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Eff ect of rivastigmine on delay to diagnosis of Alzheimer’s 
disease from mild cognitive impairment: the InDDEx study
Howard H Feldman, Steven Ferris, Bengt Winblad, Nikolaos Sfi kas, Linda Mancione, Yunsheng He, Sibel Tekin, Alistair Burns, 
Jeff rey Cummings, Teodoro del Ser, Domenico Inzitari, Jean-Marc Orgogozo, Heinrich Sauer, Philip Scheltens, Elio Scarpini, Nathan Herrmann, 
Martin Farlow, Steven Potkin, H Cecil Charles, Nick C Fox, Roger Lane

Summary
Objective To assess the eff ect of rivastigmine in patients with mild cognitive impairment (MCI) on the time to 
clinical diagnosis of Alzheimer’s disease (AD) and the rate of cognitive decline.

Methods The study was a double-blind, randomised, placebo-controlled trial of up to 48 months. All patients had 
MCI operationally defi ned by having cognitive symptoms, a global clinical dementia rating stage of 0·5, a score of 
less than 9 on the New York University delayed paragraph recall test, and by not meeting the diagnostic criteria for 
AD. Primary effi  cacy variables were time to clinical diagnosis of AD, and change in performance on a cognitive 
test battery. This study is registered with the US National Institutes of Health clinical trials database (ClinicalTrials.
gov), number NCT00000174.

Findings Of 1018 study patients enrolled, 508 were randomly assigned to rivastigmine and 510 to placebo; 17·3% 
of patients on rivastigmine and 21·4% on placebo progressed to AD (hazard ratio 0·85 [95% CI 0·64–1·12]; 
p=0·225). There was no signifi cant diff erence between the rivastigmine and placebo groups on the standardised 
Z score for the cognitive test battery measured as mean change from baseline to endpoint (–0·10 [95% CI –0·63 to 
0·44], p=0·726). Serious adverse events were reported by 141 (27·9%) rivastigmine-treated patients and 155 (30·5%) 
patients on placebo; adverse events of all types were reported by 483 (95·6%) rivastigmine-treated patients and 
472 (92·7%) placebo-treated patients. The predominant adverse events were cholinergic: the frequencies of nausea, 
vomiting, diarrhoea, and dizziness were two to four times higher in the rivastigmine group than in the placebo 
group.

Interpretation There was no signifi cant benefi t of rivastigmine on the progression rate to AD or on cognitive 
function over 4 years. The overall rate of progression from MCI to AD in this randomised clinical trial was much 
lower than predicted. Rivastigmine treatment was not associated with any signifi cant safety concerns.

Introduction
The term mild cognitive impairment (MCI) has 
emerged as a nosological construct that describes a 
cognitive state associated with ageing that is abnormal 
yet not diagnosable as dementia.1 Although proposed 
criteria and defi nitions of MCI are still evolving, the 
most commonly used defi nition of MCI specifi es the 
following criteria: both subjective and objective 
impairments in memory, preserved overall cognitive 
function outside memory, and normal basic activities of 
daily living.2 This MCI phenotype has been consistently 
reported to carry an increased risk of progression or 
conversion to Alzheimer’s disease (AD) or dementia.3,4 
The annual rates of progression from MCI to AD or 
dementia of this clinical phenotype have generally been 
reported to be 10–15% per year.4–6 This identifi cation of 
MCI as a risk state for progression to AD or dementia 
holds the potential to allow testing of early treatment 
interventions that might improve cognitive symptoms, 
slow the rate of symptom progression towards dementia, 
and even delay the time to diagnosis or prevent AD or 
dementia. 

Pharmacological treatment of the cholinergic 
dysfunction of AD with cholinesterase inhibitors has 

been the most widely used for mild and moderate stages 
of AD, with symptomatic effi  cacy shown for up to 1 year 
in placebo-controlled randomised clinical trials.7 
Cholinergic abnormalities have been detected in early 
AD stages,8–11 including abnormalities in other markers 
of the cholinergic system, such as signal transduction,12 
p75 neurotrophin receptor concentrations,13 and beta-
amyloid peptides.14 These abnormalities have triggered 
interest in investigating the eff ect of cholinesterase 
inhibitors on progression to AD and cognitive function 
in patients with MCI.15–18

Our aims were to investigate whether rivastigmine 
delays the time to progression to AD in patients with 
MCI, and whether rivastigmine benefi ts cognitive 
function in patients with MCI.

Methods
Patients
A total of 1526 patients were screened for the study. All 
patients were identifi ed at entry to have MCI 
operationally defi ned by having cognitive symptoms, a 
global clinical dementia rating (CDR) stage of 0·5,19 and 
a score of less than 9 on the New York University 
delayed paragraph recall test.20 There was no specifi cation 
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of the onset or course of the presenting cognitive 
symptoms of MCI. Patients were excluded if they met 
either the AD diagnostic criteria of the Diagnostic and 
Statistical Manual of Mental Disorders (fourth edition 
text revision; DSM-IV-TR),21 or the AD criteria of the 
National Institute of Neurological and Communicative 
Disorders and Stroke-AD and Related Disorders 
Association (NINCDS-ADRDA).22 To exclude depression 
as a potential confounder of MCI, all patients were 
required to have an entry score of less than 13 on the 
17-item Hamilton rating scale for depression (HAM-D),23 
with a HAM-D item 1 (depressed mood) of 1 or lower. 
Other exclusion criteria were as follows: any known 
primary neurodegenerative disease; any advanced, 
severe unstable medical condition that could interfere 
with primary and secondary variable assessment; an 
uncontrolled seizure disorder; a score of more than 4 on 
the modifi ed Hachinski ischaemic scale; a documented 
history of transient ischaemic attack; any severe or 
unstable cardiovascular disease or asthmatic conditions; 
or a known hypersensitivity to cholinesterase inhibitors. 
Patients who had received any cholinergic drugs during 
the 2 weeks before the beginning of the trial, or had 
received rivastigmine during the previous 4 weeks, or 
who had taken part in a previous clinical study of 
rivastigmine, were also excluded. Of the 1526 patients 
screened, 1018 aged 55–85 years were enrolled at 
65 research centres in 14 countries between May, 1999, 
and April, 2000. The last patient completed the study on 
April 27, 2004.

Recruitment was done through referral to the research 
centres, through advertising, or from patients known to 
the investigators at the participating research centres. 
The study protocol, informed consent procedure, and 
other information given to patients were approved by 
the institutional review boards at each participating 
centre. The intended duration of the study was 3 years, 
but because progression to AD was slower than expected 
in the fi rst 2 years of the trial, the protocol was amended 
so that patients who were still in the study were asked 
to consent to a 1-year extension of the study. All 
procedures were in accordance with the ethical 
standards of each centre’s committee on human 
experimentation and with the Declaration of Helsinki 
(revised 1996).24 

Procedures
The study was a double-blind, parallel-group, placebo-
controlled, randomised clinical trial with three phases. 
The initial phase was a double-blind period with 
randomisation to either rivastigmine (3–12 mg/day) or 
placebo on a one-to-one basis. Within this phase there 
was an initial 18-week dose titration period. Rivastigmine 
was started at 0·5 mg twice daily. After 2 weeks, doses 
were increased to 1·5 mg twice daily, and then by a 
further 1·5 mg twice daily at a minimum of 4-week 
intervals. If patients were unable to tolerate the protocol 

increments they were allowed to stay at their highest 
tolerated dose through the dose-titration phase; 
however, to remain in the study they had to tolerate a 
minimum of at least 3 mg daily by the end of the dose-
titration phase. Beyond the titration phase, the 
investigators could attempt to increase the dose during 
the study to a maximum of 12 mg daily. Dummy dose 
titration was also performed for the placebo treated 
group with doses received as 1 capsule twice daily, 
whether rivastigmine or placebo. The double-blind 
phase continued until either progression to AD had 
occurred or the study had ended.

Patients could move to the second, open-label phase 
of the trial after progression to AD as clinically 
determined by the investigator. In this phase, patients 
received open-label rivastigmine. Those patients who 
chose to enter the open-label phase with rivastigmine 
after progression to AD received dose titration from a 
starting dose of 1·5 mg twice daily, irrespective of their 
treatment assignment during the double-blind phase. 
Allocation concealment with respect to the treatment 
received during the double-blind phase was maintained 
to the end of the study. Patients who discontinued 
treatment during the double-blind or open-label phase 
of the study were encouraged to enter the retrieved-
dropout phase and return for regular scheduled visits 
for the remainder of the trial. During the retrieved-
dropout phase subjects could be treated with any of the 
acetylcholinesterase inhibitors.

The randomisation procedure used a validated 
interactive voice-response system with an automated 
assignment of treatment groups. To preserve the 
blinding, the rivastigmine and placebo capsules were 
identical in shape, size, and colour. Study drugs were 
dispensed in bottles labelled with unique numbers. All 
personnel directly involved in the study were blind to 
the treatment group allocation until all patients had 
completed the trial and all data had been fi nalised for 
analysis. 

The time to the clinical diagnosis of AD was 
determined through investigator assessments that were 
done at each of the scheduled 3-monthly visits. 
Additional assessments could be made by the 
investigators if there was clinical concern that 
progression to AD might have occurred between visits. 
For progression to AD to be diagnosed at a follow-up 
visit, patients had to meet both the DSM-IV-TR and 
NINCDS-ADRDA criteria for AD. This determination 
was made in reference to the previous visits and by 
examination, and all previous assessments apart from 
the neuropsychological test battery for secondary 
outcome measures. If progression to AD was suspected, 
the investigator also provided a summary narrative with 
the evidence of progression to the diagnosis monitoring 
committee. The diagnosis monitoring committee 
(HHF, PS, ES, NH) reviewed all proposed materials, 
and for study analytic purposes either accepted the 
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progression or requested additional evidence before 
acceptance in a further submission. A majority opinion 
in favour of conversion was needed to confi rm the event 
for study purposes. If this did not occur, the investigator 
was asked to resubmit with additional evidence to 
support conversion. The date of progression to AD used 
in the analysis was the date when the investigator made 
the diagnosis of dementia.

The co-primary outcome measure was the diff erence 
between rivastigmine and placebo in cumulative 
Z scores between baseline and endpoint visits (last 
timepoint at which outcome assessments were made) 
on a 10-test neuropsychological test battery that was 
determined through investigator assessments done 
every 6 months. This battery included the New York 
University paragraph recall (immediate and delayed),20 
delayed word list recall,25 letter number sequencing,26 
Buschke free and cued selective reminding test,27–29 
symbol-digit modalities task,30 digit cancellation task,25 
maze,25 verbal fl uency categories subtest,31 and clock 
drawing.32,33 The investigators and the diagnosis 
monitoring committee were blinded to the cognitive 
test battery results throughout the study. 

Secondary study outcome measures included 
performance on the AD assessment scale cognitive 
subscale (ADAS-cog; 11 items, 70 points)34 and the mini-
mental state examination (MMSE; 11 items, 30 points),35 
as well as ratings on the AD study cooperative activities 
of daily living scale (ADCS-ADL; 24 items, 54 points),36 
the global deterioration scale (GDS; 7 points),37 the CDR 
scale (5 points),38 the Beck depression inventory 
(21 items, 63 points),39 the neuropsychiatric inventory 
(NPI; 12 items, 144 points),40 and quality of life (13 items, 
52 points) as rated by patients and caregivers 
(see supplementary online text for visit schedule).41

Other secondary outcome measures included the rate 
of volumetric changes in whole brain, ventricles, and 
hippocampi assessed from serial MRI (see 
supplementary online text for methods).42

Safety assessments included the recording of all 
adverse events, laboratory tests (at screening and at 
months 12, 24, 36, and 48), electrocardiogram results 
(at screening, and at months 12, 24, 36, and 48), and 
vital signs (at all visits). Adverse events were coded by 
use of a standard glossary, and a central laboratory did 
all clinical laboratory examinations, including DNA 
extraction.

Optional pharmacogenetic substudies were developed 
as per protocol to assess whether diff erences in 
apolipoprotein E (APOE) genotype and retrospective 
analyses of butyrylcholinesterase (BCHE) genotype,43 or 
sex, aff ected time to progression to AD or deterioration 
on the neuropsychological test battery, or both. In 
addition, the infl uence of these factors on the secondary 
outcome measures was assessed. These genomic 
studies were selected because the APOE genotype has 
been shown to be a strong predictor of progression to 

AD from MCI in ε4 carriers,15,44 whereas the BCHE-K 
variant has been associated with a slower average rate 
of decline in AD, and has been associated with treatment 
response to rivastigmine.45,46 Genomic DNA was 
extracted from blood samples at a central laboratory 
using the Puregene DNA Isolation kit (D-50K; Gentra, 
Minneapolis, MN, USA). Genotyping for APOE ε4 and 
BCHE-K was done as described previously.47 For 
individuals who agreed to participate in the 
pharmacogenetic analysis after the initial genotyping 
tests had been done, TaqMan technology was used to 
genotype APOE ε4 and BCHE-K alleles according to the 
manufacturer’s instructions (Applied Biosystems, 
Foster City, CA, USA). Genotyping was done at a 
separate laboratory, and was independent of 
randomisation.

In addition to the prospective hypotheses and pre-
planned analyses, several post-hoc analyses were done 
to identify demographic and baseline characteristics 
that predicted progression to AD and response to 
treatment.

Statistical analyses
The sample size was calculated on the basis of the 
diff erence in projected rates of progression to AD 
between rivastigmine and placebo groups. For the 
initally planned 3-year duration of the study, there was 
an estimated 30% event rate in placebo recipients, a 
20% event rate in rivastigmine recipients, and a dropout 
of 10% per year, for which a sample of 830 patients was 
calculated as providing suffi  cient power to achieve 
statistical signifi cance at p<0·05 for a two-sided test. To 
allow for a higher than expected dropout rate, a sample 
of approximately 1000 patients needed to be enrolled.

Study participants who had at least one dose of study 
drug and at least one safety assessment were included 
in safety analyses. The main effi  cacy population for all 
primary and secondary outcomes (except MRI variables) 
was predefi ned as a modifi ed intention-to-treat (MITT) 
population (n=1018), which aimed to create a score for 
every randomised patient, irrespective of whether study 
drug was received or post-baseline assessments were 
done. The endpoint score was determined in the 
following manner: if a confi rmed clinical diagnosis of 
AD was reached, the last assessment at which AD was 
diagnosed was used (for effi  cacy variables other than 
progression to AD, if no data were available for the visit 
at which AD was diagnosed, the last visit before this 
was used). For patients who did not progress to AD, the 
study endpoint assessment was used (month 36 or 48). 
If the endpoint assessment was missing, the retrieved-
dropout assessment was used. If this assessment was 
unavailable, then the last observation available on the 
patient was used. A classic intention-to-treat (ITT) 
analysis was also done, which diff ered from the MITT 
analysis in that assessments that took place after AD 
diagnosis (but before entry into the open-label phase) 



Articles

4 http://neurology.thelancet.com   Published online May 3, 2007   DOI:10.1016/S1474-4422(07)70109-6

were also included in the analysis. The classic ITT 
analysis was used for the MRI variables, because MRI 
assessments were often done after the scheduled visits 
for the other outcome measures, and the MITT analysis 
would have excluded this valuable data.

Further effi  cacy analyses included the following: an 
observed-case analysis (n=431), with data from all 
patients who did not discontinue prematurely and who 
were available for assessment at the designated times 
(patients from double-blind and open-label phases); a 
retrieved-dropout analysis (n=168) of patients who 
entered the retrieved-dropout phase; and a combined 
observed-case and retrieved-dropout analysis (n=599). 
A traditional US Food and Drug Administration 
Division of Neuro pharmacological Drug Products 
analysis (n=995), which creates a score for every patient 
who received at least one dose of designated treatment, 
and had at least one post-treatment outcome assessment 
while receiving treatment, was also used. If the endpoint 
assessment was unavailable, the last non-missing 
observation while on treatment was used. The main 
effi  cacy population for analyses of MRI variables was 
the classic ITT population.

Diff erences in baseline characteristics between 
treatment groups were assessed by use of chi-squared 
tests. Comparisons of patients who progressed to AD 
versus those who did not progress to AD were done 
using chi-squared tests (for categorical variables) or 
t tests (Satterthwaite’s approximation, for continuous 
variables).

The analysis of time to diagnosis of AD was done 
using Cox’s proportional hazards regression model, 
with treatment, sex, age group (<75 years, ≥75 years), 
and education level at baseline as explanatory variables, 
without modelling for interval censorship. Country was 
used as a stratifi cation variable. Signifi cance values 
were calculated using the Wald test. Kaplan-Meier 
estimates were calculated as supporting non-parametric 
analyses, with signifi cance tested using the log-rank 
test. 

For each of the 10 cognitive tests comprising the 
composite score, the mean (X⁴ b) and standard deviation 
(Sb) of the raw scores were calculated using data from 
all patients at baseline. The Z score for a test for each 
patient at each visit (including baseline visit) was 
calculated from the raw score (X): 

The composite Z score for each patient at each visit 
was calculated by summing the Z scores of the 10 tests 
in the cognitive battery. The main analysis of cognitive 
function was based on the change in composite Z score 
after applying the prespecifi ed imputation scheme for 
the effi  cacy population (MITT analysis). The treatment 
groups were compared using an analysis of covariance 
(ANCOVA) model with the following explanatory 

variables: treatment, country, sex, age, education level, 
and composite Z score at baseline. A supplementary 
analysis of the composite Z score was done using a 
mixed model for repeated measures. Tests of signifi cance 
on the variables were done using Wald’s chi-squared 
test. A Bonferroni correction for multiple comparisons 
was done for the individual tests of the cognitive 
battery.

For continuous secondary effi  cacy variables, an 
ANCOVA model was used for the change from baseline 
to endpoint with the corresponding baseline score as 
covariate, and treatment, country, age group, sex, and 
years of education at baseline as main eff ects. For 
categorical variables, a Cochran-Mantel-Haenszel test 
was used. Robustness of results was tested with 
Wilcoxon and Van Elteren tests. For rate of change from 
baseline in MRI variables, an ANCOVA model was used 
with the corresponding baseline score as a covariate 
and treatment as the main eff ect. A Bonferroni 
correction was applied to the secondary outcome 
measures. The alpha level at which tests should be done 
was 0·00217. 

The eff ects of the genotypes APOE ε4 and BCHE-K 
variant at baseline on time to progression to AD were 
explored by adding the respective variables into the 
Cox’s proportional hazards model as explanatory 
variables. Comparisons of time to progression to AD, 
and changes from baseline to endpoint in composite 
Z score and ADAS-cog in APOE ε4 carriers versus non-
carriers were done.

The following post-hoc analyses were done. Cox’s 
proportional hazards regression model was used to 
retrospectively identify baseline variables that had a 
signifi cant infl uence on progression to dementia. A 
stepwise selection process was used with p=0·25 or 
p=0·15 for explanatory variables entering or remaining 
in the model, respectively. The results of the primary 
and secondary outcomes in all subgroups with relevant 
treatment diff erences in time to diagnosis to AD were 
characterised. The results of the sex and BCHE genotype 
subgroups are described. The correlation of the change 
rate at endpoint of MRI variables by treatment group 
with progression to AD was explored using a biserial 
correlation to assess the relation between the continuous 
MRI variable and the dichotomous variable of 
progression to AD.

This trial has been registered with the US National 
Institutes of Health clinical trials database (ClinicalTrials.
gov), number NCT00000174.

Role of the funding source
Study design and planning were done in conjunction 
with the study sponsor (Novartis Pharma AG). The 
study drugs and the funding for the study were provided 
by the sponsor. The corresponding author had full 
access to the study data and had fi nal responsibility for 
the decision to submit the study for publication.

Z=(X–Xb)/Sb 
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Results
The baseline characteristics of the InDDEx study 
population are summarised in table 1. Figure 1 shows 
the fl ow of patients through the study. Of the 
1526 patients screened for this study, 374 (24%) were 
screening failures, and 134 (9%) were still in active 
screening when the study was closed to further 
randomisation. The randomised groups did not diff er 
in demographic characteristics or in their mean baseline 
scores. Of the full study sample, 500 patients (49·1%) 
participated in the APOE genotyping substudy. Within 
this sample there were more APOE ε4 carriers in the 
placebo group than in the rivastigmine group (46·4% vs 
36·5%; p=0·025; table 1). 490 (48·1%) patients were 
included in the BCHE genotyping substudy, with a 
larger proportion of K-variant patients in the placebo 
group (35·9% vs 27·7%; p=0·051; table 1). MRI scans 
were available for 513 patients (50·4%) at their baseline 
visit, of whom 259 (50·5%) were in the rivastigmine 
group and 254 (49·5%) were in the placebo group. At 
least one post-baseline assessment for hippocampal 

volume was available for all 513 patients, and at least 
one post-baseline assessment for whole brain volume 
was available for 441 patients. 

Almost all patients (n=992, 97·4%) had a history of a 
continuing medical condition at baseline without any 
signifi cant diff erences between the two treatment groups. 
The most common medical disorders at baseline were 
hypertension (n=332, 32·6%), hypercholesterolaemia 
(n=214, 21·0%), and insomnia (n=138, 13·6%). 
457 (90·0%) patients randomised to rivastigmine and 
466 (91·4%) patients randomised to placebo were 
receiving one or more concomitant drugs at baseline.

Placebo-treated patients who progressed to AD were 
older (p<0·0001) and were more likely to be women 
(p=0·052) than were placebo-treated patients who did 
not progress to AD. At baseline, they had smaller 
adjusted hippocampal volumes (p<0·0001), higher 
dementia stage scores on GDS and CDR (p≤0·0001), 
and had higher levels of impairment on MMSE 
(p<0·0001), ADAS-cog (p<0·0001), and NPI (p=0·048; 
online supplementary data).

All randomised patients (MITT) Patients with DMC-confi rmed progression to AD Patients who did not progress to AD

Rivastigmine (n=508) Placebo (n=510) Rivastigmine (n=88) Placebo (n=109) Rivastigmine (n=420) Placebo (n=401)

Demographics

Age (years) 70·3 (7·4) 70·6 (7·6) 74·1 (6·5) 73·6 (6·6) 69·5 (7·3) 69·8 (7·7)

Sex

Men 238 (46·9%) 248 (48·6%) 41 (46·6%) 44 (40·4%) 197 (46·9%) 204 (50·9%)

Women 270 (53·1%) 262 (51·4%) 47 (53·4%) 65 (59·6%) 223 (53·1%) 197 (49·1%) 

Education (years) 11·0 (4·0) 11·1 (4·1) 10·5 (4·1) 10·6 (4·1) 11·1 (4·0) 11·2 (4·2)

Psychological assessment

CDR 1·5 (0·8) 1·4 (0·8) 1·9 (0·8) 1·9 (0·9) 1·4 (0·7) 1·3 (0·7)

HAM-D total 2·8 (2·6) 2·7 (2·6) 2·6 (2·6) 2·8 (2·9) 2·8 (2·6) 2·7 (2·5)

MHIS 0·7 (0·9) 0·6 (0·9) 0·9 (1·0) 0·6 (0·8) 0·7 (0·8) 0·6 (0·9)

ADAS-cog 10·5 (5·0)* 10·2 (4·9)* 14·1 (5·4) 14·6 (4·7)* 9·7 (4·5)* 9·0 (4·2)

MMSE 27·0 (2·6)† 26·9 (2·8)* 25·1 (3·3) 24·7 (3·7) 27·4 (2·3)† 27·5 (2·1)*

GDS 2·4 (0·5)† 2·4 (0·5)* 2·7 (0·5) 2·7 (0·5) 2·4 (0·5)† 2·3 (0·5)*

NPI  3·2 (5·3)‡ 2·9 (5·0)† 4·3 (5·1) 3·7 (4·6) 3·0 (5·3)‡ 2·7 (5·1)†

ADCS-ADL  57·7 (8·5)§ 58·4 (7·8)† 53·8 (8·2) 53·2 (8·5) 58·5 (8·3)§ 59·8 (7·0)†

MRI assessment¶ (n=220) (n=221) (n=52) (n=54) (n=168) (n=167)

Baseline total hippocampal volume 3·6 (0·8) 3·6 (0·7) 3·1 (0·7) 3·1 (0·6) 3·8 (0·7) 3·7 (0·6)

Pharmacogenetics||

APOE ε4 genotype (n=252) (n=248) (n=36) (n=49) (n=216) (n=199)

Carriers 92 (36·5%) 115 (46·4%) 20 (55·6%) 29 (59·2%) 72 (33·3%) 86 (43·2%)

Non-carriers 160 (63·5%) 133 (53·6%) 16 (44·4%) 20 (40·8%) 144 (66·7%) 113 (56·8%)

BCHE genotype (n=242) (n=248) (n=35) (n=55) (n=207) (n=193)

Wild-type/wild-type 175 (72·3%) 159 (64·1%) 23 (65·7%) 35 (63·6%) 152 (73·4%) 124 (64·2%)

K variant** 67 (27·7%) 89 (35·9%) 12 (34·3%) 20 (36·4%) 55 (26·6%) 69 (35·8%)

Data are mean (SD) or numbers (%), unless otherwise indicated. DMC=Diagnosis Monitoring Committee; MMSE=mini-mental state examination; ADAS-cog=AD assessment scale, cognitive subscale; 
ADCS-ADL=AD Co-operative Study activities of daily living; CDR=clinical dementia rating; GDS=global deterioration scale; HAM-D=Hamilton rating scale for depression; MHIS=modifi ed Hachinski ischaemic scale. 
*Data missing for 1 patient. †Data missing for 2 patients. ‡Data missing for 4 patients. §Data missing for 5 patients. ¶Based on a subpopulation of patients who agreed to MRI testing (n=550). Hippocampal 
volumes were adjusted for whole brain volume and are expressed as (total hippocampal volume x 1000)/whole brain volume. Although 513 patients received hippocampal volume scans, only 441 received whole 
brain volume scans, therefore only 441 are included. ||Based on a subpopulation of patients who agreed to pharmacogenetic testing at baseline (APOE=500; BCHE=490). **Homozygous or heterozygous. 
Patients who developed other types of dementia are included in the group who did not progress to Alzheimer’s disease (AD). 

Table 1: Baseline characteristics of study participants (modifi ed intention-to-treat population) 
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During the double-blind phase, the mean daily dose 
of rivastigmine was 5·67 mg (SD 3·20). 325 patients 
(64·0%) received an average daily dose of less than 
6 mg, and 183 patients (36·0%) received a mean daily 
dose of at least 6 mg. The median daily dose of 

rivastigmine during the maintenance phase (excluding 
the 18-week titration phase) was 6 mg.

The mean time to AD progression in all phases of the 
trial was 1318 days (SE 15·08) in the rivastigmine group 
(n=508) and 1289 days (SE 16·28) in the placebo group 

179 completed double- 
         blind phase

55 completed open- 
       label phase

79 entered open- 
      label phase

78 completed retrieved- 
      dropout phase

88 diagnosed with AD186 entered retrieved- 
          dropout phase

53 completed open- 
      label phase

15 entered retrieved- 
      dropout phase

27 entered retrieved- 
      dropout phase

97 entered open- 
      label phase

109 diagnosed with AD

219 completed double- 
         blind phase

74 completed retrieved- 
      dropout phase

124 entered retrieved- 
         dropout phase

312 completed study

505 entered double- 
         blind phase

3 withdrew before 
    receiving medication

508 allocated to  
         rivastigmine

509 entered double- 
         blind phase

1 withdrew before 
    receiving medication

510 allocated to  
         placebo

346 completed study

1018 patients 
           randomised

508 not randomised:
   374 screening failures
   134 still in active screening when study was 
            closed to further randomisation

1526 patients with 
           MCI assessed

163 withdrew from study:
   34 adverse events
   12 unsatisfactory therapeutic effect
     1 condition no longer requires study 
         drug
     7 protocol violation
  65 withdrew consent
     8 lost to follow-up
   12 administrative problems
   24 death

193 withdrew from study:
   62 adverse events
     4 unsatisfactory therapeutic effect
     2 condition no longer requires study 
        drug
     5 protocol violation
  80 withdrew consent
  14 lost to follow-up
    9 administrative problems
  17 death 

Figure 1: Trial profi le
MCI=mild cognitive impairment. Withdrawals are presented for the overall study rather than for each separate stage. Patients in the retrieved-dropout phase were allowed to enter open-label 
treatment if diagnosed with AD. If those who had been diagnosed with AD discontinued open-label treatment, they could subsequently re-enter and then later withdraw from the retrieved-dropout 
phase. Allocation of withdrawal to a particular study phase is not possible as some patients would then be counted more than once. 
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(n=510). Over the 3–4-year study duration, 17·3%  
(n=88) of patients on rivastigmine and 21·4% (n=109) 
of patients on placebo progressed to AD (hazard ratio 
0·85 [95% CI 0·64–1·12; p=0·225; fi gure 2). Of the 
patients who progressed to dementia 197 (97·5%) were 
diagnosed with AD and only 5 (2·5%) with other 
dementias.

Performance on the neuropsychological test battery 
was similar at baseline between rivastigmine and 
placebo groups. There was no signifi cant diff erence 
between the rivastigmine and placebo groups on the 
standardised Z score for the cognitive test battery 
measured as change from baseline to endpoint 
(–0·10 [95% CI –0·63 to 0·44], p=0·726). No signifi cant 
treatment diff erences were seen on the individual 
cognitive tests after Bonferroni correction for multiple 
comparisons (online supplementary data). For the 
secondary outcome measures, after the application of 
Bonferroni corrections, there were no signifi cant 
diff erences between treatment groups in either the 
MITT or observed-case analyses (online supplementary 
data).

There were no signifi cant diff erences between 
treatment groups with regard to change from baseline 
to endpoint on any of the outcome measures derived by 
MRI assessment in the classic ITT population. The 
increase in ventricular volume was greater in the 
placebo group at 12 months (p=0·009) and 24 months 
(p=0·019) but not at the end of the study (p=0·371; 
fi gure 3). Although these diff erences in ventricular 
volume favoured rivastigmine at 12 and 24 months, 
these results were not signifi cant after Bonferroni 
correction for multiple comparisons.

Of the 500 patients who consented to pharmacogenetic 
testing, 207 (41·4%) had at least one APOE ε4 allele. 
During the study period, 20 rivastigmine-treated APOE 
ε4 carriers progressed to AD (21·7%), compared with 
29 (25·2%) in the placebo group (p=0·623). In APOE 
ε4 non-carriers, 16 (10·0%) rivastigmine-treated and 
21 (15·0%) placebo-treated patients progressed to AD 
(p=0·214). Between-treatment diff erences did not reach 
signifi cance in APOE ε4 carriers on the Kaplan-Meier 
analysis of the time to a clinical diagnosis of AD, 
standardised Z score, or ADAS-cog. No interaction was 
seen between APOE ε4 status and change from baseline 
in composite Z score or ADAS-cog score. However, 
when the Cox proportional hazards multivariate 
regression analyses were re-run to include APOE ε4 as 
an additional independent variable, APOE ε4 did predict 
progression to AD (p=0·024).

In a post-hoc analysis of patients within the placebo 
group who progressed to dementia (n=109) there were 
65 women (24·8%) and 44 men (17·7%), p=0·053. Post-
hoc Cox proportional hazards multivariate regression 
analyses showed signifi cant associations between 
progression to dementia and patient’s age (hazard ratio 
1·051 per year [95% CI 1·021–1·082]; p<0·0007), 

behaviour at baseline (NPI>0 vs NPI=0, hazard ratio 
1·955 [95% CI 1·168–3·271], p=0·011; NPI apathy item 
>0 vs NPI apathy item=0, hazard ratio 1·665 [95% CI 
1·062–2·615], p=0·027), and low scores (worst 50% vs 
best 50%) on executive function and attention tests 
(digit span, hazard ratio 1·867 [95% CI 1·127–3·096]; 
p=0·015; verbal fl uency (worst 50% vs best 50%), hazard 
ratio 2·087 [95% CI 1·289–3·380]; p=0·003).

Pharmacogenetic analyses showed fewer progressions 
to AD in rivastigmine-treated women who were 
homozygous for the wild-type BCHE genotype (wt/wt), 
compared with those receiving placebo (12·9% vs 
30·0%; hazard ratio 0·46 [95% CI 0·233–0·911], 
p=0·026). This was confi rmed by the Kaplan-Meier log-
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Figure 2: Kaplan-Meier estimates for time to progression to AD in MCI patients receiving rivastigmine or 
placebo for up to 4 years (modifi ed intention-to-treat analysis)
Note truncation of y-axis.

Figure 3: Absolute change from baseline per year in ventricular volume by 
treatment group (intention-to-treat analysis) 
Calculated using least squares means from ANCOVA, with adjustment for 
treatment and baseline values. p values all not signifi cant after Bonferroni 
correction for multiple comparisons.
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rank test (–0·182; [95% CI 0·338–0·025], p=0·014). 
Ventricular volume expansion was signifi cantly reduced 
in rivastigmine-treated women in this group (p=0·012). 
This eff ect was apparent in BCHE wt/wt women 
(p=0·035) but not in women carrying the BCHE 
K-variant allele (p=0·284; see baseline demographics by 
sex and BCHE genotype in online supplementary data).

Post-hoc correlational analyses showed that changes 
in ventricular volume were related to the likelihood of 
progression to AD (rivastigmine, r=0·461, p<0·0001;  
placebo, r=0·427, p<0·0001), baseline-to-endpoint 
changes in the composite Z score of the neurocognitive 
test battery (rivastigmine, r=-0·559, p<0·0001; placebo, 
r=-0·465, p<0·0001), and baseline-to-endpoint changes 
in ADAS-cog scores (rivastigmine, r=-0·517, p<0·0001; 
placebo, r=-0·506, p<0·0001). Whole brain atrophy was 
also related to the likelihood of progression to AD 
(rivastigmine, r=-0·477, p<0·0001; placebo, r=-0·263, 
p<0·0013), baseline-to-endpoint changes in the 
composite Z score of the neurocognitive test battery 
(rivastigmine, r=0·582, p<0·0001; placebo, r=0·403, 
p<0·0001), and baseline-to-endpoint changes in 
ADAS-cog scores (rivastigmine, r=0·634, p<0·0001; 
placebo, r=0·412, p<0·0001). The rate of change in 
hippocampal volume at endpoint was not related to 
changes on any outcome measure. Post-hoc analyses 
showed that whole-brain volume decline was reduced 
in rivastigmine-treated women compared with those 
receiving placebo (p=0·05). Ventricular volume 
expansion was also signifi cantly reduced in rivastigmine-
treated women compared with those receiving placebo 
(p=0·009). These post-hoc analyses are only for 
generating hypotheses and will require confi rmation in 
future prospective studies.

During the 4 years of the double-blind treatment 
phase, similar numbers of patients on rivastigmine 

(n=483, 95·6%) and placebo (n=472, 92·7%) reported 
adverse events. The predominant adverse events were 
cholinergic in nature; the frequencies of nausea, 
vomiting, diarrhoea, and dizziness were two to four 
times higher in the rivastigmine group than in the 
placebo group. Fatigue, abdominal pain and headache 
were 1·9, 1·6, and 1·4 times higher in rivastigmine-
treated patients than in the placebo group, respectively 
(table 2). Most adverse events were mild or moderate in 
both groups. 141 (27·9%) patients on rivastigmine and 
155 (30·5%) patients on placebo had serious adverse 
events during the double-blind phase. Approximately 
twice as many patients in the double-blind placebo 
group had serious cardiac disorders compared with the 
rivastigmine group (8·3% vs 4·4%; p=0·014). 

Total discontinuation rates (including all study 
phases) due to adverse events were 12·2% in the 
rivastigmine group and 6·7% in the placebo group. 
Overall (including all study phases), 17 (3·3%) 
rivastigmine-treated patients and 24 (4·7%) placebo-
treated patients died (p=0·345).

Discussion
MCI has been recognised as an at-risk state for 
progression to dementia, particularly AD. Rates of 
progression are 10–15% per year in studies of up to 
5 years or longer.2,5,6 As a result, MCI is a potentially 
compelling target for therapeutic intervention. To delay 
the time to develop AD could have signifi cant clinical, 
economic, and social consequences. 

The InDDEx study investigated the eff ect of 
rivastigmine over 3–4 years on the rate of progression 
from MCI to AD, in addition to the eff ects on the 
patients’ results on a cognitive test battery. Neither of 
the primary outcome measures indicated a benefi t for 
rivastigmine treatment. Although there was a small 
numerical advantage in favour of rivastigmine on 
delaying the time to a clinical diagnosis of AD, this did 
not reach signifi cance. There were no benefi ts of 
rivastigmine on global, functional, or neuropsychiatric 
outcomes. The safety profi le of rivastigmine included 
high rates of gastrointestinal cholinergic side-eff ects, 
particularly nausea and vomiting. Although these rates 
were higher than those reported in AD trials with 
rivastigmine, the discontinuation rates related to these 
side-eff ects were much lower. No other signifi cant or 
unexpected safety concerns arose with treatment of 
MCI patients. Mortality and occurrence of cardiac 
serious adverse events had a favourable profi le with 
rivastigmine, supporting its safety in MCI. 

The overall rate of progression to AD was much lower 
than predicted. Whereas the study design was based on 
a progression rate of 10% per year, the study achieved 
only a 5% rate per year over 4 years. Indeed, the study 
needed to be extended from 3 years to 4 years to achieve 
the necessary numbers of patients progressing to AD to 
meet the minimum sample size required. We suspect 

Rivastigmine (n=505) Placebo (n=509)

Any adverse event 483 (95·6%) 472 (92·7%)

Nausea 249 (49·3%) 73 (14·3%)

Vomiting 164 (32·5%) 37 (7·3%)

Dizziness 125 (24·8%) 78 (15·3%)

Diarrhoea 117 (23·2%) 47 (9·2%)

Headache 108 (21·4%) 77 (15·1%)

Depression 62 (12·3%) 63 (12·4%)

Insomnia 62 (12·3%) 43 (8·4%)

Fatigue 59 (11·7%) 31 (6·1%)

Upper abdominal pain 56 (11·1%) 36 (7·1%)

Asthenia 52 (10·3%) 15 (2·9%)

Arthralgia 47 (9·3%) 54 (10·6%)

Hypertension 47 (9·3%) 62 (12·2%)

*Reported by at least 10% of patients in either group.

Table 2: Most frequently reported* adverse events during double-blind 
phase (safety population) 
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that the inclusion criteria of MCI had a major infl uence 
on the study outcomes. Our MCI inclusion criteria were 
based on a CDR stage of 0·5 with a screening test of 
episodic memory (NYU delayed paragraph recall) that 
had a cut-off  point that was corrected for neither age 
nor education. Published age and education cut-off s for 
this test were not available at the time of study design. 
The importance of these test-score adjustments in 
defi ning the study population is better recognised now 
than when this study was designed.48 Moreover, patients 
with symptoms of depression at baseline were 
specifi cally excluded, whereas these symptoms are now 
recognised as common in patients with MCI and have 
predictive use in identifying individuals who are more 
likely to progress to AD.49–51 These study design factors 
may have led to the enrolment of a more heterogeneous 
study population than that intended, which subsequently 
had a lower proportion of individuals destined to 
progress to AD. This study indicates that this proportion 
critically depends on the inclusion criteria. 

This study also identifi es several important clinical 
and neuroimaging markers that are associated with the 
risk of progression to AD. The increasing severity of 
MCI, as measured by global staging (CDR and GDS), 
global cognitive performance (ADAS-cog and MMSE 
total scores), and overall functional disability 
(ADCS-ADL total score), was associated with an 
increased rate of progression to AD. In post-hoc 
analyses of clinical factors that predicted progression to 
AD, there were signifi cant associations with increasing 
age, the presence of neuropsychiatric symptoms at 
entry (particularly apathy), and performance on tests of 
executive function and attention. From the 
neuroimaging perspective, baseline total hippocampal 
volume was associated with progression to AD, whereas 
the rate of change of hippocampal volume did not 
correlate with changes on any clinical outcome measure. 
There was a strong correlation between changes in 
ventricular volume and whole brain atrophy and the 
likelihood of progression to AD. These fi ndings indicate 
that the severity of MCI is associated with progression 
to AD, as are some of the important MRI measures of 
hippocampal, whole brain, and ventricular volumetric 
measures. Future MCI trials may benefi t from the use 
of these clinical and neuroimaging variables to enrich 
study samples with subjects having higher likelihoods 
of progressing to AD.

These results join those of the other cholinesterase 
inhibitors, donepezil and galantamine, that have failed 
to achieve a signifi cant longer term (>2 year) treatment 
benefi t, either on time to progression to AD or on 
cognitive test batteries.15–18 Overall, the limited longer-
term effi  cacy of cholinesterase inhibitor therapy in 
these studies may arise from the relatively modest 
cholinergic defi cits at the MCI stage.52,53 Within the 
InDDEx study, there was also a dose-tolerability issue, 
because the mean tolerated dose of rivastigmine was 

below 6 mg daily, with more than 59% of patients 
receiving less than 6 mg daily at their last double-blind 
phase assessment. Therefore a signifi cant proportion of 
the study population received less than the usual 
therapeutically eff ective dose for AD. Although it is 
possible that patients with MCI could obtain therapeutic 
eff ects from lower doses of drug, given the more modest 
cholinergic defi cits, a defi nitive conclusion as to the 
long-term effi  cacy of rivastigmine in MCI at the higher 
doses typically achieved in AD cannot be reached in 
this study.

Among the biological risk factors, the APOE genotype 
has been well recognised as an important predictor of 
progression of MCI to AD.15,48 The prevalence of APOE 
ε4 carriers recruited into this study was lower than 
some of the other MCI randomised controlled trials.54,55 
In the InDDEx study, 41·4% of patients were APOE 
ε4 carriers (36% in the rivastigmine group), whereas in 
the ADCS donepezil-vitamin E study, 55% of patients 
were APOE ε4 carriers (58% in the donepezil group).15 
In turn, the donepezil-vitamin E study cohort was more 
impaired at entry and had greater rates of decline across 
the cognitive and functional outcome measures used in 
both studies. The donepezil-vitamin E study also 
reported a signifi cantly higher rate of progression to 
AD (16% vs 5% per year). Donepezil delayed the 
progression to AD in the subpopulation of patients with 
an APOE ε4 allele over 3 years, whereas no similar 
eff ect in the InDDEx study was noted. The explanation 
for this diff erence in treatment interaction between 
cholinesterase inhibitors and APOE ε4 is not currently 
understood. In the InDDEx study, only 50% of patients 
consented to APOE testing, which may have limited the 
comparison. Although post-hoc analyses did not 
identify any obvious diff erences between patients who 
were tested versus those who were not tested, the 
possibility of some bias cannot be excluded.

We also did several exploratory analyses to investigate 
the role of BCHE genotyping, a genetic risk factor with 
potential pharmacogenomic use. Fewer rivastigmine-
treated women who were homozygous for wild-type 
BCHE genotype progressed to AD compared with those 
receiving placebo. These patients also showed reduced 
ventricular expansion compared with those on placebo. 
During 2 years, AD patients with this wild-type genotype 
have shown a greater response to rivastigmine compared 
with those with the BCHE-K variant polymorphism.56,57 

These exploratory fi ndings need confi rmation in further 
prospective studies.

There are other limitations within this study. In its 
design, the sample size was calculated on the basis of 
the time to diagnosis of AD only. No separate calculation 
was done for the co-primary variable, the composite 
Z score neuropsychological battery. Therefore the sample 
size may not have been suffi  cient to achieve signifi cance 
on this outcome measure. Furthermore, the overall 
trend in the study population was for deterioration in 
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neuropsychological and neuroimaging assessments 
over time. Thus, when patients progressed to AD or 
withdrew from the study, their assessment at progression 
or withdrawal was carried forward in subsequent 
analyses, and any further progression of these patients 
was not assessed. The loss of this valuable information 
may have resulted in an underestimation of the overall 
eff ect of rivastigmine over time, particularly as there 
were more progressions to AD in the placebo group.

In the absence of biomarkers that predict which 
patients have MCI of the AD type and are likely to 
progress over a few years of follow up, future MCI 
treatment trials might be well advised to seek patients 
with more advanced MCI, and who are phenotypically 
and genotypically closer to AD. This could allow a 
clearer view of the therapeutic potential of the drug 
being investigated in those patients clinically diagnosed 
with MCI but who were in the preclinical stage of AD.

In summary, this study did not show a delay in 
progression to AD with rivastigmine treatment. No 
signifi cant treatment diff erences were seen on the 
cognitive battery or on measures of cognition, behaviour, 
or activities of daily living. Rivastigmine was not 
associated with any signifi cant unexpected serious 
safety concerns in patients with MCI.
Contributors
HHF contributed to the study design, data analysis, and was chiefl y 
responsible for the writing of the manuscript. SF assisted in the 
design and implementation of the study, and contributed to the data 
analysis and manuscript editing. BW, AB, TdS, JC, DI, J-MO, and HS 
helped design and implement the trial, and contributed to the 
manuscript writing. PS, ES, and NH contributed to the study design 
and data analysis, as well as to the manuscript writing. MF and SP 
participated in the study design, interpretation of data, and writing of 
the manuscript. ST, LM, and RL contributed to the implementation 
and conduct of the study, data analysis, and the writing of the 
manuscript. NS did the statistical analyses and contributed to the 
writing of the manuscript. YH did the genotyping and related data 
analysis as well as the writing of the manuscript. NF did the analysis 
of total brain and ventricular volume, with measurements provided by 
the Dementia Research Centre, Institute of Neurology, University 
College London, UK, and contributed to the writing of the 
manuscript. HCC did total brain and hippocampal analysis, with 
measurements provided by the Duke Image Analysis Laboratory, 
Duke University, Durham, NC, USA, and contributed to the writing of 
the manuscript.

InDDEx study group
Diagnosis and monitoring committee—Howard Feldman, Canada (chair); 
Nathan Herrmann, Canada; Elio Scarpini, Italy; Philip Scheltens, 
Netherlands.
Safety committee—Lon Schneider, USA (chair); Ladislav Volicer, USA.
Steering committee—Steven DeKosky, USA (chair); Bengt Winblad, 
Sweden (co-chair); Alistair Burns, UK; Jeff rey Cummings, USA; 
Teodoro del Ser, Spain; Domenico Inzitari, Italy; Jean-Marc Orgogozo, 
France; Heinrich Sauer, Germany. 

InDDEx principal investigators
Argentina—Ricardo Francisco Allegri (Department of 
Neuropsychological Investigation and Rehabilitation, Centre of 
Medical Education and Clinical Investigation, Buenos Aires), 
Janus Kremer (Hospital Privado Córdoba Naciones Unidas, Cordoba), 
Carlos A Mangone (The Institute of Cognitive and Behavioural 
Neurology (INECO) and Buenos Aires Memory Clinic, Buenos Aires), 
Gustavo A Petracca (Lucha Foundation for Childhood Neurological 
Diseases, Buenos Aires).

Austria—Thomas Benke (University of Innsbruck, Innsbruck), 
Peter Dal Bianco (University Clinic for Neurology, Medical University 
of Vienna, Vienna).
Finland—Kari Alhainen (Suinuu Memory Research and Treatment 
Centre, Joensuu), Timo Erkinjuntti (Helsinki University Hospital, 
Helsinki), Juha Rinne (University of Turku, Turku), Hilkka Soininen 
(Kuopio University Hospital, Kuopio).
France—Jean-François Dartigues (Pellegrin-Le Tripode Hospital, 
Bordeaux), Bruno Dubois (Pitié Salpêtrière Hospital, Paris), 
Bernard-François Michel (Sainte Marguerite Hospital, Marseilles), 
Florence Pasquier (Roger Salengro Hospital, Lille), Jacques Touchon 
(Gui de Chauliac Hospital, Montpellier), Bruno Vellas (Hospital La 
Grâve-Casselardit, Toulouse).
Germany—Lutz Frölich (Johann-Wolfgang-Goethe Clinic, Frankfurt 
University, Frankfurt), Fritz Henn (Central Institute for Mental Health, 
Mannheim), Alexander Kurz (Hospital and Health Centre for Psychiatry 
and Psychotherapy, Technical University of Munich, Munich), 
Wolfgang Maier (University Clinic and Health Centre for Psychiatry and 
Psychotherapy, Bonn), Hans-Jörgen Möller (Gerontology Research 
Centre, Memory clinic, Munich), Wolf Dieter Oswald (Erlangen-
Nürnberg University, Erlangen), Horst Przuntek (St Josef-Hospital, 
Bochum), Michael Roesler (University of Saarlandes, Homberg).
Mexico—Amador Macias Osuna (San Francisco Medical Centre, 
Monteray), Miguel Gutierrez Robledo (National institute of Medical 
Sciences and Nutrition, Tlalpan).
Netherlands—Paul Dautzenberg (Jeroen Bosch Hospital, Den Bosch).
South Africa—Stanley Lipschitz (The Osteoporosis and Memory Clinic, 
Rosebank), Felix Potocnik (Stikland Hospital, Cape Town).
Spain—Marisa Barquero (San Carlos Hospital Clinico, Madrid), 
Felix Bermejo (12th October University Hospital, Madrid), Rafael Blesa 
(Hospital Provincial Clinic of Barcelona, Barcelona), Anna Frank (La Paz 
University Hospital, Madrid), Jordi Peña Casanova (Municipal Geriatric 
Centre, Barcelona), Juan José Zarranz (Hospital de Cruces, Bilbao).
Sweden—Sture Ericsson (Norrlands University, Umeå), 
Lars-Olof Wahlund (Karolinska University Hospital, Huddinge), 
Anders Wallin (Institute of Clinical Neuroscience, Goteborg 
University, Goteborg).
Switzerland—Reinhild Mulligan (Memory Clinic, Geneva), 
Hannes B Stäehelin (Cantonal Hospital Basel, Basel).
UK—Roger Bullock (Kingshill Research Centre, Swindon), 
Fraser Inglis (Healthcare International Medical Centre, Glasgow), 
Roy Jones (St Martin’s Hospital, Bath), Kenneth O’Neill (Midlock 
Medical Centre, Glasgow), Peter Passmore (Department for Geriatric 
Medicine, Belfast City Hospital, Belfast), Martin Rossor (The National 
Hospital for Neurology and Neurosurgery, London), Tonmoy Sharma 
(Institute of Psychiatry, De Crespigny Park, London), Robert Smith 
(Memory Assessment Centre, Bradford), David Wilkinson (Thornhill 
Research Unit, Southampton).
Uruguay—Jorge Lorenzo (Echevarriarza Clinic, Montevideo), 
Alvaro Pintos (Dr Manuel Quintela Hospital, Montevideo).
USA—Barry Baumel (Baumel-Eisner Neuromedical Research 
Institute, Fort Lauderdale, FL), Vinod Bhatnagar (Center for Clinical 
Trials and Research, Venice, FL), Murali Doraiswamy (Duke University 
Medical Center, Durham, NC), Eugene DuBoff  (Radiant Research, 
Denver, CO), Steven Eisen (Clinical Studies, Philadelphia, PA), 
Martin Farlow (Indiana University Hospital, Indianapolis, IN), 
Steven Ferris (NYU Medical Center, New York, NY), George Grossberg 
(St Louis University School of Medicine, St Louis, MO), Louis Kirby 
(Pivotal Research Center, Peoria, AZ), Steven Kobetz (Miami Research 
Associates, Miami, FL), Mary Ann Knesevich (University Hills Clinical 
Research, Irving, CA), Jorg Pahl (Pahl Brain Associates, Oklahoma 
City, OK), Elaine Peskind (VA Hospital, Seattle, WA), Steven Potkin 
(University of California, Orange, CA), Joshua Shua-Haim (Meridian 
Institute of Aging, Manchester, NJ).

Confl icts of interest 
HHF has been a consultant and speaker for Novartis, and has received 
either grant support or served as consultant or speaker on behalf of 
Pfi zer, Eisai, Janssen, Lilly, AstaZeneca, Sanofi  Synthelabo, 
GlaxoSmithKline, Servier, Myriad, Targacept, Lundbeck, Forest, and 
Axonyx. SF, JC, TdS, and PS have served as consultants for Novartis. BW 
and J-MO have received honoraria from Novartis for their participation 



Articles

http://neurology.thelancet.com   Published online May 3, 2007   DOI:10.1016/S1474-4422(07)70109-6 11

on the advisory board of the InDDEx study. HS has received honoraria 
from Novartis as a member of the study steering committee of the 
InDDEx study. SP has received honoraria as a consultant and speaker, 
and obtained grant support from Novartis. NF received honoraria from 
Novartis for participation in the InDDEx study and as an invited speaker. 
NH has received research support and speaker’s honoraria from 
Novartis, Pfi zer, Janssen, and Lundbeck. MF is a consultant for Novartis 
and serves on spearker’s bureaus for Novartis, Forest, Pfi zer, and Eisai. 
RL, NS, LM, and ST are employees of Novartis with stock ownership. 

Acknowledgments
This study was funded by Novartis Pharma AG, Basel, Switzerland. The 
eff orts of Alpha-Plus Medical Communications Ltd (Rachel Wright and 
Sarah Clow) assisting in the fi rst draft of this paper and in the editing 
and formatting of the subsequent versions of the manuscript are 
acknowledged with appreciation. They did not have infl uence on the 
content of the manuscript. The assistance of Jacob Grand (UBC 
Alzheimer Clinical Trials Unit) in the formatting and editing of the 
manuscript including fi gures and tables is acknowledged with thanks.

References
1 Feldman HH, Jacova C. Mild cognitive impairment. 

Am J Geriatr Psychiatry 2005; 13: 645–55.
2 Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, 

Kokmen E. Mild cognitive impairment: clinical characterization 
and outcome. Arch Neurol 1999; 56: 303–08.

3 Grundman M, Petersen RC, Ferris SH, et al. Mild cognitive 
impairment can be distinguished from Alzheimer disease and 
normal aging for clinical trials. Arch Neurol 2004; 61: 59–66.

4 Petersen RC, Doody R, Kurz A, et al. Current concepts in mild 
cognitive impairment. Arch Neurol 2001; 58: 1985–92.

5 Solfrezzi V, Panza F, Colacicco AM, et al. Vascular risk factors, 
incidence of MCI, and rates of progression to dementia. Neurology 
2004; 23: 1882–91.

6 Larrieu S, Letenneur L, Orgogozo JM, et al. Incidence and 
outcome of mild cognitive impairment in a population-based 
prospective cohort. Neurology 2002; 59: 1594–99.

7 Winblad B, Engedal K, Soininen H, et al. A 1-year, randomized, 
placebo-controlled study of donepezil in patients with mild to 
moderate AD. Neurology 2001; 57: 489–95.

8  Beach TG, Kuo YM, Spiegel K, Emmerling MR, Sue LI, 
Kokjohn K. The cholinergic defi cit coincides with Abeta 
deposition at the earliest histopathologic stages of Alzheimer 
disease. J Neuropathol Exp Neurol 2000; 59: 308–13.

9 Nordberg A, Lundqvist H, Hartvig P, Andersson J, Johansson M, 
Hellstrom-Lindahi E. Imaging of nicotinic and muscarinic 
receptors in Alzheimer’s disease: eff ect of tacrine treatment. 
Dement Geriatr Cogn Disord 1997; 8: 78–84.

10 Seltzer B, Zolnouni P, Nunez M, et al. Effi  cacy of donepezil in 
early-stage Alzheimer disease: a randomized placebo-controlled 
trial. Arch Neurol 2004; 61: 1852–56.

11 Mesulam MM. Butyrylcholinesterase in the normal and 
Alzheimer brain. In: Giacobini E, ed. Butyrylcholinesterase: its 
function and inhibitors. London: Martin Dunitz, 2003.

12 Haring R, Fisher A, Marciano D, et al. Mitogen-activated protein 
kinase-dependent and protein kinase C-dependent pathways link 
the m1 muscarinic receptor to beta-amyloid precursor protein 
secretion. J Neurochem 1998; 71: 2094–103.

13 Mufson EJ, Ma SY, Cochran EJ, et al. Loss of nucleus basalis 
neurons containing trkA immunoreactivity in individuals with 
mild cognitive impairment and early Alzheimer’s disease. J Comp 
Neurol 2000; 427: 19–30.

14 Auld DS, Kar S, Quirion R. Beta-amyloid peptides as direct 
cholinergic neuromodulators: a missing link? Trends Neurosci 
1998; 21: 43–49.

15 Petersen RC, Thomas RG, Grundman M, et al. Vitamin E and 
donepezil for the treatment of mild cognitive impairment. 
N Engl J Med 2005; 352: 2379–88.

16 Johnson and Johnson Pharmaceutical Research and Development. 
Study synopsis: a randomized double-blind, placebo-controlled 
trial to evaluate the effi  cacy and safety of galantamine in subjects 
with mild cognitive impairment (MCI) clinically at risk for 
development of clinically probable Alzheimer’s disease. (Protocol 
No. GAL-INT-11), June 11, 2004. http://www.clinicalstudyresults.
org/documents/company-study_96_1.pdf (accessed Aug 11, 2005).

17 Johnson and Johnson Pharmaceutical Research and Development. 
Study synopsis: a randomized double-blind, placebo-controlled trial 
to evaluate the effi  cacy and safety of galantamine in subjects with 
mild cognitive impairment (MCI) clinically at risk for development 
of clinically probable Alzheimer’s Disease (Protocol No. GAL-INT-
18), June 17, 2004. http://www.clinicalstudyresults.org/documents/
company-study_96_2.pdf (accessed Oct 18, 2005).

18 Salloway S, Ferris S, Kluger A, et al. Effi  cacy of donepezil in mild 
cognitive impairment: a randomized placebo-controlled trial. 
Neurology 2004; 63: 651–57.

19 Morris JC. The Clinical Dementia Rating (CDR): current version 
and scoring rules. Neurology 1993; 43: 2412–14.

20 Kluger A, Ferris SH, Golomb J, Mittelman MS, Reisberg B. 
Neuropsychological prediction of decline to dementia in 
nondemented elderly. J Geriatr Psychiatry Neurol 1999; 12: 168–79.

21 American Psychiatric Association. Diagnostic and statistical manual 
of mental disorders, 4th edn. Washington, DC: American 
Psychiatric Association, 1994.

22 McKhann G, Drachman D, Folstein M, Katzman R, Price D, 
Stadlan EM. 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 1984; 34: 939–44.

23 Hamilton M. Development of a rating scale for primary depressive 
illness. Br J Soc Clin Psychol 1967; 6: 278–96. 

24 World Medical Association Declaration of Helsinki. 
Recommendations guiding physicians in biomedical research 
involving human subjects. JAMA 1997; 277: 925–26.

25 Mohs RC, Knopman D, Petersen RC, et al. Development of 
cognitive instruments for use in clinical trials of antidementia 
drugs: additions to the Alzheimer’s Disease Assessment Scale that 
broaden its scope. The Alzheimer’s Disease Cooperative Study. 
Alzheimer Dis Assoc Disord 1997; 11 (suppl 2): S13–21.

26 Wechsler D. Wechsler Adult Intelligence Scale—third edition. San 
Antonio, TX: The Psychological Corporation, 1997.

27  Buschke H. Cued recall in amnesia. J Clin Neuropsychol 1984; 6: 433–40.
28 Grober E, Buschke H. Genuine memory defi cits in dementia. 

Dev Neuropsychol 1987; 3: 13–36.
29 Grober E, Buschke H, Crystal H, Bang S, Dresner R. Screening for 

dementia by memory testing. Neurology 1988; 38: 900–03.
30 Smith A. Symbol digit modalities test (SDMT). Manual (revised). 

Los Angeles: Western Psychological Services, 1982.
31 Morris JC, Heyman A, Mohs RC, et al. The consortium to establish 

a registry for Alzheimer’s disease (CERAD). Part I. Clinical and 
neuropsychological assessment of Alzheimer’s disease. Neurology 
1989; 39: 1159–65.

32 Wolf-Klein GP, Silverstone FA, Levy AP, Brod MS. Screening for 
Alzheimer’s disease by clock drawing. J Am Geriatr Soc 1989; 
37: 730–34.

33 Sunderland T, Hill JL, Mellow AM, et al. Clock drawing in 
Alzheimer’s disease. A novel measure of dementia severity. 
J Am Geriatr Soc 1989; 37: 725–29.

34 Mohs RC, Rosen WG, Davis KL. The Alzheimer’s Disease 
Assessment Scale: an instrument for assessing treatment effi  cacy. 
Psychopharmacol Bull 1983; 19: 448–50.

35 Folstein M, Folstein S, McHugh P. Mini-mental state. A practical 
method for grading the cognitive state of patients for the clinician. 
J Psychiatr Res 1975; 12: 189–98.

36 Galasko D, Bennett D, Sano M, et al. An inventory to assess 
activities of daily living for clinical trials in Alzheimer’s disease. 
Alzheimer Dis Assoc Disord 1997; 11 (suppl 2): S33–39.

37 Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global 
Deterioration Scale for assessment of primary degenerative 
dementia. Am J Psychiatry 1982; 139: 1136–69.

38 Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new 
clinical scale for the staging of dementia. Br J Psychiatry 1982; 
140: 566–72.

39 Beck AT, Steer RA, Ball R, Rasieri W. Comparison of Beck 
Depression Inventories –IA and –II in psychiatric outpatients. 
J Pers Assess 1996; 67: 588–97.

40 Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, 
Carusi DA, Gornbein J. The Neuropsychiatric Inventory: 
comprehensive assessment of psychopathology in dementia. 
Neurology 1994; 44: 2308–14.



Articles

12 http://neurology.thelancet.com   Published online May 3, 2007   DOI:10.1016/S1474-4422(07)70109-6

41 Logsdon RG, Gibbons LE, McCurry SM, Teri L. Assessing quality 
of life in older adults with cognitive impairment. Psychosom Med 
2002; 64: 510–19.

42 Fox NC, Freeborough PA. Brain atrophy progression measured 
from registered serial MRI: validation and application to 
Alzheimer’s disease. J Magn Reson Imaging 1997; 7: 1069–75.

43 Bartels CF, Jensen FS, Lockridge O, et al. DNA mutation 
associated with the human butyrylcholinesterase K-variant and its 
linkage to the atypical variant mutation and other polymorphic 
sites. Am J Hum Genet 1992; 50: 1086–103.

44 Hsiung GYR, Sadovnick AD, Feldman H. Apolipoprotein E ε4 
genotype as a risk factor for cognitive decline and dementia: data 
from the Canadian Study of Health and Aging. Can Med Assoc J 
2004; 171: 863–67.

45 Holmes C, Ballard C, Lehmann D, David Smith A, Beaumont H, 
Day IN. Rate of progression of cognitive decline in Alzheimer’s 
disease: eff ect of butyrylcholinesterase K gene variation. J Neurol 
Neurosurg Psychiatry 2005; 76: 640–43.

46 Lane RM, Potkin SG, Enz A. Targeting acetylcholinesterase and 
butyrylcholinesterase in dementia. Int J Neuropsychopharmacol 
2006; 9: 101–24.

47 Rust S, Funke H, Assmann G. Mutagenically separated PCR 
(MS-PCR): a highly specifi c one step procedure for easy mutation 
detection. Nucleic Acids Res 1993; 21: 3623–29.

48  Visser PJ, Scheltens P, Verhey FR. Do MCI criteria in drug trials 
accurately identify subjects with predementia Alzheimer’s 
disease? J Neurol Neurosurg Psychiatry 2005; 76: 1348–54.

49 Hwang TJ, Masterman DL, Ortiz F, Fairbanks LA, Cummings JL. 
Mild cognitive impairment is associated with characteristic 
neuropsychiatric symptoms. Alzheimer Dis Assoc Disord 2004; 
18: 17–21.

50 Lyketsos CG, Lopez O, Jones B, Fitzpatrick AL, Breitner J, 
DeKosky S. Prevalence of neuropsychiatric symptoms in dementia 
and mild cognitive impairment: results from the cardiovascular 
health study. JAMA 2002; 288: 1475–83.

51 Lopez OL, Jagust WJ, Dulberg C, et al. Risk factors for mild 
cognitive impairment in the Cardiovascular Health Study 
Cognition Study: part 2. Arch Neurol 2003; 60: 1394–99.

52 Soininen H, Lehtovirta M, Helisalmi S, Linnaranta K, 
Heinonen O, Riekkinen P Sr. Increased acetylcholinesterase 
activity in the CSF of Alzheimer patients carrying apolipoprotein 
epsilon4 allele. Neuroreport 1995; 6: 2518–20.

53 Poirier J. Apolipoprotein E, cholesterol transport and synthesis in 
sporadic Alzheimer’s disease. Neurobiol Aging 2005; 26: 355–61.

54 Cedazo-Minguez A, Cowburn RF. Apolipoprotein E: a major piece 
in the Alzheimer’s disease puzzle. J Cell Mol Med 2001; 5: 254–66.

55 Jelic V, Kivipelto M, Winblad B. Clinical trials in mild cognitive 
impairment: lessons for the future. J Neurol Neurosurg Psychiatry 
2006; 77: 429–38.

56 Bullock R, Touchon J, Bergman H, et al. Rivastigmine and 
donepezil treatment in moderate to moderately-severe 
Alzheimer’s disease over a 2 year period. Curr Med Res Opin 2005; 
21: 1317–27.

57 Bullock R, Bergman H, Touchon J, et al. Eff ect of age on response 
to rivastigmine or donepezil in patients with Alzheimer’s disease. 
Curr Med Res Opin 2006; 22: 483–94.


	Effect of rivastigmine on delay to diagnosis of Alzheimer’s disease from mild cognitive impairment: the InDDEx study
	Introduction
	Methods
	Patients
	Procedures
	Statistical analyses
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


