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Purpose: The objectives of this study were to estimate the incidence, cumulative incidence, and 

economic burden of Alzheimer’s disease (AD) in Taiwan, using data from the National Health 

Insurance Research Database (NHIRD).

Materials and methods: This was a retrospective, longitudinal, observational study using data 

from the Longitudinal Health Insurance Database of the NHIRD. Patients were included in this 

study if they were 50 years of age or older and their records included a primary or secondary 

diagnosis of AD. New patients who met inclusion criteria were followed up longitudinally from 

2005 to 2010. Costs were calculated for the first year following the diagnosis of AD.

Results: Overall, a higher percentage of women than men were diagnosed with AD (54% vs 

46%, respectively). The first AD diagnosis occurred most frequently in the age of 75–84 years. 

The person-year incidence rate increased from 5.63/1,000 persons (95% CI, 5.32–5.94) in 2005 to 

8.17/1,000 persons (95% CI, 7.78–8.57) in 2010. The cumulative incidence rate was 33.54/1,000 

persons (95% CI, 32.76–34.33) in 2005–2010. The total mean inflated annual costs per patient 

in new Taiwan dollars (NT$) in the first year of diagnosis ranged from NT$205,413 (2009) to 

NT$227,110 (2005), with hospitalization representing the largest component.

Conclusion: AD represents a substantial burden in Taiwan, and based on the observed increase 

in incidence rate over time, it is likely that this burden will continue to increase. The findings 

reported here are consistent with previous research. The NHIRD contains extensive real-world 

information that can be used to conduct research, allowing us to expand our understanding of 

the incidence, prevalence, and burden of disease in Taiwan.
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Introduction
Dementia is a clinical syndrome that is defined as a cluster of symptoms including 

memory difficulties, language and other cognitive function disturbances, behavior 

changes, and impairment of daily living activities.1 The World Health Organization 

estimates that there are 35.6 million people living with dementia worldwide, with these 

numbers expected to double by 2030 and triple by 2050.2

Alzheimer’s disease (AD) is a chronic and progressive neurodegenerative disor-

der, which accounts for up to 75% of all dementia cases.1 The onset of AD occurs 

predominantly in the elderly individuals, with >95% of individuals who develop AD 

being the age of >65 years.3 The risk of dementia due to AD continues to increase 

with age, affecting an estimated 5% of individuals 65 years of age or older and 30% 

of individuals 85 years of age or older.4
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The worldwide prevalence of AD was estimated to be 

26.6 million in 2006.5 By 2050, an estimated 107 million 

individuals worldwide are expected to have AD.5

A systematic literature review of data across Europe and 

the US from 2002 to 2012 revealed prevalence estimates 

ranging between 3% and 7%.6 Country-specific estimates 

included France (3.0% among ≥60 years of age), Italy (3.0% 

among ≥65 years of age to 6.7% among ≥75–97 years of 

age), the UK (4.9%), Spain (6.4% among ≥75 years of age 

to 6.7% among ≥70 years of age), and the US (4.9%–6.8% 

among ≥70 years of age). Although other research has esti-

mated the prevalence of AD to be much higher (12%) in 

the US,7 in the Takizawa et al’s review, the incidence of AD 

varied greatly between countries, ranging from 0.04/1,000 

person-years in the UK (45–65 years) to 16.8/1,000 person-

years in the US (≥65 years). Studies that examined age 

consistently found that prevalence and incidence of AD 

increased with age.6

In East Asia, the prevalence of AD in persons 65 years of 

age and older appears to be similar to that found in Europe 

and the US, with slightly higher rates in the People’s Republic 

of China and Taiwan than that in Japan. The prevalence of 

AD has been estimated to be 5% in the People’s Republic of 

China,8 2% in Japan,9 and 4% in Taiwan.10–12

AD represents a significant financial burden, with an 

estimated 43% of patients requiring a high level of care.5 The 

worldwide total cost of dementia was estimated at US$604 

billion in 2010.13 The indirect costs associated with informal 

care and social care of patients with AD account for a sig-

nificant portion to the total cost, whereas the direct medical 

costs are generally much lower in comparison.13 Caregivers 

of patients with AD have been shown to have higher rates 

of some illnesses, with high levels of anxiety and depres-

sion observed in >50% of caregivers.14 This also represents 

an additional burden that is unlikely to be captured when 

assessing the overall burden of AD.

A literature review summarized the medical costs per 

person associated with AD in the US and Europe.6 To allow 

comparisons between countries, the costs were converted 

into 2013 international dollars (int$) using purchasing 

power parity conversion factors. Countries in the review 

included France, Germany, the Netherlands, Spain, the UK, 

and the US. The total direct medical cost estimates for mild 

AD ranged from 5,476 int$ per year per patient in France 

to 27,380 int$ per year per patient in Spain. For moderate-

to-severe AD, total direct medical cost estimates ranged 

from 5,713 int$ per year per patient in France to 34,118 int$ 

per year per patient in Germany. Total direct medical costs 

increased as the severity of AD increased across all included 

countries.6

A previous study by Chan et al15 examined the direct medi-

cal costs of AD in Taiwan from 2000 to 2002 for patients with 

an International Classification of Diseases, ninth revision, 

Clinical Modification (ICD-9-CM) code of 331.0 (AD) as a 

primary or secondary diagnosis using data from the National 

Health Insurance Research Database (NHIRD). In this study, 

the incidence rate of AD was 8.5/1,000 person-years for those 

aged ≥65 years. Average per patient, inpatient, outpatient, 

and total direct medical cost estimates increased in each of 

the 3 years. Outpatient cost estimates in new Taiwan dollars 

(NT$) increased from NT$36,298 in 2000 to NT$71,048 in 

2002. Inpatient cost estimates increased from NT$20,502 in 

2000 to NT$96,091 in 2002. Finally, total direct cost estimates 

increased from NT$56,801 in 2000 to NT$167,139 in 2002. In 

2002, medication costs accounted for >33% of the total costs.

In 1995, Taiwan initiated a single-payer national health 

insurance program managed by the Bureau of National Health 

Insurance (BNHI).16 As of 2007, 98% of Taiwan’s population 

was enrolled in this program. The NHIRD contains de-identified 

registration files and original health care use claims data for 

reimbursement purposes. Access to this database is made avail-

able to academic scientists in Taiwan for research purposes. 

Many hundreds of studies (http://www.pubfacts.com/search/

NHIRD) have been published using the NHIRD demonstrating 

the value of this dataset for health care research. This current 

research project was conducted to further our understanding of 

the burden of AD in Taiwan. The objectives of this study were 

to estimate the incidence and cumulative incidence and direct 

costs of AD in Taiwan, using data from the NHIRD.

Materials and methods
Study design
In 1995, Taiwan initiated a single-payer national health insur-

ance program managed by the BNHI.16 As of 2007, 98% of 

Taiwan’s population was enrolled in this program. The NHIRD 

contains de-identified registration files and original health care 

use claims data that are primarily used for reimbursement 

purposes. A number of sub-datasets have been created within 

the NHIRD, including the Longitudinal Health Insurance 

Database (LHID2005). The LHID2005 contains complete 

original medical and pharmacy claims data from a random 

sample of 1 million beneficiaries enrolled in the 2005 Reg-

istry for Beneficiaries ( identification) of the entire NHIRD 

population. The random sample of 1 million patients used in 

this analysis has previously been shown to be representative 

of the entire population contained within the NHIRD.17
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This was a retrospective, longitudinal, observational study 

using data from the LHID2005 of the NHIRD. Key data ele-

ments extracted included information on patient demographics, 

diagnoses, health care service use, and costs. The application 

to use the NHIRD in this study was reviewed and approved in 

accordance with the regulations of the National Health Insur-

ance Administration and National Health Research Institutes of 

Taiwan. Written informed consent was obtained for this study

Demographics
Demographic information was obtained from the Registry 

for Beneficiaries and included information on sex, date of 

birth, and low-income status (yes/no).

Diagnoses
Diagnosis codes, using the ICD-9-CM, that consist of a prin-

cipal and up to four secondary diagnoses for inpatient care 

and two secondary diagnoses for outpatient care were used.

Health care service use
This service use includes codes for all inpatient and outpatient 

treatment procedures, examination procedures (computer-

ized tomography [CT], magnetic resonance imaging [MRI], 

positron emission tomography [PET], etc), and medications 

(both western and traditional Chinese medicines).

Costs
The costs include all inpatient costs per admission and all 

ambulatory costs per visit and include the total expenditure 

for each outpatient visit or admission.

For the examination of incidence, cumulative incidence, 

and cost during the first year, the years 2000–2004 were used 

as a washout period to ensure that patients did not have AD. 

New patients who met the inclusion criteria were followed 

longitudinally from 2005 to 2010. Cumulative incidence from 

2005 to 2010 was estimated to provide a low-end estimate of 

prevalence. Costs were calculated for the first year following 

the diagnosis of AD. The first date that a patient received a 

diagnosis for AD was used as the index date for each patient.

Inclusion criteria
Patients were included if they were 50 years of age or older at 

the beginning of 2005 and their records included a diagnostic 

code for a primary or secondary diagnosis of AD (ICD-9-CM 

codes 331.0, 290.0, 290.1X, 290.2X, and 290.3) and no his-

tory of a diagnosis of AD between 2000 and 2004. Patients 

were required to have at least two outpatient visits or at least 

one hospitalization with one of the above diagnostic codes.

Data analyses
Demographic information and comorbidities (identified 

via ICD-9-CM codes) were extracted, and the Charlson 

comorbidity index (CCI)18 was calculated for each patient. 

Comorbidities of interest included congestive heart failure, 

peripheral vascular disease, cerebrovascular disease, major 

depressive disorder, chronic pulmonary disease, rheumato-

logic disease, peptic ulcer disease, mild liver disease, mod-

erate or severe liver disease, diabetes (mild-to-moderate), 

diabetes with chronic complications, hemiplegia or paraple-

gia, renal disease, malignancy (including lymphoma and 

leukemia), metastatic solid tumor, and AIDS.

Health care service utilization information was extracted 

for all patients with a primary or secondary diagnosis of AD, 

based on the use of medications (including both western and 

traditional Chinese medicines), diagnostic procedures, physi-

cian and dentist clinic visits, the number of outpatient clinic 

visits, and the number and duration of inpatient visits. Actual 

costs (NT$) for each resource/service were extracted from 

the NHIRD and adjusted to 2009 costs using the consumer 

price index data from Taiwan for the years 2005–2009. The 

cost of medications from community pharmacies and all 

services provided outside of the hospital were included in the 

outpatient costs. For patients with a survival of <1 year, health 

care resource utilization data were adjusted based on time 

observed in the cohort. Information was also summarized 

for all prescription medications reimbursed by the National 

Health Insurance Scheme in Taiwan, including medications 

used for the treatment of AD, dementia-specific treatments 

(donepezil, rivastigmine, galantamine, memantine, ergoloid 

mesylates, and ginko), and medicines used to manage the 

common behavioral and psychological symptoms associated 

with AD (antipsychotics, antidepressants, antianxiety agents, 

and hypnotics).

Incidence estimates were calculated based on the calendar 

year, using a closed cohort that included patients who were 

≥50 years of age and were not diagnosed with AD prior to 

2005. Cumulative incidence was calculated across the full 

2005–2010 follow-up period. Although incidence was cal-

culated based on calendar year for health care utilization, the 

index date for each patient was the date of his/her first diag-

nosis. For example, for a patient who was newly diagnosed in 

December 2005, only the costs attributable to that proportion 

of 2005 were included in the cost estimates for that year.

CIs were calculated as follows. For cumulative inci-

dence, the 95 1 96 1%Cl = ± × ×r r r n. ( ) /− , where r is the 

cumulative incidence rate stated as a decimal fraction, and 

n is the appropriate denominator (ie, population at risk)19 
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The person-time incidence rate is the number of new cases 

during the time period/total person-time of observation, and 

the 95 1 96 2%CI = ± ×r e T. / , where r is the person-time 

incidence rate stated as a decimal fraction, e is the number 

of new events, and T is the total person-time units at risk.20

Privacy of information
Access to the NHIRD is strictly controlled. All researchers 

who wish to use the NHIRD and its data subsets are required 

to sign a written agreement declaring that they have no inten-

tion of attempting to obtain information that could potentially 

violate the privacy of patients or care providers. Data in the 

NHIRD are de-identified and scrambled, and the data cannot 

be used to identify individuals at any level. The application to 

use the NHIRD in this study was reviewed and approved in 

accordance with the regulations of the National Health Insur-

ance Administration and National Health Research Institutes 

of Taiwan. All analyses were completed using SAS© Version 

9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Patient demographics
The demographic characteristics, CCI, and comorbid con-

ditions of the incident cases by year are shown in Table 1. 

At the beginning of 2005, there were 230,865 individuals 

enrolled in the NHIRD who were 50 years of age or older 

and free of AD. Between 2005 and 2010, a total of 8,603 

incident cases of AD were identified. Overall, a higher 

percentage of women than men were diagnosed with AD 

(54% vs 46%, respectively). The diagnosis of AD was made 

most frequently between the ages of 75–84 years. The vast 

majority of patients were not from a low-income household, 

which was defined as a monthly average household income 

per person that was <60% of an average cost of living per 

Table 1 Demographic characteristics, Charlson comorbidity index, and comorbid conditions of the incident cases by year

Variables 2005, n (%) 2006, n (%) 2007, n (%) 2008, n (%) 2009, n (%) 2010, n (%)

Sex
Female 680 (53.0) 737 (54.8) 755 (52.9) 782 (53.5) 837 (57.6) 887 (54.3)
Male 602 (47.0) 607 (45.2) 671 (47.1) 681 (46.5) 617 (42.4) 747 (45.7)
Age (years)
50–64 120 (9.4) 96 (7.1) 132 (9.3) 112 (7.7) 105 (7.2) 133 (8.1)
65–74 334 (26.1) 382 (28.4) 364 (25.5) 334 (22.8) 344 (23.7) 410 (25.1)
75–84 583 (45.5) 608 (45.2) 646 (45.3) 706 (48.3) 667 (45.9) 753 (44.9)
≥85 245 (19.1) 258 (19.2) 284 (19.9) 311 (21.3) 338 (23.2) 338 (20.7)
Low-income householda

No 1,268 (98.9) 1,322 (98.4) 1,412 (99.0) 1,446 (98.8) 1,437 (98.8) 1,623 (99.3)
Yes 14 (1.1) 22 (1.6) 14 (1.0) 17 (1.2) 17 (1.2) 11 (0.7)
Charlson comorbidity index
0 228 (17.8) 280 (20.8) 289 (20.3) 317 (21.7) 305 (21.0) 341 (20.9)
1 305 (23.8) 353 (26.3) 349 (24.5) 376 (25.7) 374 (25.7) 406 (24.9)
2 277 (21.6) 263 (19.6) 299 (21.0) 286 (19.6) 273 (18.8) 342 (20.9)
3 206 (16.1) 197 (14.7) 215 (15.1) 216 (14.8) 194 (13.3) 237 (14.5)
≥4 266 (20.8) 251 (18.7) 274 (19.2) 268 (18.3) 308 (21.2) 308 (18.9)
Comorbid conditions
Myocardial infarction 29 (2.3) 20 (1.5) 29 (2.0) 33 (2.3) 30 (2.1) 29 (1.8)
Congestive heart failure 199 (15.5) 175 (13.0) 180 (12.6) 198 (13.5) 207 (14.2) 225 (13.8)
Peripheral vascular disease 75 (5.9) 75 (5.6) 81 (5.7) 77 (5.3) 59 (4.1) 76 (4.7)
Cerebrovascular disease 520 (40.6) 568 (42.3) 583 (40.9) 534 (36.5) 550 (37.8) 602 (36.8)
Major depressive disorder 60 (4.7) 63 (4.7) 74 (5.2) 57 (3.9) 65 (4.5) 69 (4.2)
Chronic pulmonary disease 408 (31.8) 341 (25.4) 395 (27.7) 372 (25.4) 347 (23.9) 381 (23.3)
Rheumatologic disease 38 (3.0) 44 (3.2) 40 (2.8) 41 (2.8) 50 (3.4) 40 (2.5)
Peptic ulcer disease 348 (27.2) 297 (22.1) 376 (26.4) 326 (22.3) 379 (26.1) 364 (22.3)
Mild liver disease 58 (4.5) 27 (2.0) 41 (2.9) 33 (2.3) 56 (3.9) 64 (3.9)
Moderate-to-severe liver disease 188 (14.7) 209 (15.6) 201 (14.1) 232 (15.9) 236 (16.2) 274 (16.8)
Diabetes (mild-to-moderate) 197 (15.4) 175 (13.0) 194 (13.6) 213 (14.6) 211 (14.5) 224 (13.7)
Diabetes with chronic complications 56 (4.4) 57 (4.2) 49 (3.4) 48 (3.3) 54 (3.7) 53 (3.2)
Hemiplegia or paraplegia 75 (5.9) 79 (5.9) 85 (6.0) 95 (6.5) 109 (7.5) 144 (8.8)
Renal disease 88 (6.9) 91 (6.8) 105 (7.4) 97 (6.6) 117 (8.1) 130 (8.0)
Malignancy (including lymphoma and leukemia) 10 (0.8) 5 (0.4) 6 (0.4) 10 (0.7) 6 (0.4) 8 (0.5)
Metastatic solid tumor 7 (0.6) 11 (0.8) 19 (1.3) 20 (1.4) 15 (1.0) 16 (1.0)

Note: aLow-income household was defined as a monthly average household income per person that was <60% of an average cost of living per person.
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person. Among all incident cases, 80% had a CCI score of 

≥1, 25% had a CCI score of 1, 21% had a CCI score of 2, 

15% had a CCI score of 3, and 19% had a CCI score of ≥4, 

while only 20% had a CCI score of 0. The most common 

comorbid conditions were cerebrovascular disease (39%), 

chronic pulmonary disease (26%), and peptic ulcer disease 

(24%).

Medication use
Table 2 shows the medication use per person by year. Ben-

zodiazepines were the most commonly used medication, 

with 58.4%–63.0% of patients having been dispensed this 

medication at least once over the course of a given year. 

Atypical antipsychotics were the second most commonly 

used medication and were dispensed at least once for 

36.8%–39.2% of patients. Cholinesterase inhibitors and 

N-methyl-d-aspartate (NMDA) receptor agonists, approved 

treatments for the symptoms of AD, were given to only a 

small proportion of patients.

Imaging procedures
The use of imaging procedures was not observed for the 

majority of patients with AD (Table 3). Of the imaging pro-

cedures used, CT scans were the most commonly utilized. 

Patients receiving at least one CT scan ranged from 34.8% 

in 2005 to 41.4% in 2009. MRI scans were the second most 

common procedure. Patients receiving at least one MRI scan 

ranged from 7.5% in 2005 to 10.9% in 2009. Less than 1% 

of patients received a PET or single-photon emission CT 

(SPECT) scan of the observational period.

Table 2 Number of patients being dispensed medication at least oncea by year from 2005 to 2009

Procedure Year

2005 (N=1,282), 
n (%)

2006 (N=1,344), 
n (%)

2007 (N=1,426), 
n (%)

2008 (N=1,463), 
n (%)

2009 (N=1,454), 
n (%)

Cholinesterase inhibitors
Donepezil 43 (3.4) 41 (3.1) 55 (3.9) 61 (4.2) 68 (4.7)
Rivastigmine 40 (3.1) 30 (2.2) 35 (2.5) 36 (2.5) 28 (1.9)
Galantamine 10 (0.8) 14 (1.0) 24 (1.7) 15 (1.0) 10 (0.7)
NMDA antagonists
Memantine 0 (0.0) 1 (0.1) 11 (0.8) 10 (0.7) 8 (0.5)
Ergoloid mesylates
Hydergine 123 (9.6) 134 (10.0) 133 (9.3) 138 (9.4) 159 (10.9)
Chinese medicine
Gingko 215 (16.8) 184 (13.7) 202 (14.2) 189 (12.9) 157 (10.8)
Antipsychotics
Atypical 474 (37.0) 494 (36.8) 529 (37.1) 510 (34.9) 570 (39.2)
Typical 269 (21.0) 256 (19.1) 279 (19.6) 237 (16.2) 250 (17.2)
Antidepressants
SNRIs 41 (3.2) 27 (2.0) 45 (3.2) 41 (2.8) 35 (2.4)
SSRIs 226 (17.6) 220 (16.4) 239 (16.8) 214 (14.6) 242 (16.6)
Other 285 (22.2) 297 (22.1) 285 (20.0) 282 (19.3) 289 (19.9)
Hypnotics
Benzodiazepines 782 (61.0) 846 (63.0) 871 (61.1) 855 (58.4) 873 (60.0)
Other 432 (33.7) 427 (31.8) 417 (29.2) 388 (26.5) 390 (26.8)

Note: aBased on inpatient and outpatient medications used in the first year after diagnosis of Alzheimer’s disease and adjusted for survival.
Abbreviations: NMDA, N-methyl-d-aspartate; SNRIs, serotonin–norepinephrine reuptake inhibitors; SSRIs, selective serotonin reuptake inhibitors.

Table 3 Number of patients undergoing an imaging procedure one or more times by year from 2005 to 2009a

Procedure Year

2005 (N=1,282), n (%) 2006 (N=1,344), n (%) 2007 (N=1,426), n (%) 2008 (N=1,463), n (%) 2009 (N=1,454), n (%)

CT scan 446 (34.8) 499 (37.1) 588 (41.2) 593 (40.5) 603 (41.4)
MRI scan 96 (7.5) 108 (8.0) 155 (8.0) 154 (10.5) 145 (10.0)
PET scan 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1)
SPECT scan 7 (0.5) 13 (1.0) 8 (0.6) 18 (1.2) 9 (0.6)

Note: aBased on inpatient and outpatient procedures used in the first year after diagnosis of Alzheimer’s disease and adjusted for survival.
Abbreviations: CT, computerized tomography; MRI, magnetic resonance imaging; PET, positron emission tomography; SPECT, single-photon emission CT.
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Incidence
Based on the 95% CIs, the person-year incidence rate 

appeared to increase steadily over the 5-year observational 

period from 5.63/1,000 persons (95% CI, 5.32–5.94) in 

2005 to 8.18/1,000 persons (95% CI, 7.78–8.57) in 2010 

(Figure 1). The cumulative incidence rate from 2005 to 2010 

was 33.54/1,000 persons (95% CI, 32.76–34.33).

Burden
Resource utilization
The mean number of total outpatient visits per person 

remained relatively consistent from 2005 to 2009. The mean 

number of outpatient visits (for any cause) ranged from 

31.05 (SD 23.94) in 2009 to 34.13 (SD 25.10) in 2005. In 

2005–2009, the mean number of hospitalizations (for any 

cause) per person ranged from a low of 1.78 (SD 4.01) in 

2006 to a high of 2.42 (SD 8.66) in 2005.

Costs
The mean cost by year for outpatient treatment, hospitaliza-

tions, and all health care utilization from 2005 to 2009 is 

shown in Figure 2. In 2005–2009, all mean inflated costs 

showed a similar trend. In NT$, the total mean inflated costs 

per person ranged from a low of NT$205,413 (SD 460,900) in 
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2009 to a high of NT$227,110 (SD 458,675) in 2005. For each 

year, mean hospitalization costs per person accounted for the 

majority of the total costs per person. The mean hospitaliza-

tion costs per person ranged from a low of NT$139,433 (SD 

437,994) in 2009 to a high of NT$160,255 (SD 444,235) in 

2005, while the mean outpatient treatment costs per person 

ranged from a low of NT$65,158 (SD 91,244) in 2006 to a 

high of NT$67,455 (SD 110,060) in 2007.

Discussion
In this retrospective analysis, the person-year incidence 

rates increased from 5.63/1,000 persons in 2005 to 

8.18/1,000 persons in 2010. Over this time period, the 

cumulative incidence rate was 33.54/1,000 person-years. 

For each observational year, incident cases of AD most 

commonly occurred between the ages of 75 years and 

84 years, and <2% of all incident cases were from a low-

income household. A large majority (80%) of the incident 

cases had a CCI score of ≥1, and 19% had a CCI score of 

≥4, indicating that this population is at a relatively high risk 

of mortality from comorbid disease.18

Benzodiazepines and atypical antipsychotics were the 

first and second most commonly used medications, respec-

tively. For any given observational year, approximately half 

of all patients were dispensed a benzodiazepine at least 

once, while over one-third of patients were dispensed an 

atypical antipsychotic at least once. The frequent use of 

benzodiazepines and antipsychotics suggests that many 

patients had behavioral and psychological symptoms. These 

symptoms can lead to high levels of distress and burden to 

their families and may be the reason for seeking medical 

attention. However, while the antipsychotics are widely 

used to treat the behavioral and psychological symptoms 

of dementia, their use has been shown to be associated 

with serious side effects.19,20 On the other hand, while 

acknowledging that the treatment benefit associated with 

cholinesterase inhibitors and NMDA receptor agonists is 

modest, treatment guidelines recommend pharmacotherapy 

with one of these agents.21,22 Therefore, the low rate of usage 

for cholinesterase inhibitors and NMDA receptor agonists 

observed here are somewhat surprising. More than 95% of 

patients recorded no usage for either of these treatments 

for any year. However, these findings may reflect the fact 

that cholinesterase inhibitors and NMDA receptor agonists 

are more restricted by the BNHI reimbursement guidelines 

than are atypical antipsychotics and benzodiazepines. In 

addition, a portion of patients with AD may have opted to 

pay for these medications out of pocket, which would not 

have been captured by the BNHI.

There are wide variations in existing guidelines regarding 

the use of neuroimaging in the evaluation of dementia.23,24 

Nearly all recommend the inclusion of either a CT or MRI 

scan, with some indicating a preference for MRI. The 

findings in this study that CT and MRI scans were the two 

most commonly used imaging procedures are consistent 

with existing guidelines. CT scans were utilized at least 

once for 34.8%–41.4% of patients. MRI scans were used 

to a lesser extent with the percentage of patients receiving 

at least one MRI ranging from 7.5% to 10.9%. PET scans 

are not reimbursed by BNHI, and only one patient received 

a PET scan. SPECT scans are reimbursed by BNHI but 

were still used very infrequently. The National Institute for 

Health and Care Excellence guidelines recommend the use 

of SPECT to help differentiate AD, vascular dementia, and 

frontotemporal dementia in cases where the diagnosis is in 

doubt.25 In light of these guideline recommendations and 

BNHI reimbursement rules, the low utilization of SPECT 

scans was surprising.

An analyses of resource utilization revealed that patients 

with AD averaged 31–34 outpatient visits per year in the first 

year of diagnosis, with the median number of visits ranging 

from 25 to 29. Greater variability was observed with regard to 

hospitalizations. The mean number of annual hospitalizations 

for patients with AD ranged from a low of 1.78 to a high of 

2.42. In general, the mean number of hospitalizations showed 

a decreasing trend over the 5-year study period.

The total annual per patient inflated costs in the first year 

of diagnosis ranged from NT$205,413 to NT$227,110. These 

total annual costs comprised hospitalizations (NT$139,433–

160,255) and outpatient treatment (NT$65,158–67,455). 

Hospitalizations accounted for the highest cost component.

The incidence rates found in this study are consistent with 

those found in a previous study in Taiwan, among patients 

who were 65 years of age or older, for the years 2000–2002.15 

Based on information provided by Chan et al,15 the incidence 

rate was estimated to be 8.5/1,000 person-years. The person-

year incidence rates in our study ranged from 5.63/1,000 

persons in 2005 to 8.18/1,000 persons in 2010; however, it 

should be noted that unlike the Chan et al study, our study 

included patients who were 50 years of age or older whereas 

Chan et al examined patients who were 65 years of age or 

older. We found that AD was diagnosed most frequently 

among those in the age range of 75–84 years.

Our findings regarding incidence rates are also generally 

consistent with incidence rates from the US and Europe.6 

There is considerable variability in the incidence rates 

reported from these countries (0.04–16.8/1,000 person-

years), which is likely due, in part, to the differences in 
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methodology and age ranges utilized in the various studies. 

In the US, studies that included individuals aged 65 years and 

older have reported incidence rates of 2.7/1,000, 14.3/1,000, 

and 16.8/1,000 person-years. In Spain, an incidence rate of 

5.4/1,000 person-years (>55 years of age and older) was 

reported, and in Italy, a study based on individuals who were 

65–84 years of age reported an incidence rate of 7.0/1,000 

person-years.

The costs reported here are generally consistent with 

previous reports for Taiwan.15 Chan et al estimated total 

annual direct costs at NT$56,801 in 2000, and increasing to 

NT$167,139 in 2002. The NT$205,413–217,287 total direct 

costs found in the current study suggest a continued trend of 

increasing costs for patients with AD.

The current study examined only the direct costs of AD, 

but past research has found that the indirect costs associated 

with AD (ie, caregiving that was unpaid, lost work time, lost 

productivity as a result of having to take early retirement, 

inability to work, unemployment, sick leave, and reduced 

labor time caused by AD) are usually higher than the direct 

costs. In a systematic literature of data across Europe and 

the US, Takizawa et al reported that indirect cost estimates 

for mild AD were up to fourfold higher per year in France, 

while in the US and Spain, indirect costs were roughly equal 

to the direct costs.6 In this same review, annual indirect cost 

estimates for moderate-to-severe AD were much higher in 

general, ranging approximately twofold higher in the US to 

eightfold in France. As such, the overall burden of disease 

would be significantly greater than reported here.

Study limitations
There are important limitations regarding this study that 

should be noted. The NHIRD only includes information for 

reimbursed services so information regarding nonreimbursed 

services or out of pocket health care expenses was not avail-

able. Estimates of incidence are likely to vary based on the 

study design, as reflected in the variability of reported esti-

mates reviewed here. Some approaches are more restrictive 

regarding how an individual with AD is identified, leading to 

lower estimates, while other methods that are less restrictive 

may lead to higher estimates. In the current study, cases were 

only included if they sought treatment and were diagnosed 

with AD. Therefore, individuals who were not diagnosed, 

or who were misdiagnosed, would not have been included. 

Another limitation applies to all studies that utilize health 

insurance claims data, in that missing and incorrectly coded 

data are not uncommon. Long-term services, such as assisted 

living or nursing home resource use, are not captured in the 

NHIRD. Based on the debilitating nature of AD, it is reason-

able to assume that these costs are substantial. Therefore, it is 

likely that the economic burden of AD in Taiwan presented 

here underestimates the total costs.

Conclusion
AD represents a substantial burden in Taiwan. Based on 

the observed trend in incidence rates over time, it is likely 

that this burden will only continue to increase. The find-

ings of this study reported here are both consistent with, 

and complimentary to, previous research, which in turn, 

demonstrates the value of the NHIRD claims data. That is, 

the NHIRD contains extensive information on health care 

resource, costs, and medication utilization patterns, which 

in turn allows for the development of more robust cost 

estimates that use a bottom-up approach. The NHIRD also 

provides useful information that allows us to expand our 

understanding regarding the incidence and prevalence of any 

disease. At the present time, however, direct access to the 

NHIRD is limited to locally based academic researchers. As 

industry and academia frequently share common research 

goals, improved access to such a comprehensive and rich 

data source as the NHIRD, utilizing appropriate governance 

procedures, would seem to be warranted in order to capitalize 

on the value of this high-quality source of real-world health 

care information.
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