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Abstract

Background Alzheimer’s disease (AD) is expected to have a significant impact on resource use and economic con-
sequences along with population aging. This study aims to investigate the annual economic burden of Alzheimer’s
disease along with underlying cost drivers.

Methodology Patients with AD aged 65 and above accompanied with primary caregivers were recruited in 6 tertiary
care hospitals. A structured interview was conducted to collect sociodemographic, clinical and resource use informa-
tion using an adapted questionnaire. Direct medical cost, direct non-medical cost and indirect cost were annualised
and categorised by severity level. Generalised linear models were applied to investigate predictors of costs.

Results Among 135 patient-caregiver dyads, the annual economic burden of AD from a societal perspective

was USD 8618.83 +USD 6740.79 per capita. The societal cost of severe AD patients (USD11943.19 +USD6954.17)
almost doubled those in mild AD (USD6281.10+ USD6879.83). IDC was the primary cost driver (77.7%) which repre-
sented the impact of productivity loss due to informal care. Besides disease severity, time spent in informal care, car-
egivers’employment and use of special accommodation were predictors of AD cost. This neurodegenerative disorder
is estimated to impose a burden of USD1.9 billion in 2022, which represents 0.47% of Malaysia's GDP.

Conclusion This study provided real-world empirical cost estimates of AD burden in Malaysia. Informal care is a sig-
nificant contributor to the societal cost of AD. Optimal healthcare resource allocation is essential in the decision mak-
ing of healthcare stakeholders to address rising demands.
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Background
Alzheimer’s disease (AD) is one primary aetiology of
dementia that leads to progressive decline in multiple

*Correspondence: aspects such as cognitive functions, behavioural symp-

Siew Chh'” O”@g toms and life dependency [1, 2]. Dementia is estimated

siewcninong@usm.my 17 . .

! Discipline of Social and Administrative Pharmacy, Universiti Sains to affect 152.8 million people in 2050, along with the phe—

Malaysia, Pulau Pinang 11800, Malaysia nomena of population growth and ageing. The prevalence
Dgpartment ofPsychlatTy and Mental Health, Hgsp\tal Pulau P|nang,l of dementia is found to be hlgher in women and raised

Ministry of Health Malaysia, Georgetown, Pulau Pinang 10990, Malaysia . 1dwi . £ .

? Department of Geriatric, Pusat Jantung Sarawak, Ministry of Health with age worldwide [3, 4]. Looking from an economic

Malaysia, Kota Samarahan, Sarawak 94300, Malaysia perspective, it is estimated to result in $16.9 trillion in

4 o A . o

MDfpaTthe”bt OfMePd'C”T%SQberargézyiA H“’Sp{ta"M'”'S“VOfHea'th expenditure on the treatment and care of Alzheimer’s
alaysia, Seberang Perai, Penang , Malaysia R X i

° Discipline of Pharmaceutical Technology, Universiti Sains Malaysia, Pulau disease and related dementia (ADRD), where two-thirds

Pinang 11800, Malaysia of them would be borne by low-middle-income countries

(LMIC) [5, 6]. With that, there is increasing concern that

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-025-05717-y&domain=pdf
http://orcid.org/0000-0002-9750-9588
http://orcid.org/0009-0001-2757-8123
http://orcid.org/0000-0002-3081-4182
http://orcid.org/0000-0001-6278-3627

Ong et al. BMC Geriatrics (2025) 25:154

the scarcity of available resources has become an impor-
tant consideration for policymakers in decision-mak-
ing, particularly in the field of healthcare. Such an issue
is more evident in LMIC due to differences in services,
infrastructure, and cultural perceptions of ADRD as well
as regional economic performance [6].

Prior research has indicated a rising trend in the soci-
etal cost of Alzheimer’s disease (AD) across countries in
past decades. By inspecting different cost components
from a societal standpoint, the indirect costs associated
with AD surpassed the direct costs and an increased
trend could be observed from $95.1 billion in 2000 to
$401.billion in 2016 [7]. Economic evaluations conducted
by Western countries such as the UK, USA, Spain, Swe-
den, Finland, Italy, and Germany found that informal
care cost was still the major cost driver in the economic
burden of dementia [8—12]. Similar trend was observed
in Asia Pacific countries, implicating the importance of
country-specific estimates [13-19]. As patients with
AD (PWAD) require high degree of assistance in multi-
ple aspects of daily life, such as basic and instrumental
activities of daily living (BADL/IADL), caregivers play an
important role, particularly first-degree family members
[10, 20, 21]. With that, productivity loss in informal car-
egivers could be anticipated from a societal perspective
as they need to miss working hours in providing informal
care [22, 23].

Apart from regional differences, the decline in cogni-
tive function and ability loss to perform ADL were the
common factors affecting disease severity and economic
burden of AD, as shown in several studies [14, 22, 24—
30]. Not only that, behavioural psychological symptoms
of dementia (BPSD) were also proposed to influence the
subjective burden of informal caregivers and the societal
cost of Alzheimer’s care [9, 10, 22, 26, 27, 31]. However,
it was found not significant in other studies [15, 17]. All
these factors exerts huge mental burden on informal car-
egivers, causing them to seek assistance from formal care
services such as special accommodation [32]. As time
spent in informal care is reduced, caregivers could take a
break from such hectic tasks and engage in paid work or
leisure time [33]. From an economic view, use of special
accommodation such as formal caregiving services and
nursing care could lead to cost shift from informal care
cost to direct non-medical cost [34]. In Sweden, the cost
of special accommodation could account for 70% of the
total cost of AD care, depending on the types of formal
services provided [22]. The surge in cost spent on special
accommodation could be explained by the loss of ability
to perform ADL and the occurrence of BPSD in PWAD.
These increased the caregiver’s subjective strain and
distress as caregivers must spend more time in supervi-
sion [9, 10, 26]. As an alternative to provide better care
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towards PWAD in special accommodation, it indirectly
reduces productivity loss which is beneficial from a soci-
etal perspective [15, 27, 28].

Previous local estimates were generated in 2018
employing top-down approach while quantifying eco-
nomic burden (EB) of dementia in Malaysia [35]. Coher-
ent with the increasing trend of annual cost in dementia
care along with disease severity, the Malaysia estimates
were recorded lower than neighbouring country such
as Thailand [6]. Nevertheless, such methodology raised
concerns on accuracy and reliability regardless of time-
saving and convenient [36]. It might not reflect the actual
healthcare and social resource use of PWAD and their
caregivers since secondary data was analysed in a top-
down approach [37]. Lack of standardised methodology
renders difficulty in direct comparison between country-
specific estimates [13]. As the pattern of resource use
in Alzheimer’s dementia is dependent on the cultural,
health and social care systems in each country; up-to-
date information is crucial in making policy decisions
to address the socioeconomic challenges in community-
dwelling patients [21].

In order to explore the cost-effectiveness of different
alternatives in Alzheimer’s care, reliable cost estimates
are required from the local population. Extrapolation of
cost data from other countries may be subject to inac-
curacy as decision-making and resource allocation may
change over time based on priorities, culture and social
norms in different countries [25]. This study is highly
valuable as input to generate annual cost estimates via
bottom-up micro-costing approach. The objectives of
this economic evaluation are as follows: (1) to investigate
the contribution of direct and indirect costs in the annual
societal cost of AD and (2) to identify potential determi-
nants of societal cost from both patient’s and caregivers’
perspectives in Malaysia.

Methodology

Study design

This study was cross-sectional in which participants were
recruited from 6 tertiary hospitals in Malaysia between
December 2022 and November 2023. As the study com-
prised two parts, the first part was to quantify the direct
medical cost of AD while the second part investigated
direct non- medical cost and indirect cost of AD from
societal perspective. By combining data from both parts,
a comprehensive assessment of the economic burden
imposed by AD in Malaysia could be established. This
study has been designed adhering to the WMA Dec-
laration of Helsinki (Association, 2014) and ethically
approved by the Medical Research Ethics Committee
Malaysia (MREC) with NMRR-ID-21-02014-VCP (IIR)
to gain access and collect patient and caregiver data from
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the hospitals. Written consent was obtained from car-
egivers before the interview process.

Sampling criteria

Patients who were aged 65 years or older, had a con-
firmed diagnosis of AD by specialists according to the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-V) and attending outpatient visits in
selected hospitals were included into the study by con-
venience sampling. Informal caregivers of these patients
with AD (PWAD) were also recruited in the study. To
be eligible, caregivers had to be at least 18 years old and
have been providing care to the PWAD for a minimum
duration of three months. The prevalence approach was
applied to calculate the required sample size by using the
Scalex SP calculator. [38] For the expected prevalence of
8.5% from the National Health Morbidity Survey 2018
Elderly Health Volume 2 [39], with an absolute precision
of £+ 5% and a potential loss/attrition of 10%, the required
sample size was 134 [38, 40].

Data collection

Patients’ demographics such as age, gender, etiology, dis-
ease severity and presence of behavioural symptoms were
extracted from the hospital database. Next, a one-time
structured interview employing standardised instru-
ments was conducted with informal caregivers to gather
demographic and caregiving information alongside their
utilisation of social resources. Patient identification for
the initial study phase relied on the hospital database and
tracking healthcare resource utilisation over 12 months
Information regarding informal caregivers was collected
using an adapted questionnaire from the resource utilisa-
tion in dementia (RUD) instrument with a recall period
of one month [41].

This questionnaire focused on two key components:
direct non-medical care and informal caregiving. The
direct non-medical care section captured resource utilisa-
tion, as reported by the caregiver, in areas such as trans-
portation, special accommodation, community services,
and equipment. In this study, special accommodation
refers to paid formal nursing care services provided by
trained personnel but not limited to temporary or perma-
nent stay in local care institutions. In another part, time
spent on basic activities of daily living (BADL), instru-
mental activities of daily living (IADL), and supervision
(SV) were sought on a monthly basis. To ensure accuracy;,
caregivers’ responses were cross-checked against their
reported sleep duration, not exceeding 24 h per day.

Cost estimates
This study employed a bottom-up micro-costing
approach in collecting data regarding utilization and
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unit cost of each resource investigated in the question-
naire. Direct non-medical cost and indirect cost were
quantified in annual manner based on the resource use
reported in the questionnaires. Along with the direct
medical cost estimates from the first part of the study
[40], the annual cost of AD could be quantified from a
societal perspective.

The direct medical cost was estimated from the first
part of the study, where Ong et al. reported the detailed
methodology [40]. In summary, the direct medical cost
refers to costs incurred by healthcare resource utili-
sation such as outpatient, inpatient, laboratory tests,
diagnostic assessments and medications. The direct
non-medical cost included cost incurred by non-medi-
cal care resources. Indirect cost was quantified based on
time spent on informal caregiving. The opportunity cost
approach was applied in quantifying the productivity loss
of working informal caregivers due to time spent on care
based on age-stratified national average monthly wage in
Malaysia year 2022, as shown in the supplementary mate-
rial (S1) [42]. On the other hand, for those who were not
employed, leisure time loss would serve as an indicator
where 35% of age-stratified monthly wage was imposed
during calculation as in previous studies using the RUD
instrument [8, 9, 11, 14, 21, 25, 43].

Sensitivity analyses (SA) were done to test for uncer-
tainty, particularly indirect cost, referring to previous
literature [17]. As the base case analysis, time spent on
BADL and IADL was valued based on the opportunity
cost approach, while supervision cost was employed as
zero value. Next, lower-bound estimates were generated
by valuing time spent on ADL with self-reported wages
(which was known as the replacement cost approach).
Besides, upper-bound estimates were generated by
including supervision cost on top of base case analy-
sis. Costs were annualised and inflated to represent the
2023 value using the Consumer Price Index [44]. To
enable country comparison, cost estimates were con-
verted to USD with the average market exchange rate of
USD$1=MYR 4.56 (dated 12/12/2023).

Statistical analysis

Descriptive statistics were used to summarise character-
istics of both patients (age, gender, disease severity, pres-
ence of BPSD and MMSE score) and informal caregivers
(age, gender, relationship with PWAD, cohabitation, mar-
ital status, number of informal caregivers involved, use
of special accommodation, presence of comorbidities,
mean duration of informal care, employment and gross
monthly salary). Relevant cost estimates and components
were expressed in mean (standard deviation, SD) where
differences between disease severity were examined
using ANOVA. Univariate analyses were also conducted
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in each patient and caregiver variable via non-paramet-
ric methods considering the characteristics of cost data,
such as non-negative positively skewed distribution [45].
Furthermore, a generalized linear model (GLM) was
employed in multivariate analysis using gamma distribu-
tion and a log-link function due to its precision in accom-
modating skewed cost data [46, 47]. Independent factors
with p<0.10 in univariate analysis were selected for the
multivariate analysis. Determinants of total societal cost
were identified when p <0.05 in GLM. The exponential of
coefficients [Exp (B)] with 95% confidence interval (CI)
were reported for each variable where p <0.05 shows sig-
nificance. All analyses were performed using the SPSS
version 27.

Results

Socio-demographic of AD patients and caregivers

140 AD patient-caregiver dyads were recruited. After
screening, five dyads were excluded from the study as the
PWAD was under 65 years old during the first AD diag-
nosis and had missing data. Descriptives of the patient-
caregiver dyads are presented in Table 1.

The mean (SD) age of AD patients was 77.87 (6.7)
years, with females constituting the majority (n=97,
71.9%). Notably, 38 AD patients (28.1%) presented with
co-existing etiologies such as vascular or frontotemporal
dementia. Based on the criteria in DSM-V, the patients
were categorised into mild (#=51), moderate (n=55),
and severe (1 =29) stages of AD. Additionally, BPSD were
documented in 43.7% (n=59) of the patients. In terms of
cognitive decline, the average MMSE score for the study
population was 16.55 (SD=5.74), with statistically sig-
nificant differences (p <0.001) observed between various
severity levels.

The majority of recruited caregivers were middle-aged,
with a mean age of 51.5 (13.6) years. Females comprised
nearly two-thirds of the caregiver group (n=86, 63.7%).
Adult children (=91, 67.4%) were the primary car-
egivers for a larger proportion of patients compared to
spouses (n=19, 14.1%). Most caregivers co-resided with
the patients (n=95, 70.4%) and were employed (n=91,
67.4%). A quarter of the caregivers (n=235) were single,
while the majority were married (n=94, 69.6%). Typi-
cally, more than one caregiver (n=94, 69.6%) provided
informal care to the PWAD. The average duration of
care provided by informal caregivers was 2.87 years
(SD=1.93) in this study. Regarding income level, 44.4%
of the caregivers reported earnings above the national
average monthly wage of RM3,212.

Caregivers time spent on informal care
Informal caregivers dedicated more than 10 h a day (314.8
h per month) on average to informal caregiving from

Page 4 of 13

Table 1. The total caregiving time showed a significant
positive correlation with the severity of AD (p<0.01).
Among components of informal care, supervision con-
sumed a large proportion of caregivers’ time followed
by IADL and BADL. Among these activities, time
spent in BADL per month was significantly increasing
(p<0.01) from mild (46.71 h) to severe (104.55 h) PWAD.
Although no significance was detected, a similar trend
was observed in IADL and supervision with advancing
severity.

In this study, supervision time was employed at zero
cost while valuing time spent on informal caregiving as
the base case analysis. On average, caregivers spend 5.30
h per day (159 h monthly) assisting BADL and IADL of
PWAD. A significant increase (p <0. 05) was observed in
time spent on informal care, where severe PWAD and
moderate PWAD recorded a rise of 79.4% and 52.1%,
respectively, when compared to mild PWAD. When
supervision cost was included (upper bound estimate),
the caregiver’s time displayed a significant increase
(p<0.05) across all disease severity levels, exceeding a
50% rise.

Resource use in direct non-medical care

As shown in Table 2, the annual direct non-medi-
cal cost (DNMC) for the study population averaged
USD1335.30+ USD2151.68 per PWAD. Significant dif-
ferences (<0.001) were observed in DNMC across the
spectrum of AD severity, with costs increasing from mild
to severe stages. In terms of proportion, special accom-
modation accounted for almost half of the total Figure
(47.62%), followed by consumables (17.55%), equipment
and tools (15.10%), community services (14.77%) and
transportation (4.95%). Further analysis revealed a sig-
nificant increase in consumable use (p=0.002) in severe
PWAD compared to mild and moderate PWAD.

To explore potential cost variation between the use of
special accommodation, the cost estimates were summa-
rised in Table 3. AD patients who utilised special accom-
modation (USD4986.47 + USD2542.35; p<0.001) had a
significantly higher DNMC than those without special
accommodation (USD624.45 + USD1094.91). Notably, con-
sumable use was also significantly higher (p=0.006) for
patients utilising special accommodation while use of com-
munity services (p=0.80), transportation (p=0.57), equip-
ment and tools (p=0.50) were insignificant between these
two groups.

Indirect cost (IDC) and sensitivity analysis (SA)

As shown in Table 2, the annual IDC of AD in Malaysia
yielded an average of USD 6,703.69 (+ USD 6,064.46) per
patient. Caregivers of severe PWAD incurred a signifi-
cantly higher annual IDC (USD 8,878.30+ USD 5,909.35;
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Table 1 Summary of Sociodemographic of PWAD-caregivers’' dyads and time spent on informal care
Severity Mild (n=51) Moderate (n=55) Severe (n=29) Total (n=135) p-value
Patient
Age in years (mean, SD) 78.06 6.40 7807 6.72 7717 723 7787 6.67 0.82
Gender, n females (n, %) 39.00 40.20 36.00 37.10 22.00 22.70 97.00 71.90 0.39
Diagnosis, (n, %) 0.78
AD 38.00 39.20 41.00 42.30 18.00 18.60 97.00 71.90
Mixed Etiology 13.00 34.20 14.00 36.80 11.00 28.90 38.00 28.10
Presence of BPSD (n, %) 20.00 33.90 26.00 44.10 13.00 22.00 59.00 43.70 0.70
MMSE Score (mean, SD) 20.55R 4.58 15.45%** 3.82 11.28%** 443 16.55 574 <0.001***
Informal Caregiver
Age in years, (mean, SD) 51.21 12.77 51.36 15.28 5241 12.06 5153 13.62 0.93
Gender, n females (n, %) 30.00 34.90 37.00 43.00 19.00 2210 86.00 63.70 0.65
Relationship with patient (n, %) 0.51
Spouse 6.00 31.60 8.00 42.10 5.00 26.30 19.00 14.10
Adult Child 39.00 42.90 32.00 35.20 20.00 22.00 91.00 67.40
Family members and relatives 5.00 2940 10.00 58.80 2.00 11.80 17.00 12.60
Paid caregiver 1.00 14.30 4.00 57.10 2.00 28.60 7.00 5.20
Others 0.00 0.00 1.00 100.00  0.00 0.00 1.00 0.70
Cohabitation (n, %) 0.93
Yes 35.00 36.80 39.00 41.10 21.00 2210 95.00 7040
No 16.00 40.00 16.00 40.00 8.00 20.00 40.00 29.60
Marital Status (n, %) 0.86
Married 36.00 38.30 38.00 4040 20.00 21.30 94.00 69.60
Single 13.00 37.10 14.00 40.00 8.00 2290 35.00 25.90
Divorced 1.00 10000  0.00 0.00 0.00 0.00 1.00 0.70
Widowed 1.00 20.00 3.00 60.00 1.00 20.00 5.00 3.70
No. of caregivers (n, %)
1 20.00 48.80 15.00 36.60 6.00 14.60 41.00 3040 0.30
2-3 24.00 3240 30.00 40.50 20.00 27.00 74.00 54.80
>3 7.00 35.00 10.00 50.00 3.00 15.00 20.00 14.80
Employment status (n, %) 0.94
Yes 34.00 3740 38.00 41.80 19.00 20.90 91.00 67.40
No 17.00 38.60 17.00 38.60 10.00 22.70 44.00 32.60
Presence of medical comorbidities (n, %) 0.58
Yes 19.00 3330 26.00 45.60 12.00 21.10 57.00 42.20
No 32.00 41.00 29.00 37.20 17.00 21.80 78.00 57.80
Duration of informal care in years (mean, SD)  2.79 1.77 3.21 207 240 191 287 1.93 0.18
Use of Special accommodation (n, %) 0.06
Yes 4.00 18.20 10.00 4550 8.00 3640 22.00 16.30
No 47.00 41.60 45.00 39.80 21.00 18.60 11300 8370
Monthly Income level (n, %) 0.10
<RM3212 25.00 3330 32.00 42.70 18.00 24.00 75.00 55.60
RM3212-RM6423 15.00 35.70 16.00 38.10 11.00 26.20 42.00 31.10
>RM6424 11.00 61.10 7.00 38.90 0.00 0.00 18.00 13.30
Monthly time spent on informal care (mean, SD)
BADL 46.71" 7039 85.35*% 7529 104.55%*  63.28 74.87 7421 0.001**
IADL 68.37 74.27 89.71 64.33 101.79 66.20 84.24 69.40 0.09
NY 139.27 11286 17540 119.60  146.90 84.18 15562 11080 022
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Table 1 (continued)
Severity Mild (n=51) Moderate (n=55) Severe (n=29) Total (n=135) p-value
Monthly CG time (hr)
Base case (BADL+IADL) 11508% 11997  17505** 11228  206.35* 11221 15912 120.00  0.002%**
Upper bound (BADL +IADL+SV) 254358 153.00 35045** 15286  353.24* 152.97 314.75 15897  0.002**
Average CG time per day (hr)
Base case (BADL +IADL) 3.85% 4.00 5.84%* 3.74 6.88* 3.74 5.30 4.00 0.002**
Upper bound (BADL+IADL+5SV) 848" 5.10 11.68** 5.10 11.77% 5.10 10.49 530 0.002**

Remarks: Despite minor degree of non-normality in data, this study presented results in terms of mean figures. Thus, ANOVA was utilized to test mean differences.
However, nonparametric tests (Kruskal-Wallis test) were conducted and consistency was found between p-values of both approaches. AD Alzheimer’s disease,
PWAD Patients with Alzheimer’s Disease, CG Caregiver, BADL Basic activities daily living, IJADL Instrumental activities daily living, SV Supervision, n number of patients,
SD Standard deviation. P value for comparison of differences in means across AD severity groups using ANOVA or differences in proportion using Pearson chi-square
test; * denotes statistical significance of p <0.05; ** denotes statistical significance of p <0.01; *** denotes statistical significance of p <0.001;  denotes reference

p<0.05) compared to those caring for mild PWAD (USD
5,162.46+USD 6,723.89). When time spent on super-
vision was included in estimating annual IDC (upper
bound SA), the estimate (USD 3565.32+USD 2649.19)
nearly doubled the amount obtained in base case analy-
sis. Similar increasing trends of IDC (p<0.05) were
also observed across all severity levels in upper-bound
estimates.

When the replacement cost approach was employed
in the lower bound SA estimates, a 60% decrease was
observed compared to base case estimates. Lower-bound
SA1 estimates (USD 3565.32+USD USD2649.19) dimin-
ished from a range of 50.36% to 55.92% across disease
severity as shown in Table 2. In another hypothetical sce-
nario where supervision cost was included in this replace-
ment cost approach (lower bound SA2), annual IDC (USD

Table 2 Breakdown of annual societal cost of Alzheimer's disease per capita based on disease severity among study population in

Malaysia expressed in 2023 US dollar

Cost Categories (USD) Mild AD (n =51) Moderate AD (n =55) Severe AD (n =29) P value Per capita
Mean SD Mean SD Mean SD Mean SD
Direct cost
DMC 539.83 385.95 580.06 485.98 677.82 585.68 0.189 579.84 468.33
DNMC
Transportation 57.72 71.14 81.02 123.60 52.56 56.95 0.31 66.10 94.24
SA 231.15 82540 766.36 2071.01 1100.67 2021.71 0.07 635.99 171837
Equipment &Tools 139.11 202.02 227.69 341.76 261.85 536.98 0.26 201.57 353.69
Consumables 98.78 222.58 191.27 536.92 554.67 885.84 0.002%* 23439 57323
Community Care 52.04 209.59 215.86 867.40 41733 1369.74 0.18 197.25 854.56
DNMC Total 578.80 1086.26 1482.20 2310.78 2387.08 274245 <0.007*** 1335.30 2151.68
Indirect Cost
Base case 516246 6723.89 6986.22 5141.03 8878.30 5909.35 0.024** 6703.69 6064.46
Lower-bound SA 1 2600.35 2654.27 3907.22 2465.75 4613.90 249329 0.003** 3565.32 2649.19
Lower-bound SA 2 5657.83 3342.09 775777 3352.74 783871 3397.34 0.018%** 6981.85 3490.36
Upper-bound SA 10,743.78 8381.12 14,196.60 8325.18 15,741.14 972533 0.043** 13,223.99 8832.02
Societal cost
Base case 6281.10 6879.83 9048.47 5706.84 11,943.19 6954.17 0.001%** 8618.83 6740.79
Lower-bound SA 1 371898 3004.63 5969.48 3422.66 767880 3740.74 <0.0071*** 5486.48 3652.15
Lower-bound SA 2 677647 3789.97 9820.02 3986.35 10,903.61 4391.07 <0.0071*** 8903.00 432723
Upper-bound SA 11,862.42 8656.07 16,258.86 8666.48 18,806.04 10,611.18 0.003** 15,145.15 944797

Remarks: DMC Direct medical cost, DNMC Direct non-medical cost, IDC Indirect cost, SA Sensitivity analysis; Base case analysis: Opportunity cost approach without
supervision time; upper-bound SA estimates include supervision cost in opportunity cost approach; lower-bound SA 1 estimate valued IDC via replacement cost
approach without supervision cost while lower bound SA 2 estimates valued IDC via replacement cost approach including supervision cost. P value for comparison
of differences in means across AD severity groups using ANOVA; * denotes statistical significance of p <0.05; ** denotes statistical significance of p <0.01; *** denotes

statistical significance of p <0.001
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Table 3 Breakdown of annual societal cost of Alzheimer's disease per capita based on use of special accommodation among study

population in Malaysia expressed in 2023 US dollar

Use of Special Accommodation Yes (n=22) No (n=113) p-value
Mean (USD) sD Mean (USD) SD

Direct Medical Cost 608.29 55.80 581.49 49.69 0.025*
Transportation 55.67 41.46 68.13 101.38 0.57
Special Accommodation 3902.63 234224 - - <0.007***
Equipment and tools 24852 253.30 19242 370.31 0.50
Consumables 540.46 1062.34 174.80 39943 0.006**
Community care services 239.19 656.60 189.09 890.21 0.80

Total Direct Non-Medical Cost 4986.47 254235 624.45 1094.91 <0.007%**

Indirect cost (Base Case) 7045.07 6072.72 6637.23 6087.69 0.77

Societal cost (Base Case) 12,639.82 6906.66 7843.17 6452.64 0.002**

Remarks: P value for comparison of differences in means across AD severity groups using ANOVA; * denotes statistical significance of p <0.05; ** denotes statistical

significance of p <0.01; *** denotes statistical significance of p<0.001

6981.85+USD 3490.36) were recorded slightly higher
than those in base case analysis across disease severity.

Annual societal cost of AD per capita

Figure 1 illustrates the mean annual societal cost of AD
was USD 8618.83+USD 6740.79 per capita. Severe
PWAD incurred the highest annual expenditure (USD
11,943.19+USD 6,954.17; p<0.001) compared to those
with mild AD (USD 6,281.10+USD 6,879.83), which
was significant. Similarly, moderate PWAD recorded a
cost estimate of USD 9048.47 + USD 5706.84. Sensitivity
analyses summarised in Table 2 further confirmed sub-
stantial increase of total societal cost (p<0.01) across
disease severity. As with annual societal costs, caregiv-
ers’ indirect cost constituted a significant part of the total
cost estimate (77.73%) when compared to the direct cost
(22.27%), even with sensitivity analyses. Moreover, a sig-
nificant upward trend was observed in both caregivers’
indirect costs (p<0.05) and direct non-medical costs
(p<0.001) as the severity of AD increased.

Factors influencing societal cost of alzheimer’s disease
In univariate analysis, substantial impact was found in
several factors (p<0.05), such as disease severity, MMSE
score, BADL monthly time, IADL monthly time, caregiver
age, relationship with PWAD, caregivers’ employment,
caregivers’ marital status, and use of special accommo-
dation. When GLM was used and covariates were con-
trolled, most of them remained significant towards the
annual economic burden of AD in Malaysia except car-
egivers’ age, relationship with PWAD and marital status.
It is apparent from Table 4 that a one-unit decrease in
MMSE score results in a 3% increase in societal cost. In
each additional hour spent monthly in BADL and IADL,
the societal cost was anticipated to increase by 6% and

7%, respectively. Disease severity was a significant predic-
tor as the societal cost of AD in mild patients was slightly
over half (54.8%) of that in severe patients. In addition,
severe PWAD incurred an estimated 20% higher cost than
moderate PWAD. Furthermore, the societal cost of AD
was significantly high (» <0.001) for PWAD with working
caregivers and those who utilised special accommodation
in Alzheimer’s care with an increase of 95-112%.

Total economic burden of alzheimer’s disease

from a societal perspective in Malaysia

Based on the latest population statistics from DOSM
[48] and World Population Prospectus [49], there are an
estimate of 2,376,600 — 2,546,220 individuals in Malaysia
who aged 65 and above in 2022. The exact prevalence of
Alzheimer’s dementia is not known due to a lack of stud-
ies. Using the expected prevalence of dementia of 8.5%
obtained from National Health Morbidity Survey 2018
[50], the size of aged population who is suffering from Alz-
heimer’s disease is around 202,011 — 216,429 in 2022. As
Table 5 shows, the economic burden of AD from a soci-
etal perspective in Malaysia ranged between RM7.9-8.5
billion (USD 1.7-1.9 billion). In terms of Gross Domestic
Product (GDP), the economic burden of this neurodegen-
erative disorder also accounted for 0.44—0.47% of GDP.

Discussion

Our findings contribute valuable real-world data on
the economic impact of Alzheimer’s care in Malay-
sia, thereby addressing the gap in cost evidence from
LMICs. We found a substantial and increasing societal
cost associated with AD care in Malaysia, mirroring
trends observed in numerous studies on community-
dwelling patients [8, 9, 11, 13, 14, 16, 24, 25]. From our
findings, the annual societal cost of AD in Malaysia (USD
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Fig. 1 Figure 1 Mean annual societal cost of Alzheimer’s disease per capita stratified by disease severity in Malaysia expressed in 2023 USD figures.
Remarks: DMC Direct medical cost; DNMC direct non-medical cost; IDC Indirect cost; AD Alzheimer’s disease; DSM-V Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition. *ANOVA p-value for comparison between AD dementia severity groups for total societal costs

8,624.85) was recorded much lower than that in devel-
oped nations with extensive access to medical services
and social health insurance systems [21, 25, 43]. Within
Asian countries, higher cost estimates were obtained
in neighbouring countries except Filipino and Korea
[13-17, 19]. However, these discrepancies highlight the
influence of methodological variations across studies and
structural differences in the healthcare system [13, 15, 35,
51]. Not only that, differences in income level particularly
the hourly wage rates likely contribute to the observed
cost variations between countries [24].

Looking from the perspective of the country’s income
group, our cost estimates fall below the average demen-
tia cost among upper-middle-income countries [52].
According to the World Bank classification of country
income group in 2019, the annual dementia cost per

capita in LMIC (USD 10,052) surpassed the cost esti-
mate in this study, while HIC reported cost five times
higher than our findings [52]. Extrapolating to popu-
lation level, the national economic burden of AD had
reached approximately RM 7.9 billion (USD 1.7 bil-
lion) in 2022. This accounted for 0.47% of Malaysia’s
GDP, which was relatively modest compared to other
non-communicable diseases with an estimated range of
0.65-0.95% of national GDP [53]. However, our result
exceeded the average of LMIC (0.45% of unweighted
GDP) in 2019, highlighting the economic impact of
resource use and productivity loss in Alzheimer’s care
on Malaysia [6].

A significant association emerged between disease
severity and societal cost, particularly for indirect costs,
which aligned with previous studies [9, 11, 14, 15, 17,
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Table 4 Predictors of annual societal cost of AD in Malaysia using generalised linear model with gamma distribution and log link

function
GLM with gamma distribution log link function B Std. E Exp(B) 95% Confidence interval p-value
Lower Upper
Constant 8.275 0.5236 3924.52 7.248 9.301 0.000
Patient
Patient Severity 0.000 *
Mild -0.600 0.1293 0.5488 -0.854 -0.347 0.000%***
Moderate —0.228 0.0998 0.7961 -0423 —-0.032 0.023*
Severe R
MMSE Score -0.027 0.0126 09734 -0.052 —0.003 0.031*
Monthly duration in BADL (hr) 0.006 0.0006 1.006 0.004 0.007 0.000%**
Monthly Duration in IADL (hr) 0.007 0.0006 1.007 0.006 0.008 0.000%**
Caregiver
Age 0.000 0.0044 1 —0.008 0.009 0.943
Caregivers' relationship with PWAD 0.009 #
Spouse —0.041 04170 0.9598 —-0.858 0.777 0922
Adult-Child 0.228 04101 1.2561 -0.576 1.031 0579
Family members/ Relatives 0.391 04251 14785 -0.442 1.224 0.357
Paid caregiver 0.045 0.4429 1.0460 -0.823 0913 0918
Others R
Employment 0.000 *
Yes 0.752 0.0933 21212 0.569 0.935 0.000%***
No R
Marital status 0.013*
Yes —0.009 0.0802 0.9910 -0.167 0.148 0.907
No R
Use of Special Accommodation 0.001 #
Yes 0.669 0.0967 1.9522 0479 0.858 0.000%**
No R

Remarks: AD Alzheimer’s disease, PWAD Patient with Alzheimer’s disease, BADL Basic Activity of Daily Living, IADL Instrumental Activity of Daily Living, SV Supervision,
BPSD Behavioural and Psychological Symptoms of Dementia, MMSE Mini- Mental State Examination, B unstandardised beta coefficient, Std. E Standard Error,

Exp(B) Exponential form of Beta, BADL indicates basic activities daily living, JADL Instrumental activities daily living, R denoted reference group;  denotes statistical
significance in univariate non-parametric analysis; * denotes statistical significance of p <0.05; ** denotes statistical significance of p <0.01; *** denotes statistical
significance of p <0.001

Table 5 Economic burden of AD from societal perspective in Malaysia expressed in percentage in GDP,,,

DOSM WHO
Number of elderly aged 65 and above, E4; 2,376,600 (2.38 million) 2,546,220 (2.55 million)
Expected Prevalence of AD, P 8.5%
Mean annual societal cost of AD per capita, (RM/USD) RM 39,287.92 or USD 8,624.85
Estimated older people with AD 202,0M 216,429
Economic burden of AD from societal perspective in Malaysia (RM) ~ RM 7,936,592,007.12 (RM7.9 billion) RM 8,503,033,451.30 (RM8.5 billion)
Economic burden of AD from societal perspective in Malaysia (USD)  USD 1,740,480,703.32 (USD 1.7 billion) USD 1,864,700,318.26 (USD 1.9 billion)
Malaysia Domestic Gross Product 2022, GDP,,, (RM/USD) RM1,791.358 billion ~USDS$ 388.24 billion
Percentage in GDP,,,, % 0.44 047

Remarks: the most updated population statistics (2022) were obtained from Department of Statistics Malaysia (DOSM) and World Health Population (WHO).
Conversion of currency used was USD$1=MYR 4.56 dated 12/12/2023
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22, 24]. When PWAD condition deteriorated, health
and social care resource utilisation increased along with
severe cognitive and functional decline [23, 54, 55].
Time spent on informal care increased substantially in
highly dependent PWAD, with corresponding economic
impact [56, 57]. Traditionally, family members, especially
spouses or children, are believed to have the responsibil-
ity of providing care [58]. It is an obligation to care for
the older people as part of filial piety in the community
[15-17]. This cultural context likely contributes to infor-
mal care costs being the dominant cost component. Such
findings have important implications for developing
strategies for supporting informal caregivers in balancing
their personal lives and caring responsibilities. In con-
trast, some studies from countries like China, Korea, and
Thailand reported a greater emphasis on direct costs due
to factors such as rising comorbidity costs, high outpa-
tient costs, and expensive medications [15, 17, 19].

Besides, MMSE score and ADL-ability were com-
monly discussed as cost predictor in dementia care. In
our study, a five-point decline in MMSE score correlated
with a 13.5% increase in annual societal cost, further
supporting the established negative association between
cognitive decline and AD cost observed in previous lon-
gitudinal studies [8, 15, 51, 59]. Furthermore, the decline
in MMSE scores may linked to a higher probability of
institutionalisation [8, 11, 21]. Apart from that, time
spent in BADL and IADL per month were shown as sig-
nificant predictors of the societal cost of AD in our study.
A five-hour increase in BADL and IADL time per month
corresponded to a 3% and 3.5% increase in annual AD
cost, respectively. This could be attributed to the growing
need for assistance in BADL and IADL with increasing
disease severity [8, 11, 43, 60]. In a multinational study,
ADL ability was identified to be the strongest predictor of
dementia cost despite multicollinearity with MMSE and
DAD scores [25]. This association was also further dem-
onstrated quantitatively in a meta-analysis that incorpo-
rated estimates from 8 countries [59].

High caregiving demands impose a huge burden on
caregivers, particularly working individuals, as they
need to sacrifice working hours to provide care towards
PWAD [14, 58, 61]. It was further found in our multivari-
ate analysis that caregiver’s employment status was sig-
nificantly predictive of the cost of care among PWAD,
where working informal caregivers recorded a higher
expenditure in the annual cost of care in PWAD, particu-
larly indirect cost. This trend was also observed in pre-
vious research [22, 26, 62]. Compared to non-working
caregivers, working caregivers experience a greater soci-
etal cost burden due to productivity loss associated with
informal caregiving [24, 27, 63]. Besides, the higher unit
cost was employed in valuing time spent on informal care
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of PWAD where unemployed or retired caregivers were
assigned to a lower unit cost of time value to avoid over-
estimating [10, 22].

To reduce the impact of informal care toward work-
ing hours, caregivers opt for paid domestic help or nurs-
ing care to provide professional care to PWAD [15-17,
33]. Such arrangement relieved caregivers from physical
and mental burden with increasing disease severity [14,
58, 64]. In our study, the proportion of PWAD utilizing
special accommodation increased with disease severity
(p=0.06). With that, PWAD who utilised special accom-
modation in our study incurred a significantly higher
societal cost, nearly double that of those who had home
care. This finding aligns with research comparing costs
between homecare and institutional long-term care set-
tings [17, 22, 27, 51]. As a consequence, utilisation of
special accommodation led to cost shifting from indirect
cost to direct non-medical cost [23, 34]. In our findings,
DNMC of PWAD who utilized special accommoda-
tion recorded 8 times higher than community-dwelling
patients. Nevertheless, contrast findings were observed
in Hungary where nursing home placement has no signif-
icant effect on the cost of PWAD. Such scenario could be
explained by low reimbursement level by the local gov-
ernment [65]

Surprisingly, BPSD was not significantly associated with
societal cost trend in our study. Although similar finding
was observed elsewhere [17, 24], this contrasts sharply
with many studies that highlighted BPSD as a major con-
tributor to the total cost of care in AD. [9, 22, 26, 43, 51] In
addition, agitation was found to have substantial impact
on informal care cost particularly in advanced AD [66,
67]. Depression symptoms in PWAD increased caregiver
time of care, which could also reflect on productivity loss
[68]. Findings in our study may be due to non-correlation
between disease severity and behavioural problems in
PWAD. Other demographic factors such as patient age
[14, 22, 51], comorbidity [15], number of caregivers [14]
and cohabitation [14, 62] were also found not cost predic-
tive in our study compared to other cross-sectional stud-
ies. Most PWAD in our study were female (71.9%) which
was consistent with several literature [3, 69]. However,
gender was not significant in changes of societal cost,
unlike studies from Germany [51, 70].

Strength of this study included the utilization of RUD
instrument in data collection from both caregivers
and PWAD. With structured design, the questionnaire
evaluated the frequency of resource use with preci-
sion in dementia care. As its feasibility has been shown
in GERAS study, data collection via structured instru-
ment enables comparison of resource use and cost valu-
ation in economic evaluation [21, 71]. Next, this study
employed bottom-up micro-costing approach in valuing
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the resource use in medical, social and informal care.
Although it was time-consuming and hectic, actual
resource use and cost involved were quantified based on
detailed stratification [37, 72]. In addition, our finding
provides country specific estimates that are valuable for
informing decision-makers and stakeholders about the
costs and resource use associated with AD in Malaysia.

However, there were several limitations in this study.
The sample size may not be nationally representative
as PWAD from southern Malaysia was not included.
Cross-sectional nature renders difficulty to determine
causative relationship between variables [15, 51]. Lon-
gitudinal studies could be considered in future stud-
ies to investigate the long-term economic effects of AD.
Next, the caregiver’s response in structured interviews
may be subject to recall bias that may lead to underes-
timation in resource use and cost valuation. Due to the
retrospective nature of data collection, potential determi-
nants of costs such as ADL ability and BPSD could not
be investigated thoroughly due to a lack of assessment
scores such as ADCS-ADL and NPI [15, 73, 74]. Clinical
assessments could be done in future studies via collabo-
ration with physicians and doctors to investigate possible
associations.

Conclusion

In conclusion, this study shed light on the significant eco-
nomic burden of Malaysian society due to Alzheimer’s
disease. Indirect cost associated with caregiver produc-
tivity loss emerged as the primary cost driver in the soci-
etal cost of AD. The findings emphasise the importance
of prioritising strategies to support informal caregivers
and exploring interventions that can potentially slow
disease progression. By acknowledging the economic
impact of AD, policymakers can make informed deci-
sions regarding healthcare resource allocation and priori-
tise interventions that offer the greatest societal benefit.
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