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A B S T R A C T

Background: Although an increase in the burden of Alzheimer’s disease (AD) is evident worldwide, knowledge of costs and
health-related quality of life (HRQOL) associated with AD in low- and middle-income countries is still lacking.

Objectives: This study aimed to collect real-world cost and HRQOL data, and investigate their associations with multiple
disease-severity indicators among AD patients in Thailand.

Methods:We recruited AD patients aged$60 years accompanied by their caregivers at a university-affiliated tertiary hospital.
A one-time structured interview was conducted to collect disease-severity indicators, HRQOL, and caregiving information
using standardized tools. The hospital’s database was used to retrieve healthcare resource utilization occurred over 6
months preceding the interview date. Costs were annualized and stratified based on cognitive status. Generalized linear
models were employed to evaluate determinants of costs and HRQOL.

Results: Among 148 community-dwelling patients, average annual total societal costs of AD care were $8014 (95% confidence
interval [CI]: $7295-$8844) per patient. Total costs of patients with severe stage ($9860; 95% CI: $8785-$11328) were almost
twice as high as those of mild stage ($5524; 95% CI: $4649-$6593). The major cost driver was direct medical costs, particularly
those incurred by AD prescriptions. Functional status was the strongest determinant for both total costs and patient’s HRQOL
(P value ,.001).

Conclusion: Our real-world findings suggest the distinct major cost driver that results from expensive AD treatment,
emphasizing the demand of country-specific cost evidence. Increases in cognitive and functional status are significantly
associated with decreases in total costs of AD care and improvement in patient’s HRQOL.
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Introduction

Alzheimer’s disease (AD) is one of the cognitive disorders un-
der the umbrella of dementia, which has been ranked first among
other leading chronic diseases such as limb paralysis, stroke, and
depression as the major contributors to disability and dependence
in the elderly worldwide.1 Because the number of older people is
growing, the number of people living with dementia is also
expanding, particularly in low- and middle-income countries
(LMICs). In 2015, there were 46.8 million people living with
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dementia globally, and 58% of those resided in LMICs. Neverthe-
less, by 2050, it is estimated that the number will soar to 131
million with 68% dwelling in LMICs.1 The global societal costs of
dementia, which are projected to reach $1 trillion US dollars (US$)
or approximately 1.2% of worldwide gross domestic product by
2018, are also tremendous.1 A series of studies that evaluates
resource utilization and costs associated with a certain disease is
useful to inform policy decision makers about the quantity of
demand for medical, social, and financial support, which may
change over time.2 Alzheimer’s Disease International has
est with regard to the content of this article.
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attempted to estimate the global economic burden of dementia,
but a great number of imputations need to be made due to
missing cost evidence from many LMICs, especially those in Asia
and Africa.1

Thailand, a member of LMICs situated in Southeast Asia, is also
becoming an aged society with at least a half million people living
with AD by 2021.3,4 Nonetheless, there has been no study inves-
tigating the complete societal costs of AD in Thailand. Because
differences in cultural characteristics and healthcare settings can
cause significant variations in AD cost estimates,5 it is important
that each country has its own cost data to precisely discern the
extent of impact that AD imposes on their economy. A review of
relationships between costs and different measures of disease
severity has suggested that costs of AD care are associated with
not only cognitive, but also behavioral and functional status.6

Moreover, current international policy and practice emphasizes
enabling people living with chronic diseases like AD to experience
a good quality of life,7 but the evidence on the current status of
quality of life among AD patients in Thailand is still missing. We,
therefore, aimed to collect real-world cost and health-related
quality of life (HRQOL) data, and investigate their associations
with multiple disease-severity indicators among patients with AD
in Thailand.
Methods

Study Design

This was a cross-sectional study conducted in a 1378-bed
university-affiliated tertiary hospital in the capital city of
Thailand. Patients aged 60 years or more with a clinical diagnosis
of AD (as documented in medical records) for at least 6 months
prior to the interview date were eligible for inclusion. An
accompanying caregiver who was at least 18 years old was
required for all patients. Study procedures were carried out only
after caregivers and, when possible, patients provided their con-
sent to participate in the study. The study was approved by the
hospital’s Committee on Human Rights (Documentary Proof of
Ethical Clearance No. MURA2017/540).

Data Collection

A one-time structured interview was conducted to collect de-
mographics and caregiving information, disease-severity in-
dicators, and HRQOL using standardized tools. The hospital’s
database was used to retrieve healthcare resource utilization that
occurred in the previous 6 months, assess whether the patients
had been prescribed psychotherapeutic agents (antidepressants
and antipsychotics), and derive the Charlson Comorbidity Index
(CCI)8 based on the International Classification of Diseases, Tenth
Revision, diagnosis codes recorded over the previous year, prior to
the interview date.

Demographics and Caregiving Information

Demographics and caregiving information were collected from
caregivers using the resource utilization in dementia (RUD) in-
strument.9 Data on informal care (unpaid caregiving activities)
were collected under 3 headings based on types of care: basic
activities of daily living (BADL), instrumental activities of daily
living (IADL), and supervision. We cross-checked the reported
informal caregiving time using the caregiver’s sleeping and
working hours. If the total amount of time exceeded 24 hours per
day, we would ask caregivers to reconsider their responses.
Disease-Severity Assessments

Three different domains of disease severity were assessed:
cognitive, behavioral, and functional status of the patients.
Cognitive status was measured using the Thai version of the mini-
mental state examination (MMSE) instrument.10,11 The total score
of this instrument ranged from 0 to 30. The higher scores indi-
cated better cognitive status. Different disease-severity states
were classified based on MMSE score: mild (MMSE $20), mod-
erate (MMSE = 10-19), and severe (MMSE ,10).5 Behavioral status
was assessed using the Thai version of the neuropsychiatric in-
ventory (NPI).12,13 Caregivers were asked to rate both frequency
and severity of behavioral disturbance, if present, of their patients.
The total score of this questionnaire ranged from 0 to 144. The
higher scores indicated greater behavioural disturbance. Func-
tional status was measured using the Thai version of the disability
assessment for dementia (DAD) scale.14,15 Caregivers were asked
to assess their patient’s performance in initiating, planning, and
executing ADLs. The total score of this scale ranged from 0 to 100.
The higher scores indicated that less support was needed to
execute BADL and IADL.

HRQOL Assessments

The AD patient’s HRQOL was assessed using the Thai version of
the EuroQoL-5 dimension-5 level of severity (EQ-5D-5L) ques-
tionnaire.16,17 All patients with severe disease had their EQ-5D-5L
assessed by caregivers, whereas patients with mild to moderate
disease were asked to complete the EQ-5D-5L themselves. If
patients’ attempts failed, their caregivers would complete the
EQ-5D-5L on their behalf. A scoring calculator was applied to
EQ-5D-5L data to derive corresponding health utility scores.17

Meanwhile, the caregiver’s HRQOL was measured using the Thai
version of the 36-Item Short Form Health Survey.18,19 Data from
the Thai version of the 36-Item Short Form Health Survey were
converted into the Short-Form 6- Dimension health states and
corresponding health utility scores.20 A health utility score of 1
refered to perfect health, whereas 0 was equivalent to death.

Cost Estimates

Costs of AD care were estimated in accordance with the
recommendation of Alzheimer’s Disease International to enhance
the comparability of our findings.21 Direct medical costs included
costs incurred by outpatient, inpatient, and emergency visits;
medications; and out-of-pocket payments. To convert the hospi-
tal’s charges, retrieved from the hospital’s databases, to costs, the
hospital-specific cost-to-charge ratio of 0.9438 was used to
multiply the charges (see Appendix in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2019.04.1937). Direct
nonmedical costs included costs associated with transportation
(quantified using micro-costing estimations, in which the number
of transportation usages [round-trip] was the doubling number of
hospital visits, derived from the hospital’s database) and formal
caregiving services used (paid domestic helps and nursing-home
placement, obtained from the RUD). Indirect costs were valued
from unpaid caregiving time spent assisting the patients with
BADL and IADL (obtained from the RUD). In the base-case analysis,
the opportunity cost (time cost) approach was selected to estimate
indirect costs using average national wage rates in Thailand to
reflect the equity of time lost regardless of an individual’s eco-
nomic status.22 Sensitivity analyses were also performed by
quantifying indirect costs using the replacement cost approach,
resulting in lower-bound estimates, and using the time cost
approach with supervision time included, resulting in upper-
bound estimates.23 Costs were annualized and inflated to
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represent the 2017 value using Consumer Price Index.24 The
average market exchange rate in 2017 was 1 US$ = 34.1008 Thai
baht.25 References of all unit costs used for micro-costing esti-
mations are presented in Appendix Table 1 in Supplemental Ma-
terials found at https://doi.org/10.1016/j.jval.2019.04.1937.

Statistical Analyses

Details of sample size calculation are provided in the
Appendix in Supplemental Materials found at https://doi.org/1
0.1016/j.jval.2019.04.1937. Descriptive statistics were used to
summarize the data of patient’s and caregiver’s characteristics,
resource utilization, and costs of AD care. The multiple imputa-
tion with predictive mean matching on log-transformed costs
strategy was adopted to deal with missing cost data,26 which
were 6.6% of the out-of-pocket payments and 3.9% of the paid
domestic help data. A comparison of differences in means across
AD severity groups was examined using the 1-way analysis of
variance tests, and differences in proportions using the chi-
square tests. Confidence intervals (CIs) of cost data were esti-
mated using the bias-corrected and accelerated bootstrapping
methods.27,28 Generalized linear models (GLMs) were employed
to identify the determinants and predictive regression functions
of costs and HRQOL.27,29 The modified Park’s test was imple-
mented to identify the most suitable family to a specified link,
based on the relationship between raw-scale mean and variance
functions, for each GLM model.27,30 After the models were
developed, the bootstrapping validation technique was used to
assess the goodness of fit and to estimate bootstrap-corrected
calibration coefficients.31 For ease of interpretation, the impacts
of disease-severity indicators and other significant variables on
different cost categories were illustrated as marginal estimates.
All statistical computations were executed using Stata version 13
(Stata Corp), College Station, TX.
Results

Demographics, Disease-Severity Indicators, and HRQOL

Between November 2017 and April 2018, 153 AD patient-
caregiver dyads were interviewed. Almost all patients (149/153,
97.4%) were community-dwelling, whereas only 4 of them (2.6%)
were living in nursing homes. There was 1 community-dwelling
patient whose age was under 60 years, thus being necessarily
excluded. We decided not to include nursing-home patients in our
main analysis due to the small sample size, but still presented
their findings separately in the last section of the results. There-
fore, a total of 148 community-dwelling patients was included in
our main analysis.

Table 1 shows descriptive statistics of demographics, disease-
severity indicators, and HRQOL of both patients and their care-
givers. The mean (SD) age of the patients was 80.1 (8.0) years, with
most being female (105/153, 71.0%). Based on the MMSE scores,
there were 35, 59, and 54 patients classified into mild, moderate,
and severe stages, respectively. Comorbidities of the patients,
summarized using the CCI, and the use of psychotherapeutic
agents, were not significantly different across the disease stages
(P = .232 and .106, respectively). All disease-severity indicators
(MMSE, NPI, and DAD) and patient’s HRQOL were significantly
worsened (P ,.001), when the disease progressed to a more se-
vere stage. Most of the caregivers interviewed were middle-aged
with a mean age of 55.1 (13.3) years, and three-quarters of them
were female (111/148, 75.0%). The caregiver’s HRQOL was not
significantly different across the disease stages (P = .561).
Resource Utilization

Our sample of patients attended to the outpatient department
approximately 9 times per year, but they were barely admitted to
either the inpatient or emergency department. The use of paid
domestic help significantly increased with disease severity (P =
.039). Informal caregivers spent more than 9 hours per day (278.6
hours per month) on average taking care of their patients for all
activities. Among these activities, supervision (143.7 hours per
month) was the one that the caregivers spent most of the time on,
followed by IADL (76.1 hours per month) and BADL (58.8 hours
per month), respectively. The overall caregiving time was signifi-
cantly higher with increasing disease severity (P ,.001). Details of
resource utilization stratified by the disease stages are presented
in Table 2.

Costs of AD Care

The annual societal costs of AD care per patient, disaggregated
into different cost categories, are illustrated for the different
disease-severity stages in Table 3. The annual total costs signifi-
cantly escalated according to the AD severity (P , .001), with an
average (bootstrapped 95% CI) of US$8014 ($7295-$8844) per
patient. The total costs of severe stage ($9860; 95% CI: $8785-
11328) were almost twice as high as those of mild stage ($5524;
95% CI: $4649-6593).

Overall, the major cost driver was direct medical costs, which
constituted almost half (47.2%) of the total costs of AD care (Fig. 1).
In direct medical costs, 63.9% of the costs were incurred by
medications. The largest portion (62.3%) of these medication costs
resulted from AD treatment prescriptions (donepezil, galant-
amine, rivastigmine, and memantine).

Following direct medical costs, the opportunity costs of unpaid
caregiving time (indirect costs), which represented 39.0% of all
cost categories, were found to be the second most expensive cost
category. In a similar way to the total costs, there was a significant
increase in indirect costs associated with increases in the AD
severity (P, .001). The indirect costs were more than double from
mild stage ($2043; 95% CI: $1492-$2881) to severe stage ($4294;
95% CI: $3673-$4996). These results were consistent with those in
the sensitivity analyses. Nevertheless, indirect costs would
become the major cost driver instead of direct medical costs if the
supervision time was also considered in the opportunity cost
valuation (upper-bound estimates).

Associations Among Costs, HRQOL, and Disease-Severity
Indicators

Results of multivariate GLM analyses for costs are presented in
Table 4, and those for HRQOL are presented in Appendix Table 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.201
9.04.1937. We found that the correlation between MMSE and DAD
was very high, resulting in multicollinearity when both indicators
were used simultaneously in the model. Therefore, in the case that
both MMSE and DAD were significant predictors of a dependent
variable, we constructed models separately for each of them.

Among the 3 disease-severity indicators, functional status
(DAD) was significantly associated with all of the cost categories.
Cognitive status (MMSE) was also a significant predictor for in-
direct costs and total costs. On the other hand, behavioral status
(NPI) was not a determinant for any type of costs. Overall, a
marginal increase in cognitive (MMSE) and functional (DAD) sta-
tus was significantly associated with decreases in the total costs of
AD care (standard error) by $190 ($48) and $76 ($12), respectively.



Table 1. Characteristics of study patients and their caregivers stratified by different levels of cognitive status.

Characteristics Mild
(n = 35)

Moderate
(n = 59)

Severe
(n = 54)

P value* All severity levels
(n = 148)

Patient’s characteristics

Age (y), mean (SD) 77.6 (6.3) 80.5 (7.8) 81.2 (8.9) .100 80.1 (8.0)

Sex, n (%) .003
Male 17 (48.6) 18 (30.5) 8 (14.8) 43 (29.1)
Female 18 (51.4) 41 (69.5) 46 (85.2) 105 (71.0)

Time since AD diagnosis (y), mean (SD) 3.3 (3.0) 4.4 (3.1) 7.0 (3.8) ,.001 5.1 (3.7)

CCI, mean (SD) 2.1 (1.4) 2.2 (2.0) 1.7 (1.3) .232 2.0 (1.7)

AD medications,† n (%) .056
Use 33 (94.3) 51 (86.4) 41 (75.9) 125 (84.5)
Not use 2 (5.7) 8 (13.6) 13 (24.1) 23 (15.5)

Psychotherapeutic agents,‡ n (%) .106
Use 18 (51.4) 34 (57.6) 39 (72.2) 91 (61.5)
Not use 17 (48.6) 25 (42.4) 15 (27.8) 57 (38.5)

Marital status, n (%) .305
Single 2 (5.7) 3 (5.1) 5 (9.3) 10 (6.8)
Married/lived with a partner 24 (68.6) 35 (59.3) 25 (46.3) 84 (56.8)
Divorced/separated/widowed 9 (25.7) 21 (35.6) 24 (44.4) 54 (36.5)

Educational leve l, n (%) ,.001
No education 2 (5.7) 2 (3.4) 8 (14.8) 12 (8.1)
Primary school 5 (14.3) 29 (49.2) 30 (55.6) 64 (43.2)
Secondary school/vocational school 9 (25.7) 8 (13.6) 6 (11.1) 23 (15.5)
Bachelor’s degree or above 19 (54.3) 20 (33.9) 10 (18.5) 49 (33.1)

Health insurance scheme used for Alzheimer’s treatment, n (%) .224
CSMBS 26 (74.3) 47 (80.0) 39 (72.2) 112 (75.7)
USC 4 (11.4) 7 (11.9) 4 (7.4) 15 (10.1)
SHI 0 (0) 1 (1.7) 0 (0) 1 (0.7)
Others 1 (2.9) 0 (0) 6 (11.1) 7 (4.7)
None 4 (11.4) 4 (6.8) 5 (9.3) 13 (8.8)

Cognitive status (MMSE score), mean (SD) 22.6 (2.0) 15.2 (2.7) 3.7 (3.3) ,.001 12.8 (7.9)

Behavioral status (NPI score), mean (SD) 4.7 (5.4) 12.4 (10.6) 21.2 (16.3) ,.001 13.8 (13.7)

Functional status (DAD score), mean (SD) 77.3 (17.6) 54.5 (22.1) 18.2 (19.1) ,.001 46.6 (30.7)

Health-related quality of life (EQ-5D-5L index score), mean (SD) 0.87 (0.12) 0.73 (0.23) 0.40 (0.21) ,.001 0.64 (0.28)

Caregiver’s characteristics

Age (years), mean (SD) 54.5 (15.4) 55.4 (12.4) 55.3 (12.9) .951 55.1 (13.3)

Sex, n (%) .006
Male 6 (17.1) 23 (39.0) 8 (14.8) 37 (25.0)
Female 29 (82.9) 36 (61.0) 46 (85.2) 111 (75.0)

Relationship with the patient, n (%) .502
Spouse 9 (25.7) 14 (23.7) 8 (14.8) 31 (21.0)
Child 20 (57.1) 35 (59.3) 35 (64.8) 90 (60.8)
Child-in-law 0 (0) 2 (3.4) 1 (1.9) 3 (2.0)
Sibling 2 (5.7) 0 (0) 2 (3.7) 4 (2.7)
Grandchild 1 (2.9) 2 (3.4) 3 (5.6) 6 (4.1)
Friend/neighbor/acquaintance 0 (0) 4 (6.8) 1 (1.9) 5 (3.4)
Paid domestic helper 3 (8.6) 2 (3.4) 4 (7.4) 9 (6.1)

Marital status, n (%) .159
Single 13 (37.1) 24 (40.7) 20 (37.0) 57 (38.5)
Married/lived with a partner 19 (54.3) 34 (57.6) 26 (48.2) 79 (53.4)
Divorced/separated/widowed 3 (8.6) 1 (1.7) 8 (14.8) 12 (8.1)

Educational level, n (%) .359
No education 0 (0) 1 (1.7) 1 (1.9) 2 (1.4)
Primary school graduate 3 (8.6) 7 (11.9) 12 (22.2) 22 (14.9)
Secondary school/vocational school 10 (28.6) 12 (20.3) 7 (13.0) 29 (19.6)
Bachelor’s degree graduate or above 22 (62.9) 39 (66.1) 34 (63.0) 95 (64.2)

Health-related quality of life (SF-36 index score), mean (SD) 0.69 (0.09) 0.71 (0.12) 0.70 (0.12) .561 0.70 (0.11)

CCI indicates Charlson Comorbidity Index; CSMBS, civil servant medical benefit scheme; DAD, disability assessment for dementia; EQ-5D-5L, EuroQoL-5 dimension-5
level of severity questionnaire; MMSE, mini-mental state examination; n, number of patients; NPI, neuropsychiatric inventory; SF-36, 36-Item Short Form Health
Survey; SHI, social health insurance; UCS, universal coverage scheme.
*P value for comparison of differences in means across AD severity groups (1-way analysis of variance tests) and differences in proportions (chi-square tests).
†AD medications included donepezil, galantamine, rivastigmine, and memantine.
‡Psychotherapeutic agents included antidepressants and antipsychotics.
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Table 2. Healthcare and non-healthcare resource utilization.

Resource utilization Mild
(n = 35)

Moderate
(n = 59)

Severe
(n = 54)

P value* All patients
(n = 148)

Healthcare resource utilization

Frequency of outpatient visits (times per year), mean (SD) 9.5 (5.0) 10.1 (9.2) 8.5 (6.4) .535 9.4 (7.4)

Frequency of inpatient visits (times per year), mean (SD) 0 (0) 0.04 (0.29) 0.14 (0.54) .185 0.07 (0.38)

Frequency of emergency department visits (times per year), mean (SD) 0 (0) 0.17 (0.61) 0.44 (0.88) .008 0.23 (0.68)

Non-healthcare resource utilization

Number of patients using paid domestic helps, n (%) 4 (11.4) 14 (23.7) 19 (35.2) .039 37 (25.0)

Unpaid caregiving time spent on basic BADL
(hours per month), mean (SD)

14.7 (37.3) 49.6 (60.2) 97.5 (69.1) ,.001 58.8 (67.2)

Unpaid caregiving time spent on IADL
(hours per month), mean (SD)

73.5 (77.9) 66.9 (58.1) 87.9 (70.5) .254 76.1 (67.9)

Unpaid caregiving time spent on supervision
(hours per month), mean (SD)

116.2 (136.0) 136.8 (102.3) 169.0 (112.0) .091 143.7 (115.6)

Overall caregiving time spent on a patient
(hours per month), mean (SD)

204.4 (184.3) 253.3 (162.3) 354.4 (156.2) ,.001 278.6 (175.3)

Note. Our study reported means to be usable for health economic evaluations. Thus, analysis of variance was used to test differences in means. Despite some degree of
non-normality in data, in most cases, P values from parametric tests (the analysis of variance) and nonparametric tests (the Kruskal-Wallis) were consistent, except for
supervision time (P value of the Kruskal-Wallis test = .018).
BADL indicates basic activities daily living; IADL, instrumental activities daily living; n, number of patients; SD, standard deviation.
*P value for comparison of differences in means across AD severity groups (1-way analysis of variance tests) and differences in proportions (chi-square tests).
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Turning to consider determinants of HRQOL,we found that both
functional (DAD) and behavioral (NPI) status exerted significant
influences on a patient’s HRQOL. Patient HRQOL was also observed
to improvewith spousal caregivers.Moreover, self-ratingonHRQOL
resulted in significant higher estimates, compared to informant
rating. On the contrary, a strong predictor for a caregiver’s HRQOL
was not discovered. Only the higher CCI (more patient comorbid-
ities) was found to be a possible explanation for the deteriorated
caregiver’s HRQOL at a 10% significance level.

For each of the models developed, a mean optimism31 from the
whole bootstrap replications was approaching zero, reflecting less
bias and a good model.

Costs of AD Care for Nursing-Home Patients

Summaries of the annual societal costs of AD care for patients
living in nursing homes are provided in Appendix Table 2 in Sup-
plementalMaterials foundathttps://doi.org/10.1016/j.jval.2019.04.1
937. Of the 4 patients, 2 (50%) had moderate AD, while another 2
(50%) had severe AD. The total costs also tended to increasewith the
higher AD severity (P = .370), with the average of $12290 (95% CI:
$8162-$23450) per patient. Noticeably, direct nonmedical costs
(49.4%), especially those incurredbynursing-homeplacement,were
found toplayamore important role thandirectmedical costs (41.8%)
in being the most expensive cost components.
Discussion

Principal Findings

Our real-world findings filled in the gap of sparse cost and
HRQOL evidence from LMICs. We found that the total costs of AD
care, which almost doubled from the mild stage to severe stage,
were enormous. Direct medical costs, particularly the costs
incurred by AD prescriptions, were the most expensive cost
category, followed by indirect costs valued from unpaid caregiving
time. Among the disease-severity indicators examined, functional
status (DAD) was the strongest determinant for both costs and
patient’s HRQOL. Improvements in the cognitive (MMSE) and
functional status (DAD) were found to be associated with a
reduction in the total costs of AD care.

Comparison of Cost Findings to Existing Evidence

When expanding our perspective to compare costs of AD care
internationally, we found that our major cost driver is different
from all other countries across the world (Fig. 2).32-39 Direct
medical costs, constituting 47.2% of the total costs, were the major
cost driver of AD exclusive to Thailand. Notably, the costs incurred
by AD prescriptions were the largest part (39.8%) within the direct
medical costs., To scrutinize this critical difference, we compared
the costs of AD treatment in Thailand40 with those available from
the National Health Service, the main purchaser of medicines in
the UK.41 It is surprising that costs per monthly use of AD treat-
ment in Thailand are approximately 2 (rivastigmine capsules, 4.5
mg) to 20 (donepezil tablets, 10 mg) times more expensive, which
can be an explanation for its distinctively high direct medical
costs. Pharmaceutical prices in the UK are among the lowest in the
developed world not only because of the National Health Service’s
purchasing power itself but also because of the recommendation
on cost-effective treatment from the National Institute for Health
and Care Excellence.42,43 As a result, it is crucial that the Thai
government take action to curtail these expensive AD treatment
prices. Apart from unchanging purchasing power, evidence on
cost-effective AD treatment is still needed to facilitate the gov-
ernment’s ability to make a strong negotiation with pharmaceu-
tical companies.

Indirect costs, on the other hand, have been reported to be the
most expensive category of the costs of AD care in the community
setting across the world. Their proportion ranges from 41.9% of the
total costs in Taiwan35 to 93.2% of the total costs in Brazil.33 In
Thailand, indirect costs were the second-place cost driver, ac-
counting for 39.0% of the total costs. Nevertheless, their monetary
values were not minor ($3126 per year) and were more than
double in amount from mild to severe AD. These findings reflect
that AD generally imposes a huge economic burden upon informal



Table 3. Disaggregated annual costs of AD care per patient by different levels of cognitive status, among patients living in community.

Cost categories,
mean (95% CI) (2017 USD)

Mild
(n = 35)

Moderate
(n = 59)

Severe
(n = 54)

P value* All patients
(n = 148)

Direct medical costs
Outpatient visit 264.03

(179.64-411.53)
272.07

(195.99-438.06)
286.37

(210.11-447.74)
.962 275.39

(226.39-355.15)
Inpatient visit 0 (-) 368.70

(0-2580.90)
152.95

(39.56-604.42)
.626 202.79

(33.51-884.24)
Emergency visit 0 (-) 13.79

(2.16-58.34)
40.00

(17.72-78.23)
.062 20.09

(10.24-37.69)
Medication 2223.50

(1830.29-2807.45)
2444.12

(2051.83-2805.33)
2507.90

(2087.18-2949.16)
.701 2415.22

(2176.27-2676.12)
AD medication 1280.95

(972.38-1723.31)
1576.89

(1279.78-1885.15)
1571.91

(1255.45-1898.51)
.470 1505.09

(1325.47-1716.62)
Non-AD medication 942.55

(684.84-1230.78)
867.24

(675.48-1118.12)
935.99

(724.96-1184.16)
.886 910.13

(790.40-1055.66)
Out-of-pocket 508.86

(247.45-1000.51)
950.90

(526.89-1579.98)
1003.09

(646.77-1650.42)
.383 865.41

(644.48-1201.85)
Total 2996.39

(2549.84-3578.81)
4049.58

(3367.26-5661.43)
3990.32

(3377.23-4879.46)
.249 3778.89

(3376.44-4486.51)

Direct nonmedical costs
Transportation 82.14

(68.70-97.00)
89.33

(73.08-116.52)
79.02

(65.38-96.63)
.708 83.87

(74.81-97.04)
Paid domestic help 402.28

(120.65-985.54)
963.67

(519.07-1926.58)
1497.13

(908.03-2451.17)
.100 1025.55

(718.00-1489.70)
Total 484.42

(200.23-1098.38)
1053.00

(609.77-2004.50)
1576.16

(989.47-2537.73)
.103 1109.42

(802.52-1569.67)

Indirect costs (informal care)
Opportunity cost without
supervision (base-case)

2042.89
(1492.15-2881.28)

2699.07
(2108.62-3370.22)

4294.00
(3672.97-4995.87)

,.001 3125.82
(2745.39-3560.02)

Replacement cost without
supervision (lower-bound)

1461.28
(1068.54-2062.67)

1939.23
(1519.84-2426.14)

3090.44
(2643.53-3579.99)

,.001 2246.24
(1973.58-2558.56)

Opportunity cost with supervision
(upper-bound)

4734.39
(3581.50-6572.42)

5866.66
(4892.31-6818.60)

8207.57
(7184.25-9133.11)

,.001 6453.01
(5845.24-7191.99)

Total costs†

Base-case 5523.70
(4649.05-6593.49)

7801.64
(6695.33-9518.22)

9860.47
(8784.51-11 327.64)

,.001 8014.13
(7294.83-8843.80)

Lower-bound 4942.08
(4161.84-5825.48)

7041.80
(6039.02-8797.00)

8656.91
(7693.09-10 055.44)

,.001 7134.54
(6486.14-7931.16)

Upper-bound 8215.20
(6939.93-10087.30)

10 969.23
(9597.22-12 637.83)

13 774.05
(12 522.35-15 278.24)

,.001 11341.32
(10 455.60-12 289.73)

Note. 95% Confidence interval (CI) based on bias-corrected and accelerated bootstrapping.
AD indicates Alzheimer’s disease; n, number of patients.
*P value for comparison of differences in means across AD severity groups (1-way analysis of variance test).
†Total costs for the base-case estimates included indirect costs valued by the opportunity cost approach without supervision time included; total costs for the lower-
bound estimates included indirect costs valued by the replacement cost approach without supervision time included; and total costs for the upper-bound estimates
included indirect costs valued by the opportunity cost approach with supervision time included.
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caregivers in opportunity costs of time lost. In addition to the loss
of time, physical health, psychological state, self-efficacy, and
subjective well-being of these caregivers are also significantly
deteriorated, compared to non-caregivers.44 As a consequence,
strategies for supporting those informal caregivers are in great
need. Early AD screening and treatment is a potential strategy to
lower overall costs of care45,46 and is associated with a decrease in
the economic burden of informal care by 32% over 10 years.47

Nevertheless, it should be noted that the currently available AD
treatment is not a disease-modifying therapy, and what it does
offer is symptomatic controlling effects.

Finally, we found that components of the costs of AD care are
somewhat different among countries, even with the countries
classified in the same region or income-country group (Fig. 2).
This emphasizes that country-specific studies are essential, and
global estimates of costs of AD care still need to be improved, since
imputations of missing country data from the available ones are
prone to be inaccurate.
Impacts of Disease-Severity Indicators on Costs and
HRQOL

In our multivariate cost analyses, we found that 2 (cognitive
and functional status) of the 3 disease-severity indicators had
significant impacts on the costs of AD care. These 2 indicators
were highly associated with informal and total costs, but it was
necessary to consider them in separated models due to multi-
collinearity. The bootstrap-corrected calibration coefficients of the
models with functional status were noticeably higher than those
with cognitive status, indicating that functional status has the
greater explanatory power for these cost categories. A previous
review of 29 articles on this topic has reported inconsistencies in
the findings of associations between costs and disease-severity
indicators, but functional status is generally regarded as the best
predictor of the costs of AD care,6 which is consistent with our
findings. Likewise, in the multivariate analysis of the patient’s
HRQOL, we found that 2 (behavioral and functional status) of the 3



Figure 1. Estimated average annual costs of Alzheimer’s disease care per patient stratified according to different severity levels of
cognitive status.

Table 4. Evaluations of the impact of disease-severity measures (cognitive, behavioral, and functional status) and other variables on
different cost categories (direct medical, direct nonmedical, indirect, and total costs of AD care).

Variables
(2017 US$)

Direct medical
costs

AME (SE)*

Direct nonmedical
costs

AME (SE)†

Indirect costs Total costs

MMSE model
AME (SE)‡

DAD model
AME (SE)‡

MMSE model
AME (SE)†

DAD model
AME (SE)†

Cognitive status (MMSE score) - - 2103.39
(23.54)**

- 2190.06
(47.71)**

-

Behavioral status (NPI score) - - - - - -

Functional status (DAD score) 211.82 (6.31)jj 228.62 (13.51){ - 239.89
(6.05)**

- 276.14
(11.85)**

Patient’s age 86.93 (26.19)** 53.45 (32.68)jj 212.01 (24.42) 229.27
(20.92)

142.5 (43.78)** 114.35
(40.34)**

Female patient (vs. male) 734.83 (412.12)jj 625.64 (610.89) 537.23 (485.88) 410.65
(437.89)

1676.17
(825.13){

1602.65
(735.58){

Charlson Comorbidity Index 387.53 (175.22){ 90.74 (170.60) 180.89 (119.65) 169.54
(97.39)jj

475.33
(230.26){

432.07
(211.68){

Use of psychotherapeutic agents§

(vs no use)
968.33 (397.79){ - - - - -

Caregiver’s age - 250.25 (27.45)jj - - - -

Female caregiver (vs male) - - 907.63
(513.80)jj

688.21
(451.07)

- -

Bootstrap-corrected calibration
coefficient

0.412 0.319 0.385 0.517 0.479 0.579

Note. The modified Park’s test basis: (1) if the variance was constant, the test would suggest the Gaussian family; (2) if the variance is proportional to the mean, the test
would suggest the Poisson family; (3) if the variance is proportional to the square of the mean, the test would suggest the Gamma family; and (4) if the variance is
proportional to the cube of the mean, the test would suggest the inverse Gaussian or Wald family.
AD indicates Alzheimer’s disease; AME, average marginal effect; CCI, Charlson comorbidity index; DAD, disability assessment for dementia; MMSE, mini-mental state
examination; NPI, neuropsychiatric inventory; SE, standard error.
*Estimates were derived from the multivariable generalized linear model with inverse Gaussian distribution and log link after the modified Park’s test.
†Estimates were derived from the multivariable generalized linear model with gamma distribution and log link after the modified Park’s test.
‡Estimates were derived from the multivariable generalized linear model with Gaussian distribution and log link after the modified Park’s test.
§Psychotherapeutic agents included antidepressants and antipsychotics.
jjDenotes significance at 10% level.
{Denotes significance at 5% level.
**Denotes significance at 1% level.
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Figure 2. Comparison of disaggregated total costs of Alzheimer’s disease care among community-living patients between Thailand and
other countries across the world.
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disease-severity indicators were strong determinants of a pa-
tient’s HRQOL. Better functional status was found to exert a pos-
itive influence on a patient’s HRQOL, whereas worsening
behavioral status had the opposite effect. These findings are in
agreement with a recent meta-analysis of 199 articles on the same
topic.7 Taken together, it is evident that functional status is the
most important disease-severity indicator, which is highly asso-
ciated with both costs and patient’s HRQOL. Hence, improving the
functional status of people with AD is deemed vital.

Comparison of Cost Findings Between Community and
Nursing-Home Setting

Although most of our patients were living in a community
setting, the information we received from those living in nursing
homes is also worth mentioning. We found that the average total
costs of AD care in nursing-home patients ($12 290 per year) were
higher than those of community-living patients ($8014 per year).
A 6-time increase in direct nonmedical costs among nursing-
home patients could be an explanation for the higher total costs.
We found that the average costs of nursing-home placement were
approximately $500 per month. This amount goes beyond the
average national wage rates of $405 per month,48 reflecting that
the nursing-home placement is very expensive in Thailand. The
impact of this expensive nursing-home placement was remark-
ably evident on the patients with severe AD, who appeared to
spend approximately $7074 more in total costs each year,
compared to those living in community. The high price of nursing-
home placement together with the perceived responsibility to
take care of one’s own parents according to the cultural belief can
be the reasons why there were few elders with AD (2.6%) placed in
nursing homes in Thailand.

Strengths and Limitations

Being the first study examining the real-world societal costs of
AD care and HRQOL of both patients and their caregivers among
LMICs in Southeast Asia is considered an important strength of this
study. Another noteworthy strength is the finding of relatively
expensive AD treatment costs, which represents great variations in
the costs of AD care, thus encouraging availability of the cost
evidence from each country and demanding relevant cost-
effectiveness studies. Nonetheless, there are several limitations
worth being addressed. First, because our study participants were
recruited from a single university-affiliated tertiary hospital, the
findings may not be nationally representative. In Thailand, AD
medications can only be prescribed in tertiary hospitals where AD
specialists are available.11 Additionally, a retrospective analysis of 5
large-size tertiary hospital databases in Thailand has shown that a
university-affiliated tertiary hospital accounts for 56.6% of all AD
diagnosis and treatment between 2013 and 2017.49 While we
recruited from a single hospital, we still consider our findings to
represent the current AD population that receives diagnosis from
specialists inThailand. Second, for the process of asking participants
to report past events based on their memory, recall is a matter of
concern.Yet, it hasbeenasserted thata recallof3monthsor lessdoes
not deteriorate the accuracy of self-report information,50 and our
standardized tools in the interview process required the maximum
recall period of only 1 month. Third, informant ratings of a patient’s
HRQOL typically result in more negative findings than self-ratings
do,7so our findings of a patient’s HRQOL are susceptible to under-
estimation, especially for those of severe patients whose EQ-5D-5L
was totally assessed by caregivers. The predictive equation of a pa-
tient’s HRQOL, inwhich the effect of types of raters was adjusted for,
should be preferably used in future health economic evaluations.
Lastly, since we retrieved healthcare resource utilization informa-
tion from the hospital’s database, we could havemissed some of the
healthcare resources if patients had visited several hospitals, which
could result in underestimation of direct medical costs.
Conclusion

With the marked differences in cultural characteristics and
high pharmaceutical prices, direct medical costs are found to be
the major cost driver of AD care in Thailand, which is distinct from
other countries across the world. Cost-effectiveness evidence is
warranted to help the government curb the costliness of AD
medications. Country-specific cost data are essential, because
available data from other countries in the same region or income-
country group may not be representative of the missing ones.
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Improvements in cognitive and functional status are significantly
related to not only reduction in the total costs of AD care but also
promotion of a patient’s HRQOL.
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