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Abstract: The epidemic of late life dementia, prominence of use of alternative medications and supplements, and
initiation of efforts to determine how to prevent dementia have led to efforts to conduct studies aimed at
prevention of dementia. The GEM (Ginkgo Evaluation of Memory) and GuidAge studies are ongoing
randomized double-blind, placebo-controlled trials of Ginkgo biloba, administered in a dose of 120 mg twice per
day as EGb761, to test whether Ginkgo biloba is effective in the prevention of dementia (and especially
Alzheimer's disease) in normal elderly or those early cognitive impairment. Both GEM and GuidAge will also
add substantial knowledge to the growing need for expertise in designing and implementing clinical trials to test
the efficacy of putative disease-modifying agents for the dementias. While there are many similarities between
GEM and Guidage, there are also significant differences. We present here the first comparative design and
baseline data fromGEM and Guidage, two of the largest dementia primary prevention trials to date.

Introduction
Life expectancy for persons reaching age 50 has
dramatically risen over the past century, making the
maintenance of independence and prevention of disability a
major clinical and public health priority.(1) Cognitive
impairment in late life is a prevalent condition which
significantly impacts independent function and disability. It
also leads frequently to dementias such as Alzheimer's disease
(AD) and vascular dementia (VaD), leading causes of longterm care placement.(1-4) Improved understanding of
development of the basic pathophysiology of AD and the other
major late-life dementias has led to interventions aimed at
delaying or reducing the incidence of Alzheimer's and other
dementias in older people.
Ginkgo biloba is derived from the fan-shaped, bi-lobed
(“biloba”) leaves of the Ginkgo tree, one of the planet’s most
ancient trees. Ginkgo biloba's popularity is such that Ginkgo
leaf extract was the most commonly prescribed monotherapy in
Germany during the 1990's and its use in the United States
increased substantially following enactment of the United
States Dietary Supplement Health and Education Act in 1994,
legislation which enabled manufacturers to make structure and
function claims for substances now labeled “dietary
supplements” (plant products, amino acids, vitamins, minerals,
etc.). This legislation also exempted Ginkgo and other
supplements from the stringent requirements for demonstration
of safety and efficacy required of prescription drugs prior to
marketing.
Ginkgo biloba may act to reduce the rate of cognitive decline
and dementia incidence in several ways. Probably the most
documented effects of Ginkgo biloba are its antioxidant and
free-radical scavenging activities. (5-10) Reduction of oxidative
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stress, which may accelerate the cascade of AD pathological
changes leading to dementia and cerebrovascular disease is a
major mechanism by which Ginkgo biloba is proposed to exert
its effect. (11, 12) In addition, in vitro studies indicate that
Ginkgo extract has an anti-amyloid aggregation effect, (13)
suggesting another mechanism whereby Gingko biloba may be
effective in preventing or delaying the development of AD.
Ginkgo biloba extract has also been reported to modulate gene
expression. (14) For example, it has been shown to increase
transthyretin RNA levels in mouse hippocampus; transthyretin
is part of the mechanism for A-beta transport and stimulation of
this mechanism may also protect against amyloid deposition in
brain. (15) Finally recent evidence suggests a fourth possible
mechanism, a modulation of the role of Gingko on alpha
secretase, the enzyme that cuts the amyloid precursor protein
and prevents amyloidogenic fragments from being produced
(16, 17).
Other evidence also suggests that Ginkgo biloba may be
useful in preventing and treating cardiovascular and peripheral
vascular disease, particularly ischemic heart disease and
intermittent claudication, respectively. Given that free radicals
play a significant destructive role in cardiac ischemic
reperfusion, as with its cognitive effects, the most likely
pathway for an effect on cardiovascular disease is through
Ginkgo biloba's antioxidant and free-radical scavenging
activities. In particular, the purported cardioprotective effects
(18) of Ginkgo may be mediated through its nitric oxide
scavenging ability and suppression of production of nitric oxide
in a dose-dependent manner. (10, 19) These scavenger
activities also appear to be the mechanism by which Ginkgo
biloba reduces the post ischemic contractile dysfunction in an
animal model of regional ischemia. (20) Other in vitro and in
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vivo effects of Ginkgo biloba that may impact on vascular
disease include the ability to: 1) decrease platelet aggregation
and thrombi formation (21, 22); 2) dilate blood vessels and
improveme blood flow; (23-25) 3) reduce blood pressure; (26)
and 4) prevent hypoxic damage (25, 27). Evidence suggests that
both the terpnoid and flavonoid components of Ginkgo biloba
are necessary to achieve maximum cardioprotection (28).
Several clinical trials investigating Ginkgo biloba’s effect on
intermittent claudication along with a meta-analysis of these
trials suggested that oral Ginkgo biloba may be efficacious for
symptomatic treatment of intermittent claudication but the
authors concluded that a large, definitive trial is necessary (29).
These same mechanisms may also act to reduce cognitive
decline and dementia related to vascular disease.
Despite these purported pharmacological effects and a large
meta-analysis of treatment trials (30) suggesting the possible
effectiveness of Ginkgo biloba in reducing cognitive decline
and dementia in older people, there have been no adequately
powered clinical trials demonstrating Ginkgo biloba’s ability to
reduce the incidence of cognitive decline, dementia, or heart
disease.
Trials to determine the effectiveness of interventions to
prevent dementia are expensive, and of long duration. Clinical
trial experience in recruitment, treatment adherence, subject
retention, and thorough cognitive outcome assessment is sparse.
Most studies addressing primary prevention of dementia have
been added on to larger clinical trials as secondary outcomes.
Recent examples include the Women’s Health Initiative (WHI)
Memory Study (WHIMS) (31) and the Action to Control

Cardiovascular Risk in Diabetes-Memory in Diabetes trial (32).
Currently there are only a handful of prevention trials
underway, two of which are the current Ginkgo Evaluation of
Memory (GEM) Study in the United States and the GuidAge
study in France. Both are randomized, double-blind trials, and
each has successfully completed recruitment of their target
cohort (GEMS n = 3,072, GuidAge n = 2,854). This paper
compares the designs of the GEM and GuidAge studies,
characteristics of the recruited cohorts and the primary and
secondary outcomes of the trials.
Design
Subject Recruitment In Gem And Guidage
In GEM, volunteers age 75 years or older were recruited
from 4 communities affiliated with academic medical centers in
the United States: Hagerstown, Maryland (Johns Hopkins);
Pittsburgh, Pennsylvania (University of Pittsburgh);
Sacramento, California (University of California, Davis);
Winston-Salem, North Carolina (Wake Forest University). In
GuidAge participants age 70 years and older with a memory
complaint were recruited from multiple communities in France
through a private practice/hospital network of general
practitioners and hospital practitioners specializing in memory
disorders. In both trials, volunteer participants provided
informed consent prior to a medical and cognitive assessment
screen. Persons with prevalent dementia were excluded from
each trial. The inclusion and exclusion criteria for each trial
(Table 1) have been described elsewhere. (33-35), as are the
specific design and recruitment of the trials.

Table 1
Inclusion and exclusion criteria for the GEM
Criteria

Description

Inclusion

Non-demented or mild cognitive impairment
Must have spontaneous memory complaint
≥ 75 years of age
≥ 70 years of age
Identify a person who will serve as a proxy
Meets DSM-IV criteria for dementia
CDR score > 0.5
Currently taking the anti-coagulant warfarin (Coumadin)
Taking donepezil (or similar agents) for cognitive problems or dementia
Unwilling to discontinue taking over-the-counter (OTC) Ginkgo biloba, beginning at screening
visit and for the duration of the study
Currently being treated with tricyclic antidepressants, antipsychotics or other medications with significant
psychotropic effects
Use of greater than 400 IU vitamin E/day
History of bleeding disorders
Hospitalized for depression within the last year or ECT within last 10 years
COVI Anxiety Scale ≥ 6
History of Parkinson's disease or taking antiparkinson's medications
Any cancer or diagnosed disease with live expectancy < 5 years
Congestive heart failure with disability
Baseline abnormal thyroid studies, blood creatinine: > 2.0 mg/dL;gamma gGT, ALT and AST U/L
(2 × ULN = 90 IU)
Baseline B12 levels ≤< 210 pg/mL, hematocrit < 30%, white blood count < 3000 or > 15,000/cmm
Platelet count < 100,000 or > 600,000 K/cmm
Allergy to Ginkgo biloba

Exclusion

GEM
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GuidAge

X
X
X
X
X
X
X

X
X
X
X
X
X

X
X

X

X

X
X
X
X
X
X
X

X
X

X
X
X
X

X
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Table 2
Neuropsychological Domain Analysis
DOMAIN

GEMS

GUIDAGE

Estimated verbal IQ

National Adult Reading Test—American Version
Raven's Coloured Progressive Matrices
NA

Determination of sociocultural level

Memory
(subjective complaint)
Memory (Testing)

Working Memory
Construction
Language
Attention / Psychomotor speed
Executive functions
Global cognitive function
Global Rating
Other Scales
Proxy assessment
Depression
Anxiety

California Verbal Learning Test

Mac Nair Scale
Visual analogue scale
Free and Cued Selective Reminding Test
(Grober and Buschke test )

Delayed Recall Rey-Osterrieth
Modified Figure WAIS-R
WAIS-R Digit Span Backwards
Block Design (Modified)
Rey-Osterrieth Modified Figure
Boston Naming Test (30-item Version)
Word Generation (Verbal Fluency)
Trail Making Part A
WAIS-R Digit Span Forwards
Trail Making Part B
Stroop Color/Word Test
3MSE and ADAS
CDR

MMSE
CDR

PQCODE
CES-D
N/A

GDS
Covi scale (anxiety)

Specific ginkgo biloba preparation used
In both clinical trials, enrolled participants were randomized
to either 120 mg Ginkgo biloba extract (EGb761; Schwabe
Pharmaceuticals, Karlsruhe, Germany) or an identical
appearing placebo, twice per day. The 240 mg dose of EGb 761
was chosen because of the availability of the results of clinical
studies using this dose in dementias (36, 37)
Cognitive assessment procedures and batteries
GEM
The components of the assessment batteries for each trial are
shown in Table 2. In GEM, participants receive cognitive and
medical assessments every 6 months with an additional phone
contact at 3 months between each in person 6-month
assessment. Adherence and compliance assessments were done
at every visit. Decline on a cognitive screening battery leads to
a more extensive evaluation including more detailed
neuropsychological testing, neurological consultation, MRI
scan, and other diagnostic studies. These results are used to
confirm a diagnosis of dementia (study end point reached) and
subsequently consensus diagnosis of a specific dementia type.
Beginning in Year 4 in GEM, all subjects received the detailed
neuropsychological battery once annually, regardless of
performance on the screening battery.
GuidAge
In GuidAge, participants are scheduled every 3 months with
their primary care physician to assess physical condition,
diseases and corresponding treatments, adherence to and
tolerance of treatment, and to deliver the medication. In
addition, visits are scheduled every 12 months to the hospital

NA
NA

Verbal fluency
TMT-part A
TMT-part B

memory center for administration of a battery of cognitive
function tests and assessment for incident dementia.
Study Outcomes
GEM
The primary outcome of the study is the incidence rate of
all-cause dementia, which was predicted to decrease following
G. biloba administration. The incidence of AD was also
predicted to decrease.
At follow-up visits, participants are all administered a
battery composed of the Modified Mini-Mental State
Examination) 3MSE, the Clinical Dementia Rating Scale
(CDR)(38) or the cognitive subscale of the Alzheimer's Disease
Assessment Scale (ADAS) (39). Participants who declined a
certain number of points from their study entry scores on two of
three tests are required to undergo complete administration of
the full NPB. Participants are then considered to have possibly
reached dementia endpoint according to the GEM
Neuropsychological Battery (NPB) if any of the following
apply:
1. Incident abnormal scores on five or more tests with at least
one of the abnormal scores being on a memory test.
2. Incident abnormal scores on four tests, at least one of the
abnormal scores is on a memory test, and the participant
failed to complete one or more of the other
neuropsychological tests.
3. Incident abnormality in two or more cognitive domains
(subject scored below cutoff for age- and education-adjusted
norms in both tests of that domain) and one of those domains
is memory.
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Table 3
Pre-specified Outcomes
GEMS

GUIDAGE

PRIMARY

Dementia: All cause and Alzheimer’s type

Dementia: all cause and Alzheimer’s type

SECONDARY

Rate of Cognitive Decline
Rate of Functional Decline
Incident Cardiovascular Disease
Incident Stroke
Mortality

Rate of Cognitive Decline
Rate of Functional Decline
Falls , one leg balance
Age-related Macular Degeneration
Sarcopenia
Mortality

In addition to algorithmic failure of the preliminary battery,
participants were also readministered the full NPB if the
participant or family reported the onset of a new memory or
other cognitive problem, or if in the intervening six months
there was a diagnosis of dementia by a private physician, or the
participant initiated a medication for a memory or cognitive
problem such as donepezil (Aricept), rivastigmine (Exelon),
galantamine (Reminyl/Razadyne) or memantine (Namenda).
Additionally, in instances where the participant's scores on the
NPB have declined noticeably from baseline but have not fully
reached the change criteria that would trigger an NPB
evaluation, as above, the Cognitive Diagnostic Center (CDC)
neuropsychologist will review the chart for determination of
whether the battery should be administered anyway. The CDC
neuropsychologist may refer the participant's case to the CDC
for adjudication if:
1. The participant has abnormal scores on three tests, one is in
memory and two or more tests are missing or incomplete and
these tests were successfully completed at baseline.
2. The participant has abnormal scores on five or more tests,
none are in memory and there are a higher number of
impaired tests than at baseline.
For some participants with decline on NPB scores, continued
follow-up, instead of classification to dementia endpoint, may
be recommended by the CDC neuropsychologist or the
adjudication committee. Reasons for continuation include
performance worsened due to temporary illness producing
missing values on parts of the test battery, macular
degeneration impairing the ability to complete visual tests, or
incident, untreated depression. In these cases, continued followup is maintained until there is clear evidence of decline on a
broad range of tests not limited to sensory impairment or to
worsened medical illness.
Because lack of awareness of one's own cognitive deficits
(anosoagnosia) is common in subjects with dementia, (40)
GEM required that each participant identify a proxy
(informant) and consent to assessment of the subject’s
cognitive and functional status throughout the study. At
screening, the Dementia Questionnaire DQ (41) was used. The
Informant Questionnaire for Cognitive Decline in the Elderly
(IQCode) (42) was given to the proxy at each 6-month visit.
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The CDR also has a component that includes assessment of the
participant's functional and cognitive capacity by the proxy. If a
proxy is no longer willing or able to continue that role, a new
proxy is designated by the participant for subsequent visits.
Proxies had requirements for minimal hours of contact with the
subject to assure their ability to adequately assess the subjects’
cognition and function, as well as any changes over time.
GuidAge
The primary outcome in Guidage is conversion to dementia.
GuidAge assesses cognitive function in both the general
practice (from where participants were originally recruited) and
the hospital memory clinic setting. If, in the context of general
medical care, the participant's general practitioner notes initial
signs of cognitive decline, the subject is referred to the memory
clinic. Additionally, the GuidAge memory clinics investigate
cognitive function at annual study visits using a battery of
neuropsychological tests including the Grober and Buschke
test, the Mini Mental State Examination (MMSE), the Clinical
Dementia Rating (CDR) scale, the Inventory of Activities of
Daily Living (IADL), verbal fluency, and the Trail Making Test
(TMT). (38, 43-47)
Once a Guidage Memory Clinic confirms a high suspicion of
conversion to dementia, the participant undergoes an additional
standard evaluation to establish the diagnosis according to the
recommendations of ANAES (French Agency for Medical
Evaluation and Recommendations, French Ministry of Health)
and as defined by the Diagnostic and Statistical Manuel of
Mental Disorders fourth edition (DSM-IV), the National
Institute of Neurological and Communicative Disorders and
Stroke-Alzheimer Disease and Related Disorders Association
(NINCDS-ADRDA), and the National Institute for
Neurological Disorders and Stroke with the Association
Internationale pour la Recherche et l’enseignement en
Neurosciences (NINDS-AIREN). The full component of
clinical and test results are then referred to an independent
adjudication committee, composed of four clinicians not
connected with the study, which confirms the conversion to
dementia and makes a final diagnosis of the specific type of
dementia. In the event of disagreement, the committee may
request further information from the neurologist or the memory
specialist. or, as in GEM, the participant may be seen again 6
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Table 4
Selected baseline characteristics of GEM and GuidAge study participants
GEMS

GuidAge

Characteristic

N or mean (% or S.D.)

N or mean (% or S.D.)

Number of participants
Women (%)
Self-perceived general health
Age
75–79 years
80–84 years
85 and older
Race
White
Non-White
Excellent
Very good
Good
Fair
Poor
History of “heart attack”
Hypertension
Diabetes
Difficulty with any ADLs
Blood pressure (mm Hg)
Systolic
Diastolic
Smoking status
Never
Former
MMSE Score (0-30)
3MSE score (0–100)

3072
46.2

2854
66.7%
N/A
76.8 (4.4)

78.62 (SD 3.3)
2031 (66.1)
850 (27.7)
191 (6.2)
2933 (95.5)
139 (4.5)
292 (9.5)
1238 (40.3)
1316 (42.9)
203 (6.6)
7 (0.2)
300 (9.8)
1305 (42.9)
278 (9.1)
544 (17.7)

792 (27.8%)

133.0 (18.4)
68.9 (9.9)

134.8 (11.4)
77.1 (7.2)

1225 (40.2)
1642 (53.9)
N/A
93.3 (4.7)

2097 (73.7%)
657 (23.1%)
27.8 (1.7)
N/A

months later by the GuidAge Memory Clinic neurologist and
the memory specialist. Data on a final diagnosis of dementia
are entered for analysis only after validation by the committee.
Additional outcome measures
Primary and secondary endpoints for both GEM and
GuidAge are shown in Table 3. Both studies assess additional
cognition-related outcomes. In addition, GuidAge is examining
the possible effect of EGB 761 on macular degeneration and on
number of falls, while GEM secondary outcomes include
functional decline and the incidence of cardiovascular and
cerebrovascular events. Both studies will track total mortality
by group.
Results
Baseline characteristics of participants in each study
Selected baseline characteristics for each clinical trial
including age, gender and race, are provided in Table 4. Study
participants in GEM were predominantly white, 54% male and
65–70% of the participants were between 75 and 79 years of
age. Self-reported health and selected co-morbid conditions as
well as results of clinical characteristics at baseline in each
study cohort are also presented in Table 4. For GEM, almost
80% of the cohort described their health as ‘good’ or ‘very
good’. Hypertension was present in 43% of the cohort; almost

N/A
N/A
N/A
N/A
N/A
N/A
N/A

18% described a difficulty with at least one ADL. Only 4.5% of
the cohort described themselves as active smokers, although
over 50% described themselves as former smokers. The mean
3MS score for the GEM cohort was 93.3 (SD 4.7) .
Discussion
The GEM and GuidAge trials are the only adequately
powered trials to date that address the question of Ginkgo
biloba's efficacy in preserving cognitive function and
preventing dementia. GEM will end in 2008 and Guidage in
2010 and, while these trials have many similarities, there are
some significant differences. These differences are primarily
due to eligibility criteria and recruitment strategies. Because of
higher age cutoffs, GEM participants are slightly older.
GuidAge targeted for recruitment persons from within multiple
primary care practices throughout France, a significantly
different approach from GEM's recruitment focus on volunteers
from four US communities. Probably as a result of recruiting
older adults from the health care practice setting versus the
community, the Guidage cohort reported more functional
impairment at baseline as measured by Activities of Daily
Living. Although the cognitive profiles of two cohorts appear
to be similar, what will be of particular interest in the future is
whether the rates of cognitive change and dementia incidence
differ between the two populations. The GEM Study follow-up
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period was extended previously due to a lower than precicted
dementia incidence but it may be that the GuidAge cohort's
poorer baseline functional status may be associated with an
increased likelihood of cognitive decline.
While both trials include similar prespecified cognitive
decline, functional decline and dementia outcomes, there are
major differences in the prespecified secondary outcomes.
Cardiovascular disease, stroke, peripheral vascular disease are
prespecified in GEM but falls, balance, macular degeneration
and sarcopenia are prespecified secondary outcomes in
GuidAge. The two trials will also be able to assess for a
spectrum of possible Ginkgo biloba side effects as well as
address the widely held but unproven hypothesis that Ginkgo
biloba causes increased bleeding. Although both studies
included persons on aspirin, only GuidAge included persons on
other anticoagulants which will allow for testing for any
interactions between Ginkgo and anticoagulants such as
warfarin that may increase bleeding risk.
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