Journal of

] Z
Dementia and ml\D Pl
Alzheimer’s Disease 3

Article

Dynamic Coupling Association of Care Partner Quality of Life
and Cognitive and Depressive Symptoms Experienced by
Persons Living with Dementia

Samantha G. Coleborn 12, Francesca Berthiaume 1-2(%, Stacey Voll 20, Denise Cloutier 23(7, Carren Dujela ?,
Mariko Sakamoto 24, Debra J. Sheets 24, André P. Smith 2, Jodie R. Gawryluk -
and Stuart W. S. MacDonald 1:%-*

Department of Psychology, University of Victoria, Victoria, BC V8W 2Y2, Canada

Institute on Aging and Lifelong Health, University of Victoria, Victoria, BC V8W 2Y2, Canada
Department of Geography, University of Victoria, Victoria, BC V8W 2Y2, Canada

School of Nursing, University of Victoria, Victoria, BC VW 2Y2, Canada

Department of Sociology, University of Victoria, Victoria, BC V8W 2Y2, Canada
Correspondence: smacd@uvic.ca

L B N S

Abstract

Background/Objectives: Persons living with dementia (PLwD) receive informal care
services from loved ones, commonly referred to as care partners (CPs). While the symptoms
(e.g., depressive affect, cognitive impairment) experienced by PLwD are recognized to
influence CP wellbeing, longitudinal investigations into the association of CP QoL and
PLwD symptoms have yet to be fully explored. The present study sought to address this
gap and highlight how CP QoL and PLwD symptoms systematically covary over time.
Methods: Participants were composed of 33 dyads (PLwD and their CP) who partook
in the Voices in Motion project, a social-cognitive intervention for dementia. CP QoL
(WHOQOL-BREF), PLwD depressive symptomology (Patient Health Questionnaire-9) and
PLwD global cognitive functioning (Mini-Mental State Examination) were assessed every
three to four weeks in an intensive repeated-measures design. Time-varying covariation
models using multilevel modeling examined systematic covariation between CP QoL and
PLwD symptoms between and within dyads. Results: Increased CP psychological and
social QoL were both associated with increased PLwD global cognitive functioning between
dyads and vice versa (p < 0.05). Within dyads, increased CP social QoL was associated with
improved PLwD depressive symptoms (p < 0.05), while increased CP environmental QoL
was associated with increased depressive symptoms (p < 0.05). Conclusions: Significant
coupling associations were observed both between and within dyads. Such results highlight
the association between CP QoL and the symptoms experienced by their care recipient and

provide important, novel longitudinal contributions to the literature.
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living. The progressive nature of dementia leads to individuals requiring significant care
from formal health care systems as well as informal care from loved ones [2]. In the
United States, informal care provided by family, friends, and other unpaid caregivers has
been indicated to comprise the majority of care received by persons living with dementia
(PLwD) [2]. Moreover, the annual global number of hours spent providing informal
caregiving services for PLwD at home was estimated to be over 80 billion in 2018, with this
number anticipated to increase in the coming decades [3].

Individuals adopting the responsibilities of providing informal care services are com-
monly referred to as care partners (CPs) [4,5]. CPs can have negative experiences and
elevated levels of stress when caring for a loved one with dementia. The transactional
model of stress and coping has received empirical support for explaining the relationship
between CP stress and caregiving [6—8]. This model suggests that CPs evaluate the stress-
fulness of their interactions with their care recipient and then appraise whether the level of
stress and challenges they encounter is manageable by resources they have available or if
other coping strategies are required [6,7,9].

There is substantial evidence demonstrating there exists a close, bidirectional relation-
ship between CPs’ caregiving experiences, such as caregiver distress and burnout, and the
various symptoms experienced by their care recipients with dementia, including psychosis,
affective and behavioral symptoms, memory and executive functioning impairments, over-
all disease severity, and negative changes to global cognitive functioning [10-13]. The
bidirectional influences between CPs and PLwD in this dyadic relationship can be prob-
lematic as it can transition into a powerful positive feedback loop that exacerbates CPs’
negative caregiving experiences and, in turn, the symptoms experienced by PLwD [10,11].
However, despite the negative effects of this interconnected relationship between caregiv-
ing experiences and dementia symptoms, this relationship can also be an important target
to support and benefit both CPs and PLwD [10,11].

Quality of Life (QoL), as defined by the World Health Organization, refers to one’s
subjective perceptions about their position in life relative to the context of one’s culture
and values as well as their personal goals and expectations. QoL is a multidimensional
concept that extends beyond physiological functioning and represents a holistic approach
to understanding health and wellbeing [14]. It is also broader and more comprehensive
than other concepts associated with CP wellbeing such as perceived distress or burden, as it
pertains to multiple aspects of one’s wellbeing beyond their specific caregiving experiences.
CPs of individuals with chronic diseases can often feel isolated, be tasked with numerous
responsibilities, and experience other difficulties like sleep disruption, depression, and
anxiety, all of which contribute to their QoL [15]. Rees et al. [15] reviewed the available
literature on QoL of CPs of individuals with chronic diseases and emphasized in their
review that CP QoL is significantly associated with their care recipients’ clinical outcomes. A
more recent qualitative study by Hazzan et al. [16] explored how QoL of CPs of individuals
with dementia relates to the care they provide and highlights that both the quality-of-care
CPs perceived giving and their own personal QoL were not only affected by the availability
and accessibility of additional supports but also by the needs and symptoms of their
care recipient.

Previous reviews have illustrated that in CP-PLwD dyads, CP QoL is associated
with the health and wellbeing of PLwD and there have been investigations into how the
symptoms experienced by PLwD influence CP QoL [17-21]. However, despite previous
research exploring how PLwD factors impact CP QoL, the available literature has not
extensively explored this association, particularly within dyads. Moreover, while the
connection between PLwD symptoms and CPs’ caregiver-specific experiences has been
well-established in the literature, research into how CP QoL more broadly is associated
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with PLwD symptoms is relatively lacking. Of the literature that does exist regarding
the relationship between PLwD symptoms and CP QoL, much of the research has been
cross-sectional, highlighting a key limitation of the current literature.

Thus, the present investigation sought to address these gaps by using a longitudinal
intensive repeated-measures study design to explore whether there exists time-varying,
systematic covariation between CP QoL domains and symptoms experienced by their
care recipient with dementia. Time-varying covariation model designs permit the test-
ing of coupled change to explore how two variables move together across time within
dyads [22,23]. An examination of the systematic fluctuation between these two variables
reveals whether there exists process-based change within dyads between a CP’s QoL and
the symptoms experienced by their care recipient with dementia [23]. In other words, such
models of coupled change demonstrate how changes in CP QoL correspond to changes in
PLwD symptoms for a dyad at any given point in time. To accomplish this, we utilized
data from the Voices in Motion (ViM) project—a social-cognitive intervention that sought
to utilize the known benefits of music- and socialization-based interventions to promote
psychological and cognitive health for PLwD [24]. The measurement-burst design of ViM,
a novel design relative to previous music-based interventions, permitted the evaluation of
the within-dyad time-varying covariation of CP QoL and symptoms experienced by their
care recipient with dementia [25]. This approach also permitted dyads to effectively serve
as their own controls and allowed the examination of change in the key study variables
relative to their own personal average.

Given the breadth of evidence demonstrating associations between CP caregiving
experiences and PLwD symptoms, we hypothesized that this relationship would extend to
CP QoL. We anticipated that CP QoL would systematically covary with their care recipients’
experienced symptoms and made the directional hypothesis that on occasions where CP
QoL was higher relative to their typical average or the sample average, there would be a
corresponding improvement in their care recipients” symptoms. Thus, we predicted that
on occasions where PLwD symptoms were elevated relative to their personal or sample
average, there would be a corresponding decrease in CP QoL.

2. Materials and Methods
2.1. Participants

Participants for this study were composed of dyads consisting of PLwD and their
CP who partook in ViM. ViM, which was approved by the Human Research Ethics Re-
view Board at the University of Victoria (HREB#20-0329), was an intergenerational choir
composed of local high school students, PLwD, and their CP. Only CP and PLwD partici-
pants were included in analyses, as the current study exclusively focused on these dyadic
relationships. Participants were recruited from the local community by means of flyers
posted in community centers, doctors” offices, and local churches. Initial eligibility for ViM
was assessed over the phone, with requirements including having a diagnosis of dementia
from a physician and having a CP that was willing and able to participate in the choir and
data collection. Exclusionary criteria consisted of recent stroke (self-reported, physician-
diagnosed) and/or taking prescribed medications (such as benzodiazepines) known to
affect cognition [25-27]. Although primarily targeted for those diagnosed with Alzheimer’s
Disease, individuals with other subtypes of dementia were permitted to participate in the
ViM project and were included in the current study. A total number of 34 dyads participat-
ing in the ViM project were initially included for the current study; however, one PLwD and
their respective CP were excluded from analysis due to the inability to complete required
assessments, leaving a final sample of 33 dyads, 29 of whom had Alzheimer’s Disease
and four with other non-Alzheimer’s Disease dementia types. All participants provided
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consent to participate in the ViM project and data analysis and were given opportunities
throughout the project to ask questions about their participation.

2.2. Procedure

ViM was composed of three different choral seasons that were approximately
3.5 months each and separated by summer and winter breaks, with the entire duration of
the study lasting 18 months. Choral seasons consisted of 2 h weekly choir practices held at
two local churches in Victoria, BC. Each choir practice was led by a professional conductor
(BMus, DipEd, MMus) and included a warmup, rehearsal, and approximately 30 min of
free socialization time at the end of practice. ViM adopted a rolling sample recruitment
strategy where new participants could join at the start of each new choral season. Due
to the significantly reduced quantity of data in later choral seasons and thus a distinct
lack of power, the current analysis is restricted to each participant’s first personal season
of participation.

Participants underwent baseline assessments at the start of their first choral season,
after which a longitudinal intensive repeated-measures design was adopted to collect data
every three to four weeks within each choral season. This provided up to four assessments
within each dyad’s personal first season, which permitted the investigation of dynamic
change in key outcomes. Each date for a data collection session was chosen by participants
themselves to reduce disruption to daily lives and testing effects for PLwD as well as limit
the attrition within ViM.

2.3. Measures
2.3.1. CP QoL

CP QoL was assessed by the WHOQOL-BREF. This 26-item questionnaire prompted
CPs to respond to questions about their perceived QoL across four distinct domains:
environmental surroundings (eight items), psychological health (six items), physical health
(seven items), and satisfaction in social relationships (three items). Participants rated their
responses on a five-point scale that ranged from 1 = “very poor” to 5 = “very good”. A total
sum score for each domain was derived separately, with higher scores reflecting greater
perceived QoL for that domain. The WHOQOL-BREF scoring protocol was followed to
compute QoL domain scores [14]. In accordance with the WHOQOL scoring protocol,
QoL items 1 and 2 were not included in the domain total scores. QoL. domain scores from
individuals’ items were then calculated and multiplied by four to be comparable with
scores derived from the WHOQOL-100. Averages were then calculated for domain scores,
with the scores of each domain ranging from 4 to 20. Missingness of WHOQOL data was
also handled based on this WHOQOL-BREEF scoring protocol.

2.3.2. PLwD Global Cognitive Functioning

The Mini-Mental State Examination (MMSE), a well-validated and reliable scale for
assessing global cognitive functioning, was used to proxy the cognitive symptoms experi-
enced by PLwD participants. This measure is appropriate for evaluating cognitive abilities
in seniors, particularly for seniors with cognitive deficits, as it is shorter and simpler com-
pared to other cognitive assessments [28]. The exam is composed of two sections: the first
requiring verbal responses to questions assessing memory and attention (e.g., “What is
the season?”), and the second assessing participants” abilities to name, follow instructions,
and write (e.g., participants are instructed to copy a presented pattern). Scores range from
0 to 30, with scores falling between 20 and 24 indicating mild cognitive impairment,
12-20 reflecting moderate impairment, and scores < 12 indicating severe impairment.
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2.3.3. PLwD Depressive Symptomology

The Patient Health Questionnaire-9 (PHQ-9), a short scale with strong reliability
and diagnostic validity that is appropriate for assessing depressive symptomology in
dementia populations, was utilized to assess the depressive symptoms experienced by
PLwD [29,30]. The range of possible scores fell on a continuum between 0 and 27; each
of the nine items on the scale was scored from 0 (“not at all”) to 3 (“nearly every day”),
with higher scores indicating a greater number of depressive symptoms. The PHQ-9 was
interview-administered. Interviewers read each question to participants and then ensured
that participants understood the question being asked. Calculated total scores falling
between 5 and 9 reflected minimal depressive symptoms, 10-14 indicated minor depressive
symptoms, 15-19 reflected major to moderately severe depressive symptoms, and 20 or
greater indicated severe, major depressive symptoms.

2.4. Statistical Procedure

All statistical analyses were computed using the nlme package (Version 3.1.157) in R
Studio Code (Version 4.2.1) [31]. Fully unconditioned models were initially fit to calculate
the intraclass correlation coefficient (ICC) for each of the variables of interest. ICC values
were used to determine the degree of dependence across variance levels and whether
there existed sufficient levels of between-dyad (level-2) variance to suggest the violation
of the assumption of independence and thus the need for the intended multilevel mod-
eling approach [32]. Time-varying covariation models were then fit to investigate the
research objective.

Equation (1) describes the first set of models, where the separate CP QoL domains
(indexed by WHOQOL-BREF) served as predictors, while the symptoms experienced by
PLwD (indexed by MMSE and PHQ-9) were the outcomes. Equation (2) represents the
next set of models where the symptoms experienced by PLwD predicted each CP QoL
domain. Each equation had continuous predictor variables and thus to make the outputs
meaningful and interpretable, predictors at level-1 (reflecting within-dyad associations)
were person-mean centered and predictors at level-2 (reflecting between-dyad associations)
were grand-mean centered. CP_QOL and PLwD_Symptoms served as placeholders for
each of the models, with the former representing CP QoL domain scores and the latter
representing PLwD global cognitive functioning or depressive symptoms. Covariates
included PLwD age, CP age, and time in study (in months), which are represented by
PLwD_Age, CP_Age, and TIS in Equations (1) and (2).

LEVEL-1: PLwD_Symptom, = Boi+ PB1i (TIS)+P2i (CP_QoL) + ey
LEVEL-2 : Boi = Yo + Y1 (CP_QoL) + yg, (PLwD_Age) + y5(CP_Age) + uy;

_ 1)
Pii = yio + wii
P = yy + o
LEVEL-1: CP_QOL, = Boi + pui (TIS) + Bai (PLwD_Symptom) + ey
LEVEL 2: Boi =Yy + Vo1 (PLwD_Symptom) + yy, (PLwD_Age) + y,5(CP_Age) + uy; )

Bii = Yy + uii
Bai = Yy + uz

In Equation (1), PLwD symptoms for a dyad i at occasion ¢ is predicted as a function
of that dyad’s baseline PLwD symptom score (i), two slope parameters (B1;; B2i), and a
within-dyad residual variance term (ey;). The first slope parameter, B1;, reflects the rate of
change in the outcome score (PLwD symptoms) for a given dyad with each subsequent
data collection session (monthly retest assessments). The other level-1 slope parameter,
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Bai, reflects the change in PLwD symptom scores per one-unit increase in CP QoL at time ¢
relative to a given care partner’s personal average QoL score for a given domain.

In the level-2 portion of this equation, each of the level-1 parameters become outcomes
to be explained through the specification of fixed and random effects. The two key level-2
fixed effects for the current study were y(;, which reflects the pure between-person effect, and
y20, reflecting the pure within-dyad effect. The level-2 variances (u,;, Uy, uy) in the equation
reflect the remaining between-dyad variability in PLwD symptoms to be explained.

Equation (2) is simply the inverse of Equation (1), in which CP QoL domain scores
are outcomes to be predicted by PLwD symptoms. CP QoL domain scores for dyad i at
occasion f are predicted as a function of that dyad’s baseline CP QoL domain score (B,i),
the rate of change in a CP QoL domain score for a given dyad with each subsequent data
collection session (1), the rate of change in a CP QoL domain score per one-unit increase
in PLwD symptoms at time ¢ relative to that dyad’s typical average (i), and the remaining
within-dyad residual variance (ey;). Again, these level-1 parameters become outcomes to be
estimated at level-2, with y(; and y;g being the key fixed effects of interest that reflect the
coupling associations of PLwD symptoms and CP QoL domain scores between and within
dyads respectively.

Restricted Maximum Likelihood (REML) was employed for each of the models in
the current analyses to estimate parameters. REML utilizes all the available data from
participants in the sample instead of engaging in listwise deletion and accounts for how
some participants have a greater number of assessments, thus contributing more to the total
amount of data. This allows REML to provide more robust parameter estimates compared
to other methods, especially in the cases of smaller sample sizes [33]. The advantages
yielded by REML make it an appropriate parameter estimation method to use in the context
of using ViM data, given the missing data from some participants, attrition, and modest
sample size associated with this project [13]. In the present study, we invoked unidirectional
hypotheses and thus one-sided p-values < 0.05 were considered statistically significant.
Exact p-values and 95% confidence intervals (CI) are reported to facilitate interpretation.
Previous research studies have demonstrated a negative relationship between CP QoL
and functional impairments experienced by individuals with PLwD [17], and depressive
symptoms of PLwD as reported by CPs [18]. Moreover, there is strong evidence demon-
strating that increased CP burden or distress is related to poorer QoL for CPs of individuals
with chronic illness or diseases [34-36], and that CP burden and distress are increased by a
wide range of symptoms experienced by their care recipient [10,37,38]. Thus, the previous
literature suggests that CP QoL should be diminished with worse PLwD symptoms versus
increased with fewer PLwD symptoms, thereby guiding our unidirectional hypotheses
and approach.

The data were screened for missingness using Little’s Missing Completely at Random
(MCAR) test, in which the null hypothesis states the data are MCAR. The null was retained
for the MCAR test of key study variables (x?(13) = 10.9, p = 0.622).

3. Results
3.1. Sample Characteristics

The baseline sample characteristics are summarized in Table 1. WHOQOL-BREF base-
line means for each QoL domain at baseline were 16.09 (range = 13-19) for environmental,
15.70 (range = 8-19) for physical, 14.64 (range = 8-18) for psychological domains, and 14.21
(range = 8-18) for social domains in the current sample. While WHOQOL-BREF scores
lack defined clinical cut-offs to indicate high or low QoL, the baseline scores do reflect
higher perceived QoL across the various sub-domains as they trend towards the maximum
possible score of 20. The mean baseline PLwD MMSE score in the present sample was
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20.61 (range = 10-29), suggesting PLwD had mild cognitive impairment; however, scores
across the sample ranged from severe to normal cognitive functioning. PLwD mean PHQ-9
score at baseline was 3.17 (range = 0-14), reflecting the absence of depressive symptoms in
this sample, yet scores did range from the presence of no depressive symptoms to minor
depressive symptoms as defined by the DSM-V.

Table 1. Sample Characteristics at Baseline.

Care Partners (CP) Care Recipients (PLwD)
n=233 n=233
Age in years M (SD) 67.81 (10.07) 79.09 (7.95)
Sex % Women 84 55
Education, % high school or higher 100 97
Ethnicity, % Caucasian 97 100
CP, spouse n 16 -
CP, child n 6 -
CP, other family n 1 -
CP did not disclose n 10 -
PLwD Living with others, % 1 person } 78
or more
PLwD ADL, M (SD) - 0.23 (0.77)
CP QoL envir, M (SD) 16.09 (1.72) -
CP QoL phys, M (SD) 15.70 (2.00) -
CP QoL soc, M (SD) 14.64 (2.15) -
CP QoL psyc, M (SD) 14.21 (2.89) -
PWD MMSE W, (SD) - 20.61 (5.66)
PWD PHQ-9 M, (SD) - 3.17 (3.45)

ADL = Activities of Daily Living Score (0-6, 0 = very independent, 6 = very dependent); QoL envir = Environmental
Quality of Life; QoL phys = Physical Quality of Life; QoL soc = Social Quality of Life; QoL psyc = Psychological
Quality of Life; MMSE = Mini-Mental State Examination; PHQ-9 = Patient Health Questionnaire-9.

3.2. Fully Unconditioned Models

Fully unconditioned mean models revealed that 83% of the total variability in environ-
mental QoL, 80% in social QoL, and 70% in both psychological and physical QoL existed
systematically between dyads. In regard to PLwD depressive and cognitive symptoms,
66% of the total variability in depressive symptomology and 84% of the total variability in
MMSE scores were found to be systematically between dyads. Such findings confirmed the
existence of variability at both level-1 and level-2 and justified the usage of the multilevel
approach [32].

3.3. Coupling Associations of CP QoL and PLwD Symptoms

Although level-2 random effects were initially specified for each time-varying covaria-
tion model, level-2 random slopes for both time and the within-person coupling parameter
were constrained in order to achieve model convergence. Thus, although individual differ-
ences in change and within-person coupling likely exist, this was not found empirically for
the present sample. All random effects for intercepts were modeled.

Two between-dyad significant coupling associations were found. One association was
between CP social QoL and PLwD MMSE scores; where CP social QoL scores were one unit
greater than the sample average, there was a corresponding 0.61 increase in PLwD MMSE
scores (yo1 = 0.61, p = 0.03). The inverse was also true; where the PLwD MMSE score was
one unit above the sample average, there was an associated 0.19 increase in their CP social
QoL (yo1 = 0.19, p = 0.03). The second significant between-dyad finding was the association
of CP psychological QoL and PLwD MMSE scores. Specifically, a one-unit increase in CP
psychological QoL relative to the sample average was associated with a 1.20-unit increase
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in PLwD MMSE scores (yo1 = 1.20, p = 0.004). This significant association was found in the

inverse direction as well, in which a one-unit increase in PLwD MMSE scores relative to

the sample average was associated with a 0.20 increase in CP psychological QoL scores

(yo1 = 0.20, p = 0.003). Tables 2 and 3 summarize these results, and results are illustrated in

Figure 1a,b.

Table 2. Between- and within-dyad estimates of PLwD global cognitive functioning and depressive

symptomology predicting CP QoL domain scores.

Estimate SE 4 Lower 95% CI ~ Upper 95% CI
CP-QoL Phys
PLwD MMSE (between-dyads) (yo1) 0.12 0.07 0.13 —0.04 0.27
PLwD MMSE (within-dyads) (y20) 0.02 0.09 0.82 —0.16 0.20
PLwD Mood (between-dyads) (yo1) 0.02 0.13 0.90 —0.24 0.28
PLwD Mood (within-dyads) (y29) —0.02 0.10 0.81 —0.21 0.17
CP-QoL Envir
PLwD MMSE (between-dyads) (yo1) 0.10 0.06 0.11 —0.03 0.23
PLwD MMSE (within-dyads) (y20) 0.00 0.06 0.96 —0.11 0.12
PLwD Mood (between-dyads) (yo1) —0.03 0.11 0.77 —-0.27 0.20
PLwD Mood (within-dyads) (y20) 0.10 0.05 0.035 # —0.01 0.21
CP-QoL Soc
PLwD MMSE (between-dyads) (yo1) 0.19 0.10 0.03 # —0.01 0.40
PLwD MMSE (within-dyads) (y20) 0.05 0.10 0.57 —0.14 0.25
PLwD Mood (between-dyads) (yo1) 0.10 0.18 0.59 —-0.27 047
PLwD Mood (within-dyads) (y20) —0.20 0.10 0.03 # —0.40 0.01
CP-QoL Psyc
PLwD MMSE (between-dyads) (yo1) 0.20 0.07 0.006 ** 0.06 0.34
PLwD MMSE (within-dyads) (y20) —0.14 0.09 0.11 —0.32 0.03
PLwD Mood (between-dyads) (yo1) —0.01 0.14 0.95 —-0.29 0.27
PLwD Mood (within-dyads) (y20) 0.02 0.09 0.83 —0.16 0.21
Note: ** p < 0.01, # p < 0.05 one-tailed.
Table 3. Between- and within-dyad estimates of CP QoL domains predicting PLwD global cognitive
functioning and depressive symptomology scores.
. Lower 95% Upper 95%
Estimate SE p CI CI
PLwD MMSE
CP Phys QoL (between-dyads) (yo1) 0.66 0.43 0.13 —-0.22 1.54
CP Phys QoL (within-dyads) (y20) 0.07 0.28 0.81 —-0.50 0.64
CP Envir QoL (between-dyads) (yo1) 0.80 0.49 0.09 —0.15 1.87
CP Envir QoL (within-dyads) (y29) —0.01 0.44 0.98 —0.90 0.88
CP Psyc QoL (between-dyads) (yo1) 1.20 0.39 0.004 ** 0.40 2.00
CP Psyc QoL (within-dyads) (y20) —0.43 0.27 0.11 —-0.97 0.11
CP Soc QoL (between-dyads) (yo1) 0.61 0.30 0.025 # 0.00 1.22
CP Soc QoL (within-dyads) (y20) 0.13 0.26 0.63 —-0.39 0.65
PLwD Mood
CP Phys QoL (between-dyads) (yo1) 0.06 0.31 0.84 —0.57 0.70
CP Phys QoL (within-dyads) (y20) —0.08 0.28 0.77 —0.66 0.49
CP Envir QoL (between-dyads) (yo1) —0.08 0.35 0.82 —0.81 0.64
CP Envir QoL (within-dyads) (y20) 0.85 0.45 0.035 # —0.06 1.77
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Table 3. Cont.

Estimate SE p Lower 95% Upper 95%

CI CI
CP Psyc QoL (between-dyads) (yo1) —0.02 0.30 0.95 —0.64 0.60
CP Psyc QoL (within-dyads) (y20) 0.07 0.29 0.81 —0.52 0.66
CP Soc QoL (between-dyads) (yo1) 0.12 0.22 0.58 —0.33 0.57
CP Soc QoL (within-dyads) (y20) —0.47 0.24 0.03 # —-0.97 —0.02

PLWD MMSE Scores.

Note: ** p < 0.01, # p < 0.05 one-tailed.

nnnnnnnnnn

|
CP QoL Scores

5
CP Qo Scores

(a) (b)

Figure 1. Between-dyad significant coupling associations. (a) Change in PLwD MMSE scores per
one unit increase or decrease in CP psychological and social QoL relative to the sample average;
(b) changes in CP psychological and social QoL scores per one unit increase or decrease PLwD MMSE
relative to the sample average.

Two significant associations were found at the within-dyad level. Firstly, on occasions
where CP social QoL was one unit higher relative to a CP’s personal average, there was an
associated 0.47 improvement in PLwD PHQ-9 scores (y4 = —0.47, p = 0.03). The inverse
was also found to be significant, in which a one-unit increase in a PLwD’s PHQ-9 score
relative to their personal average was associated with a corresponding 0.20 decrease in their
CP’s social QoL score (ys9 = —0.20, p = 0.03). The second significant within-dyad association
was found between CP environmental QoL and PLwD PHQ-9 score. On occasions where
a CP’s environmental QoL score was one unit greater relative to their typical average,
there was a corresponding 0.85 increase in PLwD PHQ-9 score (y49 = 0.85, p = 0.04). This
was also true for the other direction, where a one-unit increase in PLwD PHQ-9 scores
relative to their personal average was associated with a corresponding 0.10 increase in
CP environmental QoL scores (ys9 = 0.10, p = 0.04). These results are summarized in
Tables 2 and 3 and illustrated in Figure 2a,b.
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PLWD PHQ-9 Scores

Legend g Legend
— CPEmirQoL — CPEnvraoL

— CP Social Qo

CP QoL Scores

— P Social QoL

CP QoL Scores

PLWD PH‘Q—Q Scores
(@) (b)

Figure 2. Within-dyad significant coupling associations. (a) Change in PLwD PHQ-9 scores given a
one-unit increase or decrease in CP social or environmental QoL relative to their personal average;
(b) change in CP social and environmental QoL given a one-unit increase or decrease in PLwD PHQ-9
scores relative to their personal average.

4. Discussion

The present investigation sought to explore whether CP QoL domains systematically
covary with depressive and cognitive symptoms experienced by their care recipient with
dementia within and between dyads. We hypothesized that there would be an association
between greater CP QoL in environmental, physical, social, and psychological domains
with improved cognitive functioning and depressive symptoms, and vice versa, in their
care recipient between and within dyads. Our investigation yielded significant findings
(p < 0.05, one-tailed) that aligned with a priori hypotheses at both the between- and within-
dyad levels, as well as secondary findings that contrasted with our a priori predictions
for which we offer cautious interpretations. Such findings add novel contributions to the
literature and provide a more nuanced understanding about the dynamic relationship
between CPs and PLwD. To date, most studies in this field have been cross-sectional
and between-person. The present longitudinal investigation expands the literature by
highlighting the within-dyad coupling associations between CP QoL and depressive and
cognitive symptoms experienced by PLwD.

4.1. Between-Dyad Findings

The present investigation found two between-dyad coupling associations. Specifically,
our findings suggested that both CP psychological QoL and CP social QoL were associated
with PLwD global cognitive functioning, in which greater CP psychological and social QoL
scores relative to the sample average were associated with greater PLwD MMSE scores,
reflecting better global cognitive functioning. Results from models also suggested that
these associations were significant in the inverse direction. These findings are consistent
with previous research exploring the dyadic associations of CP wellbeing and PLwD
symptoms, as several studies have demonstrated that CP caregiving experiences, such as
CP burnout, distress, and perceived burden, are related to the outcomes and trajectory of
their care recipient with dementia [10,12,13]. What the present investigation adds to the
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well-established literature includes how more global aspects of CP wellbeing, such as QoL,
are also intimately related to the cognitive symptoms of their care recipient with dementia.

QoL has been associated with important health-related factors such as mortality,
depression, and anxiety in older adults [39-41]. Much of the literature that has explored
QoL in CPs for PLwD has sought to identify specific factors that relate to CP wellbeing and
their ability to provide care [17,42,43]. Among the available literature, there are previous
studies that have explored how the severity of cognitive impairment and other symptoms
experienced by PLwD influence their CP’s QoL [18-21]. For example, a cross-sectional
study conducted by Nasrun et al. [18] demonstrated there exist strong correlations between
both CP physical and social QoL and PLwD global cognitive functioning among other
factors. Our results extend this research by highlighting support for longitudinal process-
based change between CP psychological and social QoL and PLwD cognitive symptoms
between dyads and it is, to the best of our knowledge, the first study to do so.

There are several potential reasons that these specific QoL domains were associated
with PLwD cognitive symptoms. Firstly, CPs reporting greater social QoL may perceive
having more support. Perceived supports are an important contributor to CP burden,
which is associated with PLwD global cognitive functioning [44]. Alternatively, as demen-
tia progresses for PLwD, CPs can experience increasing social isolation and loneliness,
as well as a decreased desire or ability to socialize due to increases in care responsibili-
ties [45]. PLwD with better global cognitive functioning may require less intensive care
from their CP, resulting in CPs that do not feel as isolated or removed from their social
circles and thus having higher perceived social QoL. One factor that may be contribut-
ing to the association of CP psychological QoL and PLwD global cognition could be that
CPs with increased psychological QoL may have better coping skills or ability to manage
care-giving-related stresses. This would have a positive influence on PLwD and reduce
feelings of stress or anxiety for PLwD, which is critically important, as anxiety has been
shown to exacerbate cognitive impairment for PLwD and stress has been demonstrated
to accelerate Alzheimer’s Disease pathology in animal studies [46,47]. Moreover, another
factor that could be contributing to the relationship between CP psychological QoL and
PLwD global cognition is sleep. Previous research has demonstrated that CPs of PLwD
have reduced sleep quality [48,49] and that the care needs of their care recipient (such as
impairments in cognitive function) [50] are key factors contributing to poorer sleep for CPs.
Importantly, sleep is one factor associated with important neurobiological systems, such as
the glymphatic system, that are relevant to psychiatric conditions [51]. With increasing care
recipient needs, CPs of PLwD may experience poor CP sleep, leading to important changes
in glymphatic system function and subsequent psychological wellbeing and QoL impacts.

Nevertheless, caution should still be exercised when interpreting these findings. An
important consideration when interpreting the present results is that PLwD comprising the
present sample had mild to moderate dementia diagnoses. Such stages are critical times
in individuals” journey with dementia that are marked by significant change in both CPs’
and PLwD’s lives. Such periods are also filled with transitions in responsibilities for both
parties, and it may be that CP QoL for these specific domains is particularly influenced
by changes in PLwD cognition during this time. Moreover, this study invoked one-sided
p-values. Although this approach is justified based on the clear, unidirectional a priori
hypothesis based on the previous literature, it does make this test less conservative than
two-sided tests.

Notably, the present results are distinct from those of the previous literature that
have found that CP physical QoL is also associated with PLwD global cognition [18]. In
the present study, physical wellbeing was the only QoL domain that was not associated
with global cognitive functioning or depressive symptomology either between or within
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dyads. Distinctions between findings may in part be due to differences in the level of
PLwD global cognitive impairment and depressive symptomology or cultural differences
between samples. Systematic reviews have demonstrated how the health and wellbeing of
CPs for PLwD does differ across cultural and ethnic groups [52]. It is important to consider
that cultural differences likely apply to the association of CP QoL and PLwD disease
severity as well and it is important there are investigations into these associations across
diverse groups.

4.2. Within-Dyad Findings

At the within-dyad level, both CP social and environmental QoL were found to
significantly covary with PLwD depressive symptoms.

A one-unit increase in CP social QoL above one’s usual level systematically covaried
with lower PLwD PHQ-9 scores, and the models suggested that the inverse of this associa-
tion was also found to be true. This is consistent with the a priori hypothesis, as the results
indicated on occasions where CP social QoL was greater than a given CP’s typical level,
there was a corresponding improvement in their care recipient’s depressive symptomology
and vice versa. The previous literature has demonstrated that the relationship quality
between CPs and PLwD is critically important for both dyad members [53,54]. Social QoL,
as measured by the WHOQOL-BREEF, captures individuals’ satisfaction in their personal
relationships, which in the context of this sample likely includes CPs’ satisfaction in their
relationship with their care recipient. Thus, the present findings highlighting the dynamic
covariation of CP social QoL and PLwD depressive symptomology align with the literature
and provide further evidence for the importance of strong, quality relationships between
these two parties. Moreover, the evidence of the association between CP social QoL and
PLwD depressive symptomology is especially important, as depression is a common neu-
ropsychiatric symptom associated with dementia and a more rapid cognitive decline [55].
Managing depression and depressive symptoms in individuals with cognitive impairment
is critically important for promoting optimal trajectories for individuals with dementia and
is a potential target for interventions [56].

An underlying factor that may be driving this within-dyad association is a CP’s
perception of the availability of and satisfaction with their social support. Social QoL scores,
as measured by the WHOQOL-BREEF, reflect one’s satisfaction with available support from
friends [14]. On occasions where CPs indicate greater social QoL, they may perceive more
satisfaction with their supports, leading to decreases in CP burden and overall stress, and
thus, according to the well-established literature, possibly reducing the neuropsychiatric
symptoms like depressive symptoms experienced by their care recipient [10]. Additionally,
on days when a PLwD is experiencing greater depressive symptomology, a CP may perceive
lower social QoL that is driven by feelings of disconnection from their care recipient,
emotional grief, and strains in their relationship.

The second within-dyad association we observed contrasted with our predictions and
is considered an exploratory finding and interpreted as such. Specifically, on occasions
when CP environmental QoL was higher relative to their typical level, our models indicated
that PLwD PHQ-9 scores were also higher, reflecting greater depressive symptoms. This
pattern is in opposition to our a priori hypothesis and suggests that the environmental
domain may be capturing contextual shifts that co-occur with periods of increased need.
The WHOQOL-BREF environment domain reflects perceived satisfaction with external
conditions and access to resources, including health services, transport, and financial
security [14]. One plausible interpretation is increased support-seeking: periods of height-
ened depressive symptoms in the care recipient may necessitate the care partner accessing
additional external supports to manage these symptoms. Previous qualitative work in-
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dicates that CP QoL is often closely linked to the accessibility of such supports when
responding to a care recipient’s needs [17,57,58]. Consequently, CPs may report higher
environmental QoL because access and manageability improve, even while PLwD mood is
temporarily worse.

However, it is also possible that the same environmental changes that increase CP
perceptions of adequacy are experienced differently by the care recipient. Empirical work
emphasizes that people with dementia can be highly sensitive to changes in routine and
surroundings [59,60]. Accordingly, increased service use, transportation demands, or
changes to the home environment, although beneficial for CP functioning, may temporarily
disrupt the PLwD’s sense of stability. This interpretation is consistent with the literature
on relocation stress, showing that environmental transitions for older adults are often
associated with heightened anxiety and depression during adjustment periods [61]. Thus,
the very act of mobilizing resources to address symptoms may inadvertently exacerbate
distress, reinforcing the complex nature of the dyadic relationship [10,11,62]. Further
research is needed to clarify whether these environmental shifts primarily act as a response
to, or a precipitate of, depressive symptoms.

4.3. Limitations and Future Directions

This study is not without its limitations, and results should be interpreted with caution.
Firstly, ViM’s smaller sample size may have limited the power to detect all real effects and
its generalizability. Importantly, the issue of sample size was not disregarded in either
the study design or analysis procedure. The intensive repeated-measures design of ViM
allowed up to four assessments per dyad, allowing sufficient modeling of change in key
variables and the use of REML provided more robust parameter estimates for this smaller
sample size [33]. Importantly, random slopes were constrained for models to converge
for the present sample, and thus, although participants’ intercepts could freely vary, their
change was assumed to have the same slope. Moreover, data for this study come only
from ViM participants’ first season of participation, which may introduce selection bias by
missing dyads that dropped out of the study in subsequent seasons. The generalizability
of these findings is limited, as they do not extend to all CP-PLwD dyads due to ViM
consisting mainly of white, affluent, and well-educated participants. This socioeconom-
ically advantaged, less clinically burdened sample also had high baseline QoL and low
baseline depressive symptomology, which may further limit this study’s generalizability
and external validity to other CP-PLwD dyads. However, given the characteristics of
this sample, we likely have underestimated the true association between CP QoL and
PLwD symptoms. Furthermore, the present investigation only explored global cognitive
functioning, as measured by the MMSE, which restricts our ability to draw conclusions
about changes in domain-specific cognitive functions. Despite these constraints, the present
findings nonetheless demonstrate novel, longitudinal associations between CP QoL and
symptoms experienced by PLwD that future studies can expand upon. Moreover, ViM
as a social-cognitive intervention has notable strengths that should not be disregarded.
Although the sample size was relatively modest, 33 PLwD and their CP participated in
a 3.5-month-long choir season and provided up to four time points of assessments. Repli-
cating and extending from ViM is something we hope future research attempts. Finally,
the interpretation offered for the unexpected finding should be treated as exploratory and
interpreted with caution pending replication in future studies. Future studies could also
build upon the present findings by exploring the possible moderators of the observed
coupling associations between CP QoL and PLwD symptoms. As discussed in previous
ViM studies [13], it would be beneficial for future research studies to use more comprehen-
sive assessments to assess cognitive functioning in PLwD. As CP wellbeing and needs are
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known to differ across racial and ethnic groups [52], future research should explore how the
associations of CP QoL and PLwD symptoms differ across diverse groups. Future studies
could also build upon the present findings by exploring how the association between CP
QoL and PLwD symptoms varies across different dyad types, such as differences between
CPs who are spouses or children. Furthermore, future studies should also examine how
other common symptoms experienced by PLwD relate to CP wellbeing, such as sleep
disruption and anxiety, as the present investigation was specific to depressive symptoms
and cognitive impairment.

5. Conclusions

Utilizing an intensive repeated-measures design and multilevel approach, this study
investigated the between- and within-dyad systematic covariation of CP QoL with the
dementia symptoms experienced by their care recipient, with the hypothesis that im-
proved CP QoL would be associated with an improvement in PLwD symptoms. At the
between-dyad level, models indicated both increased CP psychological and social QoL
were associated with increased PLwD global cognitive functioning, while only CP social
QoL was associated with improved depressive symptomology at the within-dyad level.
These findings align with and add to both the previous literature about the associations
between CP wellbeing and PLwD symptomology as well as previous ViM studies [13,24,25].
These findings highlight the importance of the dyadic relationship between CPs and PLwD
and provide possible insights for future interventions.
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