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Abstract

Background: Numerous studies have looked at the potential benefits of various nootropic drugs such as Ginkgo biloba
extract (EGb761®; Tanakan®) and piracetam (Nootropyl®) on age-related cognitive decline often leading to inconclusive
results due to small sample sizes or insufficient follow-up duration. The present study assesses the association between
intake of EGb761® and cognitive function of elderly adults over a 20-year period.

Methods and Findings: The data were gathered from the prospective community-based cohort study ‘Paquid’. Within the
study sample of 3612 non-demented participants aged 65 and over at baseline, three groups were compared: 589 subjects
reporting use of EGb761® at at least one of the ten assessment visits, 149 subjects reporting use of piracetam at one of the
assessment visits and 2874 subjects not reporting use of either EGb761® or piracetam. Decline on MMSE, verbal fluency and
visual memory over the 20-year follow-up was analysed with a multivariate mixed linear effects model. A significant
difference in MMSE decline over the 20-year follow-up was observed in the EGb761® and piracetam treatment groups
compared to the ‘neither treatment’ group. These effects were in opposite directions: the EGb761® group declined less
rapidly than the ‘neither treatment’ group, whereas the piracetam group declined more rapidly (3 = —0.6). Regarding verbal
fluency and visual memory, no difference was observed between the EGb761® group and the ‘neither treatment’ group
(respectively, B=0.21 and B=—0.03), whereas the piracetam group declined more rapidly (respectively, p=—1.40 and
B=—0.44). When comparing the EGb761® and piracetam groups directly, a different decline was observed for the three
tests (respectively B=—1.07, B=—1.61 and f=—0.41).

Conclusion: Cognitive decline in a non-demented elderly population was lower in subjects who reported using EGb761®
than in those who did not. This effect may be a specific medication effect of EGb761®, since it was not observed for another
nootropic medication, piracetam.
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Introduction potential benefits of vitamin E, beta-carotene or multi-vitamin
supplements seem encouraging, overall the results are far from
conclusive [8—11]. Certain studies have even raised safety concerns
with doses of vitamins C or E far above the recommended dietary
intake [12—-15]. The meta-analysis published by Jia et al actually
concluded that antioxidant supplements in elders aged over 65
years have no beneficial effects on cognitive decline [16]. This

failure may be partly explained by inadequate amounts or types of

Age-related cognitive decline is one of the main challenges of
mental health research. As no curative treatment for dementia
presently exists, an alternative would be to find strategies that
could contribute to attenuating cognitive decline in the elderly,
which could in turn possibly delay the onset of dementia. A large
number of interventional or observational studies have looked at
the potential benefits of various pharmacological treatments. In antioxidants or inappropriate timing of the supplementation.
particular, drugs controlling vascular factors such as statins have
received much attention as a result of the growing emphasis on the

vascular component of dementia and cognitive decline. However,

Drugs specifically prescribed for memory impairment such as
nootropics and vasodilators represent obvious potential interven-

tions to prevent cognitive decline. In France, Ginkgo biloba extract

these  studies l}a\fe yieldefﬂ contrastin.g results [1-6]. As .the (EGb761®- Tanakan®) has been marketed for more than thirty
neurodegenerative process is accompanied by exacerbated oxida- years as a medication for memory impairment and is marketed in
the United States as a dietary supplement. While the probably

most well-known effect of G. biloba extract is the protection of

tive stress, anti-oxidant vitamins have also been considered as good
candidates [7]. Even if the results of the few studies reporting
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neuronal cell membranes from free radical damage [17], the
properties of EGb761® go beyond that simple antioxidant
mechanism. It has been shown to reduce AP aggregation and
toxicity [18,19], participate to mitochondrial protection [20] and
promote hippocampal neurogenesis [21]. EGb761® has been also
shown to decrease blood viscosity and enhance microperfusion
[22]. Several studies on rats models also showed that EGb 761®
Improves neurotransmission, in particular glutamatergic [23],
dopaminergic and cholinergic system [24,25]. Therefore,
EGb761® can really be considered as a multi-target drug.

Recent reviews and meta-analyses of randomised controlled
trials concluded that EGb761® is effective in the treatment of
patients with dementia, including Alzheimer’s disease, vascular
dementia and mixed forms [26,27], in particular in demented
patients with neuropsychiatric symptoms [27-30]. Regarding
prevention, only one observational study carried out in a cohort
of elderly women has so far suggested the beneficial effect of
vasodilators, including G. biloba, in delaying the onset of dementia
[31].

However, two clinical trials, ie. the GEM (for Ginkgo
Evaluation of Memory) study conducted in 3069 participants
aged 75 and over with mild cognitive impairment [32] and the
GuidAge study conducted in 2854 participants aged 70 and over
and reporting memory complaints [33] failed to confirm such
results. In these studies, G. biloba at 120 mg twice a day was not
effective in reducing the overall incidence of dementia or
Alzheimer’s disease. However, in both studies, as in another more
limited feasibility trial [34], dementia was the main efficacy criteria
and the follow-up period was relatively short (3.5 years in Dodge’s
study ; 6.1 years in the GEM study ; 5 years in the GuidAge study).
Due to the particularly long pre-dementia phase of Alzheimer’s
disease, which is known to progress over decades, expecting a
positive effect of G. biloba on the incidence of dementia over a
period of 3 to 6 years would imply that G. biloba has a direct effect
on the neurodegenerative process itself, which is probably an over-
optimistic hypothesis. Another alternative interpretation of these
negative results might be that G. biloba is no longer effective once
the neurodegenerative process of dementia is too advanced. In this
case, dementia outcome over a relatively short follow-up would
not be the most relevant outcome to assess the efficacy of G. biloba
on cognitive aging. Therefore, determining whether G. biloba is
associated with long-term cognitive decline may be of interest in
order to understand more clearly the usefulness of such treatment
in the elderly.

This paper reports the effect of G. biloba on long-term cognitive
decline within the PAQUID study. The PAQUID study is a large
population-based study conducted in France, which has now 20
years of completed follow-up. As such, it is one of the largest and
longest-running prospective studies of the natural history of
cognitive decline and the incidence of dementia to have been
performed. In this study, the rate of cognitive decline of elderly
people reporting use of EGb761® was compared to that of
participants reporting use of piracetam, another nootropic agent
prescribed for memory impairment in subjects without dementia.
Both groups were compared to those participants reporting use of
neither of these drugs. The rate of cognitive decline was assessed
over a period of 20 years during which cognition has been
repeatedly assessed in a standardized manner with three common
neuropsychological tests. Due to possible confounding effects of
psychotropic drugs on cognitive decline, the association between
EGb761® and consumption of psychotropic drugs, including
antidepressants, benzodiazepines or antipsychotics, and its possible
contribution to the results observed was also considered.
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Methods

General study design

This was an exploratory retrospective analysis of longitudinal
data collected prospectively over the twenty years of follow-up of
the PAQUID cohort. The study population and methodology of
the PAQUID cohort have been described in detail elsewhere [35].
Briefly, the study initially included a community based cohort of
3,777 elderly people, aged 65 and older, representative of Gironde
and Dordogne, two areas in the southwest of France. The
PAQUID Study was approved by the Ethics Committee of the
Bordeaux University Hospital.

Data were collected by means of a questionnaire administered
at home by trained psychologists at the time of inclusion and after
1, 3, 5, 8, 10, 13, 15, 17 and 20 years. Physical health was
evaluated by self-reported diseases or symptoms (treated diabetes,
a history of heart disease, stroke, or hypertension, and dyspnoea)
and scales assessing functional status. Medication consumption
was documented by self-report by participants at each visit. The
questionnaire also included items about sociodemographic char-
acteristics, objective and subjective physical health, functional
assessment, depressive symptomatology, as well as the MMSE as
an evaluation of global mental status [36]. In addition to the
MMSE, two specific neuropsychological tests were proposed
systematically at each visit. The multiple choice recognition form
of the Benton Visual Retention Test (BVRT) was used to measure
visual memory (scores range from 0 to 15) [37]. The Isaacs Set
Test (IST) assessed verbal fluency by measuring the ability to
generate lists of words in four semantic categories (colours,
animals, fruits and cities) in a 30-second interval [38]. After the
interview, the psychologists completed a standardised ancillary
questionnaire designed to assign the DSM-III-R criteria for
dementia [39]. Individuals who met criteria for dementia, as well
as those presenting a decline of at least three points on the MMSE
since the previous visit, were seen by a senior neurologist. The
neurologist confirmed the dementia criteria and ascertained the
NINCDS-ADRDA diagnostic criteria for Alzheimer’s disease or
the Hachinski score for vascular dementia [40,41]. Additional
paraclinical examinations could be performed if appropriate. All
available information was reviewed by a panel of senior
neurologists.

Study sample

All 3777 participants of the PAQUID cohort were eligible for
this analysis, with the exception of those with a diagnosis of
dementia at the time of inclusion (n = 102) and those who reported
taking both EGb761® and piracetam at any time of follow-up
(n=163). The 3612 eligible subjects were divided into three groups
as follows: (1) subjects reporting use of EGb761® at any one of the
ten assessment visits, (2) subjects reporting use of piracetam at any
one of the ten assessment visits and (3) subjects not reporting use of
either EGb761® or piracetam at any assessment Visit.

Statistical analysis

Baseline characteristics between the three treatment groups
were compared using > tests or analyses of variance as
appropriate. The decline in score on the MMSE, IST and BVRT
over the twenty year follow-up period was compared between the
three treatment groups using linear mixed effect models [42]. This
model offers the advantage of taking into account multiple
determinations in an individual subject as well as the influence
of potential confounding variables. The variable corresponding to
use of EGb761® and piracetam was taken as a time-dependent
variable. The output of the model was expressed as a B coefficient,
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which represents an effect size measure corresponding to the
component of the change in score over the follow-up period that
can be attributed to the treatment group. The statistical model
controlled for the following confounding variables: age, gender,
educational level (defined in two categories: no formal education
and school certificate or higher), MMSE score at inclusion,
depressive symptomatology measured with the Center for
Epidemiological Studies Depression Scale (CES-D; cut-off score
of 23 for women and 17 for men) and score on a memory
complaints scale at inclusion [43,44].

The association between EGb761® use and psychotropic drug
consumption (antidepressants, benzodiazepines or antipsychotics)
was assessed with a logistic regression model adjusted for the same
confounding variables as those cited above. In order to assess the
potential contribution of psychotropic drug consumption to the
associations observed, the model was reiterated with additional
adjustment for psychotropic drug consumption as a time-
dependent variable.

Finally, a linear mixed effects model was applied to compare
directly decline in cognitive scores between the EGb761® and
piracetam treatment groups.

Results

Subjects

All 3777 participants in the PAQUID cohort were eligible for
this analysis, with the exception of those with a diagnosis of
dementia at the time of inclusion and those who reported taking
both EGb761® and piracetam at any time. The study population
consisted of 3612 subjects (95.6% of the total cohort). Of these,
589 (16.3%) reported use of EGh761® at any time of follow-up
and 149 (4.1%) reported use of piracetam, whereas 2874 (79.6%)
did not report use of either. For the analysis of decline in each
cognitive test, the analysis was restricted to those subjects for
whom data were available for the cognitive tests and for all
relevant confounding variables that were to be included in the
multivariate analysis. The subjects available for analysis corre-
sponded to around two-thirds of the eligible population: 2003 for
the BVRT, 2057 for the IST and 2067 for the MMSE. The
composition of the study sample is illustrated in Figure 1.

The comparison of the characteristics of the three treatment
groups at baseline is presented in Table 1. The three treatment
groups did not differ in terms of age or number of medications, but
significant differences were observed for all other variables.
Subjects taking neither EGb761® nor piracetam tended to be
more frequently men, less-educated, and to have less memory
complaints than subjects taking either EGb761%® or piracetam.
Compared to subjects taking piracetam, subjects reporting
EGb761® use were more frequently women and less frequently
reported depressive symptoms or memory complaints. Baseline
MMSE scores were slightly higher in the EGb761® group. At the
end of follow-up, 73.3% of subjects in the EGb761® group, 86.6%
in the piracetam group and 81.3% in the control group had died.

Effects of treatment on cognitive decline

The Table 2 shows the means and standard deviations for the
three cognitive scores at each time point. The analysis of decline in
cognitive scores using the linear mixed effects model with repeated
measures is displayed in Table 3. As can be seen, the MMSE score
declined in the ‘neither treatment’ group by around 0.3 points
between each study visit. A significant difference in the rate of
change of MMSE score over the twenty-year follow-up period was
observed in the EGb761® and piracetam treatment groups
compared to the ‘neither treatment’ group. However, the direction
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of the treatment effect differed between the two treatments,
subjects reporting use of EGb761® declining less rapidly than the
‘neither treatment’ group (p<<0.0001), with a mean difference of
0.5 points on the MMSE per follow-up visit (around five points
over the entire follow-up period). In contrast, the piracetam group
declined more rapidly. With respect to the IST and the BVRT, no
significant difference was observed between the EGb761® group
compared to the ‘neither treatment’ group, whereas the piracetam
group declined to a greater extent.

A logistic regression model adjusted for the same confounding
variables was performed to assess the association between
EGb761® and psychotropic drug consumption (antidepressants,
benzodiazepines or antipsychotics). The result showed that use of
EGb761® was associated with significantly lower consumption of
psychotropic drugs (OR 0.72, 95% Confidence Intervals: 0.57—
0.91, p=0.007). Due to the significant association between
EGb761® use and reduced consumption of psychotropic drugs,
the linear mixed effects model was reiterated adjusting for
psychotropic drug consumption (Table 3). As can be seen, the
beta coeflicients remained unchanged, reflecting similar differenc-
es in cognitive decline between treatments groups after controlling
for psychotropic drug use. The decline in MMSE score over time
in the three treatment groups, as estimated by the model, is
illustrated below in Figure 2.

In a second step, the linear mixed effects model was reiterated to
compare the EGb761® and piracetam treatment groups directly
(Table 4). As can be seen, the effect size on the MMSE
corresponded to a less rapid decline by around one point on the
MMSE per follow-up visit in the EGh761® group. In addition, a
significant difference in rate of change was observed not only for
the MMSE but also the other two tests of memory and verbal
fluency. The findings remained essentially unchanged after
controlling for psychotropic drug use (Table 4).

Discussion

This analysis of prospectively collected data on cognitive
function over a twenty-year period has shown that the decline of
the MMSE score in a population of non-demented subjects was
lower in the group of subjects who reported using EGb761® at
some time than in those who did not. The difference in MMSE
score at the end of the follow-up period was around five points,
which can be considered an important and clinically relevant
difference. The predicted MMSE score at the end of the follow-up
period remained above the threshold of 24 (roughly normal
cognitive function) in the group using EGb761®, which is also of
clinical relevance. This effect appears to be a specific medication
effect of EGh761®, since it was not observed for another nootropic
medication, piracetam, prescribed for the same condition as
EGb761®, whose users performed less well all along the follow-up
period in the three tests studied. The latter finding suggests that
the observed beneficial effect of EGb761® on cognitive decline is
not an artefact of greater motivation to preserve cognitive function
which encourages subjects to seek medication in general for the
management of memory complaints.

At first sight, these results may appear somewhat discordant
with those trials such as the GEM [32] and the GuidAge [33]
studies reporting no effect of the EGb761® on the risk of
developing dementia, which led some authors to definitely
conclude that ginkgo biloba is not effective for prevention of
Alzheimer’s disease [45]. However, our results may not be so
inconsistent if one considers the following issues. Firstly, it is
mmportant to emphasise that these studies relied on volunteers
presenting motivation to enter clinical trials testing drug candi-
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Figure 1. Selection of the study sample from the PAQUID cohort.

doi:10.1371/journal.pone.0052755.g001

dates against memory decline. Such selection bias may have led to
enroll participants particularly concerned about their memory
problems for potentially different reasons. Supporting this issue is
the particularly high rate of conversion to dementia in the GEM
study where more than 17% of the participants developed
dementia within the relatively short study follow-up, suggesting
that a large proportion of participants were relatively advanced in
the pre-clinical phase of dementia. The opposite seemed to occur
in the GuidAge study conducted in this case in elderly people with
memory complaints where the incidence of dementia was
spectacularly low (actually less than half the expected value). This
healthy participant effect has been noted in most dementia
prevention trials and probably occurs because people who are
more likely to volunteer for intervention trials might be already
engaged in risk-reduction behaviors making them at less risk of
dementia [46]. Secondly, as may be seen in many studies,

including the present one, cognitive decline is a slow process in
elderly non-demented subjects. For this reason, a short study
follow-up may be insufficient to assess strategies, either pharma-
cological or non-pharmacological, that may have a significant but
modest impact on cognitive decline. In our study, the treatment
benefit associated with EGb761® only became clinically relevant
after several years, a longer duration than that involved in the
GEM study and the GuidAge study, the two clinical trials which
reported no effect of EGb761® on the incidence of dementia.
Another reason to believe that the possible effect of EGb761® may
be appreciable in the long- rather that short-term relates to the
long evolution of Alzheimer’s disease before the dementia stage is
attained. Dementia has been shown to be the end stage of a long
evolutive process lasting more than a decade. Several long-term
prospective studies have now clearly demonstrated differences on
cognitive tests in individuals who ultimately developed dementia a
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Table 1. Baseline characteristics of the three treatment groups.
Variable EGb761® (n=589) Piracetam (n=149) Neither (n=2874) p (3-way)" p (2-way)"
Age (years): mean (SD) 74.8 (6.6) 75.7 (6.6) 75.0 (6.9) 0.329 0.128
Gender (women): n (%) 435(73.9%) 91 (61.1%) 1556 (54.1%) <0.0001 0.002
Education: n (%) 0.001 0.880

No formal education 172 (30.6%) 44 (31.2%) 1050 (38.4%)

School certificate or higher 391 (69.4%) 97 (68.8%) 1685 (61.6%)
Depressive symptoms: n (%) 60 (10.4%) 26 (17.9%) 388 (13.8%) 0.023 0.012
Baseline MMSE: mean (SD) 26.3 (2.9) 25.7 (3.9 25.7 (3.5) <0.001 0.040
Memory complaints: n (%) 283 (63.7%) 88 (75.2%) 984 (58.4%) <0.001 0.020
Number of medications: mean (SD) 4.2 (2.7) 4.1 (2.7) 4.0 (2.8) 0.182 0.727
*Probability values are determined using the 2 test or by analysis of variance as appropriate. The three-way determinations compared the distribution of variables
between all three treatment groups and the two-way determinations between the EGb761® and piracetam groups only.
doi:10.1371/journal.pone.0052755.t001
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decade or more prior to confirmed diagnosis, as well as steeper
declines occurring three to four years prior to diagnosis [47-51].
These findings support the hypothesis that the pre-dementia phase
is divided into distinct periods of decline, a first long period of slow
cognitive decline and a shorter second period of faster decline,
probably reflecting distinct pathogenetic steps. Such a hypothesis is
consistent with the results of studies showing that the effects on
cognitive decline of exposure to treatments such as non-steroidal
anti-inflammatory drugs vary considerably according to the
preclinical phase of Alzheimer’s disease during which they are
administered [52]. Therefore, regarding EGb761® exposure,
expecting a protective effect on the rate of dementia incidence
in a delay of 3 to 6 years before dementia diagnosis would imply a
direct effect of EGb761® on the neurodegenerative process itself
during the more aggressive period of the pre-clinical phase, which
is probably an over-optimistic hypothesis for the mechanism of
action of this drug. In addition, a previous analysis of the
PAQUID study has shown that EGb761® may increase the
probability of survival in the elderly population [53]. Since age is
the strongest risk factor for developing dementia demonstrated to
date, the increased risk of developing dementia due to longer
survival could also offset any possible beneficial effects of

Table 2. Means and standard deviations for the three cognitive scores at each follow-up visit for the three treatment groups.
Mean (SD)
Test Group TO T T3 T5 T8 T10 T13 T15 T17 T20
Mini Mental State Neither 257 (3.5) 267 (3.1) 262 (3.8) 26.1 (43) 257 (50) 246 (63) 244(63) 24.1(65 240 (60) 24.0(57)
Evaluation
Piracetam 25.7 (3.9) 25.6 (4.6) 249 (52) 244 (63) 226 (84) 21.1(9.2) 220(77) 22.1(76) 233(57) 23.8(6.5)
EGb761® 263 (2.9) 27.1 24) 267 (3.5 265(3.9) 26.1(47) 254(52) 243(57) 243(64) 235(58) 237 (54)
Isaacs set test (30 sec)  Neither ~ 34.4 (54) 352 (5.0) 349 (5.7) 392 (10.4) 383(11.2) 37.0(11.2) 377 (11.2) 37.4(11.0) 362 (11.1) 346 (12.0)
Piracetam 34.6 (5.6) 35.1(5.5) 333 (6.6) 357 (11.3) 347 (11.2) 349 (11.3) 33.8(13.1) 344 (100) 33.0(11.2) 34.8(12.2)
EGb761® 353 (4.8) 357 (47) 357 (49) 392(93) 37.8(94) 372(92) 362(94) 359(103) 335 (10.7) 31.4 (10.4)
Benton Visual Retention Neither 10.1 (2.6) 109 (2.6) 10.8 (2.5) 10.9 (2.6) 10.5 (2.7) 10.6 (2.7) 10.6 (2.6) 10.7 (2.5) 10.4 (2.5) 106 (2.7)
Test
Piracetam 107 24) 107 2.8) 104 (2.8) 108 (25 103 (32) 103 (27) 95 3.1) 107 24) 9.0 (3.4) 8.7 (3.3)
EGb761® 103 (2.6) 109 (2.6) 11.0(26) 11.1(24) 10922 10627 105(25 105(24) 102 (24) 102 (24
doi:10.1371/journal.pone.0052755.t002

EGb761® on cognitive function. Finally, one other reason could
be that EGb761® has a symptomatic effect on cognition rather
than a direct disease-modifying effect on the neurodegenerative
process itself. Supporting this hypothesis are the quite numerous
clinical data showing that Ginkgo biloba improves cognitive
functioning in patients with Alzheimer’s disease, with effect sizes
similar to that obtained with other anti-dementia drugs such as
acetylcholinesterase inhibitors [27].

An alternative explanation for the present findings showing
lesser long-term cognitive decline in subjects reporting using
EGb761® than in those reporting use of piracetam or neither drug
could be related to differences in psychotropic use observed
between the study groups. Indeed, our results showed that use of
EGb761® was associated with significantly lower consumption of
psychotropic drugs including antidepressants, benzodiazepines
and antipsychotics. Given the well-characterised adverse effects of
chronic psychotropic drug use on cognitive function [54-55], it
was possible that the beneficial effect observed of EGb761® on
cognitive decline was indirectly due to less psychotropic drugs
consumption. However, when psychotropic drug use was taken
into account as a possible confounding factor in the statistical
model, the differences in the rate of cognitive decline between

Table 3. Comparison of change in cognitive outcomes over twenty years in the PAQUID cohort in subjects receiving EGb761®
(n=589) or piracetam (n=149) compared to the ‘neither treatment’ group (n=2874) (mixed linear effects model).

Unadjusted for psychotropic drug use

Adjusted for psychotropic drug use

Cognitive score Variables ¥ SE P B’ SE P

Mini Mental State Evaluation Time —0.315 0.013 <.0001 —0.302 0.013 <.0001
Piracetam —0.584 0.211 0.0057 —0.592 0.202 0.0034
EGb761® 0.482 0.089 <.0001 0.461 0.085 <.0001

Isaacs Sets Test (30 sec) Time —0.290 0.020 <.0001 —0.258 0.019 <.0001
Piracetam —1.395 0.523 0.0077 —1.468 0.516 0.0045
EGb761® 0.213 0.231 0.3561 0.271 0.227 0.2328

Benton Visual Retention Test Time —0.081 0.005 <.0001 —0.078 0.004 <.0001
Piracetam —0.438 0.194 0.0242 —0.470 0.184 0.0106
EGb761® —0.030 0.085 0.7223 —0.014 0.082 0.8631

doi:10.1371/journal.pone.0052755.t003
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Covariates: age, gender, educational level, MMSE score at inclusion, depressive symptomatology and memory complaints.
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Figure 2. Estimated change in MMSE score over the twenty-year follow-up period in the three treatment groups. Legend: —— Neither
treatment (n=2874 at inclusion). - - - - EGb761® (n=589 at inclusion). —-—-~ Piracetam (n =149 at inclusion).

doi:10.1371/journal.pone.0052755.9g002

groups persisted, suggesting that the slower decline of MMSE
scores in the EGb761® group cannot be explained by differences
in psychotropic drug consumption.

Regarding, the finding of stronger decline in the group using
piracetam, due to the small number of participants in this group, it
is difficult to draw conclusions. The study of the relationship
between cognitive decline and piracetam consumption was not the
principal objective of our study, and was included in this study to
have a point of comparison with a group of participants using a
nootropic drug prescribed for the same condition as EGb761®.
However, this result is somewhat intriguing and it would be
important to replicate this result in another prospective study to
draw reliable conclusions.

In conclusion, even though some points remain unclear, in
particular the reason for the stronger decline observed in the
piracetam group, or the question of a possible dose-effect of
EGb761® that could not be presently tested, this study reports a
beneficial effect of EGb761® on long-term cognitive decline as
assessed by the MMSE in non-demented elderly people. This
effect may be a specific medication effect of EGb761%®, since it
was not observed for another nootropic medication, piracetam,
which was associated with more rapid decline in cognitive
function, and cannot be accounted for by differences in
psychotropic drug use.

Table 4. Comparison of change in cognitive outcomes over twenty years in the PAQUID cohort between the EGb761® (n=589)
and piracetam treatment (n=149) groups (mixed linear effects model).

Unadjusted for psychotropic drug use

Adjusted for psychotropic drug use

Cognitive score Variables ¥ SE p ¥ SE p

Mini Mental State Evaluation Time —0.315 0.014 <.0001 —0.302 0.013 <.0001
Piracetam vs EGb761® —1.066  0.228 <.0001 —0.868  0.211 <.0001

Isaacs Sets Test (30 sec) Time —0.290 0.020 <.0001 —0.258 0.019 <.0001
Piracetam vs EGb761® —1.608  0.569 0.0047 —1925 0.556 0.0005

Benton Visual Retention Test Time —0.081 0.005 <.0001 —0.078 0.004 <.0001
Piracetam vs EGb761® —0407  0.211 0.0536 —0.573  0.202 0.0045

doi:10.1371/journal.pone.0052755.t004

PLOS ONE | www.plosone.org

Covariates: age, gender, educational level, MMSE score at inclusion, depressive symptomatology and memory complaints.

January 2013 | Volume 8 | Issue 1 | 52755



Author Contributions

Reviewed the manuscript: CH PBG. Conceived and designed the
experiments: HA JFD. Analyzed the data: CM. Wrote the paper: HA.

References

1. Cramer C, Haan MN, Galea S, Langa KM, Kalbfleisch JD (2008) Use of statins
and incidence of dementia and cognitive impairment without dementia in a
cohort study. Neurology 71: 344-350.

2. Rockwood K, Kirkland S, Hogan DB, MacKnight C, Merry H, et al. (2002) Use
of lipid-lowering agents, indication bias, and the risk of dementia in community-
dwelling elderly people. Arch Neurol 59: 223-227.

3. Trompet S, van Vliet P, de Craen AJ, Jolles J, Buckley BM, et al. (2010)
Pravastatin and cognitive function in the elderly. Results of the PROSPER
study. J Neurol 257: 85-90.

4. van Vliet P, van de Water W, de Craen AJ, Westendorp RG (2009) The
influence of age on the association between cholesterol and cognitive function.
Exp Gerontol 44: 112-122.

5. Wolozin B, Wang SW, Li NC, Lee A, Lee TA, et al. (2007) Simvastatin is
associated with a reduced incidence of dementia and Parkinson’s disease. BMC
Med 5: 20.

6. Zandi PP, Sparks DL, Khachaturian AS, Tschanz J, Norton M, et al. (2005) Do
statins reduce risk of incident dementia and Alzheimer disease? The Cache
County Study. Arch Gen Psychiatry 62: 217-224.

7. Querfurth HW, LaFerla FM (2010) Alzheimer’s disease. N Engl J] Med 362:
329-344.

8. Grodstein F, Kang JH, Glynn RJ, Cook NR, Gaziano JM (2007) A randomized
trial of beta carotene supplementation and cognitive function in men: the
Physicians” Health Study II. Arch Intern Med 167: 2184-2190.

9. Kang JH, Cook N, Manson J, Buring JE, Grodstein I (2006) A randomized trial
of vitamin E supplementation and cognitive function in women. Arch Intern
Med 166: 2462-2468.

10. Kesse-Guyot E, Fezeu L, Jeandel C, Ferry M, Andreeva V, et al. (2011) French
adults’ cognitive performance after daily supplementation with antioxidant
vitamins and minerals at nutritional doses: a post hoc analysis of the
Supplementation in Vitamins and Mineral Antioxidants (SU.VIL.MAX) trial.
Am ] Clin Nutr 94: 892-899.

11. Sano M, Ernesto C, Thomas RG, Klauber MR, Schafer K, et al. (1997) A
controlled trial of sclegiline, alpha-tocopherol, or both as treatment for
Alzheimer’s disease. The Alzheimer’s Disease Cooperative Study. N Engl ] Med
336: 1216-1222.

12. Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C (2007) Mortality
in randomized trials of antioxidant supplements for primary and secondary
prevention: systematic review and meta-analysis. Jama 297: 842-857.

13. Galasko DR, Peskind E, Clark CM, Quinn JF, Ringman JM, et al. (2012)
Antioxidants for Alzheimer Disease: A Randomized Clinical Trial With
Cerebrospinal Fluid Biomarker Measures. Arch Neurol.

14. Petersen RC, Thomas RG, Grundman M, Bennett D, Doody R, et al. (2005)
Vitamin E and donepezil for the treatment of mild cognitive impairment.
N Engl ] Med 352: 2379-2388.

15. Yaffe K, Clemons TE, McBee WL, Lindblad AS (2004) Impact of antioxidants,
zinc, and copper on cognition in the elderly: a randomized, controlled trial.
Neurology 63: 1705-1707.

16. Jia X, McNeill G, Avenell A (2008) Does taking vitamin, mineral and fatty acid
supplements prevent cognitive decline? A systematic review of randomized
controlled trials. ] Hum Nutr Diet 21: 317-336.

17. Rosler M, Retz W, Thome J, Riederer P (1998) Free radicals in Alzheimer’s
dementia: currently available therapeutic strategies. J Neural Transm Suppl 54:
211-219.

18. Wu Y, Wu Z, Butko P, Christen Y, Lambert MP, et al. (2006) Amyloid-f-
induced pathological behaviors are suppressed by Ginkgo biloba extract EGb 761%®
and ginkgolides in transgenic Caenorhabditis elegans. Journal of Neuroscience 26:
13102-13113.

19. Luo Y, Smith JV, Paramasivam V, Burdick A, Curry KJ, et al. (2002) Inhibition
of amyloid-beta aggregation and caspase-3 activation by the Ginkgo biloba
extract EGb761. Proc Natl Acad Sci U S A 99(19):12197-12202.

20. Abdel-Kader R, Hauptmann S, Keil U, Scherping I, Leuner K, et al. (2007)
Stabilization of mitochondrial function by Ginkgo biloba extract (EGb 761®).
Pharmacological Research 56: 493-502.

21. Tchantchou F, Xu Y, Wu Y, Christen Y, Luo Y (2007) EGb 761® enhances
adult hippocampal neurogenesis and phosphorylation of CREB in transgenic
mouse model of Alzheimer’s disease. FASEB Journal 21: 2400-2408.

22. Koltringer P, Langsteger W, Ober O (1995) Dose-dependent hemorheological
effects and microcirculatory modifications following intravenous administration
of Ginkgo biloba special extract EGb 761. Clinical Hemorheology 15: 649-656.

23. Williams B, Watanabe CM, Schultz PG, Rimbach G, Krucker T (2004) Age-
related effects of Ginkgo biloba extract on synaptic plasticity and excitability.
Neurobiol Aging 25(7):955-962.

24. Kehr J, Yoshitake S, Ijiri S, Koch E, Néldner M, et al (2012) Ginkgo biloba leaf
extract (EGb 761®) and its specific acylated flavonol constituents increase
dopamine and acetylcholine levels in the rat medial prefrontal cortex: possible

PLOS ONE | www.plosone.org

26.

27.

28.

29.

30.

31

32.

33.

34.

36.

37.

39.

40.

41.

42.

43.

44.

46.

47.

48.

Ginkgo Biloba and Long-Term Cognitive Decline

implications for the cognitive enhancing properties of EGb 761%. Int
Psychogeriatr 24 Suppl 1:525-34.

. Yoshitake T, Yoshitake S, Kehr J (2010) The Ginkgo biloba extract EGb 761® and

its main constituent flavonoids and ginkgolides increase extracellular dopamine
levels in the rat prefrontal cortex. British Journal of Pharmacology 159: 659
668.

Janssen IM, Sturtz S, Skipka G, Zentner A, Velasco Garrido M, et al. (2011)
Ginkgo biloba in Alzheimer’s disease: a systematic review. Wien Med
Wochenschr 160: 539-546.

Weinmann S, Roll S, Schwarzbach C, Vauth C, Willich SN (2010) Effects of
Ginkgo biloba in dementia: systematic review and meta-analysis. BMC Geriatr
10: 14.

Herrschaft H, Nacu A, Likhachev S, Sholomov I, Hoerr R, et al. (2012) Ginkgo
biloba extract EGb 761((R)) in dementia with neuropsychiatric features: A
randomised, placebo-controlled trial to confirm the efficacy and safety of a daily
dose of 240 mg. J Psychiatr Res 46: 716-723.

Ihl R, Tribanck M, Bachinskaya N (2010) Bascline neuropsychiatric symptoms
are effect modifiers in Ginkgo biloba extract (EGb 761(R)) treatment of dementia
with neuropsychiatric features. Retrospective data analyses of a randomized
controlled trial. ] Neurol Sci 299: 184-187.

Schneider LS, DeKosky ST, Farlow MR, Tariot PN, Hoerr R, et al. (2005) A
randomized, double-blind, placebo-controlled trial of two doses of Ginkgo biloba
extract in dementia of the Alzheimer’s type. Curr Alzheimer Res 2: 541-551.
Andrieu S, Gillette S, Amouyal K, Nourhashemi F, Reynish E, et al. (2003)
Association of Alzheimer’s disease onset with ginkgo biloba and other
symptomatic cognitive treatments in a population of women aged 75 years
and older from the EPIDOS study. J Gerontol A Biol Sci Med Sci 58: 372-377.
DeKosky ST, Williamson JD, Fitzpatrick AL, Kronmal RA, Ives DG, et al.
(2008) Ginkgo biloba for prevention of dementia: a randomized controlled trial.
JAMA 19;300(19):2253-62.

Vellas B, Coley N, Ousset PJ, Berrut G, Dartigues JF, et al. (2012). Long-term
use of standardised ginkgo biloba extract for the prevention of Alzheimer’s
disease (GuidAge): a randomised placebo-controlled trial. Lancet Neurol 11(10):
851-859.

Dodge HH, Zitzelberger T, Oken BS, Howieson D, Kaye J (2008) A
randomized placebo-controlled trial of Ginkgo biloba for the prevention of
cognitive decline. Neurology 70: 1809-1817.

. Dartigues JF, Gagnon M, Barberger-Gateau P, Letenneur L, Commenges D, et

al. (1992) The Paquid epidemiological program on brain ageing. Neuroepide-
miology 11 Suppl 1: 14-18.

Folstein MF, Folstein SE, McHugh PR (1975) “Mini-mental state”. A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res 12: 189-198.

Benton A (1965) Manuel pour I'application du test de rétention visuelle.
Applications cliniques et expérimentales. 2¢me édition francaise. Paris: Centre
de Psychologie Appliquée.

. Isaacs B, Kennie AT (1973) The Set test as an aid to the detection of dementia in

old people. Br J Psychiatry 123: 467-470.

American Psychiatric Association (1987) Diagnostic and statistical manual of
mental disorders (3rd ed., revised). Washington DC: American Psychiatric
Association.

Hachinski VC, TIiff LD, Zilhka E, Du Boulay GH, McAllister VL, et al. (1975)
Cerebral blood flow in dementia. Arch Neurol 32: 632-637.

McKhann G, Drachman D, Folstein M, Katzman R, Price D, et al. (1984)
Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-ADRDA Work
Group under the auspices of Department of Health and Human Services Task
Force on Alzheimer’s Disease. Neurology 34: 939-944.

Laird NM, Ware JH (1982) Random-effects models for longitudinal data.
Biometrics 38: 963-974.

Dartigues JF, Fabrigoule C, Letenneur L, Amieva H, Thiessard F, et al. (1997)
[Epidemiology of memory disorders]. Therapie 52: 503-506.

Radloff L. (1977) The CES-D scale: A self-report depression scale for research in
the general population. Appl Psychol Meas 1: 385-401.

Schneider LS (2012) Ginkgo and AD: key negatives and lessons from GuidAge.
Lancet Neurol 11(10): 836-7.

Meinert CL, Breitner JCS (2008) Chronic disease long-term drug prevention
trials: lessons from the Alzheimer’s Disease Anti-inflammatory Prevention Trial
(ADAPT). Alzheimers Dement 4 (suppl 1): S7-14.

Amieva H, Le Goft M, Millet X, Orgogozo JM, Peres K, et al. (2008) Prodromal
Alzheimer’s disease: successive emergence of the clinical symptoms. Ann Neurol
64: 492-498.

Backman L, Jones S, Berger AK, Laukka EJ, Small BJ (2005) Cognitive
impairment in preclinical Alzheimer’s disease: a meta-analysis. Neuropsychology
19: 520-531.

January 2013 | Volume 8 | Issue 1 | 52755



49.

50.

Chen P, Ratcliff G, Belle SH, Cauley JA, DeKosky ST, et al. (2001) Patterns of
cognitive decline in presymptomatic Alzheimer disease: a prospective commu-
nity study. Arch Gen Psychiatry 58: 853-858.

Howieson DB, Carlson NE, Moore MM, Wasserman D, Abendroth CD, et al.
(2008) Trajectory of mild cognitive impairment onset. J Int Neuropsychol Soc
14: 192-198.

Small BJ, Backman L (2007) Longitudinal trajectories of cognitive change in
preclinical Alzheimer’s disease: a growth mixture modeling analysis. Cortex 43:
826-834.

. Leoutsakos JM, Muthen BO, Breitner JC, Lyketsos CG (2012) Effects of non-

steroidal anti-inflammatory drug treatments on cognitive decline vary by phase
of pre-clinical Alzheimer disease: findings from the randomized controlled

PLOS ONE | www.plosone.org

53.

54.

Ginkgo Biloba and Long-Term Cognitive Decline

Alzheimer’s Disease Anti-inflammatory Prevention Trial. Int J Geriatr Psychi-
atry 27: 364-374.

Dartigues JF, Carcaillon L, Helmer C, Lechevallier N, Lafuma A, et al. (2007)
Vasodilators and nootropics as predictors of dementia and mortality in the
PAQUID cohort. ] Am Geriatr Soc 55: 395-399.

Bierman EJ, Comijs HC, Gundy CM, Sonnenberg C, Jonker C, et al. (2007)
The effect of chronic benzodiazepine use on cognitive functioning in older
persons: good, bad or indifferent? Int J Geriatr Psychiatry 22: 1194-1200.

. Paterniti S, Dufouil C, Alperovitch A (2002) Long-term benzodiazepine use and

cognitive decline in the elderly: the Epidemiology of Vascular Aging Study. J Clin
Psychopharmacol 22: 285-293.

January 2013 | Volume 8 | Issue 1 | 52755



