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Hormonal Risk Factors for Dementiain
Women with Down Syndrome

GARY SELTZER AND NICOLE SCHUPF

Estrogen and Alzheimer’s disease (AD).
Severa linesof evidence suggest that lossof ovarian
steroids after menopause may play aroleinthe
cognitive declinesassociated with AD. Theimproved
performance on memory tasksand thelower risk of
AD inwomenwho havereceived estrogen
replacement therapy observed in epidemiologic studies
of womeninthegenera population supportsthe
hypothesisthat reductionsin estrogen associated with
menopause may contributeto theetiology of AD
(Honjoet al., 1989; Sherwin, 1994; Henderson et al .,
1994; Mortel & Meyer, 1995; Tang et al., 1996). As
Toran-Allerand et a. (1992) noted, conditions
associated with gonadal steroid deficiency, suchas
menopause, may contributeto the atrophy or death of
cholinergic neurons, accel erating the devel opment of
AD. Jaffeet a. (1994) suggested that estrogen acts by
gtimulating the activity of anonamyloidogenic pathway
for APP metabolism; thiscould decrease deposition of
amyloid, delayingtheonset of AD.

Obesity. Nutritional statusand obesity have been
associated with variation in age at onset of menopause
(Stanford et al., 1987; Willet et al., 1983). Dr. Chicoine
and hiscolleagueshavefound that obesity iscommon
inadultswith Down syndrome (DS) (Fujiuraet d.,
1997; Rubinet a., 1998). Cauley et al. (1989) found
that estronelevel sof obese postmenopausal women
were about 40% higher than thelevelsof non-obese
postmenopausal women. Becausefat cellscan store
and release estrogen, obesity might delay onset of AD.

Nutrition and Obesity

Nutritional statusand obesity have
been associated with variationin

age at onset of menopause.
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Psychoactive and anti-epileptic medications.
Neurotransmitter systemsin AD arecharacterized by a
severedeficiency of acetylcholineand decreased
cholineacetyltransferaseactivity in severa forebrain
nuclei (Bowenet al., 1982; Wilcox et al, 1983). Many
psychoactive drugs have potent central nervoussystem
anticholinergic activity which may accelerateor
aggravatethe symptomsof Alzheimer’ sdisease
(Larsonet d., 1987; Gedye, 1998). Psychotropic
medications can interfere a so with anumber of
hormonal and metabolic functions. Seizuresand
anti-epileptic drugs (AEDs) may asoinfluence memory
and cognition through changesin neuroendocrine
function and long-term AED therapy hasbeen
associated with primary gonadal dysfunction (Richens
1984; Morrell, 1991). We hypothesi ze that a history of
psychotropic or antiepileptic medicationswhich have
anticholinergic propertiesor whichinfluence hormonal
regulation will acceleratethe development of AD.

Prevalence of chronic medical conditionsin
adultswith and without DS. We used standardized
morbidity ratiosto comparethefrequency of medica
disordersin 278 adultswith mental retardation (MR) to
that inthegeneral population (Kapdll etal., 1998).
Adultsbothwith and without DS had afrequency of
common age-related disorders such asdiabetes,
ischemic heart disease, stroke and ulcersthat was
similar to that inthe genera population, but showed an
increased frequency of thyroid disorders, heart rhythm
disordersand sensory impairment.

Prevalence of obesity among adults with DS.
We have documented the high prevalence of obesity
among adultswith DS (Chicoineet d., 1994; Fujiuraet
al., 1997; Rubinetd., 1998). Thisfindingiscons stent
withtheresultsof Prasher (1998) from acommunity
based wherethe prevalence of obesity among adults
with DSwas52%. In contrast, the preval ence of
obesity inthegenerd populationisapproximeatdy 31%
(Flegd, Carroll, Ogden, & Johnson, 2002).

Study Purposeand Objectives

1) Determinewhether age at menopauseisassociated
with cognitivedeclineand ageat onset of AD. We
hypothesizethat earlier ageat menopausewill be
associated with earlier declinein cognitive
performance and adaptive behavior and with
earlier ageat onset of AD.

2) Determinewhether postmenopausal estrogen or
hormonal replacement therapy (ERT/HRT) can
delay theonset of AD in postmenopausal women
with DS. Wehypothesizethat women receiving
estrogen or hormonal replacement therapy have
later age at onset of AD and that longer use of ERT

or HRT will beassociated with greater protection.

3) Determinetheeffect of commonrisk factors,
including obesity and psychotropic or antiepileptic

medications, on ageat onset and risk of AD.

4) Determinewhether they modify theinfluence of
estrogen deficiency on declinein cognition and age

at onset of AD.

SamplePopulation and M ethodology

The project conducted analyses of previousy
collected datathat examinethe effect of menopauseon
cognitivedeclineand dementiain DS.

DataAnalysis

AnAlzheimer’ sprotocol based on the selected
testsused in the existing battery wasformulated. One
purpose of the study wasto examinethe efficacy of
devel oping acognitive measure that accurately
assessed cognitive function inadultswith Down
syndrome. To accomplishthistask aninstrument, the
Fuld, was adapted and used together with awell-
standardized cognitive measure, the \WWoodcock-
Johnson. Our intent wasto investigate the extent to
which the Fuld would be more sengitive to cognitive
declinethan the Woodcock-Johnson. That isthe Fuld
was being tested to determine whether it was abetter
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measurefor ng changesin cognitivefunction
than other standardized measuresin which persons
with Down syndromefrequently “ bottomed out”
leaving amost no changed dataavailable.

Additionad analysesincluded: 1) Theinfluenceof
antiepileptic and anti psychotic medicationson age at
menopause, and 2) Effect of menopause on cognitive
function and theinfluence of obesity.

Results

Influence of antiepileptic and antipsychotic
medications on age at menopause. We
hypothesized that antiepileptic and antipsychotic
medi cationsmight influence onset of menopause
through stimulation of prolactin. However, hormone
dataon 130 pre- and post-menopausal women from
Dr. Schupf’ sstudy of Women' sHedthin Down
Syndrome showed no e evationsof prolactinandwe
saw noinfluenceof prolactinlevelson ageat
menopause. We decided to discontinuework onthis
topic, becauseit wasunlikely that our hypothesis
would be supported.

Effect of menopause on cognition and the
influence of obesity. We conducted preliminary
analysesof the effects of menopause and obesity, using
domain scoresfrom the Woodcock-Johnson test to
assesscognitivefunction. Wefound that menopause
affected primarily verbal, and had lesseffect on visual/
gpatid functioninwomenwith Down syndrome. We
a so examined theinfluence of obesity on cognitive
functionin premenopausal womenwith Down
syndrome. Weclassified women asnon-
obese (BMI < 25), moderately obese (BMI
25.2—-29.9) or severely obese (BMI > 30)
based on Metropolitan Life Insurance
Company tables.

Wefound that degree of obesity was
associated with cognitive performancein most
domains. Severely obesewomen performed
sgnificantly better than normal weight women,
adjustingfor ageand level of menta
retardation. The performance of womenwith
moderate obesity wasintermediateto that of

normal women and severely obesewomen. These
findingswere cons stent with hormona dataonwomen
with Down syndrome showing that estronelevelswere
sgnificantly higher andfalliclestimulating hormone
(FSH) levelssignificantly lower in severely obese
compared with moderately obese or normal weight
women (N. Schupf, Women’ sHedlth Study).

We conducted preliminary analysesto comparethe
cognitiveprofilesof men and womenwith Down
syndrome. Wehypothesized that differencesin
cognitivefunction may berelated to differencesin
hormonal function between men and womenwith
Down syndromethat aredistinct fromthoseinthe
genera population. Amongwomeninthegenera
population, menopauseis marked by dramatic declines
inestrogen levelswhereasin men periphera
aromatization of testosteroneresultsinrelative
preservation of estrogens. Estrogen replacement
therapy isassociated with decreased risk and later age
at onset of Alzheimer’ sdisease, suggesting an
important rolefor estrogensin the cognitive declines
associated with Al zheimer’ sdisease. Both men and
women with Down syndrome showed el evations of
falliclestimulating hormone (FSH) and luteinizing
hormone (L H) at puberty indicativeof primary gonadal
dysfunction, which appear to progresswith age and be
morefrequent in men thaninwomen. Thus, adult men
with Down syndromemay not benefit fromtherdative
preservation of estrogen proposed to account for
lower risk of Alzheimer’ sdiseaseinmeninthegenerd
population. Cons stent with these data, wefound no

Obesity, Menopause, Cognition and

Down syndrome

Degree of obesity was associated with cognitive
performance in most domainsin that women with
severe obesity performed significantly better than

normal weight women, adjusting for ageand level
of mental retardation.
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differencein cognitivefunction in post-menopausal
women compared with men matched for ageand level
of menta retardation. Someof our findingsare
published in Cognitive Neuroscience and
Neuropsychology.

areaaretheoretical. A primary tenet used in most cases
when devel oping aresearch project isthat it betheory
driven. Relatedly, the selection of variables, instruments
and hypothesesare devel oped in tandem with the
study’ stheory. A major seriesof analyseswerethose
that model different theoriesof depression.

Thefollowing secondary dataanadyseswere
conducted. The content of theseanalysesare organized
into threeareas of interest namely, obesity,
muscul oskeletal, and depression. Although weretained
afocuson hormonal risk factorswithinthese areas, we
expanded our analysestoinclude other related
hypothesesduring theseyears.

Depression. We used adata set that had a
substantial amount of information
about depression and personswith

A primary concernrelated to conducting these
analyseswas how to operationdly determinethe
dependent variable of depression. Wedecidedto
empiricaly devel op adependent variable(s) of
depression by analyzing our datafromitemsthat came
from diagnostic scal esthat measured depressionand
other mental disorders. Most of theitemsaddressed
whether particular symptomsof depression, many of
whicharelisedinthe
DSM-IV-TRand the

Down syndrome. When theresearch Endogenous Estrogen Levels |CD-10, were present.
protocol for our data set wasbeing _ To unde’rstand what
designed and instrumentswere Higher endogenous estrogen hypothetical consiructs
sel ected or designed, we decided to levelsmay lower risk of cognitive | ot emergefromthe
collect dataon depression because of declineand dementia. depressivesymptoms
thisdisorder’ sknown association with reoresented by items
dementia. Clinically, oneof themost erOpm our scal é we

important differential diagnosesis
between dementiaand depression. The problem of
depressionin personswith Down syndrome hasbeen
studied in conjunctionwith the manifestation of
dementia. Investigatorswho conduct researchinthis
areatend toincludethe problem of depression more
often than other typesof mental illnessbecause of its
high prevalencerate and itsassumed relationship to
dementiainthisand other groupsof individualswho
areold. Eventhough depressionismorelikely to be
studied than other formsof mental illness, thereremains
adearth of findingsinthisareaand thefindingsfrom
theavailableliterature arefrequently contradictory.

We used our data set to study some of the
probable underlying reasonsthat we have
contradictory findingsin regardsto adultswith Down
syndromeand depression. Thefirst and perhapsthe
most profound reasonisthat most of the studiesinthis

conducted factor analyses. Two independent scales
emerged from our analyses, both of which have dpha
reliabilitiesinthehigh .8 range. Onescadecontained
itemsthat weretypicaly associated with the cognitive
Ssymptom construction of depression, whilethe second
included itemsthat weremostly associated withthe
affective symptom construction of depression. A
frequently voiced concernisthat the presentation of
depression in personswith Down syndromemight
differ fromthat which occursin thegenera population.
Thetwo scalesdevel oped from factor analyseswere
based on responses specifically targeted for persons
with Down syndrome. Asaresult, these scalesmight
represent depressionin thisgroup better than ascale
that was devel oped from responses about persons
without Down syndrome.

Our immediate goal for using these scaleswasto
study the relationship among depression, menopause,
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and cognitive status. Wea so included other
independent variablesin our analyses. Theseincluded
demographic variables, musculoskeletd pain, and other
variablesthat werein the dataset and had been
identifiedintheliterature asrelated to depression. We
compl eted bivariate analyses and used some of these
findingsto examinedifferent theoriesof depression.
For example, thebiological theory wasmodeled using
thedifferential depression outcomesrelativeto pre-
and post-menopausal women and age-matched males.
Onthebivariatelevel, weaready learned that the
cognitive scale and gender are not related whereason
theaffectivescae, therewasasgnificant relationship
between this scale and women withwomen being
sgnificantly morelikely to scorehigher onthisscae
than men.

Finally, to examine sometheoriesof depression,
we used scalesin our dataset that had not been
previoudy used. Theseincludethefollowing scaes:
socia support and socia activities, astressindex, grief
guestionnaire, socid relaionships, afivedimensionlife
satisfaction questionnaire, and aleisureinventory.
Respondentsfor some of these scaleswere persons
with Down syndromeor informants.

Obesity. Obesity has been associated with higher
levelsof serum estradiol and estronein
postmenopausal women, which may protect against
estrogen-rel ated lossin neuronal systemsimportant for
cognitivefunction. Because obesity appearstobea
feature of the Down syndrome (DS) phenotype and fat
cellscan storeand rel ease estrogen, we hypothesi zed
that obese postmenopausal women with Down
syndromewould perform better ontest of cognitive
function than non-obese postmenopausa women . That
is, obesity might be expected to influence therate of
cognitive declinewith age and may delay onset of
Alzheimer’ sdisease. In our dataset 69% of
premenopausal women and 45% of their age-matched
peerswere severely obese (BMI > 30), while 67% of
postmenopausal women and 27% of their age-matched
peerswere severely obese. Wetested thishypothesis
and indeed found that obese postmenopausal women
with Down syndrome performed better onthe

Woodcock Johnson than non-obese postmenopausal
women. However our samplewas quite small and we
felt that publishing thisfinding waspremature. Usinga
different dataset, Dr. Schupf and Bindu Patel
replicated thefinding. Healthy nondemented
premenopausal (n=28) and postmenopausal (n=48)
womenwith mild and moderate mental retardation, not
on ERT, and who could completethe cognitive
assessment battery wereincluded inthe analyses.
Blood samplesfor hormoneanayseswerecollectedin
59 women (78%). We used analysisof covarianceto
comparethe cognitive performance of obeseand non-
obesewomen, adjusting for ageand level of mental
retardation. The cognitive performance of obeseand
non-obese premenopausa women did not differ.
Postmenopausal obesewomen performed significantly
better than postmenopausal non-obeseand
premenopausal women ontestsof selectivereminding
(episodic memory), language, ameasure of mental
statusand an omnibusmeasure of cognitivefunction,
but therewereno significant differencesin verbal
fluency, apraxia, and two measures of visio-spatia
functioning. Estroneand estradiol levelswere
sgnificantly higher in obesethanin non-obesewomen
and the pattern of cognitive performancewasthe same
when only women with hormonal datawereincludedin
theanalyses. Thesefindings supported the hypothesis
that estrogen deficiency contributesto declinein
memory and other cognitivefunctions.

Musculoskeletal . Descriptively looking at our
data, wefound that alittle over 60% or a most two
thirdsof our total samplehad musculoskeletal
problemssuch aship, spine, osteoarthritis, and
muscul oskeletal pain. These problemsoccurred among
our younger sample participantswho wereintheir 20's
and 30’ saswell asthose who were older. We
examined whether musculoskeletal problems,
particularly thoseassociated with pain, influence
hormonesand cognitive declineaswell asother factors
that arecommoninthispopulationsuchas
psychotropic and antiepileptic medi cations, depression,
and obesity. Giventheinformation on obesity above,
we hypothesi zed that obesity was associated with
delay in cognitive declinewhereas psychotropic or
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anti epileptic medi cationswere associated with the early
onset of cognitivedecline. By studying muscul oskeletdl
problemsand cognition, we were ableto tease out
whichtypes of muscul oskeletal problemsweremore
likely to be associated with functiona problemsand
cognition. Alsoweknew that musculoskeletal painwas
associated with depression but rarely has obesity,
cognitivedecline, and hormona statusbeenincludedin
theanalyses, that we compl eted.

Implicationsfor Resear ch and Practice

Insum, our resultssuggested that higher
endogenousestrogen levelscan lower risk of cognitive
declineand dementiaand had implicationsfor
prevention and thergpeuticintervention, bothinwomen
with Down syndromeand inwomen in the genera
population. However, theseimplicationsneed to be
examined with care. Recently, theWWomen' sHedlth
Initiativerandomized controlledtria of combined
estrogen/progestin reported amoderate but significant
increased risk of coronary heart disease, invasive
breast cancer, stroke and pulmonary embolismin
treated women compared with those on placebo and
concluded that the overall health risksof thecombined
estrogen/progestin regimen exceeded itsbenefits.

Factorsthat could influencethe efficacy of
postmenopausa hormond replacement treatment
includetheformand schedule (tonic or cyclic) of
estrogen and progestinsused, dose, timeof initiationin
the peri-menopausa or postmenopausal period, and
routeof administration. Theseaternativeswill needto
beevauatedin controlled trids. The devel opment of
sel ective estrogen receptor modul ators (SERMs)
which can sdlectively activate specific estrogenic
receptorsin the brain without adverseeffectson
cardiovascular and other systemsmay provide asafer
and more efficacious mode of intervention. One study
hasreported no benefit from theuse of raloxifenein
women with osteoporosis. Studieswith different
SERMsmay helptoidentify thosemost likely to havea
role, if any, in preserving cognitivefunction.
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