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Objectives: Caregivers of persons with dementia can experience loss and grief long before the death of the
person. Although the phenomenon of caregiver grief has been increasingly described, it is uncertain if
caregiver grief has independent effectsdseparate from the well-studied construct of caregiver burdendon adverse outcomes such as caregiver depression. We sought to compare the effects of baseline
grief and burden on caregiver depression at baseline and 2.5 years later.
Design and Setting: A cohort study with 2.5 years of follow-up.
Participants: Family caregivers of community-dwelling persons with dementia (n ¼ 183).
Measures: Participants completed questionnaires with scales that assessed caregiver grief, burden, and
depression. Baseline grief and burden scores were included in a path analysis to predict depression at
baseline and at 2.5 years.
Results: At baseline, grief and burden had synergistic relationships with each other (P ¼ .012), where the
high levels of grief ampliﬁed the effect of burden on caregiver depression. Both grief and burden had
longitudinal effects on caregiver depression at 2.5 years (P <.001 and P ¼ .047, respectively), albeit with
some differences in mechanism; both had effects which were indirectly mediated through baseline
depression (P < .001 and P ¼ .002, respectively), but only grief had a direct path toward depression at
2.5 years (P ¼ .030), which was distinct from baseline depression.
Conclusions and Implications: The ﬁndings highlight the need to identify and address caregiver grief in
dementia services. They present a window of opportunity to improve caregiving outcomes, especially
during the “latent phase” when caregivers encounter loss and grief but have yet to fully experience the
debilitating effects of depression.
Ó 2018 The Author(s). Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Globally, the cost of dementia is estimated at US $818 billion in
2015,1 which far exceeds that of cancer and heart disease.2,3 The
largest portion of the cost (40.4%) is attributed to family caregiving,1
which is understandable because persons with dementia (PWD)
become increasingly dependent on their family members as they lose
the ability to care for themselves. The costs are only expected to rise
further as the number of PWD is projected to triple from 46.8 million
in 2015 to 131.5 million in 2050.1 These staggering ﬁgures have led to a
recent call by the World Health Organization4 to stress support for
family caregivers who typically constitute the cornerstone of dementia care. This is especially pertinent considering that the provision
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of care to PWD can be stressful and is not uncommonly associated
with physical and emotional burden.5,6 Caregiver burden, in turn, has
been shown to produce less desirable outcomes such as premature
nursing home placement7 and greater risk of mortality in PWD.8 For
this reason, many of the current interventions are geared toward
reducing the burden of caregivers5 and improving their coping skills,9
which have translated into services such as day care, respite care,
caregiver education, and skills training programs. However, there are
other challenges that caregivers contend with, which are not sufﬁciently addressed by interventions that focus primarily on burden and
coping skills of caregivers. One of such challenges is the experience of
loss and grief that is often faced by caregivers but less commonly
recognized.10
Caregivers of PWD may begin their bereavement long before the
physical death of the PWD. They often experience multiple losses
within the context of caregiving, including the ambiguous loss of the
PWD who is physically present but becomes increasingly disconnected from the caregiver; and the anticipation of future losses related
to the physical death of PWD.11 Caregivers’ emotional, cognitive, and
behavioral responses to the losses (which we refer to as “caregiver
grief” in this manuscript) can be overwhelming and may accentuate
caregivers’ unmet needs for companionship, nurture, and emotional
security.10 Caregiver grief has been described as a key challenge faced
by family caregivers in a recent systematic review,10 and highlighted
as the central experience of spousal caregivers in yet another systematic review.12 It can have a complicated nature in dementia caregiving because of the protracted and uncertain disease trajectory, the
disrupted communication and lost opportunity to reafﬁrm relationships, and the nature of grief which is disenfranchised and not socially
sanctioned.13 When loss and grief is not acknowledged or addressed,
caregivers may struggle to maintain normalcy and ﬁght the inevitable
decline in the PWD. To that end, they may be more inclined to cope
using control-based strategies by being more paternalistic in their
communication with the PWD and adopting more authoritarian
decision-making styles. This can affect the well-being of both the PWD
and the caregiver, with PWD feeling constrained in autonomy and
caregivers feeling more helpless over what they cannot control.14
To date, several studies have demonstrated the association between caregiver grief and adverse effects such as caregiver burden,15
caregiver depression,16 and caregiver desire to place the PWD in
nursing homes.17 However, as these prior studies were cross-sectional
in nature, we remain uncertain whether these cross-sectional associations at a single time-point translate into observable adverse outcomes over time. Longitudinal follow-up studies can help to clarify
plausible causal-effects and indicate the need for speciﬁc interventions for caregiver loss and grief to ameliorate adverse outcomes. Among the adverse outcomes relevant to dementia caregiving,
caregiver depression is one of the most extensively studied. It has been
shown to negatively impact both caregivers and PWD; it compromises
caregivers’ physical health,18 increases the risk of caregivers contemplating suicide,19 and can have direct effects on the PWD, which result
in more rapid cognitive decline,20 depression,21 and higher risk of
premature nursing home placement.22 Hence, in this study, we
investigated whether grief in caregivers of PWD has a longitudinal
effect on caregiver depression. Speciﬁcally, we intended to address the
following 3 research questions:
(1) Does caregiver grief have an independent effect on caregiver
depression at baseline and at 2.5 years, separate from the wellstudied construct of caregiver burden?
(2) Do grief and burden interact with each other in affecting
caregiver depression?
(3) Are there differences in the mechanisms by which baseline
grief and burden lead to depression at 2.5 years?

Methods
Participants and Procedures
This is a cohort study that recruited family caregivers of PWD for
longitudinal follow-up. The caregivers were recruited as they
accompanied the PWD to the dementia services of the only 2 tertiary
hospitals serving the North-Eastern population of Singapore. The inclusion criteria of the study comprised: (1) spouses or children of
PWD; (2) caring for PWD who resided in the community; and (3) age
21 years and can provide valid consent for study participation and
longitudinal follow-up. The recruitment criteria were predicated on
our deﬁnition of family caregivers, which includes family members
who are involved in the care of the PWD either directly or indirectly.23
Hence, family members who were involved in the routine clinical care
would have provided sufﬁcient evidence of at least their indirect
involvement, which qualiﬁes the person as a family caregiver. At the
point of recruitment (ﬁrst wave of the cohort study), the participants
completed on-site a set of questionnaires that assessed caregiver for
grief (Marwit-Meuser Caregiver Grief Inventory, MM-CGI),24 burden
(Zarit-Burden Interview, ZBI),25 and depression (Center for Epidemiologic Studies Depression Scale, CES-D).26 At the second wave of the
cohort study (which was 2.5 years after the ﬁrst wave), the participants completed another set of CES-D at home and mailed back the
completed scale. Ethical approval for the study was granted by the
Domain Speciﬁc Review Board of Singapore (reference number: 2017/
00516).
Measures
MM-CGI is a caregiver grief scale that was developed through
extensive focus-group interviews with caregivers of PWD to capture
the various aspects of losses experienced by the caregivers, such as
those feelings related to loss of the PWD, loss of personal identity, and
symbolic loss of the ideal.24,27 It consists of 50 items scored with a 5point Likert scale, and summed to generate a total score ranging from
50 to 250. ZBI is a 22-item scale that assesses the perceived burden
experienced by caregivers of older persons.25 In the published literature, it is among the most widely used scale to identify caregiver
burden.28 The items are rated on a 5-point Likert scale and summed to
generate a total score ranging from 0 to 88. CES-D comprises 20 items,
which measure the frequency of depressive symptoms over the past
week using 4-point Likert scales.26 It is one of the widely used
depression scale that is based on self-administration and has been
well-validated across different age groups.29,30 The total score ranges
from 0 to 60, with scores 16 indicating clinically signiﬁcant
depression.26,31 MM-CGI,11,32,33 ZBI,34,35 and CES-D36 have been validated in the local context.
The stage of dementia was assessed based on the descriptors of the
3 dementia severities in the revised third edition of Diagnostic and
Statistical Manual of Mental Disorders (DSM-III-R).37 Participants
chose the description that best matched the PWD: still capable of
independent living (mild stage), needs some assistance with daily
living (moderate stage), or needs round-the-clock supervision (severe
stage). This brief measure was previously shown to have adequate
agreement with Clinical Dementia Rating Scale (kappa 0.56e0.6),38,39
which has been well validated and widely used to stage dementia.40,41
The brief measure is also consistent with the dementia severity descriptions which have been re-introduced in DSM-5,42 after the
removal of staging descriptions in the preceding edition of DSM-IVText-Revision.43 The presence of severe behavioral problem was
indirectly measured through the need for admission to a geriatric
psychiatry ward, indicating behavioral problems that were too severe
to be managed in the community setting.

T.M. Liew et al. / JAMDA 20 (2019) 977e983

Statistical Analyses
To investigate the longitudinal effect of grief on caregiver depression, we conducted path-analysis within the framework of structuralequation-modeling,44 using robust statistics (which adjusts for any
deviation from the assumption of normality among the included
variables) and full-information-maximum-likelihood-estimation
method (which accounts for missing data in the analyses). The fullinformation-maximum-likelihood method uses the correlations
among observed responses to supplement missing responses45 and
has been shown to be equivalent to multiple imputation with inﬁnite
number of imputations.46
The model that was evaluated in the path-analysis is shown in
Figure 1. Speciﬁcally, we included baseline MM-CGI, baseline ZBI,
and the interaction term of MM-CGI and ZBI (a separate variable
comprising the product of MM-CGI * ZBI) as predictors for the CESD scores at baseline and at 2.5 years. To ease the interpretation of
results in the presence of an interaction term, we standardized the
scores of MM-CGI and ZBI so that their mean values were equal to
zero while their standard deviations (SD) were equal to 1. This
allowed us to examine the magnitude of increase in CES-D score
with each SD increment in MM-CGI score (when ZBI was ﬁxed at
its mean value) and vice versa, the increase in CES-D score with
each SD increment in ZBI score (when MM-CGI was ﬁxed at its
mean value). Supplementary Material 1 provides further details to
guide the interpretation of results in the presence of an interaction
term.
In the path model, we also adjusted for demographic information
(age of PWD, sex of PWD, age of caregivers, and sex of caregivers) as
well as potential confounders, which are known to be risk factors of
caregiver depression in dementia care, such as stage of dementia,
behavioral disturbances in PWD, spousal caregivers, and primary
caregiving role (based on caregivers who identiﬁed themselves as “the
main persons responsible for the care and well-being of the PWD”).47
The predictor variables were modelled to correlate among each other,
while the outcome variables were modelled to have correlated residuals. We also conducted 5 sensitivity analyses to evaluate the
consistency of the results when some parts of the path-analysis were
modiﬁed. The details of the sensitivity analyses are separately
described in Supplementary Material 2.
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In addition, we performed an alternative path-analysis to further
elucidate the mechanisms by which MM-CGI and ZBI can predict CESD at 2.5 years. Speciﬁcally, we determined whether MM-CGI and ZBI
had direct effects on CES-D at 2.5 years, or whether the effects were
indirectly mediated through baseline depression (that is, baseline
CES-D score). The alternative model that was evaluated in this pathanalysis is shown in Figure 2. The conﬁdence intervals of the direct
and indirect effects were computed by 1000 bootstrap sampling.
Results
Altogether, we recruited 183 participants into the cohort study at
wave 1. Of which, 52 (28.4%) of the caregivers were either not contactable at wave 2 or declined to continue their participation at wave
2. Supplementary Material 4 shows the comparison between the
participants with complete data (n ¼ 131) and those with missing
CES-D data at 2.5 years (n ¼ 52). Although the samples with complete
data had lower proportion of PWD with behavioral problems
(P ¼ .002), there were no other signiﬁcant differences in the baseline
demographic information between the 2 groups. Notably, there was
no difference in the baseline scores of MM-CGI (P ¼ .862), ZBI
(P ¼ .980), and CES-D (P ¼ .980). The median time between the ﬁrst
and second waves of the cohort study was 31 months, with an interquartile range of 29e34 months. The included participants (n ¼ 183)
had a mean age of 53.1 years (SD 11.0), with majority being Chinese
(86.3%), children caregivers (83.1%), and primary caregivers (75.4%). At
baseline, the mean MM-CGI score was 140.3 (SD 34.4) while the mean
ZBI score was 34.7 (SD 16.7). The mean scores of CES-D were 15.6 (SD
11.3) at baseline and 15.3 (SD 10.7) at 2.5 years.
The results from the path-analysis are presented in Table 1. ZBI was
associated with CES-D at baseline and at 2.5 years; with each SD
increment in baseline ZBI led to a rise in CES-D score by 3.6 points at
baseline (P < .001) and 2.2 points at 2.5 years (P ¼ .047). After accounting for the effect of ZBI, MM-CGI remained associated with CESD at baseline and at 2.5 years. In contrast to ZBI, each SD increment in
baseline MM-CGI led to a larger magnitude of 5.6 points rise in CES-D
scores at both time-points (P < .001 for both time-points). MM-CGI
and ZBI had a signiﬁcant interaction effect on CES-D at baseline
(P ¼ .012) but not at 2.5 years (P ¼ .882). This signiﬁcant interaction
effect at baseline is further depicted in Figure 3. Compared to

Fig. 1. Path diagram to illustrate the investigated relationships among caregiver grief, caregiver burden, and caregiver depression.
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Fig. 2. An alternative path model to investigate the relationships among caregiver grief, caregiver burden and caregiver depression with baseline depression score as the mediator
of depression score at 2.5 years.

caregivers with low grief, those with high caregiver grief experienced
a steeper rise in depressive symptoms as the burden of caregiving
increased. Notably, caregivers with low grief would have needed a
very high burden score of 80 (on ZBI scale) before they developed
clinically signiﬁcant depression, while caregivers with high grief
would have had experienced depression at a relatively low burden
score of 20 (on ZBI scale).
The results from the 5 sensitivity analyses are shown in Supplementary Material 5. The ﬁndings remained largely similar, with MMCGI and ZBI associated with CES-D at baseline and at 2.5 years, and
with a signiﬁcant interaction effect between MM-CGI and ZBI on
baseline CES-D score.
In the alternative path-analysis (based on the path model in
Figure 2), we evaluated whether baseline MM-CGI and baseline ZBI
had direct effects on CES-D at 2.5 years, or whether the effects were
indirectly mediated through baseline depression. The results of the
indirect and direct effects are presented in Supplementary Material 6.
Baseline MM-CGI had both indirect and direct effects on CES-D at
2.5 years; each SD increment in MM-CGI indirectly raised CES-D by 2.8
points (P < .001) and directly raised CES-D by 2.8 points (P ¼ .030). In
contrast, all the effects of ZBI were indirectly mediated through
baseline depression (P ¼ .002), with no evidence of direct effect on
CES-D at 2.5 years (P ¼ .900).
Discussion
To our knowledge, this is the ﬁrst study to provide evidence on the
longitudinal effect of caregiver grief on depression in family caregivers
of PWD, notably after an interval of 2.5 years. We demonstrated that
caregiver grief has an independent effect on caregiver depression both
at baseline and at 2.5 years, even after accounting for the wellestablished effect of caregiver burden. At baseline, grief also has a

synergistic relationship with burden; high levels of grief amplify the
effect of burden on caregiver depression at baseline, resulting in a
steeper rise in depressive symptoms at baseline as the burden of
caregiving increases. The ﬁndings remained consistent in the 5
sensitivity analyses. In addition, we demonstrated the differences in
mechanism by which grief and burden can lead to caregiver depression over time. Both grief and burden have effects which are mediated
through baseline depression (the indirect effect), but grief has an
additional path toward depression over time which is distinct from
and not related to baseline depression (the direct effect).
Both grief and burden demonstrated the long-term effects on
caregiver depression, albeit with some differences in their mechanisms. Much of the long-term effects of grief and burden would have
been visible in the present time (as shown by the signiﬁcant mediation effects of baseline CES-D). However, grief also has an additional
“latent phase” where its long-term effect on depression may not be
fully visible at present and would only manifest later in time (as
shown by the signiﬁcant direct effect which was not mediated by
baseline CES-D). Such latency of effect is not inconsistent with our
understanding of caregiver grief in extant literature. Because of the
uncertainty of loss inherent in dementia caregiving, the caregivers
may require some time to fully process the loss. This can be especially
true for the experience of ambiguous loss faced by the caregivers; the
PWD may be physically present but only a vestige of what he used to
be, and even when the loss of selfhood appears irrevocable in the
PWD, many of them can still vacillate between periods of lucidity
where their “former” selves resurface.13 Such conﬂicting realities between physically present vs psychologicallyabsent, and between
irrevocable vs apparently temporal loss of selfhood can be confusing
to the caregivers.13,48,49 As such, the effects of the loss may not be fully
appreciated by caregivers until later in time. Moreover, the latency of
effect of grief may also indicate a period in time whereby some

Table 1
Associations between Predictors (MM-CGI and ZBI) and Outcomes (CES-D at Baseline and 2.5 Years) in the Path Analyses (n ¼ 183)
Predictors

MM-CGI at baseline
ZBI at baseline
Interaction term (MM-CGI * ZBI)

CES-D at Baseline*

CES-D at 2.5 Years*

Regression Coefﬁcient (95% CI)

P Value

Regression Coefﬁcient (95% CI)

P Value

5.6 (4.1, 7.2)y
3.6 (2.1, 5.2)y
1.1 (0.2, 1.9)

<.001
<.001
.012

5.6 (3.3, 7.9)y
2.2 (0.0, 4.3)y
0.1 (0.9, 1.1)

<.001
.047
.882

CI, conﬁdence interval.
Signiﬁcant coefﬁcients (with P  .05) are highlighted in bold.
*Model adjusted for age of PWD, sex of PWD, age of caregivers, sex of caregivers, primary caregiving role, relationship with PWD, stage of dementia, and presence of
behavioral problems in PWD.
y
Changes in the scores of CES-D with each SD increment in MM-CGI or ZBI scores. To ease the interpretation of the results, MM-CGI and ZBI were included in the path
analyses as standardized scores (with their mean values equal to zero and their SD to 1).
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Fig. 3. The interaction effect between caregiver grief (MM-CGI) and caregiver burden (ZBI) on caregiver depression at baseline (CES-D). P value was .012 for interaction between
MM-CGI and ZBI. The horizontal gray line indicates clinically signiﬁcant depression (CES-D  16).

caregivers attempt to cope with the loss through control-based strategies (such as becoming more paternalistic toward the PWD and
becoming more authoritarian in decision-making) in their attempt to
maintain normalcy and ﬁght the inevitable decline in the PWD.14 It
may take time for the caregivers to realize the futility of such controlbased coping, by which time they may have developed feelings of
helplessness over the inexorable disease progression and consequently manifest with depression.
All in all, the differences in mechanisms between grief and burden
may possibly be visualized in a simpliﬁed diagram as shown in
Figure 4.
The ﬁndings from this study can have health-systems implications.
The focus on caregiver burden in the current dementia services,
though essential, may not be sufﬁcient to improve caregiving
outcome. Frontline healthcare and social care workers, especially
those who have direct contact with the caregivers of PWD, need to be
made aware of the relevance of grief in dementia caregiving. They may
beneﬁt from further training to be skilled in acknowledging the
presence of caregiver grief, as well as normalizing loss and grief as
being not an uncommon or unusual experience in dementia caregiving. Considering that caregiver grief can often be disenfranchised
(that is, not socially sanctioned) and not readily talked about by
caregivers, policymakers may also need to put-in-place regular assessments (using validated tools such as the original 50-item MM-CGI
or its abbreviated 6-item MM-CGI-Brief-Form)24,50 to actively identify
caregivers who have difﬁculties dealing with grief and may require
more individualized grief-related intervention. This can be especially
relevant in light of our ﬁndings on the latent effect of grief, which
presents as a window of opportunity to improve caregiving
outcomes e during a period when caregivers have only begun to
encounter loss and grief but have yet to fully experience the debilitating effects of depression.
The ﬁndings from this study also point to the need for future
research to further clarify the exact mechanisms by which grief can
lead to caregiver depression in the context of dementia caregiving, as
well as to evaluate the effects of grief-related intervention on caregiving outcomes. Although there have been several intervention
studies to speciﬁcally address caregiver grief in dementia,51e53 none
has conclusively demonstrated the efﬁcacy of intervention in

improving outcomes in dementia care. Notwithstanding this gap in
the literature, future researchers may consider taking reference from 4
practical strategies that have commonly been employed in available
intervention studies, which include (1) encouraging caregivers to tell
the story of the PWD through which they are helped to identify and
process the painful emotions associated with the loss; (2) normalizing
caregivers’ emotions related to the loss and helping them to ﬁnd ways
to remain connected emotionally with other caregivers; (3) educating
caregivers on new ways to remain connected to the PWD such as
through spiritual practices, celebrations, humor, life review and

Fig. 4. A simpliﬁed diagram to contrast the mechanisms by which (A) caregiver
burden and (B) caregiver grief can produce caregiver depression over time.
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therapeutic touch; and (4) focusing on anticipatory grief and preparing the caregivers for potential future losses.51,52,54 Ultimately, the
goal of intervention would be to realign the dyadic relationship55 by
helping caregivers to adapt to the losses and maintain meaningful
relationships with the PWD even when the PWD are no longer who
they used to be.
This study has several limitations. First, 28.4% of the CES-D data at
2.5 years were incomplete, which was inevitable because some of the
participants were not contactable during follow-up or declined to stay
in the cohort study. However, we could still include these participants
with incomplete data in our analysis without resorting to list-wise
deletion through the use of full-information-maximum-likelihoodestimation method, which uses the correlations among observed
responses to supplement missing responses.45 Moreover, the participants who dropped out did not differ in the key variables of interest,
and the results also remained consistent in our sensitivity analysis
when we used alternative approaches to address the incomplete data
(such as using multiple imputation and complete case analysis), all of
which provided assurance on the validity of our ﬁndings. Second, we
did not directly measure behavioral problems in PWD, and only had
an indirect measure (the need for admission to geriatric psychiatry
ward) to capture those with more severe behavioral problems. Third,
the stage of dementia was assessed only based on self-reports by
family caregivers, which may lack the precision of other staging instruments that also encompass objective assessments by the healthcare professionals. Fourth, we did not capture or adjust for the
physical health status of the caregivers, which may potentially introduce confounding bias. A variable qualiﬁes as a confounder (and
would require statistical adjustment) if it is a predictor of both the
exposure- and outcome-of-interest.56 Physical health of the caregivers
can be a predictor of both burden and depression (that is, caregivers
with poorer health may perceive more burden in the care, as well as
become more depressed after long period of caregiving) and, hence,
may confound the results between burden and depression when it
was not adjusted for. However, this should not be a problem for the
results between grief and depression. Although the physical health of
caregivers can be a predictor of caregiver depression, it may not
necessarily be a predictor of caregiver grief (as it can be more difﬁcult
to explain how poorer health in caregivers can lead to the sense of loss
and grief that they experience toward the PWD) and, hence, would not
have qualiﬁed as a confounder between grief and depression.

Conclusions and Implications
Caregiver grief can amplify the effect of burden at baseline, and can
have an independent effect on caregiver depression over time. In
addition, caregiver grief has a “latent phase” where its effect may not
be fully apparent until a later time. The ﬁndings highlight the need to
identify and address caregiver grief in dementia services, and present
a window of opportunity to improve caregiving outcomes, especially
during the “latent phase” when caregivers have only begun to
encounter loss and grief but have yet to fully experience the debilitating effects of depression.
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Appendix
Supplementary Material 1. Interpretation of the Results From Path
Analysis in the Presence of an Interaction Term
The interaction term between MM-CGI and ZBI was created as a
new variable comprising the product of MM-CGI and ZBI. Hence, part
of the equations in the path model is shown as follow:

CES  D ¼ b0 þ b1  ðMM  CGIÞ þ b2  ðZBIÞ þ b3

 MM  CGI  ZBI

(1)

We standardized MM-CGI and ZBI in the equation, with their
mean values equal to zero and their SDs equal to 1. Hence, when ZBI
is at its mean value, ZBI ¼ 0 and

CES  D ¼ b0 þ b1  ðMM  CGIÞ

(2)

Equation (2) allows us to interpret the path coefﬁcient of MMCGI as the magnitude of increase in CES-D with each SD increment in MM-CGI, speciﬁcally when ZBI is at its mean value.
Similarly, when MM-CGI is at its mean value, MM-CGI ¼ 0 and

CES  D ¼ b0 þ b2  ðZBIÞ

(3)

Equation (3) allows us to interpret the path coefﬁcient of ZBI as
the magnitude of increase in CES-D with each SD increment in ZBI,
speciﬁcally when MM-CGI is at its mean value.
Supplementary Material 2. Details on the Sensitivity Analyses the
Evaluate the Robustness of the Results From Path Analysis
We conducted 5 sensitivity analyses to evaluate the consistency of
the results when some parts of the path analysis were modiﬁed. The 5
sensitivity analyses were:
(1) using multiple imputations (instead of full information
maximum likelihood method in structural equation modeling)
to address the missing data in the analysis (details on the
multiple imputations are separately described in Supplementary Material 3);
(2) analyzing only the complete cases with available data on CES-D
at 2.5 years (n ¼ 131);
(3) replacing MM-CGI with its subscale of Heartfelt Sadness and
Longing as an alternative measure of caregiver grief. MM-CGI
was previously found to comprise 3 subscales which capture 3
different dimensions of loss e Heartfelt Sadness and Longing,
Personal Sacriﬁce Burden, and Worry and Felt Isolation.1 Of which,
the subscale of Heartfelt Sadness and Longing captures the
essence of the traditional concept of grief (that is one’s

intrapersonal reactions to lost relationship), and has minimal
overlap with items on caregiver burden in ZBI. On the other
hand, the subscale of Personal Sacriﬁce Burden captures the
personal aspect of losses experienced by caregivers (such as loss
of personal freedom, sleep and physical health) and has been
argued to show some resemblance to caregiver burden;
whereas the subscale of Worry and Felt Isolation captures the
feelings of losing connection with others and the worry about
future losses, and arguably had some resemblance to caregiver
depression.1e3
(4) adjusting additionally for the exact follow-up time between the
ﬁrst and second waves of the study (which has slight variations, with an interquartile range of 29e34 months); and
(5) replacing the continuous measures of CES-D with dichotomized variables of CES-D 16 (which indicates clinically signiﬁcant depression)4,5 and re-conducting the path analysis
with a probit link (which models dichotomous variables as
continuous latent variables with speciﬁc thresholds, and
computes the z cores of the latent variables).
Supplementary Material 3. Details on the Conduct of Multiple
Imputations in Our First Sensitivity Analysis
As described in the Results section, 52 (28.4%) of the participants
had missing data on CES-D at 2.5 years. Using multiple imputation, we
designed an imputation model to “predict” the values of these missing
data based the other available variables in the study. One hundred
imputed datasets were created to simulate the uncertainty in the
imputed values. The planned path analysis was then conducted in
each of the 100 imputed datasets, with the 100 sets of corresponding
results combined using Rubin rules.6
In the imputation model, we “predicted” the missing values using
the semiparametric method of predictive mean matching which
identiﬁed 5 closest matches among the observed CES-D and randomly
selected one of the 5 matches as the imputed value. We included the
following predictors in the imputation model: baseline CES-D, baseline MM-CGI, baseline ZBI, and all the available baseline demographic
information related to the caregivers (age, sex, ethnicity, marital status, employment status, educational attainment, relationship with
PWD, co-residence with the PWD, duration of caregiving, whether the
caregiver provided daily care, and primary caregiving role), and the
persons with dementia (age, sex, duration of dementia diagnosis,
stage of dementia, and presence of severe behavioral problems).
Altogether, the predictors included in the imputation model had a
R-squared value of 61.5% in explaining the variance in CES-D at
2.5 years.
The diagnostic plot of the multiple imputations is shown below,
with the imputed data of CES-D (red lines) demonstrating similar
density plots to the observed data (thick blue line):
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Supplementary Material 4
Demographic Characteristics of caregivers and persons with dementia (n ¼ 183), and comparison between those with and without missing data
Variables
Variables related to the caregivers
Age, mean (SD)
Female sex, n (%)
Ethnicity, n (%)
Chinese
Malay
Indian/Eurasian/Others
Marital status, n (%)
Married
Single
Widowed/divorced/separated
Employment status, n (%)
Working full-time
Working part-time
Not working
Educational attainment, n (%)
Primary or below
Secondary
Tertiary
Relationship with the PWD, n (%)
Child
Spouse
Co-residence with the PWD, n (%)
Duration of caregiving, y, mean (SD)
Providing daily caregiving, n (%)
Primary caregiving role, n (%)
MM-CGI score at baseline, mean (SD)
ZBI score at baseline, mean (SD)
CES-D score at baseline, mean (SD)
Clinically signiﬁcant depression (CES-D  16) at baseline, n (%)
Variables related to the persons with dementia
Age, mean (SD)
Female sex, n (%)
Duration of dementia diagnosis, y, mean (SD)
Stage of dementia, n (%)
Mild
Moderate
Severe
Severe behavioral problem, n (%)

Overall Sample (n ¼ 183)

No Missing Data (n ¼ 131)

Missing Data (n ¼ 52)

53.1 (11.0)
123 (67.2)

53.5 (10.0)
93 (71.0)

52.2 (13.3)
30 (57.7)

158 (86.3)
15 (8.2)
10 (5.5)

115 (87.8)
9 (6.9)
7 (5.3)

43 (82.7)
6 (11.5)
3 (5.8)

121 (66.1)
52 (28.4)
10 (5.5)

81 (61.8)
43 (32.8)
7 (5.3)

40 (76.9)
9 (17.3)
3 (5.8)

94 (51.4)
27 (14.8)
62 (33.9)

74 (56.5)
16 (12.2)
41 (31.3)

20 (38.5)
11 (21.2)
21 (40.4)

16 (8.7)
104 (56.8)
63 (34.4)

9 (6.9)
72 (55.0)
50 (38.2)

7 (13.5)
32 (61.5)
13 (25.0)

P Value*
.488
.084
.549

.111

.071

.145

.429
152
31
131
7.3
148
138
140.3
34.7
15.6
82

(83.1)
(16.9)
(71.6)
(6.8)
(80.9)
(75.4)
(34.4)
(16.7)
(11.3)
(44.8)

78.7 (8.3)
135 (73.8)
4.9 (3.8)
34
78
71
11

(18.6)
(42.6)
(38.8)
(6.0)

107
24
97
7.6
110
103
140.6
34.6
15.5
57

(81.7)
(18.3)
(74.1)
(7.0)
(84.0)
(78.6)
(35.3)
(17.1)
(11.5)
(43.5)

79.0 (8.1)
97 (74.1)
4.9 (3.8)
23
60
48
3

(17.6)
(45.8)
(36.6)
(2.3)

45
7
34
6.8
38
35
139.6
34.7
15.6
25

(86.5)
(13.5)
(65.4)
(6.3)
(73.1)
(67.3)
(32.3)
(15.7)
(10.7)
(48.1)

77.9 (8.7)
38 (73.1)
4.8 (3.8)
11
18
23
8

(21.2)
(34.6)
(44.2)
(15.4)

Bold-faced P values are .05.
*Test of difference between those with and without missing data: c2test for categorical variables and 2-sample t-test for continuous variables.

.241
.470
.091
.109
.862
.980
.980
.575
.440
.893
.846
.386

.002
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Supplementary Material 5
Results from the 5 Sensitivity Analyses to Evaluate the Robustness of the Main Results
Predictors

CES-D at Baseline*

CES-D at 2.5 Y*

Regression Coefﬁcient (95% CI)

P Value

Sensitivity analysis 1: Multiple imputations
MM-CGI at baseline
5.6 (4.0, 7.2)y
ZBI at baseline
3.6 (2.1, 5.2)y
Interaction term (MM-CGI * ZBI)
1.1 (0.3, 1.9)
Sensitivity analysis 2: Complete case analysis
MM-CGI at baseline
6.1 (4.1, 8.0)y
ZBI at baseline
3.1 (1.2, 5.0)y
Interaction term (MM-CGI * ZBI)
1.4 (0.5, 2.2)
Sensitivity analysis 3: HSL subscale
HSL at baseline
3.5 (2.0, 4.9)y
ZBI at baseline
5.9 (4.5, 7.3)y
Interaction term (HSL * ZBI)
1.0 (0.1, 1.8)
Sensitivity analysis 4: Additional adjustment for the exact follow-up time
MM-CGI at baseline
5.6 (4.1, 7.2)y
ZBI at baseline
3.6 (2.1, 5.2)y
Interaction term (MM-CGI * ZBI)
1.1 (0.2, 1.9)
Sensitivity analysis 5: Clinically signiﬁcant depression (CES-D16)
MM-CGI at baseline
1.1 (0.5, 1.8)z
ZBI at baseline
0.9 (0.4, 1.3)z
Interaction term (MM-CGI * ZBI)
0.3 (0.9, 0.3)

Regression Coefﬁcient (95% CI)

P Value

<.001
<.001
.009

5.3 (3.2, 7.3)y
2.4 (0.4, 4.3)y
0.1 (1.0, 1.1)

<.001
.019
.892

<.001
.001
.003

5.8 (3.5, 8.1)y
1.9 (0.3, 4.1)y
0.2 (0.8, 1.2)

<.001
.095
.669

<.001
<.001
.020

3.7 (1.7, 5.6)y
4.2 (2.2, 6.2)y
0.2 (1.1, 0.7)

<.001
<.001
.662

<.001
<.001
.012

5.6 (3.3, 7.8)y
2.2 (0.1, 4.3)y
0.1 (0.8, 1.1)

<.001
.042
.817

.001
<.001
.341

1.1 (0.4, 1.8)z
0.2 (0.3, 0.8)z
0.3 (0.8, 0.1)

.002
.360
.148

Signiﬁcant coefﬁcients (with P  .05) are highlighted in bold.
*Model adjusted for age of PWD, sex of PWD, age of caregivers, sex of caregivers, primary caregiving role, relationship with PWD, stage of dementia, and presence of
behavioral problems in PWD.
y
Changes in the scores of CES-D with each SD increment in MM-CGI or ZBI scores. To ease the interpretation of the results, MM-CGI and ZBI were included in the path
analyses as standardized scores (with their mean values equal to zero and their SDs equal to 1).
z
Changes in the underlying z cores of CES-D with each SD increment in MM-CGI or ZBI scores.

Supplementary Material 6
The Indirect and Direct Effects of the Predictors (MM-CGI and ZBI) on CES-D at 2.5 Years (n ¼ 183)
Direct Effects on CES-D at 2.5 Yy

Predictors

Indirect Effects on CES-D at 2.5 Y*
Regression Coefﬁcient (Bootstrapped 95% CI)

P Value

Regression Coefﬁcient (Bootstrapped 95% CI)

P Value

MM-CGI at baseline
ZBI at baseline

2.8 (1.5, 4.3)z
2.1 (0.9, 3.4)z

<.001
.002

2.8 (0.4, 5.4)z
0.1 (2.2, 2.2)z

.030
.900

Signiﬁcant coefﬁcients (with P  .05) are highlighted in bold.
*Indirect effects indicate the effects which were mediated through baseline depression.
y
Direct effects indicate the effects which were not mediated through baseline depression, that is, through a separate pathway independent of baseline depression.
z
Changes in the scores of CES-D with each SD increment in MM-CGI or ZBI scores. To ease the interpretation of the results, MM-CGI and ZBI were included in the path
analyses as standardized scores (with their mean values equal to zero and their SDs equal to 1).

T.M. Liew et al. / JAMDA 20 (2019) 977e983

Supplementary References
1. Marwit SJ, Meuser TM. Development and initial validation of an inventory to
assess grief in caregivers of persons with Alzheimer’s disease. Gerontologist
2002;42:751e765.
2. Marwit SJ, Meuser TM. Development of a short form inventory to
assess grief in caregivers of dementia patients. Death Stud 2005;29:
191e205.

983.e4

3. Liew TM. Applicability of the pre-death grief concept to dementia family caregivers in Asia. Int J Geriatr Psychiatry 2016;31:749e754.
4. Radloff LS. The CES-D scale: A self-report depression scale for research in the
general population. Appl Psych Meas 1977;1:385e401.
5. Vilagut G, Forero CG, Barbaglia G, et al. Screening for depression in the general
population with the Center for Epidemiologic Studies Depression (CES-D): A
systematic review with meta-analysis. PloS One 2016;11:e0155431.
6. Rubin DB. Multiple imputation for nonresponse in surveys. New York: Wiley; 1987.

