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Objective: To evaluate the efficacy and safety of rapidly titrated rivastigmine administered twice (BID) or three
times (TID) daily in patients with mild to moderate Alzheimer’s disease (AD).
Methods: This was a 26 week international, randomised, double blind, placebo controlled study in which 678
patients with probable AD received placebo or rivastigmine 2–12 mg/day BID or TID. Primary outcome
measures included the cognitive subscale of the AD Assessment Scale (ADAS-cog) and categorical analysis of
the Clinician Interview Based Impression of Change incorporating caregiver information (CIBIC-Plus).
Secondary outcomes were the CIBIC-Plus change from baseline, Progressive Deterioration Scale, ADAS-
cogA, Mini-Mental State Examination and Global Deterioration Scale.
Results: At week 26, mean rivastigmine dose was 9.6 (2.76) mg/day in the TID group and 8.9 (2.93) mg/
day in the BID group. Mean ADAS-cog changes from baseline in the TID and BID rivastigmine treated groups
were 20.2 (SD 7.3) and 1.2 (SD 7.2) versus 2.8 (SD 7.2) for the placebo group (p,0.05). Differences
between rivastigmine TID and placebo on the CIBIC-Plus categorical responder analysis were significant (31%
vs 19%; p,0.05, intention to treat). No significant differences were seen between BID and placebo for this
outcome measure. Adverse events were predominantly gastrointestinal, occurring mainly during dose
titration. Withdrawal because of adverse events accounted for 17% of BID, 11% of TID and 9% of placebo
patients.
Conclusions: Rivastigmine administered as a BID or TID regimen significantly benefited cognitive, function and
global performances in AD patients. The TID regimen showed a tendency for superior tolerability and permitted
titration to higher doses, an outcome that is significant as the efficacy of rivastigmine is dose related.

A
lzheimer’s disease (AD) is characterised by a loss of
cholinergic neurons and their cortical projections
from the nucleus basalis and associated areas in the

basal forebrain.1 Progressive deterioration of the widespread
and dense cholinergic innervation of the human cerebral
cortex contributes to the symptoms of AD and is associated
with decreased levels of the neurotransmitter acetylcholine
(ACh). Acetylcholinesterase (AChE) and butyrylcholinesterase
(BuChE) appear to be simultaneously active in the synaptic
hydrolysis of ACh, terminating its neurotransmitter action, and
co-regulating ACh levels.2 The use of cholinesterase inhibitors
(ChE-Is) has been directed at increasing and maintaining
synaptic ACh to improve cholinergic neurotransmission.

Three regulatory approved ChE-Is (rivastigmine, donepezil
and galantamine) are widely used for the symptomatic
treatment of AD. These drugs have demonstrated efficacy in
treating cognitive and global functioning, while stabilising
functional abilities, over at least 6 months during clinical trials
in patients with mild to moderate AD.3 4 Although the currently
used ChE-Is have the same treatment indication, they differ
pharmacologically.5 Rivastigmine induces a slowly reversible
inhibition of both AChE and BuChE that is sustained for at
least 12 months of repeated administration.6 Metabolism of
rivastigmine occurs by its target enzymes (AChE and BuChE),
independent of hepatic drug metabolising cytochrome
enzymes. Its pharmacodynamic half life is 1.6 h following a
6 mg dose,7 although both AChE and BuChE activity are
inhibited for about 8–10 h, with maximum inhibition of about
60% 5 h after dosing.8

Previous placebo controlled, randomised controlled trials
(RCTs) with rivastigmine clearly demonstrated a dose–response

relationship with best efficacy reported for doses between 6 and
12 mg daily.9 10 However, too rapid titration to optimal
recommended doses can be associated with intolerance,
particularly nausea and vomiting, which are attributed to
centrally mediated cholinergic effects.11 12 Clinically, 4 weekly
titration on a twice daily (BID) dosing basis with 3 mg dose
increments is recommended to achieve a therapeutic response,
although titration with smaller increments has been suggested
to minimise side effects.13 To allow for more rapid titration,
three times daily (TID) dosing, which might be associated with
lower peak plasma levels, could be a useful therapeutic
approach.14

The aim of this study was to evaluate the safety and efficacy
of rapidly titrated rivastigmine BID or TID for 26 weeks, in
patients with mild to moderately severe AD.

METHODS
Patients
All patients were at least 50 years old and met the criteria for
AD, as described in the Diagnostic and Statistical Manual of
Mental Disorders, 4th edition,15 and in accordance with criteria
for ‘‘probable’’ AD of the National Institute of Neurological and

Abbreviations: ACh, acetylcholine; AChE, acetylcholinesterase; AD,
Alzheimer’s Disease; ADAS-cog, cognitive subscale of the Alzheimer’s
Disease Assessment Scale; AE, adverse event; BID, twice daily; BuChE,
butyrylcholinesterase; ChE-Is, cholinesterase inhibitors; CIBIC-Plus,
Clinician Interview Based Impression of Change incorporating caregiver
information; GDS, Global Deterioration Scale; ITT, intention to treat; LOCF,
last observation carried forward; MMSE, Mini-Mental State Examination;
OC, observed cases; PDS, Progressive Deterioration Scale; RCT,
randomised controlled trial; TID, three times daily
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Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS-ADRDA).16

Inclusion criteria also specified that patients were community
dwelling with entry scores of 10–26 on the Mini-Mental State
Examination (MMSE).17 Recruitment was by referral to the
research centre, advertising or from those known to the
investigators at the participating research centre. Each patient
had a responsible caregiver and, together with their caregiver,
provided written informed consent according to the procedures
of the ethics review board for each centre.

Patients with controlled concomitant diseases such as
hypertension, non-insulin dependent diabetes and arthritis
were allowed to enter the study. Individuals with severe and
unstable cardiac disease, severe obstructive pulmonary disease
or other life threatening conditions were excluded.
Anticholinergic drugs, health food supplements containing

ACh precursors, putative memory enhancers and insulin were
prohibited. All psychotropic drugs were prohibited, with the
exception of chloral hydrate, short acting benzodiazepines and
haloperidol, for not more than 3 days in succession and not less
than 72 h before any efficacy assessment.

Study design
This 26 week, randomised, double blind, placebo controlled,
parallel group study was conducted at 37 centres in Australia,
Canada, Ireland, Italy, South Africa and the UK. Following
screening and baseline evaluations, eligible patients were
randomly assigned to one of three treatment groups. Eligible
patients were randomised on a 1:1:1 basis to rivastigmine BID
or TID dose regimen with a range of daily dosing of 2–12 mg/
day, or matching placebo. Capsules containing rivastigmine and
placebo were identical and the number taken was the same at

Table 1 Efficacy outcome measures

Outcome measure Symptoms and domains Scores, interpretation

Primary
11-item ADAS-cog Memory, language, praxis,

orientation
Total score range of 0–70, where a decreasing
score indicates improvement in cognitive function

CIBIC-Plus Overall global assessment of
patient response

7 point Likert scale, where 1 = markedly improved,
and 7 = markedly worsened

Secondary
ADAS-cogA ADAS-cog with an added item

of attention (concentration/
distractibility)

Total score range of 0–75, where a decreasing
score indicates improvement in cognitive function

CIBIC-Plus Overall global assessment of
change relative to baseline

7 point Likert scale, where 1 = markedly improved,
and 7 = markedly worsened

PDS Activities of daily living 29 item scale scored on a visual analogue scale of
0–100, where an increase in score indicates
improvement in the patient’s ability to perform
activities of daily living

MMSE Recent memory, attention,
concentration, naming, repetition,
comprehension and ability to
formulate a sentence

10 item assessment, with a range of 0230 points
with higher score representing better cognitive
function

GDS Overall staging of AD severity 7 stage scale, where a higher stage indicates more
advanced AD

ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale18; CIBIC-Plus, Clinician Interview Based
Impression of Change incorporating caregiver information scale; GDS, Global Deterioration scale21; MMSE, Mini-
Mental State Examination17; PDS, Progressive Deterioration Scale.20

Figure 1 Patient disposition. BID, twice
daily; TID, three times daily.
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each dose in all groups. Blinding was maintained until the last
patient had completed the study. There were no interim
analyses.

During the initial dose titration phase, study medication was
increased from a starting dose of 2 mg/day. The dose was
increased at weekly intervals in 1 mg/day steps until reaching
the maximum tolerated dose. The titration phase lasted 10 days
to 12 weeks, depending on the highest tolerated dose attained by
the individual patient. Patients unable to tolerate 2 mg/day by
day 10 were withdrawn from the study. Tolerability could be
optimised by maintaining a dose level for periods of up to
2 weeks.

Having determined maximal dose tolerability, all patients then
entered a maintenance phase for the remainder of the 26 week
study. During the maintenance phase, further dose increases or
decreases within the prescribed range were permitted at the
discretion of the investigator although this was optional. Patients
were instructed to take their study medication with or shortly
after food. Administration of each dose level was achieved using
different combinations of active medication and placebo so that
the appropriate daily dose was presented as two capsules TID.

Trial procedures were in accordance with the ethical
standards of the institutional committees on human experi-
mentation and with the Helsinki Declaration. Conducted

between 1994 and 1996, this study was overseen by an
independent international safety monitoring board that
reviewed the safety data of all patients enrolled in the study
on an ongoing basis.

Outcome measures
The primary efficacy variables were the cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-cog)18 and cate-
gorical analysis of the Clinician Interview Based Impression of
Change incorporating caregiver information scale (CIBIC-
Plus).19 Table 1 summarises the instruments used,17–21 including
the secondary outcome measures. Efficacy evaluations were
performed at baseline, weeks 12, 18 and 26 (or at early
termination).

Safety evaluations included physical examinations, electro-
cardiography, monitoring vital signs and laboratory testing
weekly for the first 12 weeks then every 2 weeks thereafter.
Adverse events were defined as any sign, symptom, syndrome
or disease that occurred for the first time after baseline, or
worsened after baseline, whether or not they were considered
treatment related. All adverse events were recorded using the
Novartis Medical Terminology Thesaurus (a modified version of
the WHO adverse reaction terminology dictionary).

Statistical methods
The study sample size was determined on the basis of an
estimated 3.0 point difference between rivastigmine adminis-
tered BID and placebo on the ADAS-cog, an estimated 0.4 point
difference between BID and placebo on the CIBIC-Plus and an
increased proportion of responders with CIBIC-Plus ratings of
.4 of 20% within the BID rivastigmine group (35% rivastig-
mine vs 15% placebo). Sample sizes of 192 per group were
required. For practical reasons the sample size was chosen as
200 (intention to treat (ITT) population). An individual power
of 90% guaranteed protection of the global power in view of the
requirement that both ADAS-cog and CIBIC-Plus analyses
should be significant at the 0.0499 level.

All patients who received at least one dose of study
medication and who had a subsequent safety evaluation were
included in the safety population. Efficacy populations were:
classical ITT, traditional last observation carried forward
(LOCF) and traditional observed cases (OC). The ITT population
included all randomised patients, whether or not they received
treatment. In the case of missing assessments, a retrieved drop-
out assessment was used; if there was no retrieved drop-out
assessment, the last prior observation available was carried

Table 2 Baseline demographics and disease characteristics (all randomised patients)

Rivastigmine TID
(n = 227)

Rivastigmine BID
(n = 229)

Placebo
(n = 222)

Age (y) 71.4 (7.9) 71.0 (8.2) 71.7 (8.7)
Sex (% M:F) 40:60 43:57 40:60
Height (cm) 163.5 (10.7) 164.2 (10.7) 163.5 (10.3)
Weight (kg) 65.9 (12.9) 66.7 (12.2) 65.9 (12.3)
Duration of dementia (months) 38.4 (24.5) 40.6 (31.2) 39.7 (28.2)
Disease severity� (% patients)

Mild 43 45 45
Moderate 55 53 52
Severe 3 2 3

Mean MMSE score 18.3 (4.5) 18.8 (4.6) 18.7 (4.6)
Mean GDS score 4.1 (0.8) 4.0 (0.9) 4.1 (0.9)
Mean ADAS-cog score` 28.1 (12.5) 27.7 (12.3) 28.5 (12.3)

ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale18; BID, twice daily; GDS, Global
Deterioration Scale21; MMSE, Mini-Mental State Examination17; TID, three times daily.
Values are mean (SD) or percentage of patients.
�Disease severity according to the National Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA).16

`Mean ADAS-cog score based on the intention to treat population.

Figure 2 Changes from baseline on the cognitive subscale of the
Alzheimer’s Disease Assessment Scale (ADAS-cog) in the intention to treat
population administered rivastigmine twice (BID) or three time (TID) daily,
or placebo (PBO). *p,0.05, **p,0.001 vs placebo. p Values based on
pairwise t tests using pooled error term from ANCOVA/ANOVA (SAS
Type III analysis). Values are mean (SEM).
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forward as an imputed value. The LOCF population comprised
randomised patients with at least one evaluation while being
treated for whom the immediately preceding assessment was
imputed to subsequently missing evaluations or data. The OC
population comprised all randomised patients with an evalua-
tion made while on study drug at all of the designated
assessment times. No imputations were used for the OC
analyses. The primary confirmatory analysis was based on the
change from baseline at week 26 in the ITT population.

Analyses of primary efficacy variables were performed at
baseline and at weeks 12, 18 and 26 on all populations. ADAS-
cog data were analysed using a two way treatment by centre
analysis of covariance and variance (SAS type III analysis) on
changes from baseline for each time point, using the baseline
score as a covariate. In addition, a categorical analysis was
performed for the ADAS-cog to determine the proportions of
patients showing at least a 4 point score at 26 weeks, with
Mantel-Haenszel blocking for centre. A categorical ‘‘CIBIC-Plus
improvers’’ analysis was performed to determine proportions
showing improvement versus those showing no change or
worsening, with Mantel-Haenszel blocking for centre. In
addition, changes from baseline on the CIBIC-Plus were
analysed using a two way analysis of variance on ratings
(SAS type III analysis). Analyses of secondary efficacy variables
were performed on the ITT and LOCF populations at week 26
only. For the Progressive Deterioration Scale (PDS) and ADAS-
cogA, analyses of covariance on changes from baseline to week
26 were performed. Post hoc Cohen’s D effect sizes were
calculated at each visit for the ADAS-cog and CIBIC-Plus by
dividing mean differences by pooled standard deviations. These
effect sizes are a useful metric for estimating the magnitude of
the intervention, allowing comparisons between the BID, TID
and placebo treatment arms.

Comparisons with placebo were two tailed with the critical
significance level set at p,0.05. In order to control for
multiplicity in the analyses of efficacy data, the primary
comparison was specified as rivastigmine administered BID
against placebo. If this test was statistically significant at the
0.05 level, then the rivastigmine administered TID against
placebo was tested at the 0.05 level subsequently. As both
primary efficacy variables were required to be significant, no
further correction of the size of the tests for the multiplicity of
variables was required.

Safety analyses used an analysis of variance for vital signs,
laboratory data and electrocardiograms, and Fisher’s exact test
for the occurrence of abnormalities on physical examinations,
electrocardiograms, vital signs, laboratory tests and adverse
events.

RESULTS
Patients
Figure 1 demonstrates patient flow through the study. Of 788
screened patients, 678 were randomised to treatment: 227 in
the rivastigmine TID group, 229 in the rivastigmine BID group
and 222 in the placebo group. The safety population comprised
227 patients in the rivastigmine TID group, 228 patients in the
BID group and 222 in the placebo group. A total of 125 patients
(18%) withdrew prematurely from the study: 38 (17%) in the
rivastigmine TID group, 54 (24%) in the rivastigmine BID group
and 33 (15%) in the placebo group (fig 1).

As seen in table 2, baseline demographic variables and
disease characteristics were similar across treatment groups.
There were no statistically significant differences between the
groups at baseline. Most patients reported current medical
conditions at baseline: 77% of patients in the rivastigmine TID
group, 71% of the rivastigmine BID group and 74% of the
placebo group. The most common concurrent conditions were

cardiovascular disorders (hypertension) and musculoskeletal
disorders (arthritis). During the study, 85%, 84% and 79% of
patients receiving rivastigmine TID, rivastigmine BID or
placebo, respectively, received concomitant medications. Those
most commonly used during the study were drugs acting on the
nervous (44%, 44% and 42%, respectively) and cardiovascular
(38%, 31% and 32%, respectively) systems.

Efficacy
By week 12, 60%, 43% and 88% of patients in the TID, BID and
placebo groups, respectively, had reached their maximum
possible dose level (12 mg/day). There was little further change
in the numbers of patients with changes in the maintenance
phase from their maximum possible dose level during the
titration. By week 26, the mean daily dose of rivastigmine was
9.6 (2.76) mg in the TID regimen group and 8.9 (2.93) mg in
the BID regimen group. At least 9 mg/day was being taken by
71% and 60% of all patients completing the study, respectively,
at this time point. Patients who ingested at least 70% of the
prescribed study medication were defined as treatment
compliant; compliance rates were 99% for the TID group, 98%
for the BID group and 99% for the placebo group.

Mean ADAS-cog changes from baseline demonstrated
significant benefits in both rivastigmine groups, compared
with placebo, at weeks 12, 18 and 26 (fig 2, table 3). At week
26, mean differences between rivastigmine and placebo were
2.9 in the TID group (p,0.001) and 1.6 in the BID group
(p = 0.019). The magnitude of changes observed in the LOCF
and OC populations were generally similar to those in the ITT
population but in the OC population the BID treatment arm did
not achieve significance compared with placebo at week 26
(p,0.100). Figure 3 summarises patient improvement on the
ADAS-cog during weeks 12–26 in the ITT population. Similar
results were also obtained with the LOCF and OC analyses
(data not shown). As seen in fig 2, in the ITT population the
mean ADAS-cog ratings were significantly better at all
evaluation time points in the rivastigmine TID and BID groups
compared with placebo.

Significant differences in the proportions of patients showing
improvements on the CIBIC-Plus were observed between the
rivastigmine TID and placebo groups at weeks 12, 18 and 26.
Differences between the rivastigmine BID and placebo groups
were significant at 12 weeks (fig 4). Changes from baseline on
the CIBIC-Plus in the ITT population are shown in fig 5. Similar
results were obtained with the LOCF and OC analyses (data not
shown).

On secondary outcome measures, the mean ADAS-cogA
scores at the endpoint showed significant treatment differences
in both rivastigmine groups versus placebo. There was
significantly less deterioration in activities of daily living on
the PDS in both rivastigmine groups than in the placebo group
(table 3). These findings were supported by LOCF analyses.

Cohen’s D effect sizes for the ADAS-cog and the CIBIC-Plus
are presented in table 4.

Safety and tolerability
Table 5 presents the adverse events (AEs) experienced within
this RCT. Overall, dizziness was reported more frequently in
both rivastigmine groups than in the placebo group (TID vs
placebo p,0.01; BID vs placebo p,0.01) while headache (BID
vs placebo p = 0.03) and anxiety (BID vs placebo p = 0.02) were
reported more frequently in the rivastigmine BID group.
Agitation (placebo vs TID p = 0.05) and haemorrhoids (placebo
vs TID p = 0.17) were reported more frequently in the placebo
than in the rivastigmine TID group.

AEs were significantly more commonly reported in both the
titration and maintenance phases in the rivastigmine groups
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Table 3 Mean changes from baseline on efficacy variables

Variable Rivastigmine TID Rivastigmine BID Placebo

Primary
ADAS-cog

ITT population 277 228 220
n
Baseline score 28.1 (12.5) 27.7 (12.3) 28.5 (12.3)
Week 26 change 20.2 (7.3)** 1.2 (7.2)* 2.8 (7.2)

LOCF population
n 209 199 208
Baseline score 28.3 (12.2) 27.7 (12.3) 28.5 (12.2)
Week 26 change 20.7 (6.9)** 0.8 (6.9)* 2.7 (6.8)

OC population
n 180 173 183
Baseline score 27.9 (11.8) 28.6 (12.1) 27.7 (11.9)
Week 26 change 20.9 (6.8)** 0.9 (7.0) 2.1 (6.8)

CIBIC-Plus
ITT population

n 222 222 216
Baseline score – – –
Week 26 change 3.9 (1.3)** 4.1 (1.3)* 4.5 (1.3)

LOCF population
n 206 198 205
Baseline score – – –
Week 26 change 3.9 (1.2)** 4.1 (1.2)* 4.5 (1.2)

OC population
n 177 167 179
Baseline score – – –
Week 26 change 3.9 (1.2)** 4.1 (1.2)* 4.4 (1.2)

Secondary
ADAS-cogA

ITT population
n 227 228 220
Baseline score 29.1 (13.1) 28.6 (13.0) 29.4 (13.0)
Week 26 change 20.1 (7.9)** 1.5 (7.8)* 3.2 (7.8)

LOCF population
n 209 199 208
Baseline score 29.2 (12.9) 28.5 (13.0) 29.4 (12.8)
Week 26 change 20.6 (7.5)** 1.0 (7.5)* 3.1 (7.4)

PDS
ITT population

n 225 227 221
Baseline score 49.2 (19.8) 48.7 (19.5) 49.0 (19.6)
Week 26 change 21.5 (11.3)** 22.6 (11.1)* 24.9 (11.2)

LOCF population
n 207 195 209
Baseline score 49.0 (19.6) 48.6 (19.7) 48.9 (19.4)
Week 26 change 21.0 (11.4)** 22.3 (11.5)* 24.7 (11.3)

GDS
ITT population

n 227 229 222
Baseline score 4.1 (0.9) 4.0 (0.9) 4.1 (0.9)
Week 26 change 0.0 (0.7)* 20.2 (0.7) 20.3 (0.7)

LOCF population
n 195 188 202
Baseline score 4.1 (0.9) 4.0 (0.9) 4.1 (0.9)
Week 26 change 20.0 (0.7)* 20.1 (0.7) 20.3 (0.7)

MMSE
ITT population

n 227 227 220
Baseline score 18.1 (4.7) 18.8 (4.7) 18.6 (4.7)
Week 26 change 0.3 (3.6)** 20.6 (3.6)* 21.4 (3.6)

LOCF population
n 193 186 198
Baseline score 18.1 (4.5) 18.7 (4.6) 18.8 (4.6)
Week 26 change 0.4 (3.4)** 20.4 (3.5)* 21.4 (3.5)

ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale; BID, twice daily; CIBIC-Plus, Clinician
Interview Based Impression of Change incorporating caregiver information; GDS, Global Deterioration Scale; ITT,
intention to treat; LOCF, last observation carried forward; MMSE, Mini-Mental State Examination; OC, observed cases;
PDS, Progressive Deterioration Scale; TID, three times daily.
CIBIC-Plus p values based on pairwise t tests using pooled error term from ANOVA (SAS Type III); ADAS-cog, ADAS-
cogA and PDS p values based on the Mantel–Haenszel test blocking for centre; MMSE and GDS p values based on
pairwise t tests using pooled error term from ANCOVA/ANOVA (SAS Type III analysis).
Values are mean (SD).
*p,0.05; **p(0.001.
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than in the placebo group (p,0.05) but these AEs most often
did not lead to withdrawal from the study. The most
significantly more commonly reported AEs with rivastigmine
compared with placebo included nausea, vomiting, anorexia
and abdominal pain. In the rivastigmine groups, more patients
experienced nausea during the titration phase (43% TID, 50%
BID, 10% placebo) than during the maintenance phase (18%
TID, 24% BID, 5% placebo).

A similar proportion of patients in each treatment group
experienced at least one serious adverse event (any event that
was fatal, considered life threatening or required hospitalisa-
tion): 18% in the rivastigmine TID group, 18% in the BID group
and 15% in the placebo group. The two main causes for a
serious adverse event in all groups were recorded as ‘‘overdose’’
(4–6%) and ‘‘unspecified procedural complications’’ (1–2%),
with no other single type of event comprising .1% of the total
incidence, and no significant difference in incidence of any
individual type of event between the treatment groups (all NS
vs placebo). Most of these events were defined as ‘‘serious’’
because they required hospitalisation (14% in the TID group,
13% in the BID group and 12% in the placebo group).
Withdrawal because of adverse events accounted for 17% of
BID, 11% of TID and 9% of placebo patients. In the TID group,
approximately 33% of patients were receiving less than 6 mg/
day at the time of withdrawal and approximately 66% were
taking at least 6 mg/day, whereas in the BID group closer to
50% were receiving less than or at least 6 mg/day, so the greater
discontinuation rate in the BID group was not a reflection of
higher doses taken in this group (the exact factors contributing
to the higher discontinuation rate are not known). No patients
died during the study period.

Rivastigmine produced no clinically relevant changes in
laboratory tests, physical examination findings or in vital signs.
There was a small but statistically significant decrease in mean
weight with rivastigmine treatment (mean change 21.27 (SD
3.57) kg in the TID group and 21.56 (3.92) kg in the BID
group; both p,0.001) compared with placebo, where there was
a mean increase at week 26 (+0.71 (3.28) kg). At 26 weeks,
heart rate decreased from baseline by 2.9 beats per minute in
the TID group (p = 0.02 vs placebo), 2.5 beats per minute in the
BID group (p = 0.04) and 0.2 beats per minute in the placebo
group. There were two cases of bradycardia reported as AEs
during the study: one in the placebo group and one in the TID
group. Overall, there were no clinically meaningful differences
between treatment groups in quantitative ECG parameters
during the study. Mean changes from baseline in PR intervals

were 2.6 ms in the TID group, 20.3 ms in the BID group and
20.8 ms in the placebo group (p,0.05 for TID vs placebo);
mean changes in QRS durations were 0.7, 0.8 and 0.0 ms,
respectively (both NS); mean changes from baseline in QT
intervals were 2.7, 5.3 and 2.4 ms (both NS); and changes in
corrected QT intervals were 25.3, 21.7 and 1.4 ms (p,0.05 for
TID vs placebo).

DISCUSSION
This placebo controlled RCT demonstrated that rivastigmine
administered both as a BID and TID regimen significantly
benefited cognition, the ability to perform activities of daily living
and global function in mild to moderately severe AD. The
spectrum of the most frequent adverse events was similar to
previous RCTs that have been reported with rivastigmine, with
gastrointestinal cholinergic side effects being most common.
Although nausea and vomiting each exceeded 30% adverse event
rates, the rates of discontinuation related to these adverse events
were far lower (4% and 5%, respectively), supporting the clinical
experience that these adverse events are most often transient and
not often associated with the need to discontinue medication.

This study utilised a forced dose titration schedule to the
highest tolerated dose within the first 12 weeks of treatment,
with weekly dose increments of 1 mg. This contrasts with usual

Figure 3 Responder analysis of the cognitive subscale of the Alzheimer’s
Disease Assessment Scale: patient improvement in the intention to treat
population administered rivastigmine twice (BID) or three time (TID) daily,
or placebo (PBO). *p,0.05, **p( 0.001 vs placebo. p Values based on
pairwise Mantel–Haenszel tests.

Figure 4 Categorical analysis of the Clinician Interview Based Impression
of Change incorporating caregiver information: patient improvement in the
intention to treat population administered rivastigmine twice (BID) or three
time (TID) daily, or placebo (PBO). *p,0.05, **p = 0.001 vs placebo. p
Values based on pairwise Mantel–Haenszel tests.

Figure 5 Changes from baseline on the Clinician Interview Based
Impression of Change incorporating caregiver information (CIBIC-Plus) in
the intention to treat population administered rivastigmine twice (BID) or
three time (TID) daily, or placebo (PBO). *p,0.05, **p(0.001 vs placebo.
p Values based on pairwise t tests using pooled error term from ANCOVA/
ANOVA (SAS Type III). Values are mean (SEM).
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clinical practice where clinicians aim to increase the daily dose
by 3 mg monthly to achieve the highest tolerated daily dose in
the range of 6–12 mg. Using this approach there were 71% who
reached 9–12 mg in the TID group and 60% in the BID group.
The completer rate was higher and the maximally tolerated
mean dose of rivastigmine was higher in the TID arm. In fact,
the completer rate of the TID treatment arm in this RCT is
noted to be among the highest reported to date for rivastig-
mine,9 10 22–26 with drop-out rates related to adverse events that
were very close to placebo rates.

This study was not prospectively designed to evaluate
whether TID administration has superior efficacy and safety
to BID dosing. Rather, the study was designed to test each
regimen against placebo. There were differences seen in the
efficacy and tolerability between the TID and BID regimens
however, and these differences must be interpreted with
considerable caution as they were found through post hoc
exploratory analyses, which are hypothesis generating. On the
efficacy side, the ADAS-cog mean change and responder
analyses showed significant treatment effects in both the TID
and BID groups at all time points. On the CIBIC-Plus, the mean
change in treatment effect was significant across all time points
but the responder analysis was significant only at week 12 in
the BID group. The reasons for this discrepancy are unknown
but this underscores that this instrument may yield different
results using different analytical techniques.

There is no consensus as to whether it is the responder analysis
or mean change on the CIBIC-Plus that is more clinically relevant.
The Cohen’s D effect sizes were included in our post hoc
exploratory analyses because such calculations of effect sizes
make possible between study as well as within study comparisons.
Cohen’s D is one of the most widely used measures of magnitude
of effect whereby values approximating 0.2 suggest ‘‘small’’
effects, 0.5 suggest ‘‘medium’’ effects and 0.8 ‘‘large’’ effects.27 The
Cohen’s D analyses were supportive of the finding that primary
effect sizes for the TID dose were larger on both the cognitive and
global outcomes than the BID dose arm—according to Cohen’s D,
effect sizes seen in the TID group were ‘‘medium’’ sized whereas
those in the BID group were ‘‘small’’.

From the safety and tolerability standpoint, the rates of the
most common AEs were very similar between the TID and BID
groups. There were, however, significantly more discontinuations
for AEs in the BID compared with the placebo group whereas this
was not the case for the TID–placebo comparison. The disconti-
nuation rate of the TID group was very similar to the placebo drop-
put rate while the proportion of TID subjects able to reach the
maximal dose level of 12 mg/day was higher than in the BID
group. Compared with the other 24 week RCTs of rivastigmine,
which reported discontinuation rates in the range of 35% in
patients receiving rivastigmine 6–12 mg/day BID,9 10 the TID
group in the current study showed the lowest withdrawal rates
reported. These findings may indicate that there is some aspect of
tolerability that is better using the medication on a TID basis. We
would speculate that this could be related to lower peak
concentrations (Cmax) of rivastigmine in the brain. It has been
previously reported that AEs observed with ChE-Is appear to be
caused by rapid, maximal increases in brain levels of ACh.11 12 28

Following oral administration, plasma and brain concentrations
of rivastigmine quickly increase to a peak as the drug is rapidly
absorbed from the gastrointestinal tract and readily crosses the
blood–brain barrier.8 When titration is performed too rapidly, an
increased incidence of centrally mediated cholinergic side effects
such as nausea and vomiting occur.11 Through more frequent
administration of smaller doses of rivastigmine over a 24 h period,
the TID regimen may have afforded exposures associated with
therapeutic effects at lower peak concentrations and improved
tolerability. It has been previously noted that administration of
rivastigmine with or shortly after food can also improve its
tolerability as this not only slows the rate of increase but also
reduces peak plasma concentrations of the drug.

Table 4 Cohen’s D effect sizes for the ADAS-cog and
CIBIC-Plus

Week

Rivastigmine TID
vs placebo

Rivastigmine BID
vs placebo

D D

ADAS-cog
12 0.48 0.30
18 0.52 0.30
26 0.41 0.22

CIBIC-Plus
12 0.40 0.40
18 0.54 0.36
26 0.46 0.31

ADAS-cog, cognitive subscale of the Alzheimer’s Disease Assessment Scale;
BID, twice daily; CIBIC-Plus, Clinician Interview Based Impression of Change
incorporating caregiver information; TID, three times daily.

Table 5 Adverse events occurring at significantly different frequencies in the rivastigmine TID
or BID groups relative to placebo

Adverse event
Rivastigmine TID
(n = 227)

Rivastigmine BID
(n = 228)

Placebo
(n = 222)

Any adverse event 91.6* 91.2* 76.1
Serious adverse events 17.6 17.5 14.9
Discontinuations for any adverse event 10.6 16.7* 9.0

Nausea 48.0* (4.4*) 53.9* (4.8*) 14.0 (0.5)
Vomiting 30.0* (1.3) 38.6* (4.4*) 6.3 (0.5)
Diarrhoea 16.7* (0.4) 17.5* (0.9) 9.0 (0.9)
Anorexia 18.5* (2.2) 20.6* (1.8) 2.7 (0.0)
Abdominal pain 11.5* (0.4) 14.9* (1.8) 5.4 (0.0)
Flatulence 6.6* (0.0) 4.8 (0.4) 1.8 (0.0)
Headache 15.9 (0.4) 17.5* (0.9) 10.4 (0.0)
Dizziness 17.2* (0.9) 18.4* (0.0) 7.2 (0.0)
Agitation 6.2* (0.0*) 9.2 (1.3) 11.7 (2.3)
Anxiety 3.5 (0.0) 5.7* (0.4) 1.4 (0.0)
Haemorrhoids 0.9 (0.0) 0.0* (0.0) 2.7 (0.0)

BID, twice daily; TID, three times daily.
Values are shown as percentages of patients reporting the events, with percentages withdrawing from the study in
parentheses (safety population).
*p,0.05 vs placebo, based on Fisher’s exact test.
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Extending from the current data, it might be speculated that
alternative formulations such as transdermal patches that avoid
the significant first pass effect seen with oral administration,
and which achieve slower increases to lower peak plasma
concentrations with more even exposure over a 24 h period,
could offer distinct advantages over the short lived plasma
peaks of rivastigmine induced by its current capsule formula-
tions. This might afford improved treatment compliance,
initiation at higher doses with fewer side effects and a simpler
titration regimen without the need for concurrent food intake.

The majority of adverse events, and discontinuations, in this
study occurred during the rapid, forced dose titration phase, an
approach that is discordant with usual clinical practice and
which may limit its generalisability. In clinical settings, it is
rarely necessary to attain maximum doses on a rapid forced
titration basis.

The regulatory labelling for the class of ChE-Is in AD warns
that these compounds can slow heart rate and may induce
syncope. Because of their pharmacological actions, ChE-Is have
the potential for vagotonic effects that may lead to bradycardia
(heart rate lower than 50 beats per minute for .30 s). In the
current study, small but statistically significant changes in
heart rate, PR and corrected QT intervals were reported in
rivastigmine treated patients. These electrocardiographic
changes did not appear to be associated with a clinically
increased (or significant) rate of cardiac AEs in the rivastigmine
groups, compared with placebo, in the current study.
Rivastigmine has previously been associated with a favourable
cardiac safety profile in patients with AD, dementia with Lewy
bodies or Parkinson’s disease dementia.29 30

The current data provide important evidence that TID dosing
of rivastigmine could be a therapeutic option for patients who
face tolerability problems to rivastigmine treatment, particu-
larly in circumstances where a BID titration approach is not
advancing or to achieve a well tolerated higher daily dose.
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