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ABSTRACT
Background

Extracts of the leaves of the maidenhair tree, Ginkgo biloba, have long been used in China as a traditional medicine for various disorders
of health. A standardized extract is widely prescribed in Germany and France for the treatment of a range of conditions including
memory and concentration problems, confusion, depression, anxiety, dizziness, tinnitus and headache. The mechanisms of action are
thought to reflect the action of several components of the extract and include increasing blood supply by dilating blood vessels, reducing
blood viscosity, modificaton of neurotransmitter systems, and reducing the density of oxygen free radicals.

Objectives

The aim of the review is to assess the efficacy and safety of Ginkgo biloba for the treatment of patients with dementia or cognitive
decline.

Search strategy

Trials were identified on 26 June 2002 through a search of the CDCIG Specialized Register which contains records from all main medical
databases (MEDLINE, EMBASE, CINAHL, PsycINFO, SIGLE,LILACS), from ongoing trials databases such as Clinicaltrials.gov
and Current Controlled Trials and many other sources. The search terms used were ginkgo*, tanakan, EGB-761, EGB761 and “EGB
7617,

Selection criteria

All relevant, unconfounded, randomized, double-blind controlled studies, in which extracts of Ginkgo biloba at any strength and over
any period were compared with placebo for their effects on people with acquired cognitive impairment, including dementia, of any
degree of severity.

Data collection and analysis

Data for the meta-analyses are based on reported summary statistics for each study. For the intention-to-treat analyses we sought data
for each outcome measure on every patient randomized, irrespective of compliance. For the analyses of completers we sought data on
every patient who completed the study on treatment.

For continuous or ordinal variables, such as psychometric test scores, clinical global impression scales, and quality of life scales, there
are two possible approaches. If ordinal scale data appear to be approximately normally distributed, or if the analyses reported by the
investigators suggest that parametric methods and a normal approximation are appropriate, then the outcome measures will be treated
as continuous variables. The second approach, which may not exclude the first, is to concatenate the data into two categories which
best represent the contrasting states of interest, and to treat the outcome measure as binary. For binary outcomes, the endpoint itself is
of interest and the Peto method of the typical odds ratio is used.
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Main results

Overall, there are no significant differences between Ginkgo and placebo in the proportion of participants experiencing adverse events.
Most studies report the analyses of data from participants who completed the treatment, there are few attempts at ITT analyses.
Therefore we report completers analyses only. The CGI scale, measuring clinical global improvement as assessed by the physician, was
dichotomized between participants who showed improvement and those who were unchanged or worse. There are benefits associated
with Ginkgo (dose less than 200mg/day) compared with placebo at less than 12 weeks (54/63 showed improvement compared with
20/63, OR 15.32, 95% CI 5.90 to 39.80, P=<.0001), and Ginkgo (dose greater than 200mg/day) at 24 weeks (57/79 compared with
42/77, OR 2.16, 95% CI 1.11 to 4.20, P=.02).

Cognition shows benefit for Ginkgo (dose less than 200mg/day) compared with placebo at 12 weeks (SMD -0.57, 95% CI -1.09, -
0.05, P=0.03, random effects model), Ginkgo (greater than 200 mg/day) at 12 weeks (SMD -0.56, 95% CI -1.12 to -0.0, P=0.05),
at 12 weeks (Ginkgo any dose) (SMD -0.71, 95% CI -1.23 to -0.19 P=0.008, random effects model) at 24 weeks (Ginkgo any dose)
(SMD -0.17, 95% CI -0.32 to -0.02 P=0.03) and at 52 weeks (Ginkgo less than 200 mg/day) (SMD -0.41, 95% CI -0.71 to -0.11,
P=<.01).

Activities of Daily Living (ADL) shows benefit for Ginkgo (dose less than 200mg/day) compared with placebo at 12 weeks (SMD -
1.10, 95% CI -1.79, -0.41, P=<.01), Ginkgo (dose less than 200 mg/day ) at 24 weeks (SMD -0.25, 95% CI -0.49 to -0.00, P=.05),
and at 52 weeks (Ginkgo less than 200 mg/day) (SMD -0.41, 95% CI -0.71 to -0.11, P=<.01).

Measures of mood and emotional function show benefit for Ginkgo (dose less than 200 mg/day) compared with placebo at less than
12 weeks (SMD -0.51, 95% CI -0.99 to -0.03, P=.04)and Ginkgo (dose less than 200mg/day) at 12 weeks (SMD -1.94, 95% ClIs -
2.73, -1.15 P=<.0001).

There are no significant differences between Ginkgo and placebo in the proportion of participants experiencing adverse events. There
are no data available on Quality of Life, measures of depression or dependency.

Authors’ conclusions

Ginkgo biloba appears to be safe in use with no excess side effects compared with placebo. Many of the early trials used unsatisfactory
methods, were small, and we cannot exclude publication bias. Overall there is promising evidence of improvement in cognition and
function associated with Ginkgo. However, the three more modern trials show inconsistent results. There is need for a large trial
using modern methodology and permitting an intention-to-treat analysis to provide robust estimates of the size and mechanism of any
treatment effects.

PLAIN LANGUAGE SUMMARY
Some evidence of the efficacy of ginkgo biloba for dementia and cognitive impairment.

Ginkgo biloba appears to be safe in use with no excess side effects compared with placebo. Many of the early trials used unsatisfactory
methods, were small, and we cannot exclude publication bias. Overall there is promising evidence of improvement in cognition and
function associated with Ginkgo. However, the three more modern trials show inconsistent results. There is need for a large trial
using modern methodology and permitting an intention-to-treat analysis to provide robust estimates of the size and mechanism of any
treatment effects.

BACKGROUND ucts. There is much literature devoted to Ginkgo biloba, and it

has been investigated in many clinical trials. Many excellent re-
Medicinal products derived from the maidenhair tree, Ginkgo  views covering different aspects of Ginkgo biloba have been writ-
biloba, are some of the most widely used of any plant-based prod-
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ten (Chang 1997; De Feudis 1998; Curtis 1999; Massey 1999;
Van Dongen 2000) and a summary of these provides a compre-
hensive background.

The tree, from the genus Ginkgo, probably originated in China
and is believed to be the oldest living tree species. It grows to a
height of about 30 m and can survive for 1000 years. The leaf
shape, with two lobes (biloba) is distinctive and unusual. The trees
are dioecious (separate male or female) . It is an extremely robust
tree, resisting insect and fungus attack, and survives frosts. The tree
is now cultivated in many parts of the world for the exploitation of
the medicinal properties of its leaves. There are large commercial
plantations in Western France, South Carolina, USA, Japan, Korea
and China, and these provide enough leaves to satisfy demand.

The active components of Ginkgo biloba consist of flavonoids, tet-
penoids, and terpene lactones (ginkgolides and bilobalide). These
are the compounds found extensively in plants except for the
ginkgolides and bilobalide, which are unique to Ginkgo biloba.
A well-defined extract , EGb 761, is produced from the ground-
up leaves which contains 24% w/w (weight of active compound
/ total weight of extract) flavone glycosides and 6% w/w terpene
lactones. It is marketed as Tanakan, Tebonin, Rékan. Kaveri (LI
1370) is similar but with 25% w/w glycosides. EGb 761 is one of
the top five prescription medicines in Germany. Ginkgo biloba is
available without prescription in the UK, Canada and the USA

where it is marketed as a food supplement.

Ginkgo biloba has been used in China as a traditional medicine
for a range of conditions, including asthma, bronchitis, heart dys-
function, for at least 5000 years. Dr Schwabe introduced Ginkgo
biloba into Germany in 1965 where it is prescribed extensively for
cerebral insufficiency, a diagnosis that can cover a range of condi-
tions including memory and concentration problems, confusion,
depression, anxiety, dizziness, tinnitus and headache. This use ex-
tends to France, but not to other European countries or the USA.
It may protect neuronal and myocardial cells against ischaemia
and reperfusion injury. It is believed that the medicinal properties
of Ginkgo biloba are due to a combination of effects and that it
acts by increasing blood supply by dilating blood vessels, reduc-
ing blood viscosity, by modificaton of neurotransmitter systems,
and by reducing the density of oxygen free radicals. Its effect on
blood clotting is controversial; one of its components Ginkgolide
B is an inhibitor of platelet-activating factor and there have been
isolated case reports of subdural haematoma associated with high
doses (Rowin 1996) and of hyphema (spontaneous bleeding into
the anterior chamber of the eye) following combined therapy with
Ginkgo extract and aspirin (Rosenblatt 1997). Specific studies
have been reported that show no consistent effect of EGb 761 on
blood clotting or bleeding time (R. Hoerr personal communica-
tion) .

The main use of Ginkgo biloba is in the treatment of cerebral
dysfunction. Ginkgo biloba is recommended for age-related cog-

nitive decline and for slowing the progress of neurodegenerative
disorders such as Alzheimer’s disease and for other forms of de-
mentia. Many clinical trials have been conducted to assess these
potential properties and several reviews of the results have been
published (Warburton 1986; Kleijnen 1992; Hopfenmiiller 1994;
Knipschild 1994; Oken 1998; Seholm B 1998; Ernst 1999 ) but
there is still no compelling evidence of the efficacy of Ginkgo
biloba for cerebral function. New trials to assess the efficacy of
Ginkgo biloba compared with placebo for dementia and cognitive
decline are still being initiated.

OBJECTIVES

The aim of this review is to assess the efficacy and safety of Ginkgo
biloba for the treatment of patients with dementia or cognitive
decline.

RESULTS

Opverall, there are no significant differences between Ginkgo and
placebo in the proportions of participants dropping out before the
scheduled end of treatment.

Most studies report the analyses of data from participants who
completed the treatment, there are few attempts at ITT analyses.
Therefore we report completers analyses only.

The CGI scale, measuring clinical global improvement as assessed
by the physician, was dichotomized between participants who
showed improvement and those who were unchanged or worse.
There are benefits associated with Ginkgo (dose less than 200mg/
day) compared with placebo at less than 12 weeks (54/63 showed
improvement compared with 20/63, OR 15.32, 95% CI 5.90 to
39.80, P=<.0001), and Ginkgo (dose greater than 200mg/day) at
24 weeks (57/79 compared with 42/77, OR 2.16, 95% CI 1.11
t0 4.20, P=.02).

Several rating scales, or sub-tests from rating scales were used to as-
sess cognition. Some tests assessed only one or two aspects of mem-
ory or cognition (Wesnes 1987 Wechsler digit span; Weitbrecht
1985, Wechsler digit symbol; Mancini 1993, The Toulouse -
Pieron Cancellation Test; Hofferberth 1989, The Vienna Reac-
tion Test; Graessel 1992, speed of learning test; Vorberg 1989,
Crichton memory impairment sub-test; Brautigam 1998, EMCT
attention and concentration) and others assessed a range of func-
tions of cognition (Winther 1998, Wechsler memory function;
Maurer 1997 and Van Dongen 2000, SKT; Le Bars 1997, ADAS-
cog). The results of the meta-analyses of the 12-week data indicate
heterogeneity between the studies. This may be due to the wide
variation in outcome measures which are not assessing the same
aspects of cognition. This has to be considered when interpreting
the results.
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Cognition shows benefit for Ginkgo (dose less than 200mg/day)
compared with placebo at 12 weeks (SMD -0.57, 95% CI -1.09,
-0.05, P=0.03, random effects model), Ginkgo (greater than 200
mg/day) at 12 weeks (SMD -0.56, 95% CI -1.12 to -0.0, P=0.05),
at 12 weeks (Ginkgo any dose) (SMD -0.71, 95% CI -1.23 to -
0.19 P=0.008, random effects model) at 24 weeks (Ginkgo any
dose) (SMD -0.17, 95% CI -0.32 to -0.02 P=0.03) and at 52
weeks (Ginkgo less than 200 mg/day) (SMD -0.41, 95% CI -0.71
to -0.11, P=<.01).

Activities of Daily Living (ADL) shows benefit for Ginkgo (dose
less than 200mg/day) compared with placebo at 12 weeks (SMD
-1.10, 95% CI -1.79, -0.41, P=<.01), Ginkgo (dose less than 200
mg/day ) at 24 weeks (SMD -0.25, 95% CI -0.49 to -0.00, P=
.05), and at 52 weeks (Ginkgo less than 200 mg/day) (SMD -0.41,
95% CI -0.71 to -0.11, P=<.01).

Measures of mood and emotional function show benefit for
Ginkgo (dose less than 200 mg/day) compared with placebo atless
than 12 weeks (SMD -0.51, 95% CI -0.99 to -0.03, P=.04)and
Ginkgo (dose less than 200mg/day) at 12 weeks (SMD -1.94, 95%
Cls -2.73, -1.15 P=<.0001).

There are no significant differences between Ginkgo and placebo

in the proportion of participants experiencing adverse events.

There were no data available on Quality of Life, measures of de-
pression or dependency.

DISCUSSION

1. Itis difficult to carry out subgroup analyses based on diagnostic
categories. Although some trials appear to exclude all except a spe-
cific category, such as Alzheimer’s disease, most trials have a mix-
ture of categories either by choice or because standardized criteria
were not available for more precise diagnoses. The percentages in
each category are usually unknown, and, except for two trials, re-
sults are not reported separately for each category. Already faced
with a situation where many results are not in the meta-analyses
because they were not reported with sufficient detail, a subgroup
analysis based on diagnostic category would not be informative.

2. We have listed a group of studies that diagnose and assess pa-
tients using a list of typical symptoms. The methods, reporting
and analyses are unsatisafctory and most of this information could
not be included in meta-analyses. It is interesting to note that all
of these studies report highly significant benefit for Ginkgo com-
pared with placebo.

3. The more recent studies might be expected to provide more re-
liable results owing to improved methodology and larger size. Un-
fortunately Oswald 1997does not report results with sufficient de-
tail. Oswald 1997 reports only the numbers of responders, where
a responder is defined as someone who shows improvement com-
pared with baseline. Absolute values of treatment effects are su-

perior to an arbitrary concept of response that loses so much pre-
cision. Dr Willmar Schwabe Pharmaceuticals is still considering
our request for access to company reports of this study so that it
can contribute to the meta-analyses. We have already discussed the
problems with Le Bars 1997. If this study were omitted from the
analyses our conclusions concerning the efficacy of Ginkgo would
be modified to report less benefit. Brautigam 1998 shows far less
benefit associated with Ginkgo than do the earlier studies, (albeit
with much lower dosages) and Van Dongen 2000 shows none at

all.

4. Two of the earliest studies, Allain 1993 and Arrigo 1985 used
much higher doses of Ginkgo biloba than the later trials. Unfor-
tunately we have no results to report from these studies. The doses
used in the later studies varied from 112 mg/day to 240 mg/day
but there is little evidence that the dose made any difference to the
results. It is noted that the dose used by Brautigam 1998 is much
lower than that used by any other study.

5. We are unable to exclude the possibility of publication bias
affecting earlier studies.

There is more to the appraisal of scientific evidence than simply
selecting reports on the basis of their published details and feed-
ing the results into meta-analytic software. The systematic review
process is insensitive to some sources of bias and will consolidate
some others. The rigour with which RCTs are carried out has im-
proved considerably within the memories of doctors who qualified
in the 1950s and 1960s, as the underlying logic of randomization
has become more widely understood. In the past, the provision
of supposedly opaque envelopes allocated according to sequences
of random numbers did not necessarily prevent individual clinical
characteristics of patients having an effect on their allocation be-
tween treatment and placebo groups. This observation carries no
implication of conscious or unconscious fraud; it is simply that
people did not fully understand the rationale and purpose of the
methodology (as distinct from the methods) of clinical trials.. In-
deed if this were not so there would have been no need to de-
velop the more modern techniques of randomization by central-
ized computer systems. Certainly a bald report that a study was
“randomized” - sufficient to qualify for inclusion in many system-
atic reviews - must for early studies at least be associated with a
number of reservations. A case could be made for some system of
discounting the contribution of earlier trials to a systematic review
for the background trend of increasing methodological rigour over
the decades. The widespread practice of clinicians preferring the
results of a single recent trial to a meta-analysis of previous results
has, in part, a rational basis.

In guarding against observer error and placebo effects it is a sci-
entific as well as an ethical requirement that controlled clinical
trialshould be carried out by investigators who are genuinely in
a state of equipoise in their prior opinion about the efficacy of
the treatment under investigation. It is equally important that the
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participants should not have prior opinions of the relative like-
lihood of benefit or harm from the intervention. If we read that
participants in a trial can be withdrawn and given the drug under
investigation “on humanitarian grounds” if they deteriorate while
in a trial, we have to wonder about possible lack of equipoise and
the range of effects this might have had on the trial.

One source of disturbance to equipoise is a desire, rather than an
expectation, that the treatment should work. This affects both pa-
tients and doctors. In addition to clinical compassion there may be
professional reasons why a doctor may have a vested interest in con-
ducting a trial with positive, and publishable, results rather than
a null, inconclusive or negative one. The strength of this pressure
on the doctor may vary with different cultural settings, different
healthcare systems, and different ways of funding research. Again
it is important to emphasise that we are not talking about fraud,
but about the unconscious and often well-intentioned sources of
biased observation that the methodology of the randomised con-
trolled trial was created to counter.

Meta-analysis reviews will consolidate the effects of pervasive
sources of bias. Best documented is publication bias. Anything
short of a miracle drug will generate some null or even negative
results in small trials. Registration of trials in progress, and enlight-
ened editorial policies towards publishing non-positive trials, have
only in very recent times reduced the risk of publication bias. A
dearth of non-positive trial results before such modern safeguards
were introduced, especially when trials were normally small, must
raise fears that meta-analysis has revealed publication bias rather
than a true effect of a treatment. It is possible in some instances
to demonstrate the presence of publication bias statistically, but
impossible ever to exclude it. Particular concern arises where it
is known that a pharmaceutical company has unpublished infor-
mation about trials in its files that it has not made available for
systematic review. The concern has to be that the unpublished
material is less encouraging than the published about the efficacy
of the company’s product. One of the benefits of the Cochrane
system has been to put pressure on pharmaceutical companies to
make all their data publicly available by drawing attention to the
unreliability of reviews where data are being withheld by an inter-

ested party.

Atanother level of concern, is the process whereby a treatment pro-
duces an apparently beneficial effect. The hope is to identify treat-
ments that modify the causes or mechanisms of a disease rather
than merely its manifestations. As an example, a common feature
of dementia is depression of mood. A treatment that improves
cognition and functional capabilities may well reduce depression
as a secondary effect. However, a treatment with a simple antide-
pressant action may be expected to improve subjective wellbeing,
capability in cognition and activities of daily living, as well as im-
proving scores such as clinical global impression. In terms of clin-
ical significance, however, a drug that helps people with demen-
tia by lightening their depression is in a different category from

one that prevents the condition or ameliorates its natural history.
Not least there may be more effective and cheaper antidepressant
drugs available. The fact that drugs with antidepressant actions
may appear to be effective in the short-term treatment of dementia
was recognised thirty years ago. It may be that an antidepressant
action is one of the mechanisms of the placebo effect in trials of
treatments of dementia, particularly where participants and their
carers have an underlying expectation of the drug’s efficacy. It is
noteworthy that Ginkgo appears to have an antidepressant effect,
and future trials should seck to separate an antidepressant effect
from other possible mechanisms of benefiting cognition. The het-
erogeneity noted in the results of the various trials could reflect
both variation in the diagnoses of patients entered and differential
sensitivities of the outcome measures to the various domains of
mood and cognitive function.

These are but some of the considerations that reviewers have to bear
in mind in forming their personal conclusions about the meaning
of the data they have been studying. If the results of a review and
meta-analysis could stand alone, Cochrane procedures would not
provide for the expression of “Reviewers’ conclusions”. Reviewers’
conclusions are affected by factors such as judgement, experience,
and more nebulous factors such as a “feel” of the data and their
context. Systematic reviews are not a substitute for thought; the
reader must form his or her own opinion about the relative merits
of the probability values emerging from the meta-analysis and any
reservations implied by the reviewers in their conclusions.

AUTHORS’ CONCLUSIONS

Implications for practice

Ginkgo biloba appears to be safe in use with no excess side effects
compared with placebo. The percentage of dropouts from the tri-
als is generally low from both placebo and Ginkgo groups. Many
of the early trials used unsatisfactory methods, were small, and we
cannot exclude publication bias. Overall there is promising evi-
dence of improvement in cognition and function associated with
Ginkgo. However, the three more modern trials show inconsistent
results. Our view is that there is need for a large trial using modern
methodology and permitting an intention-to-treat analysis to pro-
vide robust estimates of the size and mechanism of any treatment
effects.

Implications for research

Further clinical trials of Ginkgo biloba in the treatment of acquired
cognitive impairment, using modern standardized techniques and

of adequate size, are required.
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NOTES

To make the complex information from the trials available in a more easily accessible form, we have created two additional tables: one
which describes the included studies in more detail and a second describing the rating scales used in the trials. It is important that these
tables should be read with the review.
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