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There appears to be an absence of large-scaled clinical trials that have examined the efficacy of Ginkgo biloba extract on the
neuropsychological functioning of cognitively intact older adults. The importance of such clinical research appears para-
mount in light of the plethora of products containing Ginkgo biloba that are currently being widely marketed to predomi-
nantly cognitively intact adults with claims of enhanced cognitive performances. The purpose of this research was to conduct
the first known, large-scaled clinical trial of the efficacy of Ginkgo biloba extract (EGb 761™) on the neuropsychological
functioning of cognitively intact older adults. Two hundred and sixty-two community-dwelling volunteers (both male and
female) 60 years of age and older, who reported no history of dementia or significant neurocognitive impairments and
obtained Mini-Mental State Examination total scores of at least 26, were examined via a 6-week, randomized, double-blind,
fixed-dose, placebo-controlled, parallel-group, clinical trial. Participants were randomly assigned to receive either Ginkgo
biloba extract EGb 761®(n = 131; 180 mg/day) or placebo (n=131) for 6 weeks. Efficacy measures consisted of partici-
pants’ raw change in performance scores from pretreatment baseline to those obtained just prior to termination of treatment
on the following standardized neuropsychological measures: Selective Reminding Test (SRT), Wechsler Adult Intelligence
Scale-III Block Design (WAIS-III BD) and Digit Symbol-Coding (WAIS-III DS) subtests, and the Wechsler Memory
Scale-III Faces I (WMS-III FI) and Faces II (WMS-III FII) subtests. A subjective Follow-up Self-report Questionnaire
was also administered to participants just prior to termination of the treatment phase. Analyses of covariance indicated
that cognitively intact participants who received 180mg of EGb 761® daily for 6 weeks exhibited significantly more
improvement on SRT tasks involving delayed (30 min) free recall (p < 0.04) and recognition (p < 0.01) of noncontextual,
auditory-verbal material, compared with the placebo controls. The EGb 761™ group also demonstrated significantly greater
improvement on the WMS-III FII subtest assessing delayed (30 min) recognition (p < 0.025) of visual material (i.e. human
faces), compared with the placebo group. However, based on the significant difference (p < 0.03) found between the two
groups’ pretreatment baseline scores on the WMS-III FII, this result should be interpreted with caution. An examination of
the participants’ subjective ratings of their overall abilities to remember by treatment end on the Follow-up Self-report
Questionnaire also revealed that significantly more (p =0.05) older adults in the EGb 761® group rated their overall
abilities to remember by treatment end as ‘improved’ compared with the placebo controls. Overall, the results from both
objective, standardized, neuropsychological tests and a subjective, follow-up self-report questionnaire provided comple-
mentary evidence of the potential efficacy of Ginkgo biloba EGb 761® in enhancing certain neuropsychological/memory
processes of cognitively intact older adults, 60 years of age and over. Copyright © 2002 John Wiley & Sons, Ltd.
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INTRODUCTION

In recent years, the utilization of Ginkgo biloba
extract for the treatment of dementia and ‘cerebral
insufficiency’ has increased significantly. In fact, the
results from a number of clinical trials that have
demonstrated the efficacy of Ginkgo biloba extract
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in cognitively impaired persons have led to its
approval as a treatment for dementia in Germany (Itil
and Martorano, 1995).

The majority of past studies that have evaluated the
efficacy of Ginkgo biloba extract in the treatment of
cognitive dysfunction (e.g. dementia, age-related
memory impairment) have been conducted in Europe
(Allain et al., 1993; Drabaek et al., 1996; Graessel,
1992; Haase et al., 1996; Hoefferberth, 1989, 1994,
Hoepfenmuller, 1994; Kanowski et al., 1996; Rai
et al., 1991; Semlitsch et al., 1995; Wesnes et al.,
1987). Patients who received the extract in these
studies have been noted to exhibit improvements in
such cognitive functions as memory (e.g. short-term,
verbal memory) (Graessel, 1992; Hofferberth, 1994;
Semlitsch et al., 1995), learning rate (Graessel,
1992), speed of information processing (Allain et al.,
1993), speed of responses (Rai ef al., 1991) and atten-
tion (Hofferberth, 1994), compared with placebo con-
trols. Furthermore, a meta-analysis of 11 controlled
trials of Ginkgo biloba extract LI 1370 in patients suf-
fering from ‘cerebral insufficiency’ confirmed the
effectiveness of the extract (compared with controls)
in seven studies, while in one study, the findings were
inconclusive (Hoepfenmuller, 1994). Three additional
studies were excluded from this analysis due to ‘meth-
odological’ or ‘objective’ reasons.

Similarly, in a large clinical trial that was conducted
in the United States, LeBars and his colleagues (1997)
assessed the efficacy of Ginkgo biloba extract (120 mg/
day) in mildly to severely demented outpatients over
a 52-week period via a double-blind, placebo-
controlled, randomized design. The findings from this
trial indicated that the Ginkgo biloba extract group
exhibited ‘modest’ improvements on the Alzheimer’s
Disease Assessment Scale-Cognitive subscale and
the Geriatric Evaluation by Relatives Rating Instru-
ment (a measure of daily living and social behaviors)
compared with the placebo controls.

There appear to be relatively few studies that have
examined the effectiveness of Ginkgo biloba extract
in persons with no history of neurocognitive dysfunc-
tion. We (Mix and Crews, 2000) recently examined
the short-term (i.e. 6 weeks) efficacy of Ginkgo biloba
extract EGb 761™ on the neuropsychological func-
tioning of cognitively intact persons over 55 years
of age via a double-blind, fixed-dose, placebo-
controlled, parallel-group experimental design. The
findings from this investigation revealed that partici-
pants who received 180 mg of Ginkgo biloba extract
EGb 761% daily for 6 weeks exhibited significantly
more improvement on a task assessing speed of
processing abilities (i.e. Stroop Color and Word Test
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color-naming task) by the end of treatment compared
with the participants who received placebo. Non-
significant trends favoring improved performances in
the Ginkgo biloba group were also exhibited on three
of the four remaining tasks that involved a timed,
speed of processing component. Furthermore, signifi-
cantly more participants in the Ginkgo biloba extract
group rated their overall abilities to remember by the
end of the treatment as ‘improved’, compared with the
placebo group. Taken together, these neuropsycholo-
gical findings suggested that relatively short-term
utilization of Ginkgo biloba extract EGb 761" may
prove efficacious in enhancing certain neurocognitive
processes of cognitively intact older adults.

Since publication of our study, two additional
small-scaled studies have appeared in the literature
that provide data supporting the acute/short-term effi-
cacy of Ginkgo biloba extract on the cognitive pro-
cesses of ‘healthy, young’ volunteers. Kennedy et al.
(2000) investigated the effects of acute administration
of three doses (120 mg, 240 mg and 360 mg) of a stan-
dardized extract of Ginkgo biloba on the cognitive
abilities of 20 undergraduate volunteers (19-24 years
of age) via a placebo-controlled, multi-dose, double-
blind, balanced, crossover design. The results indi-
cated dose-dependent improvements of a ‘speed of
attention’ factor that was derived by factor analysis
of a computerized assessment battery of subtests. This
effect was noted at 2.5 h following the administration
of 240 mg and 360 mg of Ginkgo biloba extract and
continued to be present at 6 h post-dosing.

Stough et al. (2001) also examined the short-term
effects of Ginkgo biloba extract (120 mg/day) on the
cognitive processes of 61 young, healthy adults (18-
40 years of age) via a 30-day, randomized, double-
blind, placebo-controlled, clinical trial. Findings from
this study indicated significant Ginkgo biloba extract-
related improvements in working memory (and work-
ing memory speed) and memory consolidation fol-
lowing the 30-day treatment regimen.

With the exception of our (Mix and Crews, 2000)
previous small-scaled study, there appears to be an
absence of clinical trials that have examined the effi-
cacy of Ginkgo biloba extract on the neuropsycholo-
gical processes of cognitively intact older adults.
Thus, the purpose of this research was to expand upon
our previous study by conducting the first known,
large-scaled, clinical trial of the efficacy of Ginkgo
biloba extract (EGb 761™) on the neuropsychological
functioning of cognitively intact older adults. The
importance of such clinical research appears para-
mount in the light of the plethora of products contain-
ing Ginkgo biloba that are currently being widely
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marketed to predominantly cognitively intact
adults with claims of enhanced cognitive/memory
performances.

METHOD
Farticipants

Two hundred and sixty-two, volunteer, participants,
both male and female, 60 years of age and older,
who reported no history of dementia or significant
neurocognitive impairment were initially enrolled
and randomized in this study. To be included in this
trial, and considered as cognitively intact, all partici-
pants were required to obtain a total score greater
than, or equal to, 26 on the Mini-Mental State Exam-
ination (MMSE; Folstein et al., 1975). Participants’
histories were unremarkable for active, or clinically
significant, cardiovascular, neurological, pulmonary,
endocrine, renal, hepatic, gastrointestinal, hematolo-
gical, or oncological diseases/disorders, uncontrolled
hypertension, learning disabilities, or psychiatric or
substance abuse disorders. Individuals who had his-
tories of bleeding disorders or hemorrhagic stroke,
or who were being treated with anticoagulant or psy-
chotropic medications, were also excluded from this
study. Persons who were utilizing any form of Ginkgo
biloba prior to their enrollment in the study were
requested to terminate such therapy at least 28 days
prior to their initial, pretreatment baseline neuropsy-
chological assessments. The utilization of medica-
tions for other pre-existing conditions was not
discontinued, although changes or additions to partici-
pants’ medication regimens during the study were not
permitted. Furthermore, participants’ histories were
unremarkable for uncorrected vision, hearing, lan-
guage, or motor difficulties that could have possibly
precluded their participation in, and/or compliance
with, all of the neuropsychological procedures.

This project was approved by the Institutional
Review Board and Human Subjects Committee at
Liberty University. Prior to the initiation of this study,
the nature and purpose of the research was explained
to each participant and written, informed consent
obtained.

Experimental design and procedures

The study utilized a 6-week, randomized, double-
blind, fixed-dose, placebo-controlled, parallel-group
experimental design. Individuals meeting inclusion
criteria were randomly assigned to either the Ginkgo
biloba extract EGb 761" (n=131) or the placebo

Copyright © 2002 John Wiley & Sons, Ltd.

269

group (n=131). The EGb 761® (standardized to con-
tain 24% flavone glycosides, 6% terpene lactones and
less than 5 ppm ginkgolic acids) and placebo tablets,
as well as the pharmaceutical preparation procedures
(e.g. blister packaging) for both compounds, were
furnished by the manufacturer, Dr Willmar Schwabe
GmbH & Co., Karlsruhe, Germany. Computerized
randomization was conducted via a random generator
and in balanced blocks of size four by the manufac-
turer to assign numbers to boxes of blister pack cards
(seven cards of 21 tablets each per box) containing
either EGb 761" or placebo. The boxes of blister pack
cards (and their corresponding numbers) were subse-
quently issued to participants in an ascending/
sequential order as they entered the study (i.e. at the time
of their pre-treatment baseline neuropsychological
assessments). The EGb 761® (60 mg/dose) or placebo
was to be taken orally by participants three times daily
(i.e. 180 mg/day) in the form of film-coated tablets
that did not differ as regards appearance (e.g. color,
size), smell or taste. All of the EGb 761® that was uti-
lized in this project originated from the same batch/lot
number of the product.

Prior to the initiation of drug therapy, participants
were requested to complete an initial medical history
questionnaire. Individuals with unremarkable his-
tories of active, or clinically significant, medical and
psychiatric disorders/conditions (as defined in the
‘Participants’ section) were subsequently adminis-
tered the MMSE (Folstein et al., 1975). To be consid-
ered cognitively intact, participants were required to
obtain a total score greater than, or equal to, 26. Those
individuals who met the MMSE inclusion criteria
were scheduled for a physical examination by a
licensed physician that consisted of a comprehensive
review of their medical and psychiatric histories,
assessment of vital signs and laboratory screening
tests (i.e. complete blood count, clinical chemistry
screen, liver enzymes, thyroid function, urinalysis
and electrocardiogram). Persons with abnormal vital
signs or laboratory findings, and those individuals
who were deemed by a physician to not meet inclusion
medical criteria (e.g. absence of active or clinically
significant, medical/psychiatric disorders) were
debriefed and excused from participation in the project.

Participants meeting the preliminary cognitive and
medical inclusion criteria were subsequently adminis-
tered a series of neuropsychological tests immediately
prior to the initiation of EGb 761%/placebo therapy
(i.e. pretreatment baseline evaluation), and again,
after 6 weeks of treatment and just prior to the termi-
nation of this regimen. All neuropsychological testing
sessions were conducted by trained research assistants
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under the supervision of a licensed clinical neuropsy-
chologist.

Upon arrival for the pretreatment baseline neurop-
sychological assessment, a brief, rapport-building ses-
sion was conducted with participants during which
time the purpose of this phase of the study was
explained and their questions answered. Neuropsy-
chological testing was then initiated. All participants
were administered the following neuropsychological
tests while adhering to each measure’s standardized
administration and scoring procedures: Selective
Reminding Test (SRT; Buschke and Fuld, 1974), the
Wechsler Adult Intelligence Scale-III Block Design
(WAIS-IIIL, BD) and Digit Symbol-Coding (WAIS-III
DS) subtests (Wechsler, 1997a), and the Wechsler
Memory Scale-IIT Faces I (WMS-III FI) and Faces 11
(WMS-III FII) subtests (Wechsler, 1997b). Following
testing, participants were assigned the next ascending
participant number and provided with a supply of ran-
domly assigned, film-coated, tablets containing either
EGb 761" or placebo.

After 6 weeks of EGb 761" or placebo treatment,
and immediately prior to the termination of the regi-
men, identical neuropsychological procedures were
conducted with each participant with two exceptions.
Since the MMSE was utilized as an inclusion/exclusion
criterion measure, this measure was administered only
during the pretreatment baseline assessment. Further-
more, a Follow-up Self-report Questionnaire was
administered only during the second neuropsycholo-
gical assessment session to subjectively assess partici-
pants’ perceptions of changes in the following
variables from pretreatment baseline to the end of
the treatment phase (i.e. after 6 weeks): overall abil-
ities to remember, mood changes, energy levels and
overall health.

Compliance with the treatment regimen was
assessed via pill counts conducted at the end point
of the project (i.e. after 6 weeks of treatment) with a
deviation of more than 20% from the optimum study
treatment regimen being operationally defined as non-
compliant.

Neuropsychological outcome/efficacy measures

Follow-up Self-report Questionnaire. This is an
author-generated, self-report questionnaire designed
to subjectively assess participants’ perceptions of
changes in the following variables from pretreatment
baseline to the end of the treatment phase (i.e. after 6
weeks): overall abilities to remember, mood changes,
energy levels and overall health. The specific ques-
tions that were posed to participants included the
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following: 1. Based on what your memory was like
before the study, how would you rate your overall
ability to remember things now?; 2. Based on what
your overall mood was like before the study, how
would you rate your mood now?; 3. Based on what
your energy level was like before the study, how
would you rate your energy level now?; 4. Based on
your overall health before the study, how would you
rate your overall health now? Participants were
requested to circle the one category from the
following that most accurately reflected their percep-
tions with regard to each question: much worse,
somewhat worse, no change, somewhat improved,
much improved.

Mini-Mental State Examination. This measure
(MMSE; Folstein et al., 1975) provides a brief screen
of the following cognitive domains: orientation,
registration, attention and calculation, recall and
language. Scores can range from 0 to 30 (maximum/
perfect score). Scores of 23 or less have been
suggested to denote cognitive impairment in indivi-
duals with greater than 8 years of education (Cockrell
and Folstein, 1988). The MMSE was utilized as an
inclusionary/exclusionary criterion measure where all
participants were required to score between 26 and 30
to be considered cognitively intact and included in this
study.

Selective Reminding Test. This standardized test
(SRT; Buschke and Fuld, 1974) assesses a diversity
of auditory-verbal memory components including
retention, storage and retrieval (Lezak, 1995). The
test consists of 12 unrelated words that are presented
over 12 trials or until the entire list is recalled
correctly on three consecutive trials (Spreen and
Strauss, 1998). Once trial one is completed, each
subsequent learning trial involves the presentation of
only those words that were not recalled during the
preceding trial. After trial 12, or after all 12 words are
recalled correctly on three consecutive trials, a cued-
recall trial is administered. Thirty minutes later, a
delayed free recall trial and a four-choice multiple
choice recognition trial are conducted. In addition to
the immediate and delayed free recall, cued-recall, and
multiple-choice recognition variables, this test allows
calculation of the following scores: long-term storage,
short-term recall, long-term retrieval, consistent long-
term retrieval, and random long-term retrieval.

Wechsler Adult Intelligence Scale-1I1 Block

Design. This test (WAIS-IIT BD; Wechsler, 1997a)
is a standardized subtest of the WAIS-III that requires
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participants to replicate three dimensional models or
pictures of two-color (i.e. red and white), two-
dimensional, geometric patterns with blocks that have
two solid red sides, two solid white sides, and two
half-red and half-white sides. The 14 geometric
designs progress from simple two-block figures to
relatively complex nine-block designs. Time limits
are imposed for each design trial, although partici-
pants may obtain time-bonus points for quick,
successful completion of designs 7-14 prior to the
time limits. This task has been suggested to assess
visuospatial organization and constructional abilities
(Lezak, 1995; Kaufman and Lichtenberger, 1999).

Wechsler Adult Intelligence Scale-1II Digit Symbol-
Coding. This test (WAIS-III DS; Wechsler, 1997a)
is a standardized subtest of the WAIS-III that involves
a series of numbers (i.e. 1-9), each of which is paired
with its own unique, hieroglyphic-like, symbol in a
key at the top of the test booklet page (Wechsler,
1997a). Below this key are 140 blank squares
(arranged in seven rows of 20) which are paired
(above each blank) with randomly assigned numbers
from 1 to 9. After a practice trial on the first seven
squares, participants are required to fill in each blank
square with the symbol that corresponds to its paired
number (that appears above the blanks) as quickly as
possible for a total of 120s. This task has been
suggested to assess sustained attention/focused con-
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centration, response speed and visuo-motor persistence/
coordination (Lezak, 1995; Kaufman and Lichtenberger,
1999).

Wechsler Memory Scale-1I1 Faces I and II. These
tasks (WMS-III FI and WMS-III FII; Wechsler,
1997b) are standardized subtests that are parts of the
WMS-III. Faces I is composed of 24 stimulus
photographs of human faces that are individually
presented to participants at a rate of one face every 2s.
Immediately after presentation of the 24 faces,
participants are presented a second series of 48
photographs of human faces, one at a time, and
requested to say ‘yes’ if it is one that they remember
having seen, and ‘no’ if it is one that they do not
recognize. After 30min, Faces II is administered.
During this task, participants are presented 48
additional photographs of human faces, one at a time,
and requested to denote whether or not each face is
one that they were initially asked to remember. The
WMS-III Faces I and II subtests have been suggested
to assess immediate and delayed visual memory for
human faces (Wechsler, 1997b, 1997c¢).

STATISTICS AND RESULTS

A trial flow diagram for this study is provided in
Figure 1. Since the trial design involved neuropsycho-
logical assessments only at pretreatment baseline and

r 525 Persons Screened for Eligibility

263 Persons Not Randomized
249 Did Not Meet Inclusionary Criteria
14 Other

262 Participants Randomized

1

Ginkgo biloba EGb 761

131 Randomized to Receive 180 mg/d of

131 Randomized to Receive 180 mg/d of
Matched Placebo Control

0 Lost to Follow-up
0 Discontinued Intervention

127 Included in Analysis
4 Excluded from Analysis
4 Noncompliance

Figure 1. Trial flow diagram
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3 Participant’s Choice
1 Serious Adverse Event

122 Included in Analysis
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again just prior to termination of treatment, the per
protocol data set was utilized in the statistical ana-
lyses. From the 262 participants who were initially
randomized/enrolled in this study, 249 participants
completed the trial’s protocol and were available for
the efficacy analyses. Among the 13 participants
who were excluded, four from the placebo group with-
drew prematurely secondary to the following adverse
events: hemorrhagic stroke (n=1), allergies (n=1),
headache (n=1) and elective bladder repair surgery
(n=1). Five additional participants from the placebo
group and four from the EGb 761® group were
excluded due to protocol violations (e.g. noncompli-
ance with the treatment regimen).

To examine any differences that may have existed
between the participants in the EGb 761™ and placebo
groupswhowereavailable for the efficacy analyses, sepa-
rateanalysesofvariance(ANOVA)wereconductedonthe
followingdescriptiveandcriterionmeasures: ageinyears,
educational level in years, MMSE total scores and treat-
ment regimen compliance defined as the percentage of
maximum compliance. The only significant difference
found between the groups was for age. Table 1 provides
anoverview of the groups’ mean and standard deviations
for each variable. A test for significance of difference
between two proportions was also conducted on the nom-
inal variable of sex. No significant difference was
observed between the number of males (n=102) and
females (n = 147) who were available for the efficacy
analyses.

To examine changes in performance on the neurop-
sychological measures over time between the EGb

J. A. MIX AND W. D. CREWS

chological test performances of cognitively intact
older adults, primary and secondary endpoints were
not predefined. Rather, a series of endpoints was
chosen that could be more rigorously defined and
tested in future trials. To control for the significant dif-
ference found between the ages of the EGb 761® and
placebo groups, separate, two-tailed, analyses of cov-
ariance (ANCOVA) were performed on the neuropsy-
chological test change in performance scores. Table 2
provides a summary of the groups’ change in perfor-
mance score means and standard deviations for each
neuropsychological test variable.

For the Selective Reminding Test delayed free
recall task, a significant difference, F(1,217)=4.36,
p <0.04, was found between the EGb 761® and pla-
cebo groups’ change in performance scores. Specifi-
cally, the EGb 761™ group exhibited significantly
greater improvement on the delayed recall task from
baseline to after 6 weeks of treatment compared with
the placebo control group.

A significant difference, F(1,217)=6.79, p < 0.01,
was also noted between the EGb 761® and placebo
groups’ change in performance scores for the Selective
Reminding Test delayed recognition task. In particular,
the EGb 761™ group, versus placebo controls, dis-
played significantly more improvement on the
delayed recognition task from baseline to after 6
weeks of treatment.

Table 2. Neuropsychological test change in performance scores:
means and standard deviations

761® and placebo control groups, participants’ raw Ginkgo Placebo
change in performan(fe scores fr.om the pretreatment g ariable Mean SD  Mean  SD
baseline to those obtained just prior to the termination
of treatment (i.e. end of treatment scores minus pre- Selective Reminding Test
treatment baseline scores) were utilized as the depen- (raw scores)
d iables in th fﬁ) 1 Based p h Immediate free recall 15.27 12.11 1418 12.26
ent variables in the efficacy analyses. Based on the y ;ng torm storage 1997 1951 1844 1897
relative absence of previous clinical trials that have Short-term recall ~673 916 —607 871
examined the efficacy of EGb 761" on the neuropsy-  Long-term retrieval 2200 1922 2025 18.87
Consistent long-term retrieval 24.82 2640 24.26 27.15
Random long-term retrieval —2.81 17.83 —4.01 18.38
Table 1.  Group means and standard deviations for the descriptive Cued recall Lo4  1.67 1.32 1.64
and criterion measures Delayed free recall 1.69 1.79 1.13 1.95%
Delayed recognition 0.43 0.88 0.16 0.77°
Ginkgo Placebo Wechsler Adult
Intelligence Scale-I11
Variable Mean SD Mean SD (raw scores)
Block design 2.29 5.61 1.88 5.19
Age (years) 66.97 6.12 68.60 6.96" Digit symbol 453 736 352 561
Education level (years) 1430 274 14.18 2.66  Wechsler Memory Scale-111
Mini-Mental State Examination 2897 1.05 28.89 1.14 (raw scores)
(total scores) Faces 1 3.72 4.08 3.61 3.96
Treatment regimen compliance (%) 97.76 4.17 97.89 3.12 Faces II 3.48 4.19 225 3.82%
4 < 0.05. 4 <0.05.
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Additionally, a significant difference, F(1,245)=
5.18, p<0.025, was also found between the two
groups on the WMS-III Faces II subtest. Specifically,
the EGb 761" group demonstrated significantly
greater improvement on the delayed recognition task
from baseline to after 6 weeks of treatment compared
with the placebo control group. No significant
differences were found between the two groups’
change in performance scores on any of the other
neuropsychological test variables.

To assess any significant differences between the EGb
761™ and placebo control groups’ pretreatment baseline
neuropsychological test scores, while controlling for the
significant difference observed between the ages of the
two groups, separate two-tailed analyses of covariance
(ANCOVA) were performed. The results from these ana-
lyses revealed only one significant difference between
the two groups. Specifically, on the WMS-III Faces II
subtest, the placebo group recognized significantly,
F(1,245)=4.67, p < 0.03, more human faces (n =0.79
faces) that had been presented to them 30 min earlier
compared with the EGb 761" group.

For the Follow-up Self-report Questionnaire, a pro-
portional odds model (Agressti, 1989) was utilized to
account for the ordinal structure of the four outcome
questions. For analysis purposes, frequency data for
each question were summarized into three categories,
namely ‘worse’ (‘much worse’ and ‘somewhat worse’
categories), ‘no change’, and ‘improved’ (‘somewhat
improved’ and ‘much improved’ categories). From
the four questions included in the Follow-up Self-
report Questionnaire, only a significant relationship
(x*(1)=13.83, p=0.05) was found between the type
of treatment received (i.e. EGb 761" or placebo)
and participants’ ratings of their ‘overall abilities to
remember’ by treatment end. Specifically, more
(n=134 [27%])) participants in the EGb 761™ group
rated their overall abilities to remember by treat-
ment end as either ‘somewhat improved’ or ‘much
improved’ compared with the placebo control group
(n=21 [17%]). Table 3 provides an overview of the

Table 3. Proportional odds model and chi square tests for the
summarized Follow-up Self-report Questionnaire frequency data

Model fit Group difference
Source X )4 x> p
Memory 0.04 0.84 3.83 0.05*
Mood 0.24 0.63 0.31 0.58
Energy 0.28 0.60 2.16 0.14
Health 0.45 0.50 0.33 0.57
Significant.
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Table 4. Number of adverse events categorized by body system
among participants who were initially randomized

Total Ginkgo Placebo
Body system/adverse event (n=262) (n=131) (n=131)
Nervous system 11 6 5
Gastrointestinal 8 3 5
Respiratory/allergic 5 2 3
Genitourinary 3 1 2
Cardiovascular 2 0 2
Dermatologic 1 0 1
Miscellaneous 2 0 2
Total 32 12 20

proportional odds model and chi square tests for
the summarized Follow-up Self-report Questionnaire
frequency data.

SAFETY

Data from the 262 participants who were initially ran-
domized in this study were utilized in the safety ana-
lyses. Table 4 provides an overview of the reported
adverse events classified by body system for the
EGb 761™ and placebo groups.

Only one serious adverse event was reported during
the study. Specifically, one participant in the placebo
group suffered an intracranial bleed which was found
to be consistent with a hemorrhagic cerebrovascular
accident. All of the remaining adverse events that
were reported were rated as either mild or mild to
moderate in intensity and no causal relationship was
determined between the EGb 761" treatment and
any adverse event.

Of the 11 adverse events categorized as related to
the nervous system, nine were headaches (EGb
761" group, 5; placebo group, 4) and two were epi-
sodes of insomnia (EGb 761™ group, 1; placebo
group, 1). Gastrointestinal adverse events consisted
of episodes of gastrointestinal upset, including bouts
of nausea and/or vomiting of limited duration (EGb
761® group, 3; placebo group, 3), gastrointestinal
pain (placebo group, 1), and a ‘gallbladder attack’
(placebo group, 1). Respiratory system/allergic
adverse events included allergy symptoms involving
nasal congestion, sensation of pressure in the ears
and/or coughing (EGb 761" group, 1; placebo group, 3)
and sinus infection (EGb 761® group, 1). Specific
genitourinary adverse events consisted of increased
urinary frequency (EGb 761® group, 1; placebo
group, 1) and elective bladder repair surgery (placebo
group, 1). As previously noted, one of the two adverse
events classified as related to the cardiovascular
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systemwas anintracranial hemorrhage (placebo group, 1),
while the other event was a report of lower extremity
edema (placebo group, 1). Only one dermatologic sys-
tem event was reported during the study, namely a
rash on the arms and nose (placebo, 1). Two adverse
events occurring in the placebo group (i.e. weight gain
and leg pain) could not be readily categorized into any
particular body system.

Overall, more adverse events were reported by the
placebo controls than by the EGb 761" group. Speci-
fically, a total of 20 adverse events were reported by
the placebo group compared with 12 events reported
by the EGb 761" group.

DISCUSSION

To our knowledge, this is the first large-scaled, double-
blind, placebo-controlled, randomized clinical trial to
examine the short-term (i.e. 6 weeks) efficacy of
Ginkgo biloba extract EGb 761"™ on the neuropsycho-
logical functioning of cognitively intact older adults.

The primary findings of this study indicated that
participants who received 180 mg of EGb 761% daily
for 6 weeks exhibited significantly more improvement
on the Selective Reminding Test’s delayed free recall
and delayed recognition tasks by treatment end com-
pared with individuals in the placebo-controlled
group. These parallel results indicated that relatively
short-term (i.e. 6 weeks) utilization of EGb 761%
enhanced both delayed (i.e. 30 min) free recall and
delayed (i.e. 30 min) recognition of noncontextual,
auditory-verbal material. -

The group receiving EGb 761" also demonstrated
significantly greater improvement on the WMS-III
Faces II subtest by treatment end compared with the
placebo group. Although this finding was suggestive
of enhanced delayed (i.e. 30min) recognition of
visual material (i.e. human faces) in the EGb 761®
group, based on the significant difference found
between the two groups’ pretreatment baseline subtest
scores on this measure (where the placebo group
recognized slightly more (n=0.79) faces), the result
should be interpreted with caution. Taken together,
however, the significant SRT and WMS-III FII
delayed free recall and recognition findings suggested
that relatively short-term (i.e. 6 weeks) utilization of
EGb 761™ proved efficacious in enhancing certain
aspects of declarative episodic memory, particularly
as regards the efficiency of retrieval, and possibly
the consolidation/storage, of recently (30 min earlier)
learned material. )

It should also be noted that the EGb 761™ group
demonstrated more improvement, albeit nonsignifi-
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cant, on five out of seven of the remaining Selective
Reminding Test variables by treatment end compared
with the placebo controls. The EGb 761® group,
versus placebo controls, also exhibited more non-
significant improvement by treatment end on the
two WAIS-III subtests (i.e. Block Design and Digit
Symbol) and the WMS-III Faces I subtest that were
included in this study. Overall, of the 13 total neuro-
psychological outcome/efficacy variables that were
utilized in this study, the EGb 761" group exhibited
more improvement by treatment end on 11 of these
measures (includes both significant and nonsignificant
results) compared with the placebo group.

Supporting data for this study’s objective, standar-
dized, neuropsychological findings were found in the
participants’ subjective Follow-up Self-report Ques-
tionnaire ratings of changes in their overall abilities
to remember from pretreatment baseline to after 6
weeks of treatment. Specifically, significantly more
(n =34 [27%]) cognitively intact, older adults in the
EGb 761" group rated their overall abilities to
remember by treatment end as either ‘somewhat
improved’ or ‘much improved’ compared with pla-
cebo controls (n =21 [17%]). This finding suggested
that EGb 761" not only enhanced aspects of partici-
pants’ memory processes by treatment end that could
be identified via objective, standardized, neuropsy-
chological measures (i.e. Selective Reminding Test
tasks), but that the memory improvements were also
of the magnitude that could be perceived by partici-
pants who received a 6-week treatment regimen of
EGb 761™. This subjective finding was also consistent
with the results from our (Mix and Crews, 2000) pre-
vious small-scaled study where more participants who
received EGb 761® for 6 weeks rated their abilities to
remember by treatment end as ‘improved,” compared
with the placebo controls.

Taken together, the results from both the objective,
standardized, neuropsychological tests and subjective
Follow-up Self-report Questionnaire provided com-
plementary evidence of the potential efficacy of
relatively short-term (i.e. 6 weeks) utilization of EGb
761" in enhancing certain neurocognitive/memory
functions of cognitively intact older adults, 60 years
of age and over. The limited number and intensity of
adverse events that were reported by the EGb 761"
group, as well as the absence of identifiable causal
relationships between the extract and these events,
also suggested that the extract was well tolerated by
those participants who received 180mg of EGb
761" daily for 6 weeks.

The present study’s findings appeared consistent
with past studies that have demonstrated the efficacy
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of Ginkgo biloba extract for the treatment of dementia
and ‘cerebral insufficiency’ (Allain et al., 1993;
Drabaek et al., 1996; Graessel, 1992; Hofferberth,
1994; Hoepfenmuller, 1994; Kanowski et al., 1996;
Rai et al., 1991; Semlitsch et al., 1995; LeBars et al.,
1997). The results also bolster those from the few pre-
viously published, small-scaled studies that have
found improvements in cognitive functioning among
older cognitively intact adults (Mix and Crews,
2000) and young, healthy volunteers (Kennedy et al.,
2000; Stough et al., 2001).

A diversity of mechanisms has been proposed to
account for the effects of Ginkgo biloba extract that
have been reported in previous studies involving ani-
mals and humans. These include: increased cerebral
blood flow (Cahn, 1985; Heiss and Zeiler, 1978; Tea
et al., 1987), protection against hypoxia/ischemic
damage (Cahn, 1985; Heiss and Zeiler, 1978; Tea
et al., 1987; Karcher et al., 1984; Spinnewyn et al.,
1986), platelet activating factor (PAF) antagonism
(Borzeix, 1980; Braquet et al., 1985; Chung et al.,
1987; Klein, 1988; Guinot et al., 1989), reduction in
relative erythrocyte viscosity (Anadere et al., 1985;
Koltringer et al., 1989; Artmann et al., 1989, 1991;
Koltringer et al., 1995), radical scavenging properties
(Chatterjee and Gabard, 1981; Pincemail et al., 1989;
Barth et al., 1991; Dorman et al., 1992; Dumont et al.,
1992), protection against cerebral edema (Gabard and
Chatterjee, 1980; Otani et al., 1986; Sancesario and
Kreutzberg, 1986; Borzeix, 1985; Attella et al.,
1989), a myelin protective effect (Chatterjee and
Gabard, 1984), increased neurotransmitter uptake
(Ramassamy et al., 1992; Kristofikova et al., 1992)
and neurotransmitter receptor density (Taylor, 1985;
Huguet et al., 1994), decreased age-related cerebral
changes (Barkats er al., 1994) and increased alpha
wave activity with concomitant reduction in theta
wave frequencies as measured by electroencephalo-
graphy (Hofferberth, 1989, 1991, 1994, Sitzer, 1987;
Luthringer et al., 1995; Itil et al., 1996). Although the
precise mechanisms responsible for the current find-
ings remain speculative, it seems plausible that several
of these factors may have interacted synergistically to
promote the enhancement of the EGb 761%™ group’s
memory processes.

Future research is required to extend the present
study’s findings. Specifically, large-scaled clinical
trials are needed to examine the efficacy of EGb
761™ on the neuropsychological processes of
younger, cognitively intact groups (e.g. middle-aged
individuals). Longitudinal studies should also be con-
ducted to investigate the efficacy of long-term (e.g. 6
months, plus) utilization of Ginkgo biloba extract on
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the neuropsychological functioning of cognitively
intact persons of varying age cohorts. Finally, addi-
tional research is required that examines the precise
mechanisms that are responsible for EGb 761"’s
observed beneficial neurocognitive effects.
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