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Abstract 
Background and Objectives: Proper symptom management, informal caregiver support, and service innovation are required to reduce 
dementia care burden. The objective of this study is to investigate the effect of the multicomponent LIVE (Learning, Innovation, Volunteering, 
Empowerment) intervention on caregiver experience of the self-perceived care situation, coordinator performance, and informal care time.
Research Design and Methods: We conducted a 24-month multicomponent, stepped-wedge randomized control trial including dyads 
of people ≥65 years with mild-to-moderate dementia with minimum weekly contact with their informal caregivers in Norway. The inter-
vention was implemented by municipal coordinators over a 6-month period. This study investigates the first 6-month period (September 
2019–March 2020) of the trial, due to the coronavirus disease 2019 (COVID-19) pandemic. Primary outcomes are changes in provision of 
informal care time assessed by Resource Utilization in Dementia Care (RUD) and informal caregiver experience assessed by the Clinical 
Global Impression of Change (CGIC). We use logistic regression and feedback system analysis to assess the reach of the multicomponent 
intervention.
Results: A total of 280 dyads were included at baseline, mean age of the person with dementia was 81.8 years, and 62.5% were female. After 
6 months, the feedback system analysis reveals that the caregivers randomized to the intervention period reported improved caregiver situation 
(CGIG-T: intervention 0.63 (SD 2.4) vs control −0.43 (SD 1.7), p < .01), even though informal care time for activities of daily living was not reduced 
(p = .31). Informal caregivers registered a positive change for the Learning, Innovation, and Empowerment components, while no change was 
found for Volunteer support.
Discussion and Implications: Findings illustrate the usefulness of dementia care coordinators that provide regular follow-up. We also show that 
complex intervention studies benefit from applying feedback system analysis. Meeting the needs of persons with dementia and their caregivers 
is a complex process that requires coordinated input from health services and user communities.
Clinical Trial Registration Number: NCT04043364

Translational Significance: Complex interventions are necessary to alleviate the unmet needs of informal caregivers for persons with 
dementia, covering education, assistive technology, volunteer support, advance care planning, and medication review. This research 
demonstrates that designated dementia care coordinators play a crucial role in informal dementia care by providing regular, systematic 
follow-up in a primary healthcare context. Feedback system analysis can lead to a deeper understanding of the synergy between 
coordinators and patient–caregiver dyads and inform policy change to improve the overall care situation for persons with dementia living 
at home.
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The global prevalence of dementia is expected to triple from 
57 million to 153 million people by 2050 (Nichols et al., 
2022). This growth is changing the expenditures and can 
overwhelm health and social services, including long-term 
care worldwide (Velandia et al., 2022; Wimo et al., 2018). 
Most older adults, as well as persons with dementia, wish 
to age in place (American Association of Retired Persons, 
2021; Fæø et al., 2020; Lord et al., 2016), which is beneficial 
for the society due to its positive cost-efficacy (Ekman et al., 
2021; König et al., 2014). However, this is a mixed-blessing, 
as home-dwelling persons with dementia pose an extra chal-
lenge for informal caregivers who often provide round-the-
clock support (Gillespie et al., 2014; Lindeza et al., 2020). A 
systematic review by Angeles et al. (2021) identifies disease 
severity, functional level, and behavioral and psychological 
symptoms in dementia (BPSD) as the most time-consuming 
factors for increased informal care at home and in nursing 
homes (Angeles et al., 2021). Several other studies show that 
co-residing caregivers (e.g., spouses), provide higher volume 
of care hours than non-co-residing caregivers (e.g., adult–
children; Michalowsky et al., 2018; Nakabe et al., 2019; 
Ydstebø et al., 2020). There is a strong correlation between 
time devoted to caregiver tasks in older adults with chronic 
complex conditions and perceived caregiver burden (Lin 
et al., 2019; Rodríguez‐González et al., 2021; Tooth et al., 
2005). Therefore, reducing the caregivers’ provision of care 
time or the caregiver burden can potentially reduce the risk 
of adverse health outcomes for the caregivers, as well as pre-
vent or delay institutionalization of the person with dementia. 
Long illness duration, impaired cognitive function, and the 
development of BPSD are main drivers of caregiver burden 
(Rodríguez‐González et al., 2021) leading to emotional and 
physical distress for the caregiver (Lindeza et al., 2020; Schulz 
& Sherwood, 2008), and changes in roles and relationships 
(Brodaty & Donkin, 2009; Lindeza et al., 2020).

To support informal caregivers at home, several interven-
tions have been implemented and tested (e.g., psychoeduca-
tion, cognitive behavioral therapy, support groups, counseling, 
respite care, and care coordination; Walter & Pinquart, 2020; 
Williams et al., 2019) with small-to-moderate positive effects 
on caregiver outcomes such as burden, caring abilities, sub-
jective well-being, depressive symptoms, and anxiety (Cheng 
et al., 2020; Pinquart & Sörensen, 2006; Walter & Pinquart, 
2020). Meanwhile, only a few randomized controlled tri-
als (RCT) explore the effect of a multicomponent interven-
tion on resource utilization (hours of care time provided) in 
this setting. The U.S. multicomponent MIND (Maximizing 
Independence in Dementia) RCT included persons with 
dementia and their informal caregivers (n = 289 dyads) to 
obtain tailored services and delay institutionalization (Samus 
et al., 2014). This trial shows a significant reduction in infor-
mal care hours (Tanner et al., 2015), increased use of outpa-
tient mental health visits, and respite opportunities for the 
MIND intervention group (Amjad et al., 2018).

The Norwegian Dementia Plan 2020 highlights the neces-
sity for a tailored, multicomponent, clinical pathway includ-
ing user involvement, better information, volunteerism, joint 
commissioning of care services, and follow-up by dementia 
care coordinators (The Ministry of Health and Care Services, 
2015). A review of national dementia care strategies shows 
the importance of dementia care coordinators in follow-up as 
one of the key actions in several countries (e.g., Japan, France, 
and Ireland; Chow et al., 2018). The British Medical Research 

Council framework (2021) emphasizes that researchers must 
consider the complexity of the development, implementation, 
and evaluation of complex interventions and interactions 
within the context (Skivington et al., 2021). Complex health-
care interventions can also be considered complex systems, 
encompassing multiple interacting elements (e.g., humans, 
services, and policies) and feedback loops, where the subjects 
receiving the intervention (e.g., patients) send information 
back to the providers of interventions (e.g., healthcare work-
ers), and in which both parts may interactively modify their 
aspects of performance (Burton et al., 2018; Clark, 2013; 
McGill et al., 2021; Seys et al., 2019; Skivington et al., 2021). 
However, the causal complexity of these caregiving sys-
tems cannot be reduced to linear relationships only (Stroud 
& Larson, 2021), and consequently, the evaluation of such 
interventions needs feedback system analysis to gain a deeper 
understanding of their reach and performance (McGill et al., 
2021). Feedback system analysis is a method that evaluates 
the interactions between interdependent systems as a whole 
and is able to quantify how changes in one part (e.g., adding 
the coordinator to care as usual) affect the rest (Åström & 
Murray, 2021; Morrow-Howell et al., 2017).

The LIVE@Home.Path is a 24-month multicomponent, 
randomized controlled trial including home-dwelling persons 
with dementia and their informal co-residing and visiting 
caregivers (dyads) aiming for longer, safer, and more inde-
pendent living at home (Husebo et al., 2020). LIVE is the 
acronym for the multicomponent intervention of Learning, 
Innovation, Volunteerism, and Empowerment, tailored and 
implemented over 6 months by skilled municipal coordina-
tors. The trial design entails regular communication between 
coordinators and dyads during the intervention period, which 
creates a complex interaction between them, as the coordina-
tor adjusts the provided intervention components based on 
feedback from the dyads. This generates a causal feedback 
loop, which requires feedback system analysis.

The aim of this study is to investigate the effect of the inter-
vention on informal care time related to activities of daily liv-
ing (basic and instrumental) and the caregivers’ experiences of 
the self-perceived care situation after the first 6-month inter-
vention period. We hypothesize that the LIVE intervention:

(1)	 improves the self-perceived caregiver situation for the 
overall sample.

(2)	 reduces informal care time burden by coordinator led 
tailoring of the services to the dyads needs.

Method
Study Design and Setting
The LIVE@Home.Path study is a 24-month closed-cohort 
multicenter, stepped-wedge RCT in which the LIVE inter-
vention is implemented in dyads of home-dwelling persons 
with dementia and their caregivers (Husebo et al., 2020). A 
stepped-wedge trial is a one-way crossover trial in which sev-
eral allocation groups are randomized to separate sequences 
that determine the time point at which each group will switch 
to the intervention period (Figure 1; Hemming et al., 2015). 
The design implies that all participants are recruited before 
randomization, exposed to both the control and the 6-month 
intervention sequence, and are assessed repeatedly every 6 
months. For the 24-month LIVE trial, this yields in total of 
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five cross-sectional data collections at discrete times. Three 
sequences of intervention periods are implemented during the 
whole trial, and each sequence includes approximately 1/3 
of the recruited participants. Coordinators and dyads remain 
blinded to allocation status until the sequential rollout. The 
first 6-month intervention period was completed before the 
Norwegian government adhered to national coronavirus 
disease 2019 (COVID-19) restrictions (on March 12, 2020), 
halting the study protocol (Gedde et al., 2022; Vislapuu et al., 
2021). The data collectors were not able to visit the dyads at 
home, thus the intervention implementation sequence 2 had 
to be postponed. Thus, in our current study, the analyses are 
restricted to the period 0–6 months (Figure 1). Additional 
information on the intervention development, sample size 
calculations, implementation, and evaluation is presented in 
the study protocol (Husebo et al., 2020).

Participants, Recruitment, and Sample
The LIVE trial applies convenience sampling in recruiting 
dyads from outpatient clinics in specialized dementia care, 
municipality-based memory teams, and advertisements in the 
media. Inclusion criteria are persons with a formal diagnosis 
of dementia, age ≥65 years, Mini-Mental Status Examination 
(MMSE) score between 15 and 26, and Functional Assessment 
Staging score between 3 and 7. We consider caregivers eligible 
for inclusion if they have had at least 1 hr per week of regular 
face-to-face contact with the person with dementia. Persons 
with dementia with less than 1 month of life expectancy are 
excluded.

Implementation of the Intervention: Systems 
Representation
In systems analysis, a performance indicator is defined as an 
outcome describing the functioning of the system relative to 
a preestablished objective, standard, or baseline (Åström & 
Murray, 2021). For a standard RCT, the intervention mech-
anism is modeled as two systems: one with feedback for the 
dyads in intervention period, and one as a single system with-
out feedback for the control period (Figure 2). In this study, 
the components encompassing the systems are the dyad and 
the coordinator.

The coordinator is a municipality staff member with pro-
fessional healthcare education (learning disability nurses, 
occupational therapists, and nurses specialized in dementia 
care) working in home-based care services or municipality- 
based memory teams. The LIVE intervention is implemented 
as a two-stage process: first to the coordinators from the 
research team composed of medical doctors (geriatric 
psychiatrist, palliative care physician, and a resident phy-
sician), nurses (specialized in nutrition, and primary health-
care systems), and a social scientist specialized in volunteer 
work among older adults; and second, from coordinators 

to the dyads. The Coordinator objective (Figure 2) models 
the purpose of the coordinator in the two-system interac-
tion, which is to improve the care situation, for example, 
reduce burden and psychosocial health, increase quality of 
life, etc. This purpose is given to the coordinator by the 
research team through a two-day seminar, training mate-
rial, and a checklist to record the intervention components 
offered per dyad. The performance indicator of the coor-
dinator is the Coordinator Clinical Global Impressions 
of Change (CGIC-C, described in Measurements section), 
including timely follow-up, meeting the needs of dyads, etc. 
The initialization of the feedback system marks the start 
of the intervention period when the coordinator visits each 
dyad at home and introduces them to the specific compo-
nents of the LIVE intervention. During the intervention, the 
coordinator acts upon the governed system (dyad) by first 
selecting the LIVE Components most appropriate for the 
dyad’s specific context, and then by informing the dyad of 
these concepts (i.e., the coordinator offers services to the 
dyad who is able to exercise their own autonomy in choos-
ing to follow through with the offer or not). The LIVE 
Components are services executed by third-party providers, 
grouped into:

•	 Learning: delivers tailored dementia educational pro-
grams to persons with dementia (if possible) and infor-
mal caregivers by professionals in the field (dementia 
nurses, geriatricians, and law practitioners), discussing 
dementia etiology, symptoms and course, strategies to 
cope with everyday challenges such as BPSD, finances, 
legal rights, and health and care services.

•	 Innovation: the coordinators assess the current access 
to and use of assistive technology, as well as provide 
information about other relevant technology available 
in the municipality. In the LIVE@Home.Path trial, assis-
tive technology refers to communication and tracking 
devices, sensors, and everyday technology such as elec-
tronic pill boxes, door locks, and timers on electronic 
devices (Puaschitz et al., 2021).

•	 Volunteer support: assesses the attitudes and needs for 
volunteer involvement in dyads and provides help in 
applying for support. Volunteers in the trial are mem-
bers of the local community, who are registered in 
nonprofit organizations such as The Red Cross and 
The Norwegian Association for Public Health (The 
Norwegian Association for Public Health, 2019; The Red 
Cross, 2019). Volunteering involves spending time with 

Figure 1. The stepped-wedge study design.
Figure 2. Systems representation of the intervention mechanism. 
LIVE = Learning, Innovation, Volunteering, Empowerment; 
CGIC-T = Clinical Global Impression of Change scale answering the 
question “On a scale from –5 to +5, how do you perceive the change in 
self-perceived caregiver situation compared to 6 months ago?” CGIC-C 
answering the question “On a scale from –5 to +5, how do you perceive 
the contact person in the municipality compared to 6 months ago?”
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the person with dementia, with the aim of promoting 
social participation and maintaining meaningful activi-
ties.

•	 Empowerment: includes the systematic medication 
review and evaluation of values and future wishes 
(Advance Care Planning) by the general practitioners 
(GP). In practice, care coordinators inform GPs through 
the journal system that the person with dementia par-
ticipates in the trial and motivates them, with help from 
the caregivers, to contact their GPs for an appointment. 
Additionally, care coordinators provide the GPs with 
summary scores from the baseline clinical assessment 
measurements, for example, BPSD, depression, and care-
giver burden.

The feedback is represented by the Follow-up, which con-
sists of monthly check-ins by the coordinator, in-person and/
or by telephone, and at least two home visits to the dyad 
during the 6-month intervention period (Husebo et al., 2020). 
The Follow-up can also be triggered by the dyad, who con-
tacts the coordinator as needed.

The dyad is formed by the person with dementia and 
their informal caregiver (Figure 2). They are affected by 
Disturbances (see Author Note), encompassing changes in 
their lives, for example, disease progression, physical func-
tioning, other circumstances that affect the nominal behavior 
of a dyad. The performance indicators of the dyad are the 
Informal care time and Total Clinical Global Impressions of 
Change (CGIC-T; both described in section Measurements). 
The dyad randomized to the intervention period receives the 
LIVE Components from the coordinator in the form of a 
tailored list of services most suitable to their situation and 
needs. The list is accompanied by information and practi-
cal help for applying for the services. At the same time, the 
Follow-up constitutes the ongoing feedback loop between the 
coordinator and the dyad during the intervention period. In 
comparison, participants randomized to the control period 
self-coordinate their own choice of services, which may or 
may not be optimal for their situation.

Measurements
Primary outcome variables
Informal care time is assessed by the Resource Utilization in 
Dementia (RUD) instrument, which has shown good valid-
ity and reliability in home-dwelling persons with dementia 
(Wimo & Nordberg, 2007; Wimo et al., 2010). RUD assesses 
total care hours that informal caregivers have provided in the 
past 30 days in basic ADL (e.g., functional mobility, toileting, 
hygiene, and eating), instrumental ADL (IADL, e.g., medica-
tion, preparing meals, household chores) and supervision to 
prevent adverse events (Wimo et al., 2010). As in previous 
research, a limit is imposed of 18 hr of informal care per day 
in ADL and IADL, to account for 8 hr of sleep (Wübker et 
al., 2015).

To assess the trial participants’ evaluation of change, a 
modified CGIC scale is used. Originally, the 9-point scale 
registers clinically significant change in patients’ health 
situation after pharmacological treatment in clinical trials 
(Schneider & Olin, 1996). In the LIVE@Home.Path trial, 
the scale is adapted to 11 points ranging from –5 = “Much 
worse” to +5 = “Much better,” with 0 = “No Change” 
(Husebo et al., 2020). In the present study, we include two 

variables derived from CGIC: (1) CGIC-T answering the 
question “On a scale from –5 to +5, how do you perceive 
the change in caregiver situation compared to 6 months 
ago?” and (2) CGIC-C answering the question “On a scale 
from –5 to +5, how do you perceive the contact person in 
the municipality compared to 6 months ago?” (for the inter-
vention period, this contact person is the coordinator; for 
the control period, if the contact person exists, they might 
be, e.g., a registered nurse or an auxiliary nurse working in 
home-based care).

We also include data from the CGIC scale for each compo-
nent of the LIVE intervention, with the following question: 
“On a scale from –5 to +5, how do you perceive the change 
in Learning/Innovation/Volunteer support/Empowerment 
compared to 6 months ago?” Change in learning in the con-
text of this trial refers to knowledge about dementia, ser-
vices, and strategies for coping. Change in innovation refers 
to making the home environment more suitable through the 
use of assistive technology. Change in volunteering refers to 
connecting with new people from volunteer services, pro-
viding meaningful activities, and respite to the caregivers. 
Change in Empowerment refers to communication between 
the dyad and the GP regarding medication use and advance 
care planning.

Secondary outcomes and covariables
Covariables at baseline include demographic data of the care-
givers and persons with dementia (age and gender) and cohab-
itation status (yes/no). The Physical Self-Maintenance Scale 
(PSMS), range 6–30, is used for the level of physical self-care 
(Lawton, 1988). Higher scores indicate reduced ability to self-
care (Lawton, 1988). BPSD are assessed by the Neuropsychiatric 
Inventory (NPI), a 12-item scale, range 0–144, measuring the 
frequency and intensity of BPSD (delusions, hallucinations, agi-
tation/aggression, dysphoria, anxiety, euphoria, apathy, disinhi-
bition, irritability/lability, and aberrant motor activity, nighttime 
behavioral disturbances, and appetite and eating abnormalities). 
Higher NPI scores indicate higher severity and frequency of 
BPSD (Cummings, 1997). The NPI scale has previously shown 
good reliability and validity in the Norwegian population 
(Selbaek et al., 2008).

System-related outcomes
The system error is defined as the difference over time between 
the Coordinator objective and the Follow-up, which addresses 
how far from the target the caregiver situation is for a dyad 
(Figure 3). Supplementary Material, Section 1, provides addi-
tional details on the meaning and calculation of the system 
error. Numerically, the system error we calculate in this study 
at a given timepoint is equal to the sensitivity of the feedback 
system at that timepoint (Åström & Murray, 2021), and it 

Figure 3. Concept of system error relative to the Coordinator objective 
and Follow-up; and representation of the high and low sensitivity zones 
based on system error value.
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is computed from quantifiable outcome measures (the target 
specified through the Coordinator objective vs the value of the 
outcome measure for the dyad). We choose the primary out-
come variables to compute two system errors at the 6-month 
timepoint: (1) global impression of change error (EG) based on 
CGIC-T and the number of received LIVE Components (total 
of maximum 5); (2) care time error (ET) based on change in 
informal care time domains relative to baseline and number 
of received LIVE Components. The sensitivity of the feedback 
system quantifies the resilience of the system when affected by 
Disturbances: the more sensitive, the less resilient the system is.

Analysis
System analysis is applied to evaluate the effect of the inter-
vention. The preparatory steps are system representation 
and definition of performance indicators (both performed in 
Method section). The analysis evaluates the system with feed-
back (intervention dyad) versus the system without feedback 
(control dyad) and complies with the RCT design steps: (1) 
instantiate the intervention and control dyads to account for 
as much variety in characteristics as possible (randomization 
and recruitment); (2) observation of functioning (6-month 
data collection); and (3) groupwide comparison between 
intervention and control using the chosen performance indi-
cators. To assess the differences between dyads in the interven-
tion and control period, we apply the independent Student’s 
t test, Pearson chi-square test, or the Mann–Whitney U test, 
depending on the structure and distribution of the data. The 
confidence intervals for the system analysis are defined by the 
multiple dimensions described by the standard deviations in 
participant characteristics (Table 1).

Informal Care Time

•	 Regression analysis. We analyze the LIVE intervention 
effect on change from baseline to 6-month assessment 
in RUD informal care time (dependent variable) as a 
binary variable (increase/no change = 0; decrease = 1) in 
ADL and IADL separately by using logistic regression 
analysis. The Akaike Information Criterion and Hosmer–
Lemeshow goodness of fit analysis are used for variable 
and model selection.

CGIC-T and CGIC-C

•	 Total and coordinator intervention effect analysis. 
Independent two-sample t tests are employed to detect 
the difference in the CGIC-T and CGIC-C scores, respec-
tively. Means of the CGIC-T and CGIC-C scores are 
used to create the heatmap for visualization.

•	 Component-wise intervention effect analysis. To test 
the reach of the intervention components, we cate-
gorize the study participants into: I—Have never 
received the intervention component but might have 
been offered it; II—Have received the component 
during the intervention period (Note: for Learning, 
category II also includes receiving the component 
prior to the intervention start). We then create a 
heatmap, visualizing the reach of each intervention 
component and corresponding CGIC-T scores for 
the two categories I and II.

Whole-System Analysis

•	 Error analysis. The system errors (at month 6) are com-
puted using the equation of the sensitivity function for 
feedback systems and the Final Value Theorem (Åström & 
Murray, 2021) as follows: EG = (1+ CGIC-T · LIVE)−1 
and ETi = (1+ timei · LIVE)−1, where LIVE is the total 
number of LIVE Components received, and timei is the 
change in informal care time calculated per RUD domain: 
i ∈ {ADL, IADL}. All variables in the equations are 
mapped to [0–1] for computational consistency (Note: timei 
requires an inversion due to increase in time as a negative 
outcome, and decrease as positive, thus timei=‘0’ means 
increase in care time, and ‘1’ means decrease). Differences 
between the control and intervention in EG and ETi are 
analyzed using the Mann–Whitney U test or t test with 
unequal variances, depending on the data distribution.

•	 Sensitivity analysis considers sensitivity S=‘1’ as the 
baseline of the dyad and S=‘0’ as the desired target in 
the Coordinator objective (Figure 3). For the systems 
analyzed here, the value of the sensitivity relative to the 
CGIC-T score at month 6 is equal to the computed error 
EG at month 6; based on the closeness of the EG val-
ues to either ‘0’ or ‘1’, the sensitivity of the system to 
Disturbances is assessed for the control and intervention 
period, by their distribution.

•	 Case studies. When performing the overall analytical sen-
sitivity analysis of the feedback system, the sensitivity 
function S would be calculated mathematically from the 
dynamic model equations of the comprising systems. In this 
study, these are the coordinator and the dyad, for which 
we do not have the necessary differential-equation mod-
els because the behavior of human beings is much more 
complex than can be described through a single-input- 
single-output model. Moreover, the available sensitivity 
measurements are for two timepoints (baseline and month 
6), and so the function S cannot be approximated from data 
in its entirety. Because sensitivity analysis estimates the resil-
ience of a system to Disturbances, which in this study are 
highly individualized for each participant dyad (e.g., health 
status of the coordinator, personalities, other familial or 
workplace events), feedback systems analysis methodology 
dictates that instances of the system (so-called “use case 
scenarios”) are selected for contextualized investigation. 
Therefore, four dyads D1–D4 are chosen from the high and 
low sensitivity zone presented in Figure 3 (two from the 
control group and two from the intervention group) and 
are individually analyzed.

All statistical analyses are performed using Stata IC ver-
sion 17 and visualization using Matlab 16. Results are con-
sidered statistically significant for p < .05. Missing values are 
addressed using listwise deletion.

Ethics Statement
The LIVE@Home.Path trial is in line with the Declaration of 
Helsinki: Ethical Principles for Medical Research Involving 
Human Subjects (World Medical Association, 2001). 
Informed consent is obtained in direct conversation with 
the person with dementia (if possible) and his/her relatives. 
Where capacity to consent in person with dementia is ques-
tionable, consent is obtained from the primary caregiver. 
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Due to the General Data Protection Regulation, Article 35 
on the Data Protection Impact Assessment (Wolford, 2019) 
is applied, highlighting the data minimization. The trial is 
approved by the Regional Committee of Medical and Health 
Research Ethics (2019/385/REK), the Norwegian Center for 
Research Data (UiB archive reference 2019/5569), and regis-
tered at clinicaltrials.gov (NCT04043364).

Results
In total, 438 dyads (n = 876) are screened for participa-
tion, and 280 (n = 560) are included in study participation 
(Figure 4). At baseline, 200 dyads are randomized to peri-
ods 2 and 3 (control), whereas 80 dyads are randomized to 

period 1 (intervention). Dyads lost to the 6-month follow-up 
(n = 43), dyads with missing >20% of data at baseline or at 
the 6-month timepoint (n = 7), and dyads with changes in 
the caregiver (n = 5) are excluded. Attrition analysis for the 
dropout is presented in Supplementary Material, Section 2. 
The final sample in this study includes 225 dyads. The base-
line characteristics for the intervention (n = 165) and con-
trol period (n = 60) are presented in Table 1. Mean age of 
persons with dementia is 81.8 years, 62.7% are female, and 
mean MMSE score is 20.7. Informal caregivers for the total 
sample have a mean age of 65.9 years, 66.2% are female, 
50.7% are adult children of the persons with dementia, and 
46.7% of the caregivers co-reside with the persons with 
dementia. The co-residing and non-co-residing persons with 

Table 1. Participant Characteristics Regarding Demographics and Function Levels at the Baseline, by Period (N = 225)

Participant characteristics Total (N = 225) Control (n = 165) Intervention (n = 60) Difference, p value

Persons with dementia characteristics

Age, mean (SD) 81.8 (6.9) 81.1 (7.0) 83.5 (6.6) .01

Gender, female, n (%) 141 (62.7) 101 (61.2) 40 (66.7) .47

Living, n (%):

 � Alone 104 (46.2) 70 (42.4) 34 (56.7) .11

 � Spouse 109 (48.4) 84 (50.9) 25 (41.7) .12

 � Child 3 (1.3) 1 (1.2) 1 (1.67) .82

Do you have a volunteer? Yes, n (%) 11 (4.9) 9 (5.5) 2 (3.3) .50

Do you have health technology? Yes, n (%) 158 (70.9) 117 (71.8) 41 (68.3) .61

Have you had a medication review? Yes, 
n (%)

113 (50.7) 83 (50.9) 30 (50.0) .90

NPI, median [IQR] 12 [4; 24] 12 [3;20] 15 [5; 26] .19

PSMS, mean (SD) 10.1 (3.0) 9.8 (2.8) 10.7 (3.6) .16

MMSE, mean (SD) 20.7 (3.8) 20.6 (3.9) 21.0 (3.6) .46

Informal care time, hours per day, mean 
(SD)

ADL 1.5 (1.5) 1.6 (1.6) 1.3 (1.5) .64

IADL 2.1 (1.9) 2.2 (2.0) 2.0 (1.6) .69

Number of municipality healthcare—or 
support services, median [IQR]

1 [1; 2] 1 [0; 2] 1 [1; 2] .81

Caregiver characteristics

Age, mean (SD) 65.9 (12.2) 65.9 (12.4) 66.0 (11.8) .98

Living with the caregiver, yes, n (%) 105 (46.7) 81 (49.1) 24 (40.0) .23

Gender, female n (%) 149 (66.2) 107 (64.9) 42 (70.0) .47

Relationship, n (%) .55

 � Spouse/partner 98 (43.6) 75 (45.5) 23 (38.3)

 � Child 114 (50.7) 80 (48.5) 34 (56.7)

 � Other 13 (5.8) 10 (6.1) 3 (5.0)

Education, n (%) .36

 � Primary school 13 (5.8) 9 (5.5) 4 (6.7)

 � Secondary/vocational school 59 (26.2) 47 (28.5) 12 (20.0)

 � Higher education 147 (65.3) 103 (62.4) 44 (73.3)

Working, yes, n (%) 112 (49.8) 81 (49.1) 31 (51.7) .89

Have had a dementia education course 
before? Yes, n (%)

43 (19.6) 34 (21.3) 9 (15.0) .29

Notes: Bold value: significant p value. ADL = Activities of daily living (e.g., toileting, personal hygiene, and meal situations); IADL = Instrumental activities 
of daily living (e.g., taking medicine and out-patient visits); IQR = interquartile range; MMSE = Mini-Mental Status Examination [range 0–30], a lower 
score indicates greater cognitive impairment; N = total sample; n = number of patients; NPI = Neuropsychiatric Inventory sum of 12 items; PSMS = Physical 
Self-Maintenance Scale [range 0–30], higher score indicates lower functional capacity; SD = standard deviation. Difference between groups was tested 
with unequal variances t test for normal and Wilcoxon–Mann–Whitney test for nonnormally distributed continuous variables, Pearson chi-square tests for 
categorical variables.
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dementia have no significant clinical differences in terms of 
physical function, cognitive impairment, and BPSD (data 
not shown). The mean age of the persons with dementia is 
slightly higher in the intervention period compared to the 
control period.

The regression analyses (Table 2) show no statistically sig-
nificant intervention effect on informal care time reduction. 
However, we find that, holding all other predictor variables 
constant, decrease in IADL time during the 6-month period 
is associated with higher caregiver age (OR 1.10, CI [1.00; 
1.22], p = .04), whereas care time increase is associated with 
female gender (OR 0.20, CI [0.4; 0.85], p = .03) and spousal 
relationship (OR 0.03, CI [0.00; 0.52], p = .02). Decrease in 
ADL care time is associated with higher NPI scores (OR 1.11, 
CI [0.87; 1.43], p = .02).

Table 3 presents results from the two-sample t tests with 
unequal variances, showing that after the 6-month inter-
vention, CGIC-T is significantly higher in the intervention 
period compared to the control period (p < .01). Likewise, 
CGIC-C (Table 3) is significantly higher for the interven-
tion (p < .01). Table 3 also shows how caregivers evaluate 
each of the intervention components: the intervention group 
reports larger improvements for L (p < .01), I (p < .01), and E 
(p = .02). There is no significant difference for the V compo-
nent (p = .07).

Figure 5 presents the reach of the intervention compo-
nents as a heatmap. It shows that the proportion of the 
dyads who received the LIVE Components is significantly 
higher in the intervention period for volunteering (p < .01) 
and empowerment (p < .01), while as presented in Table 1, 
there are no differences at the baseline. The dyads in the 
intervention period consistently score higher on CGIC-T 
compared to the controls, even if they did not receive all of 
the components.

The EG error analysis for the whole system shows signifi-
cant differences between the intervention (0.56, SD 0.03) and 
control means (0.74, SD 0.01, p < .01). We also find the fol-
lowing differences in ETi: ADL intervention 0.48 (SD 0.26) 
versus control 0.61 (SD 0.20, p < .05), and IADL intervention 

0.52 (SD 0.25) versus control 0.68 (SD 0.18, p < .01). When 
separately analyzing the scaled timei variables (per RUD 
domain: i ∈ {ADL, IADL}) between intervention and con-
trol, we find no significant difference (data not shown), veri-
fying the findings from the regression analysis.

The sensitivity analysis shows that the skewness of the 
control period distribution is −0.67, indicating that the 
control period has moderately right-skewed data, clustering 
most dyads near the high sensitivity zone. The skewness of 
the intervention period is −0.08, indicating that the distri-
bution is approximately symmetric. Four dyads are selected 
for single observations case studies from the ends of the 
sensitivity interval: D1 and D3 have low sensitivity (closest 
to ‘0’), whereas D2 and D4 have high sensitivity (equal to 
‘1’; Figure 3). Table 4 contains the characteristics of the 
dyads.

Case Studies
Case study 1
D1 is a dyad formed of a married couple, with the first symp-
toms of Alzheimer’s disease appearing 6 years before. The 
dyad belongs to the intervention group and comes closest to 
the Coordinator objective (EG = 0.05) in the overall sample. 
Although BPSD increases and physical function decreases, 
they report an improvement in caregiver situation (CGIC-T). 
The dyad receives all the LIVE Components, three of them 
during the 6-month period, and reports a positive perception 
of the coordinator performance (CGIC-C).

Case study 2
D2 is a dyad with 6 years of symptoms. D2 scores high on the 
coordinator performance, even though they have not opted 
for any of the components during the intervention period. 
Note that the caregiver has higher education in healthcare 
(not specified in the table) and appreciates the communica-
tion with the coordinator. However, it might mean that the 
offered LIVE Components were not suitable for this particu-
lar dyad and this case can be an excellent example of “one size 
does not fit all.” Moreover, it also shows that the Coordinator 
objective should be individually tailored and not generalized 
for entire groups.

Case study 3
D3 is a dyad with a caregiver with higher education, and 
symptoms that began 4 years before enrollment in the trial. 
They have received four of the five LIVE Components, three 
during the last six months, although they have been in the con-
trol group. This might be a good example where the “primary 
contact person” follow-up at the municipality functions well 
because the dyad comes very close to the Objective assigned 
to the coordinator in the intervention group. The dyad experi-
ences an overall improvement in BPSD and reports a positive 
impression of change.

Case study 4
D4 is a dyad with a short illness duration in the control 
group. They report no follow-up from the home-based ser-
vices or coordinator. Although there is only a small decrease 
in physical functioning, the self-perceived care situation for 
the caregiver worsens over 6 months. This specific case is a 
good example of the need for systematic and timely follow-up, 

Figure 4. Flow chart of study participants in the LIVE@Home.Path trial.
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which is beneficial to both the persons with dementia and 
their caregivers.

Discussion
This study shows that compared to the control period, 
informal caregivers randomized to the LIVE intervention 
period report higher satisfaction rates with their care situ-
ation for the home-dwelling person with dementia. These 
caregivers value the ongoing support and the coordina-
tor’s performance positively. Moreover, they report a sig-
nificantly higher improvement rate in their knowledge of 
dementia, healthcare technology, and communication with 
GPs for persons with dementia. Caregiver time does not 
decrease during the intervention period. Our findings are 

of key importance for municipality healthcare personnel, 
stakeholders, and politicians, as they highlight the value of 
a coordinated care process and tailored healthcare policy 
for persons with dementia, which also benefits their infor-
mal caregivers.

In line with our hypothesis, we find that the LIVE interven-
tion improves the caregiver situation evaluated by CGIG-T. 
We consider all intervention components through their sep-
arate scores on the CGIC-T scale. The heatmap in Figure 
5 shows that the reach of the components is higher in the 
intervention period and that the perception of the caregiv-
er’s own care situation is better for dyads who have received 
LIVE Components. Interestingly, it also shows that the inter-
vention dyads who choose not to pursue any of the LIVE 
Components are still reporting better perceived caregiver 

Table 2. Logistic Regression Analysis of the LIVE Intervention Effect on Decrease in Informal Care Time From Baseline to 6 Months

Decrease = 1
Increase/no change = 0

Model 2
ADL
Adjusted OR (95% CI)

p Value Model 3
IADL
Adjusted OR (95% CI)

p Value

N 83 83

Treatment (control = 0) 0.41 (0.07; 2.25) .31 0.72 (0.23; 2.19) .56

Spouse (other = 0) 0.58 (0.01; 21.09) .76 0.03 (0.00; 0.52) .02

Caregiver age 0.99 (0.87; 1.13) .95 1.10 (1.00; 1.22) .04

Caregiver gender (male = 0)
Female

0.80 (0.13; 4.92) .81 0.68 (0.20; 2.3) .54

Person with dementia age 0.95 (0.81; 1.09) .46 0.96 (0.86; 1.08) .55

Person with dementia gender (male = 0)
Female

1.47 (0.22; 9.53) .68 0.20 (0.04; 0.85) .03

MMSE 0.95 (0.76; 1.19) .67 0.98 (0.85; 1.13) .82

NPI 1.05 (1.00; 1.10) .02 1.00 (0.97; 1.04) .65

PSMS 1.11 (0.87; 1.43) .37 0.95 (0.78; 1.16) .65

Hosmer–Lemeshow goodness of fit 0.55 0.26

Notes: Bold values: significant p value. ADL = Activities of daily living (e.g., taking medicine and out-patient visits); CI = confidence interval; 
IADL = Instrumental activities of daily living (e.g., medication, preparing meals, and household chores); MMSE = Mini-Mental Status Examination [range 
0–30], higher scores indicate better cognitive functioning; NPI 12 = Neuropsychiatric Inventory sum of 12 items; OR = odds ratio; PSMS = Physical Self-
Maintenance Scale [range 0–30], higher score indicates lower functional capacity.

Table 3. Mean CGIC Scores by Intervention (60) and Control Period (164), Total N = 224

Measurements Study period Mean, (SD) t Value p Value

CGIC-T (dyad performance indicator) Intervention 0.63 (2.4) −3.1 <.01

Control −0.43 (1.7)

CGIC-C (coordinator performance indicator) Intervention 2.2 (2.0) –10.2 <.01

Control 0.17 (0.9)

CGIC-L Intervention 1.75 (1.9) −2.8 <.01

Control 0.97 (1.8)

CGIC-I Intervention 1.1 (1.6) −2.8 <.01

Control 0.45 (1.2)

CGIC-V Intervention 0.58 (1.2) −1.8 .07

Control 0.26 (0.9)

CGIC-E Intervention 0.93 (1.6) −2.3 .02

Control 0.39 (1.3)

Notes: Unequal variances t test was used to test differences in groups. CGIC-C = Coordinator Clinical Global Impressions of Change; CGIC-T = Total 
Clinical Global Impression of Change; CGIC-L = Learning Clinical Global Impressions of Change; CGIC-I = Assistive technology Clinical Global 
Impressions of Change; CGIC-V = Volunteering Clinical Global Impressions of Change; CGIC-E = Empowerment Clinical Global Impression of Change; n 
= number of caregivers; N = total sample; SD = standard deviation.
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situation than their control counterparts. This is due to the 
presence of the safety net secured by the coordinator, as also 
reflected by increased CGIG-C during the intervention. A 
cross-national synthesis including eight European countries 
(n = 261) exploring facilitators and barriers of formal care 
use among persons with dementia reveals that dementia coor-
dinators are an essential aspect of care continuity, facilitate 
the use of formal care, prevent uncertainty, and provide a 
higher sense of security (Stephan et al., 2018). These results 
comply with the findings of perceived safety net created by 
the coordinator described by Fæø et al. (2020). Systematic 
reviews demonstrate that case management/care coordinator 
interventions have a positive effect on caregiver psychological 
health and well-being, unmet needs, burden, and anxiety and 
improve dementia knowledge (Backhouse et al., 2017; Cheng 
et al., 2020; Walter & Pinquart, 2020; You et al., 2012). 
However, some studies also report the opposite, which might 
be attributed to, for example, small sample sizes, timeliness 
of the coordinator, etc. (Jansen et al., 2011; Tanner et al., 
2015), and barriers to sufficient intervention implementation 
(Khanassov et al., 2014).

However, contrary to our second hypothesis, our findings 
do not demonstrate any significant decrease in time spent on 
caregiving tasks during the intervention period. This might be 
explained by the increased caregiver awareness as they realized 
their total engagement in different caregiver tasks. Although 
the caregiver time does not decrease during the intervention, 
the system error analysis shows that the intervention group 
comes closer to the desired Coordinator objective compared 
to care as usual. This indicates that even though the number 
of care hours are fairly equal or increase during the course of 
the disease, the caregivers may not perceive it as increasingly 
burdensome due to the safety net created by the care coor-
dinator. This is supported by Lindt et al. (2020), who state 
that perceived caregiver situation can be alleviated by social 
support, either from other family caregivers or healthcare 
professionals. Our results show that the interactive two-way 
communication and feedback between the dyad and the care 
coordinator significantly improves the caregiver situation, 
which may potentially contribute to better mental and physi-
cal well-being in informal caregivers.

Because care pathways are complex interventions in com-
plex systems (Seys et al., 2019), we apply a feedback system 
analysis approach for evaluating the intervention effect on 
perceived caregiver situation and care time. The regression 
analysis, looking at the unidirectional relationship between 
treatment and change in informal care time, shows no signif-
icant intervention effect. However, the system error analysis 
(ETi) accounts for the overall perspective and for the num-
ber of intervention components received in total. The sys-
tem error demonstrates a difference between the control and 
intervention groups and that the intervention group comes 
closer to the desired Coordinator objective compared to care 
as usual. The sensitivity value (S) quantifies the resilience of 
the feedback system to Disturbances, ranging from 0 to 1: 
the closer to zero, the better the resilience. Results show that 
approximately 50% of the dyads in the intervention group 
score between S = 0.05 and S = 0.58, whereas in the control 
group, only 10% of the dyads score between S = 0.28 and 
S = 0.51. For this study, better resilience means that the dyads 
are more likely to adapt to smaller changes in their daily 
lives, for instance, small variations in BPSD. This situation 
is illustrated by dyad D1, which experiences an increase in 
BPSD, but still reports improvement in caregiver situation. In 
contrast, dyad D4 in control group shows worsening of the 
caregiver situation and reports no follow-up from the munic-
ipality, which makes them less resilient (S = 1). By calculating 
more sensitivity values in future research, we could describe 
or predict the likelihood of permanent nursing home admis-
sion. Although we cannot test this hypothesis in this study, it 
is a worthy avenue to explore. Both the system error and the 
sensitivity suggest that the feedback system is an appropriate 
analysis approach to evaluate RCTs with supervised adaptive 
interventions.

Strengths and Limitations
The main strength of the study is that the effect of the inter-
vention components considers changes in real-world settings, 
allowing the intervention to be tailored for individual needs 
of a dyad as a unit. Moreover, healthcare professionals, care-
givers, and user-representatives are involved in the develop-
ment and implementation of the LIVE@Home.Path trial to 
enhance the feasibility and acceptability in clinical practice 

Figure 5. Heatmap demonstrating the received intervention components 
and the mean CGIC-T score by control (164) and intervention period (60), 
N = 224. CGIC-T = Clinical Global Impression of Change presenting the 
question: “On a scale from –5 to +5, how do you perceive the change 
in self-perceived caregiver situation compared to 6 months ago?”; 
Empowerment combines two LIVE Components: Medication review and 
Advance Care Planning.
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(Fæø et al., 2020). The trial design stipulates that the coor-
dinator provides Follow-up with a time-step smaller than the 
data collection time-step (6 months), making it suitable for 
system analysis because the collected outcome measures con-
sider the entire evolution of the system over those 6 months.

This study has some methodological limitations. Although 
this is a multisite trial with a relatively large sample size, 
yielding high generalizability of the results, the imbalanced 
sample size compromises the statistical power of the results 
in the current study. The intervention to control group ratio 
of 1:2 leads to modest reduction of power in statistical 
analysis; however, this does not affect the system analysis 
approach. Assessing informal care time with the RUD scale is 
prone to inaccuracy due to the recall method, as direct obser-
vations and caregiver diaries are considered as the gold stan-
dard of time recording (Van den Berg & Spauwen, 2006). 
Nevertheless, the RUD assessment tool has shown accurate 
estimation of the time provision and is considered a valid 
and reliable substitution for direct observations (Wimo & 
Nordberg, 2007; Wimo et al., 2013). We might underesti-
mate the amount of informal care time in some care domains 
due to missing data. The trial uses convenience sampling, 
and some dyads utilized formal care services and received 
the intervention components (e.g., learning) before the inter-
vention started. This might leave little room for improve-
ments and might result in a reduced intervention effect. 
Moreover, Norwegian municipality-based dementia care 
teams and the municipality administrative unit responsible 
for healthcare service distribution are a low-threshold ser-
vice in Norway, which dyads in the control group have easy 
access to. However, LIVE@Home.Path makes a distinction 
that the active intervention differs from usual care, as it is 
delivered by a designated coordinator applied in the context 

of the trial. The trial strives to minimize the intervention con-
tamination by introducing the trial design to the participants 
at baseline (Magill et al., 2019). We can only calculate the 
system sensitivity for one timepoint (month 6), which does 
not fully incorporate the whole predictive power of the sen-
sitivity function. Further research is needed to investigate the 
sensitivity of the system for other data points over a longer 
period of time.

Conclusion
In conclusion, this study demonstrates the impact of the 
multicomponent LIVE intervention on the self-perceived 
caregiver situation and supports the policy of a key person 
to provide support. We show that feedback system analysis 
is a promising method to investigate complex intervention 
trials, such as LIVE@Home.Path. Meeting the needs of per-
sons with dementia and their caregivers is a complex process 
that requires coordinated input from health and social care 
services, the voluntary sector, government policies, and user 
communities.

Supplementary Material
Supplementary data are available at Innovation in Aging 
online.

Author Note
In system analysis terminology, disturbances define all factors 
that affect the underlying system functioning. Åström, K. J., 
& Murray, R. M. (2021). Feedback systems: An introduction 
for scientists and engineers. Princeton university press.

Table 4. Characteristics of the Dyads Included in the Case Studies, N = 4

Dyad D1 D2 D3 D4

Type of dementia Alzheimer Unspecified Alzheimer Alzheimer

Person with dementia gender Male Female Male Male

Symptom onset (years) 6 6 4 2

Caregiver gender Female Male Female Female

Caregiver level of education Higher education Higher education Higher education Primary and lower secondary

Living together Yes Yes Yes Yes

Treatment Intervention Intervention Control Control

EGa 0.052 1 0.219 1

Etime
b

 � ADL 0.24 1 0.30 1

 � IADL Missing 1 0.31 1

MMSE total 15 25 18 Missing

Difference between baseline and 6 month follow-up score

 � NPI 21 0 −2 0

 � PSMS 5 Missing 0 1

CGIC-C 4 5 4 0

CGIC-T 4 0 3 −1

Number of LIVE componentsc 5 0 4 0

Notes: ADL = Activities of daily living (e.g., personal hygiene, bathing, and dressing); CGIC-C = Coordinator Clinical Global Impressions of Change; 
CGIC-T = Total Clinical Global Impression of Change; IADL = Instrumental activities of daily living (e.g., taking medicine and out-patient visits); 
MMSE = Mini-Mental Status Examination; NPI = Neuropsychiatric Inventory sum of 12 items; PSMS = Physical Self-Maintenance Scale.
aGlobal impression of change error.
bInformal care time change error.
cNumber of LIVE components received.
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