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Objective: We examined the difference in responses to donepezil between carriers and non-carriers of the A allele at the +4 
position of the choline acetyltransferase (ChAT) gene in Koreans.
Methods: Patients who met the criteria for probable Alzheimer’s disease (AD) (n=199) were recruited. Among these, 145 completed 
the 12-week follow-up evaluation and 135 completed the 26-week scheduled course. Differences and changes in the Korean 
version of the mini-mental state examination (MMSE-KC) score, Korean version of the Consortium to Establish a Registry for 
Alzheimer’s Disease Neuropsychological Assessment Battery (CERAD-K[N]) wordlist subtest score (WSS), CERAD-K(N) total 
score (TS), and the Korean version of geriatric depression scale (GDS-K) score between baseline and 12 weeks or 26 weeks 
were assessed by the Student’s t-test.
Results: At 12 weeks, the changes in the MMSE-KC score, CERAD-K(N) WSS, and CERAD-K(N) TS from baseline were not 
significant between ChAT A allele carriers and non-carriers; however, at 26 weeks, these changes were significantly larger 
in ChAT A allele carriers than in non-carriers (p=0.02 for MMSE-KC and p=0.03 for CERAD-K(N) WSS respectively).
Conclusion: Our findings in this study suggested that presence of the A allele at the +4 position of ChAT might positively influence 
the treatment effect of donepezil in the early stages of AD in Koreans.
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INTRODUCTION

Cholinesterase inhibitors (ChEIs) were found to be ef-
fective for the treatment of mild to moderate Alzheimer’s 
disease (AD).1) Compared with placebo, they showed pre-
ventive effects on cognition, mood, and behavioral symp-
toms of patients with AD.1,2) Unfortunately, their treat-
ment effects are modest and not easy to detect in a 

short-term duration. Furthermore, there might be sub-
stantial variability in treatment response and inter-patient 
variability in clinical response might be of special clinical 
importance for the vulnerable population taking ChEIs. 
Therapeutic response rates to ChEIs vary from 40% to 
70%.3) 

There is a strong need for development of biomarkers 
that can help identify individuals who would be more re-
sponsive to pharmacotherapy. As genetic factors could ac-
count for individual variability in drug deposition and 
pharmacodynamics,4) many studies have investigated ge-
netic variations as predictors of successful response to 
ChEIs. For instance, CYP2D6 polymorphism was asso-
ciated with ChEIs treatment response,5,6) and the presence 
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of CYP2D6 gene variants conferring decreased or absent 
activity of the CYP2D6 enzyme was linked to better clin-
ical response to donepezil.7,8) The apolipoprotein E 
(APOE) epsilon4 allele was also reported to be associated 
with better clinical response to ChEIs in a couple of 
studies.9,10) However, the impact of this allele was not con-
sistently replicated.11)

A single nucleotide polymorphism (SNP) in choline 
acetyltransferase (ChAT) was also reported to be asso-
ciated with response to ChEIs in patients with AD.12) 
ChAT, an important enzyme in the synthesis of acetylcho-
line (Ach), is reduced in several brain regions of such pa-
tients,13) and the reduction of ChAT correlated with the se-
verity of dementia.14) A SNP (2384G＞A) at the +4 posi-
tion of the first common exon of ChAT (rs 3810950, Fig. 
1) may influence its translation efficiency15) and the asso-
ciation with AD risk has been reported in Koreans.16-18) 
We selected this SNP among the ChAT SNPs based on 
these replicated findings. The effect of ChAT (2384G＞

A) polymorphism on the clinical efficacy of ChEIs has not 
yet been fully investigated, although a previous report did 
not find a significant association between ChAT poly-
morphism and ChEIs treatment response.19)

This study aimed to investigate whether there is a sig-
nificant difference in clinical responses to donepezil, as 
measured by cognitive function tests, between the A allele 
carriers and non-carriers at the +4 position of the ChAT 
gene in Koreans.

METHODS

Participants
This study was performed based on the 26 week, pro-

spective and multi-center design. Fifteen hospitals partici-
pated between June 2006 and August 2008. We recruited 
patients who met the criteria for probable AD established 
by the National Institute of Neurological and Communi-
cative Disorders and Stroke-Alzheimer’s Disease and 
Related Disorders Association20) (n=199), were 60-90 
years of age, had Clinical Dementia Rating Scale (CDR) 
scores21) between 0.5 and 2, and Modified Hachinski 
Ischemic Scores22) below 4. Patients who met the follow-
ing criteria were excluded: primary neurodegenerative 
disorders other than AD, other severe neurological dis-
orders of the brain, presence of severe mental illnesses in-
cluding major depressive disorder or manic episodes, al-
cohol or substance dependence history, medical illness in-
fluencing cognitive functions, and the use of any ChEI 
during 3 months before donepezil treatment. Among 199 

patients with AD, 145 completed the 12-week follow-up 
evaluation and 135 completed the 26-week scheduled 
course.

Donepezil treatment was started with 2.5 mg once a day 
and increased to 5 mg a day after 1 week. The dose was in-
creased to 10 mg a day after 4 weeks if there was no ad-
verse effect. Dosages of 5 mg or 10 mg a day were main-
tained for the rest of the study, based on tolerance and ad-
verse responses to donepezil. 

Collection and delivery of samples were managed by 
Seoul Medical Science Institute (Seoul, Korea) and ChAT 
genotyping for collected samples was done at Macrogen 
(Seoul, Korea).

The study protocol and informed consent forms were 
reviewed by the institutional review board and the patients 
or their guardians gave their informed consent to partic-
ipate in the study.

Assessment
The Korean version of the Consortium to Establish a 

Registry for Alzheimer’s Disease Neuropsychological 
Assessment Battery (CERAD-K[N]) including the Korean 
version of mini-mental state examination (MMSE-KC)23) 
and the Korean version of Geriatric Depression Scale 
(GDS-K)24) were administered at baseline as well as at 12 
and 26 weeks for the evaluation of neurocognitive func-
tion and mood state. Based on CERAD-K(N), CERAD- 
K(N) wordlist subset scores (WSS) that consisted of 
wordlist memory, wordlist recall, and wordlist recog-
nition25) and CERAD-K(N) total scores (TS) that con-
sisted of verbal fluency, Boston naming test, wordlist 
memory, construction praxis, wordlist recall, and wordlist 
recognition26) were calculated. CERAD-K(N) was per-
formed by clinical psychologists or trained nurses in each 
hospital. CDR was also administered at baseline for evalu-
ation of overall dementia severity. All clinical evaluations 
were performed blind to the results of the genotyping. 
Genotyping of APOE and ChAT was performed as de-
scribed in our earlier study.27) In brief, after genomic DNA 
was extracted from venous blood, upstream (AACCCTG 
GTGGATTTGGATT) and downstream (ATTTCCTTG 
GCACCCTGAG) primers were constructed to cover the 
first common coding exon of human ChAT gene including 
the position 4 based on the sequence of the human gene for 
ChAT (X56585). The PCR product was directly used in 
the sequencing reaction to determine the genotype. An au-
tomated sequencing reaction was performed using the 
Applied Biosystems ABI 3700 sequencer (Applied 
Biosystems, Foster City, CA, USA) in Macrogen. The 
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Table 1. Demographic and clinical characteristics of study subjects at baseline

Patients at week 12 (n=148) Patients at week 26 (n=135)

ChAT A allele
Carriers (n=47)

ChAT A allele
Non-carriers (n=101)

ChAT A allele
Carriers (n=41)

ChAT A allele
Non-carriers (n=94)

Age (yr) 74.6±6.2 74.6±6.7 74.1±6.2 74.3±6.7

Sex (male : female) 12 : 35 34 : 67 11 : 30 33 : 61

Education (yr) 4.7±4.1 5.1±4.9 4.7±4.1 5.3±4.9

ChAT (A/A : A/G) 1 : 46 1 : 40

APOE ε4 carriers 17 39 13 37

CDR 0.5 : 1 : 2 24 : 20 : 3 49 : 46 : 6 21 : 17 : 3 45 : 43 : 6

Values are presented as mean±standard deviation or number only.
ChAT, choline acetyltransferase; APOE, apolipoprotein E; CDR, Clinical Dementia Rating Scale.

genotype of the position +4 was determined by the electro-
pherogram peak. APOE genotyping was performed ac-
cording to the method previously described.28)

Statistical Analysis
Analysis was performed on 148 and 135 patients who 

completed a 12-week and 26-week follow-up evaluation 
respectively. The subjects were divided according to the 
presence or absence of the ChAT A allele at the +4 position 
of the first common exon of ChAT. Student’s t-test was 
used to evaluate the difference in age, education level, 
MMSE-KC, CERAD-K(N) WSS, CERAD-K(N) TS, and 
the GDS-K scores between the ChATA allele carriers and 
non-carriers. Student’s t-test was also used to evaluate the 
differences in the final dose of donepezil. The χ2 test was 
used to evaluate the baseline differences in sex and CDR 
scores. 

Differences of changes in the MMSE-KC, CERAD- 
K(N) WSS, CERAD-K(N) TS and GDS-K scores from 
baseline to 12 weeks or 26 weeks between the ChAT A al-
lele carriers and non-carriers were assessed by Student’s 
t-test with no covariates, because important covariates 
like age, sex, education, and APOE genotype were not dif-
ferent between two groups. Differences of changes in the 
above mentioned scores were also assessed by the 
Student’s t-test between APOE ε allele carriers and 
non-carriers. Statistical analyses were performed using 
IBM SPSS Statistics version 21.0 (IBM Co., Armonk, NY, 
USA). ChAT genotypes for 135 patients of 26 weeks were 
in Hardy-Weinberg equilibrium.

RESULTS

The 199 participants at the beginning of the study con-
sisted of 64 men and 135 women. Their mean age was 
74.6±6.6 years and mean education level was 5.2±4.9 
years. The 148 participants evaluated at week 12 consisted 
of 46 men and 102 women. Their mean age was 74.6±6.5 

years and mean education level was 5.0±4.7 years. The 
135 participants evaluated at week 26 consisted of 44 men 
and 91 women. Their mean age was 74.2±6.5 years and 
mean education level was 5.1±4.7 years.

The demographic and clinical characteristics of the 
study populations at weeks 12 and 26 are described in 
Table 1. ChAT A allele carriers accounted for 47 of the 148 
patients at week 12 and 41 of the 135 patients at week 26. 
There was no significant difference in age, sex, education, 
and APOE e4 allele carrying status between ChAT A al-
lele carriers and non-carriers at weeks 12 and 26. In addi-
tion, there was no significant difference in CDR, 
MMSE-KC, CERAD-K(N) WSS, CERAD-K(N) TS, and 
GDS-K scores at baseline between ChAT A allele carriers 
and non-carriers at weeks 12 and 26.

The changes of MMSE-KC, CERAD-K(N) WSS, and 
CERAD-K(N) TS at 12 weeks from baseline in ChAT A 
allele carriers were not significantly different compared 
with ChAT A allele non-carriers. The group difference 
scores in these changes between ChAT A allele carriers 
and non-carriers were 0.8, 0.4, and −0.1 respectively 
(Table 2 and Fig. 1). 

The changes of MMSE-KC and CERAD-K(N) WSS at 
26 weeks from baseline in ChAT A allele carriers were sig-
nificantly different compared with ChAT A allele non-car-
riers (p=0.02 and p=0.03). The change of CERAD-K(N) 
TS was not significantly different, but a meaningful differ-
ence was suggested (p=0.09). The group difference scores 
in the change of MMSE-KC, CERAD-K(N) WSS and 
CERAD-K(N) TS were 1.4, 2.4, and 2.7 respectively 
(Table 2 and Fig. 2). Power estimates for detecting the dif-
ference in the changes of MMSE-KC, CERAD-K(N) 
WSS and CERAD-K(N) TS according to the ChAT A al-
lele carrying status at 26 weeks in this study were 0.56, 
0.65 and 0.41 respectively. The changes of GDS scores at 
12 and 26 weeks from baseline were not significantly dif-
ferent between the two groups (Table 2).

There were no significant differences in the changes of 
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Table 2. MMSE-KC, CERAD-K(N) WSS, CERAD-K(N) TS and GDS-K scores in study populations at baseline, 12 weeks and 26 weeks according 
to ChAT +4 A allele carrying status

Patients at 12 week (n=148) Patients at week 26 (n=135)

Baseline Week 12
 (week 

12-baseline)
Group

difference
Baseline Week 26

 (week 
26-baseline)

Group 
difference

MMSE-KC
  ChAT A carriers
  ChAT A non-carriers

17.2±4.4
17.4±4.7

18.1±5.0
17.6±5.0

1.0±3.0
0.2±2.7

0.8
17.4±4.5
17.6±4.6

18.7±4.5
17.5±5.5

1.3±2.9–0.1±3.5

1.4, p=0.02

CERAD-K(N) WSS  
  ChAT A carriers
  ChAT A non-carriers

16.3±9.9
14.6±7.4

18.7±9.6
16.5±8.1

2.3±5.4
1.9±5.2

0.4
16.0±10.0

14.8±7.5
19.8±10.1
16.1±8.6

3.8±6.7
1.4±5.4

2.4, p=0.03

CERAD-K(N) TS
  ChAT A carriers
  ChAT A non-carriers

39.0±16.0
36.0±12.2

41.7±15.6
38.8±13.6

2.7±8.1
2.8±7.8

–0.1
39.2±16.7
36.5±12.1

44.2±16.0
38.8±14.7

5.1±8.9
2.4±8.2

2.7, p=0.09

GDS-K
  ChAT A carriers
  ChAT A non-carriers

13.4±7.4
12.2±6.3

12.0±7.0
11.6±5.8

–1.4±6.6–0.7±5.6

–0.7
12.5±6.8
12.3±6.0

11.7±6.8
11.7±6.3

–0.8±8.3–0.6±6.6

–0.2

MMSE-KC, Korean version of Mini-Mental State Examination; CERAD-K(N), Korean version of the Consortium to Establish a Registry for 
Alzheimer’s Disease Neuropsychological Assessment Battery; WSS, wordlist subtest score; TS, total score; GDS-K, Korean version of Geriatric 
Depression Scale; ChAT, choline acetyltransferse.

Fig. 2. Change of MMSE-KC and CERAD-K (N) wordlist subtest scores (WSS) from baseline to 12 and 26 weeks during the donepezil treatment 

according to the ChAT A allele carrying status. 

MMSE-KC, Korean version of Mini-Mental State Examination; CERAD-K(N), Korean version of the Consortium to Establish a Registry for 

Alzheimer’s Disease Neuropsychological Assessment Battery; WSS, wordlist subset scores.

Fig. 1. The location and size of 

choline acetyltransferase gene in 

chromosome 10. 

ChAT, choline acetyltransferase 

(source : genome.ucsc.edu).

MMSE-KC, CERAD-K(N) WSS, CERAD-K(N) TS, and 
GDS-K scores between APOE ε4 allele carriers and 
non-carriers at 12 and 26 weeks from baseline (data was 
not shown). The mean donepezil dosage at the end of the 
study in ChAT A allele carriers and non-carriers was 
9.4±1.6 and 9.7±1.1 respectively and there was no sig-
nificant difference in dosage levels.

DISCUSSION

We found ChAT +4 A allele carriers had better treat-
ment responses to donepezil than non-carriers among pa-
tients with AD at 26 weeks from baseline. This finding 
suggests that the ChAT genotype might be a potential bio-
marker for the prediction of successful ChEI response. 
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There are reports of reduced cortical ChAT activity 
widespread brain regions of patients with AD13,29) and this 
reduction correlated with AD severity.14) In degenerative 
neural diseases like AD which involve a significant de-
crease in ChAT and Ach levels, different translation effi-
ciency of ChAT gene variants might influence the Ach 
level and the effect of ChEI inhibitor. In AD, a SNP 
(2384G＞A) at the +4 position of the first common exon 
of ChAT might be a risk factor since A allele carriers had 
a significantly earlier age of onset and worse individual 
cognitive functioning.18,30) In addition, the ChAT +4 A 
allele may influence the translation efficiency of ChAT.15) 
Kozak15) reported that the recognition of the initiator co-
don improves when G is substituted for A in +4 position. 
Even though it is not the rate-limiting enzyme, sub-
stitution of A allele instead of G might reduce the ChAT 
production and its role could be potentiated in specific 
states like AD and altered production due to such a poly-
morphism could be related to the treatment effect of 
donepezil. 

Scacchi et al.19) found no significant association be-
tween ChAT SNP and ChEIs treatment response. In addi-
tion, Harold et al.31) failed to find an association with sev-
eral ChAT SNPs including a SNP (1882G＞A) which 
showed complete linkage disequilibrium with a SNP 
(2384G＞A), but found an association in only one SNP in 
promoter region. To the best knowledge of the authors, 
there has been no previous report that showed an associa-
tion between a SNP (2384G＞A) or exon region and 
ChEIs response until now. The clinical characteristics of 
our patients might account for the different results ob-
tained in this study. ChEIs inhibit the acetylcholinesterase 
from breaking down Ach, thereby increasing both the lev-
el and duration of action of the neurotransmitter. Most of 
the patients in this study were in the early stages of AD, 
with their clinical severity ranging from very mild to mild 
by standards of the CDR. The mean score of MMSE-KC 
increased even after the 26 weeks of donepezil admin-
istration in the case of ChAT A carriers. Both the learning 
effect of cognitive tests or treatment response by ChEIs 
may have influenced the increase in MMSE-KC scores. 
This could be especially possible in the high proportion of 
very mild or mild patients of this study because the clinical 
effects of ChEIs are generally most conspicuous in the 
early stages of AD. 

Racial differences might be one possible explanation 
for the discrepancy. ChAT gene polymorphism was asso-
ciated with AD risk in a dose- or APOE ε4-dependent 
manner among Koreans16-18) and was associated with AD 

and mild cognitive impairment in the Chinese.30) 
However, similar association studies in Caucasians did 
not find such significant associations.31,32) The role of 
SNPs in the ChAT gene in relation to risk of AD or re-
sponse to AD treatment could be different between Asians 
and Caucasians. 

The main advantage of this study was that subjects were 
recruited in fifteen university hospitals located across 
Korea. This recruitment on a national scale provided us 
with both a relatively large sample size and general-
izability of our study’s results. In addition, we measured 
two composite cognitive function test scores as well as 
MMSE scores. We could observe that the differential ef-
fect of donepezil by the ChAT genotype was more prom-
inent in verbal memory function measured by 
CERAD-K(N) WSS than in overall cognitive function 
measured by CERAD-K(N) TS.

Nevertheless, our results require cautious interpretation 
because the mechanism by which the ChAT gene influen-
ces the treatment effects of ChEIs is still uncertain, and 
ChAT is not the rate-limiting enzyme for production of 
Ach. It should also be noted that adequate synthesis of 
Ach could be maintained until 90% loss of ChAT 
activity.33) Although we are far from understanding the ex-
act mechanisms for this differential clinical response, we 
observed that the ChAT +4 A allele carrying status might 
influence the treatment effect of donepezil in Koreans. 

The number of subjects in this study, however, was not 
sufficient to have enough power estimates based on power 
analysis, further researches would be necessary to explore 
differential clinical responses by other genetic variations 
of ChAT, which recruit larger sample sizes and diverse 
ethnic populations. 

This work was supported by the research grant from 
Eisai Korea and a grant from the Korean Health 
Technology R&D Project, Ministry for Health, Welfare, 
& Family Affairs, Republic of Korea (Grant No. 
A092077) . 
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