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 5 

ABSTRACT 6 

Background 7 

Family caregiver interventions are essential to support dementia caregiving. However, such interventions are typically 8 

complex and consist of multiple components. Existing evidence rarely delineate the effectiveness and interactions 9 

between individual components. To optimise intervention, we adopt the multiphase optimisation strategy (MOST) to 10 

test the implementation fidelity and determine the effect of each component and the interactions between each 11 

component and the corresponding outcome.  12 

Methods 13 

A prospective, assessor-blinded, randomised clinical trial with fractional factorial design using the MOST principle. 14 

250 family dementia caregivers will be randomised to one of 16 experimental conditions in a fractional factorial design 15 

involving six intervention components: 1) dementia and caregiving education; 2) self-care skills; 3) behavioural 16 

symptom management; 4) behavioural activation; 5) modified mindfulness-based cognitive therapy; and 6) support 17 

group. The first one is the core component, and the five remaining will be examined. Physical health, caregiver burden, 18 

stress, psychological well-being, anxiety and depressive symptoms, and social support will be assessed over the 12-19 

month study period. Following the intention-to-treat principle, linear mixed models and regression analyses will be 20 

used to examine the specific effect of the five components and their two-way interactions to propose the most effective 21 

combination.  22 

Discussion 23 

This is the first study adopting the multiphase optimisation strategy to identify the most active and engaging 24 

components of a psychological intervention for caregivers of patients with dementia. In view that dementia caregiver 25 

interventions are increasingly diversified and complex, such knowledge is important to maximise the intervention 26 

efficacy and allow the intervention to be implemented within an efficient timeframe and dosage. The optimisation of 27 

caregiver support interventions is critical to enhance the health outcomes of caregivers and care recipients, thereby, 28 

delaying possible institutionalization and reducing the costs of long-term dementia care. 29 

Trial Registration 30 

This study was retrospectively registered in the WHO Primary Registry – Chinese Clinical Trials Registry 31 

(ChiCTR2300071235). (Protocol date 30/10/2020; version identifier 2020-2021-0045). Registered 9 May, 2023. 32 

https://www.chictr.org.cn/showprojEN.html?proj=194600  33 

Reporting Method 34 

SPIRIT guideline was followed. 35 

Patient or Public Contribution 36 

No patient or public involvement.   37 

Keywords 38 

Dementia caregiver, multicomponent, caregiving burden, depressive symptoms, positive aspects of, randomized 39 

controlled trial, REACH, Multiphase Optimization 40 
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INTRODUCTION 41 

Dementia is an impending healthcare crisis that affects more than 55 million individuals worldwide. With the aging 42 

population, this number is expected to reach approximately 78 million by 2030 and 139 million by 2050 (1). The 43 

global financial burden of dementia is estimated to be USD 1.3 trillion and may reach USD 2.8 trillion by 2030. 44 

Dementia is a progressively degenerating disease that causes multiple cognitive deterioration, which results in 45 

disability, dependence, institutionalisation and mortality. Long-term care of patients with dementia is mostly provided 46 

by family caregivers, who provide unpaid or informal attention and play an essential role for the persons they are 47 

taking care of and for the overall healthcare system. Family dementia caregivers are more stressed, suffer more serious 48 

anxiety and depressive symptoms and are at higher risk of cardiovascular diseases than non-dementia caregivers (2). 49 

These over-burdened caregivers are more likely to give up their caregiver role by institutionalisation of their care 50 

recipient (3). All of these factors are projected to significantly increase the costs of healthcare and long-term care in the 51 

future. Therefore, effective interventions should be designed to reduce the negative effects of caregiving on family 52 

dementia caregivers.  53 

A recent systematic review and meta-analysis compared the effects of 131 randomised controlled trials (RCTs) for 54 

dementia caregivers with community-dwelling care recipients; the result showed that multicomponent interventions 55 

had the most significant effect among nonpharmacological interventions on reducing the burdens on family dementia 56 

caregivers, decreasing their stress levels and enhancing their subjective well-being (4). An earlier meta-analysis 57 

reported that multicomponent interventions are effective in delaying or preventing the institutionalisation of people 58 

with dementia (5). Despite the favourable outcomes of multicomponent interventions, the effectiveness of individual 59 

components is concealed with the black box approach in traditional RCTs. Caregiving support interventions are often 60 

complex and consist of multiple components in variable combinations. For example, an intervention may include 61 

components, such as education on dementia and caregiving education, self-care skills, behavioural symptom 62 

management, stress management and support group. Traditional RCTs have only examined the effectiveness of various 63 

combinations of interventions as a package. The effectiveness of individual components of a multicomponent 64 

intervention has been rarely tested. As such, studies of broadly conceived family caregiver programs consisting of 65 

different components have produced highly varied results in terms of effect size, which ranges from small to medium 66 

(4). Components and behavioural skills that can effectively alleviate caregiving burden and enhance psychosocial 67 

outcomes among dementia family caregivers and to whom they are suitable for remain to be identified. 68 

The multiphase optimisation strategy (MOST) developed by Collins and her colleagues (6) is an innovative approach 69 

for examining which components of a multicomponent intervention are effective in achieving a particular outcome, 70 

singly and in combination with one another. The value of MOST has been established in recent research in several 71 

areas, including cessation of smoking, promotion of physical activity, reducing obesity, reducing alcohol use and 72 

unsafe sex and conducting education interventions (7). However, to our knowledge, MOST has not been applied in 73 

gerontology, making our proposed study the first of its kind. MOST consists of three stages: 1) preparation to conduct 74 

an optimisation trial, 2) optimisation to reveal what constitutes an optimised intervention and 3) evaluation of the 75 

optimised intervention relative to an established intervention in an RCT. In this study, we will focus only on the 76 

preparation and optimisation phases due to resource and time constraints.  77 

In the preparation phase, we will use six core psychoeducational components, namely, 1) education on dementia and 78 

caregiving, 2) self-care skills, 3) behavioural symptom management, 4) behavioural activation, 5) modified 79 

mindfulness-based cognitive therapy and 6) social support. Components 1 to 4 and 6 were adapted from the ‘Resources 80 

for Enhancing Alzheimer’s Caregiver Health’ (REACH) intervention (8-10), which is one of the most studied 81 

multicomponent interventions for informal dementia caregivers. Two multicomponent intervention studies of REACH 82 

that considered cultural perspective in caregiving (11) were conducted in Hong Kong and reported positive preliminary 83 

findings. In the 2010 study (9), Au adapted and evaluated the multicomponent intervention called Coping with 84 

Caregiving, which is one version of REACH; they found that the intervention enhanced caregiving self-efficacy and 85 



effective coping strategies. In the 2015 study (10), Cheung conducted an implementation study of the translated 86 

version of REACH II by using a quasi-experimental single-group pre−post treatment design. They found that it had 87 

significant effects on the perception of positive aspects of caregiving, reduction in depressive symptoms, subjective 88 

burden, bother and caregiving risks among caregivers and abatement in behavioural problems among care recipients. 89 

Promises in reach and adoption were demonstrated by the participation of 85 interventionists from 11 non-90 

governmental organisations across 18 districts and 243 caregivers of various demographic characteristics. In a 2020 91 

meta-analysis (4), multicomponent interventions for dementia caregivers had limited positive effect on depressive 92 

symptoms. By contrast, mindfulness-based interventions significantly reduced anxiety and depressive symptoms (4, 93 

12-15). Hence, this proposed study will incorporate the modified mindfulness-based cognitive therapy, which has been 94 

tested effectively among dementia caregivers, as a stress management component (16, 17).  95 

Following the MOST framework, we will select the treatment components carefully to ensure that they are 96 

conceptually and operationally distinct from one another, so each component can be evaluated independently. 97 

However, we do not assume that the treatment components do not interact. Interaction effects may exist between 98 

individual components and influence primary outcomes. For example, during support group sessions, caregivers may 99 

exchange skills and information on managing the behavioural symptoms of care recipients by sharing and discussion; 100 

as such, the caregivers may build strong bonds and a sense of social support. As a result, behavioural symptom 101 

management component may moderate and strengthen the relationship between support group component and 102 

perceived social support. In this regard, social support had a significant effect only when incorporated in 103 

multicomponent interventions instead of other domain-specific interventions (18). Therefore, in the optimisation 104 

phase, we will use a factorial approach with effect coding to concurrently test the main effects of individual 105 

components and their interaction effects. All experimental conditions will involve education on dementia and 106 

caregiving as the core component, since it has been identified as the most ubiquitous component for caregiver support 107 

programmes as well as its ease of implementation. This factional factorial design will reduce the total number of 108 

conditions from 32 to 16, which retains the benefits of a factorial design whilst allowing a more logistically 109 

manageable and feasible study. 110 

Another major limitation of studies on multicomponent interventions is that researchers often omit to report whether 111 

components have been implemented with fidelity; thus, the implementation fidelity of individual components remains 112 

unknown (19). Assessment of implementation fidelity is an important first step in determining the effectiveness of a 113 

treatment component. Moreover, to our knowledge, no previous study has examined the underlying mechanism of 114 

individual components of multicomponent interventions. The factorial design of single intervention components will 115 

enable us to determine not only which components are the most strongly associated with changes in primary outcomes 116 

but also the fidelity of the implementation of each component, the components that lead to improvements in 117 

corresponding proximal outcomes (i.e. the goal of the component) and whether the proximal outcomes mediate the 118 

effects of their corresponding components on primary outcomes (i.e. understand the underlying mechanism of each 119 

component).  120 

Multicomponent interventions can be tailored to meet the specific needs of individual caregivers given the variability 121 

inherent in caregiving situations (8). Specific treatment modules or strategies and techniques may be applied according 122 

to the risk profiles of caregivers to provide personalised support. However, whether such matching between the risk 123 

profiles of caregivers and individual components works better than a one-size-fits-all approach remains unknown 124 

because the relative efficacy of a specific component on a specific outcome has yet to be examined systematically. 125 

Hence, this study will also determine the moderating effects of the baseline scores of primary outcome measures in the 126 

relationship between intervention components and primary outcomes.  127 

Although theoretical and empirical evidence suggests the positive effects of multicomponent interventions, a limited 128 

number of dementia caregiving support interventions have looked into the “black box” to understand which 129 

intervention components work or do not work, and how they work. To optimize the efficacy and scalability of 130 



multicomponent interventions, investigations should cover implementation fidelity, the main effect of individual 131 

components and their interactions and the underlying mediating/moderating mechanism. This study aims to address 132 

these research gaps. The findings will provide a wider repertoire of evidence-based personalised multicomponent 133 

interventions to support dementia caregivers.  134 

Objectives 135 

This study aims to: 136 

1. determine the implementation fidelity of each intervention component, 137 

2. assess the effect of each component on corresponding proximal outcomes, 138 

3. examine the effect of each component on primary outcomes (e.g. depression, burden), 139 

4. determine if the proximal outcomes of each component mediate the components’ effects on primary outcomes, 140 

5. determine the interaction effect between components on their proximal and primary outcomes and 141 

6. determine the moderating effect of the baseline scores of primary outcomes in the relationship between each 142 

intervention component and the corresponding outcome. 143 

 144 

The hypotheses to be tested are as follows: 145 

1. The implementation fidelity of all six components is equally high.  146 

2. Components 2 (self-care skills), 3 (behavioural symptom management), 4 (behavioural activation), 5 147 

(modified mindfulness-based cognitive therapy) and 6 (support group) will have significant effects on 148 

proximal outcomes, namely, self-care, dementia caregiving strategy, engagement in pleasurable activity, 149 

mindfulness and satisfaction with support group, respectively.  150 

3. Components 2–6 will have a stronger effect on their corresponding primary outcomes, namely, physical health 151 

status, stress/burden, psychological well-being, anxiety/depressive symptoms and social support, respectively, 152 

than the other components.  153 

4. Self-care, dementia caregiving strategy, engagement in pleasurable activity, mindfulness and satisfaction with 154 

support group mediate the relationship between component 2 and physical health status, between component 3 155 

and stress/caregiving burden, between component 4 and psychological well-being, between component 5 and 156 

anxiety/depressive symptoms and between component 6 and social support, respectively.  157 

5. Component 3 moderates the relationship between component 6 and social support.  158 

6. The baseline scores of physical health status, stress/burden, psychological well-being, anxiety/depressive 159 

symptoms and social support moderate the effects of components 2–6 on changes in scores between the 160 

baseline and follow-up assessments of the corresponding outcomes. 161 

 162 

Trial design 163 

This study adopts a prospective, assessor-blinded, randomised controlled trial with fractional factorial design by using 164 

the MOST principles to evaluate the effects of the five individual components and their two-way interactions 165 

(including self-care skills, behavioural problem management, behavioural activation, mindfulness yoga and support 166 

group; Table 1). A complete factorial experiment of the five factors would have 25 = 32 experimental conditions (ECs). 167 

To conserve resources and reduce logistical complexity, we select a 25-1 fractional factorial design and decrease the 168 

number of ECs from 32 to 16 (20). Our fractional factorial design is made up of a strategically selected subset of 32 169 

ECs based on prioritising the estimation of intervention component main effects and two-way interactions (21). All the 170 

included ECs are listed in Table 1. The study contains a subset of ECs, so the participants will not be randomised into a 171 

usual care/control group but every EC can be served as a control condition under different circumstances to test the 172 

effect of each component. For example, the effect of component 2 on primary outcomes could be examined through 173 

the comparison of participants in EC1 to EC8 and those in EC9 to EC16. In addition, the study assumes the presence 174 



of overlapping components within the 16 ECs. These overlaps will be recognised and carefully measured through 175 

fidelity monitoring. This study will conform with the Declaration of Helsinki. 176 

Methods: Participants, interventions and outcomes 177 

Study participants  178 

Eligible family caregivers will be recruited if they satisfy the following inclusion criteria: (i) Hong Kong Chinese 179 

citizens aged 18 years or above; (ii) spouse, adult child or child-in-law of a care recipient; (iii) without cognitive 180 

impairment (i.e. HK-MoCA 5-Min with a cut-off score that is respective to the age and educational level); (iv) primary 181 

family caregiver for an individual with dementia (at least 20 hours per week) for at least one year; individuals are 182 

considered as caregivers if they have assisted with the activities of daily living (ADLs) and instrumental activities of 183 

daily living (IADLs) of people with dementia; and (v) caregivers with a certain degree of depression or feeling of 184 

burden (Patient Health Questionnaire-9 > 9  or Zarit Burden Scale >18) to ensure a homogeneous sample (22, 23).  185 

Study setting, sampling and recruitment strategies 186 

We will reach potential participants by using traditional and social-networking recruitment strategies. Traditional 187 

methods include newspaper and radio advertisements as well as referrals made through psychiatric and psychogeriatric 188 

clinics, non-governmental organisations providing elderly community services, Alzheimer’s associations and 189 

university campuses. Social-networking methods include regular postings on sites, such as Facebook, and contextual 190 

targeting methods for identifying and directly targeting potential participants (based on their social media comments) 191 

with recruitment advertisements. 192 

Allocation concealment, assignment of interventions and blinding 193 

After baseline assessment, all participants will receive component 1 (dementia and caregiver education) as the core 194 

intervention. Participants will be randomly assigned to one of the 16 ECs (Table 1) by using the fractional factorial 195 

MOST design. Computer-generated random numbers will be used for allocation. Participants will be informed of their 196 

assigned group by an independent person not involved in the assessment. The allocation list will be computer-197 

generated by an independent researcher and concealed from other researchers and participants until the time of 198 

assignment. Outcome assessors will be blinded to participant group allocation. Unblinding should only occur for 199 

participant safety concern when a series adverse event transpires and knowledge of the assignment of intervention 200 

could mitigate the health risk. 201 

  202 



 203 

Figure 1.  SPIRIT figure - Schedule of enrolment, interventions, and assessments. 204 
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Components of the multicomponent intervention  206 

In the MOST preparation phase, we develop a conceptual model (Figure 2) based on the theoretical framework model 207 

for the stress-health process of informal caregivers for PWDs (24). Figure 3 illustrates how each individual component 208 

affects its proximal outcome, which in turn affects the primary outcome.  209 

Component 1. Dementia and caregiving education. This core component will provide general knowledge about 210 

dementia, information on skills for communicating with PWDs, common problems related to caregiving and seeking 211 

help. In line with the methods employed by Kwok (2013), three 30-minute sessions will be delivered via telephone and 212 

information will be provided in the form of presentation slides (also available in audio and video formats). Following 213 

safety walkthroughs (via Zoom) during the first two sessions, advice will be offered about ensuring home safety (e.g., 214 

through home modifications). 215 

Component 2. Self-care skills. Participants will receive information related to the importance of self-care and its 216 

associated skills. This information will be provided in the form of presentation slides (also available in audio and video 217 

formats). Caregivers will be reminded of the importance of maintaining good health and continuing healthy behaviour 218 

for themselves and their care recipients. They will also be taught to use health passports to keep records of health 219 

conditions and doctor appointments of themselves and their care recipients.  220 



Component 3. Behavioural symptom management. This component is adopted from previous studies conducted by our 221 

team members (26, 27), which will be delivered via telephone by well-trained research assistants. The antecedents–222 

behaviour–consequence model (Teri et al., 1997) will be introduced to caregivers to manage the behavioural symptoms 223 

of care recipients. They will be taught to observe and record the antecedents and consequences of problem behaviour 224 

and to use weekly records to keep track of behavioural changes. They will also be taught how to develop plans to 225 

change precipitating events or their reactions to these problem behaviours. Home practices will be introduced, and 226 

caregivers will be encouraged to complete them regularly. 227 

Component 4. Behavioural activation. In this component, we will encourage participants to schedule their engagement 228 

in pleasant activities into their daily routines by following the telephone-based protocol used in previous studies of 229 

Chinese caregivers conducted by our team members (26, 27). Specifically, caregivers will learn about the principles of 230 

BA and participate in sessions on activity monitoring, activity scheduling, reinforcing or modifying a pleasant event 231 

and activity rescheduling based on changes after modification.  232 

Component 5. Modified mindfulness-based cognitive therapy. The programme will be led by a mindfulness 233 

practitioner and consists of seven 2-hour group sessions to be delivered online via video-conferencing software. Each 234 

session will have a theme and related activities. For instance, in the first session, the theme is waking up from 235 

automatic pilot and participants will be required to scan their body and perform raisin-eating meditation.  236 

Component 6. Support group. This component consists of six one-hour group sessions delivered online, in which six 237 

major themes will be covered (28): introduction of dementia caregiving and development of a mutual support group; 238 

improvement of home care skills and interpersonal relationships; awareness of caregivers’ mental health; reaching out 239 

to community resources; experience sharing on behavioural symptom management; and conclusion and review.  These 240 

sessions will involve sharing information and engaging participants in group discussion as well as the provision of 241 

psychological support and participation in problem-solving exercises. An experienced social worker will act as a 242 

facilitator, and two peer leaders will be elected by group members. 243 

Outcome measures 244 

All outcome measures have been validated in local context and will be used in participants. Figure 3 lists all the 245 

primary and proximal outcomes. 246 

Primary outcome measures 247 

Physical health status will be measured by the validated 12-item Short-Form Health Survey (SF-12)(29). SF-12 248 

consists of eight domains, and participant’s health condition is rated on a 4-point Likert scale. Only the self-rated and 249 

physical component will be used to measure the primary outcome, and a high score indicates a good health condition. 250 

The Cronbach’s alpha of the physical component in Chinese version is 0.68 (30). 251 

Caregiver burden and general stress will be measured by the 12-item Zarit Burden Interview scale (ZBI) (31) and the 252 

10-item Perceived Stress Scale (PSS) (32). ZBI uses a 5-point Likert scale, and a high score indicates a high caregiver 253 

burden. The Cronbach’s alpha of the validated Chinese version is 0.84 (31). PSS consists of the positive element and 254 

negative element subscale and measures the subjective perception of stress in a 5-point Likert scale. A high score 255 

indicates a high stress level. The Cronbach’s alpha is 0.75 (0.82 for negative subscales; 0.87 for positive subscale) 256 

(33). 257 

Psychological well-being will be measured by the four subscales in Ryff’s Psychological Well-Being Scale in 24-item 258 

version (34): self-acceptance (4 items), positive relations to others (4 items), purpose in life (4 items) and personal 259 

growth (4 items). The 16 items of subjective psychological well-being will be measured on a 6 point-Likert scale. The 260 

Cronbach's alpha of the four subscales ranges from 0.77 to 0.88 (34). 261 



Anxiety and depressive symptoms will be measured by the 7-item Chinese version of the Anxiety Subscale of Hospital 262 

Anxiety and Depression Scale (HADS-A) (35) and the 9-item Chinese version of the Patient Health Questionnaire 263 

(PHQ-9), respectively (22). HADS-A uses a 4-point Likert scale to measure anxiety symptoms over the past week. The 264 

Cronbach’s alpha is 0.77 for the anxiety subscale. PHQ-9 uses a 4-point Likert scale to assess depressive symptoms 265 

over the past week (36). A high score indicates severe depressive symptoms. The Cronbach's alpha is 0.91 (37).  266 

Perceived adequacy of functional social support will be measured by the 20-item Medical Outcomes Study Social 267 

Support Survey (MOS-SSS) (38). MOS-SSS measures function aspects of perceived social support in four domains by 268 

using a 5-point Likert scale: tangible support, emotional-information support, positive social interactions and 269 

affectionate support. The Cronbach’s alpha of the overall scale is 0.98 (39). 270 

Proximal outcomes 271 

Self-care will be measured by the 14-item self-care subscale in Risk Appraisal Measure (RAM-SC) (40, 41). The 272 

subscale illustrates the unique risk profile of caregivers in terms of self-care. A high score indicates a low risk of 273 

caregivers. 274 

Caregiving strategies will be measured by the 34-item Dementia Management Strategies Scale (DMSS) (40, 41). The 275 

scale uses a 5-point Likert scale and consists of three domains, namely, criticism, encouragement and active 276 

management. The Cronbach’s alpha of the three subscales ranges from 0.86 to 0.90 (40, 41).  277 

Engagement in pleasurable activities will be measured by recording the frequency (times per week) and duration 278 

(minutes in each time) of each engagement in the past two weeks.  279 

Mindfulness will be measured by the 20-item version of Five Facet Mindfulness Questionnaire (FFMQ) (42). Using a 280 

5-point Likert scale, it measures five facets of mindfulness, namely, observing (4 items), describing (4 items), acting 281 

with awareness (4 items), nonjudging to inner experience (4 items) and nonreacting to inner experience (4 items). A 282 

high score reflects a high level of mindfulness. The Cronbach’s alpha values are 0.83 in the community sample and 283 

0.80 in the clinical sample (42).  284 

Social support will be measured by the 12-item Multidimensional Scale of Perceived Social Support (MSPSS) (43). 285 

The scale uses a 7-point Likert scale and consists of three sources of support: family, friends and significant other. The 286 

Cronbach’s alpha of the three subscales ranges from 0.85 to 0.91. (44). 287 

Satisfaction with support group will be measured on a 7-item scale during the post-intervention. Participants will 288 

report their satisfaction with specific components and quality of service (44). 289 

Moderators (control variables) 290 

Positive caregiving appraisal will be measured by the 11-item Positive Aspect of Caregiving (PAC) (45). The two 291 

domains, namely, enriching life and affirming self, are measured on a 5-point Likert scale. The Cronbach’s alpha is 292 

0.89.  293 

Caregiving self-efficacy will be measured by the 15-item Revised Scale of Caregiving Self-Efficacy (46). The scale 294 

measures caregiving self-efficacy in three domains: obtaining respite, managing disruptive patient behaviour and 295 

controlling upsetting thoughts. Participants will be asked to rate their confidence level on a continuous scale from 0 to 296 

100% for each item. A high score indicates high confidence in carrying out caregiving tasks. The Cronbach’s alpha for 297 

the three subscale ranges from 0.89 to 0.90 (47).  298 



Health behaviour will be measured by the 6-items of self-designed statements that describe the frequency of engaging 299 

in health behaviour in the past one month by using a 4-point Likert scale. A high score indicates a high level of 300 

frequency in engaging health behaviour.    301 

  302 



Monitoring 303 

Since this is a low-risk intervention, which aims to support caregivers’ wellness via psychosocial and behavioral 304 

techniques, no data monitoring committee is needed. There are no specific criteria for discontinuing or modifying 305 

assigned interventions, and there will be no interim analyses or predefined stopping guidelines. Participants have the 306 

freedom to discontinue their involvement in the study at any time and for any reason, as outlined in the informed 307 

consent documents. Serious adverse events and other harms from the intervention are not anticipated as this is a low-308 

risk intervention to promote caregivers’ wellness. If participants experience any potential adverse events (such as 309 

anxiety, depressed mood, etc) related to their participation, they will be reminded to promptly inform the research 310 

team. Adverse event, if applicable, will be promptly reported to the trial supervisor (KL Chou) and to the ethics 311 

committee. The trial supervisor and ethics committee will review the adverse event to determine if any action, 312 

including terminating the trial, is necessary. An independent ethics committee, separate from the sponsor, will receive 313 

an annual report on the trial's conduct, while the sponsor will review an annual progress report on the trial's progress.  314 

Treatment fidelity 315 

As shown in Table 1, two to six components will be delivered to participants, and the selected components in each 316 

experimental condition will be integrated seamlessly. The intervention will be administered through telephone/video-317 

conferencing software (i.e., Zoom) by well-trained research assistants. Research assistants will be provided with 10 318 

hours of intensive training, which will include reading materials, structured role play and practice opportunities for 319 

each component. Under experimental condition 1, in which participants will receive six components, the intervention 320 

will consist of 16 weekly sessions of approximately 45 minutes each as well as three booster support group sessions 321 

that will take place at one, two and four months after the completion of the intervention. The intervention will be 322 

completed in six weeks under experimental conditions 8, 12, 14, 15 and 16, in which participants will receive only two 323 

components. 324 

To ensure treatment fidelity, interventionists will submit an audiotape of their first implementation of a component 325 

session for review and receive feedback from the research team. We will monitor and maintain intervention 326 

implementation through weekly supervision meetings and monthly conference calls, which will involve all 327 

interventionists. Interventionists will also submit taped intervention sessions throughout the study, and the research 328 

team will review at least 20% of the recordings. In addition, a delivery assessment form will be completed after each 329 

contact with a caregiver, and the research team will review the forms to ensure adherence to the intervention protocol. 330 

Furthermore, interventionists will use the intervention fidelity form to record the number and duration of home visits, 331 

telephone calls and sessions. Interventionists will also rate caregivers’ enactment in four aspects: data collection, home 332 

assignments, use of notebooks and use of written prescriptions (48). A satisfaction questionnaire will be conducted 333 

after the intervention to collect information about participants’ satisfaction with specific components and with the 334 

quality of services (44). 335 

Data collection procedures 336 

After screening, interested and eligible caregivers will be scheduled for baseline assessment. They will be randomly 337 

assigned to one of the 16 experimental conditions (ECs) that vary the delivery of treatment components. Component 1 338 

(Dementia and Caregiver Education) is compulsory and will be given to all participants as the core intervention (Table 339 

1). Participants will be assessed at baseline (T0), 6 months of follow up (T1) and 12 months of follow-up (T2) to 340 

objectively examine the immediate and long-term effects of the multicomponent intervention. All assessments will be 341 

conducted by well-trained part-time interviewers under close supervision. Once the caregivers have completed the 342 

entire intervention, they will receive monetary compensation (HKD 400) for their participation in the study. 343 

Sample size estimation 344 



In the fractional factorial MOST design, the sample size to detect main effects relies on the smallest clinically 345 

important difference between the presence and absence of a component, instead of the number of components 346 

evaluated. In view of this fact and previous research, an effect size of 0.60 (Cohen’s d) at 6 months is sufficient for a 347 

quasi-experimental pre−post treatment without control to determine the sample size (41). A smaller effect size of 0.40 348 

is selected to adopt a conservative approach. According to the power analysis, a sample size of 200 participants will 349 

give the study a power of 80% to detect the main effect or interaction effect size of 0.40 at an alpha of 0.5 with a two-350 

tailed hypothesis test. Recruiting 250 participants will be sufficient assuming that the attrition rate is 20% over a 12-351 

month period (41). 352 

Data analysis 353 

This study will adopt the principle of intention-to-treat for data analysis of the individual intervention components 354 

(components 2–6). The main objective is to examine the level of significance of each factor on proximal and primary 355 

outcomes by using linear mixed models at three time points (T0, T1 and T2). Linear mixed regression models account 356 

for repeated measures within participants and handled missing data using maximum likelihood estimation in a 357 

longitudinal dataset without needing multiple imputations.(49) The pre−post within group difference will also be 358 

investigated (i.e., T1 vs. T0 and T2 vs. T0). On the one hand, the across time difference of each component can be 359 

viewed as the main effect. On the other hand, such effect will be modelled as components by time interactions, with T2 360 

outcome as the primary endpoint. The study will also include the analysis for two-way interactions between 361 

components (i.e., factor 3 by factor 6 by time interaction).  362 

The examination of moderation and mediation effects of significance will follow the guidelines established by 363 

MacKinnon and Luecken (50). To detect the underlying mechanism of components, the study will test for fit of the 364 

mediation model. The relationship path between each component and their respective primary outcomes will be 365 

established. The pathway between the components and proximal outcomes and between the proximal and primary 366 

outcomes will be investigated. The relationship between the components and primary outcomes mediated by the 367 

proximal outcomes will be investigated. When testing the fit of moderation model, the relationship between each 368 

component and the change of primary outcome will be examined. Afterwards, the strength and direction of the 369 

relationship will be tested again accounting for the effects of the baseline primary outcomes. The moderation models 370 

will be used to identify the interaction effects of the matching risk profiles of caregivers with specific component. The 371 

moderating effects of the matching profiles with components have never been explored in previous studies. 372 

Ethical considerations and dissemination 373 

The research has been approved by the Institutional Review Board of the Education University of Hong Kong, Human 374 

Research Ethics Committee (IRB number: A2020-2021-0045). This study is registered retrospectively in the WHO 375 

Primary Registry – Chinese Clinical Trials Registry (ChiCTR2300071235). Protocol amendments, if any, will be 376 

submitted to the ethics committee for review. Protocol amendments will only be applied after obtaining ethics 377 

approval. This trial does not involve collecting biological specimens for storage. The study aims, intervention content, 378 

voluntary participation and right to withdraw at any time will be explained verbally and outlined in detail on the 379 

information sheet. The researcher will emphasise that their decision to join/refuse/withdraw from the study will not 380 

affect the routine care and services provided by the community centres/outpatient clinics. Each participant will be 381 

given a subject code, and no identifiable information will be presented in the data file to protect participants’ 382 

confidentiality. All the data collected will be stored in a secure place and can only be accessed by the research team 383 

members. There is no anticipated harm and compensation for trial participation. The trial will be conducted in 384 

accordance with the Declaration of Helsinki and reported in accordance with the CONSORT guideline and its 385 

extension to non-pharmacological interventions (51).  386 



Results will be disseminated via presentations at scientific conferences, peer-reviewed publications, public engagement 387 

events, stakeholder organisations, patient support groups and other forms of media where appropriate. The 388 

investigators will be involved in reviewing drafts of the manuscripts, abstracts, press releases and any other 389 

publications arising from the study. The study protocol will be published in open access journal so that the public can 390 

access to the full protocol. All authors read and approved the final manuscript.  391 

DISCUSSION 392 

As the dementia tsunami approaches, effective family caregiver interventions are essential to improve the health 393 

outcomes of the caregiver–care recipient dyads and delay nursing home placement. Multicomponent interventions are 394 

promising strategies to support dementia caregiving but will provide a bundled treatment package, which may be 395 

associated with increased cost if inactive components are provided or if more than what is necessary is delivered. By 396 

using the MOST framework, we can identify the individually effective components of multicomponent interventions 397 

for dementia caregiving. This proposed study extends and clarifies our prior work (8-10, 13, 15, 52), indicating the 398 

efficacy of a multicomponent package of interventions to support the physical and psychosocial well-being of 399 

dementia caregivers.  400 

We have described the protocol for a MOST fractional factorial trial aimed to optimise the multicomponent 401 

interventions for dementia caregivers. The primary objective of this study is to estimate the specific effect of each of 402 

the five components on its corresponding primary outcomes within 6 months and propose the most effective and 403 

efficient combination of components for dementia caregivers. The study has several secondary objectives, including 404 

the exploration of implementation fidelity, the main effects and the interactions of each component and the matching 405 

between treatments and individual characteristics to support dementia caregivers over the course of 12 months. The 406 

proposed trial is significant in representing the first principled and systematic effort to design an effective, efficient and 407 

potentially personalised intervention to meet the modest demands of dementia caregivers, such that all of its 408 

components (education, training on self-care skills, behavioural symptom management, behavioural activation, 409 

mindfulness and support group) are active and feasible for real-world implementation.  410 

Limitations 411 

The two main challenges we anticipate are related to the complexity of subject allocation and the pragmatic nature of 412 

the study. Following the MOST framework with a fractional factorial design, we are randomising participants to one of 413 

16 conditions. Therefore, preventing contamination across conditions and monitoring the implementation fidelity of 414 

each condition are challenging.  415 

Contamination may arise if a participant learns what other components a fellow participant is receiving, which might 416 

be most likely to occur in the study waiting areas and in the support group component when participants from different 417 

ECs come together for sharing (53). Participants may feel disappointed or disgruntled by their treatment in the study 418 

relative to other participants, which may lead to ‘resentful demoralisation’ and potentially reduced motivation to 419 

engage in the study. In addition, participants may be triggered to pursue similar types of activities or seek additional 420 

information outside of the study to compensate for what is not being received. Although eliminating contamination 421 

fully is infeasible, we will adopt several strategies to minimise it. Firstly, participants will be informed at enrolment 422 

that the treatment conditions will be varied among participants to manage expectations. The information provided in 423 

the informed consent form will follow the principle of equipoise by declaring uncertainty about the superiority of the 424 

treatment effect of all experimental conditions (54). We will also ask all the participants not to disclose their group 425 

status nor discuss any specifics of study components with other participants at any time point. For the support group 426 

session, the facilitator will attend to and encourage discussion among the four proposed themes; any discussion of 427 

other components by participants in the groups will be discouraged (55).  428 



The second challenge relates to the fact that this study is a pragmatic trial embedded within usual care from multiple 429 

sources of recruitment, and we may lose the ability to tightly control the use of each condition. For example, if a 430 

participant chooses not to follow the use of behavioural activation strategies, we will not be able to enforce their usage. 431 

Although this may make assessment of outcome data difficult (i.e. effectiveness of a condition that is insufficiently 432 

used), this situation reflects how the conditions may be used in the ‘real world’. To address this concern, we will 433 

monitor the implementation fidelity of each component. Interventionists will rate caregivers’ enactment in four 434 

aspects: data collection, home assignments, use of notebooks and use of written prescriptions (56). In addition, a 435 

satisfaction questionnaire will be conducted postintervention to collect information about participants’ satisfaction with 436 

specific components and with the quality of services (54).  437 

CONCLUSION 438 

This study uses the MOST framework to optimise the provision and delivery of a multicomponent intervention to 439 

support family dementia caregivers. The examination of the implementation fidelity, the main effects and interactions 440 

of individual components and the underlying moderating mechanism of multicomponent interventions will be useful 441 

for future investigations to optimise family caregiver interventions for implementation and dissemination. The study 442 

findings will help develop cost-effective, personalised prescription of caregiving support programs, which in turn, will 443 

enhance caregivers’ physical health and psychological well-being, improve the provision of social support, help them 444 

to tackle issues of stress, anxiety and depressive symptoms and ease their burdens in caring for people with dementia, 445 

thereby reducing the costs of health care and long-term care. 446 

Trial status 447 

This study was retrospectively registered in the WHO Primary Registry – Chinese Clinical Trials Registry 448 

(ChiCTR2300071235). (Protocol date 30/10/2020; version identifier 2020-2021-0045). Registered 9 May, 2023. 449 

https://www.chictr.org.cn/showprojEN.html?proj=194600 This is an on-going trial (as date of protocol manuscript 450 

submission). Participants were recruited from Jun 1, 2021 to Dec 31, 2022; and the last participant follow-up visit 451 

would be on Nov 30, 2023.   452 
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