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The aims of this study were to evaluate the duration of acetylcholinesterase inhibitors

(AChEI) utilization as well as the patients� cognition maintenance. This study was

using panel data from the Bureau of National Health Insurance (BNHI) of Taiwan

from 2001 to 2004. Patients with mild or moderate AD were prescribed AChEI (do-

nepezil, rivastigmine, or galantamine). By the regulation of BNHI, if the score of

Mini-Mental Status Examination worsened by more than two points or clinical

dementia rating (CDR) worsened by one or more grades in the follow-up every half

year, the AChEI treatment would be terminated. Kaplan–Meier product-limit method

was used to estimate duration of drug utilization. Regression model was performed to

analyse the factors affecting the discontinuation of AChEI treatment. Our results

showed female are more and younger than male in mild to moderate Alzheimer�s
dementia. The mean duration of use of AChEI was 432 days. Only 9.6% of patients

maintained stable cognition tests results with continued drug refill for more than

3 years. Discontinuation rate in older patients (age ‡76 years) was higher than those in

younger age (P = 0.0009). The average duration for AChEI therapy is around

14 months. The elderly are at high risk for treatment discontinuation.

Introduction

Alzheimer�s dementia (AD) was one of the most chal-

lenging diseases which make the patients and the care-

givers suffering from the physical, psychosocial and

economical burden. The economic impacts increase as

the cognition impairment getting severe [1–3]. As more

clinical trials showed the modest effects of acetylcho-

linesterase inhibitors (AChEI) on cognition in patients

with mild or moderate AD [4,5], more physician use

such drugs to treat the patients with dementia to slow

the disease progression. However, such kind of medi-

cine was rather costly. This may cause huge burden in

the National Health Budget. Several studies have set-up

models in simulated, long-duration cohort to calculate

the cost-effectiveness of AChEI [6–10]. But needs data

of the long-term drug compliance and proportion of

discontinuation on therapy from clinical trials and even

some assumptions when modelling these pharmaco-

economic studies. However, compliance rate during

closely monitored studies might be far higher than in

real-world situation. It is important to present the

naturalistic data of the duration of maintaining both

cognition function and AChEI therapy in patient with

AD.

In this study, we obtained the national population-

based and long-term follow-up data of all the patients

diagnosed with mild or moderate AD, who had treat-

ment of AChEI and serial check-ups of cognition. Our

aims were to assess the proportion of different ages and

sex in the patients with mild or moderate AD who start

AChEI treatment; to estimate the AChEI usage dura-

tion before them entering to severe stage; to assess the

associated factors influencing the treatment course be-

tween different kinds of drugs, ages and genders; and to

calculate the total cost of AChEI for whole treatment

course in each patient.

Subjects and methods

Diagnosis of Alzheimer�s disease in mild or moderate

stage

In Taiwan, all of the hospitals have insurance contracts

with the Bureau of National Health Insurance (BNHI).

Therapy for dementia with AChEI is covered by insur-

ance from BNHI but with strict payment regulations
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since 2000. Subjects using AChEI must be the patients

of mild or moderate AD with complete case studies of

clinical symptoms and signs, blood tests, cognitive tests

and neuro-image work-ups. According to the BNHI

regulations, the clinical diagnosis must conform to the

criteria from the International Classification of Dis-

eases-9 (ICD-9), or the Diagnostic and Statistical

Manual of Mental Disorders-III (DSM III) or the

National Institute of Neurological and Communicative

Disorders and Stroke-Alzheimer�s Disease and Related

Disorder Association (NINDS-ADRDA), with a his-

tory of dementia for more than 6 months. Other causes

of dementia must likewise be excluded. Patients with

cerebral vascular disease history were excluded.

The Mini-Mental Status Examination (MMSE) score

must be between 10 and 26 and clinical dementia rating

(CDR) grade either 1 or 2. The requested blood tests

include venereal disease research laboratory, thyroid

function, complete blood count, fasting sugar, glutamic–

oxaloacetic transaminase, glutamic–pyruvic trans-

aminase, blood urea nitrogen, creatinine, serum B12 and

folic acid levels. Aside from the clinical presentation,

cognition tests and blood tests, all of the patients must

have neuro-image studies, with either brain CT or MRI.

Patients with old vascular insults, hydrocephalus, brain

tumour, or any other potential cause of dementia other

than Alzheimer�s noted in these neuro-images were ex-

cluded. The diagnostic work-up must be performed and

confirmed by a certificated neurologist or psychiatrist.

Permission of AChEI prescription

After completeness of aforementioned work-up, the

clinical neurologist or psychiatrist can apply toBNHI for

the permission ofAChEI prescription. The entire patient�
data were reviewed by an expert committee composed of

BNHI neurologists or psychiatrists. The committee

reviewed the history record, laboratory data, imaging

data and the cognition function record. Only those who

fit the criteria could be allowed to take AChEI therapy.

After treatment, the patients were regularly followed-up

and the cognition tests were performed every half year. If

the MMSE score worsened by more than two points or

the CDR worsened by 1 grade as compared with base-

line, the treatment covered by the insurance of BNHI

would be terminated in the panel data.

Searching the drug codes and patient data

As for the AChEI, donepezil was launched the earliest

(October 1998) in Taiwan. Rivastigmine was the second

(April 2000) and galantamine was the last (January

2003). Data panel from the medication file of BNHI was

used to search the drug codes, which were classified by

American Hospital Formula System. There were a total

seven kinds of pharmaceutical codes involving different

dosages of all the aforementionedAChEI with registered

licenses from BNHI. Then from the panel data by

searching the drug codes, all of the patients using the

medicine were collected. In this database, we were able to

get the informationon thepatient�s age, gender, start date
and end date of treatment, brand name of AChEI and its

dosage, cost of medicine, and whether or not changes of

AChEI of each month from 2001 to 2004.

Statistical analyses

Proportion of study subjects was calculated by five age

groups. Kaplan–Meier product-limit method was used

to estimate duration of drug utilization. Patients with

maintaining the drug prescription were censored at the

end of follow-up on 31 December 2004. The log-rank

test was used to compare the rates of discontinuation of

treatment between patients <76 and ‡76 years of age,

which was the median age of study population. Cox

proportional-hazards regression was performed to

evaluate the effect of discontinuation of AChEI treat-

ment, adjusting for age, sex and brands of AChEI.

Total cost of AChEI for each patient was also calcu-

lated. A P-value <0.05 was considered significant in

univariate and multivariate analyses. Statistical analy-

ses were performed with the SAS 9.1 software package.

Results

Characteristics of study targets

The patients who fit the inclusion criteria and got the

permission from BNHI for taking AChEI were con-

secutively enrolled. Some discontinued the treatment

and some newly enrolled in the succeeding monthly

record. However, the total number increased every

year. The numbers of participants were 2678, 4060,

5095 and 6529 respectively from 2001 to 2004. There

were total 9877 patients, with a female predominance

(P < 0.0001). The proportion of female was kept

around 56% every year. The mean age was

75 ± 8.2 years. The mean age of males was

75.7 ± 8.3 years, which was older than the

74.7 ± 8.0 years in females (P < 0.0001). The peak of

age in patients with mild to moderate AD was between

70 and 80 years. However, as classified by five age

groups, there was a female preponderance in the

younger age groups but a male preponderance after the

age of 70 years (Fig. 1).

The number of patients treated with the three kinds

of AChEI were quite different. The difference of launch

time amongst these medicines influenced the proportion
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of medicine usage. Donepezil was launched early and

was most commonly used, accounting for 61.3% of

patients. Rivastigmine was used by 36.9% of patient. In

2003 and 2004, galantamine was started but was taken

by only 1.75% of patients. There was no gender dif-

ference between male and female in choosing the AC-

hEI (P = 0.29).

Treatment duration and associated factors

Even though to obtain the permission of prescription of

AChEI from BNHI was not easy, around 20% of pa-

tients voluntarily dropped out of the treatment regimen

before the end of 3 months. After half a year, all of the

patients were asked for follow-up cognition tests,

including CASI/MMSE and CDR. Around 35% were

no longer treated, partly because of the spontaneous

drop-out or the termination of permission from BNHI

because of the two points deterioration of MMSE or 1

grade worsening of CDR. More than half (55%) were

not treated 1 year later and only 9.6% were treated for

more than 3 years, with continued drug refill and

maintaining cognition and daily function (Table 1). The

mean duration of treatment was 432 days. The daily

cost of AChEI therapy for AD in Taiwan was around

110 Taiwan dollars (TWD) (equivalent to €2.3). The
average total cost of AChEI for each patient was 47 593

TWD (equivalent to €992 based on the exchange rate

on 21 November 2007) from the start to the termination

of treatment.

As for the associated factors influencing treatment

duration, we analysed the factors of different AChEI,

gender, and age of 76 years old as the cut point

(because 76 years was the median age of the studied

population). The log-rank test showed the younger age

had lower discontinuation rate of treatment

(P = 0.0008) (Fig. 2). Proportional-hazards regression

showed the old age (>76 years old) was the factor

associated with reduced treatment duration

(P = 0.001). Gender (P = 0.07) and types of medicine

(P = 0.62) were not significant factors. As the number

of patients treated with galantamine (n = 173) was too

small, we repeated the analysis in the database without

galantamine therapy. Age was still the only significant
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Figure 1 Proportion of target subjects by age group.

Table 1 Number and percentile of patients with different durations of

AChEI therapy (n = 9877)

Total treatment duration Patients no. Percentile (%)

£3 months 2012 20.37

>3 months, <1/2 years 1486 15.05

>1/2 years, <1 year 2020 20.45

1–2 years 2183 22.1

2–3 years 1228 12.43

>3 years 948 9.6

Figure 2 Kaplan–Meier curves showing

the probability of drug adherence over

50 months of follow-up in patients with

mild or moderate Alzheimer�s dementia

under AChEI therapy in 2001–2004,

stratified by the age of the patients.
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associated factor of treatment duration (P = 0.0006) as

compared with gender and drug.

Discussion

This study is the first population-based study on the

long-term follow-up of AChEI therapy in patients with

mild or moderate AD, as the maintaining of cognition

and daily function taken into account. Instead of

searching the ICD codes from registry data in other

population-based study, the diagnosis of present target

subjects is made by using strict criteria as well as ex-

perts� committee review and is highly precise. It is also

the first study with large database to explore the pro-

portion of age and sex in patients with mild and mod-

erate AD, who were treated with the AChEI therapy.

Moreover, all of the patients in this study were re-

quested to be followed-up regularly and had cognition

tests every half a year, which enabled an early detection

of the discontinuation rate and the duration of main-

taining both treatment and cognition. This study pro-

vides a long-term follow-up data of patients receiving

treatment with AChEI.

This study showed the proportion of ages of mild to

moderate AD was highest (49%) at age of 70–80 years.

The peak of age was younger than those reported in

other epidemiological studies [11–15]. It may be because

of the exclusion of patients in severe dementia in this

study. As for the gender preponderance, Alzheimer�s
disease is more common in women than in men. The

proportion of female was around 56% in this study. It

was lower than those in other studies with percentage of

women ranges from approximately 60% to more than

70% amongst western countries [15–17]. This study also

showed the mean age of females was younger than that

of males. Furthermore, as classified by five age groups,

There was a female predominance in the younger age

groups but after the age of 70 years, the proportion of

males becomes higher. This difference can be partly

attributed to lower mortality rates in women at earlier

ages compared with men [14]. The patient�s age shown

in this panel data was the age that started AChEI

treatment. This was not the onset age but reflected the

age when alterations or deterioration in the patient�s
cognition and behaviour became noticeable, prompting

family members to take the patient to the hospital for

help. This study results also suggested that the age when

symptoms become manifest is earlier in females than

males.

This nationwide study showed that, in actual clinical

practice, the rate of discontinuation is quite high

amongst such population. The rate of spontaneous

withdraws or discontinuation within 3 months of

treatment was as high as 20%. Half-a-year later, an-

other 15% dropped out. Some of these patients may

withdraw because of the discontinuation of insurance

payments from BNHI as obvious progression of

dementia was noted by cognition test after half-a-year

of follow-up. After 1 year of treatment, the percentile of

patients maintaining the therapy was <45%. Only

9.6% of patients were treated for more than 3 years

with continued drug refill and maintenance of cognition

and daily function. The mean duration in all patients

was around 14 months.

Reviewing the clinical trials of AD, the rates of ad-

verse events (AE) were around 6–16%, with higher rate

of AE in the high dose of AChEI treatment [6, 18–22].

The rates of discontinuation because of AE were

around 6–9% [6, 18–23]. The discontinuation rates for

any reason were from 19% to 33% in these clinical

trials with study period from 3 months to 1 year [6, 18–

23]. Some of the patients may drop-out because of the

side effects of medicine, whilst some may be because of

comorbidities or mortality during treatment. It is in-

deed obvious that Alzheimer�s disease considerably

shortens life compared with non-Alzheimer�s disease

[24]. The mortality rates over 3 years in patients with

dementia were from 30% to 53% [6,25]. This might be

one of the major causes for the low proportion of pa-

tients who can keep receiving the treatment over 3 years

in our study. All the patients were old and had cognitive

or behaviour disorder. This chronic disease statement

may be complicated because the patients with dementia

refuse (or forget) to take medicine or go to hospital,

which results in high morbidity or mortality [25]. Be-

sides, some patients appear moderate dementia instead

of mild stage at first interview may be the reason why

some of our study subjects discontinued their therapy as

a result of obvious retrogression of cognitive function

within short time-period [26,27].

In view of the published literatures on pharmaco-

economic studies [2,3,7,9,10,28], the data of discontin-

uation rate of AChEI therapy on the Alzheimer�s
disease are based on the randomized controlled trial

(RCT) [6, 18–23]. In the study of Neumann et al. [9],

the assumed discontinuation rate is 4% in each 6-week

cycle (roughly 8% per 3 months) and 0–8% in the

sensitivity analysis, which are lower than our 3 months

spontaneous drop-out rate (20%). It suggested that,

there are higher adherence and lower discontinuation in

experimental designed RCT than in population-based

data. It may be owing to selection of the patients and

the much attention the study patients receive in RCT

[29]. Furthermore, most of the pharmacoeconomic

studies used to simulate long-duration cohort for eval-

uating the cost-effectiveness of AChEI [6–10, 30–37].

The model periods were from 0.5 to 10 years [3,4,7].

Most of aforementioned studies did not have data of
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long-duration clinical trials and the data of long-term

follow-up to estimate precisely about the rates they used

for the discontinuation of treatment [6–8, 30–37]. The

lack of long-term follow-up data constitutes the largest

uncertainty in the estimation of cost-effectiveness, and

such uncertainty is introduced through modelling

assumption. This present study provided the long-term

data in patients with mild to moderate AD on keeping

AChEI therapy. There showed low proportion of pa-

tients with continued treatment for more than 3 years.

It is because of the common discontinuation of drug

refill amongst these ageing populations and our strict

regulations of treatment for only well responders.

Our study showed the discontinuation of treatment is

not related to gender or the types of the AChEI. Old

age was the significant risk factors for discontinuation

the therapy. It may be because of the high prevalence of

comorbidities, mortality and more severe demented

cognition in elderly as age increased [24,25]. Under our

national insurance policy with limited health budget,

AChEI were only allowed to treat those good

responders, who could maintain the cognition before

their severe stage. With such policy and high discon-

tinuation rate of treatment, the AChEI pharmacologi-

cal cost for each patient during the whole treatment

course was around 47 593 TWD (equivalent to €992).
A limitation of this study is that the real and detailed

causes of drop-out or discontinuation from the AChEI

therapy could not be ascertained. We could not know

the causes and rates of co-morbidities and mortalities

amongst our targets in this database. Because we are

using panel data, we could not measure the drug

adherence and we could not know if the patients really

took medicine or not even though they had drug refill

every month. Moreover, we could not clarify the exact

score of the mental function from the database. All of

the patients had MMSE scores of 10–26 and CDR

scores of 1–2. However, a wide variety of cognitive

function, from mild to moderate demented state, is in-

cluded. The drop-out rate might be varied based on the

different severity of mentality function but could not be

analysed in this study.

In conclusion, female were more and younger than

male in mild to moderate AD. Because of the common

discontinuation of drug refill amongst these ageing

populations and the strict regulations of treatment for

only well responders, the proportion of patients keeping

AChEI therapy is low. Before disease progression to

severe stage, only 9.6% of patients were treated for

more than 3 years with continued drug refill and

maintenance of cognition and daily function. The

average duration for AChEI therapy was around

14 months. The elderly was at high risk for treatment

discontinuation.
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