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Purpose: This study aimed to evaluate the effectiveness of a smartphone app—based psychoeducational intervention for caregivers of
people with dementia (PwD). Primary outcomes included levels of depression, anxiety, and stress. Secondary outcomes were dementia
knowledge, caregiving burden, and perceived social support.

Participants and methods: This randomized controlled trial was conducted at the Geriatrics Department of a public hospital in Ho
Chi Minh City, Vietnam. Eligible participants were family caregivers of PwD with at least a fifth-grade education, a caregiving
duration of six months or more, a smartphone with the Zalo app (a free messaging platform in Vietnam), and a Stress Thermometer
score of 4 or higher. Participants were randomly assigned to the intervention or usual care group in a 1:1 ratio. The intervention was
delivered over seven weeks via Zalo and consisted of seven short videos covering dementia progression, daily care, behavioral
symptoms, comorbidities, self-care, and caregiver preparation. The intervention was delivered individually to ensure personalized
support. Outcomes were assessed at baseline, post-intervention, and three-month follow-up.

Results: A total of 172 participants were randomized. Compared to the control group, the intervention group showed significant
reductions in depression (B = —4.5, p <0.001), anxiety (f = —5.2, p <0.001), and stress (B = —6.5, p <0.001), with effects maintained at
the three-month follow-up. Significant improvements were also observed in dementia knowledge (f = 2.3, p <0.001), perceived social
support (f = 0.5, p <0.001), and caregiving burden (f = —2.9, p <0.001), which were sustained over time.

Conclusion: This smartphone-based psychoeducational intervention had a positive impact on caregiver mental health and caregiving
capacity. Its accessible and scalable design may help overcome geographical and resource barriers in Vietnam and other resource-
limited countries.

Trial Registration: https://clinicaltrials.gov/study/NCT06700551.
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Introduction

With the ongoing increase in the aging population, dementia has become one of the leading causes of dependence and
disability among older adults worldwide.'* Current estimates show that over 55 million people are affected by dementia,
and nearly 10 million new cases are diagnosed each year.' The financial burden is substantial,”* with worldwide costs
hitting around USD 1 trillion in 2018 and projected to almost double by 2030. Notably, more than 60% of people with
dementia (PwD) live in low- and middle-income countries (LMICs), where care is primarily provided at home by family

2
members.>>
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Caring for older adults with dementia becomes more demanding as the disease advances.® In the early stages, family
caregivers may dedicate around 37 hours per week to caregiving tasks; however, this can increase to nearly 109 hours per
week during the advanced stages.”® As dementia progresses, the type of care shifts from help with instrumental activities
of daily living to providing complete personal care.”'® Beyond the physical effort, caregivers often encounter behavioral
issues and comorbidities in PwD.'"'? As a result, they face significant physical and psychological stress compared to
those caring for older adults without dementia.'*'¥ Research has shown notable rates of depression (30-40%) and
anxiety (32-44%) among caregivers of PwD, including in Asian populations.®'>'® Moreover, caregivers of PwD often
experience physical health issues such as fatigue, musculoskeletal pain, and sleep disturbances, which are linked to the
long-term physical and emotional demands of caregiving.!”'® Despite these challenges, many family caregivers in
LMICs often lack sufficient support systems and training, which further increases their caregiving burden.'® ' This not
only compromises the quality of care provided to PwD but also significantly increases the risk of caregivers’ burnout.”*??

Vietnam is one of the fastest-aging countries in Asia, with over 650,000 people currently living with dementia.'** In
2021, Vietnam recorded age-standardized incidence and prevalence rates of 110.09 (95% uncertainty interval [UI]:
96.21-126.57) and 649.42 (95% UI: 556.89-744.39) per 100,000 population for Alzheimer’s disease and other demen-
tias. These estimates are broadly consistent with those observed across Southeast Asia and globally.>> Most of these
individuals are cared for at home by family members.?®?” Research shows that 92.1% of family caregivers have limited
knowledge about dementia, and 74.2% report needing help with caregiving.”® However, support systems for PwD and
their caregivers are still limited, often leaving family members to manage the complex demands of caregiving alone.”
This situation leads to increased burden and psychological distress.

Psychoeducational interventions are crucial for supporting family caregivers of individuals with dementia, as they
provide essential knowledge, practical caregiving skills, and psychological support.***! Research has shown that these
interventions can significantly decrease caregiver burden, reduce symptoms of anxiety and depression, improve overall
well-being, and foster better mental health among caregivers.>** However, access to these programs remains limited in
many LMICs, including Vietnam.

In recent years, technology-based interventions have emerged as innovative solutions, providing more accessible and
flexible methods for delivering educational content and emotional support.***> Among these, mobile applications have
grown increasingly popular because of their accessibility, flexibility, and adaptability across various healthcare settings.
They have been effectively used for managing chronic diseases, supporting mental health, and caring for dementia.
Additionally, the integration of artificial intelligence (Al) into mobile platforms has further improved personalization and
user engagement, opening up new possibilities for tailored caregiver support.*®-’

Importantly, using digital health technologies to support dementia caregivers aligns with the strategic priorities
outlined in the World Health Organization’s Global Action Plan on the Public Health Response to Dementia
2017-2025, which highlights the importance of developing technology-based caregiver interventions to reduce the
burden and enhance support systems.’® Despite these encouraging advances, few digital interventions have been
culturally adapted or thoroughly evaluated in LMIC settings like Vietnam, where the need for scalable, context-
appropriate caregiver support remains urgent.

To date, only one pilot cluster randomized controlled trial has been published in northern Vietnam, evaluating
a multicomponent intervention that included problem-solving techniques, mood regulation through cognitive restructur-
ing, stress reduction strategies, and communication skills training.** However, the intervention was delivered face-to-
face, either at clinics or in caregivers’ homes, which may limit its scalability in settings with limited healthcare staff.
Compared to other methods, smartphone-based interventions offer a more practical and scalable option, given the
widespread use of mobile phones and internet access in Vietnam.***' Therefore, we created and implemented
a psychoeducational program delivered via Zalo,* a free and widely used messaging platform among Vietnamese adults.
In Phase 1, we conducted a qualitative study to understand caregivers’ needs and identify the key information and skills
required for support.>® In Phase 2, we developed the intervention content and assessed the feasibility of both the approach
and the intervention. In Phase 3 (the current study), we performed a randomized controlled trial to assess the effective-

ness of the intervention.
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The primary aim of this randomized controlled trial was to evaluate the effectiveness of a smartphone-based
psychoeducational intervention in reducing psychological distress among family caregivers of PwD. The secondary
aim was to assess the intervention’s effects on dementia-related knowledge, caregiver burden, and perceived social
support.

Methods
Trial Design

This study employed a randomized controlled trial design, with participants randomly assigned to the intervention and
control groups (1:1 ratio). The trial was conducted following the CONSORT (Consolidated Standards of Reporting
Trials) guidelines, and a detailed checklist is included in Supplementary 1.

Participants

Family caregivers who were primarily responsible for the daily care of older adults with dementia hospitalized in the
Geriatrics Department at Nhan dan Gia Dinh Hospital were eligible for inclusion. Inclusion criteria were: (1)
Vietnamese citizenship; (2) age >18 years; (3) completion of at least a fifth-grade education; (4) ownership of or
willingness to install Zalo, a free and commonly used messaging application in Vietnam; and (5) a score >4 on the
Stress Thermometer (range: 0—10). Exclusion criteria included: a current diagnosis of a mental health disorder (eg,
major depressive disorder, bipolar disorder); a Mini-Cog score <4; or a serious physical illness such as metastatic
cancer. Recruitment was conducted from October 2024 to March 2025 and written informed consent was required prior
to participation.

Intervention

The intervention was delivered through the Zalo mobile application. Participants in the intervention group received
weekly psychoeducational videos via the app’s messaging feature. Before sending each video, a research member who
administered the intervention asked participants which topics they were most interested in. A total of seven videos were
shared, covering essential knowledge about dementia, caregiving skills, and support for caregivers. The topics included:
(1) understanding dementia and its progression, (2) the role of the caregiver, (3) self-care strategies, (4) feeding and
managing incontinence, (5) addressing behavioral changes in PwD, (6) fall prevention, and (7) pressure ulcer prevention
and management. These educational materials were developed based on findings from a qualitative study involving 20 in-
depth interviews, which explored the information and skills caregivers need when caring for PwD.?’ The development of
the intervention content was mainly guided by the World Health Organization’s iSupport program,** with input from
experts in dementia and geriatric care. Additionally, participants were encouraged to submit caregiving-related questions
throughout the program. The program administrator answered these questions after consulting with relevant specialists.
Importantly, the intervention was delivered individually, providing personalized support tailored to each caregiver’s
specific needs.

Usual Care
Caregivers in the usual care group received standard care without any extra intervention. They had access to an
educational website specifically designed for caregivers of individuals with dementia (https://www.alz.org/asian/about/

what is alzheimers.asp?nL=VI&dL=VI) and were encouraged to explore the content independently. The intervention did

not impact or alter the medical treatment of PwD during hospitalization or after discharge.

Measures

All study data were collected and managed using REDCap, a secure web-based platform hosted by the University of
Medicine and Pharmacy at Ho Chi Minh City. Data collection was through face-to-face interviews using a structured,
pre-defined questionnaire.
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Demographics

Demographic information of participants, including age, sex, education level, occupation, marital status, income,
relationship to the care recipient, and duration of caregiving, was gathered from participants. Data on participants’
chronic health conditions were also recorded. Additionally, demographic and clinical characteristics of care recipients,
including age, sex, functional status, dementia severity, and comorbidities, were collected.

Outcomes

The primary outcome of the study was the level of depression, anxiety, and stress among caregivers, assessed using the
21-item Depression, Anxiety, and Stress Scale (DASS-21). This instrument includes three subscales, each measuring one
of the emotional states. Scores for each subscale range from 0 to 42, while the overall score ranges from 0 to 126, with
higher scores reflecting greater psychological distress.** Assessments were conducted at three time points: before the
intervention (baseline), immediately following the intervention, and three months post-intervention.

The secondary outcomes included participants’ knowledge of dementia, caregiving burden, and perceived social
support: (1) Dementia knowledge was measured using a seven-item questionnaire from the Northern Ireland Life and
Times Survey.*” Scores range from 0 to 7, with higher scores reflecting greater knowledge; (2) The burden of
caregiving®® was assessed using the 4-item version of the Zarit Burden Interview (ZBI), in which each item is rated
on a 5-point Likert scale from 0 to 4. The total score ranges from 0 to 16, with higher scores indicating a greater
perceived burden; (3) Perceived social support was assessed using the Multidimensional Scale of Perceived Social
Support (MSPSS), which includes 12 items measuring support from three sources: a significant other, friends, and
family.*” Each item is rated on a 7-point Likert scale, from 1 (very strongly disagree) to 7 (very strongly agree), resulting
in a total score that ranges from 12 to 84. Higher scores reflect greater levels of perceived social support. These
instruments had been previously translated into Vietnamese and culturally adapted.”®**° In this study, they were
assessed at three time points: before the intervention (baseline), right after the intervention, and three months post-
intervention.

Sample Size
The sample size was calculated based on a superiority design with continuous outcomes (DASS-21 scores). The formula
used was:

(r + 1) (Zl—a + Zl_ﬁ)zSZ
nj Z 2
}"(5 — 50)

;N = Ny X1

Where n; and n, are the required sample sizes per group, S is the pooled standard deviation, d is the expected mean
difference, and d, is the clinically meaningful difference. The calculation was based on several assumptions: (1)
a moderate effect size (standardized difference of 0.5) between the intervention and control groups for both primary
outcomes at the post-intervention stage; (2) statistical power of 80%; (3) an anticipated attrition rate of 10% within the
intervention group; (4) a 1:1 allocation ratio between the control and intervention groups, assuming a similar attrition rate
of approximately 10% in the control group; and (5) expected variability in DASS-21 scores post-intervention, informed
by prior research.”’ Based on these parameters, the final adjusted sample size was determined to be 86 participants per
group. The computation was performed using Stata version 16.0.

Randomization

Participants who met the eligibility criteria were randomly allocated to either the intervention or control group through
block randomization with varying block sizes. The randomization process was conducted by an independent statistician
to ensure allocation concealment. A total of 172 sealed, sequentially numbered envelopes (from 1 to 172) were prepared
in advance. Each participant was assigned a number in the order of enrollment. Following the baseline interview, the
envelope with the corresponding number was opened. An assignment letter inside determined group allocation: “A”
indicated placement in the intervention group, while “B” indicated assignment to the control group.
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Blinding
The team members conducting the outcome assessments were blinded to the participants’ group assignments and were
unaware of whether individuals belonged to the intervention or control group.

Statistical methods

Independent sample #-tests or Mann—Whitney U-tests were used to compare continuous variables between the interven-
tion and control groups, depending on the normality of the data distribution. Categorical variables were analyzed using
Chi-squared tests or Fisher’s exact tests, as appropriate.

An intention-to-treat (ITT) approach was applied for the primary analysis. To assess the effects of the intervention on
repeated measures outcomes, linear mixed-effects models were employed, including a random intercept for participants
and fixed effects for group, time, and the group-by-time interaction. Statistical significance was set at p <0.05. All
analyses were conducted using Stata version 16.0 (StataCorp LLC, College Station, TX, USA).

Ethics Approval and Informed Consent

The study was approved by the Institutional Review Board of the University of Medicine and Pharmacy at Ho Chi Minh

City (Approval No. 557/ HDDD-DHYD) and conducted in accordance with the principles of the Declaration of Helsinki.
To maintain ethical standards and protect participant data, informed consent was secured from all participants before

enrollment. For confidentiality, individuals in the intervention group were only identified by coded numbers rather than personal

details, and all communication data on Zalo will be permanently deleted within three months after the follow-up period.

Trial Registration
Mobile-Phone-Based Psychoeducation for Dementia Caregivers in Vietnam. ID: NCT06700551. URL: https://clinical
trials.gov/study/NCT06700551.

Results

During the study period, 174 eligible participants were invited to participate; however, two declined due to time constraints.
A total of 172 participants were subsequently randomized into the intervention and usual care groups. During the
intervention period, three participants in the intervention group and three in the usual care group withdrew due to the
death of the care recipient. During the follow-up period, an additional three participants in the intervention group were lost
due to the death of the care recipient, and two participants in the usual care group were lost to follow-up due to loss of
contact. Finally, 172 participants were included in the analysis. The flow of participants is illustrated in the CONSORT flow
diagram (Figure 1). The recruitment process spanned five months, from October 2024 to February 2025. The intervention
phase concluded on April 5, 2025, followed by a three-month follow-up period that ended on July 5, 2025.

Tables 1 and 2 show the baseline characteristics of participants and care recipients (PwD). Overall, the demographics
of participants in the intervention and usual care groups were similar. Over 70% of the caregivers were female, and
roughly three-quarters were the daughter or son of the PwD. Notably, a higher percentage of individuals in the
intervention group reported spending more than 9 hours on caregiving compared to those in the usual care group.
Similarly, the care recipients in both groups had comparable characteristics, with about 80% of PwD in each group
classified as having a severe stage of dementia.

Descriptive statistics for the primary and secondary outcomes are presented in Tables 3 and 4, respectively. Overall,
participants in the intervention group demonstrated improvements in outcomes from baseline to the post-intervention
assessment.

The effects of the intervention over time in both the intervention and usual care groups are shown in Table 5 and
depicted in Supplementary 2. Compared to the control group, the intervention group showed significant reductions in
depression (f = —4.5, p <0.001), anxiety (f = —5.2, p <0.001), and stress (B = —6.5, p <0.001), with effects maintained at
the three-month follow-up. Significant improvements were also observed in dementia knowledge (B = 2.3, p <0.001),
perceived social support (B = 0.5, p <0.001), and caregiving burden (p =—2.9, p <0.001), which were sustained over time.

No adverse effects or harms were reported by participants in the intervention group during the study period.
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{ Enrollment ] Assessed for eligibility (N= 174)

| Excluded (n= 2)
"1 + Declined to participate

Randomized (N= 172)

l

A4 [ Allocation ] l

Allocated to intervention (n= 86 ) Allocated to usual care (n= 86)

[ Intervention ]
A,

Discontinued intervention due to care Discontinued study due to care recipient’s
recipient’s death (n=3) death (n=3)

[ Follow-Up ]

A 4

Discontinued follow-up (care recipient’s Lost to follow-up (loss of contact) (n= 2)
death) (n= 3)
v [ Analysis ] \
n =80 n=81
Included in final analysis (n= 86) Included in final analysis (n= 86)

Figure | CONSORT Flow Diagram.

Discussion

This study assessed the effectiveness of a Zalo-based psychoeducational intervention for caregivers of PwD. Regarding
the primary outcomes, the intervention significantly lowered participants’ levels of depression, anxiety, and stress
immediately after the program, with these improvements sustained at the three-month follow-up. The intervention also
showed notable benefits across secondary outcomes. Compared to those receiving usual care, participants in the
intervention group experienced greater improvements in dementia-related knowledge, perceived social support, and
reductions in caregiver burden at both post-intervention and three-month follow-up. All observed changes were
statistically significant (p <0.001) and associated with clinically meaningful effect sizes.

The consistent improvements seen in psychological and related outcomes likely result from both the relevance of the
intervention content and the mode of delivery. The intervention was developed based on the specific needs of caregivers
identified through in-depth interviews, with a focus on key areas such as dementia progression, caregiver preparedness,
daily care skills, management of behavioral symptoms, and common comorbidities in care recipients.””* This content
likely helped reduce psychological distress, increased knowledge about dementia, boosted perceived social support, and
lowered caregiver burden. Additionally, using Zalo, a familiar and widely used messaging platform among Vietnamese
adults, provided a user-friendly and accessible way to deliver the intervention. Content was delivered through short
videos, which fit the busy schedules of caregivers. The one-on-one format also offered more privacy and helped
participants feel more comfortable asking questions about their caregiving experiences. Additionally, the digital format
allowed caregivers to participate without traveling to healthcare facilities, overcoming a common barrier to attending
traditional face-to-face interventions. These factors together enhanced the overall effectiveness of the program.
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Table | Baseline Characteristics of Participants (N = 172)

Factors Arm p*
Intervention, n (%), | Usual Care, n (%),

(n = 86) (n = 86)
Age (years), Mean (SD) 52.5 (9.2) 51.5 (9.4) 0.446**
Gender
Male 19 (22.1) 29 (33.7) 0.089
Female 67 (77.9) 57 (66.3)
Educational level
Primary school 18 (20.9) 24 (27.9) 0.330
Secondary school 29 (33.7) 27 (31.4)
High school 25 (29.1) 28 (32.6)
Tertiary school/University/Post-graduate 14 (16.3) 7 (8.1)
Marital status
Window/Single/Divorce 35 (40.7) 34 (39.5) 0.876
Having a partner 51 (59.3) 52 (60.5)
Relationship with care recipients
Spouse 3 (3.5 4 (4.7) 0.772
Son/Daughter 70 (81.4) 64 (74.4)
Son-in-Law/Daughter-in-Law 4 (4.7) 5(5.8)
Relatives 9 (10.5) 13 (15.1)
Occupation
Worker 38 (44.2) 43 (50.0) 0.711
Bussiness 30 (34.9) 23 (26.7)
Officer 13 (15.1) 15 (17.4)
Others 5(5.8) 5(5.8)
Primary income
Pension 5(5.8) 5(5.8) 0.943
Saving money 30 (34.9) 27 31.4)
From children 18 (20.9) 21 (24.4)
Paid work 33 (38.4) 33 (38.4)
Chronic diseases
Hypertension 26 (30.2) 31 (36.0) 0.418
Diabetes 4 (4.7) 3 (3.5 0.999%
Dislipidemia 12 (14.0) 20 (23.3) 0.117
Ischemic heart disease 0 (0) 2 (2.3) 0.497%
Musculoskeletal disorder 25 (29.1) 18 (20.9) 0.218
Gl diseases 1 (1.2) 1 (1.2) 0.999%
Chronic pulmonary diseases 1 (1.2) I (1.2) 0.999*
Other 12 (14.0) 3 (3.5) 0.028%
Number of chronic diseases, Median (IQR) 1.0 (0-1.0) 1.0 (0-1.0) 0.679%
Number of medications 1.0 (0-3.0) 1.0 (0-2.0) 0.456
Duration of care (years), Mean (SD) 2.0 (2.0-4.0) 2.0 (2.0-3.0) 0.553*
Average care hours/day
4-6 25 (29.1) 36 (41.9) 0.014
7-9 44 (51.2) 45 (52.3)
>9 17 (19.8) 5(5.8)
Average income/month (million VND)
<5 62 (72.1) 61 (70.9) 0.866
25 24 (27.9) 25 (29.1)

Notes: *Chi-square tests were used unless otherwise indicated; ** T-tests; # Fisher's exact test; # Man-Whitney tests. Bold values

indicate statistical significance at p < 0.05.
Abbreviations: Gl, gastrointestinal; VND, Vietnam dong.
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Table 2 Baseline Characteristics of Care Recipients (N = 172)

Factor Arm p Value*
Intervention, n (%), Usual Care, n (%),

(n = 86) (n = 86)
Age (year), Mean (SD) 83.1 (8.9) 82.0 (9.6) 0.431**
Gender
Male 31 (36.0) 32 (37.2) 0.874
Female 55 (64.0) 54 (62.8)
Educational level
Primary school 51 (59.3) 54 (62.8) 0.038
Secondary school 18 (20.9) 27 (31.4)
High school 11 (12.8) 3 (3.5
Tertiary school/University/Post-graduate 6 (7.0) 2 (2.3)
Occupation
Farmer 8 (9.3) I (1.2) 0.003
Worker 19 (22.1) 24 (27.9)
Business 37 (43.0) 53 (61.6)
Officer 15 (17.4) 5(5.8)
Others 7 8.1) 3 3.5)
Marital status
Widow/Single/Divorce 68 (79.1) 75 (87.2) 0.154
Having a partner 18 (20.9) 11 (12.8)
Living status
Alone 0 (0) I (1.2) 0.368
With family 85 (98.8) 82 (95.3)
With others 1(1.2) 3 (3.5
Primary income
Pension 5(5.8) I (12.8) 0.036
Saving money 7 (8.1) 15 (17.4)
From children 74 (86.0) 60 (69.8)
Chronic diseases
Hypertension 83 (96.5) 75 (87.2) 0.048
Diabetes 41 (47.7) 38 (44.2) 0.646
Dyslipidemia 22 (25.6) 15 (17.4) 0.194
Ischemic heart disease 14 (16.3) 7 (8.1) 0.103
Musculoskeletal disease 5(5.8) 5(5.8) 0.999*
Gl diseases 2 (2.3) 2 (2.3) 0.999*
Chronic pulmonary diseases 2 (2.3) 7 (8.1) 0.168*
Chronic kidney disease 5(5.8) 15 (17.4) 0.017
Cancer 1 (1.2) I (1.2) 0.999*
Stroke 58 (67.4) 56 (65.1) 0.747
Others 15 (17.4) 14 (16.3) 0.839
Number of chronic diseases, Median (IQR) 3.0 (2.0-3.0) 3.0 (2.0-3.0) 0.280#
Multimorbidity (yes) 82 (95.3) 84 (97.7) 0.682
Number of medications, Median (IQR) 5.0 (4.0-6.0) 5.0 (4.0-6.0) 0.242%#
Polypharmacy (yes) 56 (65.1) 51 (59.3) 0.432
ADL impairment (yes) 69 (80.2) 72 (83.7) 0.552
ADL impairment detail
Eating 57 (66.3) 54 (62.8) 0.633
Bathing 71 (82.6) 71 (82.6) 0.999
Dressing 72 (83.7) 68 (79.1) 0.433

(Continued)
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Table 2 (Continued).

Factor Arm p Value*
Intervention, n (%), | Usual Care, n (%),

(n = 86) (n = 86)
Toileting 74 (86.0) 70 (81.4) 0.409
Ambulating 69 (80.2) 60 (69.8) 0.113
Incontinence 59 (68.6) 55 (64.0) 0.519
ADL score, Mean (SD) 1.5 (2.3) 1.6 (2.3) 0.789
IADL score, Mean (SD) 0.9 (1.5) 0.8 (1.2) 0.694
Dementia severity
Mild 2 (2.3) 2 (2.3) 0.611
Moderate 11 (12.8) 16 (18.6)
Severe 73 (84.9) 68 (79.1)
Duration of dementia (years), Mean (SD) 34 (2.0 34 (1.5 0.949"#

Notes: *Chi-square tests were used unless otherwise indicated; ** T-tests; # Fisher’s exact test; 7 Man-Whitney tests.
Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; Gl diseases, gastrointestinal diseases. Bold values
indicate statistical significance at p < 0.05.

Our results are consistent with previous research on mobile app—based psychoeducational interventions. For example,
a study in Australia using the Stress Less app over five weeks showed significant reductions in stress ( = —2.07, p =0.04)
and depression (B = —1.36, p =0.05) immediately after the intervention and at the three-month follow-up.’' However,
there was no notable change in anxiety levels observed in that study. Similarly, a study conducted in Malaysia evaluating
a mobile phone—based psychoeducational program for caregivers of PwD found significant reductions in caregiver
burden, anxiety (f = —2.46, p = <0.001), and stress (B = —2.98, p =0.011) levels following the intervention.>* Compared
to the two aforementioned studies, the intervention in our study resulted in relatively greater reductions in psychological
outcomes. This may be attributed to the use of Zalo, a widely used and familiar platform among Vietnamese users, which
likely enhanced participant engagement and adherence.’® The consistent findings across diverse delivery platforms and
geographic regions underscore the value of digital and remote psychoeducational interventions as scalable and accessible
tools for improving the psychological well-being of caregivers of PwD. A systematic review of 22 randomized controlled
trials evaluating the effectiveness of internet-based or mobile app interventions for dementia caregivers reported
significant benefits, including reductions in caregiver burden, improved perceived social support, and increased knowl-
edge about dementia. Building on this evidence, our study offers new insights from an LMIC setting by using a locally
developed and widely used digital platform (Zalo) to deliver the intervention.

Today, ChatGPT offers significant advantages in providing medical information to patients and caregivers. It can
produce quick, human-like responses, making it easier for users to access information, especially when healthcare access
is limited. Additionally, it helps caregivers understand symptoms, possible diagnoses, or treatment options, which can
reduce anxiety and aid decision-making. However, relying only on ChatGPT comes with many risks. Since it is not
trained with curated medical datasets and lacks clinical validation, it might give inaccurate information. This can mislead
users, delay proper care, or even threaten patient safety.’* Furthermore, users may not fully recognize the chatbot’s
limitations and might mistakenly see it as a medical expert.”> Therefore, using trusted sources of health information
validated by professionals remains essential for caregiver education.

Several implications can be learnt from our study. The findings offer a novel and practical approach to supporting
caregivers of PwD in Vietnam and other LMICs, where healthcare resources and infrastructure are often limited. This
mobile app—based intervention is convenient for both caregivers and healthcare providers, especially those facing time
constraints. The intervention content was tailored to the needs of participants, contributing to high adherence and
engagement. Moreover, the digital format offers substantial potential for scalability across both urban and rural settings,

making it a promising strategy for broader implementation.
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Table 3 Depression, Anxiety, and Stress Scores of Participants in the Two Groups at Baseline, Post-Intervention, and Three-Month Follow-Up

Factor Baseline p Post-Intervention p Follow-Up [
Intervention (n = 86), Usual Care (n = 86), Intervention (n = 83), Usual Care (n = 84), Intervention (n = 80), Usual Care (n = 81),
n (%) n (%) n (%) n (%) n (%) n (%)
Depression score, Mean (SD) 9.5 (4.6) 9.3 (45) 0.814 4.0 2.3) 83 (3.6) <0.001 37 (23) 83 (3.1) <0.001
Depression severity
Normal 43 (50.0) 44 (51.2) 0.630 81 (98.8) 54 (63.5) <0.001 79 (98.8) 50 (61.0) <0.001
Mild 28 (32.6) 32 (37.2) 1(1.2) 25 (29.4) 1 (1.3) 29 (35.4)
Moderate 13 (15.1) 8(9.3) 0 (0) 5(5.9) 0 (0) 2 (24)
Severe 2(23) 1(1.2) 0(0) 1(1.2) 0(0) 1(1.2)
Very severe 0 (0) 1(1.2) 0 (0) 0(0) 0 (0) 0 (0)
Anxiety score, Mean (SD) 8.8 (5.3) 8.1 (42) 0.357 3.1 (24) 77 (3.7) <0.001 28 (23) 8.0 (3.5) <0.001
Anxiety severity
Normal 39 (45.3) 41 (47.7) 0.593 77 (93.9) 35 (41.2) <0.001 76 (95.0) 30 (36.6) <0.001
Mild 13 (15.1) 12 (14.0) 2 (2.4) 21 (24.7) 4 (5.0) 23 (28.0)
Moderate 23 (26.7) 28 (32.6) 337 27 (31.8) 0 (0) 27 (32.9)
Severe 6 (7.0) 3(3.5) 0 (0) 2(24) 0 (0) 2 (24)
Very severe 5(5.8) 2(23) 0 (0) 0(0) 0 (0) 0 (0)
Stress score, Mean (SD) 15.1 (6.2) 14.3 (5.3) 0.346 7.1 33) 12.8 (4.5) <0.001 5.9 (29) 12.7 (3.8) <0.001
Stress severity
Normal 53 (61.6) 51 (59.3) 0.280 81 (98.8) 66 (77.6) <0.001 80 (100) 61 (74.4) <0.001
Mild 13 (15.1) 22 (25.6) 1(1.2) 13 (15.3) 0 (0) 19 (23.2)
Moderate 11 (12.8) 9 (10.5) 0 (0) 4 (47) 0 (0) 1(1.2)
Severe 8 (9.3) 4 (4.7) 0 (0) 2 (24) 0(0) 1(1.2)
Very severe 1(1.2) 0 (0) 0 (0) 0(0) 0 (0) 0 (0)
DASS-21 score, Mean (SD) 33.4 (14.1) 317 (12.1) 0.404 14.3 (6.1) 28.7 (10.0) <0.001 12.4 (5.5) 29.0 8.7) <0.001

Notes: T Tests were applied. Bold values indicate statistical significance at p < 0.05.

Abbreviations: DASS-21, Depression, Anxiety, and Stress Scale - 21| items.
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Table 4 Secondary Outcomes of The Two Groups at Baseline, Post-Intervention, and Three-Month Follow-Up

Factor Baseline P Post-Intervention P Follow-Up p

Intervention (n=86), | Usual Care (n = 86), Intervention (n = 83), | Usual Care (n = 84), Intervention (n = 80), | Usual Care (n = 81),

n (%) n (%) n (%) n (%) n (%) n (%)
Knowledge about dementia, 4.3 (1.0) 42 (1.2) 0.328 | 6.7 (0.5) 4.3 (1.1) <0.001 | 6.8 (0.4) 4.5 (0.9) <0.001
Mean (SD)
Level of knowledge
Low 47 (54.7) 56 (65.1) 0.160 | 0(0) 47 (55.3) <0.001 | 0(0) 40 (48.8) <0.001
Moderate 39 (45.3) 29 (33.7) 23 (28.0) 37 (43.5) 13 (16.3) 41 (50.0)
High 0 (0) 1(1.2) 59 (72.0) 1(1.2) 67 (83.8) 1 (1.2)
Caregiving burden (ZBI-4), Mean | 9.4 (2.2) 8.9 (2.0) 0.138 | 6.4 (1.5) 8.8 (1.8) <0.001 | 6.1 (1.5) 9.1 (1.8) <0.001
(SD)
Caregiving burden level
High 77 (89.5) 80 (93.0) 0418 | 38 (46.3) 75 (88.2) <0.001 | 26 (32.5) 76 (92.7) <0.001
Low 9 (10.5) 6 (7.0) 44 (53.7) 10 (11.8) 54 (67.5) 6 (7.3)
Significant other 2.9 (1.0) 2.5 (0.9) 0.012 | 3.3 (0.8) 2.7 (0.8) <0.001 | 3.4 (0.8) 2.7 (0.7) <0.001
Support, M (SD)
Significant Other Support
Low 40 (46.5) 57 (66.3) 0.009 | 21 (25.6) 51 (60.0) <0.001 | 17 (21.3) 50 (61.0) <0.001
Moderate 46 (53.5) 29 (33.7) 6l (74.4) 34 (40.0) 63 (78.8) 32 (39.0)
Family support, Mean (SD) 3.0 (0.9) 3.0 (0.9) 0.746 | 4.1 (0.5) 3.1 (0.8) <0.001 | 4.3 (0.5) 32(0.8) <0.001
Low 28 (32.6) 30 (34.9) 0.501 2 (2.4) 37 (43.5) <0.001 | 0 (0) 29 (35.4) <0.001
Moderate 58 (67.4) 54 (62.8) 80 (97.6) 48 (56.5) 80 (100) 52 (63.4)
High 0 (0) 2 (2.3) 0 (0) 1(1.2)
Friends support, Mean (SD) 1.6 (0.5) 1.6 (0.5) 0.971 2.0 (0.3) 1.7 (0.4) <0.001 | 2.1 (0.3) 1.8 (0.3) <0.001
Low 84 (97.7) 84 (97.7) 0.999 | 81 (98.8) 85 (100) 0.491 77 (96.3) 82 (100) 0.118
Moderate 2 (2.3) 2 (2.3) 1(1.2) 0 (0) 338 0 (0)
MSPSS total score, Mean (SD) 2.5 (0.6) 2.4 (0.6) 0.266 | 3.1 (0.4) 2.5 (0.5) <0.001 | 3.3 (04) 2.5 (0.5) <0.001
MSPSS
Low 71 (82.6) 74 (86.0) 0.529 | 33 (40.2) 73 (85.9) <0.001 | 17 (21.3) 74 (90.2) <0.001
Moderate 15 (17.4) 12 (14.0) 49 (59.8) 12 (14.1) 63 (78.8) 8 (9.8)

Notes: T-tests were performed. Bold values indicate statistical significance at p < 0.05.
Abbreviations: ZBI-4, 4-item version of the Zarit Burden Interview; MSPSS, Multidimensional Scale of Perceived Social Support.
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Table 5 Estimated Intervention Effects on Outcome Measures Over Time From Linear Mixed-
Effects Models

Outcomes Time x Group | Coef (B) | 95% Confidence Interval +]

Primary outcomes

Depression score Post-intervention —4.50 —5.40 —3.50 <0.001
3m follow-up —4.80 —5.80 -3.80 <0.001
Anxiety score Post-intervention —5.20 —6.30 —4.10 <0.001
3m follow-up -5.90 -7.10 —4.80 <0.001
Stress score Post-intervention —6.50 —7.80 -5.30 <0.001
3m follow-up —-7.80 —-9.00 —6.50 <0.001
DASS-21 total score Post-intervention —16.20 —18.80 —-13.70 <0.001
3m follow-up —18.50 -21.10 —15.90 <0.001
Secondary outcomes
Knowledge about dementia | Post-intervention 2.30 2.00 2.50 <0.001
3m follow-up 2.20 1.90 2.40 <0.001
ZBI-4 score Post-intervention -2.90 -3.30 -2.50 <0.001
3m follow-up -3.50 -3.90 -3.10 <0.001
MSPSS score Post-intervention 0.50 0.40 0.60 <0.001
3m follow-up 0.60 0.50 0.70 <0.001

Abbreviations: DASS-21, Depression, Anxiety and Stress Scales — 21| items; ZBI-4, 4-item version of the Zarit Burden
Interview; MSPSS, Multidimensional Scale of Perceived Social Support; 3m, 3 - month.

However, several limitations should be acknowledged. Participants in this study were required to have at least
a primary level of education, which excluded individuals with low literacy, who may experience greater caregiving
challenges and higher levels of psychological distress. These individuals might require alternative forms of support
tailored to their specific needs. Moreover, we were unable to verify whether participants consistently watched the video
content. To enhance engagement, weekly reminder phone calls were made to encourage participants to view the
materials. Notably, before conducting this randomized controlled trial, we carried out a pilot randomized controlled
trial to assess the feasibility of both the intervention and the study methodology.’®’ The preliminary phase helped refine
the intervention delivery process, contributing to the reliability of the present findings. This study was conducted at
a single center and used a specific platform (Zalo), which may limit how broadly the findings can apply to the general
population. Future research should include multicenter studies with diverse digital platforms to assess the effectiveness
and relevance of the intervention more accurately.

Conclusions

The smartphone-based psychoeducational intervention delivered through the Zalo app showed positive effects on
caregivers of PwD. It resulted in significant reductions in depression, anxiety, and stress, increased dementia-related
knowledge, decreased caregiver burden, and improved perceived social support. These results indicate that this type of
intervention is a convenient and practical option that could be used in hospital settings or other community-based
services in Vietnam and similar LMICs. By utilizing mobile technology, the intervention can help overcome geographical
barriers, resource shortages, and time constraints that both caregivers and healthcare providers face. Looking ahead, the
psychoeducation videos developed in this study could be further adapted into a public platform or an independent mobile
app, thereby increasing access for more caregivers and supporting the sustainability of caregiver assistance programs.

Abbreviations
DASS-21, Depression, Anxiety and Stress Scale - 21 items; ZBI-4, 4-item version of the Zarit Burden Interview;
MSPSS, Multidimensional Scale of Perceived Social Support; PwD, People with Dementia.
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