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Abstract

Background

Informal caregivers of persons with dementia (PWD) often suffer adverse impacts on their

mental health and require interventions for effective support. As they are often occupied

with providing care, web-based interventions could be more convenient and efficient for

them. However, there is currently a dearth of evidence-based mobile interventions to

enhance the mental well-being of dementia caregivers locally, especially ones that are user-

centered and culturally relevant. Hence, having designed an app based on feedback from

local dementia caregivers, this study will evaluate the effectiveness of this mobile app in pro-

moting the mental health of informal caregivers of PWD in Singapore.

Methods

A pilot two-armed randomised controlled trial will be conducted on 60 informal caregivers of

PWD recruited via convenience and snowball sampling. Thirty participants will be assigned

to the intervention group, while another 30 will be in a waiting-list control group. Question-

naires will be administered at baseline and one month after, with the primary outcome being

the difference in the change of depressive symptoms among the two groups.

Statistical analysis

Primary analyses will follow the intention-to-treat principle and compare changes from base-

line to the one-month follow-up time point relative to the control group. A repeated measures

ANOVA will be conducted to examine differences between the groups over time.
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Editor: Sascha Köpke, University Hospital Cologne:

Uniklinik Koln, GERMANY

Received: March 19, 2024

Accepted: June 3, 2024

Published: June 24, 2024

Copyright: © 2024 Lee et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: No datasets were

generated or analysed during the current study.

Following study completion, all individual data from

this study will reside with the Office of Research,

Institute of Mental Health. Data will not be available

for online access, but readers who wish to gain

access to the data can write to the Clinical

Research Committee, Institute of Mental Health/

Woodbridge Hospital Secretariat at

IMHRESEARCH@imh.com.sg. Access can be

granted subject to the Institutional Review Board

https://orcid.org/0009-0001-2898-6508
https://orcid.org/0000-0002-5271-6954
https://orcid.org/0000-0003-4530-1096
https://doi.org/10.1371/journal.pone.0305729
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0305729&domain=pdf&date_stamp=2024-06-24
https://doi.org/10.1371/journal.pone.0305729
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:IMHRESEARCH@imh.com.sg


Significance

To our knowledge, this is the first study in Singapore that seeks to promote the mental health

of informal dementia caregivers through a mobile-based intervention. The findings can

inform the development and evaluation of future evidence-based digital interventions for

local informal caregivers of PWD to address the gap in availability of such resources for

them.

Trial registration

ClinicalTrials.gov (NCT05551533). Registration date: September 22, 2022.

Background

Based on a nationwide study conducted in 2013, approximately 10% of older adults above the

age of 60 years suffer from dementia in Singapore [1], and this number will likely grow due to

the rapidly ageing population [2]. With this, the cost of informal dementia care is also expected

to rise [3] as more people will have to take on the role of caring for PWD living at home. As

dementia progresses, PWD require high levels of care which is mostly provided by informal

caregivers, usually family members of the PWD [4] who are often untrained for this highly

demanding role [5].

As a result, informal dementia caregivers often face physical, financial, and social stressors

which increase their risk of poor mental health outcomes [6]. The transactional model of stress

and coping [7] is commonly used to understand this stress experienced by dementia caregivers

[8]. The model posits that stress is a response experienced after a two-stage appraisal process

by the individual. While the primary appraisal involves the interpretation of the stressor based

on one’s background, past experiences, and personality, the secondary appraisal is the assess-

ment of available coping resources and strategies to manage the stressor [9]. Accordingly, care-

givers appraise a situation as stressful when the demands of the stressor exceed the available

coping resources [10]. Consequently, this strain may manifest as emotional and psychological

health outcomes such as psychological morbidity [4, 11].

High rates of caregiver burden and psychological morbidity (i.e., depression, anxiety)

amongst informal dementia caregivers are well-documented in the extant literature. For

instance, Connors et al. [12] found that 47.4% of caregivers of PWD had clinically significant

levels of burden at baseline, with this proportion increasing to 56.8% after three years. Simi-

larly, a recent meta-analysis reported a pooled prevalence of 49.3% and 31.2% amongst care-

givers of PWD for burden and depression, respectively [13]. Likewise, a meta-analysis of 17

studies found that the aggregate prevalence of depression and anxiety amongst caregivers of

patients with Alzheimer’s disease was 34.0% and 43.6% respectively [14]. In the Asian context,

a 42.8% prevalence of depression was reported for a sample of caregivers of PWD in China

[15], while 64.6% of a small sample of dementia caregivers in Hong Kong were clinically at risk

for depression [16]. Taken together, the existing literature indicates significant rates of mental

health concerns amongst informal dementia caregivers, which requires intervention.

Protective factors for dementia caregiving

Certain protective factors have been shown to buffer negative outcomes for informal caregiv-

ers. Notably, prior research revealed that higher caregiving self-efficacy, which refers to the
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caregiver’s perception of their ability to perform caregiving tasks competently [17], is associ-

ated with lower levels of depressive symptoms [18] and mediates caregiver burden to improve

psychological well-being [19]. Similarly, caregivers’ knowledge of dementia can help them

build confidence in managing PWD, reducing caregiver burden and anxiety [20].

Another factor which could determine the extent of stress caregivers experience is coping

strategies [21], with Lazarus and Folkman’s model [7] postulating that the type of coping strat-

egy employed mediates the individual’s adaptation to stress. To elaborate, emotion-focused

coping strategies have been shown to reduce caregiver anxiety, depression, burnout, and stress,

while problem-focused coping strategies are linked to larger improvements in depressive

symptoms, anxiety, and perceived stress [22]. Additionally, identifying the positive aspects of

caregiving (PAC) is another protective factor for dementia caregiving, with a higher perceived

PAC associated with fewer depressive symptoms and lower burden [23]. Overall, interventions

to enhance these areas may help to protect the mental health of informal dementia caregivers.

Mobile-based interventions

For informal caregivers who are largely occupied with caregiving duties, have transportation

difficulties, or do not want to leave the PWD unattended, in-person interventions may be too

time-consuming and burdensome [24]. For instance, informal caregivers of PWD in Singa-

pore reported an average of 55 hours spent weekly on caregiving [25]. For this reason, the use

of mobile devices in healthcare is beneficial as they are highly accessible, personal, and cost-

effective [26, 27]. In addition, access to smartphones has become increasingly widespread,

with 97% of Singapore residents owning a smartphone [28]. Furthermore, local caregivers of

PWD in our prior study expressed interest and receptivity towards using digital health inter-

ventions provided they include helpful features to assist them in caring for PWD or enhancing

their well-being [29]. Some of these functions mentioned by caregivers of PWD in the study

include knowledge on dementia, caring for PWD, and self-care, and a list of resources [29]. In

view of these, there is immense potential for mobile interventions to be a more viable way of

supporting informal caregivers in the local setting. In fact, there has already been a prolifera-

tion of mobile health interventions in Western countries due to their convenience, privacy-

preserving delivery, and ubiquitous nature [30]. Empirical evidence also suggests that the use

of mobile apps appears to be a feasible assistive technology intervention for caregivers of PWD

[31] and potentially effective in improving a range of psychological outcomes such as reducing

levels of burden, anxiety, and depression [32–34].

However, few of the apps presently available in the market have been developed specifically

to address the needs of informal caregivers of PWD. A recent review by Castillo et al. [35]

found only 16 apps which met their criteria for a focus on dementia care for informal caregiv-

ers of PWD, out of which only 3 were supported by some evidence in the literature. In another

review, Brown et al. [36] identified only 5 out of 13 apps which had a focus on caregivers and

all these apps had limited functions to meet the complex needs of caregivers of PWD. Lastly, a

review by Rathnayake et al. [37] revealed a lack of rigorously designed studies with a clear the-

oretical framework and user-centered approach to app design. Findings from the above studies

concurred that the apps reviewed were insufficient to address the multidimensional needs of

caregivers of PWD and highlighted the need to develop more user-centered and evidence-

based apps [35].

More importantly, none of the apps reviewed are based in Singapore. To the best of our

knowledge, there is currently only one mobile app developed to support dementia caregivers

in Singapore (i.e., CARA). Key features of the CARA app include (1) helping to locate and

enable the safe return of missing PWD, (2) involving and notifying other family members by
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connecting with them through a connected care circle, (3) providing tailored discounts and

privileges for members, and (4) access to a list of solution providers for various needs [38].

This highlights a clear gap in the development and empirical evaluation of mobile-based inter-

ventions with culturally sensitive resources for different stages of dementia in Singapore. This

study will therefore evaluate the effectiveness of a multi-component mobile-based intervention

comprising culturally relevant knowledge and resources aimed at improving mental health

outcomes for informal caregivers of PWD in Singapore. We aim to examine differences in lev-

els of depressive and anxiety symptoms, caregiver burden, mental well-being, caregiving self-

efficacy, knowledge of dementia, positive aspects of caregiving, and coping strategies before

and post-intervention, as well as between the intervention and control groups.

Methods

Study design

A pilot two-armed randomized control trial (RCT) design will be adopted to test the effective-

ness of the Kampung Care app (Kampung Care is a local expression of a caring community).

Sixty eligible caregivers of PWD will be enrolled in the RCT and randomly allocated to either

the intervention or control group. No blinding will be used as participants and study team

members need to be aware of which group the participant belongs to in order to start the inter-

vention. Participants in the intervention group will use the app for one month, while those in

the control group will be on a waiting list for one month. Outcome measures will be assessed

at baseline and one-month after the baseline assessment (post-assessment). Thereafter, qualita-

tive interviews will be conducted with participants from the intervention group to gather feed-

back on their experience with the app and areas for improvement. The Standard Protocol

Items: Recommendations for Interventional Trials (SPIRIT) checklist is provided (see S1 File).

Inclusion and exclusion criteria

Participants will be included in the study if they: (1) are at least 21 years of age; (2) a Singapore

citizen or permanent resident; (3) currently taking care of a PWD; (4) able to read, write, and

speak in English (i.e., the language used for the intervention); and (3) proficient in using

mobile applications. Due to ethical considerations, caregivers who are pregnant or have vision

or hearing problems will be excluded.

Sample size

Given that this is a pilot RCT with the primary aim of assessing the feasibility and potential

effectiveness of the ’Kampung Care’ mobile intervention, we followed the recommendation

from a methodological study that a sample size of 25 per intervention arm is required if the

main study is designed with 90% power and two-sided 5% significance for an intervention

with a small effect size [39]. No formula or software was used in the calculation. With a 1:1

allocation ratio, the required sample size was determined to be 50. As mobile-based interven-

tion studies tend to have high attrition rates, we doubled our preliminary sample size to 100 to

ensure there will be a sufficient sample for analysis. However, following the initial recruitment,

we found the attrition rate among our target group to be quite low and thus adjusted our final

sample to 60 –with 30 participants randomly allocated to the intervention group and waitlist

control group respectively. For the in-depth interview, we intend to recruit up to 20 partici-

pants from the intervention group. This is from an experiential perspective. However, the final

sample will depend on data saturation–the point at which no new information is being

observed and collected to form distinct themes.
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Participants

Participants will be referred by collaborating clinicians from the outpatient clinic of the Insti-

tute of Mental Health (a tertiary mental health service provider) and a geriatric clinic of a local

hospital when they accompany the PWD during outpatient visits. Recruitment flyers may be

put up in clinics as posters and/or distributed to clinicians to pass to potential participants

interested in the study to contact us. In addition, we will also contact caregivers who have par-

ticipated in our prior studies. Snowball recruitment will also be used by asking all caregivers

with whom we come into contact to refer other potential participants. Collaborating clinicians

and caregivers who refer eligible participants to us will be reminded to obtain approval from

the potential participant first. Thereafter, the study team will either follow up with the potential

participant to obtain their contact details at the clinic or directly contact them via phone call.

Public advertisement of the study will be done through social media platforms like Facebook

and LinkedIn. Lastly, we will also approach external organisations with a large base of caregiv-

ers of PWD to ask for their help in advertising the study online.

Study procedure

Once a caregiver agrees to participate, a study team member will schedule a session with them.

All sessions will be conducted either online via a video-conferencing platform like Zoom or

in-person, based on the caregiver’s preference. After the study team member goes through the

informed consent form and obtains the participant’s signed consent, screening will be done

using the 4-item version of the Zarit Burden Interview (ZBI) [40]. Caregivers who score 4 and

above will be included in the study, while those who score 3 and below will be excluded.

A study team member will assign participants to either the intervention or wait-list control

group using block randomisation with a block size of four. An independent statistician not

involved in the day-to-day administration of the project will conduct the randomisation by

generating a sequence of numbers using the Sealed Envelope online tool on the randomisation

website [41]. Allocation concealment is achieved by the ’sealed envelope’ method, in which the

envelope contains a random code that must be checked against the randomisation list to deter-

mine group information. This is to prevent potential selection bias. Thereafter, the participant

will be allocated into a group and complete the baseline assessment. One month later, a study

team member will contact the participant to complete the post-assessment. Intervention group

participants will also be invited to join a semi-structured interview to share their experience

with the app and feedback on areas for improvement. Participants will be disbursed an incon-

venience fee through cash or cashless modes of payment on completion of the baseline assess-

ment (SGD25), post-assessment (SGD35), and follow-up interview (SGD30). Please refer to

Fig 1 for the schedule of enrolment, intervention, and assessments. The approved study proto-

col can be found in S2 File.

This study will be conducted in accordance with the latest version of the Declaration of Hel-

sinki. Ethical approval for the study protocol was obtained from the National Healthcare

Group’s Domain Specific Review Board (DSRB No: 2022/00029) (see S3 and S4 Files). Partici-

pation is voluntary and withdrawal from the study is possible at any point in time. Participants

may also be asked to stop their participation at any time if they do not follow instructions

required to complete the study adequately. All participants will provide written informed con-

sent prior to their participation. Please refer to Fig 2 for the flow of the study procedure.

Intervention components

Kampung Care is a mobile app developed by the study team to promote the mental health of

informal caregivers of PWD in Singapore. The app’s functions include a positive reflection
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journal, online peer support forum, private chat, knowledge base, self-assessment tools, and a

list of locally available resources (see Fig 3).

These components were proposed based on the Stress and Coping model [7] and our previ-

ous studies amongst local informal caregivers of PWD [25, 29, 42–45]. Based on the Stress and

Coping model [7], different coping strategies may lead to different health outcomes by affect-

ing the stress appraisal process. By adopting a variety of coping strategies frequently, caregivers

may improve their threshold in appraising an event as stressful [25]. The ‘positive reflections’

function was adapted from benefit-finding interventions in the literature [46, 47], which

involve writing about one’s positive thoughts and feelings about a stressful experience. The

intervention aims to impart positive reframing as an adaptive coping skill which caregivers

can routinely utilise as a coping resource to deal with the stress from caregiving. Positive

reframing is known to be associated with enhanced psychological outcomes, including lower

psychological distress in family caregivers [48]. Furthermore, since caregivers spend much of

Fig 1. SPIRIT figure; schedule of enrolment, intervention, and assessments. *During enrolment, informed consent

and eligibility screening will be conducted. Group allocation will be conducted immediately after if the participant

meets the screening criteria. Thereafter, baseline assessments will be conducted immediately in the same session as

well.

https://doi.org/10.1371/journal.pone.0305729.g001
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their time on caring, having a self-assessment tool for them to gauge their depressive and anxi-

ety levels (i.e., common problems which dementia caregivers face) can be a fast and cost-effec-

tive way to monitor their mental health and alert them of the need to engage in self-care

practices if they are experiencing distress.

Additionally, local caregivers of PWD from our previous research perceived educational

content (i.e., videos and knowledge related to dementia, caregiving, and self-care) and social

and emotional support (i.e., forum, support group, list of support resources and helplines) to

be beneficial features of digital health interventions [29]. Drawing on these findings, we

included the forum, private chat, resource list, and knowledge base as our app’s functions. The

forum and private chat aim to provide an outlet for carers to share their thoughts and experi-

ences and connect with other caregivers. Users can post content, reply to others, and receive

notifications when new interactions occur. These interactions can provide natural triggers to

maintain platform usage and may increase caregivers’ engagement with the app [49]. As care-

givers also expressed often needing support in managing care for PWD, having the resource

Fig 2. Flow chart of study procedure.

https://doi.org/10.1371/journal.pone.0305729.g002
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list function would direct them to relevant organisations and resources that could be useful.

Finally, the knowledge base function was designed to provide curated information for the dif-

ferent stages of dementia and knowledge which can improve dementia literacy, coping, care-

giving, and self-care [29].

Intervention delivery

The intervention group will be required to use the Kampung Care app for one month. Caregiv-

ers will be asked to complete at least two positive reflection journal entries per week (i.e., one

in the middle of the week and one at the end of the week) and encouraged to use other app fea-

tures. However, the actual usage of the app is ultimately dependent on users based on their

schedule and interests during the one month. Follow-up calls will be made by a study team

member weekly to seek feedback, provide clarification and assistance if needed, and to remind

and motivate caregivers to continue app usage. During the call in the second week of app

usage, the Patient Health Questionnaire-9 (PHQ-9) will be used to assess users’ mental health

to monitor their risk and provide self-help resources if necessary. In the meantime, caregivers

in the control group will be placed on a waiting list for one month.

After the end of one month, the post-assessment will be conducted for both groups. Scores

from the post-assessment will be compared with that for the baseline to determine the effec-

tiveness of the app. Caregivers’ app usage will also be analysed to examine links between usage

patterns and intervention effects. Participants in the control group will also be given access to

the app after completing the post-assessment, but they can refuse if they do not want access.

Outcomes

Assessments to examine caregiver outcomes will be conducted at baseline and one month after

baseline (post-assessment) for both the intervention and control groups. These will be con-

ducted in English either online via videoconferencing or face-to-face at a location preferred by

the participants.

The English version of the following questionnaires will be used in our study:

Fig 3. Summary of the Kampung Care app functions.

https://doi.org/10.1371/journal.pone.0305729.g003
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i. Centre for Epidemiological Studies-Depression (CES-D) Scale

ii. Generalized Anxiety Disorder– 7 item scale

iii. Zarit Burden Interview

iv. Revised Scale for Caregiving Self-efficacy

v. Dementia Knowledge Assessment Scale

vi. Coping Orientation to Problems Experienced

vii. Positive Aspects of Caregiving Scale

viii. Positive Mental Health instrument (short form)

The 20-item Centre for Epidemiological Study Scale (CES-D) will be used to measure the

primary outcome–depressive symptoms amongst caregivers [50]. The instrument comprises

20 items, each rated on a 4-point Likert scale from 0 (rarely or none of the time) to 3 (most or
almost all the time). The total score ranges from 0 to 60, with a score of 16 or higher indicating

a risk for clinical depression [51]. The CES-D is a widely used scale which has been validated

in Singapore [52] and was found to have an internal reliability of 0.91 when used in our previ-

ous study [25]. It also demonstrated good validity and reliability in detecting caregiver depres-

sion in another local study amongst caregivers of PWD [53]. Please see Table 1 for details on

the secondary outcome measures.

Data analysis

The primary analysis will compare the outcome measures between the intervention and con-

trol groups by following the intention-to-treat principle. Additionally, per-protocol analyses

will also be conducted. All analyses will be done through SPSS V29 or SAS 9.4. A two-sided p-

value below 0.05 will be deemed statistically significant. Results will be reported according to

the Consolidated Standards of Reporting Trials (CONSORT) statement regarding eHealth

[73]. The statistician in charge of the final analysis will be blinded to group allocation to mini-

mise bias. Repeated measures ANOVA analyses will be done to evaluate differences between

the two groups over time. In the case of multiple comparisons, Bonferroni adjustment of p-val-

ues will be applied to avoid over-interpretation of the results. Effect size (i.e., Cohen’s d) will

also be calculated. For the qualitative data, the interviews will be audio-recorded and tran-

scribed before the analysis. Data analysis will be conducted using thematic analysis as

informed by Braun and Clarke [74], where key themes will be identified and refined. A code-

book will also be developed to serve as a coding framework for coding of the transcripts. Data

management and qualitative analysis will be done through NVivo V11.

Discussion

To the best of our knowledge, this study is the first in Singapore which will assess the feasibility

and effectiveness of an app-based intervention for the mental health of informal caregivers of

PWD. Despite a prevalent culture of digital usage and positive sentiments towards digital tech-

nologies in Singapore [28], mobile-based interventions to support dementia caregivers in the

local setting remain scarce, not to mention ones that can target the multifaceted needs of care-

givers of PWD. To maximise the feasibility and effectiveness of the app for caregivers, we drew

on findings from our past studies [25, 29, 42–45] to ensure a user-centered app designed to

address the experiences and needs of local caregivers. Our study can provide valuable insights
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Table 1. Measurement of secondary outcomes in the study.

Outcome Questionnaire Description

Anxiety Generalized Anxiety Disorder– 7

item scale (GAD-7)

Each item of the Generalized Anxiety Disorder– 7 item

scale (GAD-7) [54] is scored on a 4-point Likert scale

from 0 (not at all) to 3 (nearly every day), with scores

ranging from 0 to 21. A score of 10 or higher has been

recommended as a cut-off point for identifying cases of

GAD, while cut points of 5, 10, and 15 can be interpreted

as mild, moderate, and severe levels of anxiety respectively

[54]. The GAD-7 has been validated amongst the general

population in Singapore [55] and used on a sample of

local primary caregivers with a high internal consistency

of 0.89 [56].

Caregiver burden Zarit Burden Interview The 22-item ZBI [57] assesses impairments on the

caregiver’s health, psychological well-being, finances, and

social life as a result of caregiving [58]. Each item is rated

on a 5-point Likert scale from 0 (never) to 4 (nearly always

present). A total score is obtained from summing up all

items, with higher scores reflecting higher levels of

burden. The instrument was previously validated in a

local study in which it showed strong internal consistency,

test-retest reliability, and construct validity when used on

a sample of family caregivers [59]. In our prior research,

the internal reliability of the ZBI was found to be 0.92

[25].

Caregivers’ level of

self-efficacy

Revised Scale for Caregiving Self-

efficacy (RSCSE)

The Revised Scale for Caregiving Self-efficacy (RSCSE)

[60] comprises 15 items describing situations which

caregivers may encounter regarding getting respite,

responding to the care recipient’s memory and behavioral

problems, and negative thoughts about their role as a

caregiver. Caregivers will be asked to rate their level of

confidence in overcoming these difficulties from 0 to 100,

or not applicable if they feel that the item is not relevant to

their current caregiving experience. The RSCSE is widely

used globally and has been validated [61]. In our earlier

study, the RSCSE’s 3-factor model was found to be robust

and showed an acceptable fit amongst local caregivers

[43].

Knowledge of

dementia

Dementia Knowledge

Assessment Scale (DKAS)

The 27-item Dementia Knowledge Assessment Scale

(DKAS) [62] consists of statements on dementia, with

some being factual, all with the response options: ‘false’,
‘probably false’, ‘true’, and ‘probably true’. For each item

containing factual statements (e.g., ‘Exercise is generally

beneficial for people experiencing dementia’), participants

are given 1 or 2 points if they responded with ‘probably
true’ or ‘true’ respectively, while all other responses are

scored 0. For items with non-factual statements (e.g., ‘It is

impossible to communicate with a person who has

advanced dementia’), participants will be accorded 1 or 2

points if they responded with ‘probable false’ or ‘false’,
respectively, while all other responses are accorded 0. The

DKAS has been used in our previous studies amongst

local caregivers of PWD [43, 63].

Coping strategy brief Coping Orientation to

Problems Experienced (COPE)

The brief Coping Orientation to Problems Experienced

(COPE) [64] has 28 items measuring 14 different domains

of coping, with two items for each domain. Caregivers are

asked to rate how often they used each coping strategy to

deal with stressful caregiving events during the past

month on a 4-point Likert scale from 1 (‘I haven’t been
doing this at all’) to 4 (‘I’ve been doing this a lot’) (Carver,

1997). This scale has been validated in a sample of

caregivers of PWD, whereby it showed good internal

consistency and construct validity [65]. When used in our

earlier study, the brief COPE had an internal reliability of

0.88 [25]. It was also previously used amongst family

caregivers of PWD in another local study [66].

(Continued)
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which will contribute to the evidence base for the effectiveness of apps like Kampung Care in

promoting the mental well-being of caregivers of PWD in Singapore.

Nevertheless, we foresee a few limitations of this study. The use of convenience sampling may

render potential biases in the dataset, which calls for caution in over-generalising the results.

Moreover, this study requires participants to be adept at using mobile applications, which may be

a barrier for seniors or individuals who are less digitally literate to participate. As a result, the sam-

ple may not be representative of the mainstream population of informal caregivers of PWD.

Another possible limitation of this study is a high dropout rate, but strategies to overcome this

include weekly reminders to motivate participants to use the app and offering an inconvenience

fee after each assessment as an incentive. Notwithstanding these limitations, the proposed Kam-
pung Care app is an innovative intervention which could inform and encourage the future design

and evaluation of app-based interventions to the mental well-being of local dementia caregivers.

Trial status

Recruitment of participants commenced in December 2022 and will be open until the end of

March 2024.

Supporting information

S1 File. SPIRIT 2013 checklist: Recommended items to address in a clinical trial protocol

and related documents*.
(DOCX)

Table 1. (Continued)

Outcome Questionnaire Description

Positive aspects of

caregiving

Positive Aspects of Caregiving

(PAC) Scale

Positive aspects of caregiving will be measured by the

9-item Positive Aspects of Caregiving (PAC) Scale [67],

which is scored on a 5-point Likert scale ranging from 1

(disagree a lot) to 5 (agree a lot). The overall PAC score

ranges from 9 to 45, with a higher score reflecting a more

positive perception of the caregiving experience. The

reliability and validity of the PAC were established as

acceptable amongst a sample of caregivers of older

Singaporean adults with functional limitations [68], while

other studies have also found similar results amongst

caregivers of PWD [69, 70]. In our earlier study, the

2-factor structure of the PAC was found to be suitable

when used amongst informal caregivers of PWD in

Singapore [42].

Mental well-being short Positive Mental Health

(PMH) instrument

The short Positive Mental Health (PMH) instrument [71]

is a short version of the original scale developed and

validated in Singapore to measure the level of mental

health in a general population [72]. It consists of 24 items,

out of which 19 items assess six domains of mental health

including general coping, emotional support, spirituality,

interpersonal skills, personal growth and autonomy and

global affect. Another five items are negatively worded

filler items placed randomly to check for patterned

responses. The ‘global affect’ subscale consists of three

affect indicators which requires participants to rate from 1

(never or very rarely) to 5 (very often or always) how often

they felt that over the past four weeks. For the rest of the

subscales, participants are asked to indicate how much

each item described them over the past 4 weeks on a scale

from 1 (not at all like me) to 6 (exactly like me).

https://doi.org/10.1371/journal.pone.0305729.t001
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