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Alzheimer’s disease (AD) is an irreversible, progres-
sive disorder characterized by neuronal deterioration
that results in loss of cognitive functions, such as

memory, communication skills, judgement and reasoning.
AD is diagnosed on the basis of the development of multiple
cognitive deficits (impairments of both memory and cogni-

tion at a minimum) and significant impairment of social and
occupational functioning, with gradual onset, continuing
decline and lack of alternative explanations (e.g., delirium,
other central nervous system or psychiatric conditions, sys-
temic diseases).1 According to the Canadian Study of Health
and Aging, 1 in 20 Canadians over age 65 has AD.2 Thus, in
2001 an estimated 238 000 Canadians over 65 had AD,2 and
60 000 new cases were expected per year.3

The Canadian Consensus Conference on Dementia4–6

and others7 recommend cholinesterase inhibitors (ChEIs)
for standard symptomatic treatment of AD. Currently 3
“second-generation” ChEIs — donepezil, galantamine and
rivastigmine — are marketed in Canada for treating the
cognitive symptoms of mild to moderate AD. The “first-
generation” ChEIs (tacrine, velnacrine and physostigmine)
had a short duration of action and lacked specificity for
acetylcholinesterase.8

A number of randomized controlled trials have evalu-
ated the efficacy and tolerability of the second-generation
ChEIs,9–25 reporting that 18%20 to 48%14 of treated patients
improved in global measures. Aside from the wide range,
response was defined with a cognitive scale that is difficult
to translate into clinically meaningful information. The
benefit offered by ChEIs, though statistically significant,
were described as moderate at best.8,26–28

Meta-analysis is a statistical technique often used to quan-
titatively incorporate outcomes of different studies.29 Al-
though the data from trials of individual second-generation
ChEIs such as donepezil and galantamine30 have been com-
bined, there is no report in the literature of a meta-analysis
of data for all 3 medications. One analysis determined the
numbers needed to treat for donepezil and rivastigmine;31

however, only 5 studies were included, tolerability was not
addressed, and trials of galantamine were not yet available. A
more recent meta-analysis addressed behavioural and func-
tional outcomes only, included irrelevant ChEIs and did not
calculate numbers needed to treat.32

The primary care physician is expected to communicate
realistic information concerning treatment options and ex-
pectations to patients with AD and their families.5 There-
fore, we performed a meta-analysis of second-generation
ChEIs to quantify the therapeutic effect of these medica-
tions, estimate tolerability and calculate the number needed
to treat to benefit 1 additional patient.
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Abstract

Background: Cholinesterase inhibitors (ChEIs) are the only drugs
marketed for the treatment of Alzheimer’s disease. Despite nu-
merous randomized controlled trials, the efficacy and safety of
this group of medications has not been quantified. Our objective
was to quantitatively summarize data on the efficacy and safety
of ChEIs in Alzheimer’s disease in a format useful to clinicians.

Methods: We performed a meta-analysis of randomized, double-
blind, placebo-controlled, parallel-group trials of currently
marketed ChEIs (donepezil, rivastigmine and galantamine),
used in therapeutic doses for at least 12 weeks, from which a
cognitive outcome was reported. Studies were identified
through 3 electronic databases searched to May 2002, phar-
maceutical companies and journals. We extracted the propor-
tions of subjects who responded, experienced adverse events,
discontinued treatment for any reason or discontinued treat-
ment because of adverse events.

Results: In the 16 identified trials that met the inclusion criteria,
5159 patients were treated with a ChEI and 2795 received a
placebo. The pooled mean proportion of global responders to
ChEI treatment in excess of that for placebo treatment was 9%
(95% confidence interval [95% CI] 6%–12%). The rates of ad-
verse events, dropout for any reason and dropout because of ad-
verse events were also higher among the patients receiving ChEI
treatment than among those receiving placebo, the excess pro-
portions being 8% (95% CI 5%–11%), 8% (95% CI 5%–11%)
and 7% (95% CI 3%–10%), respectively. The numbers needed
to treat for 1 additional patient to benefit were 7 (95% CI 6–9)
for stabilization or better, 12 (95% CI 9–16) for minimal im-
provement or better and 42 (95% CI 26–114) for marked im-
provement; the number needed to treat for 1 additional patient
to experience an adverse event was 12 (95% CI 10–18).

Interpretation: Treatment with ChEIs results in a modest but signifi-
cant therapeutic effect and modestly but significantly higher rates
of adverse events and discontinuation of treatment. The numbers
needed to treat to benefit 1 additional patient are small.
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Methods

The population to be studied was adults with AD diagnosed on
the basis of standardized criteria of the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition,1 or the National Institute
of Neurological and Communicative Disorders and
Stroke/Alzheimer’s Disease and Related Disorders Association.33

Treatment included therapeutic doses for at least 12 weeks (the
minimum period needed to see a treatment effect) of any of the
available second-generation ChEIs. Cognitive outcomes must
have been measured, on any validated scale. We accepted only
original reports (not secondary publications of previously re-
ported data) of randomized, double-blind, placebo-controlled,
parallel-group clinical trials.

We searched the English-language literature, using MED-
LINE and EMBASE, from January 1980 to May 2002, since the
earliest publication concerning clinical use of a second-generation
ChEI appeared in the 1990s.34 Key words were cholinesterase in-
hibitor AND Alzheimer, and the limits were randomized con-
trolled trials, English and human. Searches were also conducted
for individual ChEIs (key words donepezil, E2020 or Aricept; ri-
vastigmine, ENA 713 or Exelon; galantamine or galanthamine;
AND Alzheimer). The Cochrane databases were searched from
inception. Recent review articles and published reports of clinical
trials were manually cross-referenced, as were all references and
bibliographies from retrieved articles.

“Differential” photocopying was used to blind raters as to au-
thors and their location and as to date and journal of publication to
reduce potential bias. First, 2 raters reviewed the Methods section
of all articles identified. Articles meeting the inclusion criteria were
then rated on quality by 2 raters using the Jadad scale,35 which is
simple to use and has been validated.35–37 Disagreements regarding
inclusion and quality were settled though consensus discussion.

From the Results section of the included articles 3 raters ex-
tracted the numbers of patients in the following categories: re-
sponding or not responding to treatment, reporting any adverse
event, discontinuing treatment (“dropping out”) for any reason
and dropping out because of adverse events. Discrepancies were
managed though consensus discussion among all the reviewers.

Data relating to responders were extracted with the use of 2
definitions. Global responders were defined as subjects rated as “im-
proved” (i.e., excluding “unchanged” but including “minimal im-
provement” and better) on a global assessment scale (Clinical
Global Impression of Change [CGIC]38 or Clinician Interview-
Based Impression of change plus caregiver input [CIBIC+]39); the
intent-to-treat (ITT) population was the denominator for propor-
tions. This meta-analysis focused on global improvement since it
is an important outcome and a regulatory requirement that in-
cludes treatment effects not captured on strictly cognitive scales,
and it measures clinically relevant change.28,40 Cognitive responders
were defined as subjects with a 4-point or greater improvement
on the Alzheimer’s Disease Assessment Scale–cognitive portion
(ADAS–cog);41 the ITT population was the denominator for pro-
portions. This is the standard definition of responder, as first de-
fined by the US Food and Drug Administration.42 The denomina-
tors for the proportions of subjects reporting any adverse event,
dropping out for any reason or dropping out because of adverse
events were also the ITT population. Manufacturers were con-
tacted for data missing from the published reports.

For the main analyses, we identified the numbers of respon-
ders and nonresponders in each of the 2 groups within each study,
calculated response rates for the treated patients (Rt) and placebo

recipients (Rp), then calculated an effect size for each study: the
difference in response rates (Di = Rt – Rp).

Outcomes (Di values) were pooled across the studies with the
random-effects meta-analytic model developed by Cochran,43,44

which essentially weights each study’s effect size by its sample size
and by the between-study variance. This model yields a pooled
mean point estimate and a 95% confidence interval (95% CI).
Thus, it generally creates wider confidence intervals than other
methods.45 However, because it incorporates between-study dif-
ferences, it tends to mitigate discrepant results when there is a
great deal of variation. Such variation is to be expected because of
the wide variations found in this disease and in its response to
treatment.

This procedure was followed for global response, cognitive re-
sponse and other outcomes of interest, which included adverse
events, dropout for any reason and dropout because of adverse
events. For this research, adverse events were defined as any ad-
verse event that emerged during treatment, as reported by the
original authors.

To evaluate publication bias, we generated a funnel plot com-
paring effect size with sample size46 and evaluated the results with
the Begg and Mazumdar adjusted rank correlation test.47

The number needed to treat (NNT) and the number needed
to harm (NNH) were calculated according to the method of Cook
and Sackett.48 The NNT is the reciprocal of the risk difference
when the outcome is positive, and the NNH is the reciprocal of
the risk difference when the outcome is negative. NNTs were
based on the proportion of global responders and NNHs on the
proportion of patients reporting adverse events. For studies in
which the difference between treatment groups is not statistically
significant, CIs may cross zero and, as such, are difficult to charac-
terize; we used the method described by Altman49 to overcome
this difficulty.

We performed subanalyses to assess the impact of ethnicity
(Asian v. predominantly white patients), dose, drug, duration of
treatment and CGIC definition. Compared with white patients,
the Japanese require lower doses of many psychotherapeutic med-
ications50 and may have a higher rate of response to ChEI
therapy.14 Dosages were grouped according to common prescrib-
ing practice or analysis of the literature, or both, as follows: sub-
therapeutic (donepezil, 1 to 3 mg/d; galantamine, 8 mg/d), low
(donepezil, 5 mg/d; rivastigmine, 3 to 6 mg/d), high (donepezil,
10 mg/d; galantamine, 16 to 24 mg/d; rivastigmine, 9 to 12 mg/d)
or above that recommended (galantamine, 32 mg/d); low-dose
and high-dose groups were compared. Studies were grouped by
duration of treatment, with shorter term defined as 12 to 14
weeks and longer term as 24 to 52 weeks. The ChEIs were also
grouped by definition of CGIC. The CGIC scale indicates de-
grees of change from baseline as follows: 1, marked improvement;
2, moderate improvement; 3, minor improvement; and 4, no
change. Thus, CGIC1–4 includes no change and CGIC1–2 is the
strictest definition.

Results

Of the 40 articles identified in the literature searches,
2425,34,51–72 were excluded for the following reasons: the arti-
cle was not an original report of a clinical trial (n = 6); the
trial was not randomized (n = 3), not double-blind (n = 5),
not of parallel (crossover) design (n = 5) or not placebo-
controlled (n = 5); treatment lasted less than 12 weeks (n =
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4); there was no measurement of cognitive outcome (n = 3);
and subjects did not have AD (n = 7). The remaining 16
studies met the inclusion criteria9–24 (Table 1). All 16 studies
had a Jadad quality score greater than 3; the median score
was 5. These studies examined ChEI therapy in 5159 sub-
jects and placebo treatment in 2795 subjects.

Efficacy

The proportion of global responders could be extracted
from 9 studies,10–12,14,18,20,21,23,24 involving 4468 subjects of ei-
ther predominantly white (8 studies) or Japanese (1 study)
patients. Heterogeneity among the studies was statistically

significant (χ2 = 23.8, p = 0.002); the study by Homma and
colleagues14 was by far the greatest contributor to the het-
erogeneity and was the only study done exclusively on
Japanese patients. Thus, a subanalysis was performed on
the white-patient-based studies, which involved 4205 sub-
jects and were not heterogeneous (Table 2).

The pooled mean proportion of global responders to
ChEI treatment in excess of that for placebo treatment in the
8 studies was 9% (95% CI6%–12%) (Table 2). Fig. 1 shows
the contribution of individual studies. A funnel plot indicated
no relationship between sample size and effect size.

The proportion of cognitive responders could be ex-
tracted from 5 studies,10,18,21,23,24 involving 2419 subjects. The
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Table 1: Included double-blind, randomized, placebo-controlled trials of therapy with cholinesterase inhibitors (ChEIs) for mild to
moderate Alzheimer’s disease*

First author,
publication year

ChEI studied; doses; duration of
treatment

No. of subjects randomly
assigned, total (ChEI,

placebo), no. of subjects
completing study

Scales(s) used to
assess response† Jadad quality score‡

Rogers,9 1996 Donepezil; 1, 3, 5 mg/d; 12 wk 161 (121, 40), 141 ADAS-cog, CGIC,
MMSE

4

Rogers,11 1998a Donepezil; 5, 10 mg/d; 12 wk 468 (315, 153), 412 ADAS-cog, CDR-SB,
CIBIC+, MMSE, QoL

4

Rogers,10 1998b Donepezil; 5, 10 mg/d; 24 wk 473 (311, 162), 368 ADAS-cog, CDR-SB,
CIBIC+, MMSE, QoL

5

Burns,12 1999 Donepezil; 5, 10 mg/d; 24 wk 818 (544, 274), 631 ADAS-cog, CDR-SB,
CIBIC+, IDDD

4

Winblad,13 2001 Donepezil; 5 mg/d for 28 d, then 10
mg/d, for total of 52 wk

286 (142, 144), 192 ADL, GBS, GDS,
MMSE, NPI

5

Homma,14 2000 Donepezil; 5 mg/d; 24 wk 263 (134, 129), 228 ADAS-Jcog, CDR-SB,
CMCS, J-CGIC,

MENFIS

4

Mohs,15 2001 Donepezil; 5 mg/d for 28 d, then 10
mg/d, for total of 54 wk

431(217, 214), 111 ADFACS, CDR-SB,
MMSE

5

Feldman,16 2001 Donepezil; 5 mg/d for 28 d, then 10
mg/d, for total of 24 wk

290 (144, 146), 247 CIBIC+, DAD, FRS,
MMSE, NPI, SIB

5

Agid,17 1998 Rivastigmine; 4, 6 mg/d; 13 wk 402 (269, 133), 357 CGIC 5
Rösler,18 1999 Rivastigmine; 1–4, 6–12 mg/d; 26 wk 725 (486, 239), 581 ADAS-cog, CIBIC+,

GDS, MMSE, PDS
5

Corey-Bloom,19

1998
Rivastigmine; 1–4, 6–12 mg/d; 26 wk 699 (464, 235), 545 ADAS-cog, CIBIC+,

GDS, MMSE
5

Raskind,20 2000 Galantamine; 24, 32 mg/d; 6 mo 636 (423, 213), 438 ADAS-cog, CIBIC+,
DAD, MMSE

5

Wilcock,21 2000 Galantamine; 24, 32 mg/d; 6 mo 653 (438, 215), 525 ADAS-cog, CIBIC+,
DAD

5

Tariot,22 2000 Galantamine; 8, 16, 24 mg/d; 5 mo 978 (692, 286), 779 ADAS-cog,
ADCS/ADL, CIBIC+,

NPI

5

Rockwood,24 2001 Galantamine; 24, 32 mg/d; 3 mo 386 (261, 125), 288 ADAS-cog, CIBIC+,
DAD, NPI

5

Wilkinson,23 2001 Galantamine; 18, 24, 36 mg/d; 3 mo 285 (198, 87), 206 ADAS-cog, CGIC,
PDS

5

*Except in the study of Feldman and coworkers, who studied treatment of moderate to severe dementia.
†ADAS–cog = Alzheimer’s Disease Assessment Scale–cognitive subscale; ADAS–Jcog = Alzheimer’s Disease Assessment Scale–cognitive subscale, Japanese version; ADCS/ADL = AD
Cooperative Study Activities of Daily Living; ADFACS = AD Functional Assessment and Change Scale; ADL = Activities of Daily Living; CDR-SB = Clinical Dementia Rating–Sum of the
Boxes; CGIC = Clinical Global Impression of Change; CIBIC+ = Clinician’s Interview-Based Impression of change plus caregiver input; CMCS = Caregiver-rated Modified Crichton
Scale; DAD = Disability Assessment for Dementia; FRS = Functional Rating Scale; GBS = Gottfries–Brane–Steen; GDS = Global Deterioration Scale; IDDD = Modified Interview for
Deterioration in Daily Living Activities in Dementia; J-CGIC = Japanese version of CGIC; MENFIS = Mental Function Impairment Scale; MMSE = Mini-Mental Status Examination;
NPI = Neuropsychiatric Inventory; PDS = Progressive Deterioration Scale; QoL = Quality of Life; SIB = Severe Impairment Battery.



pooled mean proportion of cognitive responders to ChEI
treatment in excess of that for placebo treatment was 10%
(95% CI 4%–17%) (Table 2). The studies were heteroge-
neous in this analysis, but when the study by Rösler and as-
sociates,18 which compared high- and low-dose rivastigmine
and found a low proportion of ChEI responders (19%), was
excluded, the studies were not heterogeneous (χ2 = 4.2, p =
0.24); pooling the data from the remaining 4 studies showed
a therapeutic effect of 14% (95% CI 8%–18%). There was
no obvious reason in the way the Rösler study was designed
or conducted for a lower rate of response; furthermore, the
global response was not different from that in the other
studies. Thus, the heterogeneity remains unexplained.

Safety

The proportion of subjects in whom any adverse event
emerged during treatment could be extracted from 14 stud-

ies.9,10,12–18,20–24 Compared with those receiving placebo, sig-
nificantly more subjects receiving ChEI treatment had ad-
verse events (8%), dropped out (8%) and dropped out be-
cause of adverse events (7%) (Table 2). There was
significant heterogeneity among the studies in all 3 analy-
ses, perhaps because of different titration schedules, proto-
col differences or simply random variation.

Numbers needed to treat/harm

The number of patients who needed to be treated with a
ChEI compared with placebo in order that 1 additional pa-
tient demonstrate a global response was found to be 12
(95% CI 9–16) when the studies of non-Asian patients were
analyzed and 4 (95% CI 3–6) in the Japanese study. For
cognitive response the NNT was 10 (95% CI 8–15). The
number needed to harm 1 additional patient (cause adverse
events) was 12 (95% CI 10–18).
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Table 2: Summary of comparative outcomes, according to data extracted from the included studies and
pooled

Outcome
No. of subjects,

total (ChEI, placebo)

Mean difference in
proportions, %
(and 95% CI)

Heterogeneity: χ2

(and p value)
No. needed to

treat/harm (and 95% CI)

Global response* 4205 (2804, 1401)   9 (6, 12) 12.2 (0.10)           12   (9, 16)

Cognitive response† 2419 (1606, 813) 10 (4, 17) 12.7 (0.01)           10   (8, 15)

Adverse events 6784 (4381, 2403)   8 (5, 12) 26.8 (0.01) 12 (10, 18)
Dropout 7691 (5022, 2669)   8 (5, 11)   40.4 (< 0.001) 13 (11, 17)
Dropout due to adverse events 7952 (5154, 2798)   7 (3, 10) 104.3 (< 0.001) 16 (13, 19)

*Minimal or greater improvement on a standardized global scale, such as the CIBIS+ or the CGIC, in a predominantly Caucasian population.
†Improvement of 4 or more points on the ADAS-cog.

Fig. 1: Global response to treatment with cholinesterase inhibitors (ChEIs) in 8 randomized, double-blind, placebo-controlled,
parallel-group trials. The graph indicates the proportions of global responders to ChEI treatment in excess of the proportions re-
sponding to placebo for each of the studies and overall, when the data were pooled, with 95% confidence intervals.
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Analysis by drug

For donepezil (3 studies; 1147 subjects treated with the
ChEI and 576 treated with placebo) and galantamine (4
studies; 1190 and 605 subjects, respectively) the excess
pooled mean proportions of global responders were 13%
(95% CI 8%–17%) and 5% (95% CI 1%–8%), respec-
tively. The NNTs were 8 (95% CI 6–12) and 22 (95% CI
12–157), respectively. The treatment effect was significant
for both drugs. The single study of rivastigmine indicated
an excess proportion of 12% (95% CI 5%–19%).

Dropout rates in excess of those for placebo were lowest
for donepezil (3%; 95% CI 1%–6%), followed by rivastig-
mine (9%; 95% CI 5%–12%) and then galantamine (14%;
95% CI 8%–21%; χ2 = 17.6, p = 0.001 for heterogeneity).
This trend was repeated for adverse events, the excess rates
being donepezil 6% (95% CI 2%–9%), rivastigmine 8%
(95% CI 1%–10%) and galantamine 12% (95% CI
7%–18%; χ2 = 12.1, p = 0.01), and for dropouts due to ad-
verse events, the excess rates being donepezil 2% (95% CI
-1%–4%; χ2 = 14.0, p = 0.05), rivastigmine 9% (95% CI
6%–12%) and galantamine 14% (95% CI 5%–22%). Only
the results for galantamine consistently showed hetero-
geneity, possibly owing to the use of higher-than-recom-
mended doses in some studies.

Analysis by dose

For global responders, meta-analysis revealed compara-
ble results for low and high ChEI doses, with an excess
proportion of 8% for low doses (95% CI 5%–12%; 7 stud-
ies, in which 1348 subjects were treated with a ChEI and
1140 with placebo) and 11% for high doses (95% CI
7%–15%; 10 studies, with 1816 and 1739 subjects, respec-
tively), both significantly better than the results with
placebo (p < 0.001). However, the studies with high ChEI
doses showed unexplained heterogeneity (χ2 = 22.1, p <
0.01).

Analysis by duration of treatment

The excess proportion of global responders was similar
after short-term ChEI treatment (11%; 95% CI 5%–16%;
3 studies, in which 724 subjects were treated with a ChEI
and 356 with placebo; χ2 = 19.3, p < 0.001) and long-term
ChEI treatment (9%; 95% CI 5%–12%; 5 studies, with
2080 and 1045 subjects, respectively; χ2 = 7.4, p = 0.12), al-
though only the long-term trials showed no heterogeneity.

Analysis by CGIC definition

When the ChEIs were grouped by increasing degree of
global improvement, the excess proportions of responsive
subjects were 15% for stability or improvement (p < 0.001,
95% CI 11%–18%; 7 studies, in which 2076 subjects were
treated with a ChEI and 1052 with placebo), 9% for any

improvement (p < 0.001; Table 2) and 2% for greater than
minimal improvement (p = 0.04, 95% CI 1%–4%; 3 stud-
ies, with 1001 and 522 subjects, respectively). There was no
significant heterogeneity. The corresponding NNTs were
7 (95% CI 6–9), 12 (95% CI 9–16) and 42 (95% CI
26–114).

Interpretation

This meta-analysis confirmed that AD patients treated
with ChEIs demonstrate statistically significant global im-
provement compared with those treated with placebo, sup-
porting current guidelines advocating treatment.4–7 At 9%,
the therapeutic benefit is consistent with the modest bene-
fits described in previous qualitative reviews.8,26–28 The
NNT of 12 for 1 additional patient to demonstrate a global
response is similar to NNTs previously calculated for AD.31

By comparison, reported NNTs are 3 for antipsychotics in
schizophrenia,73,74 4 for antidepressants for depression in
medical illness75 and 29 to 86 (5-year NNT) for antihyper-
tensives to prevent 1 major event (myocardial infarction,
stroke or death).76

The definition of treatment response had an important
impact. Although minimal improvement or better was the
definition in the main analysis, many authors use stabiliza-
tion as the definition in studies lasting 6 months or
more.16,19,20 Our results confirm that ChEI treatment is asso-
ciated with significantly better global improvement than
placebo treatment for all 3 definitions of response (stabi-
lization or better, minimal improvement or better, marked
improvement).

Tolerability of ChEIs is an important consideration
when evaluating their place in therapy. The proportion of
patients in whom adverse events emerged during treatment
was only 8% higher in those receiving ChEIs than in those
receiving placebo, which shows that these medications are
well tolerated. The adverse events were mostly gastro-
intestinal, and no related deaths were reported. The rates
of dropout and dropout due to adverse events were higher
with ChEIs than with placebo (8% and 7%, respectively).
The rates seen in clinical practice should be lower when
dosage is tailored to the individual.

The study of Homma and colleagues14 detected a very
large treatment effect (28%) in a Japanese population re-
ceiving low-dose donepezil, which suggests ethnic differ-
ences. A lower frequency of the ε4 gene of apolipoprotein
E77 and differences in major enzymes that metabolize
ChEIs, such as cytochrome P450 2D6,78 in the Japanese
may explain this finding. Although no conclusion can be
reached on the basis of a single study, our findings support
earlier descriptions of purported differences.14

Subanalyses of the data for individual ChEIs indicated
similar efficacy but differences in tolerability. The excess
proportions of subjects who dropped out for any reason
and who dropped out because of adverse events were low-
est for donepezil and highest for galantamine. A similar
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trend was found for overall proportions reporting adverse
events. These results must be interpreted with caution, as
they were derived from a small number of trials for each
medication and were based on a comparison of indepen-
dent placebo-controlled trials; that is, they were not analy-
ses of head-to-head trials (single trials with random alloca-
tion to different ChEIs). When comparing efficacy one
must bear in mind that the interrater reliability of global
assessment scales may be less well established than that for
cognitive measures,40 and the scales used for global assess-
ment may have different psychometric properties. Differ-
ences in tolerability may reflect differences in aspects of
study design such as rate of titration or use of galantamine
in a dose that is not recommended clinically (32 mg/d),
which may not translate to the clinical setting, where doses
are determined for the individual.

Although the second-generation ChEIs share the ability
to inhibit acetylcholinesterase, their pharmacologic varia-
tions may distinguish them. Donepezil inhibits acetyl-
cholinesterase but not butyrylcholinesterase;79 the latter is
thought to be a component of neuritic plaques and tan-
gles,80,81 the pathological hallmarks of AD. Rivastigmine has
central selectivity82 and inhibits both acetylcholinesterase
and butyrylcholinesterase.83 Galantamine is unique in that
it provides allosteric modulation of nicotinic receptors,84–86 a
characteristic postulated to confer disease-modifying bene-
fits.86 Preliminary head-to-head trials indicate a slightly
greater response to donepezil than to galantamine87 and
similar efficacy for donepezil and rivastigmine.88 Those tri-
als also indicate better tolerability of donepezil than of both
galantamine87 and rivastigmine.88 Unfortunately, important
issues such as open-label design, dose of the comparator
and titration rate may account for those results. Neverthe-
less, our findings were consistent with the findings of those
trials.

Our subanalyses indicated similar response to all 3 drugs
when studies were grouped by dose or by duration of treat-
ment. Lack of a dose effect could reflect near-maximal
cholinesterase inhibition or be the product of an ITT
analysis. In such an analysis, if more patients on high doses
drop out of the study before responding, the treatment ef-
fect will be diluted.89 In addition, since in AD there is dete-
rioration over time, when the last observation for a subject
who dropped out is carried forward, the apparent benefit
may be false. The lack of an effect of duration of treatment
may reflect the fact that these studies were carried out
within a relatively narrow time frame (3 to 12 months).
Small numbers and heterogeneity limit the ability to draw
meaningful conclusions from these subanalyses.

Meta-analyses may suffer from publication bias, since
studies with a statistically positive result are more likely to
be published than those with a negative result, resulting in
an overestimate of treatment efficacy. In this study, there
was no significant relationship between effect size and sam-
ple size. However, there may be negative studies with small
samples that were not published. In addition, since the

overall ChEI differences over placebo were not heteroge-
neous, the studies were summarized by single NNT and
NNH estimates, with 95% CIs. Since the control rates in
the included studies were heterogeneous, a range of NNTs
and NNHs may exist for specific patient groups.90

Overall, the results of this meta-analysis indicate that
ChEI therapy in AD is efficacious compared with placebo
therapy. In addition, few patients need to be treated to
achieve global improvement in 1 more patient and even
fewer to achieve stabilization. For future studies, defining
treatment response to ChEIs on the basis of clinically im-
portant outcomes, such as delay to institutionalization,
maintenance of activities of daily living and reduced care-
giver burden,40 will clarify the benefits of these medications.
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