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ifty-two age-matched Alzheimer’s disease (AD) pa-
ients (26 men, 26 women), mean age 76.2 years, were
ssessed with the Rivermead Behavioural Memory Test,
test of everyday memory, coincident with the measure-
ent of plasma cortisol (CRT) and dehydroepiandros-

erone sulfate (DHEAS) via radioimmunoassay. The AD
atients were compared to a control group of age- and
ender-matched healthy elderly men and women. No
ifferences were found between the AD patients and the
ontrols in DHEAS or CRT levels, or in the DHEAS/CRT
atio. There were no gender differences in DHEAS or
RT levels, or in the DHEAS/CRT ratio in subjects with
D. However, AD patients with higher levels of DHEAS
cored better than those with lower levels on the
ubtests of Remembering a Name associated with a
icture, Digit Span Total and Forward, and the Mini Men-
al Status Exam. AD patients with higher CRT levels
erformed worse on Delayed Route Recall than those
ith lower levels. These findings suggest that AD pa-

ients with higher endogenous levels of DHEAS may
erform better on some memory tasks than those with

ower levels, while AD patients with lower levels of CRT
ay perform better than those with higher CRT. © 1999

cademic Press

Increased levels of glucocorticoids, due either to
nvironmental stress or to exogenous administration,
ave been associated with a number of adverse phys-

ological and biochemical actions in the brains of ro-
ents and monkeys, particularly in the hippocampus.
hese include damage to the hippocampal dendritic

ree (Wooley, Gould, and McEwen, 1990), decreases in

ippocampal long-term potentiation (LTP) (Foy, Stan-

on, Levine, and Thompson, 1987), and degeneration
f
N

54
nd depletion of hippocampal neurons and dendritic
ranching in the CA1 and CA3 layers (Uno, Tarara,
lse, Suleman, and Sapolsky, 1989; Sapolsky, Uno,
ebert, and Finch, 1990; Uno, Lohmiller, Thieme,
emnitz, Engle, Roecker, and Farrel, 1990). In hu-
ans, the elevated levels of cortisol (CRT) seen in

ndividuals with Cushing’s Syndrome were related to
decreased volume of the hippocampus as assessed

y MRI (Starkman, Gebarski, Berent, and Shcteingart,
992).
Reports of elevated CRT levels in Alzheimer’s dis-

ase (AD) patients (Leblhuber, Neubauer, Peichl,
eisecker, Steimpartz, Windhager, and Dienstl, 1993;
vec and Lopez-S, 1989; Swaab, Raadsheer, Endert,
ofman, Kamphorst, and Ravid, 1994; Maeda, Tani-
oto, Terada, Shintani, and Kakigi, 1990) led to spec-

lation that some portion of the degenerative changes
ssociated with this disease may be related to in-
reased exposure to glucocorticoids. In a longitudinal
nvestigation of 12 AD patients over a 1-year period,
RT levels at baseline correlated positively with cog-
itive deterioration over the next 12 months, as as-
essed by the Alzheimer’s Disease Assessment Scale
Weiner, Vobach, Svetlik, and Risser, 1994). However,
ot all studies have found elevated CRT in AD pa-

ients compared to unaffected controls (Touitou et al.,
982; Dodt et al., 1991; Nasman et al., 1996).
There is also reason to believe that dehydroepi-

ndrosterone (DHEA), an adrenal androgen, and its
ulfate, DHEAS, may influence cognition in people
ith AD. At low concentrations, DHEA and DHEAS
unction as allosteric antagonists of GABAA receptors.
oncompetitive binding with DHEA and DHEAS in-
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255Hormones and Memory in Alzheimer’s Disease
ibits GABA-induced neuronal activity, which is as-
ociated with cognitive impairment (Majewska,
emirgoren, Spivak, and London, 1990). When low
oses of DHEA and DHEAS were added to 14-day-old
mbryonic mouse brain cultures, enhanced neuronal
nd glial survival occurred (Roberts, Bologna, Flood,
nd Smith, 1987). DHEAS administration increased
he excitability of CA1 hippocampal neurons in hip-
ocampal slices from rat brains, an effect that occurred
ithin minutes and was reversible upon withdrawl of
HEAS (Meyer and Gruol, 1994). In intact rats, the

pplication of DHEAS to the dentate gyrus resulted in
ncreases in LTP at all doses compared to baseline
Yoo, Harris, and Dubrovsky, 1996), indicating that
HEAS can increase the electrical activity of this re-
ion. Some (Sunderland et al., 1989; Yanase, Fukahori,
aniguchi, Nishi, Sakai, Takayanagi, Haji, and Na-
ata, 1996) but not all (Leblhuber, Windhager,
eisecker, Steinparz, and Dienstl, 1990; Leblhuber et
l., 1993; Cuckle, Stone, Smith, Wald, Brammer, Haji-
ohammedreza, Levy, Chard, and Perry, 1990; Spath-

chwalbe, Dodt, Dittmann, Schuttler, and Fehm, 1990;
irkenhager-Gillesse, Derksen, and Lagaay, 1994)
tudies have found that plasma DHEAS concentra-
ions were lower in AD patients compared to healthy
ontrols. Sunderland et al. (1989) failed to find corre-
ations between levels of DHEAS and dementia sever-
ty or baseline cognitive scores in a sample of 10 AD
atients. The possible significance of DHEAS levels in
D thus remains controversial.
In animal models, DHEAS has antiglucocorticoid

ctions in the liver by blocking the enzymatic effects of
lucocorticoids. When administered to mice, DHEAS
locked dexamethasone (DEX)-induced production of
yrosine aminotransferase (Svec and Lopez-S, 1989)
nd antagonized the glucocorticoid effect on glucose-
-phosphate dehydrogenase (McIntosh and Berdanier,
988). Based on these findings, Svec and Lopez-S
1989) suggested that the ratio of CRT to DHEAS
ould serve as an index of glucocorticoid agonist ac-
ivity. If it is the case that AD patients have lower
HEAS than age-matched controls (Sunderland et al.,

989), this would result in a ratio of agonist to antag-
nist much higher than that of the control population,
hich could lead to a mild but progressive degener-

tive effect of CRT on hippocampal cells. If, in turn,
uch degeneration caused dysregulation in feedback
echanisms to the adrenals, an ever-accelerating, for-
ard-cascading degree of hippocampal damage, and
resumably memory impairment, would follow
Sapolsky, Krey, and McEwen, 1986).
Indeed, a lower DHEAS/CRT (antagonist/agonist)

t
t

atio was found in elderly AD patients compared to
ge-matched controls, most particularly in women
Leblhuber et al., 1993). However, neither the ratio of
HEAS/CRT nor the levels of CRT or DHEAS inde-
endently were correlated with memory function as
ssessed by the Mini Mental Status Exam (MMSE), or
ith the duration of AD symptoms. Lower DHEAS

evels were associated with increased age, which re-
ulted in a decrease in the DHEAS/CRT ratio in the
ore elderly controls. In the female AD patients, even

ower ratios of DHEAS/CRT and higher levels of CRT
ere found compared to the control women.
Finally, the issue of the generalizability of perfor-
ance on standard neuropsychological measures of

unction to everyday life is particularly important for
D patients. For this reason, we utilized an ecologi-

ally valid measurement of everyday memory that
ridges laboratory-based measures of memory and
ssessments obtained by questionnaire and direct be-
avioral observation (The Rivermead Behavioural
emory Test (RBMT), Wilson, Cockburn, Baddeley,

nd Hiorns, 1989). In this study we investigated the
elationships between CRT and DHEAS in AD pa-
ients and in healthy controls in an attempt to further
lucidate the possible roles of these hormones on cog-
ition in AD and in normal aging.

ETHODS

ubjects

Subjects were recruited from the pool of patients with
ossible or probable Alzheimer’s Disease who were be-

ng followed for annual clinical visits at the Jewish Gen-
ral Hospital/McGill University Memory Clinic, Mon-
real, Canada. Subjects were referred by the clinical staff
f the Memory Clinic (neurologists and geriatricians),
nd screened for eligibility for the study. Exclusion cri-
eria included diabetes, recent heart attack, stroke or
ecent head injury, use of any psychotropic medication,
r lack of fluency in the English language. The diagnosis
f possible or probable AD was made by the clinical staff
ased on the criteria established by the National Institute
f Neurological and Communicative Disorders and
troke (NINCDS) of the National Institute of Health and
he Alzheimer’s Disease and Related Disorders Associa-
ion (ADRDA; McKhann et al., 1984), with the use of CT
cans and routine blood work to rule out other possible
auses of dementia. Charts were reviewed to determine

he degree of dementia according to the Clinical Demen-
ia Rating scale score (CDR; Hughes et al., 1982), and only
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256 Carlson, Sherwin, and Chertkow
hose diagnosed as mildly to moderately demented
CDR 1 or 2) were included. Only patients assessed as
apable of giving their own informed consent were re-
ruited. Each eligible subject was approached by his/her
hysician and invited to participate in the study. If the
atient was interested in participating, informed consent
as obtained from the patient and their caregiver and
itnessed by the physician and the research assistant
ho explained the study.
Another component of this study was an investiga-

ion of estrogen and memory (unpublished data), and
or that reason, some AD patients and control women

ho were using estrogen replacement were specifi-
ally included in these samples. For those patients
aking estrogen replacement therapy, the duration and
osage of the prescription was verified by the care-
iver and by having the subject bring the pill container
o the testing session whenever possible.

The healthy elderly control subjects were recruited
hrough advertisements in local newspapers. The ad-
ertisements stated that McGill University was seek-

ng men and women fluent in English over the age of
5 for a study of “thinking and mood”. Those experi-
ncing any major acute or chronic medical or psychi-
tric illness were excluded, including those with a
istory of stroke, recent heart disease, diabetes or vas-
ular disorders, those recently diagnosed with depres-
ion, anxiety, dementia or psychotic disorders, and
hose currently taking any psychotropic medication.
ther medications currently being taken were re-

orded. Others taking any medication known to affect
ognition were excluded, except for those regulated
n levothyroxine sodium (Synthroid, Knoll Pharma
nc., Ontario, Canada) to treat thyroid disease, which
s common in elderly women. Past history of psycho-
athology was assessed by self-report but was not an
xclusionary factor unless the person was currently
aking a psychotropic medication. The final group of
ealthy elderly control subjects were matched on the
asis of age, gender, and estrogen status to the AD
atients. The healthy elderly control group consisted
f 23 men, 23 estrogen nonusing women, and 6 estro-
en users.

aterials

The RBMT (Wilson, Cockburn, and Baddeley, 1985)
s an ecologically valid instrument that assesses every-
ay memory. The RBMT consists of the following
ubscales: Remembering a Name, Remembering a Be-

onging, Remembering an Appointment, Picture Rec-
gnition, Face Recognition, Story Recall (Immediate

o
j

nd Delayed), Route Recall (Immediate and Delayed),
emembering to Deliver a Message (Immediate and
elayed), Orientation, Date, and the Total Score (out
f 24), which consists of the total of the scaled scores
or each subtest. Additionally, results of more tradi-
ional neuropsychological tests, including the Wech-
ler Memory Scale (WMS) digit span (Weschler, 1945),
bject naming (The Boston Naming Test (BNT); Good-
lass et al., 1983), and the MMSE (Folstein et al., 1975),
ere also obtained for the AD patients. The Geriatric
epression Scale (GDS; Yesavage, Brink, Rose, Lun,
uang, Adley et al., 1983) was administered to both
D patients and Controls.

rocedure

AD patients. Once the patient agreed to partici-
ate in the study and signed the informed consent

orm, a 10-mL blood sample for hormonal assays was
aken by the Memory Clinic nurse at the same time as
lood was being collected for other studies, between
0 AM and 1 PM. Then, the patients and the caregiver
nswered a general information questionnaire that
rovided sociodemographic information as well as
ersonal, medical, psychological, educational, and vo-
ational history. This information was later verified
ith information in the patient’s chart. Next, the
BMT, the WMS Digit Span, and the GDS were ad-
inisted to the patient alone, which took approxi-
ately 30 min. The BNT and the MMSE were admin-

stered by a neuropsychologist at the annual clinic
isit, which occurred within 2 weeks of the other test
ession and the drawing of the blood sample. When
ecessary, the patients and their family members were
eimbursed for travel expenses to attend the testing
ession.

Control subjects. After being screened for eligibil-
ty, control subjects reported to the laboratory individ-
ally, females at 1000 h and males at 1230 h, and
igned a consent form approved by the McGill Uni-
ersity Ethics Committee. Female subjects had their
lood samples taken by a registered nurse after their
est session, whereas the male subjects had their sam-
les taken before their neuropsychological test ses-
ion. This was done in order to control for the time of
ay that the blood sample was taken and in view of

he constraints on the availability of the blood techni-
ian. For all subjects, therefore, the blood sample was
btained between 1200 h and 1300 h on the day of
esting. Test sessions for control subjects were carried

ut in the laboratory and each lasted 1.5 to 2 h. Sub-

ects first completed a general information form that
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257Hormones and Memory in Alzheimer’s Disease
rovided sociodemographic information as well as
ersonal, medical, psychological, educational, and vo-
ational history. Next, the test battery was adminis-
ered. Each subject was paid $15 at the end of the
ession to compensate them for their transportation
xpenses.

ormonal Assays

Ten milliliters of blood was collected via venipunc-
ure into heparinized Vacutainer tubes. The blood was
mmediately centrifuged and the plasma stored at

50°C. All samples were analyzed by radioimmuno-
ssay at the conclusion of the study. DHEAS was
nalyzed using the Radioimmunoassay Kit for the
uantitative measurement of DHEAS in Serum or
lasma (Diagnostic Systems Laboratories Inc., Web-
ter, TX). The sensitivity of this assay is 0.46 mmol/L,
ith intra-assay precision of 4.1%, interassay precision

f 10.0%, and 95% confidence. CRT was measured by
he Clinical Assays GammaCoat CRT I-RIA Kit (Inc-
tar Corp., Stillwater, MN), with a minimum sensitiv-
ty of 7 nmol/L, intra-assay reliability of 6.6%, inter-
ssay reliability of 9.8%, and 95% confidence. Both of
hese assay procedures report high specificity with
ery little nonspecific binding of the antiserum to
ther hormones.

ESULTS

articipants

ABLE 1

ociodemographic Characteristics of AD Patients vs Controls

Group

Age (years)

Mean SEM

AD patients (n 5 52) 75.85 1.05
Men (n 5 27) 75.62 1.48
E nonusers (n 5 22) 75.88 1.72
E-users (n 5 3) 77.73 2.29

Controls (n 5 52) 74.22 0.75
Men (n 5 23) 73.37 1.23
E nonusers (n 5 23) 74.83 1.07
E-users (n 5 6) 75.11 2.03

a Controls had .Education than AD patients, P 5 0.01.
b Male Controls had .Education than male AD patients, P , 0.0
Twenty-seven men, 22 estrogen nonusing women,
nd 3 estrogen-users participated in this study. All h
ere diagnosed with either mild or moderate, possible
r probable dementia, based on a full medical
orkup. The 3 estrogen-users were taking congugated

quine estrogen (CEE) 0.625 mg daily (Premarin,
yeth-Ayerst, Canada). The average CDR for the AD

ubjects was 1.24 (sd 5 0.48), with 1 5 mild dementia
nd 2 5 moderate dementia. There were no differ-
nces between the three AD groups in the CDR scores.
he 52 AD patients were matched with 52 control
ubjects recruited from the community. Twenty-three
en, 23 estrogen nonusing women, and 6 estrogen-

sing women participated. Five of the estrogen-using
omen were taking CEE 0.625 mg daily, 2 of these
ere also taking medroxyprogesterone acetate (MPA)

.5 mg daily (Provera, Upjohn Canada), and the sixth
as taking CEE 0.30 mg daily. All subjects completed

he RBMT. Sociodemographic characteristics of the
wo groups are presented in Table 1.

There was no gender difference in the age of the AD
atients (mean 75.85 years, sd 5 7.65). The average
umber of years of formal education was 10.55 years
sd 5 3.4) and the socioeconomic status was 49.61,
ndicating that they were mostly middle class. Al-
hough AD patients and controls were matched on age
nd SES, t tests for independent samples indicated
hat the control men had more years of education than
he AD men (t 5 2.12, P 5 0.39), whereas years of
ducation did not differ between the women with AD
nd the control women.

ormonal Assays

Education (years) Socioeconomic status

Mean SEM Mean SEM

10.55 0.48 49.61 2.00
10.65 0.70 48.14 2.99
10.41 0.77 51.42 3.02
10.67 0.33 49.03 2.67
12.25a 0.44 54.80 1.96
12.78b 0.75 48.14 2.66
11.30 0.55 51.42 3.21
13.83 1.14 49.03 4.59
Group by gender ANOVA analyses of each of the
ormone levels found no interactions between group
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258 Carlson, Sherwin, and Chertkow
nd gender and no main effects for group. Main ef-
ects for gender were found for the hormones DHEAS
F(1, 85) 5 6.15, P 5 0.015) and the DHEAS/CRT ratio
F(1, 85) 5 4.04, P , 0.05) with higher levels occuring
n the men. When probed with one-way ANOVA anal-
ses using Bonferroni-corrected post hoc t tests, over-
ll, the men had higher DHEAS (F(2, 96) 5 8.16, P ,
.001) levels than both groups of women, and the men
lso had a higher ratio of DHEAS/CRT than the es-
rogen-users (F(2, 93) 5 6.23, P , 0.005). The hormone
evels for the AD patients and controls are presented
n Table 2. Within the AD patients, there were no
roup differences in any of the hormone levels.

emory Performance

There were significant group differences between
he AD patients and controls on the scores of the

emory tests, presented in Table 3. As expected, the
ontrol group performed significantly better than the
D patients overall after controlling for years of edu-

ation with multivariate ANCOVA procedures (P ,
.001). The factoring out of educational level before
onducting group comparisons resulted in adjust-
ents in the means of only the Immediate (P , 0.001)

nd Delayed (P , 0.05) Route scores and the RBMT
otal Score (P , 0.05).
The difference in the performance of the AD pa-

ients compared to the healthy elderly controls was
ost profound on the RBMT Total score (F(1, 100) 5

24.5), Name Recall (F(1, 100) 5 144.5), Remembering
Belonging (F(1, 100) 5 115.4), Delayed (F(1, 100) 5

ABLE 2

ean Hormone Levels of AD Patients vs Controls

CRT
(nmol/L)

DHEAS
(umol/L)

DHEAS/
CRT

D patients overall 312.61 2.26 0.75
Men (n 5 26) 325.31 2.53a 0.84b

E nonusers (n 5 21) 303.05 2.12 0.71
E-users (n 5 3) 266.33 0.70 0.28

ontrols overall 345.79 2.42 0.73
Men (n 5 22) 376.95 3.38c 0.98d

E nonusers (n 5 20) 336.16 1.89 0.61
E-users (n 5 6) 262.00 0.68 0.26

a AD men had .DHEAS levels than Control E-users (P , 0.01).
b AD men had .DHEAS/CRT ratio than Control E-users.
c Control men had .DHEAS levels than all female groups (P ,

.01).

b
C

d Control men had .DHEAS/CRT ratio than Control E nonusers,
ontrol E-users, and AD E-users.
13.9) and Immediate (F(1, 100) 5 111.5) Story Recall,
nd Delayed Route (F(1, 100) 5 107.7). In contrast,
lthough their scores were significantly worse than the
ontrols, the performance of the AD patients was least
mpaired on Forward (F(1, 100) 5 12.6), Total (F(1,
00) 5 24.1) and Backward (F(1, 100) 5 25.9) Digit
pan, Immediate Route recall (F(1, 100) 5 45.9), and
icture (F(1, 100) 5 50.1) and Face (F(1, 100) 5 52.5)
ecognition.
Pearson product-moment correlations between hor-
one levels and cognitive test scores were calculated

n the men and estrogen nonusing women AD pa-
ients, but not in the estrogen users, as the number of
s in this group was too small to permit such compar-

sons. Cutoff values of P , 0.01 were used for these
orrelations to control somewhat for the large number
f correlations performed. Correlations between P ,
.02 and P , 0.01 will be discussed with caution. In the
en with AD, CRT levels were positively associated
ith Face Recognition scores (r 5 0.474, P 5 0.017). In

he women estrogen nonusers with AD, higher CRT
evels were associated with better performance on the
oston Naming Test (r 5 0.589, P , 0.01).

ow Vs High Hormone Groups

Since there were no significant group differences

ABLE 3

europsychological Test Scores—AD Patients vs Controls

Test Name

Max.
possible

score

AD Patients Controls

Mean SEM Mean SEM

igit span 24 11.77 0.53 15.56* 0.50
Forward 12 6.90 0.30 8.67* 0.34
Backward 12 4.77 0.30 6.98* 0.24
ame recall 4 0.45 0.16 3.01* 0.11
elonging 4 1.10 0.08 3.31* 0.17
ppointment/Results 2 0.23 0.10 1.44* 0.70
icture recognition 10 6.45 0.14 9.58* 0.41
tory - Immediate 21 1.29 0.44 7.08* 0.19
tory - Delayed 21 0.30 0.43 5.68* 0.11
ace recognition 5 2.92 0.70 4.71* 0.22
oute - Immediate 5 2.72 0.12 4.21* 0.16
oute - Delayed 5 1.70 0.11 4.13* 0.19
essage 6 2.78 0.16 5.08* 0.19
rientation 9 5.44 0.50 8.85* 0.34
ate 2 0.51 0.50 1.92* 0.12
BMT Total 24 2.98 0.50 17.59* 0.42

* Control . AD, P , 0.001.
etween levels of DHEAS, CRT, and the DHEAS/
RT ratio in the AD patients, the Ss were divided
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259Hormones and Memory in Alzheimer’s Disease
nto high and low groups for each of these hor-
ones using a median split. The mean scores of the

igh vs low groups on each of the cognitive tests were
hen compared for each hormone measure with

ANOVA analyses. The results of these comparisons
an be seen in Table 4.

AD subjects in the high DHEAS group performed
etter than those with lower DHEAS levels on the tests
f Name Recall (F(1, 47) 5 7.19, P , 0.01), Total (F(1,
4) 5 4.12, P , 0.05) and Forward (F(1, 44) 5 4.64, P ,
.05) Digits, and they also had higher MMSE scores
F(1, 44) 5 4.92, P , 0.05). Those with lower CRT
evels performed better on the Delayed Route Recall
ask (F(1, 47) 5 6.01, P , 0.05) than the Ss in the upper
ange of CRT values.

ood Scores

The AD patients scored an average of 8.67 on the
DS, out of a possible total score of 30, where higher

cores indicate more depressive symptoms. This was
ignificantly higher than the mean score of the control
roup (3.98, t 5 5.41, P , 0.001). When hormone and
ender groups were examined using one-way ANOVA

ABLE 4

ognitive Test Scores: Low Vs High Hormone Levels in AD Patien

Test name
Low DHEAS

(n 5 26)
High DHEAS

(n 5 24)

DR 1.25 1.24
MSE 18.67 21.52a

oston naming 32.78 33.33
igit span total 10.96 12.95b

Forward 6.24 7.74c

Backward 4.58 5.14
ame recall 0.19 0.75d

elonging 1.00 1.29
ppointment/Results 0.19 0.33
icture recognition 6.46 6.50
tory Recall - Immediate 1.15 1.60
tory Recall - Delayed 0.27 0.46
ace recognition 2.81 3.25
oute - Immediate 2.60 2.95
oute - Delayed 1.80 1.67
essage 2.96 2.71
rientation 5.08 6.04
ate 0.62 0.42
BMT Total 3.15 3.04

a,b,c,d High DHEAS . Low DHEAS, P , 0.05.
e Low CRT . High CRT, P , 0.05.
nalyses with Bonferroni-corrected post hoc t tests,
roup differences were found (F(5, 88) 5 7.22, P ,

A
1

.0001) such that the AD female estrogen nonusers
cored higher than all three control groups on the GDS
10.00 vs 3.38, 4.80, and 3.20), and the AD men scored
igher than the control men (7.75 vs 3.38). There were
o significant differences between the AD estrogen
sers (mean 7.00) and the control estrogen users

mean 3.20) on this measure, which might possibly
ave been due to small sample size of the estrogen
sers.

ISCUSSION

The comparison of healthy elderly control Ss and
D patients provided some information on possible
ifferences in endocrine status between these two
roups. Contrary to our hypothesis, there were no
verall group differences between AD patients and
ontrols in levels of either of the hormones that we
easured. The AD patients had the same CRT levels

s healthy controls in this study. Others have previ-
usly reported higher CRT levels (Leblhuber et al.,
993; Swaab et al., 1994; Maeda et al., 1990; Davis et al.,
986) and dysregulation of the HPA axis (O’Brien,

w CRT
5 25)

High CRT
(n 5 23)

Low DHEAS/
CRT

High DHEAS/
CRT

1.26 1.25 1.10 1.39
0.04 19.70 19.75 20.00
0.00 36.25 36.79 29.83
1.71 11.95 11.57 12.10
6.68 7.24 6.71 7.18
4.88 4.65 4.70 4.86
0.48 0.43 0.24 0.70
1.20 1.00 1.24 0.96
0.16 0.35 0.24 0.26
6.48 6.39 7.04 5.78
1.28 1.50 1.26 1.52
0.40 0.30 0.32 0.39
2.76 3.26 3.32 2.65
2.92 2.57 2.68 2.82
2.17 1.22e 1.76 1.64
2.83 2.91 3.08 2.64
5.40 5.60 5.40 5.61
0.52 0.57 0.72 0.35
3.24 2.91 3.48 2.65
ts

Lo
(n

2
3
1

mes, Schweitzer, Colman et al., 1996; Hatzinger et al.,
995; Nasman et al., 1995, 1996; O’Brien, Ames,
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chweitzer, Mastwyk et al., 1996) in AD patients com-
ared to controls. However, in those studies, AD pa-

ients with elevated CRT levels differed from ours in
everal ways. They were younger (aged 64.1) and had
presenile form of AD (Davis et al., 1986), were much
ore severely demented (MMSE 5 1.6, Maeda et al.,

991; MMSE 5 5.2, Leblhuber et al., 1993), were inpa-
ients (Maeda et al., 1991), and were suffering from
arious forms of dementia (Maeda et al., 1991). Addi-
ionally, all those studies had small sample sizes. Our
ndings are consistent with others who failed to find
ifferences in CRT levels between AD patients and
ge-matched controls (Touitou et al., 1982; Dodt et al.,
991; Nasman et al., 1991).
Because no challenge of the HPA axis was per-

ormed in this study, HPA dysregulation may have
een present but not observed, although severe dys-
egulation of the HPA axis would likely have been
eflected in elevated CRT levels. However, no com-
ent can be made regarding the presence of more

ubtle forms of HPA dysregulation. It is possible that
he elevated CRT levels found in more severely de-

ented AD patients by others are a result of pro-
onged HPA dysregulation, and might not be evident
arlier in the disease process.

One limitation of the experimental design was that
nly one measure of CRT was taken from each of the
D patients and controls. Since CRT levels are known

o fluctuate diurnally and in response to stressful stim-
li (Bohnen et al., 1990; Kirschenbaum et al., 1996), one
ample may not provide an accurate baseline. On the
ther hand, the blood sample was taken at approxi-
ately the same time of day for both the AD patients

nd the healthy elderly subjects, which controlled for
iurnal fluctuations. However, it is possible that had
RT levels been taken at a different time of the day, or
ad several samples been taken and averaged, the
elationship of CRT plasma levels to aspects of cogni-
ive performance may have been different.

Another methodological issue relating to the timing
f the test battery is due to the fact that women control
ubjects were administered the test battery before the
lood sample was taken, whereas the male controls
nd the AD patients were tested after the blood sam-
le was obtained. Thus, it is possible that CRT may
ave been elevated in the female controls following

esting, had they perceived the test session as stressful.
n the other hand, it is possible that the men and AD
atients may have been anticipating stressful activity
hen their blood sample was drawn before the test
ession, which may have similarly caused their CRT
evels to be elevated. Although we cannot rule out any

m
c

nfluence of our methodology on CRT production,
here were, in fact, no gender differences in CRT levels
f the healthy elderly, and the mean levels of all
articipants were well within the normal range of CRT
alues based on the norms of the laboratory that per-
ormed the assays.

In the present study, AD patients did not have
ower DHEAS levels compared with our healthy el-
erly controls. Although lower levels of DHEAS have
een reported in AD patients (Sunderland et al., 1989;
asman et al., 1991; Yanase et al., 1996), more often

han not, investigators have failed to find such differ-
nces in DHEAS levels between AD patients and con-
rols (Leblhuber et al., 1990, 1993; Cuckle et al., 1990;
path-Schwalbe et al., 1990; Birkenhager-Gillesse et al.,
994). Of the studies that found group differences, the
D patients were much younger than those in our

ample (61 years, Sunderland et al., 1989) and may
ave had a familial subtype of AD or more severe
ementia (Nasman et al., 1990). The inconsistency in

hese findings suggests that age and severity of the
isease might modify DHEAS levels in AD patients.
The antagonistic effects of DHEAS on GABA in the

rain (Majewska, 1995) coupled with its antigluco-
orticoid effects (Svec and Lopez-S, 1989), suggest a
ossible role for DHEAS in the dementia process.
hen AD Ss were subdivided by a median split into

ow and high DHEAS groups, the group with high
HEAS levels performed better than the group with

ow levels on four tasks, Digits Total and Forward,
ame Recall, and the MMSE, even though the low
HEAS group was not more demented as assessed
y the CDR. This association of DHEAS with better
emory is consistent with findings that DHEAS ad-
inistration caused neuronal sprouting in the rat hip-

ocampus (Roberts et al., 1987). An inverse relation-
hip between DHEAS levels and the presence of
ementia occurred in male nursing home residents

Rudman et al., 1990), but the sample in that study
onsisted of mixed etiology dementia syndromes. In a
tudy of three men and three women with major de-
ression, DHEAS administration resulted in improve-
ents of mood and of “automatic” memory process-

ng, but performance on explicit verbal recall tasks
emained unaffected (Wolkowitz et al., 1997). In that
tudy, DHEAS levels were correlated with decreases
n the Hamilton Depression Rating Scale subscale

tems assessing “cognitive disturbance”. The finding
n the present study that higher DHEAS levels in AD
atients were associated with better cognitive perfor-

ance is interesting, but its possible etiological or

linical significance is uncertain due to the fact that,
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261Hormones and Memory in Alzheimer’s Disease
verall, DHEAS levels of AD patients did not differ
rom those of our age-matched controls.

Since the MMSE was not administered on the same
ay that blood was drawn for the DHEAS assay, the
elationship between DHEAS levels and MMSE scores
ay be less reliable than the findings for Digit Span

nd Name Recall, which were administered on the
ame day that blood was drawn. However, although
here is considerable variation of DHEAS levels be-
ween individuals, there tends to be modest intraindi-
idual fluctuation, with the highest diurnal levels oc-
urring during the daytime hours, and longitudinal
hanges occurring very slowly over the course of
any years (Majewska, 1995). Thus, although it is
ethodologically desirable to concomitantly adminis-

er tests and draw blood, in the case of DHEAS, blood
rawn within 2 weeks, and at the same time of day, as

he administration of the MMSE would likely reflect
urrent fluctuating levels reliably enough to classify
ubjects into high or low DHEAS groups.

It is important to note that plasma RIAs of DHEAS
ay not accurately reflect levels of this steroid in the

rain, where they may be many times higher (Majew-
ka, 1995). Indeed, it is questionable whether corre-
pondence exists between DHEAS levels in plasma
nd in the brain, since higher plasma concentrations of
HEAS have been reported in males compared to

emales (Vermeulen, 1995), but post mortem studies
ave found higher levels in female rather than male
rains (Lanthier and Patwardhan, 1986). The exact
ature of the relationship between peripheral plasma

evels and brain levels of DHEAS awaits further com-
arative research.
If a higher ratio of DHEAS/CRT was beneficial to

ognitive performance as others have suggested (Svec
nd Lopez-S, 1989), the men and estrogen nonusers
ould have shown superior performance compared to

he estrogen users in this study, concomitant with
heir higher DHEAS/CRT ratios. However, this did
ot occur in any instance. If any group appeared to
ave an advantage over the others with respect to

heir performance on the cognitive tests, it was the
ealthy elderly estrogen users, who actually had the

owest DHEAS/CRT ratio of any group. Therefore,
ur results provide no support for the idea that a
igher DHEAS/CRT ratio is a protective factor against
ognitive decline in healthy elderly people or in those
ith mild to moderate AD.
Predictably, AD patients performed worse on every

spect of the RBMT and on the Digit Span tests com-

ared to controls. The RBMT was developed to assess
ehabilitation in head-injured patients and accurately

d
w

eflects everyday memory functioning by its high cor-
elations with objective ratings by a caregiver (Wilson
t al., 1989). Three RBMT subtests (Story Recall, Route
ecall, and Name Recall) were very sensitive to gra-
ations of dementia in AD patients and could distin-
uish “minimal dementia” from “low-scoring nor-
al” groups (Beardsall and Huppert, 1991). In our

tudy, these same subtests easily discriminated AD
atients with mild to moderate dementia from healthy
lderly controls.

The most difficult RBMT subtests for the AD pa-
ients, as assessed by the magnitude of the group
ifferences between the AD patients and the controls,
ere those that involved recall without a recognition

omponent, such as having to remember a belonging
t the end of the test session or recall a story or a route.
hese types of tasks are also typically the most im-
aired with normal aging (Craik, 1991, 1994) and most
ependent on hippocampal structures (Squire, 1992).
n the other hand, Digit Span, which registers the

east impairment, is not primarily dependent on the
edial temporal lobe memory system (Moscovitch

nd Winocur, 1992; Kolb and Wishaw, 1985), the area
ost damaged in AD (West et al., 1994). Digit Span
easures attention/concentration and short-term
emory, which are relatively unaffected by increasing

ge in the normal population (Craik and Jennings,
992). Neither were the AD patients as impaired on
icture and Face Recognition as they were on the
xplicit recall tasks. These recognition tasks are also
enerally easier (Wilson, 1989) and show less impair-
ent with normal aging (Craik, 1991) than explicit

ecall tasks. Thus, the AD patients in this sample
howed the greatest impairments on tasks that depend
pon the hippocampal memory system and on which
erformance declines somewhat with normal aging

e.g., explicit verbal memory). It seems, then, that the
attern of cognitive decline differs quantitatively but
ot qualitatively in AD patients and in normal elderly
ubjects.

Recently, an MRI study of normal elderly and pre-
emented individuals found a constant rate of hip-
ocampal and parahippocampal volume loss with ag-

ng, regardless of whether dementia develops in the
uture (Kaye et al., 1997). Such a decrease in hippocam-
al volume with aging could also explain the declines

n hippocampally dependent cognitive abilities asso-
iated with aging (Craik, 1994).

In summary, although the AD patients in this study
ad plasma levels of steroid hormones that did not

iffer from those of the healthy elderly controls, they
ere in the early stages of the disease, and it may be
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262 Carlson, Sherwin, and Chertkow
hat decreases in levels of DHEAS and elevated levels
f CRT do not appear until dementia is more severe.
he pattern of everyday memory functioning in AD
atients was qualitatively similar to that of our
ealthy elderly but profoundly different quantita-

ively. The AD patients were most impaired on ex-
licit recall tasks, followed by recognition tasks and

hen short-term memory and attention tasks. Higher
HEAS levels were related to better cognitive perfor-
ance in these AD patients, whereas lower CRT levels
ere associated with better performance on one task.

tudies of individuals in a more advanced stage of AD
ay help to further elucidated any relationships be-

ween steroid hormones and memory performance in
D patients.
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