVL) 325.31 112.41 303.05 109.76 266.33 40.20

DHEAS (umollL) 2.53 1.87 2.14 1.85 0.70 0.30

DHEAS/Cortisol 8.39 E-6 6.25 E-6 7.13E-6 6.20 E·6 2.79 E·6 1.62 E-6

a Men > ~ than estrogen non-users (p<.O1)
b Estrogen-users > ~ lhan men. estfogen non-users (p<.01)
c Men > T than both female groups (p<.OO1)

One-way ANOVA analyses with Bonferroni-corrected post-hoc t-tests revealed

mat there were group differences in E, levels (f[2.48]=31.33. p<.OO 1>. such that the

estrogen-users had higher levels than the men and the estrogen non-users (p<.05) and

men had higher levels than estrogen non-users (p<.05). T levels were higher in the

men compared with levels in both groups of women Œ[2,48]=48.66, P<.OOl). There

were no significant group differences in CRT. DHEAS or the DHEAS/CRT ratio.

Memory Performance:
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Scores on the test bauery are presented in table 24.

= ~

Group
._._._..•....._._._........_....,..._-_....._._-_........_.--- ...._--_._.._--------_.

Max.

-M;;~:~;·SD·····-j··~~~~~~;:_-
FemaIe EslIogen-

Test Name possible Users
score

..._.._....__. .._----
Mean SO

MMSE 30 20.74 4.19 19.25 4.93 19.00 10.44

Boston Naming 60 34.35 14.37 31.50 Il.08 32.00 16.97

Digit Span 24 11.44 3.54 12.10 3.45 14.00 2.83

Forward 12 6.81 2.26 7.15 2.48 6.33 3.51

Baclcward 12 4.60 1.76 4.95 1.61 6.00 0.00

Name Recall 4 0.65 0.98 0.23 0.53 0.33 0.58

Belonging lot 1.5<Y 1.27 0.73 1.12 0.67 1.15

AppoinunentiResulls 2 0.35 0.49 0.18 0.50 0.00 0.00

Picture Recognition 10 6.77 2.72 5.95 3.17 7.33 3.06

Story - Immediate 21 1.71b 1.56 1.02 0.94 0.83 0.76

Story - Delayed 21 0.56 0.97 0.09 0.29 0.50 0.87

Face Recognition 5 3.31 1.69 2.45 1.44- 4.00 1.00

Route - Immediate 5 2.88 1.07 2.52 1.29 3.00 l.00

Route - Delayed 5 1.85 1.41 1.52 1.29 2.00 2.00

Message 6 3.00 1.41 2.52 1.33 3.00 1.00

Orientation 9 5.88 2.34 4.95 2.19 5.67 4.93

Date 2 0.50 0.86 0.45 0.86 1.00 1.00

RBMT Total 24 3.81e: 3.16 2.00 2.64- 4.00 2.65

Table 24
Neuronsvcholooical Test Scores - AD oatienrs

•

a. b. c Men> Female estrogen non-users (p<.05)

•
One-way ANOVA analyses indicated no differences between the three groups

on any of the neuropsychological tests, but due ta the small sample size of estrogen-
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users subsequent analysis was conducted excluding these three women. The group of

men and the estrogen non-users group were compared with ANCOVA procedures,

controlling for the Ievel of depression as measured by the GDS, because GDS scores

were elevated in sorne Ss (see mood results) and depressed mood can affect cognition.

The men performed better than the estrogen non-using women on the tests of

Belonging Recall (!=2.13~ p<.05), Immediate Story Recall (!=2.32~ p<.05) and on the

RBMT Total score (1=2.21, p<.05).

Multiple stepwise hierarchical regression analyses were perfonned to confirm

these sex differences, entering the variables of age, education, duration of AD and

CDR tirst then forcing in gender~ for the men and estrogen non-users. The same

results were found~ in that sex accounted for performance on Belonging Recall

Œ[I,36]=5.80, R2=.135, ~.02), Immediate Story Recall Œ[I,36]=3.86, R2=.091,

p<.OS), and the RBMT Total Score Œ[1,36]=5.57, R2=.126, p<.03), beyond what was

predicted by the other variables. Male gender was associated with better performance

on these tests. The R2 values rePQrted represent the increment in variance accounted

for by the gender variable. Thus, gender accounted for 13.5% of the variance in

performance on Belonging Recall, 9.1 0A> of the variance in Immediate Story Recal1,

and 12.6% of the variance 00 the RBMT Total Score.

Pearson product-momeot correlations between hormone levels and cognitive test

scores were calculated for the men and estrogen non-using women. Correlations were

not performed for the estrogen-users~ as the number of Ss in this group was too smalI.

The results for the men are presented in Table 25, and for the estrogen non-using
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• women in Table 26.

Table 25
Correlations Between Honnone Levels and Test Scores - Male AD patients

~tale AD Patients (n=26)
--------------------- --------------------r---------- --------------- -------..---

Test Name E2 T CRT DHEAS DHEA~

CRT

MMSE .277 .317 -.168 .270 .442

Boston Naming .281 .161 .028 -.038 .117

Digit Span -.005 .099 -.105 .048 .137

Forward .023 .060 -.008 .145 .161

Backward .0 Il .161 -.199 -.115 .043

Name Recall .124 .484·· .088 .159 .272

Belonging .039 .347 .192 .146 .180

AppointrnentIResults .522· .342 .015 .157 .252

Picroce Recognition -.206 -.116 .310 .150 .062

Story - Immediate .107 .103 -.008 .121 .173

Story - Delayed -019 .056 -.027 .034 .187

Face Recognition -.193 -.065 .474·· .205 .023

Route - Immediate .210 -.060 -.095 -.009 .069

Route - Delayed .378 .085 -.273 .035 .161

Message .225 .043 -.088 -.037 .041

Orientation .244 .483·· .144 .333 .312

Date .081 .026 .356 .086 -.040

RBMTTotal -.072 -.006 .193 .025 .012

•

•
••

p<.01
(><.02
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Table 26

Correlations Between Hormone Levels and Test Scores - Female Estrogen non-using AD
[latiems

Estrogen non-using Female AD Patients (n=21)
---.-----.----- ---·-----·----r---------~--------- ---.----

Test Name E2 T CRT DHEAS DHEASI
CRT

MMSE -.145 .392 -.178 .023 -.070

Boston Naming -.017 -.167 .589· .161 -.100

Digit Span -.210 .364 -.192 .438 .308

Forward -.173 .387 -.112 .362 .244-

BacJev.:ard -.177 .172 -.235 .372 .270

Name Recall -.146 -.283 -.098 .241 .277

Belonging -.372 .400 -.100 -.379 -.387

AppointmentlResults -.021 .619· .064 -.108 -.117

Picture Recognition -.627· .251 -.013 -.120 -.317

Story - Immediate .042 .134 -.208 .230 .260

Story - Delayed -.018 .506·· -.028 .155 .172

Face Recognition -.321 -.017 -.016 -.123 -.259

Route - Immediate -.451 .179 -.285 .250 .181

ROUle - Delayed -.629* .076 -.180 .029 -.046

Message -.342 .030 .101 -.358 -.454

Orientation -.291 -.008 .303 .076 -.110

Date -.563* -.059 -.040 -.371 -.385

RBMTTotal -.729* .112 -.035 -.306 -.385

*
*.

p<.01
p<.02

•
CUloff values of p<.O 1 were used for these correlations te control for the large

number of correlations performed. Correlations between p<.02 and p<.Ol will he
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discussed with caution. ln the men. ~ levels were positively associated with scores

on remembering an appointrnent (r=.522. p<.O 1), and higher T levels were related ta

higher scores on Name Recall U=.484. p=.014) and Orientation (r=.483. p=.015). As

weIl. CRT levels were positively associated with Face Recognition scores ([=.474.

p=.017) in these men with AD.

ln the women eSlrogen non-users (Table 27). ~ levels were negatively

correlated with a number of tests. including Picture Recognition (r=-.627. p<.002),

Delayed Route memory ([=-.629. p<.003), ability 10 recall the proper Date ([=-.563,

p<.008), and the RBMT Total score U=-.729. p<.OO 1). T levels were positively

associated in these women with performance on remembering an Appointrnent ([=.619,

p<.003) and Delayed Story Recall ([=.506, p<.019). and higher CRT levels were

associated with beuer performance on the Boston Naming Test Cr=.589, p<.O 1}.

Low Vs. Hi!!h Hormone Groups:

Since there were no group differences between levels of DHEAS, CRT and the

DHEAS/CRT ratio. the ~ were divided. using a median split. into high and low

groups for each of these hormone levels. The mean scores of the high vs. low groups

on each of the cognitive tests were then compared using independent samples t-tests.

The results of these cornparisons can be found in Table 27.

S1 in the High DHEAS group performed beuer man those with lower DHEAS

levels on the tests of Name Recall (1=2.48, p<.02), Digits Total U=2.03, p<.05) and

Forward Q=2.27. p<.05), and also had marginally higher MMSE scores (1=1.98.

p=.054). Those with lower CRT levels performed beuer on the Delayed Route Recall
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Cognitive Test Scores: Low Vs. High Hormone Levels in AD Patienrs

Test Name Low High Low High Low High
DHEAS DHEAS CRT CRT DHEASI OHEASI
(n=26) (0=24) (n=25) (0=23) CRT CRT

COR 1.25 1.24 1.26 1.25 1.10 1.39f

MMSE 18.67 21.52- 20.04 19.70 19.75 20.00

Boston Naming 32.78 33.33 30.00 36.25 36.79 29.83

Digit Span Total _~~.96 _ ~~:.9S' __ 11.71 11.95 11.57 12.10
----------------------.- ---------------------------~-------

Forward 6.24 7.74c 6.68 7.24 6.71 7.18
----------------------.-------- ------ ---------------------------~-------

Backward 4.58 5.14 4.88 4.65 4.70 4.86

Name Recall 0.19 0.7Sd 0.48 0.43 0.24 0.70

Belonging 1.00 1.29 1.20 1.00 1.24 0.96

AppointmeotlResults 0.19 0.33 0.16 0.35 0.24 0.26

Picture Recognition 6.46 6.50 6.48 6.39 7.04 5.78

Story Recall - Immediate 1.15 1.60 1.28 1.50 1.26 1.52

Story Recall - Delayed 0.27 0.46 0.40 0.30 0.32 0.39

Face RecoglÙtion 2.81 3.25 2.76 3.26 3.32 2.65

Route - Immediate 2.60 2.95 2.92 2.57 2.68 2.82

i Route - Delayed 1.80 1.67 2.17 1.22c 1.76 1.64

Message 2.96 2.71 2.83 2.91 3.08 2.64

Orientation 5.08 6.04 5.40 5.60 5.40 5.61

Date 0.62 0.42 0.52 0.57 0.72 0.35

RBMT Total 3.15 3.04 3.24 2.91 3.48 2.65

•

a. b, c. ct
e
f

High DHEAS > Low DHEAS, p<.05
Low CRT > High CRT. p<:.OS
High DHEAS/CRT > Low DHEAS/CRT. p<.05
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task (1=2.47, p<.02) than the Ss in the upper range ofCRT values, and finalIy, Ss with

a higher ratio of DHEAS/CRT had a slightly higher CDR (1=-2.09, p<.05), indicating

that they \vere more demented than those with a lower ratio. No corrections for

multiple comparisons were made on this preliminary analysis, which will therefore be

interpreted with caution.

Moad Scores:

GDS Scores were available for 24 of the men, 19 of the estrogen non-using

women and two of the estrogen-users. Out of a total possible score of 30, where

higher scores indicate more depressive symptoms, the mean scores were 7.75 for the

men, 10.0 for the estrogen non-users, and 7.00 for the estrogen users. Overall, the

Mean was 8.67 (sd=4.41). With scores from only two estrogen-users, statistical

comparisons between all three groups were not possible, therefore scores of the men

and estrogen non-using women on the GDS were compared using t-tests. Between the

men and estrogen non-users there were no group differences in mood scores.

Scores between 0 and 10 faU into the nonnal, non-depressed range of the GDS,

whereas scores over Il indicate sorne depression (Yesavage, 1986). GDS scores over

14 resulted in 100% specificity in classifying non-demented elderly men and wornen

as meeting Research Diagnostic Criteria for mild depression in the normative sample

(Yesavage et al., 1983), and in a sample of 43 demented elderly men and women,

those who were classified as not depressed received a mean score of 7.49. In our

sample of men, sixteen Ss scored below 10, six scored between 10 and 14, and two
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scored above L4. In the estrogen non-users. ten ~ scored below 10. six were between

LO and 14. and three scored above 14. Bath of the estrogen-users scored below LO.

This indicates that Cive of our ~ showed mild depression. 12 of them had some

depressive symptoms and 28 were non-depressed. As depression cao impact cognitive

function. the GDS score was used as a covariate in the cognitive analyses.

Discussion

Hormone Levels

As expected. the women estrogen-users had higher levels of ~ than bath the

men and the non-users. and the men had higher levels of E! than the estrogen non­

users. As weIl. the men had higher T levels than both groups of women. However.

there were no gender differences in DHEAS or CRT levels or in the ratio of

DHEAS/CRT in these AD patients. Based on the endocrine norms (Table 4). it was

expected that DHEAS levels wou1d be higher in the men than the \Vomen. In terms

of absolute values (Table 23). the estrogen-users did have lower DHEAS levels than

the men (0.7 vs. 2.53 umoUL). but perhaps due to the smali sample size this difference

was not statistically significanL These findings are consistent \Vith Nasman et al.

e1990). who found no gender differences in DHEAS levels between 78 yeac-oid

demented women and men. However. in mat study the groups of men and women

were cornprised of sorne cases of AD and sorne cases of multi-infarct dementia. so

those results do not retlecl DHEAS levels in AD patients alone.

The lower lirnil of the normal male range of DHEAS levels is 5.4 umoIIL.

Considering [hat in our study the male AD patients had DHEAS levels of 2.53 umoIIL•
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less than half the lower limit. it is not surprising that these levels are not higher than

the women's. In facto both the men and the women AD patients had low DHEAS

levels compared to the nanns. which supports the contention that AD patients have

lower than average DHEAS levels (Sunderland et al.• 1989). However. our norms do

not specify the ages that are included in the male range. and it may be that few elderly

individuals were used in constrllcting that range.

Based on the lïndings of Leblhuber et al. (1993). we predicted that the women

AD patients would have devated CRT levels compared to the men. However. no such

gender differences were evident. In the Leblhuber et al. (1983) study the AD Ss were

far more severely demented than ours (MMSE scores of 5.2 vs. 20, respectively). If

it is true that more severe dementia is associated with CRT hypersecretion. then this

difference could account for the increased CRT levels in those women. The lïnding

of higher CRT in more severely demented women is consistent with the glucocorticoid

cascade hypothesis whercin HPA dysregulation leads to CRT hypersecretion.

subsequent neuronal death in the hippocampus and resultant dementia (Sapolsky et al.•

1986). If this dysregulation process is more likely to occur in women. that could also

help to account for the greater incidence of AD in women than in men (1onn et al.•

1987: Rocca et al. 1986: Keefover. 1996), which can only panially be explained by

demographic and social factors (Kay, 1986).

Neither were there any significant group differences in the ratio of

DHEAS/CRT. Svec & Lopez-S (1989) theorized that women with AD might show a

lower ratio of DHEAS/CRT. based on the tïndings that AD patients had lower DHEAS
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than controis (Sunderland et al. 1989) and the generally 10wer DHEAS concentrations

in elderly women. However. other researchers who have actually calculated lhis ratio

in c1inical investigations failed to find gender differences in AD patients. although they

did report a higher DHEAS/CRT ratio in AD versus control women (Leblhuber et al.

1993). If the ratio of DHEAS/CRT were a valid measure of protection to degeneration

in the hippocarnpus. one might expected it to correlate with degree of dementia in AD

patients. but this failed to oecur both in this study and in the Leblhuber et al (1993)

report. In fact. the estrogen-using women had the lowest ratio of DHEAS/CRT and.

if anything. lhey performed better than the men and estrogen non-users on the

cognitive tests. Thus. as in the heaithy elderiy study, this measure appears to have

questionable predictive validity in AD patients.

NeuropsychologicaJ Tests

The major neuropsychological test results of this study were that the male AD

patients scored higher than the female estrogen non-using patients on Immediate Stocy

Reeall. Remembering a Belonging and the RBMT Total score. This oecurred despite

the fact mat both groups had similar CDR scores and duration of AD. and depression

scores were used as a eovariate in the analyses. Omers have aIso reported that women

with AD perfonned worse than men on tests of object naming. verbal fluency and

delayed verbal recall (Henderson & Buekwalter. 1994) and naming and ward

recognition (Ripich et aL. 1995) after controlling for education. age and dementia

severity. Considering mat the elderly men had higher ~ and T levels than the

estrogen non-using women. lhat T is converted to E:! in the brain (MacLusky et al•
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1987) which causes hippocampal neuronal growth (Wooley & McEwen, 1992), it is

possible that the male hippocarnpus is protected from aging by their higher ~ levels.

It also follows that the degeneration of hippocampal neurons characteristic of AD

pathology (West et al., 1994), and the decline in cognitive functions subserved by that

structure (Squire. 1992) may be less severe in those who retain higher levels of~ with

age, namely, men and esU"ogen-using women. Indeed, the estrogen-using women in

this study, though few in number, did perform better in absolule tenns than the

estrogen non-using women on the majority of the tasks (Table 25), although these

differences were not statistically significanL

The findings from Lhis study suggest that E1 may retard the neural degenerative

processes that result in severe memory deficits in patients with AD. It is also tempting

to speculate that the 2: 1 female to male ratio in the incidence of AD (Rocca.

Amaducci & Schoenberg, 1986: Jorm et al.• 1987) may be due, in p~ to the fact that

male hippocampi are protected ta sorne degree by their lifelang exposure to estrogen.

Indeed. recent epidemiological studies found a lower incidence of AD in female

estrogen-users compared ta non-users (Henderson. et al.. 1994; Paganini-Hill &

Henderson, 1994: Tang et al.. 1996; Kawas et al.• 1997), and a dose-response

relationship where higher doses of ~ and longer durations of ERT were related to

10wer chances of developing AD (Tang et al.. 1996; Paganini-Hill & Henderson.

1994). Additionally, in prelirninary clinical trials. exogenous estrogen enhanced

memory in women with AD (Honjo et al.• 1989; Fillit et al.• 1986; Ohkura et al.•

1994). ERT may also delay the anset of AD, as observed in a recent prospective
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epidemiological study (Tang et al, 1996). Indeed, although the age of AD onset was

not statistically different among our groups, the average age of onset for the estrogen­

users was 75.5 years, compared with 72.0 years for the men and 72.7 years for the

estrogen non-using women. This difference in age of onset in the estrogen-users of

approximately three years supports the contention of Tang et al. (1996) that estrogen­

use may delay the onset ofAD in women.

Ss with low CRT performed better on the Delayed Route Recall task compared

to those with high CRT. This is consistent with the findings from Study 1 in which

healthy elderly men and women with lower CRT levels perfonned better on a nurnber

of verbal memory tasks. However, the group differences here were not found on the

verbal memory tasks, as in Study 1, but on Delayed Route Recall, a task that correlated

\\tith Visual Reproduction in Study 1, which suggests that this task measures visuo­

spatial ability. Other studies have found impaired perfonnance on maze learning in

rats (Landfield et al., 1981), and visual/spatial memory in humans (Mauri et al., 1993;

Starkman et al, 1992) after CRT administration. However, while sorne human studies

have found effects of higher CRT levels exclusively on verbal memory , (Lupien et al,

1994; Wolkowitz et al, 1990), none have reported only spatial memory deficits prior

to our findings. The verbal tasks, particularly remembering a story, were very difficult

for these patients with AD and their mean scores were low with very little variability.

Thus, the floor effect in the performance of the AD patients on these verbal memory

tasks may have precluded the possibility of discovering similar verbal memory

differences between low and high CRT groups as were seen in Study 1 in healthy
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elderly.

When ~ were grouped by a median split ioto low and high DHEAS groupsy

the group with high DHEAS levels performed better than the group with low levels

on four different tasks. Di2its Total and Forward. Name Recall and the MMSE.

although the low DHEAS group were Dot more demented as assessed by the CDR.

This association of DHEAS with better memory is consistent with fmdings that

DHEAS administtation caused neuronal sprouting in the rat hippocampus (Roberts et

al.. 1987) and positive health oulComes such as improved immune functioning

(Morales el al.y 1994; Yen et al.• 1995) and lower rates of cardiovascular disease

(Barrett-Connor et al., 1986) in humans. An inverse relationship between DHEAS

levels and the presence of dementia occurred in male nursing home residents (Rudman

et al.• 1990), but the sarnple in that study consisted of mixed etiology dementia

syndromes. In a study of three men and three women with major depression, DHEAS

administration resulted in improvements of mood and of "automatic" memory

processing, but not explicil verbal recall tasks (Wolkowitz et al.• 1997). In that study,

DHEAS levels were correlated with decreases on the Hamilton Depression Rating

Scale subscale items assessing "cognitive disturbance". These results support the

possibility that DHEAS helps to maintaÏn certain memory funcùons. Possible

mechanisms for this action include DHEAS inhibition of GABA (Majewska. 1994) and

glucoconicoids (Svec & Lopez-S. 1989) in the hippocampus.

It is important to note that plasma RIAs of DHEAS may not accurately reflect

levels of this steroid in the brain. where they may he Many times higher (Majewska•
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1995). Indeed. il is questionable whether correspondence exists between plasma

DHEAS levels and brain levels. since higher plasma concentrations of DHEAS have

been reponed in males compared lo females (Venneulin. 1995). but post-monem

studies in the brain have found higher levels in females rather than males (Lanthier &

Patwardhan. 1986). Our knowledge of the exact nature of the relationship between

peripheral plasma levels of DHEAS and brain levels of the hormone awaits funher

comparative research. Meanwhile. il is imponant to acknowledge that steroid levels

measured from peripheraJ blood plasma may not be 100% accurate in reflecting brain

activity. This holds for the other steroid honnones as well. since the degree of

correspondence between peripheral plasma levels and brain levels is generally

unknown.

Honnone-Test Score Correlations

Because of the small number of estrogen-users with AD (n=3), correlations

between hormone levels and memory perfonnance were perfonned only for the men

and the estrogen non-using women. In the men. ~ levels were positively associated

only with remembering an appointment. Remembering an appoinunent was one of the

most difficult tasks in the battery for both healthy elderly Si and AD patients. and

most AD ~ received a score of zero. In male rats. E2 enhanced performance in both

young and aged rats in trials that required a delay component and were more difficul~

but not on immediate trials which were easier (Luine & Rodriguez. 1994). This

suggesLS that. in men. E:! may serve to enhance performance on more difficult tasks

rather than on simpler ones.
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Ta our knowledge. no other studies have measured ~ levels in elderly men

with AD. However. in healthy young men. ~ levels were correlated with visuo-spatial

performance (Kampen & Sherwin. 1996). Because a purely visuo-spatial test was not

included in our batteryt a direct comparison with this finding in young men is not

possible. Remembering an Appoinunent. the one test that correlated positively with

~ in the men. isn't obviously either verbal or visual in nature - the instructions are

delivered aloud verbally by the experimenter. and the cue to remember the

appointment is an auditory beep.

Scores of the women estrogen non-users showed an opposite pattern of

correlations to the men. in that they were negatively associated with E2 levels on a

number of tests. This is contrary to what wouId have been expected if ~ had

enhancing effects on memory. However. the levels of ~ in this sample of untreated

women with AD were extremely lowt and showed litUe variability. In addition. there

were a number of women who scored zero on all the subtests that showed negative

correlations. and they aiso had relatively high ~ levels. thus accounting for the

negative correlations. It is unlikely that such low circulaùng E2 values would influence

cognition. Other studies have failed to find correlations between ~ and cognition in

postmenopausal women with exuemely low ~ levels (Kampen & Sherwin. 1994).

Sample Characteristics

One obvious criticism of this study is the small number of estrogen-using

women with AD. It would have been ideal to have a much Iarger group of these

individuals. but it was difficult to find AD patients who were taking estrogen. The
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overall incidence of estrogen-use in mis elderly and cognitively impaired sample was

very low, which has been confmned in larger epidemiologic studies investigating

estrogen-use and AD (Henderson et al.. 1994; Tang et al.. 1996). Few of these 75

year-old wornen started using esuogen at their rnenopause. an average of 25 years ago.

when such treatment was relatively uncommon. As weil. in general physicians May

be less likely to prescribe what is sometimes considered a ltquality of life" medication

to wornen suffering from AD, or ERT May he disconÙDued when a diagnosis of AD

is made.

It is clear that a larger comparison group of estrogen-using AD patients would

have allowed us to better address issues regarding the cognitive performance and

hormone levels in individuals with AD. Because of the small number of estrogen­

using wornen with AD, and the possible treatment biases in nawralistic populations.

prospective long-term trials are necessary to fully elucidate the effects of estrogen

administration on cognition in women with AD. The ideal study would be a large­

scale blinded treatment trial of estrogen in AD patients. who would be randomly

assigned to estrogen or placebo, wim a washout period and crossover to the other

treaunent. Such a study would allow experimental conuol over the dosage. route of

administration and duration of E2 use. Additionally. pre- and post-tteatrnent cognitive

testing would be possible. Such a multi-site. clinical trial of ~ in patients witb AD

is currently underway (Kuller, 1996).

Summary

Men with AD performed better than esuogen non-using wornen with AD on
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a number of everyday memory tests. namely, Delayed Story Recall. Remembering a

Belonging and the RBMT Total score. concomitant with their higher E1 and T levels.

The small sample of estrogen-users performed similarly to the men on most tests. and

frequently better than bath the men and estrogen non-users. although these differences

were not statistically significant. probably due to the small size of the estrogen-using

group. Possible explanations of these results are based on the effects of ~ on

hippacampal morphology (Gould et al.. 1990), neurochemistry (Luine. 1985), and

nerve growth factor (Toran-Allerand et al.• 1992).

AD patients with higher DHEAS levels performed beuer on Digits Total and

Forward. Name Recall and the MMSE than those with lower DHEAS levels. although

they were not more demented as assessed by the COR. The COR is a very gross

measure of dementia. and likely ta he less sensitive than the MMSE to small

fluctuations in dementia severity. since the MMSE has a much larger range of possible

scores. Based on the MrvtSE scores. patients with higher DHEAS levels showed less

overaJl cognitive impainnent. These results suppon the notion that DHEAS enhances

cognition. which could occur via the ability of this hormone ta black GABA activity

in the hippocampus (Majewska. 1995), and/or antagonize the detrimental hippocampal

effects of glucocorticoids (Svec & Lapez-S, 1989).

Patients with lower CRT levels performed better on Delayed Route Recall. a

measure of spatial memory, than those with higher CRT levels. The finding that

higher CRT levels were detrimental ta an aspect of everyday memory supports the

results of Study L in which higher CRT levels were detrimental to verbal memory
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performance in healthy elderly men and women. and extends ihis tïnding to AD

patients.

Comparisons between the hormone levels of these AD patients and other study

sarnples suggest that there may be differences in the patterns of honnone secretion

between patients with mild to moderate A09 and in those who are more severely

demented. In one sample of more severely demented patients9 the women with AD

had higher CRT levels than the men (Leblhuber et al.9 1993)9 which was contrary to

our finding of similar CRT levels between groups of mildly demented men and

women. This supports the idea that with the progression of the disease9 HPA

dysregulation May occur.

The results of this study helped to clarify sorne of the gender differences

present between men and women with AD. both in the area of memory function and

hormone levels. These findings suggest that higher circulating ~ may be related to

better cognitive performance9 as observed in the men and the women estrogen-users

compared ta the estrogen non-users. Additionally, DHEAS May enhance memory in

AD patients. while higher CRT levels may be detrimental to some aspects of cognition

in this population.
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Study 3: - Hormone Levels and Everyday MemoIT PerfQrmance of AD Patients

ComDared to Healthy Elderlv CQntrQls.

IntrQduction

In addition to investigating the relationships between hormones and memory

functions in AD patients. we sought to compare their values and perfQrmance ta age-

matched cognitively unimpaired control subjects. The following hypotheses were

prQPQsed based on the review of the literature: 1) The AD patients would perform

worse Qn ail cognitive tests than controls. 2) AD patients would have lower Ievels of

DHEAS compared to controis. 3) AD patients (bath male and female) would have

Iower E1 Ievels than age-matched contrQIs. 4) Female AD patients would have higher

CRT levels than contrQIs. and 5) AD patients WQuld show mQre depressive affect than

contrais.

Methods

Particinants:

The 52 AD patients from Study 2 were matched with 52 healthy eiderly ~

from T2 Qf Study 1. The healthy elderly contrQI~ were selected from the group whQ

completed T2 of study 1 on the basis of age. educatiQn. gender and estrogen status

in an auempt ta create groups that were matched with the AD patients on these

variables. The tïnal healthy elderly control grQup consisted Qf 23 men. 23 estrQgen

non-usim! women and six estr02en-users..... ....

Materials:

Ali AD patients and healthy elderly control ~ had been tested using the
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RBMT, Digit Span and the GDS.

Procedures:

Test scores ofhealthy elderly control Ss who were chosen as a matched sample

for this study were taken from their T2 scores in Study 1, and compared to that of the

AD patients in Study 2.

Honnonal Assays:

Assay results for E2, T, CRT and DHEAS levels collected at TI of Study 1 and

in Study 2 were used in this study.

Results

Participants:

The demographic characteristics of the AD patients and the Control group are

presented in Table 28. Overall, the groups were matched on age and SES, but the

control Ss had more years of education than the AD patients (!=2.63, p=.OI).

lndependent samples t-tests indicated that the control men were of higher education

than the AD men (!=2.12, p=.039), but there were no signjficant group differences on

years of education in the women.

Honnonal Assays:

Honnone levels for the AD patients and controls, according to gender and

group are presented in Table 29. Differences in honnone levels between the controls

and AD patients were investigated by performing a group by gender ANOVA

analyses. There were no interactions between group and gender, and no main effects

for group. Thus none of the hormone levels were different between the AD patients
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hi Ch
Table 28
S . dOCIO emo~n c aractenstlcs of AD oatients vs. ContraIs

Age (years) Education (years) Socioeconomic
Group Status"----_.._-_._..... _.--...._-------......_.-.._....._.. ...._.__......................-......_---_...._.-

Mean sn Mean sn Mean SD

AD Patients (n=52) 75.85 7.56 10.55 3.40 49.61 14.27

Men 75.62 7.58 10.65 3.49 48.14 15.24
(0=27)

No-E Women 75.88 8.09 10.41 3.61 51.42 14.16
(n=22)

E-Women 77.73 3.97 10.67 0.58 49.03 4.62
1 (n=3)

Controis (n=52) 74.22 5.42 12.25a 3.40 54.80 14.11

Men 73.37 5.88 12.78b 3.61 48.14 15.24
(n=23)

No-E Women 74.83 5.14 Il.30 2.34 51.42 14.16
(0=23)

E-Women 75.11 4.98 13.83 2.79 49.03 4.62
(n=6)

•
a Controls overall > Education than AD patients, p=.0 1
b Male Controls > Education than male AD patients, p<.05

However, there was a main effect for gender on levels of E2 (F[2,90]=51.52, p<.OOO 1),

T (F[2,90]=110.02, p<.OOOI), DHEAS (F[2,90]=8.03, p<.OOI) and DHEAS/CRT

(F[2,90]=5.81, p<.005). When probed with Bonferroni corrected post-hoc t-tests,

overall, the estrogen-users had higher E2 than the men and non-users, and the men had

•
higher levels than the estrogen non-users. The men had higher T and DHEAS levels

than both groups ofwomen, and the men also had a higher ratio ofDHEAS/CRT than
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the estrogen-users, but not the estrogen non-users. The hormone levels for the AD

patients and controls are presented in Figures 6-10

Table 29
Mean Honnone Levels ofAD Patients vs Controls

E2 a Tb CRT DHEASb DHEAS/CR
ye

AD Patients - 50.00 24.61 312.61 2.26 .75
overall

Men 65.26 44.68 325.3 1 2.53 .84
(n=26)

E non-users 27.10 3.23 303.05 2.12 .71
(n=21)

E-users 91.00 0.33 266.33 0.70 .28
(n=3)

Controis - 55.51 16.58 345.79 2.42 .73
overall

Men 66.45 34.35 376.95 3.38 .98
(n=22)

E non-users 26.48 1.93 336.16 1.89 .61
(n=20)

Estrogen-users 112.17 0.25 262.00 0.68 .26
(n=6) '\

AD vs. Control: no group differences on any hormones

E2
a Estrogen-users > men, estrogen non-users

Men> estrogen non-users

T. DHEAS
b Men> all groups ofwomen

DHEAS/CRT
c Men> estrogen-users
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• Figure 6 - Estradiol Levels
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• Figure 8 - Cortisol Leve~s
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• Figure 10 - DHEAS/CRT Ratios
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Memorv Tests

There were signUïcant group differences on the scores of the memory tests that

were administered to both AD patients and contrais and presented in Table 30. As

expected. overall the control group perfonned significantly better than the AD patients

even after controlling for years of education with multivariate ANCOVA procedures

(p<.OO 1). The factoring out of educationallevel before conducting group comparisons

resulted in adjusunents in the means of only the Immediate (p<.OO 1) and Delayed

(p<.05) Route scores and the RBMT Total Score (p<.OS).

The performance of the AD patients compared to the healthy elderly contrais

was the worst on the RBMT Total score Œ[1,100]=424.S), Name Recall
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• Table 30

Neuroosycholooicai Test Scores - AD patients vs. Contrais

AD Patients ContraIs
Max.
possible Mean 5D Mean 50

Test Name score

Digit Span 24 11.17 3.43 15.56- 3.79

Forward 12 6.90 2.36 8.67* 2.14

Backward 12 4.77 1.68 6.98- 2.17

Name Recall 4- 0.45· 0.81 3.01 • 1.19

Belonging 4- 1.10 1.25 3.31- 0.54

Appolnunem/Resulls 2 0.23 0.47 1.44* 0.75
1

Picture Recognition la 6.45 2.91 9.58* 1.00

Story - Immediate 21 1.29 1.30 7.08* 3.18

Story - Delayed 21 0.30 0.71 5.68- 3.12

Face Recognition 5 2.92 1.56 4.71- 0.54

Route - Immediate 5 2.72 1.16 4.21· 0.89

Route - Delayed 5 1.70 1.36 4.13- 0.79

Message 6 2.78 1.31 5.08- 1.15

Orientation 9 5.44 2.34 8.85* 0.36

Date 2 0.51 0.86 1.92* 0.39

RBMT Total 24 2.98 2.87 17.59- 3.62

• Contrai> AD. p<.OOI

•

(fll.lOO]=144.5), Remembering a Belonging (f[1.100]=115.4), Delayed

(fll,lOO]=113.9) and Immediate Œ(1.100]=111.5) Story Recail, and Delayed Route

(fl LI00]=107.7). In contrast, although they did significantly worse man the

controIs,the performance of the AD patients was least impaired on Forward
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(fll.l00]=12.6). Total (1:11.100]=24.1) and Backward (f[1.100]=25.9) Digit Span,

Immediate Route recall (E[ 1.100]=45.9). and on Picture ŒI: 1.100]=50.1) and Face

(fll.l00]=52.5) Recognition.

Mood Scores

The AD patients scored an average of 8.67 on the GOS. out of a possible total

score of 3D, where higher scores indicate more depressive symptoms. This was

significantly higher than the control group's mean score of 3.98 U=5.41, p<.OOl).

When hormone and gender groups were examined using one-way ANDVA analyses

with Bonferroni corrected post-hoc t-tests, group differences were round (F[5.88]=7.22.

p<.OOO 1), such that the AD female estrogen non-users scored higher than aU three

control groups (10.00 vs. 3.38, 4.80 and 3.20) on the GOS. and the AD men scored

higher than the control men (7.75 vs. 3.38). There were no significant differences

between the AD estrogen-users (mean 7.00) and the control estrogen-users (mean 3.20)

on this measure, which may have been due ta small sample sizes.

An item analysis of the individual GOS items was undertaken ta determine

which statements the AD patients preferentially endorsed compared to the controls.

Mann-Whitney V-tests on each GDS item showed that overall the AD patients were

more likely than the controls ta confum that they feit their life was empty (p<.02),

often got bored (p<.002), didn't tïnd life very exciting (p<.005), were not in good

spirits most of the time (p<.O 1). often feit downhearted and blue (p<.005), frequently

feit like crying (p<.OS), often felt helpless (p<.O 1), felt worthless the way they are now

(p<.OOS). found it hard to get staned on new projects (p<.OS), had recently dropped
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many of their activities and interests (p<..002), didn't feel full of energy (p<.05), felt

that most people were better off than they were (p<.05). had more problems with

memory than most (p<.OOl), found it hard to make decisions (p<.005) and felt their

mind was not as clear as it used to he (p<.OO 1). In contrast. there were no group

differences between the AD paùents and healthy elderly controls in basic saùsfacùon

with their life. being hopeful about the future. being afraid that something bad is going

to happen to them. feeling happy most of the time. thinking its wonderful to be alive

now. feeling that their situaùon is hopeless. being bothered by thoughts they can't get

out of their head. gelting restless and fidgety, worrying about the furure. worrying

about the past. getting upset over liule things. having trouble concentrating, enjoying

getting up in the moming or avoiding social gatherings.

Subsequent factor analysis revealed three factors that accounted for 35.4% of

the variance. The tïrst factor. accounting for 19.6% of the variance. loaded heavily on

items indicative of dysphoria. such as feeling downhearted and blue. upset and teary.

The second factor. accounting for 8.6% of the variance. included positively endorsed

outlook items such as feeling hopeful about the future. feeling it is wonderful to he

alive and enjoying getting up in the moming. The third faclor contained items related

to mental acuity such as ease in decision making. feeling clearheaded. concentrating

and having memory problems and accounted for 7.2% of the variance. The AD

patients were more likely to endorse the dysphoric items and not endorse the mental

acuity items (i.e. they endorsed mental dullness items) than were the healthyelderly

controls, but they were no more likely to have a negative outlook on life. than the
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controls.

Discussion

Hormone Levels

The comparison of healthy elderly control s.s. and AD patients provided sorne

information on differences in endocrine status between these two groups. Contrary to

what was hypothesized. there were no overall group differences between AD patients

and controis in IeveIs of any of the hormones we measured. Sorne authors have

speculated that estfogen levels May be lower in women with AD compared to controIs.

and used body weight as an indirect marker of estrogen levels (Birge. 1996;

Henderson. 1995). This is based on the fact that. after the menopause. much of the

estrogens in circulation are peripherally converted from androgens in fat tissue.

Therefore. higher body weight has been identified as an indicator of higher estrogen

levels. Thus. the observation that women with AD were of 10wer body weight than

contraIs (BerHnger & Pouer. 1991; Buckwalter. Schneider & Dunn. 1994) led to the

assumption that they also had Iower estradioi levels. although circulating E:! was not

assayed. However. in our study E:! Ievels were not 10wer in AD patients compared to

controls. The idea that current circulating levels of endogenous ~ reflect cognitive

status is not supported by the data in the present study. Clearly. a more complicated

interaction between risk factors for AD. effeclS of aging on the central nervous system,

individual factors. and peripheral effects of ~ that potentially effeet cognitive

functioning need to aIso be considered.

Another theory hoIds that greater cumulative lifelong exposure ta estrogens
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atlords increased protection against dementia in elderly women. This theory has been

supported by epidemiological studies mat showed a dose-response effect of cumulative

estrogen-exposure on the odds ratio for developing AD (Paginini-Hill & Henderson,

1994; Tang et al., 1996). The effects of ~ on the hippocampus are rapid and

transitory in adult female rats. with fluctuations in spine density occurring over the

estrous cycle (Wooley & McEwen. 1992). Within a short time period after OVX.

decreases in hippocampal spine density accur. which are quickly restored ta pre-OVX

densities with E~ administration (Gould el al.• 1990). However. upon withdrawal of

estrogen treaunent. hippocampal neurons quicldy retum to post-OVX spine density

values (Gould et aL. 1990). These lÏndings from basic neuroscience therefore do not

support the theory that past eSlrogen use or cumulative estrogen exposure would be as

important as currently circulating E~ levels in infiuencing hippocampal morphology,

and thus. memory functions. Indeed. when our four AD patients who were past

estrogen-users were compared ta the never-users. their cognitive test scores and an

hormone levels were indistinguishable.

Levels of circulating E:! were not different between the AD patients and

controis in the present study. and E:! levels were not correlated with cognitive

perfonnance in these AD patients. Thus. the relationship between E~ and cognition in

AD is less than suaighŒoI"\vard. Il is possible that E2 may act as a modulating factor

in the development of AD. much as diet, family history and gender are factors that can

influence the development of hean disease. The tïnding thal the estrogen-using

women developed AD an average of three years later than the men and estrogen non-
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users supports the notion that estrogen-use may be acting to delay or slow the progress

of AD.

The AD patients had the same CRT levels as healthy contraIs in this study. but

higher CRT levels may have been expected on the basis of previous findings of higher

CRT levels (Leblhuber et al.. 1993; Swaab et al.• 1994; Maeda et al.• 1990; Davis et

al.• 1986) and dysregulation of the HPA axis (O'Brien. Ames. Schweitzer, Colman et

al.• 1996; Hatzinger et al., 1995; Nasman et al.. 1995; Nasman et al.. 1996; O'Brien.

Ames, Schweir.zer. Mastwyk et al.• 1996) in AD patients compared to controls. Those

AD patients who were reported to have elevated CRT levels differed from ours in

severa! ways. They were younger (aged 64.1), with a presenile fonn of AD (Davis et

al., 1986), were more severely demented (MMSE=I.6. Maeda et al.• 1991; MMSE=5.2.

Leblhuber et al.• 1993), were inpatients (Maeda et al.• 1991) and were suffering from

mixed dementia. not only AD (Maeda et al., 1991). Additionally. al! these studies had

small sample sizes. However. our findings are consistent with others who failed to

find differences in CRT levels between AD patients and controis (TouilOU el al.• 1982;

Dodt et al.• 1991; Nasman et al.• 1991).

No challenge of the HPA axis was performed in lhis study, thus HPA

dysregulation may have been present but not observed. Severe dysregulation of the

HPA axis would likely have been retlected in elevated CRT levels, 50 it is possible

that these ~ in the early phases of AD, were not suffering from severe HPA

dysregulation. However, no comment cao be made regarding the presence of subtler

forms of HPA dysregulation. Il is possible thal the elevated CRT levels found in more
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severely demented AD patients are a result of prolonged HPA dysregulation. but that

such elevations in basal CRT do not occur earlier in the disease progression.

Neither did AD patients have lower DHEAS leveis compared with our healthy

elderly controls. AILhough lower levels of DHEAS in AD patients have been reponed

(Sunderland et al.• 1989; Nasman et al.. 1991; Yanase et al.• 1996). more often than

not there have been no differences between AD patients and controls (Leblhuber et al.•

1990; 1993; Cuckle et al.. 1990; Spath-Schwalbe et al.• 1990; Birkenhager-Gillesse et

al.. 1994). Of the studies that found group differences. the AD patients were either

much younger than our sarnple (61 years. Sunderland et al.. 1989) and therefore may

have had a familial subtype of AD. or had more severe dementia (Nasman et al.•

! 990). Our control ~ had similar DHEAS levels to the control ~ in Nasman et al.

(1990). but the AD patients in that study had depressed DHEAS levels compared with

our AD patients. were far more severely demented (MMSE=2). and were

institutionalized. This advanced disease progression may acccunt for the observed

decreases in DHEAS. alLhough to date there are no research findings to link dementia- -
severity with depressed DHEAS levels.

The antagonistic effects of DHEAS on GABA in the brain (Majewska. 1995)

coupled with iLS antiglucocorticoid effects (Svec & Lapez-S. 1989). suggest a possible

role for DHEAS in the dementia process. The findings of Study 2 that higher DHEAS

levels in AD patients were associated with better cognitive performance are interesting.

but in the absence of lower levels of DHEAS in patients with AD. an interaction

between the dementing process associated wiLh AD and DHEAS in the brain must he
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considered. Similar to the proposed actions of ~. iL is possible that DHEAS may act

as a modulating factor in the disease progression. working to slow or delay the onset

of AD pathology.

If a higher ratio of DHEAS/CRT was beneficial to cognitive performance as

others have suggested (Svec & Lopez-S. 1989). the men and estrogen non-users would

have shawn superior performance compared to the estrogen-users in this study,

concomitant with their higher DHEAS/CRT ratios. However. this did not occur in any

instance. If any group appeared to have an advanUlge over the others on the cognitive

tests. it was the estrogen-users. particularly the healthy elderly. Thus. in these studies.

the measure of the ratio of DHEAS/CRT did not predict cognitive performance in

either healthy elderly men and women or in AD patients.

Neuropsychological Tests

Compared to the control ~ AD patients. predictably, performed worse on

every aspect of the RBMT and on the Digit Span tests. The RBMT Total mean score

was 2.98 for the AD patients versus 17.59 for the healthy controis. The RBMT was

developed for use wilh head-injured patients and for rehabilitation purposes. and has

been shown to accurately reflect everyday memory functioning as determined by its

high correlations with objective ratings by a caregiver (Wilson et al.• 1989). The

administration of three RBMT subtests (Stacy Recall. Route Recall and Narne Recall)

to AD patients found that they were very sensitive to gradations of dementia and could

distinguish "minimal dementia" l'rom "low-scoring normal" groups (Beardsali &

Huppen. 1991). In our study. these same subtests easily discriminated AD patients
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mild to moderate dementia from controls.

The most difficult RBMT subtests for the AD patients, as assessed by the

magnitude of the group differences between the AD patients and controls, were those

that involved recall without a recognition component such as having to remember a

belonging at the end of the test session, or recall a story or a route. These types of

tasks are typically those that are most impaired during nonnal aging (Craik, 1991;

i 994), and most hipPOCampally dependent (Squire, 1992). Those tests that register the

least impairment, Digit Spans, are not primarily dependant on the Medial temporal

lobe memory system (Moscovitch & Winocur, 1992; Kolb & Wishaw, 1985), the area

most damaged in AD pathology (West et al., 1994). The functions that Digit Span

requires, attention / concentration and short-term memory, are relatively unaffected by

increasing age in the normal population (Craik & Jennings, (992). Neither were the

AD patients as impaired on Picture and Face Recognition as they were on the explicit

recall tasks. These recognition tasks are also generally easier (Wilson, 1989) and show

less impairment with normal aging (Craik, 1991) than do explicit recall tasks. Thus,

the AD patients in this sample showed the largest impairments Of. tasks that depend

upon the hippocampal memory s:'stem and normally show declining performance with

aging (e.g. explicit verbal memory). The fewest impairments in the AD patients

occurred on tasks that are not as highly hipPOcampally dependent (e.g. Digit Span) and

tend not to show performance declines with normal aging. ft seems, then, that the

same patterns of cognitive decline occur in AD patients as in normal elderly subjects,

but to a much greater degree.
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Supponive evidence cornes from a recent study which used MRI scans to

investigate the volume of hippocampal and parahippocampal structures and the rate of

change in the volume of these structures over several years in very old cognitively

healthy~ compared to ~ who were healthy at the outset but later became demented

(Kaye et al.. 1997). The Si who later became demented (pre-demented) had lower

hippocarnpal volumes and lower MMSE scores al the stan of the swdy, although both

groups were cognitively heallhy and living independently at that tirne. BOÜl the noo­

demented and the pre-demented groups showed similar slopes of decreasing

hippocampal volume over three to fOUf years. However. the rate of overall temporal

lobe volume decrease was greater in the pre-demented population. suggesting that a

combination of earlier hippocampal atrophy and a faster rate of loss in the remainder

of the temporal lobe is characleristic of lhose who develop dementia. Thus, there is

a constant rate of hippocampal and parahippocampal volume loss with aging regardless

of whether one goes on to develop dementia. The decrease in hippocampal volume

is consistent with declines in hippocampally dependent cognitive abilities associated

with aging (Craik. 1994). allhough it appears that this process begins al a younger age

in demented individuals.

Interestingly, estrogen-use was not an exclusion criteria in the Kaye et al.

(1997) MRI study, and. unforlunately, the number of ~ in each group who actually

look estrogen is not reponed. It would be interesting to know whelher there were

more estrogen-users in the non-demented sample compared to the pre-demenœd sample

in these very elderly ~, since recent epidemiological studies have shown a lower
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incidence of AD in estroeen-usin2 women (Kawas et al.. 1987; Tan!! et al. 1996).- - -
Esu·ogen administration may aIso slow the death of hippocampal neurons. which occurs

with dementia (West et al.• 1994). ACter hippocampal lesioning in female rats.

sprouùng was decreased in OVX rats compared to intact females. but was restored to

intact levels by subsequent ~dministration of estrogen (Scheff et al.. 1988a). AIso.

hippocampal ceUs exposed in vitro to beta-~ showed a twofold increase in dendritic

spine density (Murphy & Segal. 1996). "Ibus. it appears mat estrogen may act on

damaged neurons to restore previous levels of dendritic connectivity. If this is the case

in humans as weil as rats. it implies that ~ may be useful in retarding cognitive

deterioration in individuals with AD.

Mood Scores

The nature of the mood disturbance in AD patients mcrits comment. A factor

analysis of the GDS items formed several clusters of items. of which the three

strongest represented dysphorie mood. positive outlook and mental dullness. That our

patients with mild to moderate AD endorsed more of the mental dullness items is

lilcely due to sorne degree of insight that is often present in the earlier stages of the

illness. It was aIso not surprising that they felt more depressed due to their awareness

that this disease is debilitating and chronic.

What was somewhat surprising was that the AD patients wcre not more likely

to endorse a negative outlook towards Life. Indeed. they were just as likely as the

healthy elderly controls ta express basic satisfaction with their life. hopefulness about

the future. enjoyment with getting up in the moming and interest in social gatherings.
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They did not endorse items relating to feeling (hal their situation is hopeless. being

bothered by thoughts they can'( gel out of their head. getting restless and fidgety.

worrying about the future, worrying about the past. or getting upset over little things.

The Mean GDS score of the AD patients. in fact, was below the cutoff score for

depression of 10. and similar ta the Mean score of 7.49 in a group of 43 non·depressed

but demented men and women (Yesavage~ 1986). Thus. although the AD patients

were aware of their diminishing mental capacities. and were reacting ta it with

dysphorie feelings. overall they were not clinically depressed.

Sample Characteristics

Although the healthy elderly conuol ~ were chosen on the basis of their

education and age. il was impossible to match them to the patients with AD on years

of education, particularly the men. By selecting Si from Study 1 who had the fewest

years of education, it was possible to create groups of wornen who were matched with

the AD patients. but the control men were still of higher educational status. The

difficulty in finding matched. elderly. healthy conuols suppons the notion that AD is

more likely to strike those of lower educational status (Keefover. 1996). Adding to

that. our healthy control ~ were volunteers from the community who answered a

newspaper advertisement. which may have inuoduced funher bias with respect ta their

higher level of education. Fifty years aga. it was uncommon for wornen ta pursue

higher education al all. sa that it is not surprising that the healthy aider men were of

a higher educational status than the AD men. but the same was not true of the wornen

who had a more restricted educational range.
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The mechanism by which higher education offers greater protection against AD

is unknown at presenL However. rats raised in an enriched environment have larger

neurons and more dendrites and synapses in the hippocampus than rats raised in

relative isolation (Juraska. 1991). This is particularly the case for fernale rats. where

the hippocampus shows greater plasticity in response to environmental sùmuli(J~

Fitch. Henderson. & Rivers. 1985). In the degeneraùve process of AD, hippocampal

neuron 10ss is associated with the severity of AD symptoms. and those who develop

AD have smaller hippocampi prior to AD onset (Kaye et al.. 1997). Thus. those

individuals with a higher level of hippocampal complexity prior to the onset of neural

degeneration may experience a slower rate of cognitive deterioration when they

develop AD. If it is the case in humans as weil as animais mat greater environmental

enrichment leads to a more complex and highly developed hippocampus. then those

individuals with higher education. which could be considered the human equivalent of

an enriched environment. may aIso be protected for longer against AD symptoms.

Thus. in this cohon. men would be more protected than wornen due to their usual

higher level of education. It is tempting to speculate that this may, in pan. contribuœ

to the greater incidence of AD in women than in men at the present lime.

If the human female hippocampus is more plastic in response to environmental

enrichment than the male. as it is in the rat (Juraska et ai.• 1985), wornen who have

higher levels of education May benefit from il more than their male counterparts. It

will he interestiog to observe any changes in the demographics of AD as the

educational level of the women in each agiog cohon increases. We will have an
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opponunity to test this hypothesis in the next ten or twenty years. when more highly

educated women reach the a2e where the incidence of AD be2ins to increase.- -
Summary

Although the AD patients had levels of steroid honnones that did not differ

from the healthy elderly contrais. they were in the early stages of the disease. and it

may be that lowered levels of DHEAS and elevated levels of CRT do not appear until

dementia is more severe. The pattern of everyday memory functioning in AD patients

mirrored the usual pattern of 10ss observed in normal aging. but with much greater

àegrees of impairmenL The AD patients were most impaired on explicit recall LaSks.

followed by recognition tasks then shan-tenn memory and attention tasks. They

showed more dysphorie mood and mental dullness symptoms than the healthy controls

on the GOS. but were not more likely ta have a negative outlook on life. These

dysphorie symptoms could indicate a temporary fluctuation in mood brought about by

the diagnosis of AD. since many of the ~ in this study had been recently diagnosed.

As well. the differing levels of education between AD patients and controls.

particularly in the men. suggesl a possible protective role of higher education with

respect to AD onseL
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in the literature. Although progestins did not grossly affect cognition in the small

sample of three women on combined estrogen and progestin therapy in Study l, it is

theoretically possible that mere may he sorne effect of progestins on sorne areas of

cognition. Progesterone dampens me growth induced by ~ in the hippocampus

(Murphy & Segal. 1996), and May influence memory via this action. Progestins.

however. are needed to protect the uterus from hyperplasia that May result from

treaunent with ~ alone. The majority of women have a uterus and need to take a

progestin in combination with~. Thus. il is imponant to investigate the possible

cognitive consequences of this type of regimen. as no information is currently

av~ilable.

The analysis of the depressive symptoms in the AD patients illuminated an

aspect of the illness that has not received much attention. These mild to moderately

dernented men and wornen felt more dysphorie mood than age-matched healthy

controls. and they acknowledged having memory and thinking problems. This suggests

that individuals in the early stages of AD often retain insight not usually present in

more severely demented individuals.

A limitation of this dissertation lies in the uncontrolled nature and naturalistic

design of these studies. Without experimentally manipulating independent variables

it is impossible to draw any Hrm conclusions regarding causality. Correlations

between hormone levels and memory demonstrate relationships that exist between

variables. but do not allow one (0 conclude that. for example. higher levels of a

hormone cause enhanced memory performance. Similarly. comparing self-selected
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groups of estrogen-users and non-osers ir:troduces bias. sorne of which can he

â:&ticipated and conlColled statistkally. such as educational level. However. there is

always the risk that sorne other. unforeseen variable. may he causing any group

differences that are found. Only through random assignment can these problems he

avoidec. Even though the conclusions derived from these studies are of necessity

cautious. the results support previous research and expand the Imowledge-base in sorne

relatively unknown areas of tllis field.

Large. multi-center. double-blind. longitudinal clinical trials with random

assignment of ~ lO groups are necessary to determine the efficacy of ~ and/or

DHEAS treatment for AD patients. and the direction of causality between AD and

hormone replacement therapy. In lhat context, the type and dosage of hormones

administered could be controlled. and S1 could he carefully matched on demographic

variables. level of education. and SES. Much aIso remains to be learned ab()ut the

neurobiological effects of steroid hormones in the brain. Advanced technologies such

as PET and functionaJ MRI are now helping ta elucidate the pathoLogy of AD. and

have potential for demonstrating honnonal effects on brain chemistry and possibly

even on brain morphology. However. new fmdings with respect to the mechanisms

of action of steroid hormones in the brain are likely to come from animal research.

It is likely that full understanding of the underlying mechanisms of steroid hormone

effecLS in AD will occur as a result of convergent behaviourai and brain imaging

studies in humans and through the use of animal mode1s of aging and AD. Then.

therapeutic interventions that delay the onset or retard the deterioration of this
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devastating disease will hopefully become available.
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Appendix A

Study 1:

Phone Screening Quesüonnaire
Consent Forms

Background Quesùonnaire



Asaigned 1.0.': __

PHONE SCREENING PROTOCOL

(AODRESS:. .,.J)

.ME:. AGE:. D...,A_Y...: _,;,;,M_O-.N_TH..--:__Y....EA--..R.....:__

TELEPHONE NO.:, --

GENDER: maAe/femaJe

LOCATlON:, _

The study we are conduding invotves a comparison of men's and women's mood states and thinking ability. Vou will be
given several different tests that involve words. drawings. and nurmers - as weil as a number of questionna*8s that ask
how you've been feeHng over the past little while. Then. al the end of the session. you will be asked to pravide • smaII
sample of saliva. The whole session takes about one-and-a-haif heurs and you will be paid fifteen dollars for yow time.
Questions?

Is English your tirst language? yes 1 no•....•••••..••..•••.•••.••.•••••.•.•.•....•••..••••••.•••.•••..•.•.(EXC. if cid net swt very YOUIO & ...........)
~n~.w~n~~ub~~~~~E~~?~~ _

&. how muchloften do you speak English7 _

Have ypu been in any studies in the past? yas 1 no•......•••••.•••.•...••••••.•.••.•.•••.••••••..(EXC. if Md cognitive ...-g in .. put 5 -,-)
If 50. where wu il (were they) conducted1 _

& what did it (they) involve? _

Have you had any head injuries in the past? yes 1 no (EXC. if very ,..nt or involwd UlIIDDI •~)

If 50. what type?
when did~it-occ-ur?----=------------------------------
did il inYolve a period of unconsciousness7 _

What iIIness€s do you have or have vou been diagnosed with7 _

________~--~----------------------(EXC.m-ïor/Cftnnc. e..~
Do you have diabetes7 yes 1 no................................•.....••...••.....•.....•.•..•........•.•.•.•••.•.••.••.•.•••.•..••••••.•....•..•.••••••_-.(EXC. if Y••
Have you ever had a stroke? yea 1 no...............................•...........•.............•.•...••••.•.•.•.•••.•.•••.•••••.....•...•.••••••.••••_••(EXC. if Y.)

or, a heart attack? yes 1 no - please describe the details.. _

Are you seeing a counsellor, therapist. psychologist, or psychiatrist right now1 yes 1 no

Have you in the past7~------------------------_----------
If yeso what for? -'<EXC. ma;or paychialric~, ... ""'.,,,-n)
What sort of treatment have you received? (EXC••'-.mc,--.)

What types of medication do Vou lake7 _

ACCEPTED & SCHEDULED FOR: DATE:, 11ME:, _

NOT ACCEPTED: REASON:. _

•
IFFEMALE

Are you taking Estrogen Replacement Therapy7 Y" 1 no

If so, whattype?_~-----------------------------­
dosage limes?_~~~---__~~-~__--~~----__-----------

"Please bring in your Estrogen pills with vou to the Iab. and take one in the moming of the test day (as usuaI. or. instelld
of the night before).

·-If you wear glasses. or need them ta read, pleasa bring them to the Iaboratory.



•
CONSENT FORM

We are interested in investigating thinking and mood in heatthy men and women over the
age of 65. The reason for doing this is to look at what types of changes oeeur in these
areas as people age.

Your participation in this study will involve one visit to our research laboratory, where you
will be given a variety of paper and pencil tests which will take about one and a hait to
two hours to complete. We will also take a small sample of your blood. The reason for
this \vill be explained at the end of the session.

ln retum for your participation we will pay you 515.00. We will aiso be happy to share
the results of the study with you when it is completed.

We V'/ouid Iike to assure you that you are free to withdraw fram this study at any time
during the test session. As weil, ail information in this study will be kept strictly
confidential. You will be given a subject number and only that number will be attachad
te any and ail personal information or test sheets.

Please sign here to indicate that you have read the above statement and wish to continue
in the study at this point.

Signature: _

Date: _

•
Dr. Barbara B. Sherwin
Unda E. Carison
Michelle M. Prostak

398·6087
398·6145
398-6145

A-2



•
CONSENT FORM

We are interested in investigating thinking and mood in healthy men and women over the
age of 65. The reason for doing this is ta look at what types of changes Occur in these
areas as people age.

Your participation in this study wiU involve one visit to our reseBrch laboratory. where yeu
will be given a variety of paper and pencil tests which will take about one and a hait to
two hours to complete. We will also take B smail sample of your blood. The reason for
this will be explained at the end of the session.

ln ratum for your participation we will pay you $20.00. We will aisa be happy to share
the results of the study with you when it is completed.

We would like to assure you that you are frae to withdraw from this study at any time
during the test session. As weil. ail information in this study will be kept strtctIy
confidential. You will be given a subject number and enly that number will be attached
to any and ail personal information or test sheets.

Please sign "here to indicate that yeu have read the above statement and wish to continue
in the study at this point.

Signature: _

Oate: _

•
Dr. Barbara B. Sherwin
Unda E. Carlson .

398-6087
398-6145

A-3
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McGill
Oep.nment of P-vchology

~:ewart ô:Q1oglca: SCiences aUtlc.~:;

. :05 Or ?e,.,rleIO Avenue
'.:ontreal. GC. Car.aoa -::A 1B;

06p."ement de psychologie

::~vll1cn :;:e'Nart ces :;ç:e"-:es alC:~;'=:,;es

. :J5. a',enue Or ;::enne'c
'.'cr.t~e31 ':'C. c.~:1aca -::A 1E:

-el. 1:::':1 398-61CC
=ax. ~5i":') ::25-~96

__------------- grant permission to Dr. Barbara B. Sherwin to cantaet

my physician. Dr. at dinic 1 hospital. in order

to confirm information regarding:

medication 1 hormone dosages.

details of my surgery.

other:

•

Date

A-4

Signature



ether languages:

Healthy Elderly Study

• PERSONAL INFORMATION FORM

GENERAL
Age: 008: 0__M_y__

Marital stalus: M . S W ('Nhen --J 0 (VVhen )
If 0 or W: How weU did you handle the divorcetdeath?

# children. grandchildren
-+- Where living

Recent relocation 1 estrangement?

Rrst language:

Ethnie engin:

How long have you lived in Montreal? Whera lived before?

Subject # _
Date _
Examiner _

Gender: MI F

EDUCATION + SES
FORMAL EDUCATION: Years of schaol

Informai Education: (eg, night schaol. etc)

Hobbies or pastimes:

089ree obtained

Occupation:ses 81ishen-----":S~E==S~P=i:-n-eo-a-n-:d:-:P::-o-rt~e-r-------------

S~use~s occupation:~~~~ ~ ~ ~

SES 8Hshen SES Pinea and Porter _

Has your standard of rlVÏng changed very much recently 1since retirement 1 death. etc?

PSYCHIATRie HISTORY
Have you had any reeent. ma;or stresstul experiences?

Any treatment? yes' no
If yeso whal for (diagnosis)7

Treatment? (meds. length, -talking-, etc + when occurred)

•

NEUROLOGie HISTORY
Head injury?
Loss of consciousness
Seizures?
Severe. recurrent headaches?
Stroke?
car accident, faU down?
ether?

yes' no. If yes. when
yes' no. If yes. when
yea' no. If ye•• when
ye. 'no. If ye•• when
ye. 'no. If yes. when
y.s' no. If ye•• what and when
yes J no. If yeso what and when

A-S



•
OTHER MEDICAL CONDITIONS
Vascular disorders? y_1 no. If yeso when
Heart condition? Y.' no. If yeso when
Heart attaek? V., no. lIyes. when
High blood pressure? V-, no. If yeso when
Diabetes? y_1 no. If yeso when
ether (pain. etc)? V-' no. If yeso what and when

Surgery?

Hospitalizations?

y_1 no. If yeso what and when

y.-I no. If yes. wtrv and when

MENSTRUAL HISTORY
Age at menopause?

(lime since menopause)
Remaricable. memorable symptoms?

Any estrogen treatment? yes 1 no.

If current. PILLS: the dosage__ and the day of cyete _

Progestin use? Type and dosage:
What lime taken today?

INJECTlON: day sinee Iast injection _

VVhen (what year. how many years ago) did treatment begin?

If not eurrent. type used. dosage if known (ask color of the piUs)

Progestin use? Type and dosage:

'Nhen (what year. how many years ago) did treatment begin and
end?

Ovaries intact? yes 1 no. If net. when removed?

Uterus intact? yas 1 no. If net. when removed?

ALCOHOL AND DRUG USE
Alcohol: cunent use: none 1occasionaJ 1moderate (<2Iday) 1 heavy (>21day) 1problem

Pest problem: yes 1no. If yeso when

Coffee drinker? yas 1 no. If yeso how much a day?

Cigarette smoker1 yeel no. If yeso how rnuch a day?

ornER MEDICATlONS: Types and dosages:

•
Past 24 hours? How much: coffee

cigarettes
aJcohol

_ cups
_ cigarettes
_drinks

MISCEL.LANEOUS INFORMATION:

A-6
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Appendix B

Study 1:

Tradilional Memory Test Forms
Times 1 and 2



•
Heatthy Elderty Study

Testing ended at _ Subiect • _
Oat8 _
Examiner __

Imm.dlat. p.rlqr.pb r'Cln - Sit 1

Anna Thompson / of South 1Bosten, 1emptcyed / U a scrub woman

1 in an office building, / reported 1at the city haU 1station / that she

had been hetd up 1on State Street / the night before / and robbed 1of

fifteen dollars. 1She had four Ilittie children, 1 the rem 1was due. 1

and they had net eaten 1for two days. 1Th. offIcers,

1touched by the woman's story, 1made up a purse 1 for her.

TotaJ: _

New. wnet cid 1rud ID yeu? • T.a me~ and~ al ... beginning.

Now l'm goi~ te !"Md vou ana'" titlle -IY.....-.SM how mucft a~OftI.)'GUCM ........,.
AA wun U"'ie fi,...1Dry. Gy.,,...,....,. JUM .._.., • .., IL ~ our.·

The American lliner /New York / struck a mine / near Uv8~ool 1

Monday 18vening. /In spite of a blinding / snowstorm / and darkness,

1the sixty / passengers including 18 / women, / were aU rescued, 1

though the baats 1were tossed about /Ib certes 1 in the heavy sea. 1

•
They were braught into port / the nut day 1by a British 1steamer.

Total: _

1 +2= _

No•• wNIl dd 1rAd ID yau? • Tell me Ile Il c ..
A1J.tJW AT lEAST 10 SEC. 10 ELAP. BEFORE STAAT1NCI THE NEXrsuaiEsr

n 1



Immediate Paired Associates

First Presentation
Metal • Iron
Baby • Cries
Crush • Dark
North • South
Scheel • Grocery
Rose - Flower
UD - Down
Obey • Inch
Fruit • Apple
Cabbage - Pen

1. north Iputb
2. fruit .pple
3.obey inch
4. rose flgw,r
5. baby JiE1u
6. up ~gwn

7. cabbage pen
8. metal lmn
9. scheol grocery
10. crush dark

Score: Es'Y

Second Presentation
Rose - Flower
Obey • Inch
Nonh • South
Cabbage • Pen
Up • Down
Fruit • Apple
Scheel • Grocery
Metal • Iron
Crush - Dari<
Baby • Cries

1. cabbage pen
2. baby mu.
3. metal Jmn
4. scheel grocery
S.up sImm
6. rose flgw.r
7.obey inch
8. fruit URIJl
9. crush dark
10.nenh lmlÜl

EglY

Thlrd Presentation
Baby - Cries
Obey - Inch
North • South
Scheel • Grocery
Rose • Rower

.Cabbage - Pen
Up • Down
Fruit - Apple
Crush • Dark
~etal • lnon

1. obey inch
2. fruit ~
3. baby SiI1n
4. metal lmn
5: crush dark
6. scheol grecery
7. rase tJow.,
8. north Ipyth
9. cabbage pen
10. up dQwn

Fe,y __

•

Hard_x2 __

Subtotals:

Total score: ___

Hard_x2 _

B-2

Hard __ x2 __



VlSUALPAIRED ASSOCIAl'ES 1 lE the exuninee answen an six items corftCtly on Set m. discontinue the subteft.
Othel'W1H. present Sets IV. V. ancl V1 unlil aU six items are correct.

SETI SETn 5ETm

Scare Scare Score
Item Key Reponse lorO Item Key Response lorO Item Key ResponM larO

1 G 1 Y 1 B

1 2 Pu 1 2 R 2 G

3 R 1
3 8 3 Pu. 1

4 Y 1 4 Pu 4- Pk 1

5 Pk 1 5 G 5 Y 1

6 B 6 Pk 6 R

Set 1 Totai Set UTotal SetmTotM

Mu.. • 18
Totai Seesl·m

SET IV SET V SET VI

Score Score San
Item Key Response lorO Item Key Response lorO Item Key Respcmse larO

l G 1 Pu 1 Ci

2 Pu 2 B 2 Y

3 R 3 Y 3 8

-l Y " Pk " R

5 Pk 5 R 5 Pu

6 B 6 Ci 6 Pk

Set lVTotal Set V Total Set VlTotal

B-3



•

flCt."ltAL MEMORY Adlninister aU items.

(tBn Key R.esl'Qnse
Score
10rO

t 1

1Score 3. 2. 1. or 0

Z 3. S. 8

3 1.6:1

"' 2. 01. 9

MAx•• 10
Total

• 8-4



B-STOTAL

JI L REPROOUcnON SCORING StJ~tMARY (see Appendïx B in Mantul for Sconng Critmat

VRI VRIt \l'RI WU

CARDA CARDD
3taiis: Rectangles:

1. Unbroken/stralght:~ua1 1. Do not touchiintenea

2. Intersect at rmdpolI"lts 2. Intenor angles 90 degrees

3. Cross at nght angies 3. Not rotatec:i (15 deçees)

4. Not rotated (15 degrees) 4. 2 small to right of large

5. Uppermost is taller
Flags: 6. Bases of large anci smallievei

5. Correct directton 7. Top of Iup higher than smail
6. Share side wlth staff 8. Bases of 3 equa1ly long
'7. Square in shape 9. Height of large > wicith

TO'IAl 10. Heights of small < width

Greie Segment:
CARDS

11. Figure ta right of rectangles

Circles:
12. Arc curves ta right

13.Symmetry/proporrian
1. Large circ:ie 14. Not rotatec:i (15 degrees)
2. Medium cirde insicie large cirde

3. Small cirde inside medium cirde Triangle:

4. Large circle and medium cirde 15. Figure to right of segment
touch (top) 16. Vertex touches midpoint

5. Small cirde and medium arcle 17. Contains 90 degree angle
touch (bottom,

18. Not rotated (15 degrees)
6. RoundJclosed

7. Correct proportion l'OrAl

'tOTAl Total (Cards A through D) Max. - 41

CARDe
Not~:

Large Square:

1. Square in shape

2. Vertical .k honzontallines

3. Not rotated (15 deçea)

4. Each quadrant has" dots

~fed.iumSquares:

5. ln 4 quadrants not touching

6. Square in shape

7. Vertical & horizontal lines

. None rotated (1S degrea)

E ual sizeipropomon

EFORE CARO 0 •.Th.neJllone .........-r~· onil I __wu a .......m=E:,-~_haWfJt.10 ••0DI11a..,faiOIC caa. 1 ...-r ....~_ DoIft~ •N..,. .. fJI ..~ (POI onNIigIIt _ ... , .- (1UIINOVER-tO.)( ~VCt""""rr-_--- ...
ALLOW AT lEAST 10 SEC. TC ELAPSE 8EFOAE BEGINNINCI THE NEXT SUBT'EST.



FORWARO - 1Ml GQIICIa ......... of .......... ua-~........ ,'In ....... .., ... ,... ....... (AbD' DIOIT,. IEC.)

)1GITSPAN Di5c:onanue ailer failme on both tna1a of any nem.
Ad.mm1ster both trials of eKh item. even li the nrst trial Ï5 oassed.

)IGITS FORWARO Scare

~6-2-9
Triai l Pass-F~ü Trial Il Pus--iaü 2. 1. orJJ

>-;-5
..

1 5+1-ï S-1-9~ 1

3. 1 3+9-2-5 ft.9+i-l

~. 9-1-8-4-2-ï ft.~~2

5. 1-2~~3-l-6 2~1.9-7-5

6. 3-a-2-9-~1-i-4 5-9-1-8-2-6-4-7

- Max•• U

:tem 1 Triai 1 Pass-F~ü Triai 11 .......t'aIl -%. 'I: orU

1. 5-1 3-8

2- 4-9-3 5-2-6

3. 3-8-14 1·7-9-5

4. ft.2-9-7-2 ~5-2-7

5. 7-1-5-2~ S-3-1-9..0..4

6. 4-7-3-9-1-2-8 S-1-2-9-3+5

Max. - 12 Mu. TCàl- 24
Total BKkwud

Item Trial 1 Pus-iaii TrialI! Pus--Fail 2. 1. orO

1- 2-6 ~

2- 2-7-5 8-1-6

3. 3-2-8-4 2-6-1-5

4. 5-J.....I-6-1 1-5-1-7-2

5. 1-7-2~~ 7-3-6-1+8

6. S-2-5-3-4-1-6 4-2-6-8-~7-5

ï. 7-5-06-3--8-7-4-2 1-6-7+2~5-3

Mu. - 1"
Total Forward

TAPPING BACXWARO AdministerTa~RBackward. even li examinee sc:orn 0 on T~S'OÏftW:Forwud. Score
Item TrialI Pau-Fail TriallI_ Pau-Fail 2.. 1. orO

1. 3-6 74

2- 6-0&-5 3-1-8

3. 8-4-1-6 5-2-4-1 -

4. 4-06-8--5-2 S-t-6-3-1

5. 7·1-8-3-6-2 ~1-1-~

6. 1-S-2-7~ 6-1-4-3-1-5-2

Max.. U Ma. Tot.a • 26 t



•
Heatthy Elderty Study

Tested at: _
Delay:

Subiectt ft _
081e _
Examiner __

D,'a,ed p.raqragb r.call - S'1 l

Anna Thompson 1of South 1 Boston, 1empioyed 1as a scrub woman

1 in an office building, 1 reponed 1at the city haU 1station 1 that she had

been held up 1on Slate Street 1the night bafora 1and rabbed 1of

fifteen doUars. 15he had four Ilittie children. 1the rn 1was due, 1

and they had nal eaten 1for two days. 1The offlcers.

1touched bytha womanls story, 1made up a purse 1for her.

Total: _

The American lliner 1New York 1struck a mine 1"ear Uverpool 1

Monday 18vening. lin spite of a blinding 1snowstorm 1and darkness.

1 the sixty 1passengers inciuding 18 1 wamen, 1were ail rescued. 1

though the boats 1were tossed about Ilike cortes 1 in the heavy seL 1

They were brought into port 1the next day 1by a British 1steamer.

•
Total :---
1 +-2..-

B-7



•
TIme t8llled: __­

Delay:

1.obey inch
2. fruit opAtA
3. baby miaa
4. metai 1mD.
5. crush dark
6. scheel grocery
7. rese UQw.r
8. north IQutb
9. cabbage pen
10. up dgw"

Score: JiI.y

Hard_x2 __

Totai scor:e:

Pajred AssQcjatn

Subiect • _
08t8 _
Examiner _

•

VISUAL pAJRED ASSOCIATES n
ScDre

Item Key Response lorO

l Pk

2 R

3 G

4 B

5 Y

6 Pu

Max.. 6
Total

B-8



Selective Reminding Test: t

Triai:

throw
lily
film
discreet
loft
beef
street
hetmet
snake
dug
pack
tin

Intrusions:
(1151)

1 2 3 4 5

-

6 Totai

, 2 3 4 5 6 Totats
# reeaU
LTR
STR
LT5
CR
CLTR
RLTA
reminders
intrusions
cum. int

.-

• B-9



~~~~'!Y!8ift1~~ btulllMY....uyou CM"of'" M6DnO ID cI_ ICn-.

Healthy Elderly Study Patient Identilleatlan Humber -------
D"

FRUITS

Examinera Initiais
CATEGORY FWENCV: 1

ai will ..-:ft to the callQQlY
.""0iiu you to 1...mMY pi.- of

,.otr""9 .. you ~.
Men'•• wamen"•• c:nrld,..·•. inar.
0UIdD0r. wnalawr. Go .....

a.cn-tING
61 ,.&1 C!

•

.

•

30

•

60

45

Finit 1 would lb you 110 hl .. fMftY
llnIrn&S as you can trImK of.
They can ~ anamasa of any lcind•.It\at live
8J1'fW':l..... on wand. an e'I• .,..r. In ...r.
on a fann. Itl cn. zOQ. wnatever.
JUSlllSt as rnany anerwnt azwna&a" VOU
<:an ~unK ct.

Totaf Output

• Total Correct

Perseveration

Non·Words

ether Calegories

B-IO



VEGETABLES

Now 1wautd lib you ID .s .. m.., kinda
ot V!Q!1aD"... you c:aIL Go...a.

RRSTNAMES

;ow 1would Iil<. vou te hl as II'W'IY fim
Bmes ot ceocc. as vou cano ­
~ ce mena or 'NOmen'.~
eoQI. you knOW or àDn t ICnOw. Go
Jl8~

Patient Id.1tificdOn NumbM" _

0..

Examinerslnitials

CATEGORY FWENCY: Il

Heaithy EJderty Sludy

•

15-
--------+--------~-------

30--------.,..--------1-------

45-
--------+-----------1~-------

60-
________-I-- L..- _

•
TotaJ O~ut

Totai Correct

Perseveratian

Non-Words

ether Categories

RASTNAMES

B-l1



•

•

Sublect' __
Dat8 _
Examiner __

SRT 1: Reccgnticn

throw throw tess tnrough plate

lily flower lilt intent liIy

film film movie stave kil"

discreet waver cautious discreet district

loft seft loft allie tack

beef beet meat clue beef

street stream street sJ'eed raad

helmet helmet armor bacon velvet

snake smoke serpent snake pool

dug heed dug hay dog

pack blank bundle pack puck

tin ton shirt foit tin

recaU correct. Intrusions:

_ recognition correct.

_ total delayed correct.

8-12



•
Hearthy Elderiy Sludy

Testing ended at _

p'E.at'pb r,c'II - SIS Il

Subject • _
Oat8 _

Session ft_
Examiner __

DOg5 / are trainec1 1to find / the wounded / in war time. 1Police dogs

1are aise trainedl to rescue 1dravming p~te. Ilnst.ad ef running 1

down to the water 1and striking outJ they are taught 1ta make / a 11ying

Isap 1by which they save ! many swimming strokesl and vaJuabte /

seconds of time. /llle European 1 sh88J2 dag 1makes 1118 best 1

pelice 1 doge

Total: _

IUU:u; _

!"4ow. wnal dd 1 l"Nd ID yeu? • Tell me.-~and I:legn UlM IllgAWIiIJ.

~1:nmtR:M~~OUto-=:=a=_~.,...:f'a~~.I:~.....O-·

Many 1scheet 1chitdren / in northem 1France 1were killed 1or

fatally hurt 1 and ethers 1seriousty iniured 1whe" a sheU 1wrecked /

the schoothouse 1 in their village. 1The children l 'Nere thrawn 1down

a hillside 1and acrcss 1a ravine 1a long distance/ fram the

schoothouse. 1Only two 1childr8n I ..~ed uniniured.

TotaJ: _

•
1+2= __

B-13

Now. wnat dd 1rua ID you1 • Tell lM OUM' i _

AJ.J.OW AT LEAST '0 SEC. Ta EUPIE IEFORE STMT1NCI1HE NEXrsualUI



•Sub;ect no. _

First Trial

Peired Associates • Version Il

Second Trial Thlrd Trial

Knife
Lead
Jury
Country
ln
Murder
Necktie
Lock
Ceme
Dig

.. Sharp

.. Pencil
.. Eagie
- France
- Although
- Crime
- Cracker
.. Door
- Go
.. Guilty

LoCk
Dig
Come
Jury
Knife
Country
ln
Murder
Necktie
Lead

- Ooor
.. Guiity
- Go
- Eagle
- Sharp
.. France
.. Although
.. Crime
- Cracker
- Pencil

Lead
Lock
Necktie
Come
Dig
Country
Jury
Knife
ln
Murder

- Pencii
.. Door
.. Cracker
.. Go
.. Guiity
.. France
.. Eagte
.. Sharp
.. Although
.. Crime

First Recall

__Jury - Eagle
__In - Although

Lock .. Daor--Come - Go--Necktie- Cracker--__Dig - Guilty
__Knife - Sharp

Lead - Pencil--Country- France--Murder - Crime--
Total Hard x 2
Total Easy

Totai Trial one

•

Second Recall

__Come -Go
__Necktie- Cracker
__Country- France
__Lead - Pencil
__Lock - Ooor
__Oig .. Guilty
__Jury .. Eagle
__In .. Although
__Murder .. Crime
__Knife .. Sharp

Totai Hard x 2
Totai Easy

Total Trial Two

8-14

Thlrd Recall

__Lock .. Ooor
__Come - Go
__Murder .. Crime
_~Jury .. Eagle
__Necktie- Cracker
__Lead .. Pencil
__Knife .. Sharp
__In - Although
__Country- France
__Dig .. Guilty

Total Hard x 2
Total Easy

Total Trial TIlree

__Overall Total



ilALS: UT"n.E SPIRAL & FOLCERS A 611_ __ ~__
'Q 10 shOW 't.ou .-ne ica&'" ..... one IMI- -.. • w_Nftt cotot.
iOak at ". nrt:.. rzy fa "".'iOW cr- CDI[lIt...,..--~~rQft.
'. VOU ,,~,. ""'" ...CICIOI'a. l'.... 'IDU .,.~.~alane •. •~.. ... you~ 10 W'Ie _ -.&__ .... IL lI'l en. le..(PlACE FOLCER A IN FRONT OF S. • UNOPENEDl

H.,.'. an~!fX"of wnat "1 ..vau ILcD..-(PRESerr SP!RAL • OPEN TC , ST !:NSntA'TlON CAA01 ~- .

•

ne... (0 ooe. wm ". cao, (PQIN_Tl ~T-TORN PAGE. Ana tri. "QI" cFOIN QOM'" ".caar·1URN PAGE
t re 1 1"1" no cr::MII'~ ._11· ry ID .........aer-- CClIO' QOM .....

! • taoilalE~~~"'.~~. 0Cie
1
~. wnn..cnta tau,. cA W 3 SEC•• PROMPT -,y -,au dan" ....,......') ~ ~"'i r. ft L- OR-NO. .. w• ..- on.' NO,)1ft 1. 1ft. n,hl ooeor.·

• Ç'9U ogf1l r ., lrW CCIIOf • Juil DQ1I1L~ _~ l'§...
. AGE) - wnich Cl:IIOf eo-.... '9R1 RUPO"-

lU an .xamot. of wftalJ WW\t yOU t:J cm. ~~LCER A~ND ~EEPl..ACE rr W11H FOUlER B. UNOPENEDl
Il snow VOU $Oftl. n•• nc:u,.. o-r.a ..~ ..... I(OPEN FOCC ;R 8).
1... cne COIOtS. c.an V~I' en .,1 --..0 . ~ ot en.... toolll"l• ..",..JO~1 (~OTE.-&..NYOIFRCULTYl
'N'lA ShOW vou am new r-. cneM wnft one of IN. CiClIIOn ti'lOll OFOLDER Bl. 't'av. Me... 0Iir for iual3' : ....

.....aenan iuI 6 caras. lhGW ". ne al • lm•• OUI iI"l • .,.,. oroer ana .....,. CClIQIL
i'u &5K yo~ la poInI la ~. c:G1Ot'T:'eua , ~=VOU wnn .en f9ft ....VOU QG ln tne...... ~ Vau teM(l 0.,.
=1.OSE FOLOER Bl (EXPOSE CARDS· , PAIR EVERY :s SeC.1 .~ al l'iii .-ir.'
l "",1 show vou th. f9n.~~~ 101* al NlCft ... painllG .,. cDDr., t'til ..., (POINTl'* oc--.. iL
..... not su.... mu.e a~ { ....... -- (&LLCWI~' CF/ me wnat colOr goee wwiCft trU8.~ ·~ 1». on V___ '" N .~."AL AT LEAST 5 SEC.l AESPONSE

~k~~~.Ef~"~r~~'r~~..... H.....~..........__.fI......CIQ6oIa, oNt now in .......onw.
:N ~tê \) No. \ wt~ .....,. YO!U ..,.~ WfthOut ,,- caen.
-al.-en ana canl ., lM éDar..oc-- ... It, ft.. 1ft 11'1. **-. (POINTl AESPONSE

ow 1er. try il ...Cher tim&
te AEPEAT INSTRUcnONa
:QtmNUE WHEN~ e CORRECT ON TMIAD OR SUBSEQUENT PRESENTAllON

·15UAL PAIRED AS50axI'ES 1 If the O&DW\ee an5wers &il six items corftCliv on Set DL d.iscontinue the subtest.
Otherwise. p:-resent Sets rv. V. anci VI unm aU six items are correct.

SErt sun snm
Scare

Key l Score Scare
:em Key Response 1 orO Item Response lorO Item Key Raponse 101'0

1 G 1 Y 1 1 B

2 Pu 2 R 1 2 G

3 R \ 3 1 B 1 3 Pu

'" Y 1 '" Pu 1 " Pk

5 Pk 5 G \ 5 Y

6 B 6 Pkl 6 R

Set [Total Set li Totai Set lnTotll

Mu•• Ils
Total Sets lem

5ETrv SErY SErVI

5cOl'e
Key 1

Score 5cDre
Item Key Response linO Item Rapanse 1arO Item Key Response 101'0

l G 1 Pu 1 G

2 Pu 2 8 1 2 Y

3 R 3 Y 3 B

y " Pk " R

Pk 5 R 5 Pu

6 B 6 G 6 Pk

Set lVTotal S. V Total Set V1Totai

B-15



•

FIGURAL MEMORY Adlni:u.ster ail items.

[teln K.y Response
Scare
101'0

1 1

lSca~ 3.2. 1. orO

2 3. S. 8

3 1.6,'"

4- 2. 4. 9

Max. • 10
Total

• 8·16



TOIAL _

Tot.! (Cards A through Dl Mu.• 011 _

=bL.o~o" }:::-ÀP'ER AND APPROPAI~TE·CARD. FACE DOWN. IN FAONT OF S.l
to anaw vOU aom.a~ one a,a ....œ..... "'1 '/01.1 m oacw ft... on "'- ...(POIMn

'l8V. lust '0 MeOnCS \0_~~t ......CIIaWI!'a.
Q

t..Ml1aU tLa.-Y .-Dell.' you cnw Il nam mM_,.
4CJln to anw et unD' 1~~.~~. • (TURN c;.RO FACE UPl
:t ca....uUV· (10 SEC. • ~El FOR ,... t!!t"'S B AND C''* II ln m ....,.. • Go.. ( EAT ~ •
·S - Von'! worry aDCUt yaur arU1IC ùiIily. jua draw il U De_ vau c:an.. OR. Ju8l en. your DNI~

.L RODUCTION SCORINGS~RY (see Apl'enciix Sin ManuiU for Sc:orift~ Critenal.

\l'RI VRU

..........
•.•(~fi~ (1UAN OVER-tO

CARDO

Notrs:

Cirde Segment:

11. figure to right of rectangles

12. Aze c:urves to right

13. Symmeuy'proponion
14. Not rotated (15 degrees)

Triangle:

15. figure to right of segment
16. Vertex touches midpoint

17. Contains 90d~ angle

18. Not rotalea (15 degrees)

Rectangies:

1. Do not touch1intenect

2. Intenor an~es90 deçees

3. Not rotatea (15d~)

~. 2 small to nght oi luge

5. Uppermost is taller

6. Bues ofl~e anci smaillevei

ï. Top ail~ rogner man small

8. Bues of 3 equa11y long

9. Hei~toflqe> wicith
10. Heights of small < wicith

VRI \'R Il

CARDA

:bro~en!5 r:'31ghl: equai

:ersect at :rudpou\ts

oss al nght angies

Jt rotateo. (15 degrees)

JITeCt direcnon

ure slde wnh Staii

~uare In shape

l"OrAL

CARDS

5:

arge circle

tedium c-_~e inslde large cU"de

mali circie imide medium a..-de

...arge arcle and mediumcucle
:Juch (top,

;mall cirde and medium circle
:Juch (bot'tom)

:oundfclosed

:orrect proportion

TO'L\L

CARDC

~ Square:

3quare in shape

VertIcal & honzontallines

\Iot rotated (15 degrees)

::ach quadrant has 4 dots

ium Squares:

[n 4 quadrants not touching

Square ln shape

Vemcal & honzontallines

None rotated (15 degrees)

.size!proPOrtiOn -
1'O't'L -

:ORE CARO 0 -.Thls neXl one ..... .....,.. Dél:'Ma IWO d 1...yeu ., toc.
m~ wu, have~. 10 aiGtilCll m kM* CUI.. 1 yau WIi ""*- 00Ift
~ Q~.1]g tn ft .. ot -!!,â -:J~ "GE .
...) ( EMOVCl aw iP aneM'"n_ - .....
•OW AT u:AST 10 SEC. 10 ELAPE IEFOAE BEGINNING THE NEXT SUBTEST.



IGITSPAN :Ji5cDnanue aiter iailu.re on botiI mad oi anv Item.
:~cimJ:uSterbath tna!I of eKÎ'\ Item. even uthe rirst tnai is 'OasHci.

tGITS FORWARD Scare

"'6-2-9

Triai i Pus-raû t 1 Tria! Il Pau-iail 2. 1. orO

1 3-7-5

-- 1 5+1-ï 1 8-~9~

.. 3-60-9-2-5 1 6-9+7-1

~. 1 9-1-8+2-ï 1 6-;'~2

.. 1-2-8-5-3-4-6 1 2-8-14-9-7-5

,. 3-8-2-9-5-1-74 1 5-9-1-8-2-6+7

. Max. - 12.

:em 1 Trial 1 Pus-raü 1 Triai 11 f"aU-taII- 2: 1: orU

1- 5-1 1 3-8

2- ~9-3 1 5-2-6

3. 3-8-1-l 1-ï-9-5

-t. 6-2-9-7-"2- ~5-2-7

.. 7-1-S-2~ 8-3-1-9~

6. 4-7-:3-9-1-2-8 8-1-2,-9-3+5

Max. - U Mu. Tatâ - 2.
Total Backwarcl

.
Item Trial! Pass-raii 1 Trial Il Pus-Faü 2.1. orO

1- 2-6 S-4

2- 2-7-5 S-1~

3. 3-2-8-4 2+1-5

4. 1 5-3-1-6-1 3-5-1-7-%

5. 1-1-2-8-5-4 ï-~l~

6. S-2-S-3-+1~ 4-2-6-3-3-1·5

7. 7-5-0-3-3-7-1-2 1-6-74-2~5-3

Mu. - 14
Total Forwarci

-cA.PMNG BAc:lC\VARO Adm:inister T.vennR Badtward even If e:ummee 5COIft 0 on TaDDinR Forwud. Scare
Item Triai 1 Pus-FAU TriaUl_ Pau-fail 2. 1. orO

1. ~ 7-4

2- 6-8-5 3-1-8

3. 8-4-1-6 5-2+1 -
4. 4-6-08-5-2

, 8-1-6-3-7

s. 7-1-8-]..6.2 3-8-1-7·~

6. 1-5-2-7-+3-8 6-7-4-3-1-5-2



•
Heaithy Sderiy Study

Testing ended at _

~ ~ I~ .. _. ~C( P.'lgmpb r,catl - sIS U.

Subject ft __­
Date
Sessia-n-w---
Examiner _

00g5 1are trained 1ta find 1the waunded 1 in war time. 1Pelice dcgs

1are aise trainecU to rescue 1drewning p80~te. Ilnstsad ai running 1

dewn to the water 1and striking aut) they are taught 1ta make 1a flying

leap 1by which they save / many swimming strekesl and vaiuabte 1

seconds of time. !The Eura~ean 1 stleep dag 1makes 1118 best 1

poUce 1dog.

Totat: _

IUUU; _

o.. 'WNll dd 1l..a ID vou? • Tel me ...~..ana been u .... à l>ri'"

:~I~CR?~~:v~-==.=bs.::.,.,...:f'a~~~~.......·

Many / scheet 1children 1 in northem / France 1wer8 killed / or

fataUy hua / and ethers 1 seriousiy injured 1wne" a shell / wrecked 1

the schoethouse 1 in their village. 1na. children / 'Nere thrown / dewn

a hillside 1and acrcss 1a ravine 1a fong distance/ fram the

scnceihouse. 1Onty t'NO 1chtldren 1.scaped uninjul'8d.

Tota1: _

1+2:8 __

•
'4ow. wNI dd 1rMlI" yau?- T Ilia_..

B-19
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6..stwora w-ùaev.·'NhiliirOfa n 10 (AU.QW A~ OF 10 SEC. 7'r4EH CONTINUE· \jQ·NOT CCJiillii'!Sill

Heaithy Eldeny Study

•
TIme testeci: _

Delay:

___ Necktie
___ Come
___ Country

ln---___ Murder
___ Lead
___ Loci<
___ Knife
__ Oig
__Jury

Subiect ., _
Oat8 _
Examiner _

pajred A1siociates Il - Delayed Becall

- Cracker
-Go
- France
- AlthQygb
- Crime
.. Pencit
-Ooor
- Sharp
- Gyilty
-Eagte

__TetaJ Hard
__Total Easy x 2
__Total Score

•

VlSUALPA!RED ASSOCA1'ES fi

Sc:me
Item Key Reponse 10rO

1 Pk

2 R

3 G

4 B

5 Y

6 Pa

Mu. -6
Tata!

8-20



Selective Reminding Test: Il

Triai:

egg
runway
fort
taathache
drown
baby
lava
damp
pure
vote
strip
truth

Intrusions:
(lIst)

, 2. 3 4

-

-

6 Tatai

•

1 2. 3 4 5 6 Totais
# recall
LTR -STR -LTS
CR
CLTR -RLTA
reminders
intrusions
cum. int -

B-21



r~~!iC~t1~~" iIlu...., ..... uJOU CM W'I"ot l\aDe6Dng" d..... g=n-.

Healthy Elderty Sludy Patient Idenâllcallon Humber

Da

....... _ ... c:!

•=lm 1 woutd lb vou ID hl .. "*"
lrWrnaJS as vou can 1nlnK ot. .
~v can c. .nunasa ct anv kind. .lt\aIliYe!1'I'f'I'W"I." •on ùI.na. In cne ..,. In cne .r.
::n a lann. an cne zoo. -..wnat8'ter.
~ust ILSt as rnanv an...m~ .. you
:an allnK. ot.

CÀlëGORY FWENCV: 1
Now ..... ...,. ta lM caa.QDtyr=ra-
='

like YOU 10 tïM u mmy pa..- of
mo .. vOU CM..•. wamen •. cnddNn'•. indaDr.

0UD)0f.......r. Go .....
a.on-llNG

Examinerslnitlals

NoIr 1wau6d lu vou tI:t li ...
ot !Da.. Vou CM tnmIt Of. tio .....

FRUITS

15·-----------1--------+--------

30·
----------t--------~------..-

45·----------t--------+--------

60·
_________...... ......L _

•
TotaJ Output

Totai Correct

Persev.ration

Non-Words

ether Categories

ANIMALS

8-22



Heatthy Elderty Sludy

•
Pallent IdentificatiOn NumDar _

Oa

Examiners Initiais

CAlCGORY FWENCY: Il

low 1 would like vou ID iSl .. rn.-.y first
'ames ot g«)C.e as vou cano ­
~ De men. or women'. ncn-.
)9()Ole VOU KI'OW or QOft t iICnOw. Go
ll'lNQ.

RRSTNAMES VEGETABLES

15-
---------t-------~------

30----------+-------1--------

45-
--------+------~~------

60-_-------.-.--------.1.-.-------

Tota! o~ut

Totai Correct

• Perseveration

Non-Words

Other Categories

FlRSTNAMES VEGETA. es

8-23



• Subiect ft
Date
Examiner

SRT 11: Recogntion

egg egg sheU beg source

runway airUn. runner darting runway

fort fort castle sink farte

toothache boldness dentist taottlacne headache

drown blown drcwn float rib

baby body infant mtddle baby

lava larva lava &Cha rock

damp damp moist hook stamp

pure purs. etean pure bare

verte ballot vote cllsh note

strip chain peal strip slip

truth trust rice fact tnrth

recall correct. Intrusions:

_ recognition correct.

total detayed correct•

• B-24



•

•

Appendix C

MQod Questionnaires:

POMS
MAACL-R

BOl
GDS



•

•

Score Sheet • Mood Me.sur••

Subjeet

POMS:

,. Bated-Depressed

2. Clearheaded-Confused __

3. Energetic-nred

4. Composed-Anxious

5. Confident-Unsure

6. Agreeable-Hostile

MAACL:

1. Anxious

2.. Depressed

3. Hostile

4. Positive Affect

6. S. Seeking

GOS



1.0.#: Examiner: Date:

aelaw are wards that deacribe feelings and moods people have. P read EYERY ward
~refuIlY. 11Ien, for ••ch ward, check off ONE space under th. an r whlch be8t œ.crlbes
W:»W you have b..n f..llng DURING THE PAST WEEK, INCLUDING TODAY.

Suppose th. ward .e hIlPPY. Mark th. on. an.w. whlch 18 clos.st to how you have ....
feeling DURING THE PAST WEEK, INCLUDING TODAY.

,. Composed
2. Angry
3. Cheerful
4. Weak
5. Tanse
6. Confused
7. Uvely
8. Sad
9. Friendly
10. Tired
11. Strong

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

.~
33.
34.
35.
36.

Clearheaded
Untroubled
Grouchy
Playful
Timid
Nervous
Mixed·up
Vigorous
Dejeeted
Kindly
Fatigued
Bold
Efficient
Peaceful
Furious
Ughthearted
Unsure
Jittery
Bewildered
Energetic
Lonely
Sympathetic
Exhausted
Powerful
Attentive

Mucn SIW1IIY sDghIIy Much
lftik8 ~ lIu Il''1hII ilia 1hIa thIs

37. Serene
38. Bad tempered
39. Joyful
40. Self-doubting
41. Shaky
42- Perplexed
43. Active
44. Downhearted
45. Agreeable
4&. Sluggish
47. Forceful
48. Able ta

concentrate
49. Calm
50. Mad
51. JoUy
52. Uncertain
53. Anxious
54. Muddled
55. Ready-to-go
56. Discouraged
57. Good-natured
SB. Weary
59. Confident
60. Businesslike
61. Relaxed
62. Annoyed
63. Bated
64. Inadequate
65. Uneuy
66. Dazed
67. Full of pep
68. Gloomy
69. Affectionate
70. Drawsy

C-2 71. Setf-assured
72. MentaJly alert

Mucn SIghIIy SIghIIy MuctI
W1II<8 WUM 10. ..
1hII thIs lhIIa ..

- .
.-
.



I.D.#: Examiner: Date:

On thls sheet Y~Wili flnd ward. whlch descrlbe different klnd. of maod. and feeling•• Make
• check mark ( ln the circles be.ide the wards whlch de.cribe haw yau teel now • today.

ome of the wards may sound alike, but we want vou ta check ail !lmwards thitd8iCribe your
feelings. Work rapidly.

1 . a active 45. 0 fit 89. a peaceful
2. a adventurous 46. 0 forlom 90. a pleased
3. 0 affectionate 47. 0 frank 91. 0 pleasant
4. 0 afraid 48. 0 free 92. a petite
5. 0 agitated 49. 0 friendly 93. a pewerfu1
6. 0 agreeable 50. 0 frightened 94. a quiet
7. 0 aggressive 51. a furious 95. 0 reckless
S. a aJive 52. 0 lively 96. 0 rejected
9. o aJone 53. 0 gentle 97. 0 rough
10. 0 amiable 54. 0 glad 98. 0 sad
11. 0 amused 55. 0 glcomy 99. a safe
12. 0 angry 56. 0 good 100.0 satisfied
13. 0 annoyed 57. 0 good-natured 101.0 secure
14. 0 awful 58. 0 grim 102. a shaky
15. 0 bashful 59. 0 happy 103.0 shy
16. 0 bitter 60. 0 healthy 104.0 soothed
17. 0 blue 61. 0 hopeless 105.0 steady
18. 0 bored 62. a hostile 106.0 stubbom
19. 0 calm 63. 0 impatient 107.0 stormy
20. 0 cautious 64. a incensed 108. a strong
21. 0 cheerful 65. 0 indignant 109.0 suffering
22. 0 clean 66. 0 inspired 110. a suJien
23. 0 complaining 67. 0 interested 111. a sunk
24. 0 contented 68. 0 irritated 112. a sympathetic
25. 0 contrary 69. o jealous 113. a tame
26. 0 cool 70. o joyful 114.0 tender
27. 0 cooperative 71. o kindly 115. a tense
28. 0 critical 72- a lonely 116.0 terrible
29. 0 cross 73. o lost 117. a terrified
30. 0 cruel 74. a loving 118. a thoughtful
31. 0 daring 75. a low 119. a timid
32. 0 desperate 76. o lucky 120. a tormented
33. 0 destroyed 77. a mad 121. a understanding
34. 0 devoted 78. a mean 122. 0 unhappy
35. 0 disagreeable 79. a meek 123. a unsociable
36. 0 discontented 80. a merry 124.0 upset
37. 0 discouraged 81. a mild 125.0 vexed
38. 0 disgusted 82. a miserable 126. a wann
39. 0 displeased 83. a nervous 127.0 whole• 40. 0 energetic 84. o obliging 128. 0 wild
41. 0 enraged 85. o offended 129. 0 willful
42. 0 enthusiastic 86. a outraged 130. 0 wilted
43. 0 fearful 87. o panicky 131. 0 worrying
44. 0 fine 88. o patient 132. 0 vouna

c-~



I.D.#: Examiner: Date:

9.

On thls questionnaire are groups of statements. Please pick out the one statement ln .ach
group whlch bast de.cribe. the way you feel toclay. that ls, right now. B. sure ta ....~)lll

.tatements in the group before making your choies far that group. Then, place a check (wJto
the left of the statement whleh bast describes the way you feel rlght now. lf- none of th.
statements in a group fits exadly the way you feel, then select the one whlch Is clo.st. Do nat
skip any groups.

1. 1do not teel sad.
1 feel sad.
1am sad ail the time and 1 can't snap out of it.
1am sa sad or unhappy that 1can't stand ït.

2. 1am net particularty discouraged about the future.
1feei discouraged about the future.
1feel 1have nothing ta look forward ta.
1feel that the future is hopeless and that things cannat improve.

3. t do not teel like a failure.
1feel 1have failed more than the average person.
As 1look back on my life. ail 1can see is a lot of failures.
1 feel 1am a complete failure as a persan.

4. 1get as much satisfaction out of things as 1 used to.
1don't enjoy things the way 1used to.
1don't get real satisfaction out of anything anymore.
1am dissatisfied or bored with everything.

5. 1don't feel particularty guilty.
1feel guilty a good part of the time.
1feeJ quite guilty most of the time.
1feel guilty ail of the time.

6. 1don't feel 1am being punished.
1feell may be punished.
1expeet to be punished.
1feel 1am being punished.

7. 1don't feel disappointed in myself.
1am disappointed in myself.
1am disgusted with myself.
1hate myself.

8. 1don't feel 1 am any worse than anybody else.
1am critical 6f myself for my weaknesses or mistakes.
1blame myself ail the time for my faults.
1blame myself for everything bad that happens.

1donJt have any thoughts of killing myself.
1have thoughts of killing myself. but 1would net carry them out.
1would like to kill myself.
1would kilt myself if 1had the chance•• 1o. 1don't cry anymore than usual. C 4
1cry more now than 1 used to. -
1cry ail the time now.
1used to be able to cry, but now 1can't cry even though 1want to.



11.

•12.

13.

14.

15.

16.

17.

18.

19.

20.

• 21.

1am no more irritated now than 1ever am.
1get annoyed or irritated more easily than 1used to.
1feet irritated ail the time now.
1don't get irritated at ail by the things that used to irritate me.

1have not lost interest in other people.
1am less interested in other people than 1used to be.
1have lost most of my interest in other people.
1have lost ail of my interest in other people.

1make decisions about as weil as 1ever could.
1put off making decisions more than 1used to.
1have greater difficulty in making decisions than before.
1can't make decisions at ail anymore.

1don't feet 1 look any worse than 1used to.
1am worried that 1am looking old and unattraetive.
1feel that there are permanent changes in my appearance that make me look unattraetive.
1believe that 1 look ugty.

1cari 'NOrk about as weil as before.
It takes an extra effort to get started at doing something.
1have to push myself very hard to do anything.
1can't do any work at ail.

1can sleep as weil as usual.
1don't steep as weil as 1used to.
1wake up 1·2 heurs earlier than usual and find it hard to get back to sleep.
1wake up several hours eartier than 1used to and find it hard to get back to slsep.

1don't get more tired than usual.
1get tired more easily than 1used to.
1get tired fram doing aimost anything.
1am too tired to do anything.

My appetite is no worse than usual.
My appetite is not as good as it used to be.
My appetite is much worse now.
1have no appetite at ail anymore.

1haven't lest much weight. if any, lately.
1have lost more than 5 pounds.
1have lost more than 10 pounds.
1have lost more than 15 pounds.
1am purposely trying to lose weight byeating less. Yes_ No_

1am no more worried about my health than usual.
1am worried about physical problems such as aches and pains; upset stomach; or

constipation.
1am very worried about physical problems and it's hard to think of much else.
1am so worried about my physical preblems that 1cannet think about anything else.

1have not neticed any recent change in my interest in sex.
1am less interested in sex than 1used to be.
1am much less interested in sex now.
1have lost interest in sex completely

c-s



I.D.#: Examiner: Date:

• Clrcle the best answer (yes or no) for how you felt over the past week..

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.• 29.

30.

Are you basically satisfied with your life? ....•..... yes

Have you dropped many of your aetivities and interests? ...•............. yes

Do you feel that your Iife is empty7 yes

Do you often get bored? ....•..........••..•................••.••.•.••........•......•..•:.. yes

Are you hopeful about the future? . yes

Are you bothered by thoughts you can't get out of your head? . yes

Are you in good spirits most of the time? yes

Are you afraid that something bad is going to happen to you? yes

Do you feel happy most of the time? ..•••.••••••••••.. yes

Do you often feel halpless? ..............•..•...•....•.........•..•.•.... yes

00 you often get restless and fidgety? ....•... ........•.. yas

Do you frequently worry about the future? .. ..•.•.•............... yas

Do you feel you have more problems with mernory than most? ......• yes

Do you think it is wonderful to be alive now? ....•.•....•........•............... yes

Do you often feel downhearted and blue? . yes

Do you feel preny worthless the way you are now? yes

Do you worry a lot about the past? ...•••.•.•..•.•.•......•..•••....•.•.. yes

Do you find life very exciting? yes

Is it hard for you to get started on new projects? yes

Do you feel full of energy? ........•.........•.•.••.•••.••... yes

Do you feel that your situation is hopeless? ..•.••..••.••.....•...••.....•...•.••. yes

Do you think that most people are better off than you are? ..•••.•......• yes

Do you frequently gat upset over little things? . yas

Do vou frequently teel Iike crying? ..•••••.••••••••••••. ••••.•••••..•• yes

Do you have trouble concentrating? . yes
. tt' . th '?Do you enJoy ge In9 up ln e momlng. ...••..•.•...••.•..•........•.••...•..••.•• yes

Do you prefer to avoid social gatherings? ...••••. yes

Is it easy for you to make decisions? yas

Is your mind as clear as it used to be? yas

C-6
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Rivermead Behavioural rvtemory Test Forms



• SCORE5HEET • RBMT

SUBJECT NO., _ OLD SUBJECT NO. _ DATE _

•

Rrst name. Second name

Belonging

Appointment

Pictures

Story (immediate)

(delayed)

Faces

Route (immediate)

(delayed)

Message (add imm. & delay)

Orientation

Date

RawScore

Total (max. 24):

0-1

Profile Score (/2)



Item 1 & 2 - First and Second Name
.Vhat 1wanr yeu tc cc IS rememDII m~ Def"IOf'I s name (snow CnaIOt Her narne IS c~uwnne Taytor. '/Joua yeu ree-M tri.
n3lTle. cl__1 La:. on 1am ga.ng te lsa vau wnm ner "ame IS. 1PIaCe cnorc aawnwaras on tac.t

•
R8MT SUBJECT _ DATE _

Item 3 - Betongrng
'.Vhat 1 am gcmg te cc "ow _ tCl OUI scmemlnçl ct yours aw.y. ana SM If you ".,ü r.memcer tCl ... me fer If wnen 1say~ ftlNe
~niSnea triS te.. 1aI8D wwa yau ta remem~ wnere 1 CUl ft. Can Vou ..me "... •~ • ..., sucn as • came. pencd or
haMJe? When 1 say "we MWfi~uus t..... 1W8nI VOU to a. me f« yaur ( ) and told me... 1 !:lU( ft.

1tem 4 - Appointment
1am gOln9 Jo Mil tris .-m tCl QO Off in 20 minutes. When ft nngs 1wwa VOU te ••me wnen JOU WIM know tne resUlS Dt this
lest.. ~ustMY~ lCJ llQ ·Can VOU tett me wnen • 'MM Icnaw me ..... '"'"' tn1S t..-r :Ir waras ta U.effect..

Item 5 - Pietures
Now 1am 9on; tel ShaW vou SGIN plCUn mat 1WMI "t'OU to Nt,.,,,. Loak M eKft one C8NfUtIV ana tell me wnmo~ iS
pca:rea. 1shaM MeNt VOU eIICIft one for five.. N.to gNe YOU • CIWtCe ta rr.,1Oi..8 ft. L.at8r on • am gan; tc snaw VOU
mcte ClCNrn .na 1wwa VOU te pO out trie cnes • ".,. ,..,. anawn yau .

Item 6 - Slory (immediate)
Na! 1am gomg tel raa VOU .......0« story of abOut (IVe or .œli".. us.n caIWfutty ana Wfteft 1,,~ finishea tell me Cack
as rrn.ICtl as VOU can Nt1..1Ic.r. R-ay-

Mr. Brian 1 Kelly 1a Pinkerton empfoyee 1was shot dead / on Monday

1 during a bank robbery 1 in Toronto./ The four robbers / ail 'NOre masks 1

and one carrted 1 a saYled~ff , shotgun. / Police deteetives 1were sitting

through 1 eye-witness accounts 1 last night./ A poHce sopkesperson said 1

"He 'MiS a very brave man. 1 He 'Nant for 1 the armed robber 1and put up

a heU of a fightll •

Raw Score _

Now let! me cac« as muctl of ~. Itory IS VOU ~n. In as dose ICllfte urne wonIS •• poaM.

Item 5 - Pidures
NtNt~ Ir. 90lI'l9 aack te tnoM~ •I~ VOU •..,. For eac:n !:l1ClUre • WWIt VOU ta tel me wtIetMr VOU MW Il befaN
or net. (sheM 20p~ - 10 MW. '0 snown. un.,..a.e~OUWUftJ If n& ."

•
Corred?
1 _
2. _
3 _
4 _
5 _

6__
7 _
8__
9 _

10_

Tota! _
False Positives _
RawScore

0-2



•
Item 7 - Faces
This bme t lm gOlnlJ cc snow vou some faces. rd bka 'taU cc lOOk at eacn one earwtulJV. ana leM me rf the~ rs ma. Gr

female. Also ceü me If~ oerwon rs unaer or over 4J YUr'S of age. This. fust to n_ yeu CGleaZD .1nCe vau WU.h~ 10
rememDer tnern Iater en. (sno- aKti of 5 CICS. ter 5 secs. eacm

Item 8a - Route (immediate)
What 1am gOlnC) te 00 nGW tS trace • snon Cau1 arauna miS room. rd like vou co WMCn wnM 1do••na wnen 1have fini..... GO
th4t ume thing. 1am gOlft9 ta sœn fo"" me aoar. Ina caq th.. etWeIGOe Wftn me. (5t1C1W et'N'" to Si. Fram n.. 1lm gong
aver co cne wtnaaw (gO). ana U'len trom me IMnaow te me counI8f. 1am gœng la lell'M "". enw aDe on 1ne caurnr. ana fn:Im
h... t am gang to.". cna'. ana frcm trie CNIt DaCk ta the GOOr.(r~ 8",,"aICe. 10~ ln angmaa DIace ln tram cf S5 ana
sil bacK ClOWn). Now wt* 1wauId like vou ca ao IS '0 SQft wnare 1 scan.a .na fotJaw me .....-n.

Door_--.;_
WindOw _
Counter _
Chair _
Door _

Raw 5ccre, _

Item 9a - Message (immediate)
(If 55 Clld nat QICX UC etWW'cu.•tOD mem trom contmumg) 1tocK scrneuunq W1tn me. RecnemWf~ Il wn? (it "OC) It WD
thiS~. 00 wnm 1Cliel WIn ft.

picked Up spontaneously __
picked Up after prompt __
left in correct location _

Raw score _

Item 7 - Faces
NcM v.-. ara gasng DaCK to mou faces 1 snowwa you elr1Jer. For aKti face. V4m 'fOU co teu me wnecnar '/OU say It befora or
nat. (10 faces. 5 MW.~. gu.. It I,lnsure.

•

1 _
2. _
3. _
4 _
5. _

TotaJ _
False Positives _

Raw Score _

0-3



•

•

1tems 10 and 11 - Orientation and Date

What year is it now?
What Month is it?
What day of the \Wek?
What date?
What piace are 'Mt in?
What city?
How old are you?
What year 'Nere you bern? _
Who is the PM?
Who is the US President? _

RawScore

(engage ln~,unlll the • ..." saunas.t

Item 4 - Appointment
(alarm nngs - If S da. ra...~t Wh8t~,augOl"lg ID do'"u..-m rmg1

Spontaneous _
wl prompt
remembered had te ask something but couldn1t rernember what _

Raw Score _

Item 6b - Story (delayed)
00 vou femem_ ttwt n"'ur If .torY 1rHG 10 you UtW? t WOUId liIaa ID ma. naw mucn of il yau c.n re"••iOW naw. T"
me tust as mucn •• ,au C8ft- (If~ nanng - prcMOe due» lt ....off - -Mf. eltM k••• Pn-tan ......,..._..

Mr. Brian 1 Kelly 1 a Pinkerton employee 1was shot dead / on Monday

! during a bank rebbery 1 in Toronto. 1 The four robbers / ail 'NOre masks 1

and one carried 1 a sawed-off 1 shotgun. 1Police detectives / \Y8re sifting

through 1eye-witness accounts Ilast night./ A police sopkesperson said 1

"He was a very brave man. 1 He went for 1the anned robber 1 and put up

a hell of a fight".

Raw Score _

D-4



• Item Sb - Route (delayed)
R..-rncer trie NIIII toak wauna tM roam eMlet1 1waud Ii_ CO .. ri vau carl .. '.h"'" Il 50 CIaUIâ VOU aQft wr-. 1
~ anG c..-. Wla.,. .... roula •• 1 lOOk?

Door _
Wïndow _
Counter _
Chair _
Ooor _ Raw score _

9b - message (delayed)
(If"CIl.~pà8d "" • staD~ trcm ccnanuang) 1loak aamIIhiI'CI Mn me. 00 you 'an.'.... WIWIt wa1 (if
nat) Il wn 1ft.. Wft'. $. dO'" 1did w.m ft.

Picked up spcntaneously _
picked up after prompt
Left at correct location _

Raw score _

Items 1 & 2 - First and Second name
(~ first pIWtUgi.,..) ca vau 'ei••lle. trus waman' 1 (if nat) ". firWt...Mpn WIItI. -ce (secana IWIIW
rd.~""'"or. Mang). H. secana WIIft • .,.., (ar) no.1:û 1 dit...,wei • .,..

First Name correct no prompt
correct wl prompt

Last Name correct no prompt
correct wl prompt

Raw Score _

Raw Score _

•

Item 3 - Belonging
w. have finiShed ltUs t... <...for 5 MCDItaS). Vou~ 0CInlJ ID lWII'IftI ma 10..,... __''''iI." of Y'QUI'a- 00 you
rememoer WMI • was1 (if AI doBnt~ say wnare. W8W•• 00 vau 'M'M." WMre 1 PIA It?

Place: without prompt _
YJith prompt __

Item: 'Nithout prompt __
YJith prompt __

Raw score _

0-5
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RBMT - Scanng Guide

1/2. First Name + Second Name
'Nithout prompt = 2
'Nith prompt = 1

Raw score: .<2 3 4
profile score: 0 1 2

3. Belonging (place/item)
without prompt =2
with prompt =1

Raw score: <2 3 4
profile score 0 1 2

4. Appointment
spontaneous =2
with prompt =1
remembered something but not YJhat =1

5. Pidures
Raw =correct - false positives

Raw score: <8 9 10
Profile score: a 1 2

6. Story
Each idea or close synonym =1
Each partial or aprox. synonym =1/2

Raw score: <3.5 4-5.5 >6
Profile score: 0 1 2

7. Faces
Raw =correct - false positives

Raw Score: <3 4 5
Profile score: a 1 2

8. Route (imm + delay) -,-q"""n-~
Raw = total stages correct

R~sco~ ~ 4 5
Profile score: 0 1 2

0-6



• 9. Message (imm + delay)
picked up spontaneously
picked up after prompt
left in correct location

Add imm. + delay
Raw score: <4 5
profile score 0 ,

=2
= 1
=another 1

6
2

10. Orientation
Rawscore:
Profile score:

<7
o

8
1

9
2

•

11. Date
Raw score: > 2 days off 1 day off
Profile score: 0 1

correct
2

0-7
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Appendix E

Study 2 Consent Fonn
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Jewish General Hospital
Memory CliniclDlvision of Geriatries

RELATlONSHIPS BETWEEN
HORMONE LEVELS AND
EVERYDAY MEMORY
PERFORMANCE IN PATIENTS
WITH MEMORY PROBLEMS
COMPARED TO HEALTHY
ELDERLY CONTAOLS

Page 1

INFORMATION AND CONSENT FORM

Vour doetor has referred you to us because he/she has determined that you have
problems with your memory.

Objectives of th. Studl'

We are undertaking a study to determine if hormone levels are different in people
with memory problems when compared to people of the same age who do not have
problems with memory, and to look at how people with memory problems perlorrn on
tests that measure everyday memory tasks. We are inviting you to participate in this
study and wish to describe what your participa1ion will involve.

Procedure

During your annual visit to the Memory Clinic at the Jewish General Hospital, we
will perform a number of paper and pencil 19S15 of everyday memory that involve
remembering names, faces and everyday objects and events. This will take about 30
minutes. A small, 10mL bfood sample (about one tablespeon) will be taken by a
registered nurse at the time of your visit to measure your hormone levels. There is no
other medical procedure invelved. You and a companion will be compensated for
expenses incurred from your visit. We will also be looking in yeur file from the mernory
cJinic at the results of other memory tests vou have aiready taken.

DJsadvantaq" pt panlclpatlng ln the Study

The blood test involves taking a tube of blood from yeur arm with a standard
needle puneture. As with any blood test, sorne people devetop a slight bruise on their
arm which should disappear in a few days.

E-l
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Jewish General Hospital
Memory CliniclDlvision of Geriatrtes

RELATtONSHIPS BETWEEN
HORMONE LEVELS AND
EVERYDAY MEMORY
PERFORMANCE IN PAnENTS
WITH MEMORY PAOBLEMS
COMPARED TC HEALTHY
ELDERLY CONTROLS

Page 2
Confldentlallty

The resuJts of my blood tests and memory tests will be strictty confidentiaJ • only
a number assigned to me will appear on ail test forms but not my name. The
investigators would be pleased to share the test results with me at the completion of the
study if that is what 1would like.

DlscontlnYatlon

1am frae to discontinue the tasting session for any resson or at any time. In this
event. 1will still receive compensation for my travel expenses.

Patient Rlghts

1 have had this study explained to me, and had my questions answered to my
satisfaction. A copy of this consent forrn will be given to me.

The following is the name. address and telephone number of the HospitaJ's Patient
Representative, who is not associated with this study and ta whom 1 may address my
concerns about this study: Ms. Roslyn Davidson, 3755 Cote Ste. catherine Road.
Montreal, H3T-1 E2, 340-8222, eD. 5833

The following is the name. address and telephone number of the researchers
whom 1 may contact for answers to questions about the research or any injuries or
adverse reaetions which may occur: Dr. Barbara Sherwin, MeGl1i University, 1205 Dr.
Penfield Ave, Montreal, 398-6087 or Jewish General Hosphal, 34O-S222 (exL 5870),
Unda E. carlson, MeGli1 University, 1205 Dr. Penfleld Ave, Montreal, 398-6145

E-2



• Jewish General Hospital
Memory CliniclDlvision of Geriatries

RELATlONSHIPS BETWEEN
HORMONELEVELSAND
EVERYDAY MEMORY
PERFORMANCE IN PATIENTS
WITH MEMORY PROBLEMS
COMPARED TC HEALTHY
ELDERLY CONTROLS

Page 3

Slanature

1have read and 1understand the above information, have had the study explained ta me
and my questions have been answered to my satisfaction. 1agree to take part in the
study being condueted by Dr. Barbara B. Sherwin, Unda E Cartson & Dr. Howard
Chertkow.

1agree to take part in this study. YES NO

SIGNATURE PRINT NAME DATE

SIGNATURE OF
1NVESTlGATOR

SIGNAnJRE OF PERSON
EXPLAINING
INFORMED CONSENT

SIGNATURE OF
CAREGIVER

PRINT NAME

PRINT NAME

PRINTNAME

E-3


