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Abstract
Background: Donepezil 23mg is considered for Alzheimer’s disease (AD) to optimize cognitive bene�ts; however, this increases
adverse events (AEs), which can negatively in�uence drug adherence. We investigated whether baseline body weight (BW)
differs based on the presence of AEs, and which factors were relevant to the safety of high-dose donepezil.

Methods: This study was a post-hoc analysis of a multicenter randomized trial between 2014 and 2016. We included patients
with moderate to severe AD treated with donepezil 10mg/day and the daily dose was escalated to 23mg with/without dose
titration. Dose titration indicates 15mg/day of donepezil before the escalation or 10mg and 23mg/day on alternate days
before the escalation during the �rst 4 weeks. The patients were divided into two groups according to the occurrence of AEs of
special interest (AESIs) to compare baseline characteristics. We also assessed relationships between BW and AESIs.

Results: Among 160 safety set population, baseline BWs were different between the AESI (+) (n=67) and AESI (-) (n=93)
groups. Baseline BW was inversely correlated with the occurrence of AESIs (p=0.020), and this relationship was more
prominent in the no-dose titration group (p=0.009) and disappeared in the dose titration groups (p>0.05).

Conclusions: BW was the most important factor which correlated with cholinergic AEs. Hence, stepwise dose-titration should
be considered, particularly in patients with low BW, to minimize the inverse relationship between BW and AEs occurrence.
(‘Clinicaltrials.gov’ number NCT02550665 registered on Sep. 15, 2015) 

Background
In moderate to severe Alzheimer’s disease (AD), a higher dose of acetylcholinesterase inhibitor (AChEI) is currently used to
optimize cognitive bene�ts, as cholinergic neuronal loss is aggravated by disease progression and AChEIs have dose-related
cognitive bene�ts in AD [1–3]. Donepezil 23 mg was approved for the symptomatic pharmacological treatment of moderate to
severe AD following a large phase 3 clinical trial showing the e�cacy of donepezil 23 mg/day compared with 10 mg/day [4]. It
can be considered in patients with insu�cient or waning response to standard doses, however, adverse events (AEs) also
increased, which can negatively affect drug compliance and limit the usefulness of donepezil 23 mg [5–9]. In our previous
study, we reported that high-dose donepezil (23 mg/day) was generally tolerable; this may have been because a slow-release
formulation of donepezil 23 mg and dose-titration during the �rst 4 weeks reduced AEs, particularly nausea, dizziness, and
headache [10]. However, donepezil 23 mg still showed more cholinergic AEs than standard-dose donepezil regardless of dose-
escalation methods, which might be explained by relatively lower body weights (BW) in Asian populations [11–15]. Hence, we
hypothesized that lower baseline BW would increase the risks of AEs irrespective of dose-escalation strategies and tried to
con�rm the relationships between BW and AEs in patients treated with high-dose donepezil.

The objective of this post-hoc analysis was to investigate whether baseline characteristics including BW differ based on
reported AEs and which factors might be relevant to the safety of high-dose donepezil.

Methods

Study design and patient population
This study was a post-hoc analysis using data from a randomized, multicenter, open-label, parallel group, prospective clinical
trial named Optimal Dose Escalation Strategy to Successful Achievement of High Dose Donepezil 23 mg (ODESA). Detailed
study design and methods are described in a previous report.1 In brief, this study was conducted at 6 centers in South Korea
between December 2014 and August 2016 to investigate the safety and tolerability of high-dose donepezil based on dose-
escalation methods during the �rst 12 weeks. The study included consecutive patients with moderate to severe AD dementia.
Inclusion criteria were as follows: 1) age between 45 and 90; 2) patients clinically diagnosed with probable AD dementia [16];
3) patients who had been taking donepezil 10mg daily for at least 3 months prior to screening; 4) a score of 0-20 on the Korean
version of the Mini-Mental State Examination (K-MMSE) [17]; 5) a clinical dementia rating (CDR) [18] score ≥2 or a global
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deterioration scale (GDS) [19] score ≥4. Patients with any neurological/ psychiatric disorders that might cause dementias not
related to AD, severe medical conditions, and previous history of intolerance or hypersensitivity to AChEI were excluded.
Participants were randomized into 3 groups: groups 1 and 2 were dose titration groups during the �rst 4 weeks using 2
different titration methods (group 1: 15mg of donepezil before the escalation; group 2: 10mg and 23mg on alternate days
before the escalation), and group 3 had no dose titration and directly escalated to 23 mg donepezil. In the current study, the
participants were divided into two groups according to the existence of AEs and baseline BW, regardless of the dose escalation
methods.

The study protocol and informed consent form were reviewed and approved by the institutional review board of each center.
The study was conducted in accordance with the Declaration of Helsinki and principles of Good Clinical Practice.

Safety outcome variables
Safety and tolerability were assessed at each visit during the study period (baseline and at weeks 4, 8, and 12). The primary
safety outcome variable was the incidence of treatment emergent AE of special interests (AESI). We de�ned 8 most common
cholinergic symptoms as AESIs: nausea, vomiting, diarrhea, anorexia, abdominal pain, headache, bradycardia, and weight loss.
We assessed physical and neurologic examinations, weight, vital signs, and AE at every study visit. Nausea, vomiting, diarrhea,
anorexia, abdominal pain, and headache were assessed by the patients’ and caregivers’ self-reports. Bradycardia indicates a
pulse below 50 at any study visit, and weight loss indicates a ≥7% decrease compared with baseline BW at any time during the
study. Other safety outcome variables included drop-out rates, drug compliance (ratio of drug taken to drug prescribed), AE
gastrointestinal symptoms (including anorexia, nausea, vomiting, and diarrhea), and any AE occurrence. Subjects who
discontinued the study before 12 weeks were asked to complete all end-point assessments at the time of early termination.

Statistical analyses
Baseline demographic and clinical characteristics were compared using an independent t-test or a Mann-Whitney U test for
continuous variables and chi-square tests or Fisher’s exact tests for categorical variables. Group comparisons for incidences of
AEs were performed using chi-square tests or Fisher’s exact tests; to adjust for confounding factors, we also used Cochran-
Mantel-Haenzil tests. Relationships between the occurrence of AESIs and baseline characteristics were assessed using binary
logistic regression analysis. Using univariable analysis, each baseline factor was assessed separately to measure the
relationship. Using multivariable analysis, the �ve most relevant baseline factors were analyzed together to compare the
relationships between baseline characteristics and the occurrence of AESIs. Signi�cance for all tests was set at α = 0.05, two-
tailed. All statistical analyses were performed using SPSS 19.0 (SPSS, Chicago, IL, USA).

Results

Patient enrollment
Patient enrollment and study design are as described previously [10]. In brief, among 175 patients who were eligible and
randomized, we included 160 participants who underwent randomization, took at least one study drug, and underwent at least
1 follow-up evaluation in the safety set population. Fifty participants who discontinued the study due to AEs were also included
in the study. We show analyses using the safety set population (n = 160) because this study focused on the safety and
tolerability of the study drug according to baseline characteristics.

Clinical characteristics according to the occurrence of AESI
First, we divided all participants into two groups according to the occurrence of AESI, which was the primary safety outcome
variable. Participants who experienced AESI (n = 67) and those who did not (n = 93) were not different with regard to baseline
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characteristics except for BW and body mass index (BMI) (Table 1). Baseline BW (55.90± 8.56 kg in the AESI (+) group vs
59.84± 10.81 kg in the AESI (-) group, P = 0.011) and BMI (23.27± 3.07 kg in the AESI (+) group vs 24.30± 3.20 kg in the AESI (-)
group, P= 0.042) were lower in the participants with AESIs (Table 1).

Table 1
Baseline characteristics according to occurrence of adverse events

Variables All groups No titration group

AESIa (+)

(n=67)

AESI (-)

(n=93)

P AESI (+)

(n=25)

AESI (-)

(n=29)

P

Age, yr 75.98±8.77 74.69±8.63 0.363 74.88±9.94 76.68±6.27 0.429

Gender, female (%) 43/67, 64.2% 55/93, 59.1% 0.519 18/25, 72% 16/29, 55.2% 0.202

Group (Titration/no-titration) 42/25 64/29 0.718 0/25 0/29 n/a

Education (low/mid/high, n) 38/14/15 46/27/20 0.494 15/5/5 13/11/5 0.381

Baseline K-MMSE 13.46±4.81 13.84±4.78 0.625 15.24±4.02 13.72±5.17 0.240

Baseline CDR 1.67±0.65 1.65±0.60 0.917 1.56±0.63 1.76±0.44 0.296

Baseline GDS 4.73±0.62 4.91±0.69 0.104 4.75±0.61 5.00±0.77 0.205

Baseline weight <55kg 30/67, 44.8% 33/93, 35.5% 0.235 12/25, 48% 20/29, 69% 0.118

Baseline weight, kg 55.90±8.56 59.84±10.81 0.011 53.56±8.09 60.83±10.25 0.006

Baseline BMI 23.27±3.07 24.30±3.20 0.042 22.64±2.96 24.48±3.08 0.030

Donepezil duration (month) 21.59±25.55 23.69±24.46 0.599 20.43±22.44 27.37±27.83 0.323

Abbreviations: K-MMSE Korean version of Mini-Mental State Examination, CDR Clinical dementia rating, GDS General
deterioration scale, BMI Body mass index, AESI Adverse events of special interest

aAESI includes nausea, vomiting, diarrhea, anorexia, abdominal pain, headache, bradycardia, and weight loss

 Second, we divided participants in the no-titration group (n = 54, no dose titration during the �rst 4 weeks of escalation to
donepezil 23mg) into two groups according to the occurrence of AESIs. Participants who experienced AESIs (n = 25) and those
who did not (n = 29) showed similar baseline characteristics except for BW and BMI (P < 0.05, Table 1). The BW difference was
more prominent in the no-titration group (P = 0.006) compared to that in all groups (P = 0.011). However, baseline BW did not
differ between patients with and without AESIs in the dose-titration groups (n = 106, dose-titration groups during the �rst 4
weeks of escalation to donepezil 23mg, data not shown).

Relationship between AE and BW
Risks of AESIs according to baseline clinical factors including age, gender, group allocation, baseline cognitive status,
educational levels, donepezil medication duration, and BW were measured (Table 2). Using the most relevant factors from the
univariate analyses, multivariable analyses were performed to identify the most relevant factors related to the occurrence of
AESIs. In both the all groups (n = 160) and the no-titration group (n = 54), BW stood out as the only signi�cant factor related to
the occurrence of AESIs (odds ratio 0.953, P = 0.020 in all groups; odds ratio 0.890, P = 0.009 in the no-titration group, Table 2);
patients with higher BW had a lower risk of AESIs at 12 weeks from the initiation of high dose donepezil. However, there were
no signi�cant baseline factors related to AESIs in the dose-titration groups (Table 2).
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Table 2
Baseline factors related to the occurrence of adverse events

Variables All groups (n=160) Dose-titration groups (n=106) No-titration group only (n=54)

Univariable Multivariable Univariable Multivariable Univariable Multivariable

OR P OR P OR P OR P OR P OR P

Age 1.018 0.361 1.010 0.634 1.039 0.116 1.036 0.175 0.973 0.423    

Gender 1.238 0.519 1.236 0.610 1.061 0.884     2.089 0.205 0.558 0.462

Body
weight

0.960 0.016* 0.953 0.020* 0.979 0.299 0.984 0.456 0.918 0.011* 0.890 0.009*

Baseline
GDS

0.666 0.105 0.648 0.110 0.701 0.262 0.478 0.091 0.591 0.203 0.462 0.115

Titration
group
allocation

0.761 0.419 0.710 0.563 1.033 0.934            

Baseline
K-MMSE

0.984 0.623     0.937 0.121 0.915 0.141 1.077 0.241    

Education 0.906 0.622     0.667 0.321     0.810 0.555    

Donepezil
duration

1.000 0.597     1.000 0.959     1.000 0.320    

Abbreviations: GDS General deterioration scale, K-MMSE Korean version of Mini-Mental State Examination

Logistic regression analysis using univariate and multivariable analysis was performed. Adverse events indicates the
adverse events of special interest (AESI)

Safety and tolerability according to body weight: all groups
Additionally, we divided all participants into two groups: the low BW group (baseline BW < 55kg; n = 63) and the high BW group
(baseline BW ≥ 55kg, n = 97). Baseline demographics and clinical characteristics were similar between the two groups except
for age and gender distribution when using all groups (Supplementary Table 1). Participants with low baseline BW were older
(mean age: 77.1±8.0) and tended to be female (81%) than those with high BW group (mean age: 74.1±8.9 and female 48.5%)
(Supplementary Table 1). Therefore, AEs were compared between low and high BW groups adjusted for age and gender
differences. Participants in the low BW group showed numerically higher incidences of AEs and drop-out rates due to AEs
independent of age and gender differences, although it did not reach statistical signi�cance (Supplementary Table 2). We also
compared baseline factors between high BMI group (BMI ≥ 23) and low BMI group (BMI < 23), however baseline
characteristics and AESI occurrences were not different between the two groups (P > 0.05, data not shown).

Safety and tolerability according to body weight in the no-titration group
Participants in the no-titration group (n = 54) were divided into the low BW group (baseline BW < 55kg; n = 22) and the high BW
group (baseline BW ≥ 55kg, n = 32) to assess AEs according to baseline BW. Baseline clinical characteristics are listed in
Supplementary Table 1; participants with low BW tended to be female (81.8%, P = 0.017). Hence, AEs were compared between
the low and high BW groups adjusted for gender distribution. Participants in the low BW group showed numerically higher
incidences of AEs and drop-out rates due to AEs independent of gender difference, although it did not reach statistical
signi�cance (see Supplementary Table 3). We also compared baseline factors between high BMI group (BMI ≥ 23) and low
BMI group (BMI < 23) in the no-titration group, however baseline characteristics and AESI occurrences were not different
between the two groups (P > 0.05, data not shown).
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Discussion
We conducted a post-hoc analyses of a 12 week, multicenter, randomized, three-arm prospective clinical trial investigating the
safety and tolerability of high-dose donepezil (23 mg). In this study, we assessed whether the participants who experienced
AESIs differed from those without AESIs with regard to baseline clinical characteristics; we also investigated baseline factors
correlated with the occurrence of AESIs.

Our study showed two main �ndings. First, baseline BW was lower in participants who experienced AESIs compared to those
that did not. Patients with higher BW might have a lower risk of AEs during the �rst 12 weeks after dose escalation to
23 mg/day. Consistently, BW was the most relevant factor related with the occurrence of AEs. Second, dose titration during the
�rst 4 weeks might weaken the relationship between BW and AESI occurrences, while direct escalation to donepezil 23 mg
might strengthen the negative association between BW and AESI. This relationship between BW and AEs is consistent with
previous studies which reported that patients with low BW or BMI showed more AEs and poorer tolerability after dose
escalation to donepezil 23 mg [8, 11, 20]. However, our study differs from the previous results in some important ways. In our
data, binary classi�cation using a cut-off value of BW 55 kg did not show a statistically signi�cant difference with regard to
AEs, though there was some numerical difference. We also focused on AESIs consisting of the eight most common cholinergic
AEs related to the use of acetylcholinesterase inhibitors; in addition, we measured relationships between baseline factors and
the occurrence of AESIs according to dose escalation methods. As a result, dose-titration is assumed to weaken the inverse
relationship between BW and AESI occurrence, possibly by preventing a sharp increase in the peak concentration of high dose
donepezil.

Generally, low BW increases the risk of AEs, which seem to be more prominent in cases of direct dose escalation to high-dose
donepezil [21, 22]. In the low BW group, the maximal concentration might be increased, time to maximal concentration might
be decreased, and drug clearance might be delayed based on the fact that BW can explain hepatic clearance variability and
metabolic rate [23, 24]. In our study, BW turned out to be more sensitive than BMI in predicting the occurrence of AEs. BW
seems to be more relevant to the risk of AEs associated with the use of cholinesterase inhibitors at least in Asian demented
people.12 It is interesting that AESI incidence is similar across the different age and gender groups; in spite of age and gender
imbalance, these factors might not in�uence AESI occurrences. Failure to reach statistical signi�cance using binary
classi�cation in the current study might also be explained by other confounding factors such as comorbidities, nutritional
status, or other socioeconomic variables that could not be assessed, although we tried to adjust for age and gender
differences.

Our study had some limitations that should be considered when interpreting the results. First, we studied a relatively small
sample size and included only Korean dementia patients with moderate to severe AD, which could limit the generalizability of
our results. Given that the safety in a US-based population was somewhat different from the non-US population [11], safety
outcomes related to BW might require cautious interpretation when generalizing to other populations. Second, we did not
investigate long-term safety outcomes. However, considering that the incidences of AEs dropped rapidly after the �rst 4 weeks
in previous trials using high dose donepezil [8], and given that patients with moderate to severe dementia might have higher
rates of physical disabilities and comorbidities, conducting longer follow-ups would be di�cult in this population. Despite
these study limitations, our study does reveal an inverse relationship between baseline BW and the occurrence of AE based on
the �rst clinical trial investigating the e�cacy of dose-titration prior to escalating to donepezil 23 mg. To our knowledge, this is
the �rst evidence showing that dose-titration before escalation to high dose donepezil might weaken these negative
associations.

Conclusion
In this study, baseline BW was the most important factor related to cholinergic AEs during the �rst 12 weeks of high-dose
donepezil regardless of dose-escalation method. Among moderate to severe AD patients considering dose escalation to
23 mg/day, patients with low BW might experience an increased risk of cholinergic AEs. Hence, stepwise dose-titration is
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recommended prior to direct escalation to the high dose in order to enhance drug adherence and to weaken the inverse
relationship between BW and the risk of AEs, particularly in AD patients with low BW.

Abbreviations
AD: Alzheimer’s disease; AChEI: acetylcholinesterase inhibitor; AE: adverse events; BW: body weights; ODESA: Optimal Dose
Escalation Strategy to Successful Achievement of High Dose Donepezil 23 mg; CDR: clinical dementia rating; GDS: global
deterioration scale; AESI: AE of special interests; BMI: body mass index
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