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j Abstract Background Individual randomized
clinical trials (RCTs) with cholinesterase inhibitors
(ChEIs) aiming to delay the progression from mild
cognitive impairment (MCI) to Alzheimer’s disease
(AD) have not found significant benefit of their use for
this purpose. The objective of this study is to meta-
analyze the RCTs conducted with ChEIs in order to
assess whether pooled analysis could show the benefit
of these drugs in delaying the progression from MCI
to AD. Methods We searched for references of pub-
lished and unpublished studies on electronic databases
(Medline, Embase, Web of Science, and Clinical
Trial Database Registry, particularly the Clinicaltri-
als.gov—http://www.clinicaltrials.gov). We retrieved
173 references, which yielded three references for data
extraction. A total of 3.574 subjects from four RCTs
were included in the meta-analysis. Among 1,784 sub-
jects allocated in the ChEI-treatment group, 275
(15.4%) progressed to AD/dementia, as opposed to 366
(20.4%) out of 1,790 subjects in the placebo group. The
relative risk (RR) for progression to AD/dementia in
the ChEI-treated group was 0.75 [CI95% 0.66–0.87],
z = )3.89, P < 0.001. The patients on the ChEI group
had a significantly higher all-cause dropout risk than
the patients on the placebo group (RR = 1.36 CI95%

[1.24–1.49]; z = 6.59, P < 0.001). The RR for serious
adverse events (SAE) in the ChEI-treated group showed
no significantly statistical difference from the placebo
group (RR = 0.95 [CI95% 0.83–1.09], z = )0.72,
P = 0.47). The subjects in the ChEI-treated group had a

marginally, non-significant, higher risk of death due
to any cause than those in the placebo-treated group
(RR = 1.04, CI95% 0.63–1.70, z = 0.16, P = 0.86).
Conclusion The long-term use of ChEIs in subjects
with MCI may attenuate the risk of progression to AD/
dementia. This finding may have a significant impact
on public health and pharmaco-economic policies.

j Key words mild cognitive impairment Æ treat-
ment Æ disease-modifying therapies Æ Alzheimer’s
disease Æ progression

Introduction

Cholinesterase inhibitors (ChEIs) were firstly intro-
duced for symptomatic treatment of clinical Alzhei-
mer’s disease (AD) in the early 1990s, with the
introduction of the tacrine, donepezil, rivastigmine,
and galantamine. These drugs significantly improved
cognitive performance and global status of AD pa-
tients at early and moderate stages of the disease as
compared to placebo in randomized clinical trials
(RCTs) [37, 38, 46]. Nonetheless, the improvement in
cognition observed in the patients treated with these
drugs waned after continued administration of these
drugs and the cognitive performance of the patients
continued to decline despite drug continuation.
Therefore, these drugs were regarded as useful for
cognitive symptomatic treatment only, with no or
non-significant effects on halting the progression of
cognitive deficits in these patients [23]. In addition,
they did not show superior therapeutic efficacy in
comparison to each other, nor had significant differ-
ences in relation to their profile of adverse events. For
these reasons, they were regarded as having drug-
class effect, thus, being used interchangeably [25, 47].

In spite of the evidence drawn from the double-
blind phase of the RCTs, open-label, continuationE
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phase of the studies with long-term administration of
ChEIs for up to 5 years have shown a slower cognitive
decline loop and better global clinical status in the AD
patients taking ChEIs in comparison to AD patients
who were not on ChEIs or the expected cognitive
decline for the subjects who never used ChEIs [11, 34,
42]. Also, long-term use of ChEIs was associated with
neurobiological changes in cascades associated with
the physiopathology of Alzheimer’s disease [18, 24].
Such evidences suggested that these drugs would have
disease-modifying properties for long-term use in AD
patients, thus, delaying the progression of the disease
to more advanced stages [39].

In view of potential disease-modifying properties
of ChEIs in AD, clinical trials were carried out with
subjects with mild cognitive impairment (MCI), cur-
rently regarded as a pre-dementia stage, to assess
whether these drugs could delay or reduce the rate of
progression from MCI to AD [14, 33, 49]. If this were
true, it would be an unequivocal evidence of their
disease-modifying properties. Nevertheless, these
studies did not show significant benefits of these
drugs in delaying the progression from MCI to AD in
the proposed study end-points, nor they demon-
strated persistent improvement on cognitive perfor-
mance of MCI ChEI-treated group. Some explanations
to these negative results might be the lack of stan-
dardized diagnostic criteria for MCI, different clinical
and cognitive assessment protocols for each trial, and,
consequently, the recruitment of heterogeneous study
population, and also a lower than recommended
study drug dose in the case of the InDDEx study [31].
In addition, the disease-modifying properties of
ChEIs may be small; thus, the sample size of indi-
vidual RCTs might have been underpowered to un-
ravel the efficacy of ChEIs in delaying the progression
of pre-dementia stages to AD/dementia.

In view of these controversies, the objective of the
present study is to meta-analyze the RCTs, placebo-
controlled studies, carried out to assess the effects of
ChEIs in delaying the progression to AD. We hypoth-
esize that pooled analysis of the published RCTs,
including unpublished studies, would increase the
sample size of MCI subjects and may reveal a beneficial
effect of these drugs to delay the progression to AD.

Methods

j Search strategy

Published and unpublished references were electronically searched
through the databases Medline, Embase and Web of Science, and
Clinical Trial Database Registry, particularly the Clinicaltrials.gov
(http://www.clinicaltrials.gov). The search terms used were: ‘mild
cognitive impairment’, ‘donepezil’, ‘rivastigmine’, ‘galantamine’, its
synonyms and acronyms. The search was done from January 1990
to May 2008, and we did not restrict for language. We did not
included the term ‘tacrine’ as it is not routinely used in clinical
practice due to its hepatotoxicity.

j Inclusion criteria

Published and unpublished studies were included if they were
double-blind, placebo controlled, RCTs of ChEIs (donepezil, riv-
astigmine, galantamine), whose primary outcome was to show the
delay of progression from pre-dementia stages, either defined by
the Petersen’s MCI criteria [32] or a Clinical Dementia Rating
(CDR) of 0.5, to AD or CDR of 1.0.

j Exclusion criteria

The studies were excluded if the design was not RCT; the study did
not present original data or report secondary analyses of RCTs; the
drug was not an ChEI; the criteria for subject selection of the
diagnostic criteria of MCI was not clearly stated or was not com-
patible with Petersen’s criteria [32]; or the criteria for progression
to AD or dementia was not clearly stated. Ongoing studies retrieved
from Clinical Trials Database Registry were not considered for
revision.

j Data extraction

We screened the obtained titles, abstracts and protocols. Data were
extracted by a standardized methodology developed by the authors.
The extracted information included was study drug; mean drug
dose; number of subjects enrolled and randomized to study drug or
placebo; demographic data from study participants; duration of the
trial; progression to AD or to CDR 1.0. We further extracted data
for all-cause dropouts, serious adverse events (SAE), and death
reported in the double-blind phase of the RCTs. Data from selected
trials were retrieved by two investigators independently (MLCG
and FMG) and summarized by a third investigator (BSD). If any
discrepancy emerged during the data extraction, they were resolved
by consensus among all investigators. To assess the quality of the
study design/reporting of each selected trial, we used the Jadad
scale [20].

j Statistical analysis

Meta-analyses were performed using the software R: A Language
and Environment for Statistical Computing version 2.4.1 (R
Foundation for Statistical Computing, Vienna, Austria) and the
software MIX-for-meta-Analysis (Kitasato Clinical Research Cen-
ter, Evidence Synthesis Division—MIX, Kanagawa, Japan). Due to
evidence of class effect for the therapeutic benefit of ChEIs in the
treatment of AD, we considered the selected studies altogether,
regardless of study drug. We calculated the relative risk, with the
Mantel-Haenszel weighting method, of conversion from MCI to AD
in the patients who were treated with ChEIs as compared to pla-
cebo. We further calculated the relative risk of all-cause dropouts,
SAE and death in the patients who were treated with ChEIs as
compared to placebo. Due to the small number of studies selected
for meta-analysis we used both fixed-effect and random-effect
models in the meta-analysis (Table 4). Q-test was performed to test
for the heterogeneity of the data between the studies. Statistical
significance level was set at a = 0.05 for all statistical analyses.

Results

j Study selection

One hundred and fifty-six references from electronic
databases and 17 references from clinical trials reg-
istry database were retrieved, yielding a total of 173
references. From this amount, three references were
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selected for data-extraction (three published and no
unpublished trials). The flow diagram 1 shows the
steps for the study selection in detail. We retrieved
data only from the donepezil and placebo arm from
the donepezil trial [33]; data from the vitamin E arm
were not considered as this arm was regarded as
treatment arm. In addition, this study did not clearly
state the number or rate of adverse events, and was
thus excluded from the sub-analysis of SAEs. Data
from the Gal-Int 11/18 Study were retrieved either
separate (study 1 and study 2) or in conjunction
according to how it was presented in the published
report [49]. Tables 1 and 2 show individual infor-
mation for each study. Table 3 displays the charac-
teristics of the studies excluded in the last step of the
selection (Fig. 1).

j Meta-analysis

A total of 3,574 subjects of the three RCTs were in-
cluded in the meta-analysis (1,784 in the ChEI-treated
group; 1,790 in the placebo group). Two-hundred and
seventy-five subjects (15.4%) progressed to AD/
dementia in the ChEI-treated group, and 366 subjects
(20.4%) progressed to AD/dementia in the placebo
group. The all-cause drop-outs rates were 39.8% (711/
1,784) in the ChEI-treated group and 29.2% (524/
1,790) in the placebo group. The rates of SAE in the
ChEI-treated group was 23% (333/1,445) and 23.7%
(349/1472) in the placebo group; death rates in the
ChEIs-treated group was 1.7% (31/1784) and 1.6%
(30/1790) in placebo group. Table 4 shows the meta-
analytical (fixed-effect and random-effect models) for
conversion from MCI to AD, all-cause drop-outs,

serious adverse events and death (Table 4). Figures 2,
3, 4 and 5 show forest plots for the meta-analysis of
progression from MCI to AD/dementia, all-cause
dropouts, SAE, and death.

Discussion

In this meta-analysis, we showed that the long-term
use of ChEIs significantly reduced the risk of pro-
gression of MCI subjects to AD/dementia in 25% in
comparison to those subjects in the placebo group.
The patients on the ChEI group did not have in-
creased risk of serious adverse events; nonetheless,
the ChEI treated-group showed a small, non-signifi-
cant, increase in all-cause dropout rate and risk of
death in comparison to the placebo group, albeit the
latter event was reputed unrelated to study drugs.
These results were very consistent regardless of the
model (fixed effect or random effect) used in the
meta-analyses.

Taken together, these results suggest that the long-
term use of ChEI drugs may have a beneficial effect on
delaying the progression of pre-dementia stages to
AD. This is of utmost importance in light of the fast
growing of elderly population and, as a consequence,
the ‘‘epidemics’’ of AD that follows it, with expo-
nential increase in the prevalence of the AD in the
coming years [48]. Interventions that are able to delay
the onset of dementia would diminish the prevalence
of dementia in the coming years. Brookmeyer et al.
[7] have estimated that a delay in the onset of
dementia by 2 years would reduce the prevalence of
dementia by 23% at 2050. This would have an

Table 1 RCTs: general study information

Study Study drug Trial
duration
(years)

Criteria at entry N (ChEI group) Age at
baseline

N
(placebo group)

Age at
baseline

Jadad
scorea

Petersen, 2005 Donepezil 3 aMCI + LMDR )1.5 to )2.0 SD +
CDR 0.5 + MMSE 24–30

253 73.1 ± 7.1 259 72.9 ± 7.6 3

Feldman, 2007 Rivastigmine 3–4 CDR 0.5 + NYDPR < 9 505 70.3 ± 7.4 509 70.6 ± 7.6 3
Study (1) Galantamine 2 CDR 0.5 + NYDPR < 10 494 69.2 ± 9.07 496 70.1 ± 9.14 3
Study (2) Galantamine 2 CDR 0.5 + NYDPR < 10 532 70.6 ± 8.65 526 70.9 ± 8.72 3

Study (1) and (2): as data reported in the article by Winblad et al. [49]; aMCI amnestic mild cognitive impairment, CDR clinical dementia rating, LMDR logic memory
delayed recall, NYDPR New York University Delayed Paragraph Recall
aJadad score; 0–5

Table 2 RCTs: main outcome information

Study Study drug Dose (mg) Conversion criteria N
(ChEI group)

Progression
AD/dementia

N (placebo group) Progression
AD/dementia

Petersen, 2005 Donepezil 10 Neuropsychological 253 63 259 73
Feldman, 2007 Rivastigmine 5.67 ± 3.00 Neuropsychological 505 88 509 109
Study (1) Galantamine 16–24 CDR 494 49 496 82
Study (2) Galantamine 16–24 CDR 532 75 526 102

Study (1) and (2): as data reported in the article by Winblad et al. [49]; CDR clinical dementia rating
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important impact on public health system and on the
pharmaco-economics related to AD care.

There are several lines of evidence to support the
potential disease-modifying properties of ChEIs. Pre-
clinical studies have shown that the activation of
muscarinic receptor may regulate amyloid precursor
protein (APP) metabolism. In vitro studies have
shown that the stimulation of M1 and M3 receptors
stimulates the processing of APP through the a-
secretase pathway [8, 29]. This would lead to in-
creased release of sAPP and reduced production of
amyloid-b protein [50], what, in turn, would reduce
the deleterious effects of b-amyloid production and
aggregation in the brain. In addition, the activation of
these muscarinic receptors also inhibits GSK-3b
activation and tau phosphorylation, other important
features of the physiopathology of AD [13, 16, 19].

Other lines of evidence arise from trials with MCI
patients. Despite the negative findings of RCTs with
MCI patients on the proposed trials end-points, some
sub-analysis of these trials may further corroborate
the potential disease-modifying properties of these
drugs. Petersen et al. [33] have reported a lower rate
of progression to AD in the first 24 months of do-
nepezil treatment as compared to placebo; in the
APOE e4 carriers group, a widely recognized genetic
risk factor for late-onset AD and a potential thera-
peutic target for AD [26], MCI subjects treated with
donepezil showed lower risk to progress to AD than
those who were on the placebo arm, and this effect
remained significant on the 12th, 24th, and 36th
month of follow-up. Nevertheless, Feldman et al. [14]
have not confirmed the positive effect of ChEIs in
APOE e4 carriers. On the other hand, they have shown
that whole brain volume decline and ventricular
expansion were reduced in women taking rivastig-
mine as compared to placebo, even though these ef-
fects were not associated with lower conversion to
AD. The current data suggest that MCI subjects on
long-term ChEIs use may decline at a lower pace,
delaying the conversion to AD. Such outcome may be
secondary to cognitive enhancement per se, which is
compatible with a symptomatic effect of ChEI on
cognition. On the other hand, one cannot rule out the
possibility that the long-term use of ChEIs may also
facilitate neurobiological changes, as highlighted
above, which may actually hinder the progression of
AD-related pathology, suggesting a potential disease-
modifying property.

Though not the main subject of the present study,
it is worth mentioning that the long-term use of ChEIs
in MCI was associated with better cognitive perfor-
mance, as measured by the ADAS-Cog (modified
version), and the MMSE in the Vitamin E and Do-
nepezil Trial [33], and by the Digit Symbol Substitu-
tion Test in the Gal-Int 11/18 Trial [49] and better
global functioning, as measured by the CDR sum of
boxes [33, 49]. These benefits were mostly observed
within the first 24 months of treatment in these trials,Ta
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being more pronounced in the first year of ChEI
treatment. This pattern is somewhat similar to those
observed in the open-label continuation phase of the
ChEI trials with AD patients [42].

Why do individual RCTs failed? Firstly, the MCI
concept and diagnostic criteria is under continuous
reformulation and there are no standardized assess-
ment procedures for the identification of MCI cases in
either clinical and research settings [4]. The concept
of MCI relies on a continuum of cognitive perfor-
mance, ranging from very mild deficits to more severe
impairment, but the diagnosis of dementia remains

unwarranted. Considering this, the time needed to
observe conversion to AD may be greatly variable,
what, in turn, may also influence the outcome of RCTs
designed to address disease-modifying properties of
drugs for AD [30]. Furthermore, the baseline diag-
nosis of MCI may not be specific to predict dementia
progression, as these patients may return to normal
cognitive function in the follow-up, may remain stable
and decline very slowly over long follow-up periods
[6, 36]. Indeed, Visser et al. [44] have shown that the
criteria for MCI used in different clinical trials had
low to moderate diagnostic accuracy, sensitivity and

Studies retrieved: 173 

Published: 156 

Unpublished: 17 

Potentially relevant studies: 106 

Published: 92 

Unpublished: 13 

Studies excluded: review articles, ongoing
studies  

Published: 63 

Unpublished: 4 

RCTs included: 3 

Published: 3 

Unpublished: 0 

Studies excluded: not RCT, not included
MCI subjects, pre-clinical studies, other
article classification  

Published: 88 

Unpublished: 8 

Potentially relevant RCTs: 10 

Published: 6 

Unpublished: 4 

Studies excluded: do not all fulfill meta-
analysis inclusion criteria 

Published: 3 

Unpublished: 4 

Fig. 1 Flow diagram of the study
selection process

Table 4 Results of meta-analysis for
risk of progression from MCI to AD,
all-cause drop-outs, serious adverse
events and death (results shown
by fixed effect model and random
effect model by each analysis)

Heterogeneity Fixed effect model Random effect model

Conversion
MCI—AD

Q = 3.40, df = 3,
P = 0.33

RR = 0.75, CI95% [0.65–0.87];
z = )3.89, P < 0.0001

RR = 0.76, CI95% [0.65–0.88];
z = )3.57, P = 0.0004

All-cause
drop-outs

Q = 3.79, df = 3,
P = 0.284

RR = 1.36, CI95% [1.24–1.49];
z = 6.58, P < 0.001

RR = 1.36, CI95% [1.22–1.51];
z = 5.77, P < 0.001

Serious adverse
events

Q = 0.29, df = 1,
P = 0.58

RR = 0.95, CI95% [0.83–1.09];
z = )0.68, P = 0.49

RR = 0.95, CI95% [0.83–1.08];
z = )0.72, P = 0.47

Death Q = 4.82, df = 3,
P = 0.18

RR = 1.04, CI95% [0.64–1.70];
z = 0.16, P = 0.86

RR = 1.27, CI95% [0.55–2.95];
z = 0.57, P = 0.56
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specificity to predict the conversion to AD in different
clinical trials aiming to assess disease-modifying
properties of drugs. Taken together, these factors may
have led to inclusion of many patients who do not
have pre-dementia AD and the exclusion of many who
had this condition in these RCTs, what certainly
biased the outcome of these trials, i.e. the prevention
of AD conversion [15]. Besides, these studies did not
incorporate biomarkers of the disease process in the
selection criteria of MCI patients to include patients at

highest risk of progression to AD, despite strong
evidence that CSF amyloid-b42, total and phosphory-
lated tau protein [10, 17] and hippocampal atrophy
[22, 45] are independent strong predictors of con-
version to AD in MCI patients. The disease-modifying
properties of ChEIs may be of small effect size;
therefore, the study sample must be large enough with
a long follow-up period to detect such benefit of
treatment. These factors altogether may have yielded
a heterogeneous sample of MCI subjects, what, in

* Data extracted from Winblad et al., 2008 [49] 

Weight
(%)

Association measure
with 95% CIChEI groupStudy Placebo group

Petersen, 2005 63/253 73/259 19.80% 0.88 (0.66 - 1.18)

Feldman, 2007 88/505 109/509 29.70% 0.81 (0.63 – 1.04)

Study (1)* 49/494 82/496 22.40% 0.60 (0.43 – 0.83)

Study (2)* 75/532 102/526 28.10% 0.72 (0.55 – 0.95)

275/1784 366/1790 100% 0.75 (0.65 - 0.87)
0.1 1 10

Forest plot - RR 

Fig. 2 Forest plot of the meta-analysis of the risk of progression from MCI to AD

* Data extracted from Winblad et al., 2008 [49] 

Weight
(%)

Association measure
with 95% CIStudy Placebo groupChEI group

Petersen, 2005 92/253 66/259 13.80%

Feldman, 2007 29.10%

Study (1)* 211/494 29.60%

141/526215/532Study (2)* 27.40%

1.36 (1.22-1.51)100%524/1790711/1784
101

Forest plot - RR

163/509193/505

154/496

1.51 (1.26 – 1.79)

1.37 (1.16 – 1.62)

1.19 (1.01 – 1.41)

1.43 (1.09 – 1.86)

Fig. 3 Forest plot of the meta-analysis of the all-cause dropouts

* Data extracted from Winblad et al., 2008 [49]

Weight
(%)

Association measure
with 95% CIChEI groupStudy Placebo group

Feldman, 2007 141/505 155/509 44.30% 0.92 (0.75 – 1.11)

Study (1 and 2)* 192/1026 194/1022 55.70% 0.98 (0.82 – 1.18)

333/1531 349/1531 100% 0.95 (0.83 - 1.09)
0.1 110

Forest plot - RR 

Fig. 4 Forest plot of the meta-analysis for serious adverse events
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turn, may have had jeopardized the outcomes of these
clinical trials. Of note, these issues are also relevant to
other psychiatric disorders, e.g. unipolar depressive
disorder, in which pharmacotherapy efficacy is highly
dependent on the diagnostic criteria employed in
RCTs, severity of depression on baseline, and
assessment scales of treatment efficacy [28].

Recently, Dubois et al. [12] have proposed a revi-
sion of the research diagnostic criteria for AD. It in-
cludes, besides evidence of impairment in memory
(and optionally in other cognitive domains), the
addition of biomarkers of the disease (CSF, RMN
hippocampal atrophy, PET scans, genetic markers in
specific cases, e.g.: familial AD) in the AD diagnostic
workout. Despite it yet lacks appropriate validation
for its widespread use; it may be more specific to
identify subjects at the highest risk of AD progression
or, in other words, identify subjects at pre-clinical
stages of the disease, when the introduction of dis-
ease-modifying interventions would be more effective.
These criteria or their proposed diagnostic workout
for AD would be included in the future clinical trial
aiming to address the disease-modifying properties of
an intervention in the future [9]. Moreover, the
inclusion of other study end-points apart from the
conversion to AD/dementia, e.g. slower cognitive de-
cline, stability of cognitive deficits or modification on
biological parameters, would prove beneficial in
establishing disease-modifying properties of an
intervention [27, 35, 43].

Several concerns arise in the interpretation of our
results. Notwithstanding the fact that ChEI drugs are
regarded as having a drug-class effect, each study
used a different medication from this class. In view of
minor differences in the pharmacological action of
these drugs, these differences may have influenced the
risk of conversion from MCI to AD/dementia on
individual RCTs, what, in turn, may have influenced
the results of the pooled analysis of our work. Meth-
odological differences in the case definition at study
entry (neuropsychological definition vs. CDR classi-

fication), cognitive assessment protocols, and the
definition of case-conversion to AD/dementia (neu-
ropsychological definition vs. CDR classification)
were not considered in the data extraction process,
and, thus, may have biased the pooled analysis of the
conversion data.

In conclusion, we showed that the long-term use of
ChEIs reduce the risk of progression from MCI to AD.
This may have significant impact on public health and
pharmaco-economic issues. Nevertheless, further
RCTs with ChEIs with newer methodological ap-
proaches should be carried out prior to the wide-
spread use of ChEIs in patients with MCI to prevent
the progression to AD/dementia in clinical practice.

j Conflict of interest Dr. Gattaz has received research support
and speakership honoraria from AstraZeneca, Bristol Myers-
Squibb, Eli Lilly, and Janssen-Cilag.
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