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Relationships between the steroid hormones estradiol (Q, testosterone (T), cortisol (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 1, 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 rnemory, concomitant with their higher E, levels. The estrogen-users performed 
better than the men and the nonausers 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, male patients with AD performed better than estrogen non-ushg 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 higher endogenous levels of DHEAS performed better than 
those with lower levels on several 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-matched hedthy 
elderly controls were found. The AD patients were most severely impaired on tasks 
involving explicit verbal recaii compared to healthy çontrols , and ieast impaired on short- 
term memory and concentration tasks. The AD patients reported more dysphoric mood 
and mental dulling symptoms than healthy age-matched controls, but they did not report 

0 feeling less positive about the future. Taken together, these results suggest that higher 
levels of DHEAS and E, are related to better memory performance in both heaithy elderly 
men and women and in patients with AD, and higher CRT levels are associated with 
poorer explicit verbal memory performance in W t h y  elderly men and women. Some of 
the specific morphological and biochemical actions of these hormones on brain sites 
important for memory are discussed as possible mechanisms of action for these hormonal 
effects, and fbture studies tbat might further clarify the role of these steroid hormones on 
memory are suggested. 



Nous avons Ctudié la relation qui existe entre les hormones stéroïdiennes estradiol G), 
testostérone (T), cortisol (CRT) et dt5hydroCpiandrostérone @HEAS) d'une part. et la 
mémoire et l'humeur d'autre part, chez des hommes et des femmes qui prennent de 
I'oesuogene et n'en prennent pas et chez des sujets atteints de la maladie d'Alzheimer 
(MA). Dans le cadre de l'étude 1. 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'oestrogène au test Forwurd ond Totaf Digit Span 
(mesure de la concentration et de la m6rnoire à court terme), tout en prdsentant des 
taux plus elevés de K. Les femmes qui prenaient de l'oestrogene ont obtenu de 
meilleurs résultats que les hommes et  que les femmes qui ne  prenaient pas 
d'oestrogene au test Delayed Selective Reminding. qui mesure la memoire verbale 
explicite. Les hommes et les femmes qui présentaient des taux plus élevés de CRT 
ont obtenu de moins bons resultats que les sujets présentant des niveaux de CRT 
endogene moins élevés à plusieurs tests de memoire verbale explicite- Dans le cadre 
de I'etude 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'oestrogene 
ont obtenu des résultats comparables A ceux des hommes. Les hommes ainsi que les 
femmes qui prenaient de I'oesuogene prdsentaient des taux de & plus élevés que les 
femmes qui ne prenaient pas d'oestroghe. LRS 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 
etaient pius bas: les patients atteints de MA qui présentaient des taux de CRT plus 
6levés ont obtenu de moins bons resultats en ce qui a trait un aspect de la mernoire 
spatiale courante (Route Recail). Dans le cadre de i'etude 3, aucune difference n'a étt5 
observee 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'evocation verbale explicite que 
les patients atteints de MA Ctaient le plus désavantages par rapport aux sujets témoins 
sains. et au chapitre des tâches de mémoire à court terme et  de  concentration qu'ils 
l'&aient Ie moins. Les ssjets atteints de MA se plaignaient davantage d'&au 
dysphoriques et de symptômes d'atténuation des facultés mentaies que les sujets 
témoins de même âge, sans pour autant se monmr moins optimistes face l'avenir. 
Dans L'ensemble. ces résultats semblent indiquer que les niveaux plus Clevés de 
DHEAS et  de E, sont lit% à un meilleur fonctionnement de la mernoire tant chez les 
hommes et les femmes âges sains que chez les patients atteints de MA. et qu'il existe 
un lien entre des taux de CRT pius dlevt% et la d&érioraiion de la memoire verbale 
explicite chez les hommes et les femmes âges sains. L'auteur analyse certains effets 
morphologiques et biochimiques spécifiques qui visent certains sites cerébraux 
importants pour la memoire et pourraient donc constituer le mode d'action de ces 
hormones; enfm, il propose differentes etudes qui pourraient contribuer Z i  préciser le 
rôle de ces hormones stéroïdiennes dans la memoire. 
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Statement of Oqglnal Contn . . 'bution 

In the pst. reports have been made concerning the relationships between 

estrogen and memory in naturally cycling. surgically menopausai and posunenopausal 

women. and in young men. However. no investigation had looked at estrogen in both 

elderly women and men at the same time with an extensive test bauery. Shilarly, 

testosterone levels and mernory had been investigated in men, but not in elderly 

women and men together. and an extensive memory battery had not previously been 

utilized in conjunction with hormonal assays in these populations. 

Dehydroepiandrosterone sulfate (DHEAS) levels and their da t ion  to memory had 

never been investigated with a Iarge battery of standardized cognitive tests in elderiy 

men and women. Cortisol (CRT) leveb had been investigated over time in healthy 

elderly men and women, but not in conjunction with DHEAS levels. Thus, the 

inclusion of both elderiy men and women esuogen-uses and non-users in study 1. and 

the measurernent of four steroid hormones represents a fmt in the Iiterature. This is 

an important contribution because it aliows direct cornparisons between hormones and 

cognition in men and women and may help to clarify the retationships that contribute 

to gender differences in cognitive aging. 

Study 1 represenu the f i t  atternpt to investigate relationships between four 

steroid hormones and aspects of cognitive behaviour in the same sample. Although 

longitudinal studies of cognition have k e n  reported. there has never k e n  an account 

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

steroid hormones in elderly men and women. ?bis longitudinal study avoids some of 



the problems encountered in cross-sectional studies of aging that have to consider 

cohort effects on cognitive tasks and hormone levels. 

Another innovative aspect to this work was the use of a battery of ecologically 

valid everyday memory tests. This aliowed for investigation of the relationships 

between everyday mernory performance and hormone levels. as weU as validity 

cornparisons behueen performance on everyday memory tests and more trâditionai 

neuropsychological tests. This ecologicaIly vaiid test battery had noi been used before 

in such a large healthy elderly sample. Nor had it been fuUy administe~d to patients 

with Alzheimer's Disease (AD), or been validated against such a comprehensive 

memory test battery. 

In Study S. a relatively large sample of AD patients were recruited. levels of 

the same four steroid hormones were measwed and everyday mernory tests were 

administered. The results indicated a role for endogenous DHEAS in memory function 

that had been speculated upon but never before reported in AD patients. and provided 

further support for possible roles for CRT and E in the memory deficits of AD as 

weii, adding to the very preliminary existing research base. 

Study 3 helped to clarify the endocnnological differences between heaithy 

elderly controls and AD patients. Whereas it had been controversial in the literature 

whether DHEAS, CRT and/or estradio1 (E, ) levels differed between AD patients and 

controls. this study found no such differences in a large sample. Cornparisons between 

the AD patients and the controls on the everyday memory tests provided some insight 

regarding the types and seventy of everyday memory deficits in AD and spoke to the 



question of how the cognitive pathology in AD is different from nomai aging. 

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

information regarding the type of depressive syrnptomatology associated with AD 

compared to healthy age-rnatched convoi men and women. 
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Steroid Hormones and Memory in Healthy EIderiy Men, in Women Estrogen- 

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

lntroduc tion 

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

Canadian population -pws increasingly older. understanding memory functioning in 

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

Alzheimer's Disease (AD) is becorning an increasingly important scientific endeavor. 

This dissertation reports on severai investigations of the relationships between different 

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

to investigating both healthy elderly and AD populations. this dissertation is unique in 

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

different steroid hormones that have k e n  linked to cognitive functions. 

in order to understand the rationale behind these studies, it is necessary fmt to 

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

are descnbed. and the changes in various mernory systems that occur with aging are 

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

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

that each hormone has on memory systems in the b r i n  are analyzed. followed by a 

review of behavioral studies linking each hormone to memory in both animais and 

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

process that occurs in AD. and the behaviorai and dinical profile of AD is described, 

followed by a review of studies linking each hormone to memory functioning in AD. 



Specific instruments chat are used for assessing memory in aging and the need for 

ecologicaiiy valid memory tests are reviewed, and findy. the generai neurobiology of 

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

Memow. A ~ i n o  and Hormones 

Memury Systems: 

In its broadest sense. cognition refers to the process of knowing. and 

encompasses the domains of thinkirx, reasoning, decision making, problem solving, 

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

intellecrual processes. The fwus 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 inciudes the processes of acquisition. retention 

and reuieval. but historically its components have k e n  classifed in a variety of ways 

by different investigators. 

Tulving (1983). for example. divides memory into three distinct subsystems: 

procedural, semantic and episodic. Procedural memory describes learned habits. both 

motor and cognitive. such as brushing one's teeth. remembering how to tie a shoelace 

or how to carry on a conversation. Semantic memory is more representational in 

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

while episodic memory is the system chat deals with specific events, detailing the t h e  

and place of occurrence. These systems are concentrically embedded. with procedurai 

memory as the most general. semantic memory as a subset of procedural memory. and 

finaily episodic memory as a more specific subset of semantic memory. 



Other theorists suggested different ways of classifying memory. Craür (1991) 

conceptuaiized memory in rems of memory processes. making the distinction between 

short-term (primary) memory, material that has just been presented or recdied and is 

thus "in rnind", and long-term (secondary) memory, material which has left conscious 

awareness. Pnmary memory is best measured by the recency effect in free recaii and 

the digit span test (Craik, 199 1). whereas secondary (long-tem) memory is assessed 

by any rask in which materiai chat has lefi conscious awareness is recalled. Thus. the 

distinguishing factor between primaq (short-terni) and secondary (long-terni) memory 

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

recall. 

A component of primary memory that has received much recent research 

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

memory descnbes tasks in which information must be held in mind at the same time 

as some 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 memy, referring to 

situations in which a person must remember to cany out some task in the future. 

Essentially. prospective rnernory tas& involve remembering to remember. for example 

remembering to cd1 someone tomorrow or to stop by the grocery store on the way 

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

individual of the m k  (Craik, 1994). Althoueh this appears to be an important aspect 



of memory, there has been relativeiy little work on lhis topic. 

Memory tasks have also been divided into those assessing explicit vs. impficit 

memory ( C e ,  1991). a distinction that has also been referred to as declarative vs. 

non-dectarative (Squire & Zola-Morgan. 1991). Tests dunng which the individual is 

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

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

they were supposed to be learning, have shown that prior experïence c m  affect later 

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

original episode (e-g. Schacter, 1987; Tulving, Schacter & Stark, 19821, an effect that 

is known as priming. 

Particularly in the sex differences literature. a distinction has also k e n  drawn 

between verbal and visuaUspatia1 skills (for review, see Hampson & Kimura, 1992). 

Verbal skills inchde speiling, speech acquisition. verbal articulation and verbal 

fluency, whereas visuaYspatial skills encompass spatial orientation, spatial visuaiization 

and flexibiiity of closure. There is a gender difference in performance on these tasks 

such that men generaily outperform women on tests of visuaUspatia1 functions such as 

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

articulation and verbal fluenc y (Jamick, 1975). Whether or not this gender difference 

in cognitive performance also holds for verbal versus visuailspatial rnemury tasks is 

uncfear, as  no gender differences are reported in the noms of standardized memory 

tests that include both verbal and visuaVspatia1 subtests (e.g. Wechsler Memory Scale- 

Revised; Wechsler, 1987). However, some studies have shown that women outperform 



men on short-term verbal memory tasks (Hampson & Kimura. 1992). 

Changes in memory with normal aging: 

The belief that memory functions dectine with aging is commoniy held in o u  

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

and objective studies. not ail memory functions decline with age, and those that do 

deciine do so to different degrees (for recent reviews see Craik. 1991. 1994; Craik & 

Jennings, 1992; Kausler, 1994; Smith. 1996). The largest performance differences 

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

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

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

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

working memory in terms of both speed and accuracy (Dobbs & Rute, 1989), and 

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

(McIntyre & Cr& 1987). However, in tasks such as Forward Digit Span and in 

memory for weil-learned knowledge. age differences in performance are slight or non- 

existent (Craik. 1991). indicating that short-tem. semantic and procedural memory 

remain relatively intact. Similarly. most (Light & Singh, 1987) but not al1 (Kausler. 

1994) studies of implicit memcjry lailed to frnd age differences. Moreover. when age 

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

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

There are dso some gender differences in the types of memory changes that 

occur with aping. Women showed significantly less age-related decline in verbal 



memory than men. whereas men had better preservation of visuospatial abilities. as 

measured with visuoconceptual. consuuctional and spatial memory tasks West, Crook 

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

Reproduction. the Mini-Mental Status Exarn and on items from the BI-d 

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

women (Wiederhoit et al., 1993), supporting the iiea that women 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 narning ability and 

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

as comprising a "factor G for aging" included the W N S  Block Design, Digit Symbol, 

Rey-Osterrieth Complex Figure and Porteus Mazes, al1 visuospatially onented tasks. 

Changes in sreroid hormone levels with aging: 

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

investigare the possible influence of changing Ievels of steroid hormones that occur 

with aging on memory in older individuais. Specifically. four steroid hormones known 

to influence both brain function as well as rnemory were studied - esuadiol (E, ), 

testosterone (T), cortisol (CRT) and dehydroepiandrosterone-suifate (DHEAS). Not 

only do these four steroid hormones influence brain areas cntical for memory. as  will 

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

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

production of some of these hormones. 



Estradiol (E& 

6 is the primary esuogen produced by the ovary. In premenopausal women. 

ovarian & secretion accounts for 9 5 2  of the total & that enters the circulation 

(Longcope. 1994). Estrone (E,). a much weaker esuogen. is denved principally from 

the metabolism of E2 and from îhe conversion of androstenedione. an androgen 

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

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

tissues and cells. which. when coupled wilh subtle dysregulation of the hypothalarnic- 

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

1994). The menopausal transition. the time between the omet of irregular monthly 

flow to the complete cessation of menstruation. takes an average of four years (Burger. 

1996). After the menopause. virtually no k is produced by the ovary, leaving oniy 

smail amounts of E, as the primary source of esuogen in postmenopausal women. In 

fact, the ovarian secretion rate of both 6 and E, decrease to negligible IeveIs within 

24 months of the l a s  menses (Longcope, 1986). 

This sharp decrease in estrogens available to the femaie brah after the 

menopause contrasts distinctly with the situation in males. who show only a very smaU 

decrease in estrogens over time (Simon, Preziosi. Barrett-Connor. Roger. Saint-Paul. 

Nahoul. & Papoz. 1992). FuUy 80% of plasma 6 in men arises from peripheral 

conversion of androgens to estrogens. while the orher 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 E, 



is available in the brains of men lifeiong. The normal male range of & leveh (37-220 

pmoi/L) overlaps with levels seen in the early follicular phase of regularly cycling 

women (110-440 pmoVL), and is generaily higher than levels in postmenopausal 

women (cl00 pmol/L; Department of Clinical Chemistry - Endocrine Nonns, lewish 

Generai Hospital, Montreal). Thus, it is ciear that in older populations, males have 

greater exposwe to estrogens than females, in conuast to the situation in younger 

adults where females have much higher average leveis of estrogens than maies, 

Testosterone (T): 

In women, both the adrenal and the o v q  synthesize and secrete androgens. 

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

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

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

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

most postmenopausal women (Longcope, 1994). In men. over 95% of circulatuig T 

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

adrenals (Braunstein, 1986). Although there has not been universai 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 levels 

decline in both men and women. 

Dehydroepiandrosterone-Sulfate (DHEAS): 

In both men and women, DHEAS is derived almost exclusiveiy from the 

adrenal gland and shows vemendous variation throughout the lifespan and between 



individuals. On average. adrend secretion of DHEAS is very high in the fetus, drops 

sharply after birth and remains low throughout childhood until the time of the 

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

(Hornsby, 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 208 of what they 

were at age 25 (Vermeulen, 1995). The overlap in values between men and women 

is significant, but men have leveis of DHEAS that are about 10-306 higher, on 

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

does not appear to be directly related to the endocrine events of the menopause, for 

there is no evidence that the menopause itseif is charactenzed by any perturbation of 

adrenal steroid secretion (Longcope, 1994). 

Cortisol (CRT): 

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

increasing age (Sharma et al., 1989; Sherman. Wysham & Pfohl, 1985; Waltman, 

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

that the adrenais are not affected by the menopausai transition (Longcope, 1994). 

However, in some individu& CRT leveis increase with aging, and it has been 

suggested that these individuais may be at an increased risk for cognitive impairments 

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

Lupien et ai., 1995). 

NeurobioIoov of Memory 

Brain areas involved in leaming & memry: 

9 



Over the past few decades. researçh has delineated not only the specific sites 

in the brain that are important for memory. but ais0 the specialized memory functions 

that are subserved by these anaromicai 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 media1 temporal lobe lesions accompanied by severe amnesia. 

The medial temporal lobe contains several anatomical structures including the 

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

entorhinai. perirhinal. and parahippocampai cortex. nie hippocampus itseif is 

composed of three fields. the CAL CA2 and CA3 areas. 

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 

withïn the media1 temporal lobe in an attempt to localize the sites cntical for memory 

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

by ischernia. damages the neurons in only the CA1 layer of the hippocampus. The 

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

dentate gyms and subiculurn. An H+ lesion also encompasses the surrounding 

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

H+A+ lesion additionally subsumes the amygdala and underlying cortex, while the 

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

comparing memory performance 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 integrai for different memory functions. 



Hurnans with ischemic lesions showed moderately severe memory impairment 

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

monkeys also showed memory impairment compared to intact monkeys, and were just 

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

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

cornparison, both H lesioned and ischemic monkeys were less impaired than monkeys 

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

Morgan, 199 l), dernonstrating that the surrounding cortical structures also play a role 

in memory fhctioning. Finaily, no differences in memory performance were observed 

between H+A+ lesioned monkeys and H* lesioned animals, suggesting that the 

arnygdala 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 d l  measure what has variously been termed 

explicit, declarative, relational or conFgural memory. This type of rnemory is 

distinguishable fiom irnplicir, nondeclara~ive. procedural or habit memory (Squire, 

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

feeling of farniliarity about the past. Recall and recognition, the most commonly used 

tests of explicit memory, show the most impairment in hippocampal lesioned animals 

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

It has also been postulated that the hippocampus functions as a device for 



forming new associates and conjunctions between previously unrelated events (Squire, 

Shimamura & Amarai, 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 fonning and storing conjunctions in the hippocampus. 

Such a high degree of neural plasticity couid allow the hippocampus to accornplish the 

memory tasks of acquiring information about relationships and combinations among 

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

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

impiicit or nondeclarative memory includes tasks such as skillEu1 behaviour or 

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

cognitive skilis, its well as simple conditioning, including emotional learning, and the 

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

learning since lesions to the hippocampal regions leave these functions intact (Squire 

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

Squke, 1990). Some types of pnming appear to be dependant on eariy-stage 

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

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

certain penod of time it is not necessary for storage. recollection and manipulation of 

mernories (Squire. 1992). This is demonsuated by studies of retrograde amnesia. 

which often occurs with hippocampal lesions. and is usually temporally graded. with 



the most severe amnesia found for more recent evenrs and less amnesia for more 

remote events (e.g. Kritchevsky & Squùe. 1989). The severity of the iesion dictates 

the timespan of the amnesia, with srnalier lesions resulting in amnesia for the near 

pasf and larger lesions leading to amnesia for the past decade or more (e-g. Squire. 

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

that the hippocampus works by graduaily reorganizing and consolidating materiai in 

declarative memory, and after a certain amount of tirne has passed. the contribution 

of the hippocampus and adjacent structures diminishes and the neocortex aione 

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

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

Neurotransmitter q s t e m  involved in learning and mewwry: 

In addition to the anatornical importance of the hippocampus and adjacent 

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

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

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

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

humans. administration of the cholinergic muscarhic receptor antagonist scopolamine 

produced leaming and memory deficits for recent events (Drachman. 1977). In young 

adul t m o d e  ys scopolamine administration produced progressive iy more severe 

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

monkeys (Aigner, Walker & Mishkin, 1991). 

A role for cholinergic processes in age related cognitive decline and in the 



dementia of Alzheimer's Disease (AD) has been outlined as the "chofinergic hypothesis 

of geriatric memory dysfunction" (Bartus. Dean. Beer & Lippa. 1982). There is a 

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

A decrease in choline acetyltransferase (ChA'I3, the synthetic enzyme for acetylchoiine 

(ACh). has k e n  found in the brains of AD patients, particularly in the hippwampus 

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

degradation enzyme. was found in the cortex of AD patients over 30 years ago (Pope. 

Hess & Levin, 1965). but the significance of this finding was not appreciated until 

rnuch Iater (reviewed by Hohmann. Antuono & Coyie, 1988). Other markers of 

cholinergic 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 cholinergic 

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

in posunonem AD brains was îïrst documented by Whitehouse et al. (1982). and has 

since been contimed on numerous occasions in both aging humans and animals 

(Gibbs. 1994). 

Further evidence that the cholinergic system is critical for leaqing and memory 

cornes from treittment studies in which small but significant improvements in l e d g  

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

ueatment with AChE inhibitors such as tacrine (Bartus. Dean & Beer, 1983; Kumar 

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

directly into the hippocampal formation led to functional recovery that was cornlated 



with the degree of cholinergic reinnemaiion of target tissues (Dunnett Low. Iversen. 

Stenevi & Bjorklund. 1982; Danlioff. Bodony. Low & Wells. 1985). ihis suggesu 

lhar cholinergic reinnervation of the hippc-ampal formation and cortex was primarily 

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

Other neurotransrnitter systems have aiso been implicated in cognitive 

functioning but their effecu on specific aspects of cognition have not been very weii 

defined Norepinephrine may be an important factor for attentional processes 

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

Femer & 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 learning and memory such that higher levels of serotonin are 

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

gamma-arninobutyric acid (GABA) ais0 appears to play a role in learning and memory, 

since GABA antagonists faciliîûted LTP 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 benzodiazepine antagonisi prolonged the lifespan and improved 

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

propose a GABNbenzodiazepine theory of brain aging. 

Steroid Hormones and Mernom Svstems in the Braiq 



Estrogen: 

Estrogen Receptor Localization in the Brain: 

Receptors specific for esuogen have been found in many brain areas, including 

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

nigra, cingulate cortex, locus coeruleus, midbrain raphe nuclei. the basal focebrain and 

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

stn~ctures have been assoçiated with learning and mernory, as previously describeci. 

Using autoradiographic techniques, estrogen receptors (ER) have been localized within 

the hippocampus pnmarily to the CA1 layer, but are also found to a l a se r  extent in 

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

The priin;uv action of steroid hormones in the brain seems to be 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 at the DNA 

or tmscriptionai level. and the measurement of neurons expressing ER messager 

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 hybndization. The strongest hippocampal 

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

the presubiculum. with lower concentrations in the CA1. CA2 and CA3 pyramidal 

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

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

a postmonern smdy of human hippocarnpi in which none of the subjects had a h i s w  



of brain disease (Tohgi. Utsugisawa. Yamagata, & Yoshimwa. 1995). In cornparison 

to younger brains. those over the age of 65 years showed age-felated reductions in the 

percent of ER mRNA-expressing neurons in the CA1 layer of the hippocampus. 

Estrogen effects on brsin morphology: 

Although the hippocampus loses rnany. but not ail. of its E, receptors shortly 

after birth. significant activational effects of estrogen on axonal growth. connectivity 

and function nonetheless occw in adults (Gould, Wooley, Frankfurt & McEwen, 1990; 

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

hippocarnpus. Following ovariectomy. fernale rats show a decrease in dendritic spine 

density in the CA1 iayer of the hippocampus. which is reversed when estrogen is 

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

densiy of dendritic spines on hippocampai neurons is also evident in vivo during 

various phases of the estrous cycle of normal femaie rats. Dendritic spine density in 

the CA1 hippocampai layer increased and then decreased over the 72 hour period 

between proestrus and esuous. rnirroring the changes in 6 levels that occw over this 

time period (Wooiey & McEwen. 1992). Estrogen also affects neuronal sprouting 

after hippocampal lesions in femaie rats. Sprouting was decreased in OVX rats 

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

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

dendntic sprouting (Scheff. Morse & DeKostky. 1 %Sa). 

In a recent in vitro study of rat hippocampal neurons, ceils exposed to beta-E, 

for three days showed a twofold increase in dendritic spine density which was not seen 



in cells treated with alpha-& or propsterone (P). In neurons cuihued with a 

combination of & and P treatment, spine density decreased somewhat from baseline. 

indicating that the P completely blocked the uopic effects of & matment (Murphy & 

Segal. 1996). Also. the effect of 5 on hippocampal spine density was blocked by an 

N-methyl-D-aspanate (NMDA) receptor antagonist, suggesting that E, works to 

enhance hippocampal LTP, and thus memory function. through acuvation of the 

NMDA receptor. Similarfy. E, 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 CA1 region of the hippocampus in OVX rats (Weiland. 

1992). These tindings suggest that E, may be acting on the hippocampus through 

direct effects on NMDA receptors. 

Estrogen effects on neurotransmitters: 

The cholinergic system has been associated with leaming and rnemory functions 

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

needed to synthesize acetylcholine. is directly affected by estrogen. The administration 

of estrogen to OVX rats increased ChAT activity in the frontal cortex and the CA1 

layer of the hippocampus (Luine. 1985). However. this did not occur when esvogen 

was administered to male rats. In female rats. esuogen counteracted the detrimental 

effecrs of scopolamine. a cholinergic muscarinic antagonist, on T-maze performance 

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

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

hippocampus decreased by 5 weeks post-OVX (Singh. Meyer. Miiiard & Simpkins, 



1994). and were restored to preoperative levels following 5 weeks of estrogen 

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

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

fore brain. through increasing the sensitivity of c holinergic neurons to growth factors, 

or via both mechanisms (Toran-Allerand e t  al.. 1992). 

Estrogen also acts on the nigrostriatal and mesolimbic dopaminergic systems. 

and can have both pro- and anti-dopamineqic actions dependin? on the dose and 

duration of the marnent. Although not directly implicated in memory. these actions 

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

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

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

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

indicating a higher serotonin 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 to increased norepinepherine synthesis in these same - 

regions (Greengrass & Tonp .  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 ttiis mechanism. 

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

actions. Genomic effects are lhought to orcur at the levei of gene transcription 

affecting neurotransmitter enzyme induction. synthesis of cellular producu and 



neuronal growth and rnorphology. Such effects are relatively long-lasting and have a 

delayed Iatency. The effects discussed above are pnmarily regarded as genomic. 

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

neuronal activity, which may be mediated by ce11 membrane receptors (McEwen, Krey 

and Luine, 1978; McEwen, 199 1). 

Non-genornic effects of estrogens vary widely throughout the brain. 

Administration of estrogen to intact female rats resulted in increased elecuical activity 

in the hippocarnpus 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 CA1 hippocampal slices (Wong & 

Moss. 199 1 ; Wong & Moss. 1992). & administration also increased spike amplitude 

in the CA1 layer of hippocampal slices from male rats (Teyler. Vardaris, Lewis & 

Rawitch, 1980). Other & actions defy such classification, leading researchers to 

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

ce11 surface receptors may signal changes in gene expression, whîle genornic actions 

sometimes affect neuronal excicability, often quite rapidly. As well, estrogens may 

operate in conjunction with neurouansmitters to produce effects. sometimes involving 

collaborations between groups of neurons (McEwen, 1994). 

Taken together, the changes in neuroanatomy and neurochernistry induced by 

& provide a bais  for thinking that estrogen may play an impo-t role in facilitaring 

and sustaining specific cognitive functions in women, and may even influence the 

cognitive declines that occur with normal aging and the severe memory deficits in 



individuals with AD. For males, however, the evidence concerning the enhancing 

effects of estrogens on brain morphotogy and neurochemisw is somewhat less clear. 

Tesros te rone: 

Testosterone receptor localization in the brain: 

Autoradiographic studies show that speciftc receptors for T are found 

predominantiy in the preoptic area of the hypothalamus. the amygdala. cortex and 

hippocampus of rats (McEwen. 1980). Using in situ hybridizarion to detect neumns 

in the rat brain that express androsen receptor (AR) mRNA. Simerly et ai. (1990) 

found the suongest hippocampal signal intensity in the amygdala. septum, 

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

hybridizaüon study 80% or more of the neurons in the CA1, CA?, CA3 and hilus 

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

Additiondly, the ratio of mRNA-containing neuron density to total neuron density 

decreased significantly with age for ARS in the CA1 region (Toghi et al, 1995). 

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

of functionai ARS in these areas decreases with increasing age. 

Effects of T on brain morphology and neurotransmitters: 

T, during prenatai 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 

differences in the brain caused by the hormonal environment. 

Metabolism of T: 

T is metabolized in the brain to E, via the enzyme aromatise. The question of 



whether the effects of prenatal T exposure on the structure of certain brain areas is due 

to T itself, or if T is rnetabolized to & which then affects development. has yet to be 

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

activity in the brairis of several species at different tirne frames during development 

Since aromatase must be present for T to be converted to &. and there must be ERS 

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

been investigated. 

Not surprisingly, the highest concentrations of aromatase activity are found in 

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

behaviour (Roselli, 1995). However. arornatase activity is ais0 detectable in the cortex 

and hippocampus of neonatd monkeys (MacLusky. Clark. Naftolin. & Goldman-Raicic. 

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 to & in areas of the brain critical for learning and memory. 

In male rats, accuracy in a radial arm maze was impaired by the administration 

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

Neonami castration led to a female-like pattern of Morris water maze perfomance, and 

E, administration to newbom female rats led to male-like water maze performance 

Williams & Meck. 199 1). These results suggested that the sexually dimorphic effects 

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

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

Cortisol: 



Cortisol receptor locaiization in the brain: 

GIucocorticoid receptors in the rat brain have k e n  categorized into two distinct 

systems: the classic glucocorticoid receptor (GR, type II). to which the potent synthetic 

glucocorticoid. dexamethasone (DEX) preferentiaily binds, and the type 1 receptor. 

which is biochernically sirnilar to the mineralcorticosteroid receptor (MR; for review 

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

receptors. However. the GRs are more responsive to changing leveis of 

glucocorticoids tbat regulate stress responses. whereas the MRs are saturated at normal 

low physiological concentration of glucocorticoids and do not respond to 

environmental stressors (McEwen et al., 1992). Thus, GRs are most commonly studied 

when investigating the effecrs of glucocorticoids in the brain and on behaviour. ïbe 

highest levels of glucocorticoid binding have k e n  found in the hippocampus, foiiowed 

by the hypothalamus (Reul & deKioer, 1985). 

GR mRNA was localized to the CAl. CA2 and dentate gyrus of the 

hippocampus. as well ar the hypothalamus. thalamus. amygdala brauistem and 

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

1988). A human postmortem study found GR mRNA expression in over 80% of 

hippocampal neurons, but this percentage decreased in the CA1. CA3 and the hilus 

with advancing age (Tohgi et al, 1995). 

Effects of cortisol on brain morphology: 

Exposure to high levels of glucocorticoids. either due to environmental sfress 

or via exogenous administration. has been associated with a number of physiological 



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 (Wooiey, Gould & McEwen, 1990). 

The exposure of rats to environmental stressors also resulted in decreases in long-term 

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

In African green monkeys who suffered severe and prolonged abuse by 

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

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

pe1Iet.s implanted in the vicinity of the hippocampus in adult vervet monkeys induced 

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

Uno, Rebert & Finch, 1990). When DEX was administered to pregnant rhesus 

monkeys, degeneration and depletion of hippocampal pyramidal and dentate granular 

neurons occurred in the brains of the feues (Uno et al-, 1990). n i e  infant monkeys 

who were exposed to DEX in utero had higher levels of CRT at baseline and after 

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

srnaller than age-matched vehicle ueated convols, as assessed by MRI (Uno et al.. 

1994). Taken together, these studies have provided suong evidence that high levels 

of glucocorticoids in both the adult and fetal money, whether endogenously or 

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

pyramidal neurons in the CA layers. 

In the human brain deuimental effects of elevated cortisol have also been 



demonstrated. Patients with Cushing's Syndrome have CRT hypersecretion and lack 

the norrnai CRT circadian rhythm (Statkrnan. Gebarski, Berent & Schteingart, 1992). 

In an MRI study. 64% of Cushing's Syndrome patients had hippocampal formation 

volumes that were below those found in healfhy conuols. and their CRT levels were 

negatively correiated with hippocam pal formation volume (Starkman et al.. 1992). 

Patients with mood disorder and accompanying memory deficits also show elevated 

CRT leveb (Sikes. Stoken, & Ladey. 1989). 

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

developed the "glucoconicoid cascade hypothesisw of stress and aging. which postulates 

thar the hippocampus normally serves to inhibit glucoforticoid feedback to the HPA 

a i s .  With aging. exposure <O exûeme suesson or exogenous administration of 

glucocorticoids. degenention appears in hippocampal neurons. This observed 

degeneration leads to a loss of sensitivity of the axis <O feedback inhibition. Thus. the 

hippocampus fails to exert the appropriate inhibition to Ihe HPA axis. so basal ACTH 

is secreted in high quantities. leading to hypersecreiion of glucoconicoids from the 

aàrenal. This hypersecretion leads to more degeneration of hippocampal neurons, 

further down-regulation of the number of receptors per neuron. and eventual neuronal 

death, fmally resuiting in funher dysregulation of feedback inhibition (Sapolsky et al, 

1986). This cascade of giucoconicoid hypenecretion. hippocampal damage. impaired 

negative feedback. suscained hypersecretion and fumer neuronal l o s  is posmlated to 

have severe behavioural consequences. such as memory impairmenu. 

immunosuppression. osteoporosis, hyperglycemia. arteriosclerosis and steroid diabetes. 



Thus, this mode1 makes predictions of biological and behaviourai outcornes associated 

with hyperconisolemia that can be experimentaiiy tested. 

DHEAS: 

DHEAS locaiization in the brain: 

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

steroid hormones 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 

esuogens. DHEA must first be converted to androstenedione by two catabolizhg 

enzymes, 3-B-OH-dehydrogenase and deltacs isomerase. Androstenedione. in turn. is 

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

& via arornatase. For these conversions to occur, the specific enzymes must be 

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

Postmortem studies have found 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. prefrontal and parietal cortex 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 3056 higher 

DHEAS leveis than women (Vermeulen, 1995). 

DHEAS effects on neurotransmitters and brain morphology: 



At low concentrations DHEA and DHEAS function as aliosteric antagonists of 

GABA, receptors. and this non-cornpetitive binding inhibits GABA-induced neuronal 

activi ty (Majewska, Demirgoren. Spivak & London, 1990). The GABA agonist steroid 

THP administered to cultured fetal hippocampal tissue induced a reversible stnicturaî 

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

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

DHEA and DHEAS have GABAergic antagonist propenies, it might be 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, Bologna, Fiood & Smith, 1987). This suggests that DHEA and DHEAS 

may influence learning and memory processes through their G AB Aergic 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 

postsynaptic potential slopes in the CA1 field of the hippocampus. increased the t - i g  

rate of hippocampal principal cells and internewons in male rats and attenuated 

GABA-mediated inhibition in the dentate gyrus and CA1 hippocarnpal layer 

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

prirned burst potentiation. resulting in a lasting increase in the amplitude of the CA1 

population spike produced by minimal electrical stimulation (Diamond. Branch & 

Fleshner. 1996). Similarly. DHEAS increased the excitability of CA1 hippocampal 



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

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

denute gyms resulted in increases in LTP at al1 doses in relation to baseline (Yoo. 

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

influence synaptic transmission through multiple mechanisms. resulting in increased 

exci tability of postsynaptic neurons. 

DHEAS and Cortisol: 

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

blocking the enzymatic et'fects of glucocorticoids (Svec & Lopez-S. 1989; McIntosh 

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

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

the case that AD patients have lower DHEAS than age-matched conuols (Sunderiand 

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

normal population, which could Iead to a mild but progressive degenerative effect on 

hippocampal cells. If such degeneration caused dysregulation in feedback rnechanîsms 

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

presumably memory impairment, would occur. 

Horrnonally Induced Sex Differences in Brain Anatomy: 

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

of neonatal growth to promote sexual dimorphisrn in a variety of brain tissues. 

includinp but not limited to areas that control gonadai function and reproductive 

behavior (McEwen, 199 1 ; 1994). The organizationally dimorphic patterns of neuronal 



connectivity that develop in males and females consequent to differentiai neonatal 

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

that are observed later in iife. Differences iii the anatomy of male and female brains 

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

several brain areas that are anatomicaily different in the two sexes. Roof and Havens 

(1992) found that male rats showed more lateral asymmetry in the dentate g p s  

granuiar ceil layer of the hippocampus than did females. Moreover. when fernales 

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

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

a higher density of apical excrescences and greater branching of dendrites of CA3 

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

Frankfurt & 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, females reared in a 

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

dendntic tree in the dentate gyrus than those reared in an isolated condition, whereas 

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

environmenls (Juraska. 1991). This rnay suggest that the female hippocampus shows 

significantly more plasticity than does the male hippocarnpus. When male rau were 

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

females, in that they evidenced greater plasticity to the environment in which they 

were raised (Juraska, 199 1). It would seem from these studies that T. acting either 



during development or around pubeny. suppressed much of the response of the 

denciritic tree to the enriched environment. 

The size of the corpus cailosum in rats is also influenced by neonatal T levels, 

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

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

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

caiiosum as assessed by MRI in young adult males. which the authon atvibuted to 

early organizational effects of T exposure (Moffaf Hampson. Wickett. Vernon & Lee. 

1996). The splenium, the most postenor portion of the corpus callosum. was initiaily 

reported as larger and more bulbous in women than in men (deLacoste-Uiamising & 

Holloway. 1982). However. this distinction has been called into question as several 

studies found that males h d  a larger splenium (Witelson. 1991). The isthmal region 

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

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

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

As early as 13 weeks into gesüition. the entire right cortex in male ferai brains 

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

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

the findinp that men had a larger weight difference between the left and nght brain 

hernispheres than did women (Hampson & Kirnum 1992). that the nuclei of the 

preoptic anterior hypothalarnic area was larger in males than in fernales (AUen. mes. 

Scryne & Gorski. 1989). and that the anterior commissure was larger in f e m a b  than 



in males (Allen & Gorski, 1986). However, these effects of early exposure to T are 

often acting via its conversion to & in the brain, as described in the section on the 

metabolism of T. 

A sex difference in GRs in the hippocarnpus has aiso been found, in that fernale 

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

Additionally, OVX resulted in an increased concentration of hippocampal GR 

receptors, whiie castration in the male had no effect on GR binding. This indicates 

that female rats may be more susceptible to the darnaging neuronal effects of CRT 

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

Indeed. adrenalectomy foilowing hippocampal lesions resulted in an increased 

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

indicating that adsenai hormones inhibited neuronal plasticity in the femaie 

hippocampus (Schefi, Morse & DeKosky, 1988b). 

Behaviouraf Studies of Steroid Action 

Estrogen and M e m y  

Animal shidies: 

Organizational Effects - Sex differences 

There are a great many animai 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 be divided into those that investigated 

eariy organizationai effects of 6 and those that examined Iater activational effects. 

In a typical study investigating organizationai effects of hormones in rodents. animais 



are casuated or OVX at binh when the brain is SU developing, and subsequent 

behaviour of these animais is compared to normal conuols. Often steroids will be 

administered later to mimic the normal hormonal milieu in an atrempt to isolate the 

earIy effects of steroid deprivation. Altematively, animals are ueated in uzero with 

different hormone preparations given to the mother and the later behavioural 

consequences observed- These rnethodologies alter the hormonal environment of the 

animai during an eariy stage of brain development in order to affect the "hard-wiring" 

of the brain. 

In contrast. studies of the activational effects of hormones u s u d y  investigate 

the effects of steroid administration in adult animais. Animas rnay be castrated in 

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

comparisons between animais suddenly deprived of hormones and those remaining 

Oators c m  intact c m  be made, and by Iater reinstating normal hormone levels investi, 

determine whether these effects are reversible. These studies investigate the 

relationships between levels of specific hormones and relatively t emporq  fluctuations 

in behaviour compared to the more permanent alterations in brain morphology 

investigated in organizational studies. Because the studies reported in this dissertation 

investigated xtivational effecu of steroids on memory, other activational studies will 

be the focus of this review. 

Fmt, however. the findings of the organizational effects of esvogens on 

animals wili be briefly reviewed. As reported previously. several sex differences in 

brain morphology between males and females exist. So. too, are there sex differences 



in various cognitive functions. On learning and memory tasks that require the use of 

spatial cues, maie rats consistently perfonn better than females. acquiring the task more 

rapidly and generaily exhibiting supenor performance (Aggleton. Blindt & Candy. 

1989; Williams, Barnett & Meck, 1990; vanHaaren, vanHest & Heinsbroek. 1990; 

Luine & Rodriguez. 1994). Even following gonadectomy in adulthood. male rats s a  

outperformed female rats on radial a m  maze leaming (Luine & Rodriguez. 1994; 

Williams et al. 1991)). This is thotipht to be due to the perinatal exposure of male rais 

to high levels of E through 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 rumine wheel and in the open 

field. while male rats show more active play behaviour than females (van Haaren at 

al. 1990). Female rats are also better at active avoidance leaming than maie rats (e-g. 

Beatty & Beatty. 1970). and learn CO perforrn a low rate responding task more 

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

gender ciifferences favonng females may be due. at least in part, to the sex difference 

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

advantage in active avoidance learning may be due to a negative influence of 

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

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

Activational Effects: 

Several recent studies have focussed on the activational effects of estrogens on 

learning and rnemory in rodents. Gonadally intact adult male rats injected with E, 



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

one-trial passive-avoidance conditioning compared to unueated rats (Vaquez-Pereyra. 

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

intrahippocarnpal 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 cholinergic antagonist scopolamine was injected after E,* the enhancing effecu 

were blocked. suggesting thai 5 was enhancing memory via the cholinergic s y s w  

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

aduft OVX rats to perform poorly in a previously leamed T maze. but pretreatment 

with E2 reversed the deficits induced by scopolamine (Dohanich et al.. 1994). After 

5 and 28 weeks of esuogen ueatment. OVX rats perfoned more accurately and 

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

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

was not different between the groups. suggesting that while in males the cholinergic 

system rnay mitigate maze learning (Packard et al. 1996). in females it may mediate 

active avoidance behaviour. 

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

female rats. Luine & Rodriguez (1994) actministered E, or placebo to aged gonadally 

intact male and femaie rats and also to gonadectomized young males and females. then 

tested their radial arm maze learning speed and accuracy. 6 enhanced performance 

in both young and aged male rats in triais that required a delay component, but did not 

enhance performance in the female rats. In summary, these findings suggest that E, 



enhances spatial memory in male rats (Vazquez-Pereyra et ai.. 1995; Packard et al, 

1996; Luine & Rodriguez. 1994) and performance in non-spatial learning tasks in 

fernale rats (Singh et al. 1994) although not ali resulu are consistent with this 

condusion (e-g. Dohanich et al.. 1994). 

Hurnan studies 

Sex diiferences in cognition: 

Gender differences in cognitive performance are seen h m  a very early age in 

humans, although in some cases they become stronger around the time of puberty. In 

senerai, men tend to perform slightly better than women on tasks of spatial and 

quantitative abilities. while wornen show beuer fine motor control. perceptual speed, 

and excel at some verbal skills (Jarvick. 1975). In a meta-analysis. Linn & Peterson 

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

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

deviation. which is considrred to be a large effect (Cohen, 1977). Tests of spatial 

perception showed a sex difference ranging in size from one third to two thirds of a 

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

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

puberty and lasted into adulthood. becoming larger after the age of 18 in some 

instances. 

Hyde and Linn (1988) anafyzed the results of 165 studies of sex differences in 

various types of verbal ability. There was an overali effect size in favor of femaies 

of 4 . 1  1 SD, which they charactenze as very small though significant hdeed, 



compared with the effect sizes found in other studies investigating gender differences 

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

srnailest sex differences in the literature. 

Sex differences have also k e n  found in functional brain organization, such that 

cenain cognitive functions appear to be supported by slightly difCerent brain areas in 

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

and rîght hemispheres. and intrahemispherically. between the antenor and posterior 

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

brain is considered to be pnmarily responsible for the connol of speech and some 

manual movemen ts. while the rig h t hemisphere is differen tiaily responsibIe for other 

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

bilateral representation of cop i t ive  functions than men. whereas men show a greater 

degree of cerebral lateralimtion than wornen (McGlone, 1980). This is consistent with 

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

the two hemispheres. than do men (deLacoste-Utarnising & Hoiloway. 1982). 

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

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

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 left 

temporai lobe (Lansdell, 196 1 ). Expenments using dichotic listening and 

tachistoscopic techniques have also concluded that women have smalIer auditory and 

visual perceptuai asymmetries than men (McGlone, 1980). 



There are some studies which show sex differences in inuahemispheric 

organization of cognitive functions. Within t h e  Ieft hernisphere. 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 manual apraxia in women 

resulted more often from darnage to the anterior nther than the posterior part 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 hnctions are supported by slightly different brain structures in 

men versus women. many questions remain. Are these tùnctional differences due to 

the early organizational et'fects of steroid hormones? If so, are they related to the 

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

differences in cerebral suucture and function responsible for the sex differences in 

cognitive abilities? Some of the studies on organizationai effects of gonadal hormones 

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

Organizational Effects: 

Clearly, it is diificult to investigate organizational effects of hormones in 

humans due to the obvious ethical problern of aitering the prenatai hormonal milieu- 

To circurnvent this problem. researchers often investigaie populations exposed to 

abnormai prenatai hormonal environrnents, such as females with congenital adrenal 

hyperplasia (CAH), who suffer an adrenal 21-hydroxytase deficiency which results in 

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

advantase in visual and spatial tasks such as mentai rotations. card rotations and 



embedded figures compared to age and IQ matched controls (Nass & Baker. 1991: 

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

men who were exposed to only low levels of T in utero have reduced visuospatial 

abilities compared to matched controls and to men who became hypogonadal 

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

"masculinizes" cognition later in life in women. and lack of T in utero "leminites" 

cognition in men, 

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

utero to diethylstilbesuol (DES). a synthetic estrogen. In women, DES exposure later 

in fetai life was more likeiy to lead to a pattern of cognitive masculinization than early 

letal exposure (Hines & Sandberg. 1996). and any DES exposure masculinized 

performance on a dichotic lis tening iask (Reinsch. Zeim ba-Davis & Sanders, 199 1). 

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

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

Activational effects: rnenstrual cycle studies 

The menstrual cycle provides an opportunis> to examine naturalistic fluctuations 

of hormone levels in women. The tirst day of menstruation is termed day one of the 

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

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

to ovulation. 6 and P are at their lowest levels during the rnenstrual stage and 

increase p d u a l l y  throughout the follicular phase. & rises to a high peak just pnor 

to ovulation and then falls. During the approximately 1 U a y  luteal phase (Days 15- 



28), 5 and P increase gradually and then decrease just prior to the onset of 

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

the cycle that provide opportunities to compare cognitive funcuoning. 

A number of methodoIogical issues are inherent in the available menstnial cycle 

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

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

radioimmunoassay. relying on self-report or indirect measures to ascertain mensnual 

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 rimes in the cycle that am 

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

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

premenstnial dysphoria or menstrual cramps. 

The strongest evidence for differences in cognitive performance between cycle 

phases is found on spauai 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 mensmal 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 chat 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 



geometnc rotations in space. imagining blocks in three dimensional space or perceptuai 

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

During the mensuual phase. women scored worse on the delayed visuai 

reproduction test, which measures visual memory, compared to during the Iate luteai 

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 beneficial to spatial memory performance in regularly cychg  

women. 

Enhanced performance of simple verbal-articulatory skills have been reported 

during periods of higher 6 (Hampson, 1990a. 1990b; Anderson, 1972; Snyder, 1978; 

Broverman et al., 198 1). but more complicated verbal skilis such as vocabulary or 

gammar did not vary across the cycle (Hampson & Kimura, 1992). NO differences 

in verbal merno- performance were found across cycle phases in most studies (Phillips 

& Sherwin, 1992a; Hartley, Lyons & Dunne. 1987; Keenan, Lindamer & Jong, 1995; 

Keenan, Stem, Janowsky, & Pedersen, 1992; Morgan, Rapkin, DfElia Reading, & 

Goldman, 1996). although a positive correlation between E, levels and Paired- 

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

account the discrepant tindings. it appears that the ~luctuations in hormone Ievels 

across the mensuuai cycle do not consistendy affect verbal memory performance in 

normal heaithy women. 

To summarize. there is evidence to suggest that the fluctuations of & and P that 

occur over the 28 days of the mensuual cycie can affect performance on some 



cognitive tasks. Spatial skills. on the whole. appear to be better during the mensvual 

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

luteal phases. both of which are characterized by higher &. thus suggesung a causal 

role for 6. Althoueh P may also be involved in spatial functions, the panicular 

refationship remains to be clarified. Simple verbal artic"latory and perceptual abiiities 

may be enhanced dunng periods of the cycle characterized by higher K. However. 

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

mensmal cycle. 

Transsexual hormone treatment 

In a study of transsexuals undergoing hormone treatment. Van Goozen. Cohen- 

Kettins. Gooren. Frijda. & VandePol1 (1995) studied 35 female to male (FM) and 15 

male to female (MF) transsexuais before and after a three month course of marnent. 

were compared CO groups of age matched heterosexual men and wornen. Those in 

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

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

Biological fernales performed bener than males on verbal fluency tesu. but 

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

and rotatea figures performance increased in the FM group after three months of 

treatment. while the verbal fluency scores remained stable and rotated figures SCORS 

decreased slightly in the MF group. Unfonunately. the authors did no< test either 

verbal or visuospatial mernory performance in these subjects. However, this snidy 

provides compellinp evidence that T improves visuai-spatial funcuoning and & 
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(coupied with iow ï) improves verbai fluency. . -/ 

Recall that prenatai exposure of the brain to 6 and T both lead to 

rnasculinization of cognitive functions. in adulthood, however, these resuits 

demonsuated that T mascolinizes copitive functions in both men and women, while 

5 ferninizes functions. Whether this generalization applies to aspects of memory as 

well as to general verbal and visuospatial skills is unknown at the present tirne- 

" Add-Back" Estrogen Treatment 

Women with uterine myomas are o k n  ueated with a gonadotropin releasing 

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

secretion of E,. In this manner, the shmnken myoma can be removed without 

resorting to invasive surgery. However, the complete suppression of the ovary leads 

to uncomfortable syrnptoms related to hypoestrogenism. which c m  be relieved by 

smaii "add-back" doses of estrogen while still suppressing the ovarian secretion of 

gonadai steroids. Wornen who were to undergo this surgery were ueated for 12 weeks 

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

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

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

corn bined treatment (Sherwin & Tulandi, 1996) 

Scores on Irnmediate and Delayed Paragaph Recall and Immediate Paired 

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

concomitant wirh decreasing levels of &. After the add-back phase. the scores of the 

group who received E, in addition to LAD r e m e d  to baseline levels. whereas scores 



for the LAD plus placebo group remained depressed in concordance with their Iow E, 

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

the course of the study. These results suongly suggest that E, enhances explicit verbal 

rnernory functions in women. 

Pos tmenopausai studies 

The menopause provides an opponunity to study the possible effecu on 

cognition of a drasticaliy changing hormonal milieu. At the time of the menopause 

(average age 51 years). women's estrogen levels decrease drarnatically (Longcope, 

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

replacement therapy (ERT) for maintaining bone density, protecting against heart 

disease and eliminating many distressing and uncornfortable symptoms of menopause, 

the practice of prescnbing ERT has become increasingly cornrnon. This provides a 

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

Some studies have used tasks that rneasure explicit memory in postmenopausal 

women. Heaithy 64 year-old postmenopausal estrogen-usen 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 estrogen therapy on 

any of the visual memory tests administered in lhat study. Estrogen administration to 

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

measures immediate and delayed verbai memory, compared to nine convols who were 

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

& Whitehead (1977) adrninistered & daily for two months to postmenopausal women 



and found that estrogen improved memory more than placebo. However. the measure 

of memory functioning was a self-report analogue scale, which does not allow for f m  . 

conclusions regarding the role of esuogen on memory. 

On a test of proper name recail. where participants were exposed to slides of 

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

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

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

the only one that has shown explicit mernosr effects in areas other than verbal 

memory, although there are both verbal and non-verbal components to the face-naming 

task. Thus. it appears that the majority of the enhancing effects of & on explicit 

memory seem to be specific to verbal memory. 

In terms of non-declarative memory, an epidemiological study of 800 elderly 

women found that those who had been using estrogen for at least twenty years 

performed significan~ly better on the test of Category Retrieval. which measures 

language fluency and semantic memory. compared to those who had never used 

estrogen (Barrett-Connor & Kniz-Silverstein. 1993). Other ciinical uials have also 

reported an esuogenic enhancement of other, non-rnemory cognitive skills in elderly 

women (Caldwell & Watson, 1952; Kantor, Milton & Ernst, 1973; Campbeli & 

Whitehead. 1977; Fedor-Freybergh. 1977). A variety of cognitive measures showed 

improvement in these studies. including the verbal. but not visud. subtesu of the 

Wechsler-Bellevue intelligence test (Caidwell & Watson. 1952). standardized reaction 

t h e  and attention tests (Fedor-Freybergh. 1977). and other more subjective measures 



such as communication skiiis. self care. work and daily activities (Kantor et al.. 1973). 

~VOSL of these studies had small sample sizes and some were unconuolled. In the 

Caldwell & Watson (1952) srudy, one year after esuogen was withdrawn. scores of a i l  

the women decreased relative to their baseline scores two years eariier, indicaung that 

the benetlcial effects of ERT were evident only as long as the hormone was being 

administered. 

Other researçhers have reported contradictory findings. No differences occurred 

between esrrogen-ueated and placebo-ueated women on the Raven's Progressive 

Mauices. 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 & Demol, 1976; Ditkoff, Crary, Cristo & Lobo, 

199 1 ). However. methodological inconsistencies in these clinical studies make 

interpretation of their findings difficult. Nonetheless, if E2 were acting on medial 

temporal lobe mernory systems. effects on general IQ or on general visuospatial SW 

would not be expected. nor would enhancement of Digit Span, as performance on this 

test is not significantly impaired after hippocampal lesions (Moscovitch, 1982). 

Nonetheless, it is unclear if. in the Ditkoff et al. (1991) study, the authors assessed 

both Forward and Backward Digit Span or wheiher ihe results differed on these su&- 

tasks. Forward Digit Span is considered to be a test of short-tem memory, anention 

and concentration while backward Digit Span requires working memory skills as weii 

as short-rem memory. Therefore Fonvard and Backward Digit Span are lücely quice 

different and thus these subtests should be assessed independently. 



It is difficult to foxmulate a general conclusion regarding this literatwe because 

there are many methodological issues to be considered, as outlined by Sherwin (1996). 

Bnefly, these include differing routes of estrogen administration. diffenng trial lengths. 

different estrogen preparations and doses. different age groups of women tested, failure 

CO directly measure hormone levels, and different psychometric instruments used to 

measure vastiy differing cognitive abilities. 

More recent and better controUed 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 

normai cycling women. fo1Iowed by random assignment to a placebo or treatment 

group ( 10 mg estradio1 valerate inuamuscuiarly) postoperatively. Treaunent conùnued 

for three months followed by a one month placebo washout period, then a crossover 

occurred in which each woman received the other treaunent (placebo or ERT) for a 

further three months. Levels of pizsma esuadiol were monitored throughout the 

protocol, and standardized cognitive testing was performed after the fmt three months 

and again after the final three month trial (Sherwin. 1988a). Scores on Paragraph 

Recall were maintained in the ERT women pre- to post-operatively, while those 

receiving placebo showed significant decreases in Paragraph Recall. concomitant with 

the dramatic decreases in estrogen precipiiated by the surgery (Sherwh 1988a). 

In a sbnilar study, Sherwin & Phiiiips (1990) found that Paired-Associate 



scores were maintained in ERT women two months postoperatively, but were 

significantiy- decreased in the placebo group. Further. scores on Parazaph RecaU 

increased in the ERT group while the placebo group maintained preoperaihe 

performance levels. There were no  differences pre- to post-operatively on measures 

of visual rnemory. Finaiiy, Phillips & Sherwin (1992b) reported another snidy with 

a larger group of women which found thar by the ihird postoperative month. scores 

on both Immediate and Delayed Paired-Associate leaming had decreased signifcantly 

in the placebo group. but were significantiy better in the esuogen treated group. These 

snidies support ihe assertion that esuogen treaûnent in surgically menopausal women 

helps to maintain and perhaps even facilitate specific aspects of explicit verbal 

memory. 

To summarize the studies of postmenopausal women CO date. there is 

considerable evidence from well-conuolled studies that ERT is assoçiated with better 

performance on some tests of explicit memory, pnmarily on tasks such as Paragraph 

Recali that assess verbal mernory and on non-declarative memory tasks such as 

Category Retrieval that assess verbal semantic memory. 

There have been no studies investigatinp the role of E, in elderly men. although 

men likely have higher 6 levels after the age of 50 than do women. For this reason. 

the studies in this dissertation are the f i t  that have specificdy included groups of 

elderly men as well as women estrogen-users and non-users to investigare the 

relationships beiween & and cognition. 

Testosterone and Memory 



Animal studies: 

In the developing male brain, T appears to organize spatial memory functioning 

through its aromatization to ET by influencing the development of the hippocampus 

(Roof & Wavens, 1992; Williams & Meck, 1993). On the Moms water maze, males 

outperformed females at age 90+ days. However. when T was administered 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 srnail decrements 

compared to conuol males (Roof & Havens, 1992). 

How fluctuations in T levels in adulthood affect performance is unclear in 

humans, although the picture is more definitive in other animal species. T improved 

spatial memory in adult male rodents (Fïood, Morley, & Roberts, 1992). and improved 

both learning and retention of a footshock avoidance task in elderly 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 attentionai processing (Clifton, Andrew & Raney, 1986). and facilitated 

long-term memory retention in a simiiar passive-avoidance discrimination task (Gibbs. 

Ng. & Andrew, 1986). Therefore. in rodents and chicks T appears to facilitate a 

variety of learning and memory behaviour in botfi males and femaies. 

Human studies: 

While it is the case chat men of aii ages generaily outpertbrm women on spatial 

tasks (Jarvik. 1975). it is not necessarily the case chat T fluctuations in adult life have 



activating effecu on these same skills. either in men or women. althouph some authors 

have suggested this possibility (Hampson & Kimura. 1992). It has been suggested 

alternatively that T levels are linearly related to performance (Christiansen & 

Knussman. 1987). curvilinearly related to performance (Gouchie & Kimura. 1991). or 

effective only above a certain threshold level (Bancroft. 1988). 

Circulating T levels were positively associated with visuospatial orientation 

(Gordon & Lee. 1986) and composite visuospatid scores (Errico, Panons. Kling & 

Klinp. 1992) in men. Administration of T to elderly men for three months enhanced 

their spatial cognition compared to a matched group given a placebo (Janowsky. 

Oviatt. & Orwoll. 1994). However. other investigators failed to find significant 

comelations between T and aspects of cognitive performance. including spatial and 

visual skills (Kampen & Shenvin. 1996; McKeever. Rich. Deyo. & Connor. 1987; 

Gordon. Corbin, & Lee. 1986). A recent study reported by Alexander (1996) 

investigated cognitive abilities in hypogonadal and eugonadal men prior to and 

following exogenous T administration in a manner that aiiowed 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 dter T administration. However. the hypogonadd men perfomed 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 behavion. 

In summary. the findings regarding the role of T in cognitive performance and 

memory provide suong support for the notion that T acts upon the developing brain 



to stimulate sex-typed behaviour later in iife, but are inconsistent with respect to 

possible activational effects of T. Few studies have specificaily investigated the 

relationship between components of memory and T levels in either men or women- 

Cortisol and memory: 

A nimal S tudies: 

Many studies have investigaied the detrimental effects of CRT on the 

hippocarnpus in rodents and primates. but relatively few have investigated behaviour 

as well. Corticosteroid administration impaired performance on maze leaming 

(Landfield, Baskin & Pitler, 1981) and forced extinction (BorreU. deMoet & Bohus, 

1984) in rats. Adrenalectomized (ADX) rats have iearning and memory deficits that 

can usuaily be ameliorated by administering epinephrine. However, when 

corticosterone was administcred to ADX rats prior to leaming a passive avoidance 

task, epinephrine failed to improve the impairment (Borrell et al., 1984). As well, 

pretreaunent with corticosteroids blocked the memory-improving effects of noouopics 

and cholinomimetics in a paradign of sep-down passive avoidance in mice 

(Mondadori, Ducret & Hausler, 1992). These classes of dmgs have been used in 

animal studies and with AD patients to improve memory. but their usefulness in AD 

is conuoversial (Mondadori et al, 1992). 

Human Studies: 

The human research investigating the cognitive effects of CRT is compelling. 

Individuals with Cushing's Syndrome have a chronic elevation of corticosteroids and 

therefore provide a useful mode1 for studying the cognitive effects of 



hypercortisolemia Twelve people with Cushing's syndrome showed cognitive 

impainnents on tests of verbal and visual immediate and delayed recail from the WMS 

(Starkrnan et al,. 1992). Moreover, the magnitude of these impairmenu was positively 

correlated with hippocampal formation volume as measured by MRI (Starkman et ai., 

1992). This confmed an earlier report of memory impairments in Cushing's 

Syndrome patients (Whelan. Schteingart, Starkman & Smith. 1980). Another study of 

25 Cushing's Syndrome patients found impaùed performance on tests of Immediate and 

Delayed Paragraph Recall. Backward Digit Span. Visual Reproduction and the Digit 

Symbol Substitution Test compared to normal controls (Mauri et al.. 1993). Following 

six months of treaunent which reduced CRT ievels to normal in eight patients, a 

significant improvement in Immediate and Delayed Paragraph recail. Forward Digit 

Span and the Digit Symbol Substitution Test was found. 

Some studies have directly investigated the effects of treaunent with exogenous 

CRT to a variety of populations. Twenty-seven asthmatic children each received a 

high and a low dose of prednisone (61.5 mg/day 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 memory and increased depression 

and anxiety (Bender. Lerner. & Kollasch. 1988). When 1 mg DEX (synthetic conisol) 

was given to 49 healthy volunteers. a signifcantly higher rate of errors of commission 

and intrusions into free recall on a Iist learning task occurred in the DEX treated p u p  

compared to those who received placebo (Wolkowitz et al.. 1990). Similarly. when 



11 volunteers received prednisone (80 mgday) for five days. the same increase in 

commission errors occurred. However. scores retumed to normal 7 days after 

discontinuation of the ueatment (Wolkowitz et al, 1990). Four days of treatment with 

DEX (0.5, 1, 1. 1 mg) resulted in a decrease in scores of both Immediate and Delayed 

Paragraph Recaii compared to placebo, followed by posttreatment recovery to baseline 

scores (Newcomer, Craf[. Hershey, Askins, & Bargdett, 1994). suggesting a selective 

effect of DEX treaunent on verbal deciarative memory function. 

Higher CRT levels and compromised cognitive performance, including rnernory, 

also occur frequently in individuals with major depressive disorder (Sikes et al,, 1989). 

After an injection of 1 mg DEX, dep~ssed subjects who were non-suppressors of 

cortisol, indicating a dyshnction in the feedback of the HPA axis, showed a higher 

rate of errors of commission on the verbai memory task than did depressed suppressors 

and conuol subjects (Wolkowitz et ai., 1990). 

In a naturalistic study of 19 heaithy elderly people (1 1 men and eight women). 

subjecu who showed a significant increase in CRT levels over !ive yean and whose 

CRT levels were high at the tirne of testing were irnpaired on Paired Associates and 

selective attention tasks compared to those with stable or decreasing levels of CRT 

across time (Lupien et ai.. 1994). None of the other tasks that were assesse4 

including WMS Paragraph Recall. Visual Reproduction. Digit Span. Verbal Huency. 

Picture Naming or Implicit memory showed any differences between p u p s .  Onîy the 

combination of an increasing slope of CRT levels coupled with high concurrent CRT 

was predictive of irnpaired performance in this study. 



Finaiiy, O'Brien, Schweitzer, Ames, Tuckwell & Mastwyk (1994) adrninistered 

1 mg DEX to 33 older subjects a p d  51-96 years. They assessed cognitive funcuon 

prior to the DEX test using the Cambridge examination for mental disorders in the 

elderly, which contains a cogniuve examination that measures language and memury, 

as  weU as orientation and praxis. The day following DEX adminisiration. diey 

measured CRT and DEX levels but did not re-evaluate cognitive functions. Age was 

positively correlated with post-DEX CRT. indicating a dysregulation of KPA feedback 

with advancing age. Both a p  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 impairmenü. panicularly in explicit memory functions reliant 

on the hippocarnpus. in both healthy and clinical populations. and that there may be 

some dysregulation in HPA feedback with advancing age. These fmdings support 

Sapolsky et  a1.k (1986) glucocorticoid cascade hypothesis of memory dysfunction. 

One study. however. found both beneficial and detrimental effects of CRT 

administration on memory. Administration of different doses of hydrocortisone to 

eighty male undergraduates sixty minutes prior to list learning resulted in facilitation 

of early word list recall at al1 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 tesied immediately after the pmsentation of each h t  

For the fiist half of each list. recali was facilitated by ali dosages* but for the 1 s t  half 

of the lists. those who received 40 mg doses did better. while those receiving 5 mg did 

53 



worse. These resuits are inconsistent with those of other studies of steroid 

administration that found deuimenral effects on memory of high doses of prednisone 

(80 mgday, Woikowitz et al. 1990; 61.5 mdday, Bender et al., 1988). The authors 

attri bu ted their results to possible activatin@arousing effecrs of CRT. 

DHEAS and rnemory: 

Animal S tudies: 

Because of the effects of DHEAS on the GABAergic system, it was thought 

rhat DHEA/S administration might influence cognition. When mice were given 

DHEAS or placebo three minutes after training in an active avoidance T-maze 

paradigm, then retested one week later, those who received DHEAS showed better 

retention of the training (Roberts et al., 1987). Similarly. Flood et al., (1992) found 

that post-training administration of DHEA/S 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 mg/kg 

of DHEAS performed better than vehicle injected animals on a deiayed non-matchhg 

to sample task, but not on the Morris water maze (Frye & Sturgis. 19951. Therefore. 

DHEAS enhanced working long-term rnemory, 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. 

Hurnan Studies: 

Cognitive effects of DHEAS have been investigated in several studies of human 

populations. When given in replacement doses to elderly men and women, 50 m g h y  



DHEAS improved subjective measures of psychological weil-king as well as immune 

function (Morales. Nolan, Jeraid. Nelson. & Yen, 1994; Yen, Morales, & K h o m ,  

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 dementia and other types) and to the degee of 

dependance in activities of daiiy living (Rudman. Shetty & Mattson. 1990). 

In a community sample of elderly men and women. Barreu-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 iater on the Buschke 

Selective Reminding test, visual reproduction, uailmaking. Category nuency and the 

Mini Mental Status Examination. A positive correlation occurred between DHEAS 

leveis and performance on the drlayed Selective Reminding Test in the women only. 

which was dismissed as a spurious result. The failure of these authors to re-assess 

DHEAS levels at the time of retesting after the 16 year delay renders these results 

uninterpretable. especially since DHEAS production decreases with increasing age 

(Homsby, 1995; Verrneulen, 1995). 

After four weeks of an open via1 of DHEAS administration to six clinicay 

depressed men and women, the patients were significantly less depressed. and their 

scores on a measure of automatic memory processing had improved. but scores on 

tasks of explicit verbal memory performance did not change. Because there was no 

conuol group. the possibility that any changes in memory may have occurred 

secondary to the alleviation of depression cannot be ruled out. Other inves<igators 



found preventative effects of DHEAS on physicai outcomes such as monality (Barrett- 

Connor, Khaw, & Yen, 1986). coronaxy h e m  disease (Lacroix, Yanno & Reed, 1992) 

and immune function (Casson et al., 1993), but did not investigate cognition. 

Several studies have investigated DHEAS, CRT and memory in AD patients, 

which will be discussed in the section on AD. 

Aeino and Memorv 

Aging in the Braïn: 

The process of normal aging in humans is accompanied by rnany changes in 

the structure as well as the biochemistry of the brain. Structural changes include 

weight loss. atrophy and increased ventncular volume (Winblad, Hardy, Backman & 

Nilsson. 1985). The average reported weight loss in the brains of elderiy subjects is 

7-8% of peak adult weizht (Creasey & Rapoport, 1985). PET and MRI technologies 

have made it possible to assess changes in the aging brain in vivo. Age-associated 

decrements in brain rnattcr volumes of healthy subjects were found in the cerebeihm, 

cerebrai hemispheres, parieto-occipital lobe. parahippocampai gyrus. amygdala 

thalamic nuclei and caudate nuclei using MN, as well as bilateral increases in volume 

of ventricular and peripheral cerebrospinai fluid (Murphy et al.. 1996). Age-associated 

decrements in glucose meiabolisrn of whole-brain. frontal, temporal and parietal 

regions were asymmevic in parietai (left more affected than right) and frontal (nght 

worse than left) lobes, as well as in language areas (Broca's area more affected than 

Wernicke's area). 

Others who studied sex differences in the aging brain with MRI reported that 



men had a significantiy greater age-related volume loss in the whole brain and in the 

frontal and temporai lobes. whereas loss was greater in women in the hippocampus and 

parietai lobes (Murphy et al.. 1996). In a PET study, women showed a greater age- 

related metabolic decline in the thahnus and hippocampus than men. Generaliy, men 

evidenced greater age-related metabolic declines in the left hemisphere. while in 

women the aging effect was either equal in the two hemispheres or greater in the right 

(Murphy e t  al.. 1996). If women experience more damage to hippocampal svucnues 

with aging, and the integrity of this structure is necessary for dedarative memory 

functions. it might be expected that women would show a greater memory loss than 

men with advancing age, and that men would experience a more general detriment in 

language abilities and/or frontai functions. ïndeed. a higher incidence of AD has been 

reported in women (Jorm. Korten. & Henderson. 1987) and nondemented elderly men 

show a greater deterioration of verbal functions than do women (West et al., 1992). 

Alzheimer3 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 women than men (Jorn et  aL. 

1987). The age-specific incidence rates of AD in women Vary from 1.5 to 3.5 cimes 

that of men across multiple studies and ethnic p u p s  (Birge. 1996). Increasing age 

is a risk factor for this disease. and the higher prevalence of women is most apparent 

after the age of 65. Most studies that faiied to find a sex difference in the incidence 

of AD have been conducted on younger sampies, which are li .ely to contain more 



instances of familial AD. which may be less relateb to hormonal s t a tu  (Birge, 1996). 

Neurological Effects: 

AD is characterized by many gross changes in the brain. of which the most 

common is corticai atrophy, which involves shrinkage of the gyri and widening of the 

sulci, pnmarily within the frontal and temporai Iobes, but sometimes extending to 

parietal and occipital regions (Mann, 1988). This shrinkage is thought to be due to 

cell death in these areas (VonDrass & Blurnenthai, 1992)- Substantid ceii l o s  has 

been reported in the frontai. cinguiate and temporal gyms, and the hippocampus and 

arnygdala (Mann. 1988). In the hippocampus. there is approxirnately 40-47% reduction 

in total ce11 numbers (Ball. 1976; Mann. Yates & Marcyniuk. 1985). However. In the 

CA1 layer a 68% ceil loss was detecred (West, Coleman. Flood. & Troncoso, 1994). 

In conuast, virniaily no ce11 loss in this region occurred in healthy age-rnatched 

subjects (West et al., 1994). 

In addition to the actual loss of neurons, rhose cells still surviving undergo a 

series of degenerative changes in  individuals with AD. Neurotïbrillary tangles (NFT) 

and senile plaques (SP) are commonly found in the brains of both healthy elderly 

individuals and in AD patients. but are much more dense in AD patients (Pnce. Davis. 

Moms & White, 1991). SP are comprised of an amyioid core surmunded by swollen 

degenenting neurites (pre- and post-synaptic nerve terminais) and glial cells, and are 

pnerally larger than neurons (Mann. 1988; Perry. 1986). NFIS are accumulations of 

fibrillary material hût originate within neuronal ce11 bodies. As the neurofibrillary 

material accumulates within the neuron. it displaces intracellular organeIIes until the 



cell dies. leaving behind a rangle (Saper. 1988). Thus, the N F ï  and the SP represent 

the ce11 bodies and terminal axons, respectively, of neurons that have been affected by 

the degenerative processes of AD. 

The density of SP and NFï in the neocortex and hippocarnpus at autopsy are 

markers used to diagnose AD. Guidelines for SP and N F ï  densities required to ment 

the diagnose of AD upon autopsy require that SP and NFT be present in the cingulate 

correx, hippocarnpus, entorhinal conex. amygdala and the association areas of the 

temporal and frontal cortical lobes (Khachaturian, 1985; Mann, 1988; Saper. 1988). 

Neurochemical disturbances in AD occur pnmarily in die cholinergic system. 

In addition to 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 & Cowburn. 1992; Mann, 1988). The l o s  of celk in the nucieus 

basalis of Meynen, the locus coeroieus and the raphe nuclei are considered 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 Heaith and the Alzheimer's 

Disease and Related Disorders Association (ADRDA) criteria (McKhann et al., 1984). 

in order to receive a diagnosis of probable AD (confirmed as definite AD at post- 



rnortem), a patient must have deficits in two or more of the followuig areas of 

cognition: orientation to place and rime, memory, language. praxis, attention, visual 

perception, problem solving or sociai functioning. The rnost common cornplaint and 

usually the earliest, and rnost prominent symptom. is memory impairment (Nebes, 

1992). AD patients show a more prominent dysfunction on tasks of long-tenn rather 

than short-term explicit rnemory, including word lists and numbers (Nebes. 1992). 

Implicit memory is &O impaired in AD patients under some circumstances (Brandt, 

Spencer. McSorley & Folstein. 1988; Salmon. Shimamura. Butters & Smith, 1988). 

whereas implicit memory generally rcmains intact in normal aging (Craik. 1994). The 

primary rnemory deticil in  AD appears to be one of stimulus encoding, rather than 

storage or retrieval. althouph storage is somewhat impaired compared to normals 

(Nebes, 1992; Grosse, Wilson & Fox, 1990). 

Women with AD were more impaired on tests of verbal fluency, verbal delayed 

recall and object naming. and showed a higher rate of forgetting verbal material than 

men. after controlling ior age. education and dementia duration (Henderson & 

Buckwaiter. 1994). Fac~or anaiysis of the neuropsychoiogical test scores indicated that 

women were more impaired on a language factor, but there were no g n d e r  differences 

for the memory and attention factor or the visuospatial factor. These resuits support 

those of a previous longitudinal study in which women with AD matched for age, 

education and severity of dementia perfomed wone than men on tests of naming and 

word recognition (Ripich, Petrill. Whitehouse. & Ziol. 1995). 

Sex Steroids and AD: 



Estrogen and AD: 

Afier the menopause, when estrogen Ievels decrease substantially, women are 

at increased risk for AD. Based on the neurobiologicai 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 beneficiai estrogenic efTect. 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 (MMSE) and on the Randt Memory Test, while scores of the other four 

remained unchanged (Fillit, 1986). Similady, 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 adrninistered to 15 women with AD for six weeks and 

15 other wornen with AD were designated as a control group and not treated. Patients 

were not randomly assigned to treatment or control. blini-Mental Status scores of the 

estrogen treated women increased significantiy afier administration of E2, and returned 

to baseline three weeks afler 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 

srnail 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) cornpared 9 women with AD who were 



taking ERT at the time of their diagnosis to matched groups of esuogen non-users and 

ta men. The women estrogen-users performed better on the Boston Narning Test than 

the other two groups. This test of language naming. considered to measure sernrurtic 

memory, was also more impaired in women AD patients compared to men (Henderson 

& Buckwalter, 1996). An epidemiological reuospective. case-control analysis was 

cmied out on a community sample of 143 volunteer women who met criteria for 

probable AD. and on 92 control women (Henderson, Paganini-Hill, Emmanuel, DUM, 

& Buckwalter, 1994). Seventy women in the AD group had subsequently died and 

autopsy coniTrmed the diagnosis of AD. Estrogen use had been assessed at the tirne 

of entry into the study, and was used as the outcome rneasure. AD patients wefe 

significantly less likely than conuol subjects to use esuogen replacement (7% vs. 

18%). when controlling for education and age. Within the AD group, esuogen users 

had significantly better performance than non-users on the MMSE, although there were 

no differences between these sub-groups in age. education or symptom duration. Due 

to the retrospective nature of this study it is impossible to attribue causality to these 

tindings. 

The relationship between estrogen use and subsequent AD was investigated in 

a cohort of 8,877 female residents of a retirement community in southem Califomia 

who were fxst assessed for estrogen use by self report in 198 1. Of the 2529 fernales 

who had died in the intervening years. 138 of those had AD iis the cause of death on 

the dearh certificate. Four controls were matched according to date of birth and date 

of death to each AD patient. The nsk of AD for estrogen users was about 65% of that 



for wornen who had never used esuogen. The nsk decreased with both increasing 

dose of the longest used oral esuogen and increasing duration of use. Additionaiiy, 

the risk of AD decreased significantly with decreasing age at menarche and increasing 

weight. indicators of increased endogenous exposure to estrogens (Paginini-Hiii & 

Henderson, 1994). 

Another recent prospective report of 1124 community dwelIing women found 

that the age at onset of AD was significantiy later in women who had taken estrogen 

previously (12.5% of the population) than in those who did not. and the relative ri& 

of the disease was signitlcantly reduced in esuogen-users. after adjusting for education, 

ethnic origin, age and apoiipoprotein-E genotype (Tang et ai.. 1996). Simiiarly, 472 

post- or peri-menopausal wornen were followed for 16 years as part of the Baltimore 

Longitudinal Study of Aging. which time 34 of the women had developed AD. 

Of those, only nine were esuogen-users, resuiting 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 al1 reports have shown a beneficial effect of esuogen. Using computerized 

pharmacy data, a more rigorous methodology than self report. Brenner et al. (1994) 

compared esuogen-use in 107 females with AD with mild to moderate dementia to 120 

age matched conuols. Subjects were obtained from the AD Patient Registry of the 

University of Washington, which is based on the enumerated health plan population. 

There was no difference in the odds ratio of AD in estrogen-users and non-users; 

roughly 50% of both the cases and the controls had received ERT. yielding an odds 



ratio of 1.1, which indicared no association of ERT with AD. In a large case-controi 

study of 130 AD patients and matched controls, an odds ratio of 1.15 for previous 

estrogen use was reponed (Graves et al., 1990). Moreover, similar rates of esuogen 

use were evident in AD patients and conuol subjects. 

In summary. the generally retrospecrive nature of these epiderniological studies 

do not allow for firm conclusions regarding the relationships between estrogen use and 

AD. However. results of both clinicai and, to a lesser extent, epidemioiogicai studies, 

cornbined with Our knowiedge of esuogenic effects in brain areas involved in AD, 

point to exciung and possibly fruitful avenues for future research. 

T and AD: 

Therc are no studies investigating possible relationships between cognition and 

T levels in AD patients. Neither have their been any reports of whether l' Ievels in 

AD patients differ from thosc of age-matched controls. 

Cortisol and AD: 

Numerous studies of normal aging have shown that cortisol production remains 

stable with increasing age (Sharma et al.. 1989; Sherman et al., 1985; Waitman et al.. 

1991). However, there have been reports of elevated CRT in AD patients (Leblhuber, 

et ai., 1993; Swaab et al., 1994; Maeda, Tanimoto, Tenda, 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). 

recently been investigated by a number of researchers. The administration of DEX, 

ACTH or corticouophin releasing hormone (CRH) to AD patients and subsequent 



measurement of the response of several HPA markers allows an assessrnent of the 

degree to which the HPA axis is reacting to feedback. Studies of this nature have 

found that higher post-DI3 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; Nasrnan. Olsson. 

Viit & Carlstron, 1995), chat CRH administration resulted in hypersecretion of CRT 

and blunted ACTH response (Nasrnan et  al-, 1996) and that ACTH administration 

caused hypersecretion of CRT (O'Brien, Ames. Schweitzer, Mastwyk & Colman. 

1996). These studies al1 support the notion that the feedback regulation of the HPA 

axis is disturbed in AD. Only one study found an association between CRT levels and 

cognitive functions. In a longitudinal investigation of CRT over a one year penod in 

nine men and three women with AD, CRT leveis at baseline correlated positively with 

cognitive deterioration over the next 12 rnonths as assessed by the Alzheimer's Disease 

Assessrnent Scale (Weiner. Vobach, Svetlik & Risser, 1994). 

DHEAS and AD: 

DHEAS is an exclusively adrenal andmgen and its production decreases with 

increasing age. Plasma DHEAS concentrations were lower in AD patients cornpared 

to age-matched controls (Sunderland et al., 1989; Yanase et al., 1996). However, other 

studies have failed to contïrm ttiis finding (Leblhuber, Windhager. Reisecker. 

Steinparz. & Diensti. 1990; Leblhuber et al.. 1993; Cuckle et al., 1990; Spath- 

Schwalbe. Dodt, Dittmann. Schuttler & Fehm. 1990; Birkenhager-GilIesse. Derksen & 

Lagaay. 1994). The question of whether AD patients have lower DHEAS leveis than 



nomal controls remains conuoversial 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 mernory 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 sampIe of 10 AD patients. It 

is possible that small correlations would not be significant with such smaU sample 

sizes. However, DHEAS levels of male nursing home residents were inversely related 

to the presence of organic brain syndrome (AD. multi-infarct dernentia and other types) 

and to the degree of dependance in activities of daily living (Rudman et al., 1990), 

sugpesting a possible relationship between DHEAS and dernentia within a more 

heterogeneous population. 

DHEASKRT ratio and AD: 

Since DHEAS has antiglucocorticoid properties. the ratio of DHEASKRT may 

serve as a measure of the putative protective actions of DHEAS against the damaging 

hippocampal effects of CRT (Svec & Lopez-S. 1989). ïndeed, a iower DHEASKRT 

ratio occurred in elderly AD patients compared to age-matched conuols. panicularly 

in women (Leblhuber et al., 1993). However. the DKEASKRT ratio was not 

correlated with the duration of AD symptoms or with memory function as assessed by 

the MMSE. which was the only cognitive test administered. DHEAS levels decreased 

with age in al1 subjecrs, resulting in a decrease in the DHEASKRT ratio in the more 

elderly conuols. In the fernale AD patients, even lower ratios of DHEASICRT were 



found compared to the control women. As well, 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 fùnctions, while DHEAS may counteract the 

effects of CRT in the healthy elderly and in AD patients, most particularty in women. 

Memory Assessrneni 

Traditional Memory Tests: 

Traditionally, memory has been assessed using neuropsychological batteries 

that rneasure 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 propositional memory immediately and f i e r  a delay 

component. while the Paired-Associates task assesses a more rote-learning aspect of 

verbal memory (Ernst, Warner, Morgan, Townes, Eiler, & Coppel, 1986). Visual 

memory is aiso assessed by the Figura1 Memory and Visual Reproduction subtests 

(Wechsler, 1 987). 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 measwe explicit memory. 

Ecologicaiiy valid memo y testing: 

Although some traditional neuropsychologicai tests have been shown to 

cornelate reasonably well with lesions to discrete brain areas (for example the 

Paragraph Recall is a good test of the integrity of the hippocampal memory system), 

many cnticize their lack of ecological validity and question the generalizability of such 



test results to real-world functioning. Increasingly. the rationale of memory testing has 

shifted from associating brain areas with specific mernory functions and tests. to 

predicting functioning in daily life (Cunningham. 1986; Erickson & Howieson. 1986: 

Ferris. Crook. Flicker. Reisbert. & Bartus. 1986). 

Crook and colleagues have deveioped a battery of computerized everyday 

memory tests which measure memory for names. faces. object location. telephone 

numbers and grocery iist learning, that have clear ecologicai validity (Larrabee & 

Crook. 1992). As well. the Rivermead Behaviourai Memory Test (RBMT; Wilson, 

Cockburn & Baddeley. 1985) is a face valid standardized test that acts as a bridge 

between laboratory-based rneaswes of memory and assessments obtained by 

questionnaire and observation (Wilson. Cockburn. Baddeley, & Hioms. 1989). 

Hormones and Mood 

Estradid and Mood: 

It is important to consider mood in any study assessing cognitive functioning, 

as depressed mood is often associated with cognitive deficits (Emery, 1988; Kasznialc 

& Christenson. 1994; McCallister & Price. 1982). In the elderly. approximately 20% 

of depressed patients show cognitive deficits severe enough to be labeled "depression 

reiated cognitive dysfunction" (Laue.  D'Eiia. Clark. Spar & Jarkvik, 1986). A 

prominent bioiogical theory of depression holds that abnormalities or deficits in centrai 

serotonergic function occur in some groups of depressed patients (Lapin & Oxenlrnig, 

1969; Maes & Meltzer. 1995). An earlier theory. the catecholamine defciency 

hypothesis. impiied thal depression involves an impairment of central adrenergic 



functioning (Schildkraut. 1965). MAO degrades both serotonin and norepinepherine 

in the brain, and has been a target of antidepressant pharmacotherapy in the p s t .  

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 metabolism 

than males (Haleem et al., 1989). In OVX rats, E, reduced serotonin receptor density 

in areas of the brain known to contain estmgen receptors (Biegon. Rainbow & 

McEwen, 1982) and increased the rate of degradation of MAO. the enzyme that 

cataboiizes serotonin (Luine et al.. 1975). This suggests that & might act to increase 

the brain concentration of serotonin which, in turn, would enhance mood. In a double- 

blind. cross-over study of surgically menopausal women. Shenuin & Gelfand (1985) 

found that hormone replacement therapy was effective in Iowering depression scores. 

nis finding was subsequently confirmed in another group of surgically menopausal 

wornen (Sherwin, 1988b). where mood was found to covary with circulating levels of 

in these generally healthy. non-depressed women. This relationship was extended 

to naturally postmenopausal women (S henvin, 199 1). where women receiving esuogen 

reported more positive mood than those receiving both estrogen and progesrin. 

Moreover. ERT in surgicaily menopausa1 women no< only improved mood compared 

to placebo. but also increased the number of uitiated imipramine binding sites on 

platelets (Sherwin & Suranyi-Cadorte, 1990). These binding sites are thought to 

modulate the presynaptic uptake of serotonin in the brain (Paul, Rehavi. Skolnick & 

Goodwin, 1984). 



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 generaiized to women with clinical depression. However, two reports 

of ERT in clinicai depression have hinted that E2 may even help alleviate symptoms 

of severe. refractory depression. Cramrner (1986) admuiistered combined EJï  therapy 

to a 37 year-old woman with recurrent depression associated with the mensmal cycle 

which seerningly aileviated the depression for eight years. Phamiacological doses of 

ERT administered for three months to 23 women (15 premenopausal and eight 

postmenopausal) with severe persistent depression were associated with a decrease in 

Hamilton Depression Rating Scale scores compared to a placebo. although scores stïU 

remained within the depressed range ClClaiber. Broverman. Vogel, & Kobayashi, 1979). 

T and Mood: 

Treatment of postmenopausal women with either &, T or both ameliorated 

depressive mood symptoms (Sherwin & Gelfand. 1985). Whether this was due to the 

overail activating effects of T (Rose, 1972). or its aromatization to K. is unclear. In 

depressed men. circulatin_e levels of T were lower than those of non-depressed controis 

(Rubin et ai,, 1981), and were reduced relative to the seventy of the depression 

(Yesavage. Davidson. Widrow & Berger. 1985). In clinical txials. 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 HIV 

illness and associated mood problems (Rabkin. Rabkin & Wagner, 1995). nius. 

exogenous T treatment seems to have moodelevating effecu in both men and women. 



CRT and znuod: 

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 

(Wolkowitz, 1994). Twenty-seven asthmatic children receiving high doses of 

Pregnenolone (6 1.5 rngday) evidenced more depressive symptomatology than when 

they were administered a low dose (3.33 rnglday). Additionaily. adolescents with 

major depression had higher evening CRT levels than matched non-depressed controls 

(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 moud: 

Nurnerous anecdotal reports from smail trials have suggested that DHEAS may 

be related to rnood (for a review. see Wolkowitz et al., 1997). ~Moming DHEAS levels 

were lower in a group of aepressed adolescents compared to age-rnatched controls 

(Goodyer et al., 1996). DHEA adrninistered 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 elderiy patients 

with major depression and low basal plasma DHEAS levels, depression ratings 

improved significantly pre- to post-ueatment. 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 iogether these results 

indicate that al1 four steroid hormones might have influences on mood as  well as on 



cognition. 

In summary overall, although it has been established that certain aspects of 

memory function decline with aging. and that circulating levels of severai hormones 

also decrease over time and influence these same memory functions and the b& areas 

underlying them. the possible associations between the changes in levels of steroid 

hormones and the concomitant decreases in specific cognitive abilities during the 

normal aging process have not been thoroughly investipated. Nor have the 

relationships between these hormones and cognition in AD patients been lhoroughly 

evaiuated. These studies represent an attempt to investigate possible relationships 

between cognitive functions, primarily memory. and hormone levels in goups of 

elderly age-matched healthy men and in women who were either estrogen-users or 

non-users. The same hypotheses were rested in groups of men and women with AD. 



Studv 1 - Lon~itudinal Chanoes in Hormone Leveis and Memorv in Healthv 

Elderlv Men. and in Women Estrocen-users and Non-users 

Introduction 

Based on the research iindings that associate k. Y. CRT. DHEAS and the 

DHEASKRT ratio wiih memory functioning in animals and humans. this study was 

undertaken to investigare and funher elucidate the relationships between levels of these 

hormones and specific aspecrs of rnemory functioning in healthy eiderly men. women 

esuogen-users and womcn esuogen non-users. Most previous studies of this nature 

have investigated either men or women oniy, and many different instruments have 

been used to mesure  aspects of rnemory. Age cornparisons have usually been cross- 

sectional. and no previous srudy has lonpitudinally investigated changes over time in 

hormone levels and mernory functioning in the same population. As well. no other 

studics have investigaced al1 four sccroid hormones and cognitive function in the same 

individuals. 

Hypo theses 

Based on the literature review. severai hypotheses were proposed: 1) women 

estro,oen-users would pertorm better on tests of verbal memory than esuogen non- 

users. 2) Women esmgen-users would maintain verbal memory test scores over time 

whereas esuogen non-users would show a temporal decline in scores, 3) Overall. 

womcn would outperform men on verbal memory tasks. 4) Men would outperfom 

women on visuo-spatial mks .  5) Higher T levels would be associated with better 

performance on visuaVspatial m k s  in men. 6) Higher E2 levels would be associated 



with better verbal merno- performance in esuogen-users and perhaps in men. 7) Men 

would have hioher - T and DHEAS levels than women. 8) There would be no group 

differences in CRT levels. 9)  E, and T levels would deciine over urne in the men. 10) 

6 and T levels would remain stable in both groups of women. 11) DHEAS levels 

would decline in ail three groups. but CR? leveis would not change significandy, 12) 

Subjects with higher CRT leveis would have lower scores on  explicit memory tests 

than those with lower CRT levels. 

Methods 

Participants - Time 1 

oen-users Thirty-one malcs. 4 1 female estrogen non-users. and 14 female esuo, 

over the age of 65 werc rccruited through adver t isemen~ in local newspapen. AU 

subjects (SsJ were living indrpendently in the community. expenencing any major 

acute or chronic medical or psychiatnc illnesses were exciuded. including those with 

a hisrory of stroke, rccent h e m  disease, diabetes or vascular disorders, those recently 

diagnosed with depression. anxiety. dementia or psychotic disorders. and those 

currently taking an y psyc houopic medicarion. 

Participants - Time 2 

An average of 1.5 years later ali the subjects were invited to retum to the 

laboratory for retesting. Twenty-three of the men. 27 of the female esuogen non-usen 

and 10 of the esuogen-users retumed for E rne  2 testing. 

Materials - Time 1 

The following test battery was administered to each S once in an individual test 



session (Appendix B). 

Verbal Merno- 

Wechsler Memory Scale (WMS, Wechsler, 1945) Paragraph Recall - 
hnmediate and Delayed: The S listened to a shon paragraph of about four to five 

sentences and then was asked to verbally recall what he or she remembered from the 

passage. Two paragraphs were presented once each. Mter approximately 30 minutes. 

the S agaîn repeated ail helshe could remember of the paragraphs. which were no< 

presented a second time. 

WhIS Paired-Associates - Irnmediate and Delayed: The S listened to a list 

of IO word pairs presentcd in random order, six of which were clearly related (easy- 

associate; e.g.. fruit-applc) and four of which had no apparent relationship (hard- 

associate: e.g. necktie-cracker). After hearing the list. <he S was asked to recall the 

word ihat was paired with ench cue word. niree such uials of presentation and 

immediate recall were conducted. After a 30 minute delay, one find recdi trial was 

administered. In scoring. rwo poinu were given for a correctly recalled hard-associate 

and one point for an easy-associate. 

Selective Reminding Test (Buschke & Ruld, 1974) - h m ~ e d h t e  and 

Delayed: n i e  S initially read aloud 12 words presented one at a tirne on cue cards. 

He/she was then asked to recdl al1 of the words he/she was able. For the remaining 

five trials. the S was verbally rerninded of words not remembered and again asked to 

recall al1 of the words. A 7 minute delay component tested free recdl and was 

followed by an auditory forceci-choice recognition test of words not recalled. The S 



was unaware of the delay component at the initial testing. 

Visual Mernory 

Wechsler Memory Scale - Revised (WMS-R, Wechsler, 1987) Visual 

Reproduction: The 5 was shown a design for 10 seconds and was then asked to draw 

what hdshe remembered seeing on the card. Four cards of designs were presented 

once each. were given separate sheels of paper for each drawing to minimize 

visual exposure to designs presented eariier. 

WMS-R Visual Paired Associates - Immediate and Delayed: The S saw 

six different designs. each of which was paired wirh a different color. for three 

seconds. Hdshe then saw tiach design alone. and had to point to the associated color 

in a separate folder. Errors were comcted by the experimenter. This procedure was 

repeated for 6 trials or until al1 six pairs were comctly identified. After a 30 minute 

delay, the S again saw ihc designs and had to point to the associated color for each. 

WNIS-R Figura1 hlemory: The S saw three designs for 15 seconds and was 

encouraged to remember hem. He/she then saw an array of nine designs and had to 

point out the t h e  just scen. This procedure was repeated with different designs for 

three trials. 

WMS-R Digit Span - Forward and Backward: Forward - The 3 was read 

increasingly long groups of 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 to repeat them backwards. 

WMS-R Visual Memory Span - Forward and Backward: Fonvard - The 



S watched as the experimenter touched a series oi colored squares on a card. and was 

asked to touch them in the same order immediateiy afterwards. Backward - The 3 

watched the experirnenter touch a series of colored squares on a different card and had 

[O touch them in the reverse order immediately &-terwards. 

Language Fluency / Sernantic Memory 

Category Retrieval (Drachman & Leavitt. 1972): The S Iisted aloud as many 

irems as possibIe that bclonged to a certain category in a 60 second period- The five 

categories used were: mimals. clothing. fruits. first names, and vegetables. 

Mood Questionnaires (Appendix C )  

Beck Depression Inventory (BDI; Beck, Ward, Mendelson. Mock & Ergaugh. 

1961): The S read several groups of swternents describing common depressive 

symptoms and chccked off the one statement tiorn each group that best descrikd the 

way Wshe had bcen feeling over the last week. 

Geriatnc Depression Scale (GDS; Yesavage et al.. 1983): The S read 30 

staternenrs descnbing depressive symptomatology and indicated (yes or no) whether 

the statement applied to the way they had been feeling over the past week. 

Profile of Mood States - Bipolar Form (POMS-BI: Lon & McNair, 1982): 

n i e  s indicated for each of 72 adjectives whether they had felt "much unlike this". 

"slightly unlike this", "slightly like this", or "much like this" over the p s t  week. This 

scale yields scores on six dimensions of mood: elated-depressed, clearheaded-confused. 

energtic-tired. composed-anxious. confident-unsure. and agreeable-hostile. Each mood 

state appears on a bipolar scalc. with negative numbers representing the negative affect 



pole and positive numbers representing the positive affect pole. Scores c m  range from 

-18 to 18 on each subscale. These scales are more sensitive to small rnood 

tluctuations than the BDI or the GDS. 

Multiple Affect Adjective Checklist - Revlsed (MAACL-R; Zuckerman & 

Lubin. 1985): The S indicated which of 132 adjectives best reflected hisher present 

mood state at the time of testing. This instrument yields scores for current levels of 

anxiety, depression. hostility. positive affect and sensation-seeking. 

Materials - Time 2 

The sarne e s t  bartcrv as in Tirne 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 order to shorten the test battery. 

Rivermead Behavioural hlemory Test: 

The Rivermead Behnviounl Memory Test (RBMT; Wilson et al.. 1985). an 

ecologically valid test of everyday memory functioning. was added at TZ. Scores on 

the RBMT show high inter-rater rrliability and good criterion validity. and correlate 

highly with behaviounl observations of memory Iapses. Scores also correiate 

significantly with some vaditional neuropsychological test scores (Wilson et al. 1989). 

The RBMT is composed of the following subtests: 

Nsme: At the bcginning of the test. the 5 was shown a picture of a woman 

and told that her narne was Catherine Taylor. After approxirnately 112 hour. at the end 

of the test. the was shown the picture again and asked the woman's name. If no 

spontaneous response was produced. the initiais of the woman were as a prompt 



Belonging: At the beginning of the test. the S was asked for a personal objecr 

such as a handkerchief or glasses case. and the experimentcr put it away in a drawer. 

telling rhe S to remember ro ask for the object ar the end of the test. specify what it 

was and where it was put. I f  the S did not ask sponütneously. the expenmenter 

provided a prompt. 

Appointment / Resuits: Near the beginning of the test a timer was set to 

beep in 20 minutes. The 5 was told LO remember to ask when they would receive the 

resulu of the test when the alami beeped. Another version of the task was for the S 

to ask when their next appointmen[ is. However. this question was not appropriate for 

these a, but was used in Study 2. 

Picture Recognition: Trn line drawings of common objecrs were presented 

for five seconds ench. The S was told to name the object and try to remember i t  

Approximately 10 minutcs latcr. 20 drawings were shown including the ten onginals 

which the S was asked io idantify. False positives were subtracted from c o r ~ c t  

choices to determine the scorc. 

Face Recognition: Five faces were shown for five seconds each and the S was 

lold to try to remember them. Approximately 10 minutes Ister. ten faces were shown 

including me tïve originals which the 5 was asked to identify. Sconng was the same 

as for Picture Recoznition. 

Story (Immediate and Delayed): A short s t o v  was read to the S Who was 

asked to repeat it immediately and then. again. after a delay of approximately 15 

minutes. 



Route (Immediate and Delayed): The experimenter told the S to watch what 

rhey did and then do the same thin_o when they were finished. She then waiked from 

one location to another in the room making five distinct stops and retumed to her 

chair. The was asked to uace the same route around the room as the expenrnenter 

had taken. Approxirnately 15 minutes later. the 5 was asked to repeat the route 

(delayed). 

Message (Immediate and Delayed): When the experimenter got up to 

demonsuate the route, she took an envelope marked "message" with her, and deposited 

it on a counter ar stop three of the route. The S was rold to do the exact same thing 

as the experirnenter and scored as to whether the message was picked up 

spontaneously and left in thc correct location. 

Orientation: Ninc orientation questions assessed orientation to tirne. place, md 

current events. 

Date: The Date was scorcd separately from the olher orientation questions as 

it is considered a more signiticant prognostic index. 

Total Score (out of 24): Each subtest was ailocated a standardized two points. 

Ss could earn either O. 1 or 2 points on each subtest by performing to set levels. The - 

standardized scores were added to achieve the total score. 

Plasma Hormone Assays: 

Ten milliliues of blood were collected via venipuncture into heparinized 

Vacutainer tubes at each lest session. The blood was imrnediately cenuifuged and the 

plasma stored ai -50 degrces C. Al1 samples were analyzed by radioimmunoassay at 



the conclusion of rach phase of the siudy. El was rneasured using the Clhical Assay 

for the Direct Detemination of 17 beta-& in Human Serum or Plasma kit (Sonn 

Biornedica. 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 Radioirnmunoassay Kit for the Quantitative measurement of 

DHEAS in Serum or Plasma (Diagnostic Systerns Laboratories Incorporated. Webster. 

Texas), and CRT by the CIinical Assays GarnmaCoat CRT 1-EUA Kit (Incstar 

Corporation. Stillwater, Minnesota). 

Procedure - Time 1: 

Prospective subjects who rrplied to newspaper advertisernents were screened 

over the phone for current medication use and medical history before being scheduled 

for an interview (Appendix A). & then reponed to the laboratory individudy. 

fernales at lOh00, males ai 12h30. and signed a consent form approved by the McGU 

University Ethics Commiitet: (Xppendix A). Female & had their blood smples taken 

by a registered nurse after iheir test session whereas the male & had their s m p l e s  

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 di &, therefore. the blood sample was 

obtained between 12h00 and I3h00 on the day of testing. 

Test sessions were carried out in the laboratory and each lasted 1.5 to 2 hotm. 

Ss Lirst completed a general information f o m  ihat provided sociodemographic - 
information as  well as personal. rnedicai. psycholo_eical. educational and vocational 



history (Appendix A). Next. the test battery was adrninistered. Each S was paid $15 

a~ the end of the session to compensate them for their uansportation expenses. 

Procedure - Time 2: 

& were telephoned an average of 1.5 years after rhek fkst test session. and 

invited to return to the laboratory for a second test session and another blood sample. 

They were screened over the teleph& for any changes in their medical status dwing 

the interval. and any who were experiencing any major acute or chronic medical or 

psychiatrie illnesses were excluded. including those with a history of stroke, recent 

hem disease, diabetes or vascular disorders, those recently diagnoseci with depression, 

anxiety, dernentia or psychotic disorders. and those currentiy taking any psychotropic 

medication. 3 who met the exclusion criteria and agreed to retum were scheduled for 

testing. The same procedurc was tollowed as for Tl. with the exception that the test 

battery ~ook somewhat longer with the addition of the RBMT. and & were 

compensated $20 for their uavel and parking expenses. 

Results 

Particinants - Time 1 and 2: 

Demographic characteristics of the are presented in Table 1. Although the mean 

socioeconomic status score indicated that most of the Ss were middle class (Blishen, 

1967), at Tl one-way ANOVA analysis with Bonferroni corrected post-hoc t-tests 

indicated that the female estrogen-users were of significantly higher socioeconomic 

status (E[2,83]d.17. pe.05) and had more years of formal education (F[2.83]=3.57. 

p<.05) than female non-users. ïhere were no differences in age between the three 



Table 1 
Sociodernooraptüc - Characterisucs - Herilthv Elderlv 
I, 1 

Group 

1 

Men 

1 

Femaleesuogen 1 Tl (1141) 
non-users lEGT 

- - 

Fernale estrogen- 1 Tl (n=14) 

Total sample Tl (n=S6) 
l 

Age (years) Socioeconomic 
StatusA Il 

* Time 1: Femriie E-users higher then Femaie E non-users only (p<.OS). 
=me 2: No group diffcrences 

A Socioeconomic Status ris measured by Blishen (1967). 

oroups. who werc. on average. 72.1 years old. At T1, there were no significant s 

differences hetween the thrcè groups in age. SES or education. This was due prirnruiiy 

to the fact that there were smallèr nurnbers of & at T2. and because of slight shifts in 

the group means of the 3 who rcturned. 

Details of esuogen use and menopausai history of the women esuogen-users 

are presented in Table 2. Of the 14 women using esuogen. 9 had undergone 

hysterccrorny and bilateral saipingo-oophorectomy 12-32 yean previously (mean 2 1.7 

Pars) and 7 had been taking estrogen replacement therapy continuously since the 

surgery. Seven were taking conjugated q u i n e  esuogen 0.625 mg daily (CEE; 

Prem&n. Wyeth-Ayerst Laboratones. Canada). two took CEE 0.30 mg daily. and one 

women was taking 0.625 mg esterified estrogens daily (Neo-Esuone. Neolab Inc.. 



Montreal. Canada}. The remaininp the women had had a natural menopause 16 to 34 

years previousiy (rnean = 23 years) and had been taking estrogen ?or an average of 

Table 2 
Characteristics of Estrooen Use - Healthv Elderlv 

T m  of 
menopause 

1 Subject 
Number 

Yevssince 
menopause 

EstrogenTypç+ 
Dose Iday 

Progesterone 
Type + Dose 
fday 

none 

MPA** 2.5 
mg 

MPA 2.5 mg 

Years of 
ueatment 

surgical 

surgical 

surgical 

naturai 

surgical 

surgical 

1 CEE ,625 mp 

28 1 CEE* -625 mg 

natusril 

surgicd 

MPA 2.5 mg 

23 

14 

34 

12 

72 

CEE -625 mg 

CEE .30 mg 

CEE .625 mg 

CEE .625 mg 

CEE .625 mg 
(erntic) 

CEE .625 mg 

CEE .625 mg 

CEE .625 mg 

surgicri1 / 78 

23 

20 

nstural 

natural 

CEE -625 mg 

CEE .30 mg 

11 187 

Mem 
Values 

17 

16 

i 
surgicd 

* CEE= Conjugrited equini: estrogen 
** MPA= medroxyprogesterone acetate 
- Returned at Time 2 

18* 

naturai 

surgical 

25 

1 

surgical 

23.0 

2 1.67 

CEE .30 mg 

17.20 

20.22 

13 

none 25 

Esterïfied estrogen 
.625 mg 

none 7 



17.2 years. Three of the naturally menopausal women were taking 2.5 mg of 

medroxyprogesterone acctate (MPA: Provera. LTpjohn Co., Canada) in combination 

with CEE 0.625 mg daily. 

At T2. ail five of the naturally menopausai estrogen group returned. and ail had 

continued their hormone regimen (3 taking combined CEE 0.625 mg and MPA 2.5 mg 

daily; 2 taking CEE 0.625 mg/day only). Of the !ive surgically menopausai women 

who returned, three were taking CEE 0.625 rngiday and two were taking CEE 0.30 

mg/day. the same doses as at TI. None of the tive were taking progesuns. 

Hormonal Assavs - Time 1 : 

Radioimmunoassriys nf plasma &, free T. CRT and DHEAS were conducted 

in duplicate for 75 & (Women esuogen-users. n=l3; Women estrogen non-users. 

n=38: Men. ~ 2 4 ) .  Blood hormone Ievels were not available for al1 Ss due to 

problems obtaining samples via venipuncture from some of these elderly S. The 

value reported for each S is the mean of two assays per hormone, bath conducted on 

blood from the same sample. As the distributions of values for CRT was significantly 

positively skewed, a square roor transformation was conducted and subsequenr 

correiational analyses performed on the uansformed values. The ratio of DHEAS to 

CRT was calculated by converting the CRT rneasurernenrs to the same units as  

DHEAS, then dividino - the CRT values into the DHEAS values for each S. 

Transformed values of CRT could not be used in these ratios as they would be 

meaningless in this context. The resulting ratios conformed to a normal curve- These 

ratios (expressed in exponential notation), and mean absolute hormone values for each 



group of subjects appear in Table 3 

Table 3 
4ormone Imeis TI and T2 - 
Group E2 1 DHEAS 1 DHEAS/C 

E -2 T. DHEAS 
a FE > M, FnoE e, f M > FE, FnoE 
b M > FnoE g, h M > FE, FnoE 
c FE > FnoE 
d Men > FnoE - 

k Men: Tl & > T 2 &  
DHEASICRT: I FnoE: Tl CRT < T2 CRT 
L M > FnoE m FnoE: T 1 DHEASKRT > T2 DHEASKRT 
j M > Both Female Groups 

female i Tl i Mean 
estrogen- i (n= 13) i 
users (FE) i SD 

T2 iMean 
(n=l O) i 

SD 

Analysis with one-way ANOVA procedures indicated there was a main effect 

between groups for & levels at Tl @[2,72]=48.6, p<.OOl). When probed with 

115.6' 

62.6 

98.2' 

79.4 

Bonferroni corrected pst-hoc t-test analyses, plasma E, levels were significantly higher 

in the female estrogen-users compared to the estrogen non-users and the men @<.OS). 

0.8 

0.6 

O -6 

0.5 

Also, the men had higher vdues than the estrogen non-using women 

3 04.3 
r--------------------------------w-----------------------------------. 

139.3 

306.1 
C--------"--"---------------------------------------------7-----------. 

169.0 

1.5 

1.4 

1.1 

0.6 

7.20 E-6 

6.61 E-6 

4.33 E-6 

3.39 E-6 



@<.05). .rS expectcd. the T Ievels at TI were different between the three groups 

(Fr2,72]d 1 1.2. p<.00 1 ). with higher levels in the male group compared to both female 

groups (p<.OS). while mean values of T of the female groups did not differ from each 

other. CRT Ievels were not si_onifica.nrly different between m y  of the groups. 

However. DHEAS levets did differ (F[2,72]=8.13. p<.001), with higher levels in the 

male group compared to values of both female groups (p<.OS). Consequently the 

DHEASKRT ratio was also different between the three groups (FT2,72]=428, p<-OS), 

with higher ratios in  the males than in the fernaie estrogen non-users (pe.05). 

Hormonal Assavs - Time 2 

Radioimmunoassays of plasma 6. fiee TV CRT and DHEAS were again 

conducted in duplicatc fcrr al1 retuming & (Women estrogen-users. n=10; Women 

estrogen non-users. n d 3 :  ,Men. n=22). Once again. blood hormone levels were not 

available for al1 Ss duc io problems obtaining sarnples via venipuncture in one man 

and four esuogen non-usinp worncn. The value reponed for each S is the mean of two 

assays per hormone, both conducted on blood from the same sample. This time. the 

distributions of values for CRT or any other hormone were not significandy positively 

skewed, and thus no transformations of the raw data were necessary. The ratio of 

DHEAS to CRT was calculated as at Tl. These values are ais0 presented in Table 3. 

Analysis with one-way ANOVA procedures indicated there was a main effect 

between groups for E, levels (FJ2.52]=12.8 1 .  pe.001). Bonferroni corrected post-hoc 

&test analyses showed thnt piasma & levels were significantly higher in the female 

estrogen-users than in  die esuogen non-users (p<.05). and the men had hi_eher El. 



values than the esuogen non-using women (p<.O5). As ar Tl. the T (E[2.52]=109.54. 

pc.00 1 )  and DHEAS (E[2.52]= 12.15. pc.00 1) levels were different between the three 

croups. with higher T and DHEAS levels in the male group compared to both female C 

croups (pc.05). while mean values of T and DHEAS of the fernale groups did not t 

differ significantiy from cach orher. CRT levels were not significmtly different 

between any of the groups. Because the men had higher DHEAS. the DHEASKRT 

rario was also different between the three groups (332 J2]=8.67, p d O t ) ,  with higher 

ratios in the males than in both female groups (pc.05). 

Normal values for hormone levels by sex and age are those used by the 

Endocrine Laboratory of thc university teaching hospital that assayed these sarnples 

and are presented in Tablc 4. 

Table 4 

Il 
-- 

CRT (nrnol/L) 

Hormone Norms 

1 Men 1 Women 

Cycling: 2.2 - 9.2 
Menopause: 0.3 - 1.6 11 

Early Follicular: 1 10 - 440 
Later Folliculru: 370 - 1400 
Menopause: c 1 0 0  

E2 (prnol/L) 

11 DHEAS (umolR) 

At Tl. the E, levels of the female esuogen-users were within the range of the 

early follicular phase values of the cycle in reproductive-aged women. while the non- 

usen had & levels within the postmenopausal range as expected. However. a t  ï 2  the 

& values of the estrogen-users were slightly lower and the levels of the non-users 

88 

37 - 220 

5.4 - 9.1 



remained similarly depressed as at T 1 . The E2 levels of the men were in the lower ha1 f 

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 nomal male range. and 

DHEAS values were within the postrnenopausal range for estrogen-using women at 

both test times, but slightiy higher than the normal menopausal range in estrogen non- 

users at T2. Also, CRT levels of al1 three groups, obtained at approximately 12h00, 

fell between the normal range of 8h00 and 16h00 noms for this hormone known to 

have a prominent diumal variation. 

Chanaes in Hormone Levels: 

Matched group t-tests with Bonferroni corrections comparing the levels of each 

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 @<.001), and in the 

estrogen non-using women CRT levels increased significantly @<.001), and 

consequently the ratio of DHEASKRT decreased somewhat f?om Tl to T2 in these 

women (p<.05), although this change did not meet the conservative criteria of pc.0 1. 

Neuro~svcholoaical Tests - T h e  1 

in order to control for the possible confounding effects of higher SES 

scores and more years of education in the estrogen-using women compared to the non- 

users, ANCOVA analyses were performed on neuropsychological test scores 



usine SES and years of educaùon as covariates. Significant main effects were probed 

using Bonferroni corrected post-hoc t-tests on the adjusted means. Repeated rneasures 

ANCOVA analyses on the Immediate and Delayed components of Paragraph Recall. 

Paired Associares. Srlective Reminding. and Visual Paired Associates failed i O  find 

interactions between group and time (Immediate versus Delayed). 

As seen in Table 5. there was a main effect of group on Fonvard Digit Span 

(E[2.57]=9.03, pc00 1 ) and on Total Digit Span (E[2.571=5.05. p c O  1) such that both 

the males and the femaie esuogen-users had higher scores than the esuogen non-users. 

On the Backward Digit Span. only the estrogen-users scored significanrly higher than 

the non-users (E[2.57]=3.19. pc.05). Additionally. both groups of women scored 

higher than the men on the Caiegory Reuieval test (EI2.571d.88. p<-01). 

Pearson product-moment correlations were calculated between test scores and 

hormone levels for each p u p  (Tables 6 through 10). In order to provide some 

control for the number oi' correlations performed, a cut-off value for sisnificance of 

p<-01 was used for ail correlations. There were no significant correlations between 

& levels and any of the icst scores in any of the groups (Table 6). T levels were 

posirively correlated with Delayed Paragraph Recall (L=.68 1) and Catepory Retrieval 

scores (L=.690) in the estrogen-using women (Table 7). Transfonned CRT levels were 

posiuvely correlated with Digit Span in the men &=.540. Table 8). but showed no 

significmt association with test scores of either group of women. 



Table 5 

Neuro~svcholooical Test Scores - Healthv Eldcrlv 

Test Name 

Maxi- 
mum 
Possible 

Men Female 1 Female 
Estrogen Estrogen- 
Non- Users 

Paragraph Recall - 46 17.68 
Immediate 

Paragraph Recall - 
Delayedh 

Paired Associates - 
Immediate' 

Paired Associates - 
Delayed 

Selective Reminding 
Test - Immediate 

Selective Reminding 
Test - Delayed 

Visual Paired 
Associates - Imm. 

Visuai Païred 
Associates - Del. 

Figura1 Memory 1 6.87 

Digit Span Total 116.26 116.73 1 13.95' 114.07' 117.64 17.2 --------------- ---a-- ----- "'--' - -  -- "-- -----*  

Forward --------------- 
B acLw ard 

l 

Visual Memory Span 24 15.6 1 15.74 14.83 14.59 14.14 14.90 - - - - - - - -  - - -  - < - . - -  ------------a--------------------- ---a--. 

Forward 12 8.13 8.39 7.80 7.93 7.57 8.10 - - - -  - - - -  . - -  +---- -------+------+---------- -----. 
Bac kward ( 7.48 1 7.35 1 7.00 1 6.67 1 6.57 1 6.80 



Table 5 (con'd) - Leoend 

Time 1 :  a. b Femaie E-users and Men > Female E non-users (a. pc.01; b, p<-001) 
c Female E-users > Femde E non-users (p<.OS) 
d Both Fernale groups > Men @<.O 1 )  

Tirne 2: e Female E-users > Men. Fernale E non-users (p<.O5) 
f  men > Fernale E non-users (pc.02) 
0 - Men. FemaIe E users > Female E non-users (p<.OOS) 

Changes: h Interaction: Men increased. Fernaie E-users decrese (p<.OOS) 
i Main effect of time: Tl>R (p<.01) 
j Interaction: Female E-users increase, men decrease (pc.05) 
k Main effect of time: T l<R (pc.005) 
1 Main effect of time: T b R  (p<.05) 

DHEAS ievels were ncgatively associated with performance on Total Digit 

Span Q=.--451) and Forward Digit Span (I=--488) in the estrogen non-using women 

(Table 9). Finally. a simiiar pattern of negative correlations was found between the 

DHEASKRT ratio and test performance in the estrogen non-using women (Table 10). 

such that higher DHEASKRT ratios were associated with poorer performance on Total 

CP--5 19) and Fonvard IL=-564) Digit Span and Immediate Selective Reminding Cm- 

,522) in esuogen non-using womcn. 

To examine whether the effecis of cornbined esuogen-progesterone ueaunent 

differentially affected these findings. these analyses were repeated excludinp the three 

estrogen-using wornen who were also taking progestins. There was no change in any 

of the neuropsychological test results. 

TO detemine whether duntion of estrogen ueatment was related to 

performance on any of the neuropsychological tests. years of esvogen use was 

correlated with test scores for the estrogen-users. No correlations were significant at 



Table 6 

Correl~tions Between Estradiol 1,cvels and Test Scores - Healthv Eiderlv 

7- Group 

Test N m e  

Il Paragraph Recall - 
Immediate 

Paired Associates - 
Immediate 

Paired Associates - / Deiayed 
Selective Reminding - 
Immediate 

Selecùve Reminding - 1 Deiîyed 

Visual Paired Associates - l 1 
Visuai Paired Associates - / Delayed 1 - O  1 2 5 3  

1 Visuai Reproduction [ - . Z o g  1-.199 

/I Figurai Memory [ -5% 1 -.O35 
/I Digit Span Total 1.197 1-.O43 

II Forward 1 .O57 1 -012 

Visuai Memory Span 1 -.O66 1 .O32 1 -.O79 -------------- 
Forward ------------- 
Backward 



Table 7 

Correlations Between Testosterone Lsvels and Test Scores - Hea1t.h~ Elderlv 

Test Name I l  
Group 

__._. ____ _______-* .--. - ----- --. ..----.----..-------*------------- 
Men Female Esirogen Female Estrogen- 

Non- Users 

- 

1 Paragraph Recall - 
Immediate 

j Pmgraph Recall - Delayed 

Paired Associates - 
Immediate 

; Paired Associates - 
1 Delayed 

Seltxtive Remindine - 
Irnmediate 

Selective Reminding - 
Delnyed 

Visual Paired Associntes - 
Immediate 

Visual Paired Associates - 
Delayed 

Visual Reproduction 
- 

Figura1 Memory 

Digit Span Total 
- - - - - - - - - - - - - - - .  

Forward 
- - - - - - - - - - - - .  

Backward 

Visuai Memory Span 
- - - - - - - - - - - - .  

Forward 
- - - - - - - - - . _ - - .  

B ackw ard 



Table S 

Conelations Retween Cortisol 1,evels and Test Scores - Healthv Elderlv 

I Group 
i------c--ir---i----------------,-------------------------- 

1 Female Estroge n Female Estrogen- 
Non- Users 

"-.-...--'-..---..- ------ *.*,--"----~----.----.--------- ----. Test N m e  I__.-_____._.___._ 

Paragraph Recall - 
Immediate 

-- 

Paragrriph Recatl - Delayed 220 

Paired Associates - -183 
Imrnediate 

Priired Associates - -05 1 
Delayed 

Selective Rerninding - -.O74 
Immediate 

SeIective Rerninding - 
Delayed 

II Category Recrieval 7 4  

Visuai Paired Associates - 
h m  

Visuai Paired Associates - 
Delayed 

Visuai Reproduction 

Figura1 Memory 

Digit Span Totai --------------------- 
Forward - - - - - - - - - - - - - - - - - -  
Backwara 

Visuai Memory Span 
- - - - - C - - - - - - - - - - ~ - - - - -  

Forward 

-. 183 

-.252 

-.OS0 

-.378 

.%O* 

-455 

.504 

-.O13 

- . W 8  



Table 9 

Correlations Retween DHEAS L.eveIs and Test Scores - Healthv Elderh 

1 Non-Users 1 Usen Test Name 

Paragraph Recall - 
Immediate 

Paired Associates - 
Irnmediate 

Paired Associates - 11 Dehyed 

Selective Reminding - 
Immediate 

Selective Rerninding - / /  Delayed 

11 Elal Paired Associates - 

Visual Paired Associates - 
Delayed 

Visuai Reproduction 

Figura1 Memory 

Digit Span Totd --45 1 * 
-c--- - - - -  ' "  -082 "t* 

Forward 



Table 10 

Correlations Rztween DHEAS/CRT Rario and Test Scores - Healthv Elderly 

II 1 Group 
-~ ~- 1 Femaie Estrogen- Femaie Esuogen 

II Test Narne 

H Paragraph Recail - 
Immediate 

1 Paragaph Recall - Delayed 1 -.O56 

II Paired Associates - 
Immediate 

Paired Associates - 11 Delryed 

Il Selective Reminding - 
Immediate 

Selective Reminding - 1 Dslîyed 

# :;al Paired Associates - 

Visuai Paired Associates - 1 Delayed 

-- 

Figura1 Memory -.O23 

Digit Span Total .I95 - - - - - - - - - - - - - - -  
Forward .250 - - - - - - - - - - - - - - - - - -  
Backward .10I 

-- 

Visual Memory Span -------------- 
Forward 

- - - - - - - c - - -  

Backward 

Category Reuieval 

** pcOT 
p<.OOl 



Xeuronsvchoioeical Tests - Time 2: 

To ensure that the & who returned at T2 were a representauve subsample of 

the Tl & the Tl test scores of al1 T2 were compared with the Tl scores of those 

Ss who did not return. usine independent samples t-tests. There were no differences - 

in any of the Tl test scores between the returnees and the non-returnees. At T2, 

sirnilar group differences were found with one-way ANOVA procedures on the Total 

and Fonvard Digit Span tests. in that the men scored better than the esuogen non-users 

on Total Digits (E[2.57]=1.42. p<.O5). and both the men and estrogen-users performed 

better on Forward Digits (FJ2.57]=6.72. p<.005). This time, scores on Category 

Retrieval were not signiricantly different among the groups, but Delayed Selective 

Reminding Test scores were higher for esuogen-using women compared to both men 

and estrogen non-using women (H2.571d.08, pc.05). 

Pearson product-moment correlations were calculated between test scores and 

hormone levels for each group at T2 (also in Tables 6 through 10). Again, in order 

to provide some control for the number of correlations performed. a cut-off value for 

significmce of p<.01 was used for all correlations. There were no significant 

correlations between Ez levels and any of the neuropsychological tests (Table 6). nor 

were any correlations found between T levek and test scores in any of the three groups 

(Table 7). Neither were significant correlations found between CRT levels and test 

scores. However. DHEAS Ievels were negatively associated with Visual Memory Span 

in fernale esuogen non-users (1=--529). Finally, there were no significant correlations 

between the ratio of DHEASICRT and any of the test scores at T2. 



To determine wtiether duration of estrogen treatment was related to 

performance on any of the neuropsychologicai tests, years of estrogen use was 

correlated with test scores for the estrogen-users. As at Tl ,  no correlations were 

significant at pC.0 1. 

Changes in Neuropsvchological Test Scores: 

Repeated-measures ANOVAs were calcuiated to reveal any changes in 

neuropsychological test scores that occurred over tirne among the three groups. There 

was an interaction between group and the  on Delayed Paragraph Recall scores 

(F[2,56]=5.86, p<.005), and on Delayed Selective Reminding scores (F[2,55]=3.13, 

p<.05), but no main effects in either case, which are illustrated in Figures 1 and 2, 

respective1 y. 

As seen in Figure 1, Delayed Paragraph Recalt scores increased over time in 

the men but decreased in the estrogen-users, causing the interaction. On Delayed 

Seiective 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[1,57]=7.27, 

pc.0 1) and Category Retrievd (F[1,56]=4.36, p<.05) such that scores decreased in al1 

groups fiom Tl to T2 as seen in Figures 3 and 4. Scores increased over time across 

groups on Visud Reproduction (F[1,5 1]=10.46, p=.002), illustrated in Figure 5. 

There were group but not time effects on Digit Span Total (F[2,56]=8.08, 

p<.001), Fonvard (F[2,56]=11.98, p<.001) and Backward 9F[2,56]=4.46, p<.02), as 

reported previously at Tl  and T2 independently. 



Figure 1: Deiaved Priraorabh Recall - Times 1 and 2 

= - O 0  

Figure 2: Delaved Selective Remindino Test - Times 1 and 2 

12.0, b 

S#f Delryd - Timc i SRTïkhyed-Tiirr2 

Significant interaction between group and time (F[2551=3.43. p<.OS) 

100 

0- 

UIII 
~ l ~ c h y s d - r i 1  PIIDcfiyd-Ti2 

Significant intefacuon between group and time (F(256]=5.86. p<.OOS) 



Figure 3: Imrnediate Paired Associaces - Times 1 and 2 

,Vain effect of Time (F[157]=7.27, pc.01) 

Figure 4: Cate~orv Retneval - Times 1 and 2 

Main effect of time O;r1$6]=4.36. pc.05) 

101 



Figure 5: Visual Re~foducrion - Times 1 and 2 

Main effect of time (F[ 1.5 1 ]= 10.46. p=.ûOî) 

Rivemead Behavioura l Memorv Test Scores 

The scores of the three groups on the RBMT subtests and total score were 

cornpared using one-way ANOVA procedures with Bonferroni conecred post-hoc t- 

tests. The mean values are presented in Table 11. There were no significant p u p  

differences on any of the tests. The scored near the maximum possible on many 

of the subtests, which led to low variabitity and probably conuibuted to the faiiure t0 

find group differences. However. accordinp to the RBMT manual. profile scores above 

22 are considered nomai. and scores between 17-2 1 represent "poor memory" (Wilson 

et al.. 1985). Because the range of the Total mean scores of our was 17-20. these 

heairhy elderly individuals al1 had poor memory according to the RBMT noms. 

However, details of the normative population are not reveaied in the manual. On the 



Table 1 1  
Rivermead Rehrtvmural Memorv Tes1 

Max. 
Test N m e  possible 

score 

- 

Picture Recognition 10 

Story - Immediate 21 

Story - Delayed 

Face Recognition 

Route - Immediate 

II Route - Delayed I 
II Message 1 
II Orientation I 

other hand. scores betwecn 16 and 24 were dcfined as the normal range for conuol& 

in a validation report of ihe RBMT. where the control & were an average age of 41 

years (Wilson et al.. 1989). These findings suggest that the healthy elderly & in Lhis 

study were likely performing normally for their age. 

Pearson product-moment correlations were performed between each hormone 

level and scores on the RBMT in each of the three groups, again using cutoff 

probabilities of p<.O 1. The results of these correlations are presented in Tables 12-16. 



Table 12 

Conelritions Retween Estradio1 and RBMT Scores - Heaithv Eideriv 

Test Name 

I Group II 

Narne Recall 1 -.O61 ( -.O93 1 -. 136 11 

-.------------*----*-----------------*--*--------.-.- 

Femaie Estrogen 

Story RecaIl - Delayed 1 .138 1 -.O28 1 -291 11 

Femaie Estrogen- 

Picmre Recognition 

Story Recail - InmeGiate 

Face Recognition 1 -.327 1 -.209 1 -490 II 

Non- Users Users 11 

Rouie - Immediate 1 .244 1 -.190 1 -.339 11 

I 

- 1  19 

.O75 

Route - Delayed 1 -255 1 -.308 1 -2516 II 
Message 1 -.136 1 -.393 1 -.138 II 

-. 130 

-.O86 

na 

.469 

na Correlations could not bc crtlculated due to lack of  variance 

Orientation 

Date 

-.O05 

-.O82 

.O23 

na 

na 

na 



Table 13 

ConeIations Between Testosterone and RBMT Scores - Heaithv Elderlv 

Test N m e  

I Group 
.__.I_____---. / Men 

Non-Users 

II PicNre Recognition 1 .262 1 -.138 

II Story Recall - Irnmediate 

II S t o ~  Red1 - Delayed 1 -.230 1 .382 
II Face Recognition 1 - . 2 4  

Route - Irnmediate .O68 .363 .154 

Route - Delayed 1 -228 .189 -. 192 

il Message 1 -.185 

1 Orientation 1 -126 1 .548* 

Il Date 1 -.122 

1 Total 1 -.O13 
Correlations could not be calculated due to lack of variance 

Pc.01 



Table I4 

Correl3tions Between Cortisol and RBMT Scores - Healtfiv EiderIv 

Test Name 

1 Narne Recail 

-- 

Pictue Recognition 

Story Recail - Immediate 

Story Recail - Delriyed 

Face Recognition 

Route - Immediate 

Route - Delayed 

Message 

Orientation 

Date 

Group 

Correlations could not bc cdculated due to Irick of variance 

jX.0 1 



Table 15 

Correlations Retween DHEAS and RBMT Scores - Healthv Elderl y 

Group 

Test Name 
Female Estrogen- 
Users 

Belonging 

*Appt  nunent/Results 

Picture Recognition 

Story Recail - Imrnediate 

Scory Recail - Delayed 
- 

Face Recognition 

Route - Immediritc 

Route - Delayed 
- 

Message 

Orientation 

na Correlritions could not be cdculated due to lack of variance 

* Pe.0  1 



Table 16 

Correlations Between DHEASXRT and RBMT Scores - Healthv Eiderly 

Test Name 

I Group 
___***.-----.--.---- ..--.-- --- ---------.f*--*..---.--------* -.----------------- 1 Men Fernale Esuogen Female Esmgen- 

Non- Users T , Users 

II Picnire Recognition 1 -.189 I na 
II Story Recail - Immediate 1 -.O23 1 -237 1 -324 

11 Face Recognition 1 -.O38 1 .O32 1 .138 
1 Route - Immediate 1 -.O60 1 -118 1 .177 

1 Route - Delayed 1 -005 1 -.IO4 1 .412 
- -- - - -- - -- 

Message -213 -.346 .139 

Orientation -. 105 -368 na 

11 Date 1 -.332 1 na 1 na 

na Correlations couid not bè caiculated due to lack of variance 

Due to the invariant nature of some of the subtest scores, pnm&ly in the 

estrogen-using group. correlations could not be computed for these subtesu and are 

marked on the tables as "na". E, levels were no< correlated with test performance in 

any of the groups. T levels were positiveiy associated with performance on the 

Orientation test in fernale estrogen non-users &-=.548. pc.01) oniy. CRT levels were 

negatively correlated witb the ability to remember to ask for test resuits in femde 



estrogen-users (L=--941, pe.00 1 ), DHEAS levels were negatively associated with the 

men's ability to recail the proper date a=-S11, p<.01). and the ratio of DHEASKRT 

was unassociated with any of the test scores. 

To determine whether duration of esuogen treatment was related to 

performance on any of the RBMT subtescs, years of esuogen use was comlated with 

test scores for the esuogen-users. No correlations were signifiant at p d l .  

Correlations were also performed across ail between the RBMT subtest 

scores and scores on the other neuropsychological tests to detennine how performance 

on he everyday memory tests was related to performance on traditional 

neuropsychologicaI tests. The RBMT Total Score was the most predictive of 

performance on traditional tesrs. since it  was significantiy positively associated with 

scores on seven of the traditional tests: Immediate *.SI 1, p<.OOl) and Delayed 

&=.493. p<.001) Paragraph Recall. Immediate Paired Associates (E=.492. pc.001). 

Irnmediate ( r d  12. pc.00 1 ) and Delayed @.5 14. pc00 1 ) Selective Reminding. 

Category Retrievai (p .552 .  pc.001) and Visual Reproduction *.358. pc.01). Story 

Delayed was positively correlated with six tests: Immediate &==.509. pc.001) and 

Delayed &=.574. pc.001) Paragraph Recall. Immediate (L=.443. pe.001) and Delayed 

e . 3 4 3 ,  p<.01) Paired Associates. and Immediate k=.506, pc.001) and Delayed 

*.424. p<.OOl) Selective Reminding. Story Immediate was associated with scores 

on five of the other tesrs: Immediate (r=.S4l. p<.001) and Delayed (1=.5 12, pe.001) 

Paragraph Recail, Immediate Paired Associates &=.393, p<.005), Visual Reproduction 

*.402, p<.OOS), and Selective Reminding (g=.411, p d 0 1 ) .  Name Recaii was 



0 correlated with three traditional tests: Immediate *.382. pc.005) and Delayed e .346.  

p d  1) Seiective Reminding and Category Retrieval (L=.36 1. pc.0 1). Picture RecaU 

scores were associated with scores on Forward Digit Span &=.342, p<.01), Route 

Delayed was positiveiy correlated with Visual Reproduction kz.362. pcOl). and 

Orientation scores covaried with Visuai Paired Associates scores e .377 ,  p<.005). 

Low Vs. H i ~ h  Hormone Grouos: 

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 wornen in each category. based on T2 CRT levels. mese two 

groups were compared using repeated measures ANOVA procedures to investipate the 

effects of CRT group on neuropsychological test performance. The mean scores used 

for this cornparison are presented in table 17. There were no interactions between 

CRT group and time. Main effecrs of CRT group were found on Immediate Paragaph 

Recall (E[ 1.50]=4.04. pc.05). Immediate L.50]=8.32. p=.006) and Delayed 

a i.50]=5.06, pz.03) Paired Associates. Delayed Selective Reminding a 1 .SO]=4.99. 

p=.03) and Category Retrieval (F[1,50]=5.02. p.030. In each instance. those & with 

lower CRT levels perfonned becter than those with high CRT over both T l  and T2. 

For the RBMT. administered only at T2. independent samples t-tests were 

performed on the mean scores of the iow versus high CRT groups. which are presented 

in Table 18. The low CRT group scored higher than the high CRT gmup on the 

subtest of AppointmenrlResults (1=2.11, pc05). in which had to remember to ask 

the experimenter when they could hear the results of the test when promped by a 



Table 17 

Neuronsvcholo~ical Test Scores: Low Vs. H i ~ h  CRT G r o u ~ s  - Healthv Elderiv 

Test Name 
.----------.-*-+-*-- -*----*---------.------ ----.-----------* . --- 1 Low CRT 1 High CRT 1 Low CRT ] ZT 

Paragraph Recall - Immediatea 120.12 - 118.37 1 21.29 1 17.20 

Paragraph Recail - Delayed 1 16.79 1 12.82 1 15.94 1 13.36 

Paired Associates - 1rnmediateb 1 30.27 1 26.08 1 28.69 1 23.19 

Paired Associates - Deiayedc 1 11.65 1 9.85 1 10.65 1 9.20 

Selective Remindine - Irnmediate 1 53.54 / 50.12 1 52.52 1 49-00 

Selective Reminding - Delayed" 1 8.23 

Visual Paired Associates - 
Immediate 

I I  Visual Paired Associntes - ~ e Ï a y e d 1 4 . 8 1  
II Visual Reproduction 

Ipisif S p a  Totai 115 .92  1 1 4 . 7 3  115.50 115 .52  ------------ - -  -- ---------- ----------- ---------- ---O-----. 

II Category ReuievalC 1 97.69 1 85.35 1 92.92 1 84.27 

Low CRT > High CRT, pe.05 d 

Low CRT > High CRT, p.006 e 

h w  CRT > High CRT. p=.03 

Low CRT > High CRT, pc.05 

Low CRT > High CRT, pc.05 



Table 18 

RBMT Scores - Healthy Elderlv Low Vs. Hieh CRT Grouv~ 

1 Test Name 1 Low CRT 1 Hiph CRT 

-- -- -- 

Belonging 3.26 3.42 

Appointment/Results 1.65 1-23. 

1 Picme Recognition 1 9.52 1 9-73 

1 Story Recail - Delayed 1 6.43 

# Face Recognition 1 4.70 

1 Route - Delayed 1 4.04 

1 Message 1 5.39 

1 Total 1 18.17 
--- - 

* Low CRT > High CRT. pc.05 

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 wouid have 

resulted in groups based on pnder sirnilar to those previously analyzed. 

Mood Measures - Time 1 : 

Mood scores for each measure by group are found in Table 19. 



Table 19 

Mood Scores - Healthv Elderfv Tïme 1 

a. b Men, Fernale E non-users > Female E-users (p<.01) 

c Men > Fernale E-users (pc.05) 

Test Name 

BDI 

GDS 

POMS 1 - 
elated/depressed 

POMS 2 - clear- 
headed/confûsed 

POMS 3 - 
energetidtired 

POMS 4 - 
corn posed/anxious 

POMS 5 - 
confident/unsure 

POMS 6 - 
agreeable/hostile 

MAACL-R 1 - 
anxiety 

MAACL-R 2 - 
depression 

.- 

MAACL-R 3 - 
hostility 

MAACL-R 4 - 
positive affect 

MAACL-R 5 - 
sensation seeking 

Scori ng 
Range 

Max: 63 

Max: 30 

+18 to 
-18 

+I8 to 
-18 

+18 CO 

-18 

+18 to 
-18 

+18 CO 

-18 

Female Estrogen 

"'" ~NoU~s2n 
,,- ----, -- - - -  
Mean T SD 

Femaie Estrogen- 

----------------------- 
SD 

Users 

1Mea.n 

13.18 

-3 1 

-49 

.29 

14.18 

6.38 

SD 

5.97 

.73 

1 .O1 

.7 t 

4.58 

2.13 

4.34 

.73 

.82 

.69 

6.10 

1.82 

5.62 

.5 1 

2.0 1 

2.16 

4.30 

2.42 

+18 to 
-18 

Max: 10 

Max: 12 

Max: 15 

Mm: 21 

Max: 12 

10.29 

.56 

-56 

-33 

10.67 

5.56 

6.5 1 

4.48 

10.80 

13.57 

9.52 

1 1.38 

8 .O5 

3.55 

3.35 

11.81 

14.39 

10.35 

12.6 1 

9.7 1 

12.13 

2 6  

.52 

-- 

.55 

16-42' 

6.35 

8 .O6 

5.69 

8.30 

5.21 

7.24 

9.32 

659 

4.30 

4.56 

5.53 

4.04 

5.26 

5.73 

5.32 

3.73 

3.77 

3.94 

3.96 

6.58 

4.24 

5.19 

7.13 

4.23 

6.2 1' 

12.50 

7.14 

6.2gb 

7.00 



Mood scores were anaiyzed with one-way ANOVA procedures followed by 

Bonferroni correctcd post-hoc t-tests. There were no group differences on either the 

BDI or the GDS. According to the standard BDI noms, scores below 9 are in the 

normal. non-depressive range. and al1 three groups of Our fell into this range. Low 

scores on the GDS corroborate Our & euthymiê The POMS contains six scales that 

measure different aspecls of mood. and scores can range from -18 to 18 on each 

subscaie. The POMS scafes are much more sensitive to small mood fluctuations than 

the BDI (Lorr & McNair. 1982; McNair. Lorr & Droppleman, 1971). Femaie 

estrogen-users scored lower than the estrogen non-users and the men on the POMS 1. 

which measures depression-elation (F[2,82]=5.18, p<.01). and the POMS 4, the 

anxiouscomposed scale (E[2.82]=-?.08. pe.02). indicating that they felt less elated and 

less composed than the orher groups. However. mean scores of dl three groups fell 

within the range of normal values. The esuogen-using women aisa scored lower than 

the men on the MAACL-R 4, which measures positive affect (F12,82]=3.98. p<.OS). 

consistent with the resuits of the POMS 1 scde- 

Pearson product-moment correlations between & and mood scores were 

calculateci for each group (Table 20). No correlations were significant at the p d 1  

level. To investigate whether the effects of a combined estrogen-progesterone 

treaunent affecred mood differentially. the same analyses were done excludinp the 

three estrogen-using women who were also taking progestins. After exclusion of these 

three women. the mood scores between the esuogen-users and non-users were no 

longer statistically different. The mean scores of the estrogen-using women chanpd 



Table 20 

Correlations between Estradiol and &&food Scores - Healthv Elderh Time 1 

1 Men 1 Female Estrogen Non- Female Esmgen-Users 

GDS 

POMS 1 - 
elatedfdepressed 

POMS 2 - clear- 
headedkonfused 

POMS 3 - 
energetidtired 

POMS 4 - 
composed/anxious 

POMS 5 - 
confident/unsure 

POMS 6 - 
agreeable/hostile 

MAACL-R 1 - 
anxiety 

MAACL-R 2 - 
depression 

MAACL-R 3 - 
hosulity 

MAACL-R 4 - 
positive affect 

from 6.21 to 8.64 on the POMS 1,  from 6.26 to 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 thenpy. The cognitive findinp remained unchanged. 

MAACL-R 5 - 
sensation seeking 
io stgnitïcant correlauons 

-,O62 -.232 



Mood Measures - Time 2: 

At T2. the POMS and the GDS were re-adminisrered. The mean scores on 

these measures and the correlations between each measure and T2 & Ieveis for each 

group are presented in Table 2 1 .  

Table 2 1 
Mood Scores and Correlation% Betu-een Mood and Estradiol Levek - Hedthv Eiderlv Time 2- 

Group 

Possible 
Range 

i Mean 

Men 
(n=23) i Correlation 

i with 5 

POMS 
1 

i Mean 1 10.15 
Female ; 
Estrogen ! SD 6.00 
non-users 1 
(n=26) Correiation - 2 3  1 : witii & 

Fernale 
Estrogen- 
users 6.0 1 

(n= 1 O) 

-18 to -18 to -18 to -18 to -18 to Max. 
+18 1 + I S  / +18 / 118 / +18 130 

There were no signilicant group differences on any of the rnood measures, nor 

were any corretations found between E, levels and mood measgres. 

Discussion 

Hormone Levels 

Results of the radioimmunoassays of the four steroid hormone levels that were 

measured showed that both the men and the estrogen-using women had higher levels 



of plasma Ei than the esuogen non-users. at both test times. However. whereas the 

estrogen-users had & It-vels within the range of rnensuual cycle vaiues. & levels of 

both the fernale non-users and the men fe11 within the range of postrnenopausai values 

( d o 0  pmoVL), which coincides with the lower third of the normal male range of E2 

levels (37-220 pmoi/L). ~ i t h o u g h  it may seem counterintuitive that 72 year old men 

had higher E, Ievels than unueated age-rnatched wornen, it is important to recall that 

the ovary i s  the major source of esmgen in wornen and that the ovvian production 

of both and E, decrcases to negligible levels within 24 months of the last menses 

(Longcope, 1986). In men. however. 8 0 8  of plasma El arises from the penpheral 

conversion of T (Braunstcin. 1986). Although T levels decrease with increasing age 

in men (Tenover. 1996)- production never ceases entirely so that the prohorrnone for 

the metabolism of E2 is available to men IifeIong. Therefore, despite the slight. yet 

significant decrease in E, lrvels with increasing age in healthy males (Simon et ai., 

19921, which was contirmtld in our sarnpie, elderly men still had higher plasma lrvels 

of E, chan unueated elderly women. 

The procedure for ~ h i s  study required that the women be tested pnor to the 

blood sampling and the men be tcsted after the smpl ing,  due to the restricted 

availability of the nurse who took the samples. Thus, al1 sarnples were collecred at the 

same tirne of day to conuol for any differences in hormone levels due to diumal 

variation. Two possible confounds *se from this rnethodolo~y. First, it i s  known 

that CRT is responsive to suessful stimuli, and can be elevated after stressful mental 

tasks (Bohnen, Houx, Nicolson & Jolles, 1990; Kirschbaum, Wolf, May. Wippich & 



Hellhammer. 1996). Thus. elevated CRT levels 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 stresshi. However, it is ais0 possible that the men may 

have been anticiparing stressful mental activity when dieir blood sample was drawn, 

which might have Ied to elevated CRT levels as well. Despite these possibilities, no 

gender differences occurred in CRT levels, and al1 threr: groups had levels weil within 

the normal range of CRT lcveis (Tabfe 4). This argues against the possibility that the 

tasks posed a significant stress. As well, CRT Ieveis were not different at T2 

cornpared to Tl, except in the estrogen non-users where they increased. The second 

test session should have been less stressful. since at that time the Ss were familiar with 

the tasks. However. the stribility i n  CRT levels over a year and a half in two of these 

groups does not retlecr lhis possible change in stress Ieveis. The increase in CRT 

levels only in the womcri cstrogen non-users but not the esuogen-users. who were 

exposed to the same proccdure. also argues against a stress-related elevation in CRT. 

Thus, i t  does not appear that the test battery was stressiul enough to have significandy 

eIevated CRT Ievels in thest: Ss, and therefore it is unlikely that the timing of the 

blood sarnple was a signiticant confound. 

The second issue arising from this methodology relates to the timing of the test 

battery, and will be discussed under neuropsychological test results. 

The changes in hormone levcls observed over one and a half years confumed 

our expectations, with a tèw exceptions. There was no reason to believe that CRT 

Ievels would change over time in any group (Sharma et al., 1989; Sheman et al.. 



1985; Waltman et al.. 1991 ). and no changes in the levels of & or T were expected 

in the estrogen-using women since the doses in their hormone regirnen had remained 

stable. & and T were expected to remain stable in the estrogen non-users as well, 

having already declined shortly aîler the menopause to low and reiatively stable levels 

(Longcope. 1994). However, i t  was predicted that E,, T and DHEAS would decline in 

the men (Tenover. 1996: Verrneulin, 1995) and DHEAS would decline in both groups 

of women (Hornsby. 1995; Vtirmeulin. 1995) due to the efTects of aging. ERT should 

not have differentially afkcted levels of DHEAS, since the decline in estrogens at the 

menopause is nor considered to be causally reIated to the age-associated decline in 

DHEAS leveis (Longcope. 1994). Therefore, esuogen replacement after the 

menopause would not bc predicted to influence DHEAS levels. 

Indeed, little change occuned in E, levels in both groups of women after a year 

and a half, whereas El lcvels in  the men decreased over time, as predicted. T levels 

remained stable in cil1 thrtlti groups from Tl  ro T2, conuary only to the hypothesis that 

they would decline in  men. The failure to t?nd a decrease in T levels in men could 

have been due to the relativeiy short intervd between test times. lMost aging studies 

have been cross-sectiond and have reported differences in T levels only when 

comparing individuals 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 kvels in men (Harman & Tsitouras, 1980; Naeves, Johnson, 

Porter, Parker, & Petty. 1984: Sparrow, Bosse & Rowe, 1980). Depressed T levels 

have been reported in men with il1 health (Tenover, 1996). However, the men in our 



sample were in good health at both testing times. Thus, considering the good hedth 

o i  these men and the relativeiy short time penod 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 at least age 80, and with results from a one- 

year longitudinal study ~ h a t  rccorded an 11% decline in DHEAS levels in men 

(Thomas et al., 1994). Sincc the 72 year-old men in Our sarnple had DHEAS levels 

below the lower limit of the normal male range, it is perhnps uniikely that levels 

would have decreased further over the next one and a half years. The DHEAS levels 

in the women were aIso exuemely low at Tl. 

CRT levels increrised in only the estrogen non-using women over the year and 

a half between test sessions. This was inconsistent with other studies that have shown 

stability of CRT with q i n g  (Sharma et al., 1989; Sherman et ai., 1985; Wdünan et 

al.. 1991). However, one study identifïed a subgroup of elderly individuais whose 

CRT levels increased over time (Lupien et ai.. 1995). Thus. the esuogen non-using 

oroup in our study may have consisted of more individuais wirh this pattern of 
Li 

increasing CRT secretion than the men and estrogen-users. 

Neuro ps y chological Tests 

The major neuropsychological findings of this investigation of three groups of 

72 year-old & were that. at TI, the men and the women estrogen-users performed 

significanrly better than the age-rnatched women esuogen non-users on Total and 



Forward Digit Span. Moreover. the estrogen-using women scored better than the non- 

users on Backward Digit Span as well. Additionaliy. both groups of women had 

higher scores than the men on the Critegory Retrieval test, which measures language 

tluency. or nondeclarative verbal semantic memory (Tulving, 1983). The tlnding that 

the women outperformed the men on the Ianguage fluency test is consistent with sex 

differences in this abiiity reported in the past cHampson & Kimura, 1992; Hyde & 

Linn, 1988; Jarvik, 1975). Resuils similar to those from Tl were found on the Digit 

Span test at T2. in that the estrogen-users and the men ourperformed the esuogen non- 

users on Fonvard Digit Span. and the men scored higher than the estrogen non-users 

on Total Digit Span. The esuogen-using women aiso improved on the Delayed 

Selective Reminding test over time compared to the men and the estro, *en non-users. 

but decreased on Delayed Paragraph Recaii compared to the men. As well. at Tî 

with lower CRT levels perhrmed better on severai expiicit verbal mernory tests than 

those with higher CRT. 

It has been suggested that the administration of estrogen to healthy 

postmenopausal women improves performance on measures of newly learned verbal 

information, or expiicit memory (Sherwin. 1997). which is dependent on the 

hippocampal memory system (Squire, 1992). In some reports. fernale esuogen-users 

performed better on Digit Span than non-users (Sherwin. 1988a). but b i s  difference 

has not been found consistently (Ditkoff et al.. 199 1). Although, in b i s  study. femaie 

esuogen-users performed betier than non-users on Forward, Backward and Totd Digit 

Span. the neural basis of this finding is unciear. Digit Span. in general. has been 



characterized as a measure of attention and concentration (Lezak, 1995), and of short- 

term memory (Craik, 1994; Kolb & Wishaw, 1995). Several authors have argued that 

Forward and Backward Digit Span are conceptually distinct tasks, involving not only 

different cognitive skills, but different brain areas as well (Banken, 1985; Griffin & 

Heffeman, 1983). Forward Digit Span, which requires attention as well as short-term 

memory. does not appear to be as heavily dependent upon the medial temporal lobe 

hippocampal memory system as other verbd 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 lefi parietal lobe (-W-arrington & Weiskrantz, 

1973; Kolb & Wishaw, 1990) can cause impairments in short-term memory, 

particularly on Forward Digit Span. Additionally. some attentional processes are 

dependent upon the anterior dorsolateral fiontal cortex (Lezak, 1995) and attention has 

also been linked to the neurotransrnitter norepinepherine (McEntee & Crook, 1990). 

Backward Digit Span, which requires working memory as well as short-term 

rnemory and attention, appears to involve more hippocarnpai regions, since amnesic 

patients with hippocampal lesions show impaired performance on tasks which have a 

working rnemory 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 hippocampus and adjacent cortex in rats 



(McEwen, et al., 1995), it may also act on ERS in other areas of the cortex (Simerly et 

al., 1990). Additiondy, there are instances in which Ez infiuences the 

neurotransmitters dopamine and norepinepherine throughout the brain in the absence 

of detectable ERS (McEwen et al, 1996; DiPado, 1994). This raises the possibility 

that Ez may be acting on brain areas and neurotransmitter systems that support both 

Fonvard and Backward Digit Span as well as other explicit verbal memory functions. 

It is also noteworthy that the bmin contains the aromatizing enzyme necessary 

for the conversion of T to Ez (Nafiolin & 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 Ez is available to male brains throughout their lifespan while it is 

unavailable to the brains of untreated postmenopausal wornen. This speculation gains 

support fiom the fmding of higher E2 levels in our healthy elderly men than in Our age- 

matched estrogen non-users. If it is the case that Ez enhances cognitive fùnction in 

elderly men as well as in postmenopausal women, then this might explain why the 

elderly men outperformed the age-matched female estrogen non-users on 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 perform significantly better than the non-users, or the 

men, on tests of explicit verbal memory, with the exception of the Delayed Selective 

Reminding test at T2. 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 



clear that, in absolute terms, the women receiving estrogen had higher scores than both 

of the other groups on these tests, aud on al1 other neuropsychological tests 

administered except for Figura1 Memory and Visual Memory Span, in which the men 

excelled (Table 5) .  There is a possibility that between group differencrs on these tests 

of explicit verbal memory were not significant due to 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 memory mackman & Gaibraith, 2976; 

Karnpen & ShenWi, 1994; Phillips & Sherwin, 1992; Sherwin, 1988). Moreover, the 

improved 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 of E2 on verbal memory. Why this effect did not 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 logicai rnemory of ideas presented 

in a story format. The possible differential effect of estrogen administration on 

specific verbal memory tests requires m e r  investigation. 

There were no correlations between E2 levels and neuropsyctiologicd test 

scores in any of the groups at either test tirne. Due to the exploratory nature of the 

study, a large number of correlations were conducted. Thus, we used a conservative 

significance level of p<.01. With low and relatively invariant tevels of hormones as 

were found in these elderly men and wornen, and considering the small sample of 

estrogen-using women, it is not surprising that no significant correlations were found. 



This M u r e  to tind correlations between E2 and memory scores is consistent with 

Kampen & Shenvin (1994). in which plasma El lrveis were uncorrelated with scores 

on similar nenropsychological tests in elderly femaie estrosen-users and non-users. It 

is. however. inconsistent with a study of surgically menopausal women receiving 

estrogen replacement therapy (Phillips & Sherwin. 1992a) in which E, levels were 

positively associated with Immediate Paired Associates scores. In the latter snidy. 

plasma E, Leveis were supraphysiologic at the time of tesLing. 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 

postmenopausd range. no such correlations were apparent. Kampen & Sherwin (1996) 

found a positive correlation between E2 and visuospatial skiils on the Mental Rotations 

test in men. In the present study. no correlations between El and any of Our visual 

memory tasks occurred in the men: however. we did not directly assess spatial skiiis. 

Thus. Our finding of no correlations between E2 and test scores in any of the three 

oroups corroborate the existing literrtture. 
C 

With respect to changes in neuropsychologicai test scores. performance 

decreased in al1 subjecrs over the year and a half between test times on Immediate 

Paired Associates and Category Reüieval. Age-associared decreases in scores of 

explicit verbal memory are common. particularly on tasks such as Pairrd Associaies 

(Craik. 1994). In these instances. estrogen-use did not protect against the age- 

associated decrernents in performance. Despite the decreases. however. absolute scores 

on these two tests were higher in the esuogn-users than the non-users and the men 



at both test times. There was also a time-related improvement on the Visual 

Reproduction test across groups. AIthough a hormonal explanation for this tïnding is 

not apparent. it could have been due to practice eifects. since at T2 the sarne drawings 

were used as at Tl due to the lack of a parallel form for this subtest. 

When compared to the men. the esuogen-users scores on Delayed Paragraph 

Recail decreased over one and a half years (Figure 1). which was unexpected. 

Examination of the individuai data of the esuogen-users showed that in two of the ten 

Ss. scores on Delayed Paragraph Recall had decreased substantially from TI to T2 (14 - 
and 16 point decreases). whilr scores of the other eight esuogen-usea had remained 

relatively stable across time. Therefore. the data of only two women accounted for the 

interaction between croup and time that was observed. One of these women scored 

only 3.5 on rhe Delayed Paragrstph Recall at T2. She cornplained at the beginning of 

the test session that she was vcry nervous. and continued to express anxiety ttiroughout 

the session. Anxiety could have accounted for her poor performance by interfenng 

with initial encoding and later retrieval of the stones. This same S was also one of 

the three esuogen-users who was taking cornbined estrogen-progestin therapy. Since 

progesterone can oppose the actions of E in the hippocampus (Murphy & Segal. 

1996). combined therapy may bave harnpered her performance on this hippocampally- 

dependent task. 

The other woman whose score decreased over time was the highest scorer on 

Delayed Paragnph Recdl at Tl. Although her score at Tî  on this test was very near 

the average. the difference between her superior performance at Tl and her average 



performance at T2 was quite drastic. When the data for these two Ss are eliminated, 

there were no group differences on the Delayed Paragraph Recall Test between test 

times. The absence of an estrogenic effect on tests of visual memory is consistent with 

earlier studies (Kampen & Shenvin, 1994; Phillips & Shenvin, 1992) and supports the 

notion that estrogen does not enhance visuaVspatial rnemory (Phillips & Shenwi, 

1 992). 

Because T levels were higher in men than in both f e d e  groups, it rnight have 

been expected that the men would outperform both femaie 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, 

Kling & Kling, 1992; Janowsky, Oviatt, & Orwoll, 1994), since the focus was on  

visuospatial rnernory. For example, a test of Mental Rotations, as opposed to Figura1 

Memory or Visual Reproduction, might have demonstrated a male supenority as it did 

in these other studies. As well, the 72 year-old men in this study had T values in the 

lower third o f  the normal mate range, which may have precluded any effects of these 

sub-threshold values. The fmding that T levels were not related to the visuospatial 

mernory tasks that were administered suggests that while T may influence visuospatial 

skills, it does not play a role in the more complex processes involved in visuospatial 

memory . 

In the estrogen-using women, an interesting pattern of positive correlations 

occurred at Tl between most test scores and T levels (Table 7). Significant positive 



correlations occurred between T . Delayed Paragraph Recail 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 

women. who had somewhat higher T levels and a grearer range of scores. Othen have 

reported that women with higher T levels outperformed those with lower ievels on 

spatial tasks (Gouchie & Kirnura. 1991). but there were no correlations in ba t  study 

between T levels and cognition in women. In our subjects. althoueh the values of the 

cstrogen-users appeared to he lower than those of the non-users. there was no 

statistically significant difference in T levels between the fernale groups. However. 

within the esuogen-users group. higher T was related to better performance. It has 

been sugpesred thar the elfects of T on cognition may follow a curvilinear function 

such that there exists a certain optimal levei for peak performance above which 

elevated leveis are detrimental (Gouchie & Kimura. 1991: Shute. Pelletrino, Hubert 

& Reynolds. 1983). Perhaps the esuogen-using women in this study had such 10w T 

levels that they represent the increasing arc of such a function. so thar wiihin this 

oroup higher T levels were associated with better test performance. * 

The positive relalionships 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 elderiy participants in this study (Errico et al.. 1992; 

Gordon & Lee. 1986). Indeed. in another study of elderiy men. no correlations 

between T levels and visuospatial test scores were found (Janowsky et al. 1994). 

Whiie this suggests that the low and restricted range of T levels in elderiy men 



precludes correlations with visuospaual test scores. a recent study of young men dso 

failed to document this hormone-behaviour relationship (Karnpen & Sherwin, 1996). 

The reason for the inconsistency in these findings in young men is unclear at the 

present time. but for older men with Iow T levels. such hormone-behaviour correlations 

have not occurred in any study in which they were investigated. 

The increase in CRT levels across one and a half years in the esuogen non- 

using women was unpredicied but no< withour precedent (Lupien et al. 1994). In one 

study, women whose CRT levels increased over urne and who had relatively high CRT 

Ievels at the time of testing were cogniuvely impaired compared to control subjects 

(Lupien et al. 1994). Some evidence from our study corroborates that finding. For 

example. based on a median split. & with high CRT levels ai Tî were impaired 

compared to with low CRT levels on Immediate Paragraph Recall. Irnmcdiate and 

Delayed Paired Associates. and Delayed Selecuve Reminding. di tests of explicit 

verbal memory. As weil. at T2 negative correlations occurred between Remembering 

an Appointment and CRT levels in esuogen-users and between both Immediate Paired 

Associates and Delayed Seiective Reminding and CRT levels in esuogen non-users. 

This finding of negative correlations between CRT levels and explicit verbal memory 

only in women may reflect the greater sensitivity of the female hippocampus to 

giucocorticoids, as suggested by the greater number of GRs in female compared to 

male rat hippocampi (Turner & Weaver. 1985). If the same holds tme 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 



affect GRs in males (Turner & Weaver. 1985). 

Expiicit memory performance. measured by the aforementioned tests. is 

dependent upon the hippocampus (Squire, 1992). Elevated CRT levels resulted in ceU 

death in the CA1 and CA3 layers of the hippocampus in nrs (Wooley e t  al.. 1990). 

monkeys (Uno e t  al., 1994) and humans (Starkman et al., 1992). These studies suggest 

the possibility that higher CRT leveis may be causing ce11 death in the hippocarnpus 

of these elderly men and particularly in the women. which would explain our findings 

of worse explicit memory performance in those with higher CRT. These results. 

dong with those of Lupien et al ( 1994). are the fiat to demonstrate detrimentai effects 

of CRT in hedthy elderly men and wornen who have CRT levels within the normal 

range. 

CRT levels were positively associated wich Total Digit Span scores in the men. 

but were negauvely rissocirited with test performance in the women, as discussed 

above. That higher CRT Iwels were associated in the men only with Digit Span 

performance rnay be an indication that. in this instance. higher CRT leveis caused an 

arousing / motivating intlurnce and improved attention. Indeed. higher doses of C R I  

tàciiitated avoidance leaming in rodents and performance on attentional tasks in men 

(Beckwith et al., 1986; deWeid. VanWimersma Griedanus & Bohus. 1974). Why 

higher CRT would exen  both an arousing effect on short-term memory I attention and 

a detrimental effect on longer-terni explicit verbal rnemoiy is cause for speculation. but 

such paradoxical effects have been descnbed in the literature and may have to do with 

the two types of plucocorticoid receptors and the different funclions they subserve 



(.McEwen et al.. 1993). as well as the different brain areas associated with these two 

types of tasks (Kolb & Wishaw. 1990; Lezak, 1995). 

DHEAS leveis (Table 9) and the DHEASKRT ratio (Table 10) correlated 

positively with some of the neuropsychological tests in the men (Immediate Selective 

Reminding Test, Forward and Totai Digit Span). but correlated negauvely with the 

same test scores in the esuogen non-using women. If DHEAS was protective against 

cognitive deciine as others have suggested (Svec & Lopez-S. 1989), positive 

correlations between DHEAS levels and cognitive performance would be expected. 

I t  could be that such positive associations exist oniy for males. as much of the 

previous research has focussed on male rodents ( c g .  Fiood et al, 1998, 1992). It is 

ais0 possible that DHEAS rltècts are not likely to be seen in a population with such 

low and invariant icvels ris those obsemed in these individuals. In a large 

epidemiologic study, DHEAS lrvels were positively comlated onty with the Selective 

Reminding Test and only in women, and the tkding was dismissed as a spurious result 

of multiple cornparisons ( Barrerr-Connor & Edelstein. 1994). Some investigators have 

found that AD patienis had lower DHEAS levels than conuol Ss (Sunderland et al., 

1989: Nasman et al. 199 1 : Yanase et al., 1996). but no correlations between DHEAS 

levels and test performance in either AD patients or conirols occumd even in those 

sampies. The ratio of DHEASKRT in this study was inconsistently related to memory 

performance in boih men and women. Therefore. aithough the DHEASKRT ratio 

measure rnay have some validity in pathologicd populations such as AD patients 

(Leblhuber et al. 1993; Svec & Lopez-S. 1989). it may not be relevant in healthy 



populations with normal levels of CRT and DHEAS. 

As mentioned previously. the cognitive testing was conducted between 10 AM 

and noon in the women. and between noon and 2 PM in the men. Generally. people 

are more aien in the morning 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 performance dip occurred in o u  elderly Ss, 

we wouid have expected that the men. who were tested after lunch, would have 

performed worse than both groups of women. who were tested just beforc lunch. 

However, this only occurred in the case of the Category Retrieval test. in which 

women generally outperform men regardless of the time of day (Jarvik. 1975). On 

other tasks. such as Digit Span. which measures attention and short-texm memory. the 

=en-users. men performed better than the rsuogen non-users and similarly to the estro, 

though both of these groups were tested in the morning. Thus, the pattern of resuhs 

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 outperfomed 

the women estrogen non-users on the attentional task of Digit Span. Indeed. in more 

rlderly SS, alertness rhythrns did not conform to the usual pattern of the post-lunch dip 

(Monk e t  al.. 1996). so it is possible that b i s  may be the case in our 72 year-old men 

and women. 

RBMT Subtests 

The absence of Croup differences on the RBMT subtests may reflect a ceding 

effect on this test in these healthy 72 year olds. Although scores were generally high. 



only the estrogen-using women scored perfectiy 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 some information regarding which 

neuropsychological functions these face-valid everyday memory tasks may be 

rneasuring. Explicit verbal memory test scores fiom the traditionai test battery were 

relaied to performance on the RBMT Total Score and to performance on RBMT 

immediate and Delayed Story Recall. 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 

rneasuring explicit verbal memoq rather than visual or spatiai 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 remernbering a name may 

be simi lar to remembering other verbal information. Picture Recognition scores were 

related to performance 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 



task is a measure of visuospariai function. 

The iinding that ovcrail, the RBMT seems to be rneasuring skills related to 

those that have been reported as enhanced by estrogen-use (explicit verbal mernory), 

suggests that the type of everyday memory measured by the RBMT may also be 

sensitive to esuogen-use. If this is the case, then esuogen-users may find some 

benefits of esuogen-use in their everyday lives as well as on standard laboratory tests 

of cognition. The esuogen-users in this study did not perform significantly better than 

the other groups on the RBMT. but this could have been due to a ceiling effect, as 

previously discussed. More difficult everyday memory tasks may be more sensitive 

to performance differences between estrogen-users and non-users. 

Mood Measures 

Although the esuogen-using women showed less elation and positive affect and 

felt less cvrnposed than the men and the estrogen non-users at Tl, when the three 

women who were dso raking a progestin were excluded from the analyses. there were 

no longer any differences in mood between the estrogen-users and the non-users. This 

highIights the rnood-dam pening eifec t of progestins CO-administered with esuogen 

replacement therapy. and is consistent with a number of ciinical studies of combined 

estrogen and progestin administration which found a decrease in mood compared to 

the administration of estrogen alone (Sherwin, 1991; Magos et al.. 1986: Holst 

Backsuom. Hammerback. & VonSchoultz. 1989). Interestingly, a reanalysis of the 

cognitive test results excluding the scores of the three women taking combined 

estrogen-progestin therapy found no differences compared to analysis of the full 



sarnple. This suggests that \vhile the addition of a progestin to an estrogen 

replacement regimen dampened mood. it did not significantly influence cognitive 

performance in this sarnple of women. 

On average. the in this study scored above the normative samples for 

positive mood on the MAACL-R and POMS. Al1 three groups had lower dian average 

anxiety and hostiiity and higher sensation sceking for their age group on the MAACL- 

R (Zuckeman & Lubin, 1985). Their high Ievel of sensation seeking may have 

prompted them to answer Our advertisement in the newspaper and voluntarily subject 

themselves to an uniamiliar and possibly anxiety-provoking testing situation. Even 

though the esuogen-users scored lower than the other two groups on the MAACL-R 

positive affect scale. thcir scores did not differ with respect to the normative sample, 

o women were whereas scores of posirivc: affect in the men and estrogeri non-usin, 

higher than the normative average score. On the GDS and BDI al1 three groups scored 

well within the normal range. The consistency of these findings denved from four 

mood measures suggesrs i h a ~  these volunteer & were self-selected for higher than 

normative positive affect. Although the incidence of clinical depression in the elderly 

is not higher than in individuais between the ages of 25-44 years (Myers et al.. 1994). 

the prevalence of signitïcant depressive symptoms that do not meet formal diagnostic 

critena has been reported at 20% among community-dweiling elderly men and women 

(Scogin. 1994). The I x k  of such depressive symptomatology in Our confms this 

self-selection bias with respect to normal mood. 

Sample Characteristics 



Several characterisucs of Our sarnple ment attention. Cornpared to the 

normative sample used in the sundardization of the WMS-R (Wechsler. 1987). Our & 

obtained higher mean scores on the majonty of the tests. The standardization sample 

for b is  battery of memory tests was based on U.S. census data (1980) in which over 

50% of the 70-74 year old subjects had 0-1 1 years of education, 20% had 12 years of 

education. and only 20% had any post-secondary education (Wechsler. 1987). In 

contrast. our sample was cf higher educational status. with an average of over 12 years 

of education. Al1 three groups outperformed the WMS-R standardization sample on 

al1 but the tests of Immediate and Delayed Paragraph Recall. 

The female esuogen-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 tinding 

that has been discussed previously in the lierature as a confound in naturalistic 

researçh. For this reason wc covaried out the effects of SES and education on al1 the 

neuropsycholopicai tests. which resulted in decreases to the absolute scores on the tests 

of Immediate and Delaycd Paragraph Recall. Immediate and Deiayed Paired 

Associates. and Immediate Visuûl Paired Associates. This indicates that educationai 

stanis is most highly correlated to performance on those tests that rneasure explicit 

verbal memory, precisely those in which esuogen-users tend to excel. The observation 

that elderly women who are esuosen-users are of a higher SES than non-users is 

common in this literaturc and may retlect their preferential access to medical services, 

oreater awareness of preventive health techniques and p a t e r  financial resources with 
C 

which to seek optional medical maunents. This confound between esuogen-use. 



education. and SES in elderly women c m  only be overcome by prospective. controtled 

studies of homogeneous groups of women. That these demographic differences were 

not found at T2 seemed to have been due to the smaller sample sizes. since the 

absolue values of SES and education did not change significantly (Table 1). 

IL is uniikely that the inclusion of both surgically and naturally menopausal 

esuogen-users in this study confounded the r e s u k  Although leveis of & and E, are 

higher in naturally postmenopausal women compared to siugically menopausal women 

for two years after the cessation of menses. progressive ovarian auophy occurs over 

time so that differences in E2 Ievels between surgically and naturally menopausal 

women are no longer apparent two years after a natural menopause (Longcope. 1986). 

Therefore, from the perspective of reproductive endocrinology, the distinction between 

naturally and surgically postmenopausal 72 year-old women with an average time of 

22 years since rhe menopause is unimportant, 

Summary 

Both groups of womcn perfonned better on tests of verbal fluency than the 

men. consistent with known sex differences in this ability. and the men and femde 

esuogen-users perfomed better than the estrogen non-users on Total and Forward 

Digit Span at both test times. Female esuogen-users also perfonned better than non- 

users on Backward Digit Span and better than both the men and non-users on the 

Delayed Seiective Reminding test. To the extent rhat esuopn increases the synlhesis 

of acetylcholine (Luine. 1985). increases the density of dendntic spines in the CA1 

layer of the hippocampus (Wooley et ai.. 1992). and decreases the rate of degradation 



of norepinephenne (Luine et al.. 1975) in brains of both sexes. the increased 

availability of esuogen to the aging brain would serve to maintain memory fumions 

in both men and women. The direct evidence from the present study in support of this 

hypothesis is the tlnding ~hat esuogen-users and men performed significantly better 

than estrogen non-users on Total and Fonvard Digit Span. a verbal test of attention and 

shon-terrn memory, and that the esuogen-using women perfonned better than the other 

groups on Delayed Selective Reminding. 

Those elderly men and wornen with higher CRT Ievels showed worse memory 

performance on explicit verbal memory tests compared to those with lower CRT, 

which is consistent with the detrimental effects of elevated CRT in the hippocampus 

(Wooley et ai.. 1990; Cnt, t lr  al.. 1989; 1990; 1994; Sapolsky et al., 1990), and with 

clinical studies which have tound elevated CRT to be associated with poorer memory 

performance (Starkrnan ct al.. 1992, Wolkowitz et al., 1990; Lupien et al., 1994). 

Therefore. these tindings in heaithy elderly men and women further support the notion 

that higher CRT levets rnay be associated with poorer memory performance in aging 

individuais. 

Overail. the eslrogen-users in this study were less elated and composed than the 

women esuogen non-users and men, and showed less positive affect than the men. 

However, when the three esucgen-users who were also taking progestins were removed 

from the analysis. the mood scores between the three groups were not different. This 

finding ernphasizes the possibly mood-dampening effects of adding a propestin to 

estrogen replacement therapy and raises questions about the consequences of combined 



therapy for the majority of women who are compelled to take progestins to protect the 

uterus from endomeuhi hyperpiasia rhat may result from ueatrnent with El alone. 



Studv 2 - Steroid Hormone Levels and Evervdav Memorv in A D  patients 

Introduction 

Considenng that women who took esuogen were less likely to develcp AD 

(Tang et ai.. 1996; Paginini-Hill & Henderson, 1994), and that esuogen administration 

enhanced memory in women with AD in several small unconuolled trials. this study 

was underuken to investigate the rclationships between levels of 6 and memory 

functioning in men and women with AD. Emphasis was placed on everyday mernory 

functioning, which is a major concern both for individuais with AD and their 

caregivers. The literaturc dsa provides suggestive evidence that DHEAS and CRT 

rnay be involved in the rnernvry problems associated with AD. as  discussed previously. 

Thus, in this study we rccruited men, esuogen-using women and esuogen non-using 

wornen, al1 of whom had been diagnosed with AD, and compared their hormone levels 

and performance on tests of memory. 

Hypotheses 

Based on the revicw of the literaturc and the results of study 1, the following 

hypotheses were proposed: 1 ) Men and femaie esuogen-using AD patients would have 

higher & levels than fernale esuogen 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 better memory performance in the AD patients, 3) Higher 

CRT levels would be associated with worse memory performance in the AD patients, 

5) Women AD patients rnay have higher CRT levels than the men, 6) The ratio of 

DHEASKRT would be lower in female than male AD patients. 7) Lower 



DHEASKRT ratios would bc associated with poorer overall performance on the 

rnernory test battery. 8) Overail. fernale AD patients would evidence more profound 

verbal rnemory impairment than maie AD patients. 

Methods 

Participants: 

Patients with possible or probable Alzheimer's Disease who were being 

foiiowed ar the Memory Clinic of the Genairics deparunent at the Jewish Generai 

Hospital retum to the clinic annually for memory assessrnent and for molecular geneuc 

studies. These 3 were rcferred by Dr. Howard Chenkow and Dr. Howard Ber,  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 hean attack. srrokc and recent head injuries as well as  use of any 

psychotropic medication and lack of fluency in the Englisii language. The diagnosis 

of possible or probable AD was made by the neurologist based on the criteria 

established by the National Institute of Neurologicai and Communicative Disorders and 

Stroke (MXCDS) of the National Institute of Heairh and the Alzheimer's Disease and 

Related Disorders Association (ADRDA). reported by McKhann et al. (1984). with the 

use of CT scans and blood work to rule out other sources of dementia. Charts were 

reviewed to determine the degree of dementia according to the Clinical Dementia 

Rating score. and only those diagnosed as mildly to rnodentely demented were 

included. Only pacienrs assessed by clinicians as capable of giving their own informed 

consent were recmited. and not those under curatorship or judged by clinicians as not 



legaily able to give consent. For those patients taking esuogen replacement therapy. 

the duration and dosage of the prescription was verified by the caregiver and by having 

the S bring the pi11 container to the testing session whenever possible. 

Matenals: 

The RBMT. previously descrïbed in Study 1. was used to assess everyday 

mernory. Xdditionally, results of the WMS digit span (Wechsler. 1945). object narning 

(The Boston Naming Test; Kaplan. Goodglass & Weintraub. 19821, and the Mini- 

Mental Status Exam (Folstein. Folstein & McHugh, 1975). which were administered 

routinely by the neuropsychologist at the annud clinic visit were &O obtained. 

Procedure: 

Patients with possible or probable Alzheimer's Disease being followed at the 

Memory Clinic return t'or annual aswssments. At that time if. from a chart review, the 

patient appeared to meet the inclusion and exclusion criteria for the present study, 

he/she was approached by hidher physician and invited to panicipate. The study was 

explained to the prospective participant and to their caregiver and any questions 

mswered by the research team. rit which rime informed consent was procured. The 

consent form was signed by the patient, lheir caregiver. the physician and by the 

research assistant who explained the study (Appendix E). 

Then. a lOmL blood sample for hormonal assays was taken by the Memory 

C h i c  nurse at the same time as blood was being collected for molecular genetic 

studies. The samples were placed on ice. centrifuged within two hours. and the plasma 

was stored at -50 dcgrees Celsius for assay at the conclusion of the study. The 



patients and the caregiver then answered the same generai information fonn as in 

Study 1. which collecrs information on sociodemographic status and personal. medical. 

psychologicai. éducational and vocational history. This information was later checked 

for consistency with that on the patient's chan and hidher eligibility for the study 

recont-med. Next, the RBMT was adrninistered with only the patient and 

experimenter present- The administration of the RBMT took approximately 30 

minutes. Results of the orher neuropsychological tests. usually administered within one 

week of the RBMT. as well as the Clinical Dementia Rating and the approximate date 

of AD onset. were obtained from the patients chart at a Iater date. Patients andlor their 

family members were reimbursed for travel and parking expenses. 

Hormonal Assavs: 

Levels of ET. T. CRT and DHEAS were measured at the conclusion of the 

study. The assays were pertormed at the sarne laboratory with the same kits as 

described in Study 1. 

Results 

Participants: 

Twenty-six men. 19 estrogen non-using women, four estrogen pst-using 

women and tkree estropen-using women participated in this study. The esuogen past- 

users were indistinguishable from the non-users in terrns of hormone levels, 

demographics and test scores. and therefore they were coilapsed into the estrogen non- 

using group. for a total of 23 women. Al1 subsequent analyses were perforrned with 

the past- and never-users together in the estrogen non-users group. Al1 patients were 



a diagnosed with either mild or moderate, possible or probable dementia by a neurologist 

based on a full medical and neuropsychological assessment. Sociodemographic 

charactenstics. duration of AD (based on the approximate date of onset obtained fkom 

each patients chart). age at onset and Clinical Dementia Rating (CDR) scores appear 

in Table 22. 

Table 22 
S0~i0dem02ra~hk Characteristics of AD natien& 

no group ciifferences 
1 .  Alzheimer's Discase 
2. Clinicai Demenüa Rating 

Age (yem) 

Education (years) 

Socioeconomic 
Starus 

AD' Duration 
( yem)  

The average CDR for the & was 1.24 (sd=0.48). On this measure. a score of 

1 indicates mild dementia and a score of 2 denotes rnoderate dementia. The average 

durauon of AD was 4.06 years (sd=2.20), the average age of al1 & was 75.85 years 

Men (n=26) 

.-.----.-.-----..-,-.-.-*-----.--.-. 
Mean SD 

(sd=7.65), and the mean age at AD onset was 72.39 years (sd=7.30). The mean 

75.62 

10.65 

48.14 

4.49 

number of years of education was 10.55 (sd=3.4) and the soçioeconornic status 

Femafe Estrogen 
Non-Users (n=23) -------.-.---.---- -.----*--.---..-.-----.-------- 
Mean SD 

72.39 

1.24 

4.14 

0.58 

7.58 

3 -49 

5 1.42 

2.62 

Age st Onset 
(yem) 

C D R ~  

75.88 

10.4 1 

5 1.42 

3 -54 

Female Estrogen- Total Sample 
Users (n=3) (n=52) 

Mean SD 

7.3 

0.48 

8 -09 

3.6 1 

15.62 

1.72 

7 1.97 

1.17 

77.73 

10.67 

49.03 

4.20 

75.85 

10.55 

49.61 

4.06 

3.97 

0.58 

4.62 

0.20 

P 

7.45 

O. 39 

I 

7.56 
I 

3.40 

14.27 

, 
4.20 

72.70 

1.30 

7.75 

.O57 

75.53 

1.33 



were no group differences in CDR scores. duration of AD. current age* age of AD 

onser, years of education or SES. 

Hormonal Assavs: 

The hormone levels of the AD patients are presented in Table 23. BIood for 

radioirnrnunoassay was collected from ai1 but one women esuogen non-user. 

Table 23 
Hormone Levels of AD Patients 

Hormone 

Testosterone (pmoüL) 43.68' 20.33 3 -23 3.23 0.33 0.23 

Cortisol (nrnoüi) 325.7 1 112.41 303.05 109.76 266.33 40.20 

DHEAS (umoUL) 1 2.53 1 1.87 1 2.14 1 1.85 1 0.70 1 0.30 

a Men > E, ttian esucgen non-users (pc.01) 
b Estrogen-users > & than men. rstrog-en non-users (pe.01) 
c Men > T than both fernale groups (p<.ûûl) 

One-way ANOVA analyses with Bonferroni-comcted pst-fioc t-tests revealed 

that there were group differences in & levels (H2.18]=31.33. p<-001). such that the 

esuogen-users had higher levels than the men and the estrogen non-users (pc.05) and 

men had higher levels than estrogen non-users (pc.05). T levels were higher in the 

men compared with levels in both groups of women m2,48]A8.66, P<.001). There 

were no significant group differences in CRT. DHEAS or the DHEASKRT ratio. 

Memorv Performance: 



Scores on the test battery are presented in table 24. 

Table 24 
Neuronsvcholooical Test Scores - AD natients 

Test Name 

- - 

Group 

MMSE 1 30 1 20.74 ( 4.19 1 19.25 ( 4.93 1 19.00 1 10.44 

Boston Naming 60 34.35 14.37 1 3 1.50 11-08 32.00 16.97 

Digit Span 24 11.44 3.54 12.10 3.45 14-00 2.83 

Bac kw ard 1 12 1 1.60 1 1.76 1 4.95 1 1.61 1 6.00 1 0.00 

Belonging . I 1 1 . 5 ~  11-27 10.73 11.12 10.67 (1.15 

Picture Recognition 1 10 1 6.77 1 2.72 1 5.95 1 3.17 1 7.33 1 3.06 
Story - Immediate 1-71' 1.56 11.02 0.94 0.83 0.76 

Story - Deiayed 21 0.56 0.97 0.09 0.29 0.50 O. 87 
1 

Face Recognition 5 3.3 1 1.69 2.45 1 -44 4.00 I .00 

Route - Immediate I 1 2.88 1 .O7 2.52 1.29 13.00 1.00 

Route - Delayed 5 1.85 1.41 1.52 1.29 2.00 2.00 

Message 6 3 .O0 1.4 1 2.52 1.33 3 .00 1 .O0 

Orientation Y 5.88 2.34 4.95 2.19 5.67 4.93 

Date 2 0.50 0.86 0.45 O. 86 1 .O0 1.00 

RBMT Total 24 3.81' 3.16 2.00 2.64 4.00 2.65 

a. b. c Men > F e m d e  esuogen non-users (p<.OS) 

One-way ANOVA analyses indicated no differences between the three groups 

on any of the neuropsychological tests. but due to the small sample size of esuogen- 



users subsequent analysis was conducted excludîng these three women. The group of 

men and the estrogen non-users group were cornpared with ANCOVA procedures, 

controlling for the level of depression as measured by the GDS, because GDS scores 

were elevated in some 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 c~2 .13 ,  p<.05), Immediate Story Recall cp2.32, p<.OS) and on the 

RBMT Total score Ct=2.2 1, pc.05). 

Multiple stepwise hierarchical regression analyses were performed to confirm 

these sex differences, entering the variables of age, education, duration of AD and 

CDR k s t  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 

(-[1,36]=5.80, ~ ~ = . 1 3 5 ,  p=.02), h e d i a t e  Story Recall (F[1,36]=3.86, ~'=.091, 

pc.05)' and the RBMT Total Score (F[l,36]=5.57, ~ ~ 4 2 6 ,  p<.03), beyond what was 

predicted by the other variables. Male gender was associated with better performance 

on these tests. The R~ values reported 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% of the variance in hmediate Story Recall, 

and 1 2.6% of the variance on the EU3MT Total Score. 

Pearson product-moment 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 & in this group was too small. 

The results for the men are presented in Table 25, and for the estrogen non-using 



women in Table 26. 

Table 25 
Correiritions Retween Hormone Levels and Tsst Scores - tMale AD natients 

II I 
I 

Male AD Patients (n=26) 

Test Name 

- -- -- 

MMSE 1 .277 
- - 

Boston Namin3 1 .281 

Digit Span 1 -.O05 1 

B ackw 3rd 1 . O 1 1  1 -161 

Name Recall .124 .484** 

Belonging 1 .O39 .347 

Appointment/Results .522* 3 2  

Picture Recognition -.206 -.Il6 

Story - Immediate -107 -103 

Story - Delayed 

Face Recognition 

Route - Imrnediate 

Message 

Orientauon 

Date 



Table 26 

Correlations Retween Hormone Levels and Test Scores - Female Estropen non-usino AD 
patients 

Estrogen non-usine Female AD Patients (n=21) 

1 CRT 

II MMSE 
- 

Boston Narning -.O17 -. 167 .589* .161 -. 100 

Digit Span -.210 -364 -. 192 -438 -308 

-- - - - - - - - -- - -- 

Name Recdl -. 146 -.283 - .O98 .24 1 .277 

Belonging -.372 .400 -. 100 -.379 -.387 

Appoinunenflesults -.O2 1 .619* .O64 -. 108 0. 117 

Picnire Recognition -.627* 2 5  1 -.O13 -. 120 -.3 17 
I I 

S t o l  - Immediate -042 .134 -.208 .230 260 

Story - Delayed 1 -.O18 SM** -.O28 .155 .172 

Face Recognition -.32 1 -.O 17 -.O16 -. 123 -259 

Route - Immediate -.45 1 -179 -.285 .250 -181 

Rouie - Delayed -.629* .O76 -.la0 .O29 - -046 
f 

Message -.342 .O30 .1OI -.358 - .a54 

Orientation -.29 1 -.O08 .303 .O76 -. 110 

Date -.563* -.O59 -.M -.371 -.385 

II RBMT Total 1 -.729* 1 .112 1 -.O35 1 -.306 

CutotT values of pe.01 were used for these correlations to conuol for the large 

num ber of correlations performed. Correlations between pe.02 and pc.0 1 will be 



discussed with caution. in the men. & leveis were positiveiy associated with scores 

on remembering an appoinunent (--522. p<.01), and higher T levels were related to 

higher scores on Narne Recall &=.484. p=.0 14) and Orientation &.483. p=.O15). As 

well, CRT levels were positively associated with Face Recognition scores (r=.474. 

p=.017) in these men with AD. 

In the women estrogen non-users (Table 27). & levels were negatively 

comlated with a number of tests. including Picture Recognition &=-.627, p<.OOS), 

Delayed Route memory &=--629. p<.003), ability to recaii the proper Date &=--563, 

pc.008). and the RBMT Total score &=--729, pc.001). T leveis were positiveiy 

associated in these women with performance on remembering an Appointment &=.6 19, 

pc.003) and Delayed Story Recall @.506. p<.019), and higher CRT levels were 

associated with better performance on the Boston Naming Test (r=.589. p d l ) .  

Low Vs. Hioh Hormone Grouris: 

Since there were n o  group differences between iavels of DHEAS, CRT and the 

DHEAS/CRT ratio. the & were divided, using a median split. into high and low 

groups for each of these h ~ r m o n e  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 c m  be found in Table 27. 

in the High DHEAS group perfomed better than those with lower DHEAS 

leveis on the tests of Name Recall (-2.48, p<.OS), Digits Total &=2.03, p<.OS) and 

Fonuard Q=2.27. pe.05). and also had marginally higher MMSE scores (1=1.98. 

p=.054). Those with lower CRT levels perfomed better on the Delayed Route Recaii 



Tabie 27 

Comitive Test Scores: Low Vs. Hioh Hormone Levels in AD Patients 

Test Name 

CDR 

MMSE 

Boston Naming 

Digit Span Totat --------------- ----- 
Forw ard 

i lag6 
6.24 - - - - - - - - - - -  

B ackw ard 

Picture Recognition 6.46 

Story Recall - Immediatr 1 1.15 

Story Red1 - Delayed 

Face Recognition 
- . - 

Koute - Immediate 

Rocite - Delayed 1.80 

Message 

Orientation 5.08 

Date 0.62 

RBMT Total 3.15 

High DHEAS > Low DHEAS, p d 5  
Low CRT > High CRT. pe.05 
Higii D E  ASKRT > Low DHEAS/CRT, pc.05 



task cî2.47, p<.02) than the & in the upper range of CRT values, and fuially, Ss with 

a higher ratio of DHEASKRT had a slightly higher CDR Ct2.09, pc.05), indicating 

that they were 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. 

Mood 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 fiom only two estrogen-users, statistical 

comparisons between al1 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 O and 10 fdl into the normal, non-depressed range of the GDS, 

whereas scores over 1 1 indicate some depression (Yesavage. 1986). GDS scores over 

14 resulted in 100% specificity in classifjing non-demented elderly men and wornen 

as meeting Research Diagnostic Cnteria 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 

sarnple of men, sixteen & scored below 10, six scored between 10 and 14, and two 



scored above 14. In the esuozen non-users, ten scored below 10. six were between 

10 and 13. and three scored above 14. Both of the esuogen-users scored below 10. 

This indicates that five of our 2 showed mild depression. 12 of them had some 

depressive symptoms and 28 were non-depressed. As depression can impact cognitive 

function. the GDS score was used as a covariate in the cognitive analyses. 

Discussion 

Hormone Leveis 

As expected. the women esuogen-users had higher levels of & than both the 

men and the non-users. and the men had higher levels of E2 than the esuogen non- 

users. As well. 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 

DHEASKRT in these AD patients. Based on the endocrine noms (Table 4). it was 

expected that DHEAS levels would be higher in the men than the women. In terms 

of absolute values (Table 23). the esuogen-users did have lower DHEAS levels than 

the men (0.7 vs. 2.53 urnoVL), but perhaps due to the srnall sample size this difference 

was not statistically significant. These tïndings are consistent with Nasman et al. 

(1990). who found no gender differences in DHEAS levels between 78 year-old 

demented women and men. However, in that study the groups of men and women 

were compnsed of some cases of AD and some cases of rnulti-infarct dementia so 

those results do not retlect DHEAS levels in AD patients alone. 

The lower limit of the normal male range of DHEAS levels is 5.4 umoVL. 

Considering that in Our study the male AD patients had DUEAS levels of 2.53 umoVL, 



less than half the lower limit. it is not surprising that these levels are not higher than 

the women's. In fact. both the men and the women AD patients had low DHEAS 

levels compared to the norms, which supports the contention that AD patients have 

lower than average DHEAS leveis (Sunderland et ai., 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 consuucting that range. 

Based on the tindings of Leblhuber et  al. (1993). we predicted that the women 

AD patients would have sievated CRT Ievels compared to the men, However. no such 

oender differences were evident. In the Leblhuber et al. (1983) study the AD Ss were 2 

far more severely dernented than ours (MMSE scores of 5.2 vs. 20, respectively). If 

it is m e  that more severe dementia is associated with CRT hypersecretion. then ais 

difference could account for the increased CRT levels in those women. The tinding 

of higher CRT in more severely dernented women is consistent with the glucocortïcoid 

cascade hypothesis wherein HPA dysregulation lrads to CRT hypersecretion, 

subsequent neuronal dealh in the hippocampus and resultant dementia (Sapolsky et al., 

1986). If this dysreguiaUon 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 (Jorn et al.. 

1987: Rocca et al. 1986: Keetover. 1996). which c m  only partially be explained by 

demographic and social factors (Kay, 1986). 

Neither were there any significant group differences in the ratio of 

DHEASICRT. Svec & Lopez-S (1989) theorized that women with AD might show a 

lower ratio of DHEASKRT. based on the findings that AD patients had lower DHEAS 



than controls (Sunderland et al. 1989) and the generrilly lower DHEAS concentrations 

in elderly women. However. other researchers who have actuaily calculated this ratio 

in clinical investigations failed to find gender differences in AD patients. dthough they 

did report a higher DHEASKRT ratio in AD versus conuol women (Leblhukr et al, 

1993). If the ratio of DHEASKRT were a valid measure of protection to degeneration 

in the hippocampus, one rnight expected it to correlate with degree of dementia in AD 

patients, but this faited to occur both in this study and in the Leblhuber et al (1993) 

report In fact. the esuogen-using women had the lowest ratio of DHEASKRT and. 

if anything, they perforined better than the men and estrogen non-users on the 

cognitive tests. Thus. as in the healthy elderly study, this measure appears to have 

questionable predictive validity in AD patients. 

Neu ropsychological Tests 

The major neuropsychological test results of this study were that the male AD 

patients scored higher than the fernale esuogen non-using patients on hmediate Story 

Recail. Remembering ri Beionging and the RBMT Total score. This occurred despite 

the fact that both groups had sirnilar CDR scores and duration of AD, and depression 

scores were used as a covariate in the analyses. Others have also reported that women 

with AD performed worse than men on tests of object naming, verbal fluency and 

delayed verbal recall (Henderson & Buckwalter, 1994) and naming and word 

recognition (Ripich et al., 1995) ailm controllincg for education, age and dementia 

severity. Considering that the elderly men had higher & and T levels than the 

estrogen non-usine women, that T is converted to 6 in the brain (MacLusky et ai.. 



1987) which causes hippocampal neuronal growth (Wooiey & McEwen. 1992). it is 

possible that the male hippocampus is protecred from aging by their higher & levels. 

I t  also follows that the degeneration of hippocampal neurons characteristic of AD 

pathology (West et ai.. 1994). and the decfine in cognitive functions subserved by that 

structure (Squire. 1992) may be less severe in those who retain higher levels of E= with 

age, namely, men and estrogen-using women. Indeed, the estrogen-using women in 

this study. though few in number, did perform better in absoiute tems than the 

estrogen non-using women on the rnajority of the tasks (Table 25). although these 

differences were not statisticall y significant. 

The findings from this study suggest that E2 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:l female to male ratio in the incidence of AD (Rocca. 

Amaducci & Schoenberg, 1986: Jorm et al.. 1987) may be due. in part, to the fact that 

male hippocampi are protected to some degree by their Iifelong exposure to esuogen. 

Indeed. recent epidemiological studies found a lower incidence of AD in female 

esuogen-users compared to non-users (Henderson. et al.. 1994; Paganini-HiIi & 

Henderson. 1994: Tang et al.. 1996: Kawas et al., 1997). and a dose-response 

relationship where higher doses of E and longer durations of ERT were related to 

Iower chances of deveioping AD (Tang et al.. 1996; Paganini-Hill & Henderson. 

1994). Additionally, in preliminary clinical trials, exogenous esuogen enhanced 

memory in women with AD (Honjo et al., 1989; Fillit et al.. 1986; Ohkura et al.. 

1994). ERT may also delay the onset of AD. as observed in a recent prospective 



epidemiological study (Tang et al, 1996). Indeed, although the age of AD onset was 

not statisticdly 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 omet in the estrogen-users of 

approximately three years supports the contention of Tang et al. (1 996) that estrogen- 

use may delay the onset of AD 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 performed better on a number 

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 

with Visual Reproduction in Study 1, which suggests that this task measures visuo- 

spatial ability. Other studies have found irnpaired performance on maze learning in 

rats (Landfield et al., 1981), and visudspatial memory in humans (Mauri et al., 1993; 

Starkman et al, 1992) after CRT administration. However, while some 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 rnean scores were low with very little variability. 

Thus, the floor effect Ui the performance of the AD patients on these verbal memory 

tasks may have precluded the possibility of discovering similar verbal mernory 

differences between low and high CRT groups as were seen in Study 1 in heaithy 



elderly . 

When 3 were grouped by a rnedian split into low and high DHEAS groups, 

the group with high DHEAS levels perfomed better than the group with low levels 

on four different tasks, Di@ Total and Forward, Name Recaii and the MMSE, 

although the low DHEAS group were not more demented as assessed by the CDR. 

This association of DHEAS with better memory is consistent with fmdings that 

DHEAS administration caused neuronal sprouting in the rat hippocampus (Roberts et 

al.. 1987) and positive health outcornes such as improved immune functioning 

(Morales et al., 1994; Yen et al., 1995) and lower rates of cardiovascular disease 

(Barrett-Connor e t  al.. 1986) in humans. An inverse relationship between DHEAS 

levels and the presence of dementia occuned in male nursing home residents (Rudman 

et al., 1990). but the sample 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 explicit verbal recall tasks (Wolkowitz e t  al., 1997). In that snidy, 

DHEAS levels were correlated with decreases on the Hamilton Depression Rahg 

Scale subscale items assessing "cognitive disturbance". These resulu support the 

possibility that DHEAS helps to maintain certain memory functions. Possible 

mechanisms for this action include DHEAS inhibition of GABA (Majewska. 1994) and 

ducocorticoids (Svec & Lopez-S. 1989) in the hippocampus. 
C 

It is important to note that plasma RIAs of DHEAS may not accurately reflect 

levels of this steroid in the brain. where they may be many rimes higher (Majewska. 



1995). Indeed. ir is questionable whether correspondence exists between plasma 

DHEAS levels and brain levels. since higher plasma concentrations of DHEAS have 

been reponed in males compared to femaies (Venneulin, 1995), but post-mortem 

studies in the brain have found higher levels in femaies 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 awairs further 

comparative research. Meanwhile. it is important to acknowledge that steroid levels 

measured from peripheral hlood plasma may not be 100% accurate in reflecting brain 

activity. This holds for the other steroid hormones as well, since the degree of 

correspondence between penpheral plasma levels and brain levels is g e n e d y  

unknown. 

Hormone-Test Score Correlations 

Because of the srnail number of esuogen-users with AD (n=3), correlations 

between hormone levels and memory performance were performed only for the men 

and the esuogen non-using women. In the men. E, levels were positively associated 

only with remembering an appointment. Remembering an appointment was one of the 

most difficult tasks in the battery for both healthy elderly 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 difficult, 

but not on irnmedinte trials which were easier (Luine & Rodriguez. 1994). This 

suggests that, in men. E1 may serve to enhance perfomance on more difficult taski 

rather than on simpler ones. 



To 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 battery, a direct cornparison with this finding in young men is not 

possible. Remembering an Appointment. the one test that comlated positively with 

E., 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 

appoinunent is an auditory beep. 

Scores of the women esuogen non-users showed an opposite pattern of 

correiations to the men, in that they were negatively associated with E? levels on  a 

number of tests. This is contrary to what would have been expected if & had 

enhancing effects on memory. However, the levels of 6 in this sarnple of unueated 

women with AD were exuerneiy low, and showed little variability. In addition, there 

were a number of women who scored zero on al1 the subtests that showed negative 

correlations, and they also had relatively high E, levels, thus accounting for the 

negative correlations. Ir is uniikely that such low circulating E2 values would influence 

cognition. Other studies have failed to find correlations between & and cognition in 

postmenopausal women with extremely 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 



overail incidence of estrogen-use in this elderly and cognitively impaired sample was 

very low, which has been confmed in larger epidemiologic studies investigating 

estrogen-use and AD (Henderson et al., 1994; Tang et al., 1996). Few of these 75 

year-old women started using esuogen at their menopause, an average of 25 years ago, 

when such ueaunent was relatively uncornmon. As well. in general physicians rnay 

be iess likely to prescribe what is sometimes considered a "quality of life" medication 

to women suffering from AD, or ERT may be discontinued when a diagnosis of AD 

is made. 

It is clear that a Iarger cornparison group of esuogen-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 esuogen- 

using women with AD, and the possible treatment biases in naturalistic populations, 

prospective long-terrn 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 treaunent trial of esuogen in AD patients, who would be randomly 

assigned to estrogen or placebo, with a washout period and crossover to the other 

ueaunent. Such a study would allow experimental control over the dosage, route of 

administration and duration of E2 use. Additionally, pre- and post-treatment cognitive 

testing would be possible. Such a multi-site. clinical trial of & in patients with AD 

is currently underway (Kuller, 1996). 

Summary 

Men with AD performed better than esuogen non-using women with AD on 



a nurnber of everyday memory tests, namely, Delayed Story Recall, Remembering a 

Belonging and the RBMT Total score, concomitant with their higher El and T levels. 

The small sample of estrogen-users performed similarly to the men on most tests, and 

frequently better than both the men and esuogen non-users, dthough these differences 

were not statistically significanr, probably due to the small size of the estrogen-using 

group. Possible explanations of these results are based on the effects of & on 

hippocampal morphology (Gouid et al.. 1990). neurochemistry (Luine, 1985). and 

nerve growth factor (Toran-Allerand et al., 1992). 

AD patients with higher DHEAS levels performed better on Digits Total and 

Forward, Name Recall and ihe MMSE than those with Iower DHEAS levels, although 

they were not more demented as assessed by the CDR. The CDR is a very p s s  

measure of dementia. and Iikely to be less sensitive than the MMSE to small 

fluctuations in dementia srverity. since the MMSE has a much larger range of possible 

scores. Based on the MMSE scores. patients with higher DHEAS levels showed less 

overall cognitive impairment. These results support the notion that DHEAS enhances 

cognition, which couid occur via the ability of this hormone to block GABA activity 

in the hippocampus (Majewska, 1995), andor antagonize the detrimental hippocampal 

effects of gIucocorticoids (Svec & Lopez-S, 1989). 

Patients with lower CRT levels perfonned better on Delayed Route Recaü, a 

measure of spatial memory, chan those with higher CRT levels. The finding that 

higher CRT levels were detrimental to an aspect of everyday memory supports the 

results of Study 1, in which higher CRT levels were detrimentai to verbal memory 



performance in healthy elderly men and women. and extends this finding to AD 

patients. 

Cornparisons between the hormone ievels of these AD patients and other study 

samples suggest that there rnay be differences in the patterns of hormone secretion 

between patients with miid to moderate AD. and in those who are more severely 

demented. In one sample of more severely demented patients. the women with AD 

had higher CRT levels than the men (Leblhuber et al., 1993), whiçh was contrary ta 

Our finding of similar CRT levels between groups of mildly demented men and 

wornen. This supports the idea that with the progression of the disease. HPA 

dysregulation may occur. 

The results of this study helped to clarify some of the gender differences 

present between men and women with AD, both in the area of memory function and 

hormone levels. These findings suggest thaf higher circulating & rnay be related to 

better cognitive performance. as observed in the men and the women estrogen-users 

compared to the estrogen non-users. Additionally, DHEAS may enhance memory in 

AD patients, while hisher CRT levels may be detrimental to some aspects of cognition 

in this population. 



Studv 3: - Hormone Levels and Evervdav Mernorv Performance of AD Patients 

Cornnared to Healthv Elderlv Conuols. 

Introduction 

In addition to investigating the relationships between hormones and memory 

funcùons in AD patients. we sought to compare their values and performance to age- 

matched cognitively unimpaired conuol subjecrs. The following hypotheses were 

proposed based on the review of the lierature: 1) The AD patienrs would perform 

worse on ail cognitive tests than controls, 2) AD patients would have Iower Ievels of 

DHEAS compared to controls. 3) AD patients (both male and female) would have 

iower E2 lzvels than age-matched conuols, 4) Female AD patients would have higher 

CRT levek than controls. and 5) AD patients would show more depressive affect than 

conuok. 

Methods 

Particinan ts: 

The 52 AD patients from Study 2 were matched with 52 healthy elderly 3 

from T2 of Study 1. The heal~hy elderly conuol were selected from the group who 

completed T2 of study 1 on the basis of age. education, gender and esuogen status 

in an auempt to create groups that were matched with the AD patients on these 

variables. The final healthy elderly conuol group consisted of 23 men. 23 esuogen 

non-using women and six estropen-users. 

Materiais: 

Al1 AD patients and healthy elderly convoi & had been tested using the 



RBMT, Digit Span and the GDS. 

Procedures: 

Test scores of healthy elderly control Ss who were chosen as a matched sarnple 

for this study were taken fiom their T2 scores ui Snidy 1, and compared to that of the 

AD patients in Study 2. 

Hormonal Assavs: 

Assay results for E2, T, CRT and DHEAS levels collected at T2 of Study I and 

in S tudy 2 were used in this study. 

Results 

Participants: - 

The demographic charactenstics 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 & had more years of education than the AD patients C ~ 2 . 6 3 .  p=.Ol). 

Independent samples t-tests indicated that the control men were of higher education 

than the AD men C~2.12, p=.039), but there were no significant group differences on 

years of education in the women. 

Hormonal Assavs: 

Hormone levels for the AD patients and controls, according to gender and 

group are presented in Table 29. Differences in hormone levels between the controls 

and AD patients were investigated by performing a group by gender ANOVA 

analyses. There were no interactions between group and gende- and no main effects 

for group. Thus none of the hormone levels were different between the AD patients 



and controls. 

Table 28 
Sociodemomphic Characteristics of AD patients vs. Controls - 

1 Education (years) 1 Socioeconomic 11 

AD Patients (n=52) 1 75.85 

Men 
(n=27) 

No-E Women 75.88 
(n=22) 

E- Women 77.73 
(n=3) 

Controls (n=52) 74.22 

Men 73.37 
(n=23) 

No-€ Women 74.83 
(n=23) 

E-Women 75.1 1 
(n-6) 

a Controls overall> Education than AD patients, p=.O 1 
b Male Controls 7 Education than male AD patients, p<.05 

However, there was a main effect for gender on levels of Ez (F[2,90]=5 1 5 2 ,  p<.000 1 ), 

T (F[2,90]=110.02, pc.0001), DHEAS (F[2,90]=8.03, p<.001) and DHEAS/CRT 

(F[2,90]=5.8 1, p<.005). When probed with Bonferroni corrected post-hoc t-tests, 

overall, the estrogen-users had higher Ez 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 of women, and the men also had a higher ratio of DHEASKRT than 



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 Hormone Level! 

il 
II 

. - 

rU) Patients - 
overall 

E non-users Il ( n = W  

Controls - 
overall 

)f AD Patients vs. Controls 

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 > dl groups of  women 

DHEASKRT 
c Men > estrogen-users 



Figure 6 - Estradiol L e v e l ~  

C-M C- C-E A D  AP 
no€ M 6 E 

Estrogen-users higher than men and non-users (pd01)  
Men hgher than estmgen non-users (Pc.001) 

Figure 7 - T Levels 

Men higher than women (F[2S]= I 1 1.88, p d o o 1 )  



Figure 8 - Cortisol Levels 

No group difierences 

..Figure 9 - DHEAS Level~  

Men higher than Women (Ff296]=8.16, pc.001) 



KR?' Ratios Figure I O  - DHEAS 

t 

ADE 
Nœ- 
urir 

Men higher rhan esuogen-users (F[2Q3]=6.23, pe.005) 

Memorv Tests 

There were signiticant group differences on the scores of the memory tests thaî 

were administered to both AD patients and conuois and presented in Table 30. AS 

expected. overali the control group perfoxmed significantly beur  than the AD patients 

even after controlling for years of education with rnultivariate ANCOVA procedures 

(pe.00 1). The factoring out of educational Ievel before conducting group cornparisons 

resulted in adjusunenu in the means of oniy the Immediate (pc.001) and Delayed 

(pe.05) Route scores and the RBMT Totai Score (pc05). 

The performance of the AD patients compared to the healihy elderly controis 

was the worst on the RBMT Totai score @31,100]424.5), Name Recall 



Table 30 

Test N m e  

Max. 
possible 
score 

Digit S p a  1 24 

Forward I it-- 

Narne Recail 

Beionging 

Appoinunenr/Results , 
Piccure Recognition 1 10 

Story - Immediate 2 1 
- - 

Story - Delsiyed 21 

Face Recognition 5 
- - -  - -  

Route - Irnrnediate 5 

Route - Dehyed 5 

Message 6 

Orientation 9 

Date 2 

RB MT Tot al 1 21 

AD patients- I Conuols 

f Conual > AD. pc.001 

(FJ l,100]= 144.5). Remembering a Belonging 1,100]=1lS.4). Delayed 

1,100]= 1 13.9) and Immediate (F[1.100]=111.5) Story Recail, and Delayed Route 

(FJ1.100]=107.7). In c o n w t .  although diey did significandy worse than the 

con~ols,the performance of the AD patients was least impaired on Forward 



a l .  100]=12.6). Total (E[l.l00]=24.i) and Backward (E[1.100]=25.9) Digit Span. 

lmmediate Route recall (E[1.100]=45.9), and on Picture (E[1.100]=50.1) and Face 

(Fil, lOO]=52.5) Recognition. 

Mood Scores 

The AD patients scored an average of 8.67 on the GDS. out of a possible total 

score of 30. where higher scores indicate more depressive symptoms. This was 

significantly higher than the conuol group's mean score of 3.98 Q=5.4 1. p d 0  1 ). 

When hormone and gender groups were examined using one-way ANOVA analyses 

with Bonferroni corrected post-hoc t-tests. group differences were found F[5.88]=7.22. 

pe.0001). such that the AD fernale esuogen non-users scored higher than ail three 

conuol groups (10.00 vs. 3.38. 4.80 and 3.20) on the GDS. and the AD men scored 

higher than the convol 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 to small sample sizes. 

An item analysis of the individual GDS items was undenaken to determine 

which statements the AD patients preferentially endorsed compared to the conuols. 

Mann-Whitney U-tests on each GDS item showed that overail the AD patients were 

more likely than ihe conuols to c o n f m  that they felt their life was empty (pc.02). 

often got bored (p<.002). didn't find life very exciting (p<.005). were net in good 

spirits most of the time fp<.Ol). often felt downhearted and blue (p<.005). frequently 

felt like crying (p<.05), often felt helpless (pe.01). felt worthless the way they are now 

(p<.005). found it hard to get started on new projecis (p<.05). had recendy dropped 



many of their activities and interests (p<.002), didn't feei full of energy (pcOS), felt 

that most people were better off than they were (p<-05). had more problems with 

nemory than most (p<.001), found i t  hard to make decisions (pe.005) and felt their 

mind was not as clear as it used to be (p<.OOl). In contrast. diere were no group 

differences between the AD patients and healthy elderly conuols in basic satisfaction 

with their life, being hopetùl about the future. being afraid that something bad is going 

to happen to thern, feeling happy most of the tirne, thinking its wonderful to be alive 

now. feeling that their situation is hopeless, being bothered by thoughts they can't get 

out of their head, getting restless and fidgetv. worrying about the future. worrying 

about the past, getting upset over Iittle things, having trouble concentrating, enjoying 

settins up in the moming or avoiding social gatherings. 

Subsequent factor analysis revealed three factors that accounred for 35.4% of 

the variance. The tirst 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, inchded positively endorsed 

outlook items such as feeling hopeful about the tirture, feeling it is wonderful to be 

alive and enjoying getting up in the moming. The third factor 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 mentai 

acuity items (i.e. they endorsed mental dullness items) than were the healthy elderly 

conuots, but they were no more likely to have a negative outlook on Me. than the 



contro 1s. 

Discussion 

Hormone Levels 

The cornparison of healthy elderly con t ro i s  and AD patients provided some 

information on differences in endocrine status between these two groups. Conuary to 

what was hypothesized. there were no overaii group differences between AD patients 

and controls in levels of any of the hormones we measured. Some authors have 

speculated that esuogen levels rnay be lower in women with AD compared to controls. 

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 penpherally converted from androgens in fat tissue. 

Therefore. higher body weight has been identified as an indicator of higher esuogen 

levels. Thus, the obsenraùon that women with AD were of lower body weight than 

conuols (Beriinger & Porter. 1991; Buckwalter, Schneider & Dunn. 1994) led to the 

assumption that they also had lower esuadiol levels, although circulating E2 was not 

ûssayed. However. in our study E, levels were not lower in AD patients compared to 

controls. The idea that cumnt circulating levels of endogenous 5 reflect cognitive 

sranis is not supported by the data in the present study. Clearly. a more complicaied 

interaction between risk factors for AD, effects of aging on the central nervous system, 

individual factors. and peripheral effects of & thac potentially effect cognitive 

functioning need to also be considered. 

Another theory holds that greater cumulative lifelong exposure to esuogens 



affords increased protection against dementia in elderly women. This theoq has been 

supported by epidemioiogical srudies b a t  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 femaie rats. wîth fluctuations in spine density occumng over the 

estrous cycle (Wooley & McEwen. 1992). Within a short time penod after OVX. 

decreases in hippocampal spine density occur. which are quickly restored to pre-OVX 

densities with E, administration (Gould et al., 1990). However. upon withdnwal of 

esuogen trearment. hippocampal neurons quickiy retum ro post-OVX spîne density 

values (Gould et al.. 1990). These findings from basic neuroscience therefore do not 

support the theory ihat past esuogen use or cumulative esuogen exposure wodd be as 

important as currently circuiating El levels in infiuencing hippocampal morphology, 

and thus. memory functions. [ndeed. when Our four AD patients who were past 

estrogen-users were cornparcd to the never-users. their cognitive test scores and di 

hormone levels were indistinguishable. 

Levels of circulating E, were not different between the AD patients and 

conuols in the present study. and El levels were not correlated with cognitive 

performance in these AD pauenrs. Thus. the relationship between E2 and cognition in 

AD is less than straightfonvard. IL is possible lhat Ez may act as n modularin_o factor 

in the development of AD. much as diet. family history and gender are factors that can 

influence the development of hem disease. The finding that the es~ogen-using 

women developed AD an average of three years later than the men and estrosen non- 



users supports the notion that esuogen-use rnay be acting to delay or slow the progress 

of AD. 

The AD patients had the same CRT levels as healthy controls 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. Schweitzer. Mastwyk et al., 1996) in AD patients compared to controls. 'Iliose 

AD patients who were reported to have elevated CRT levels differed from ours in 

several ways. They were younger (aged 64.1). with a presenile form 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 ai., 1991). Additionally, ail these studies had 

srnaIl sample sizes. However. Our findings are consistent with others who failed to 

find differences in CRT levels between AD patients and conzrofs (Touitou et al.. 1982; 

Dodt et ai., 1991; Nasman et al,. 1991). 

No challenge of ~ h e  HPA axis was performed in this study. thus HPA 

dysregulation may have been present but not observed. Severe dysregulation of the 

HPA axis would likely have been reflected in elevated CRT Ievels. so it is possible 

that these Ss, in the early phases of AD, were not suffering from severe HPA 

dysregulation. However, no comment cm be made regarding the presence of subtier 

forms of HPA dysregulation. It is possible that the elevated CRT levels found in more 



severely demented AD patients are a result of prolonged HPA dysregulation, but that 

such elevations in basai CRT do not occur eariier in the disease progression. 

Neither did AD patients have lower DHEAS levels compared with our healthy 

elderly conuols. Although 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 conuols (Leblhuber et al.. 

1990; 1993; Cuckie et al.. 1990; Spath-Schwaibe et al.. 1990; Birkenhager-Gillesse et 

al.. 1994). Of the studies ihat found group differences, the AD patients were either 

much younger than Our sample (61 years, Sunderland et al., 1989) and therefore may 

have had a familial subtype of AD. or had more severe dementia (Nasman et ai., 

1990). Our convoi & had similar DHEAS levels to the control Ss in Nasman et ai. 

(1990), but the AD patienui in that study had depressed DHEAS levels compmd with 

Our AD patients, were far more severely demented (MMSE=2), and were 

institutiondized. This advanced disease progression may acccunt for the observed 

decreases in DHEAS, although 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 its antiglucocorticoid effècts (Svec & Lopez-S. 1989). suggest a possible 

role for DHEAS in the demenria process. The findinps of Study 2 that higher DHEAS 

levels in AD patients were associated with betîer cognitive performance are interestkg. 

but in the absence of lower levels of DHEAS in patients with AD, an interaction 

between the dementing process associated with AD and DHEAS in the brain must be 



considered. Simiiar to the proposed actions of L. it 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 DHEASKRT was beneficial to cognitive performance as 

others have suggested (Svec & Lopez-S, 1989). the men and estrogen non-users would 

have shown superior performance compared to the esuogen-users in rhis study, 

concomitant with their higher DHEAS/CRT ratios. However. this did not occur in any 

instance. If any group appeared to have an advantage over the others on the cognitive 

tests. i t  was the estrogen-users, particulariy the healthy elderIy. Thus, in these studies. 

the rneasure cf 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 conuol & AD patients, predictabfy, 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 controls. The RBMT was 

developed for use wich 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 subtesu (Story Recail. Route Recaü and Name Recall) 

to AD patients found that they were very sensitive to gradations of dementia and could 

disûnguish "minimai dementia" from "low-sconng normal" groups (Beardsall & 

Huppert, 1991). In our study, these same subtests easily discriminated AD patients 



mitd tu moderate dernentia fkom controIs. 

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 durkg normal aging (Craik, 1991; 

i 994), and most hippocampally dependent (Squire, 1992). Those tests that register the 

least impairment. Digit Spans, are not primarïly dependant on the medial temporal 

lobe memory system (Moscovitcn & Winocur, 1992; Kolb & Wishaw, 1 WS), the area 

most damaged in AD pathology (West et al., 1994). The hct ions  that Digit S ~ a n  

requires, attention 1 concentration and short-terni memory, are relatively unaffected by 

increasing age in the normai population (Craik & Jennings, 1992). 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 

Iess impairment with normal aging (Craik, 1991) than do explicit recall tasks. Thus, 

the AD patients in this sample showed the largest impairments or1 tasks that depend 

upon the hippocampal memory szrstern 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 hippocarnpaily dependent (e.g. Digit Span) and 

tend not to show performance declines with nomai aging. It seems, then, that the 

sarne patterns of cognitive decline occur in AD patients as in normal elderly subjects, 

but to a much greater degree. 



Supponive evidence cornes from a recent study which used MRI scans to 

investigate the volume of hippocampal and parahippocampd structures and the rate of 

change in the volume of these structures over several years in very old cognitively 

h d t h y  & compared to who were healthy at the outset but later became demented 

(Kaye et al., 1997). The who later became demented (pre-demented) had lower 

hippocampal volumes and lower MMSE scores at the start of the snidy, although both 

groups were cognitively healthy and living independently at that Ume. Borh the non- 

demented and the pre-demented groups showed similar slopes of decreasing 

hippocampal volume over three to foui years. However. the rate of overail temporal 

lobe volume decrease was greater in the pre-demented population. suggesting that a 

combination of earlier hippacampai auophy and a faster rate of loss in the remainder 

of the temporal lobe is characteristic of those 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 hippocarnpaily dependent cognitive abilities associated 

with aging (Cr&. 1994). although it appears that this process begins at a younger age 

in demented individuals, 

Interestingly, esuogen-use was not an exclusion criteria in the Kaye et al. 

(1997) MRI study, and, unfortunately, the number of in each group who actually 

took estrogen is not reported. It would be interestint to know whether there were 

more estrogen-users in the non-demented sample compared to the pre-demented sample 

in these very elderly a, since recent epidemiological studies have shown a Lower 



incidence of AD in esvopn-using women (Kawas er al., 1987; Tang et al. 1996). 

Estrogen administration may ais0 slow the death of hippocampal neurons. which occurs 

with dementia (West et ai.. 1994). After hippocampal lesioning in female rats. 

sproutirig was decreased in OVX rats compared to intact fernales. but was restored to 

intact levels by subsequent ûdminisvation of estrogen (Scheff et al.. 1988a). Also. 

hippocampal cells exposed in vitro to km-& showed a twofold increase in dendritic 

spine density (Murphy & Ssgal, 1996). Thus. it appears that esvogen may act on 

damaged neumns to rrsrore previous levels of dendritic connectivity. if this is the case 

in humans as well as rats. it  im~lies that & rnay be useful in retarding cognitive 

deteriorcltion in individuals with AD. 

M o d  Scorcs 

The nature of the mood disturbance in AD patients mcnts comment- A factor 

anaiysis of the GDS items formed several clusters of items, of which the three 

suongest represented dysphoric mood. positive outlook and mental dullness. That our 

patients with mild to moderate AD endorsed more of the mental dullness items is 

likely dtie to some degree of insighi that is often present in the earlier stages of Ihe 

illness. It was also not sirrprising that they feit more depressed due to their awareness 

that this disrase is debilitating and chronic. 

What was sornewhac surprising was bat  che AD patients wcre not more likely 

to endorse a negative outlook towards life. Indeed. they were just as Iikely as the 

healthy elderly conuols to express basic satisfaction with their life, hopefulness about 

the future, enjoyment with getting up in the morning and interest in social gatherings. 



They did not endorse items relating to feeling that their situation is  hopeless. being 

hothered by thoughts they can't gel out of their head. getting restless and fidgety, 

worrying about the future. worrying about the pst 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 to the mean score of 7.49 in a group of 43 non-depressed 

but demented men md women (Yesavage; 1986). Thus, although the AD patients 

were aware of theù diminishing mental capacities. and were reacting to it wirh 

dysphoric feelings, overall they were not clinically depressed. 

Sample Characteristics 

Although the healthy elderly conuol were chosen on the basis of their 

education and age. it was impossible to match them to the patients with AD on years 

of education. particularly the men. By selecting & from Study 1 who had the fewest 

years of education. it was possible to create groups of women who were matched with 

the AD patienîs. but the conuol men were still of higher educational status. The 

difficulty in finding matched. elderly, healthy conuols supports the notion that AD is 

more likely to suike those of lower educational status (Keefover. 1996). Adding to 

bat. our healthy conuol & were volunteers from the community who answered a 

newspaper advertisement. which may have introduced further bias with respect to theif 

higher level of education. Fifty years ago. it was uncommon for women to pursue 

higher education at d l .  so that it is not surprising that ihe heaithy older men were of 

a higher educational status than the AD men, but the same was not uue of the women 

who had a more restricted educational range. 



The mechanisrn by which higher education offers greater protection against AD 

is unknown at present However. rats raised in an enriched environnent have larger 

neurons and more dendrites and synapses in the hippocampus than rats raised in 

relative isolation (Juraska. 199 1). This is particularly the case for female rars. where 

the hippocampus shows greater plasticity in response to environmental stimuli (JurasLk 

Fitch. Henderson. & Rivers. 1985). In the degenerative pnxess of AD. hippofampal 

neuron loss is associated wilh the seventy of AD symptoms. and those who develop 

AD have smaiier hippocarnpi pnor to AD onset (Kaye et ai.. 1997). mus, those 

individuais with a higher level of hippocarnpai compiexity prior to the onset of neural 

degeneration may experience a slower rate of cognitive deterioration when they 

deveiop AD. If it is the case in humans as well as animais that greater envuonmental 

enrichment Ieads to a more complex and highly developed hippocampus. then those 

individuais with higher education. which couid be considered the human equivalent of 

an enriched environment. rnay also be protected for longer against AD symptoms. 

Thus. in this cohon. men would be more protected than women due io their usud 

higher level of education. Ir is tempting to specuiate that this may. in pan contribure 

to the greater incidence of AD in women than in men at the present the.  

If the human fernale hippocampus is more plastic in response to envuonmental 

e ~ c h m e n t  than the male, as i t  is in the rat (Juraska et al., 1985). women who have 

higher levels of education may benefit from it more than their male countefparts. It 

wiii be interesting ro observe any changes in the demographics of AD as the 

educaiionai tevel of the women in each aging cohon increases. We will have an 



opportunity to test this hypothesis in the next <en or twenty years, when more highly 

educated women reach the age where the incidence of AD beguis to increase. 

Summary 

Alihough the AD patients had levels of steroid homiones that did not differ 

from the healthy elderly controls. 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 a p p a  uns 

dementia is more severe. The pattern of everyday memory functioning in AD patients 

mirrored the usual pattern of loss observed in n o m d  aging, but with much greater 

aegrees of impairment The AD patients were most impaired on explicit recaiï W. 

followed by recognition tasks then short-tem rnernory and attention tasks. 'The)' 

showed more dysphoric mood and mental dullness symptoms than the healthy controls 

on the GDS. but were not more likely to have a negative outlook on life. These 

dysphoric symptoms could indicate a temporary fluctuation in mood brought about by 

the diagnosis of AD. since many of the in ihis study had been recently diagnosed. 

As well. the differing levels of education between AD patients and controls. 

particularly in the men. supgest a possible protective roïe of higher education wifh 

respect to AD onset. 
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in the literature. Although progestins did not grossly affect cognition in the smaii 

sample of three women on combined esuogen and progestia therapy in Study 1. it is 

theoreticaliy possible that there may be some effect of progestins on some areas of 

cognition. Progesterone darnpens the 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 

treaûnent with & alone. The majonty of wornen have a utexus and need to take a 

progestin in combination with K. Thus, it is important to investigate the possible 

cognitive consequences of this type of regimen, as no information is currently 

a w  ilable. 

The analysis of the depressive symptoms in the AD patients iliuminated an 

aspect- of the illness that has not received much attention. nese mild to moderately 

denenred men and women felt more Oysphoric mood than age-matched healthy 

conuols. and they acknowledgcd having memory and thinking problems. This sugggests 

that individuals in the early stages of AD often retain insight not usually present in 

more severeiy demented individuals. 

A limitation of this dissertation lies in the unconuolled nature and naturalistic 

design of these studies. Without experimentally manipulating independent variables 

it is impossible to draw any finn conclusions regarding causality. Correlations 

between hormone levels and memory demonstrate relationships that exist between 

variables. but do not aliow one io conclude that. for example, higher levels of a 

hormone c a s e  enhanced memory performance. Similarly. comparing self-selected 



omup of esuopn-users 2nd non-users introduces bias. some of which can be - 
zzticipated and conuolleii statistiraily. suc5 as edwaiionai levei. However, ihere is 

always the risk that some ot'ier. rrnfcreseen variable. rnay be causing any group 

differences that are found. Only through random assignment can these problems be 

avoided. Even rhough the conclusions denved from these studies are of necessity 

cautious. the resulu support previous research and expand the knowledge-base in some 

relatively unknown areas of tliis fieid- 

Large. mciti-center. double-blind. longitudinal ciinical trials with random 

assignment of LO groups are necessary to determine the efficacy of & ancilor 

DHEAS treatment for AD patients. and the direction of causality beween AD and 

hormone replacement therapy. In ihat context, the type and dosage of h o ~ ~ o n e s  

administered could be conuolled. and & could be carefully matched on demographic 

variables. level of educauon, and SES. Much abo remains to be learned about the 

neurobiological effects of steroid hormones in the brain. Advanced technologies such 

as PET and functional MRI are now helping to elucidate the pathology of AD. ;uid 

have potentiai for dernonsuating hormonal effects on brain chernism 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 corne from animai reseazch. 

It is Iikely that full understanding of the underlying rnechanisms of steroid hormone 

effects in AD will occur as a result of convergent behavioural and brain imaging 

studies in humans and Ihrough the use of animal models of aging and AD. nien. 

therapeutic interventions that delay the onset or retard the deterioration of this 



devastahg disease will hopefully become available. 
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Appendix A 

Study 1: 

Phone Screening Questionnaire 
Consent Forms 

Background Questionnaire 



PHONE SCREENING PROTOCOL 

AG€: DAY: MONTH: YEAR: GWDER: rrmielfemab 

TELEPHONE NO.: (AODRESS: 1 

The stucfy we are conduding invokes a cornparison of men's and women's mood States and thinking abi l i .  Yeu wiii b 
given several different tests that involve worb.  drawings. and numben - as weii as a nurnber of  question^ rJ< 
how you've been feeling over the pad M e  while. Then. at the end of the session. you will be a s k d  to p& & 
çampie of saliva. The whole session takes about one-and-a-haif houn and you will be paid fÏÏeem dollars fm ywr tim* 
Questions? 

.................................................................. 1s Engtish your first fang~age? y-/ no C .  if d d n o t r u i r v a r y y a m ~ & u ~ ~ )  

If not. when did you begin speaking English? 
&, how muchloften do you speak English? 

Have you b e n  in any studi- in the pad? yes i no-......-..,.... ........................ C if h d  -i6va i.* n )w p u  6 -1 
If so, where was it (wefe they) conducted? 

& what did it (they) invoive? 

Have you had any head injuri- in the put? yes / no ..................... .. ................. (EXC. if vuy -nt or inwhrd waonaocrinr} 

If so. wtlat type? 
M e n  did fi o c c d  
did it invoke a p e r d  of unconsciousness? 

What illnesses do you have or have you been diagnosed with? 
(EXC. m.prlahmic, 0.0.. çinow) 

Do you have diabetes? y- / no ..-.-.-...-.... -..........., .... .... ..................................... .............................. c .  if 
Have you ever had a stroke? y m  no ................ .... ............................................................................ [ a  if Y-1 

or, a heart attack? yes / - please describe the details. 

Are you seeing a counsellor. therapist. psychologist. or psycfiiatrist nght now? y- / no 
Have you in the past? 

If yes. what fofl JEXC. m.)or -hm duoid.r, m a  mijor -1 
What sort of treatment have you received? (=Co -a) 

What types of medication do you take? 

ACCEPTED & SCHEDULED FOR: DATE: HME: LOCATION: 

NOT ACCEPTED: REASON: 

Are vou taking Estrogen Replacemerrt Themw? yea I no 
* if so. what type? 

dosage times? 
"Please bring in your Eslrogm with you to the W. and take one in the mming of the test day (as wuil, or. i - d  

of the night before). 

y W e a r  giaopes. or need them to read. pfease bring them to the hbomtory. 

A- 1 



CONSENT FORM 

We are interested in investigating thinking and mood in heaithy men and women over the 
age of 65. The reason for doing this is to look at what types of changes occur in these 
areas as people age. 

Your participation in this study will involve one vis& to Our research laboratory. where you 
will be given a variety of paper and pencil tests which will take about one and a haff to 
two hoors to complete. We will also take a small sample of your blood. The reason for 
thiç wiil be explained at the end of the session. 

In retum for your participation we will pay you $15.00. We will also be happy to share 
the results of the study with you when it is completed. 

We would 
during the 
conf identia 
to any and 

like to assure you that you are free to withdraw from this study at any time 
test session. As well. ail information in this study will be kept strictly 

1.  You will be given a subject number and only that number wiil be attacheci 
al1 persona1 information or test sheets. 

Please sign here to indicate that you have read the above staternent and wish to continue 
in the study at this point. 

Signature: 

Date: 

Dr. Barbara B. Sherwin 
Linda E. Carlson 
Michelle M. Prostak 



CONSENT FORM 

We are interested in investigating thinking and mood in heaithy men and women o v ~  the 
age of 65. The reason for doing this is to look at what types of changes occur in thme 
areas as people age- 

your pwicipation in this study will involve one visit to our research laboratory, where you 
wiiI be given a variety of pawr and pencil tests which will take about one and a h U  to 
two heurs to complete. We wiil also take a smalf sarnple of your blood. The reason for 
this wiil be explained at the end of the session. 

in retum for your participation we will pay you $20.00. We will ako be happy to share 
the results of the study with you when it is completed. 

We would like to assure you that you are free to withdraw from this study at any the 
during the test session. As well. al1 information in this sludy will be kept stildly 
confidential. You will be given a subiect number and only that number will be atta&ed 
10 any and al1 persona1 information or test sheets. 

Please signhere to indicate that you have read the above statement and wish to continue 
in the study at this point. 

Signature: 

Date: 

Dr. Barbara B. ShenMn 
Linda E Carlson 



-205 Or 3mrieia Avenue 
'.:onrreai. GC. Canaaa - 34 1 6 ; 

I grant permission to Dr. Barbara B. Sherwin to contact 

my physician. Dr. at chic 1 hospitat, in order 

to confirm information regarding: 

- medication / hormone dosages. 

- details of my surgery. 

- other: 

Date 



Healthy Efderly Study 

PERSONAL INFORMATION FORM 

GENERAL 
Age: 008: D M-y-, 

Marital status: M . S W (Wherr .-) 0 ( m n 1  
If O or W: How weii did you handle the divorceldeath? 

i# children. grandchiidrem 
+ Where living 

Recent rekcaîion / estrangement? 

Erst language: Oher hguages: 

How long have you lived in Montreai? Where lived before3 

Subject tt 
Date 
Examiner 

EDUCATlON + SES 
FORMAL EDUCATION: Yeers of school Degree obtained 

Informai Education: (eg, night school. etc) 

Hobbies or pastimes: 

Occupation: 
SES Blishen SES Pineo and Porter 
Spouses's occupation: 
SES BIishen SES Pin- and Porter 

Has your standard of Wng changed very much recently / since retirement / death. etc? 

PSYCHIATRIC HISTORY 
Have you had any recent, major stressful experiences? 

Any treatment? y- / no 
If yes. v v b î  for (diagnosis)? 

Treatment? (me& length, 'taking', etc + wheri oocurred) 

NEUROLOGIC HISTORY 
Head injuqt? yealno. Ifyes.wherr 
Loss of consciousnem y- 1 no. If y-, wherr 
Seizures? yes 1 no. If yes* wtien 
Severe, recunerrt headachea? yes / no. If yes. when 
SLroke? yes / no. If yes. whm 
Car accident, fail dom? ye8 / no. If yes, what and when 
OVief? ye8lno. Ifyes.w)iatandwheri 



OTHER MEDICAL CONDITIONS 
VascuIar disorden? yodno.  Ifyes.wheri 
Heart condilion? y- / no. If yes. wheri 
Heart attack? y- / no. If yes. when 
iiigh blood pressure? y- / no. If yes. when 
Diabetes? yaWno. Ifyes,whecr 
Other min. etc)? yfWn0. lfyes,whetandwfreci 

MENSTRUAL HISTORY 
Age at menopause? 

(lime since m u s e )  
Remarkable, msmorable symptoms? 

Any estmgen treatment? y- / no. 

If current, PIUS: the dosage and the day of cycle 

Rbgestin use? Type and dosage: 
What tirne talcen today? 

INJECTION: day since hst injection 

Wheft (what year. how many years ago) did treatmmt begin? 

If not cumnt. type used. dosage if h w n  (ask color of the pills) 

hgestin use? Type and dosage: 

When (what year, how niany years ago) did tieatmerit begin and 
end? 

maries intact? yes / no. If M. when removed? 

Utenis intact? y- / no. If M. when removed? 

ALCOHOL AND DRUG USE 
Alcohol: Use: ftôtïa 1 occashal / moderate ( d a y )  / heavy (>-y) / p-em 

Past pioblem: yes / no. If yes. when 

Cigarette smokd y- 1 no. If yes. how mvch a &y'? 

MISCUNEOUS INFORMATION: 



Appendix B 

Study 1: 

Traditionai Memory Test Foms  
Times 1 and 2 



Heaithy Uderly Study 

0 Testing ended at: Subject # 
Date 
Examiner 

L 

Anna Thompson / of South I Boston. / mployed / as a scmb woman 

/ in an office building. / reporteci / at the city hall / W o n  / that she 

had been held up / on Shte Street / the night before / and robbed 1 of 

fifteen dollars. / She had four / little childisn. / the rent / was due. / 

and they had not eaten / for two days. /Rie ufficen. 

/ touctied by the woman's story, / made up a puise / for her. 

Monday / evening. / In spite af a Winciing / Mowstorm / and darlviess. 

1 the skîy / passengera including 18 1 women. / were ail rescued. 1 

though the boats I wem tosseâ about 1 Iike corks / in the heavy sea. / 

They were brougM into port I the n a  day / by a British / steamer. 

Total: 



First Presentation 
Metal 
Baby 
Crush  
North 
School 
Rose 
UP 
Obey 
Fruit 
Cabbage 

- lron 
- Cries 
- Dark 
- South 
- Grocery 
- Rower 
- Oown 
- lnch 
- Apple - Pen 

1. north 
3 ftua 
3. obey 
4. rose 
5. baby 
6. up 

aouth 

inch 
tlawer 
Grisa 
dawa 

7. cabbage Pen 
8. metal &on 
9. schoot grocery 
10. crush dark 

Date 
Examiner 

lmmediate Paired Associates 

Second Presentation 
Rose - Rower 
Obey - inch 
North - South 
Cabbage - Pen 
UP - Down 
Fruit - Apple 
School - Grocery 
Metal - iron 
Crush - Oak 
Bab y - Cries 

1. cabbage pen 
2b*y S E h  
3. metal 
4. school grocery 
5. up down 
6. rose mweg  
7.obey inch 
8. fniit m u  
9. cmsh datk 
10. nonh arauth 

mfrd Presentation 
Baby - Cries 
0bey 
North 
School - 
Rose 

- Cabbage 
UP 
Fruit 
Crush 
Metal 

- lnch - S o m  - Grocery - Rower 
- Pen - DOW 
- Appte - Oak - lron 

1. obey inch 
2 fniit UulS 
3. baby ~Laa 
4.metal Iran 
5; crush dark 
6. school grocery 
7.rose flower 
8. nom 
9. cabbage pen 
10. up dmYn 

Totai score: 



~ q k g p q p p ~ , ~ ~ y ~ ~  M. - Y. N - iiprr m ir - - 4 - n a-* oar. 
3 E )Nowbvs, WU- h m u  odorr. 
poksreicn ~ - t m m a - @ 2 ~ * ~ %  m mœ (0161. (POINT) REWOWS€ 

VISUAL PMRED A S S O C M E S  1 If the uuninee  answcrr di six items c o m y  on Set UI. dircontinuc the s u h s .  
Otherwuc. p e n t  Sets IV, V, and V1 untii aii six a t m  are correct- 

1 

SET 1 1 SFT 11 1 S= m 1 
1 

I SFT N SET V 

Seorr 
1 or0 ftcm Key R e s p o n s t  ttem 

1 

- 

SET 

Key 

G 

I tem 

1 

Item 

1 

1 2  

I 
I 
I 

Scorr 
1 o r 0  

2 1 Fu 

Y 

R P u (  

Ruponse 

se r TOW 1 set i ï  ~otrl , 

I 

I I B  

, 2 
3 

4 

5 
1 

v 

C 

Key 

G 

3 

4 

f 

w 
1orO Item 

3 

4 

5 

6 
1 

6 B 

Item 

1 

6 1 0 1  1 1 6 ( C  

R-POm 

R 

Y 

Pk 

1 

2 

ni 

Pk 

Y 

R 

B 

U e s p o N e  

T 

B 

C 

4 

S 

6 

Key 

Pu 

SaPzr 
1 or0 

6 

SeSm 
1 or0 Key 

Pu 

G 

Pk 

l 

Pk 

%sporu+ 

Y 

Pk 

R 

Ruponse 
Score 
lot0 

1 2  Y 

3 

4 

8 

R 

5 Pu 



(IF NO RESWNSE OR INCQRRECT) FUP BACK Tb BEGINNINO - M a  bi.t oru laoh at h9,- rn i~ 
~ R N P * O n M . I k h n r ~ n d ~ o N o n H ~ ~ u .  



.-ma c ~ ~ ~ ~ ~ ~ m  a;itrwe'~ib~~'~~~~-crno F A ~ E ~ D O W ~ .  IN y- ni mgorn t o u r o w v a r r n w a  %*?E&. 
O U  n r  L m  i w t  9 O woa* mur*-' wu - fi 
k not bigcn to âmw tt  un 
.mir at tt umtul!y. (10 S 
4 0 1  amw t t  in mu ! 'Lm~t FOR -os, *ND ci 

1. UnoroKenl snarghtrpi  
2- Intersect at mdpornts 
3.  Cross at nght anges 

4. Not rotated (If d e p e s )  

Flags : 

S. Correct d-on 
6 .  Share side wlth staii 
7 .  Square in shape 

1. Large ckie - - 
2. Medium d e  inside large d e  - - 
3. SmaU cude inside medium d e  - - 
4. Large c ide  and m d u m  cirde 

toucii (top) - - 
5.  Small circie and medium d e  

tauch (bonom) - - 
6. Roundldosed 

7. Correct proportion 

Large Square: 

1. Square in shape 
2- Vemcd & honzontai lines 
3. Not rotated (15 d m )  
4. Each quadrant has 4 dots 

Medium Squares: 

5. In 4 quadrants not touciiing 
6. Square in shape 
7. Verncai k horizontal lines 
. None rotated (15 de-) 

Equai sueiprupomon 

CARDD 
Rectangies : 
1. Do not touuu'interscct 
2. Intmor angIes 90 d m  
3. Not rotated (15 d m )  
4.2 s d  to rigfrt of large 
5. Uppcrmost ir takr  
6. B a s e s  of luge and s d  level 
7. Top of lugc hies t h  smdi 
8- Bases of 3 e+dv iong 
9. Height of large > width 
10. Heights of s d  < width 

c i d e  Segment: 

11. Figure to nght of tcctangies 

l 2  Arc curves to r i e t  
13. Syumeay~propomon 
14. Not rotated (15 d m )  

S. Figure to right of segment 
16. Vertex touches midpoint 
17. Contains 90 d e p  angie 
18. Not rotated (15 degreu) 

Total (Cards A through Dl Mu. = 41 - 

Nota: 



W M N G  BACKWARD AdmmbWrT@ping Backwud even rf -xornOon T a m e  k w r r d .  
Item I T a i  1 P a s - F I i i  II Truiif- I Z1.or0 * 1 



Testeci at: 
Delay: 

Anna Thompson 1 of South I Boston. 1 employed l as a scrub woman 

/ in an office building, 1 reported 1 at the city hall / station / that she had 

been held up /on State Street /the night before land robbed lof 

fifteeri dollars. 1 She had four 1 little chiidren, / the rent / was due, / 

and they had not eaten 1 for two days. / The otlicenr. 

/ toudied by the woman's story, I made up a pune /for her. 

Tot al: 

The American I liner /New York / stmdc a mine / near tiverpool I 

Monday 1 evening. 1 In spite of a blindmg I snowston / and darkness. 

/ the sixty l passengers including 18 / women, / wero dl rescued. / 

Chough the bats l were tossed about / like corb / in the heavy sea. I 

mey were brougM into port I the next day / by a British / steamer. 



1. obey inch 
2 fruit aQQk 
3. baby 
4. metai jmn 
5. cnish dark 
6. school grocery 
7. rose fmKSE 
8. north .outh 
9. cabbage pen 
10. up dQYm 

score: 

Total s c o ~  

Subject # 
Date 
Fvaminet 

Paired Asso- 



Triai: 

throw 
lily 
film 
discreet 
loft 
beef 
street 
helm et 
snake 
d w  
pack 
tin 

LTS 
CR 
CLTR 
RLrn 
rerninders 
intrusions 
c m .  int 



GM mark Ot. s 

Total Output 

T&l Coned 

Perseveruîion 

Non-Wods 

Other Categories 



Healthy Elderiy Study 

Total Correct 



SRT 1: Reccgntion 

throw 

My 

film 

discreet 

loft 

beef 

stteet 

heimet 

snake 

d w  

pack 

t h  

thraw 

f Iower 

film 

-ver 

soit 

beet 

Stream 

helmet 

smoke 

hoed 

bfank 

ton 

toss 

liit 

movie 

cautious 

loft 

meat 

Street 

armor 

serpent 

dug 

bundfe 

shirt 

- recall correct. Intrusions: 

- recognition correct. 

- total d e l m  correct. 

through 

intent 

slave 

discreet 

attic 

due 

speed 

bacon 

snake 

hay 

pack 

f oii 

piate 

lily 

kiln 

d M c t  

tack 

beef 

road 

velvet 

pool 

dog 

puck 

tin 



l 
Heanhy EWeriv Study 

Testing enaed aC Subject # 
Date 
Session t 
Exuninet 

Oogs l are tnined l to find l the waunded / in wu time. l Police dogs 

/ are also trainedl tô rescue I dmwing people. l lmtead of running / 

down to the watet and striking outJ they are tZL~gftt 1 to make 1 a flying 

ieap / by wiiich they Save / many swimming m k e d  and vduable I 

secends of time. Rie European / sheep dog 1 makes the be l  1 

police l dog. 

Many / sctioof l chifdren / in nonhem / Rance / were kiiled / or 

fatally hurt l and Othe= l seriousty injured I Men a sheil / wrecked / 

the sctioolhowe in theii village. / The children / wsn, t h m  l dom 

a hiliside and across a ravir18 / a long distance / from the 

scf io~lh~use-  1 Onfy two I childnn / escaped unin jured. 

Tot al: 



Paired Associates - Version II 

Subject no. 

First Trial 

Kniie 
Lead 
Jury 
Ccuntry 
In 
Muraer 
Necktie 
Lock 
Ccrne 
Dig 

First Recall 

- Sharp 
- Pencii 
- €agie 
- France 
- ARhough 
- Crime 
- Cracker 
- Door 
- Go 
- Guiity 

Jury - Eagle - In - Atthough - Lock - Door 
Come - GO 
NecMie- Cracker 
Dig - Guilty 
Kniie - Sharp 

Murder - Crime 

Total Hard x 2 - 
Total Easy - 
Total Trial one 

Second Trial 

Lock 
Dig 
Corne 
Jury 
Knife 
Country 
In 
Murder 
NecMie 
Lead 

- Door - Guiity - Go 
- Eagte 
- Sharp - France - Although 
- Crime 
- Cracker 
- Pencii 

Second Recall 

Come - Go 
- Necktie- Cracker 

Country- France 
- Lead - Pencif - Lock - Ooor 
D i g  - Guilty 
J u r y  - €agie - In - AHhough 

Murder - Crime 
Knife - Sharp 

Total Hard x 2 
Total Easy 

Total Trial Two 

fhitd Trial 

Lead 
Lock 
NecMie 
Corne 
Dig 
Country 
Jury 
Knife 
In 
Murder 

- Pencif - Ooor 
- Cracker 
- Go - Guiity - France - €agie - Sharp - Although 
- Crime 

Lock - Door 
Come - Go - 
Murder - Crime 

J W  - Eagle 
Necktie Cracker - Lead - Pencii 
Knife - Sharp - In - Although 
Country- France 
Dig - Guiity 

Totai Hard x 2 
Total Easy 

Total Triai Three 

Overatl Total 



SEï N 
1 

Item Key Responsc 

Sm V 

Seoir 
lot0 Item 

1 

2 Pu l 
1 

1 G 1 

I 

SET M 

3 R ( 3 Y ( 1 3 B 
Y 1 4 Pk 4 R 

Pk 5 R S P U  I 
6 B 6 G 6 Pk 

I I 

= I  I 2 

I Key Resporue 

Pu 1 

w 
1 or0 

Y 

I tem 

1 

Scot+ 
l m 0  Key 

C 





14 .L RODUCTON S C O m G  SZfMMARY (see Appenab B in Manuai for Sconng Gitmai. 

- 

\T I \a 11 

U R D  A 

:Dro~en! srralgnt:eauai - - 
:ersea e r  rrudpoints - - 
oss at n e t  anoies - - 
3t rotatea (15 degrees) - - 

CARD D 
Rmangies : 
1. Do not touchlintenccr 
2. Intenor anges 90 de- 
3. Not rotated (l5 dcgctr) 
4.2 s u d i  to nght or iaqe  
5. Uppcrmost is talier 
6. Bases of Luge and s d  levei 
7. Top or 1- higtia than s d  
8. Bucr of 3 cqtullv long 
9. Hcight oi large > width 

10. Heightt of snuii c width 

! late s ~ d e  with s t a i i  

p i r e  rn snape 

CLde Segment: 

11. Figure to right  of rutangles 

l2. & Cumes ta right 
13. Symmeayrpropomon 
14. Not rotartd (15 d q p e s )  q e  c i d e  

fedium c-de inside large c d e  
mal1 circie inside meciium adt 

q e  c i h i e  and medium cvde  
3uch (top 1 

;mail c h i e  and medium d e  
~ u c h  Mnorn) 
:oundldosed 

lornxt prouornon 

E. Figure to right oi segment - 
16. Vertex touches midpoint - 
17. G n u k u  30 degree angie - 
18- Not rotated (15 de-) - 

m r A L  - 
Total (Cards A through Dl Mu- * df - 

Nota: 

o Square: 

Square m snape 
Vemcai & honrontal iines 
Vot rotated (15 deghcs) 
:a& quadrant has 4 dots 

ium Squares: 

In 4 not toudùng 
Square rn shape 
t'emcaf & honrontal lines 
None rorated (15 degrces) 



-Am. -Cr< u n o s  RiRwop~PRES&CIflD 1. RED BLOQ<~ FIQDOWW> #%J#i&i!E%~Vbfb~ 6& mœrdmor m a i o . r r r n u n # r  
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W R N C  BACKWARD AAmbtbta l i m e  B a c k w d  even s€ e~umuiee scores O on Taoping k u d .  Scorr 
Item )  rir ri I 1 P S S - F ~  1 1  TWU, 1 ~ ~ . i i '  1 1 . a 0  



Heaithy EMoriy Stuay 

Tesring mded at: sub~en t 
Date 
Session # 
m i n e t  --, 

Many / shoof  chifdren l in nonhem / Rance / ware killod / or 

fataily hurt and othen / setiausty iniured /Men a shell / wecked / 

the schoolhause I in their viiiage. / The chiidren / wro t h m  l down 

a hiilside l and across l a ravine / a long distan- l fmm the 

schoofhouse. / only two I ckildrcm / escaped uninjund 

Totat: 



T i m  t e a m :  ,-, 
Delay. 

Necktie 
Corne - Country 
In 

- Lock 
Knife - Dig 

Subiect * 
Date 
&aminef 

-Cracker - Go - France 
-Althauatt - Crime 
- Pend - Ooor 
- Shaw 
-Guilhr 
-Eaaie 

Total Hard - Total Easy x 2 
Totai Score 



Selective Reminding Test : I I  

Triai: 

e9g 
runway 
fort 
taothache 
dtown 
babg 
lava 
damp 
pure 
vote 
strip 
truth 

# recail 
Lm 
Sm 
LTS 
CR 
CLTR 
RLTR 
reminders 
intrusions 
a m .  int 



T o t .  output 



Healthy EIderty Study 

Exuninets Initiais 

Tom Output 

fatal C o m d  

Perseverdon 

Non-WodS 

mer Categories 



w9 

runway 

fort 

toothache 

drown 

baby 

lava 

pure 

wrte 

strip 

t r 'm  

-0 

airline 

fort 

boidness 

biown 

body 

larva 

-P 

purse 

ballot 

chain 

tnist 

shell 

runner 

caale 
dentist 

drown 

infant 

lava 

moist 

dean 

vote 

peal 

rice 

bog 

darling 

sink 

toottiadre 

fbat 

middle 

echo 

hook 

pure 

dish 

-P 

fm 

- recail correct. lnt~sions: 

- recognition conect. 

- totai detayed coma. 

source 

runway 

fa* 

headache 

r ib 

b-y 

rock 

sfamP 

bare 

note 

slip 

tnrth 



Appendix C 

M ~ o d  Questionnaires: 

POMS 
tMAACL-R 

BDI 
GDS 



Score Sheet - Mood Measures 

S ubject 

POMS: 

1. Uated-Depressed - 
2 Clearheaded-Confused 

3. Energetic-Tired - 
4. Cornposed-Anxious 

5. Confident-Unsure 

6. Agreeabfe-Hostile 

MAACL: 

1. Anxious 

2 Depressed - 
3- Hostile - 
4. Positive Affect 

6. S. Seeking - 

GDS -- 
BD1 - - 



Examinec Date: 

Corn posed 
A n w  
Cheerful 
Weak 
Tense 
Confused 
tively 
Sad 
Friendly 
Tired 
Strong 

Untroubled 
Grouchy 
Playful 
T m  id 
Nervous 
M ixed-u p 
Vigorous 
Dejected 
Kindly 
F atigued 
Bold 
Efficimt 
Peacef ul 
Furious 
Lighthearted 
Unsure 
Jittefy 
Bewildered 
Energetic 
Lonely 
Sympathetic 
Exhausted 
Powerful 
Attentive 

37. Serene 
38. Bad tempered 
39. Joyful 

Seif-doubting 
shaky 
Perplexed 
Active 
Oownhearted 
Agreeeble 
Sluggish 
Forceful 
Able to 
concentrate 
Calm 
Mad 
Jolly 
Uncertain 
Anxious 
Muddled 
Ready-to-go 
Discouraged 
Good-natu rd 
Weary 
Conf iderrt 
Businesslike 
Relaxed 
Annoyed 
Eiated 
lnadequate 
Uneasy 
Oarnd 
Full of pep 
Gbomy 
Affectionate 
orowsy 
Self-assured 
Mentally a r t  



1 .  DI#: Examinec Date: 

On this sheet you will f ind wotds which describe different kinds of moods and feelings. Make 
check mark (dln the circles beside the wotds whlch describe how you feel now - todav. 

%orne of the words rnay sound alike. but wa want yau to check ail the woida that dasciib. your 
feelings. Work rapidly. 

1. O active 
2. O adventurous 
3. O affectionate 
4. O afraid 
5. O agiiated 
6 O agreeable 
7. O aggressive 
8. O alive 
9. O alone 
10. O amiable 
11. O amused 
12. O angry 
13. O annoyed 
14. 0 awful 
15. O bashful 
16. O bitter 
17. O blue 
18. O bored 
19. O calm 
20. O cautious 
21. O cheerful 
22. O clean 
23. O complaining 
24. O contented 
25. O contrary 
26. O cool 
27. O cooperative 
28. O criticai 
29. O cross 
30. O cruel 
31. O daring 
32. O desperate 
33. O destroyed 
34. O devoted 
35. O disagreeable 
36. O discontented 
37. O discouraged 
38. O disgusted 
39. O displeased 
40. O energetic 
41. O enraged 
42. O enthusiastic 
43. O fearful 
44. O fine 

45. O fit 
46. O forlotn 
47. O frank 
48. O free 
49. O friendly 
50. O frightened 
51. O furious 
52. O lively 
53. 0 gentle 
54. O gtad 
55. O glwmy 
56. O good 
57. O good-natured 
58. O grim 
59. O happy 
60. O heaithy 
61. O hopeless 
62. O hostile 
63. O impatient 
64. O incensed 
65. O indignant 
66. O inspired 
67. O interested 
68. O initated 
69. O jeatous 
70. O joyful 
71. O kindly 
7 2  O lonely 
73. O lost 
74. O loving 
75. O low 
76. O lucky 
77. O mad 
78. O mean 
79. O meek 
80. O merry 
81. O mild 
82. O miserable 
83. O nervous 
84. O obliging 
85. O offended 
86. O outraged 
87. O panicky 
88. O patient 

89. O peaceful 
W. O pleased 
91. O pleasant 
92. O polite 
93. 0 powerful 
94. O quiet 
95. O reckiess 
96. O rejected 
97. O rough 
98. O sad 
99. O safe 
100. O satisfied 
101. O secure 
102. O shaky 
103. O shy 
104. O soothed 
105. O steady 
106. O stubbom 
107. O stonny 
108. O strong 
109. O suffering 
110. O sullen 
111.0 sunk 
1 12. O sympathetic 
113. O tarne 
1 14. O tender 
1 15. O tense 
11 6. O terrible 
1 1 7. O terrified 
1 18. O thougMful 
119. 0 timid 
1 20. O tom ented 
121. O understanding 
122. O unhappy 
123. O unsociable 
124. O upset 
125. O vexed 
126. O wam 
127. O mole 
128. O wild 
129. 0 willful 
130. 0 wiited 
131. 0 wonying 
132 O vouno 



1. Do%: Examiner. Date: 

On this questionnaire are groupa of statements. Please pick out the one ststemrnt In each 
group which best describes the way you feel todav, that 1s. right now. Ba su- to read II * tatements in the group before making your choice for that group. Then. place a check ( V t  to 
the left of the statement which best describes the way you feel right now. If  nom of the 
staternents in a group lits exactly the way you feel, then select the one whlch is closest. Do not 
skip any groups. 

1. - 1 do not feel sad. 
- I feel sad. - I am sad al1 the time and I can't snap out of it. - 1 am so sad or unhappy that I can't stand it. 

2- - 1 am n d  particulady discouraged about the future. 
- I feel discouraged about the future. - I feel I have nothing to look forward to. - I feei that the future is hopeless and that things cannot improve. 

3. - I do not feel like a failure. 
- I feel I have failed more than the average person. - As I look back on my life. ail I can see is a lot of failures. - I feel I am a complete failure as a person. 

4. - I get as much satisfaction out of things as I used to. 
- I don? enjoy things the way I used to. - I don't get real satisfaction out of anything anymore. - I am dissatisfied or bord  with everything. 

5- - I dan? feel particularly guitty. 
- I feel guiity a g ~ ~ d  part of the time. - I feel quite guilty most of the time. - 1 feei guilty al1 of the time. 

6- - I don? feel I am being punished. - I feel I may be punished. - I expect to be punished. - I feel I am being punished. 

7- - I don? feel disappointed in myself. 
- I am disappointed in myself. - I am disgusted with myseif. - I hate rnyself- 

8- - I don? feel I am eny worse than anybody else. 
- 1 am critical of myself for my weaknesses or mistakes. - I blame myself al1 the time for my faults. - I blame myself for everything bad that happens. 

9- - I don? have any thoughts of killing myself. 
- I have thougMs of killing myself. but t would not carry them out. - I would like to kill myself. - I would kill myself if I had the chance. 

10. - I don? cry anyrnore than usual. C-4 - I cry more now than I used to. - I cry al1 the time now. - I used ta be able to cry. but now I canY cry even though I want to. 



11. - I am no more irritated now than I ever am. 
- I get annoyed or irritateci more easiiy than l used to. - 1 feel irritated ali the time now. a - I don? get irritated at ail by the things that used to irritate me. 

12. - I have not lost interest in other people. 
- 1 am less interested in other people than I us& to be. - 1 have lost most of rny interest in other people. - 1 have lost al1 of my interest in other people. 

13. - I make decisions about as well as I ever could. 
- 1 put off making decisions more than I used to. - 1 have greater difficulty in making decisions than before. - I can't make decisions at all anymore. 

14. - I don't f e e l  I look any worse than I used to. 
- 1 am worrieâ that I am looking old and unattractive. - I feei that there are permanent changes in my appearance that make me look unattractive. - I believe that I look ugfy. 

15. - I cari 'NO* about as weil as before. 
- It takes an extra effort to get started at doing something. - I have to push myseH very hard to do anything. - I can't do any work at all. 

16. - I can sleep as well as usuai. 
- I don't sieep as well as 1 used to. - I wake up 1-2 hours earlier than usual and find it hard to get back to sleep. - I wake up several hours eadier than I used to and find it hard to get back to sleep. 

17. - I don't get more tired than usual. - I get tired more easily than I used to. - I get tired from doing almost anything. - t am too tired ta do anything. 

18. - My appetite is no worse than usual. 
- My appetite is nOt as good as it used to be. - My appetite is much wone now. - I have no appetite at ail anymore. 

I haven't lost much weight. if any. lately. 19. - 
- I have Iost more than 5 pounds. - 1 have lost more than 10 pounds. - I have lost more than 15 pounds. 

I am purposefy trying to lose weight by eating less. Yes- No - 
20. - 1 am no more womed about my heahh than usual. 
- I am worrieâ about physical problems such as aches and pains; upset stomach: or 

constipation. 
- 1 am very womed about physical problems and it's hard to think of much eise. - I am so worried about my physical problems that I canna think about anything eise. 

21. - I have not ndiced any recent change in my interest in sex. - I am fess interested in sex than l used to be. - 1 am much less interested in sex now. - I have lost interest in sex cornpletely 
C-5 



Examiner: Date: 

Clrcle the best answer (yes or no) for how you felt over the past week. 

............ .................... Are you basically satisfied with your life? .... Y= 

................. Have you dropped rnany of your activities and interests? YeS 
................................................... Do yoo feel that your life is empty? YeS 

......................................... ................... Do you often get bored? ..... - yes 

..................................................... Are you hopeful about the future? YeS 
Are you bothered by thoughts you cant get out of your head? ........ YeS 

............. ................... Are you in good spirits m0St 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 
............................................................... 10. Do you often feel helpless? Y- 

11. Do you often get restless and fidgety? .............................................. Y= 
............ 13. Do you frequently worry about the future? ................... ... YeS 

14. Do you feel you have more problems with memory than most? ....... yes 

15. Do you think it is wonderful to be alive now? .................................. Y= 
......... 16. Do you often feel downhearted and blue? .....,. ................ .. YeS 

17. Do you ieel pretty wonhless the way you are now? ........................ YeS 

................................................... 18. Do you worry a lot about the past? Yes 
............................................................ 1 9. Do you find life very exciting? YeS 

20. 1s it hard for you to get stafteâ on new projects? .............................. YeS 

.................................. .................... 21. Do you feel full of energy? .... YeS 

.............. ................... 22. Do you feel that your situation is hopeless? ..... Y= 

.............. 23. Do you think that most people are better off than you are? YeS 
.................................. 24. Do you frequently get upset over lime things? Y- 

..................................................... 25. Do you frequently feel like crying? YeS 

.................................................. 26. Do you have trouble concentrating? YeS 
........................................... 27. Do you enjoy getting up in the moming? Y= 

......................................... 28. Do you prefer to avoid social gatherings? Y= 

29. Is it easy for you to make decisions? ................... ... .................... yes 
............................................. 30. 1s your mind as clear as it used to be? Yes 

C-6 



Appendix D 

Rivermead Behavioural Memory Test Forms 



SUBJECT NO. OLD SUBJECT NO. DATE 

Raw Score Profile Score (12) 

First naine. Second name 

Belonging 

Appointment 

Pidures 

Story (immediate) 

(delayed) 

Faces 

Route (irnmediate) 

(delayed) 

Message (add imm. & delay) 

Orientation 

Date 

Total (rnax. 24): 



RBMT SUBJECT DATE 

Item 1 & 2 - First ana Second Name 
,MU1 I mnt you ta ao a r v  mm œmm s natte m a w  onaro;. H u  narw a C a m  TaW.  VVouwr you r e m  mat 
riame. O!-? Lur an I un gœng to au vou wnm nef name n. ipucr onac aammrms O n  O-) 

Mt. Brian / Kelly / a Pinkenon ernployee / was shot dead / on Monday 

I during a bank robbery i in Toronto. / The four robbers 1 al1 Hiore masks I 

and one canied I a sawedoff I shotgun. I Police detedives / were Ming 

through / eye-wi.tness accounts I last night.1 A police sopkesperson said / 

"He was a very brave man. / He went for / the arrned robber / and put up 

Raw Score 

Correct? 

Tota! 
False Positives 
Raw Score 



Door Raw Score 
Window 
Counter 
Chair 
Door 

picked up spontaneousiv 
picked up after prompt 
left in correct location 

Raw score 

Total 
Faise Positives 

Raw Score 



10 and 1 1 - Orientation and Date 

What 
What 
What 
VVhat 
What 
What 

year is it n M  
Month is it? 
day of the w e k ?  
date? 
place are we in? 
city ? 

How old are you? 
What year were you bom? 
Who is the PM? 
Who is the US President? 

Raw Score 

Spontaneous 
W/ prompt 
remernbered had to ask something but couidn't remernber M a t  

Raw Score 

Mr. Brian f Kelly I a Pinkenon empioyee / was shot dead / on Monday 

/ during a bank robbery / in Toronto. f The four robbers / ail w r e  masks 1 

and one carried I a sawadoff I shotgun. I Police detectives / were sifting 

through I eyewitness accounts I last nigM./ A police sopkesperson said I 

"He was a very brave man. / He went for / the amed robber / and put up 

Raw Score 



Door 
W~ndow 
Counter 
Chair 
Door Raw score 

Picked up spontaneousty 
picked up aftw prompt 
Left at correct location 

Raw score 

Rrst Name correct no prompt 
correct w/ prompt Rew Score 

Last Name cotmct no prompt 
correct wf prompt Rew Score 

Place: without prompt 
with prompt 

Item: without prompt 
with prompt 

Raw score 



T - SCO- 

112. First Name + Second Name 
without prompt = 2 
wvith prompt = 1 

Raw score: .<2 3 4 
profile score: O 1 2 

3. Belonging (placehtem) 
without prompt =2 
with prompt -1 

Raw score: c2 3 4 
profile score O 1 2 

4. Appointment 
spontaneous =2 
with prompt =l 
remembered something but not mat =l 

5. Pictures 
Raw = correct - false positives 

Raw score: 4 9 70 
Profile score: O 1 2 

6. Story 
Each idea or dose synonym = 1 
Each partial or aprox. synonym = 1/2 

Raw score: ~ 3 . 5  4-5.5 >6 
Profile score: O 1 2 

7. Faces 
Raw = correct - false positives 

Raw Score: <3 4 5 
Profile score: O 1 2 

8. Route (imm + delay) - -a 
Raw = total stages correct -7 

Raw score: <3 4 5 
Profile score: O 1 2 



9. Message (imm + delay) 
picked up spontaneously = 2 
picked up after prompt = 1 
left in correct location = another 1 

Add imm. + deiay 
Raw score: <4 5 6 
profile score O f 2 

1 0. Orientation 
Raw score: <7 8 9 
Profile score: O 1 2 

1 1. Date 
Raw score: > 2 days off 1 day off correct 
Profile score: O 1 2 



Appendix E 

Study 2 Consent Forrn 



a Jewish Generat Hospital 
Mernory Cllnic/Dlvision of Geriattics 

RELATlONSHlPS BETWEEN 
HORMONE LEVELS AND 
EYERYDAY MEMORY 
PERFORMANCE 1N PATlENTS 
WlTH MEMORY PROBLEMS 
COMPARED TO HEALTHY 
EiDERLY CONTROLS 

- 

INFORMAnON AND CONSENT FORM 

Your doctor has referred you to us because he/she has detennined that you have 
problems with your memory. 

Obiectives of the Studv 

We are undertaking a study to detemine if hormone levels are different in people 
with memory problems when compared to people of the same age who do not have 
problems with rnemofy, and to look at how people with memory problems perform on 
tests that measure everyday memory tasks. We are inviting you to participate in this 
study and wish to describe what your participation will involve. 

Procedure 

During your annual vis& to the Memory Clinic at the Jewish General Hospital. we 
wiil perfomi a number of paper and pencil tests of everyday memory that inwlve 
remembering narnes, faces and everyday objects and events. This will take about 30 
minutes. A small. lOmL blood sample (about one tablespoon) will be taken by a 
registered nurse at the time of your visit to measure your hormone levels. There is no 
other medical procedure involved. You and a companion wilt be compensated for 
expenses incuned from your visit. We will also be looking in your file from the memory 
clinic at the results of other memory tests you have already taken. 

Dlsadvantaaes of Participatina in the Study 

The blood test involves taking a tube of blood from your am with a standard 
needle puncture. AÎ with any blood test. some people develop a slight bruise on their 
am, which should disappear in a few days. 



0 
Jewish General Hospital 
Memory Cllnic/DIvision of Geriatri CS 

RELATIONSHIPS B€WVEEN 
HORMONE LEVELS AND 
EVERY DAV MWORY 
PERFORMANCE IN PATIENTS 
WITH MEMORY PROBlEMS 
COMPARED TC) HEALTHY 
EiDERLY CONTROLS 

Conf identlaliw 

The results of my blood tests and memory tests wiil be strictly confidential - onnly 
a number assigned to me wiil appear on al1 test fonns but not my narne. The 
investigators would be pleased to share the test results with me at the completion of the 
study if that is what I would like. 

I am free to discontinue the testing session for any reason or at any time. In this 
event. I will stili receive compensation for my travel expenses. 

Patient Rlahts 

I have had this study expiained to me. and had rny questions answered to my 
satisfaction. A copy of this consent fonn will be given to me. 

The following is the narne. address and telephone number of the Hospital's Patient 
Representative, who is not associated with this study and to whorn I rnay address my 
concerns about this study: Ms. Roslyn Davidson. 3755 Cote Ste. Catherine Road, 
Montreal, H3T-1 a 34û-8222, ext. 5833 

The following is the name. address and telephone number of the researchers 
whom I rnay Contact for answen to questions about the research or any injuries or 
adverse reactions which rnay occur: Dr. Barbara Shemrin, McGlll University, l2û5 Dr. 
Penfield Ave, Montmal, 398-6087 or Jewish General Hospitai, 3408222 (ext. 5û70). 
Unda E. Carison, McGSll University, 1Zû5 Dr. Pentield Ave, Montreai, 398-6145 



Jewish General Hospital 
Memory CllniclDIvision of Geriatrics 

RELATlONSHIPS B M E E N  
HORMONE LEVELS AND 
EVERYDAY MEMORY 
PERFORMANCE 1N PATlENTS 
WlTH MEMORY PROBLEMS 
COMPARED TO HEAlTHY 
ELDERLY CONTROLS 

I have read and I understand the above information. have had the study explained to me 
and my questions have been answered to my satisfaction. I agree to take part in the 
study being conducted by Dr. Barbara B. Shewin, Linda E Carlson 8 Dr. Howard 
Chertkow. 

I agree to take part in this study. YES NO 

SIGNATURE PRINT NAME DATE 

SIGNATURE OF PRlNT NAME 
I NVESTlGATOR 

SIGNATURE OF PERSON PRlNT NAME 
EXPLAINING 
INFORMED CONSENT 

SlGNAfURE OF PRINT NAME 
CAREGIVER 


