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A B S T R A C T

We assess for the mediation of the association between older person cognitive impairment and caregiver

depressive symptoms through older person BPS and functional limitations, and whether the mediation

varies by caregiver–older person relationship (spouse/adult child). Data for 1111 older person (aged 75+

with activity of daily living (ADL) limitation)–caregiver dyads from Singapore were used. The outcome

variable was dichotomous (caregiver clinically significant depressive symptoms [CSDS]: yes/no) in the

primary analysis and continuous (caregiver depressive symptoms score) in the sensitivity analysis. The

causal steps approach assessed for the mediation of the association between older person cognitive

impairment (yes/no) and the outcome variable through the two potential mediators. A bootstrapping

approach calculated point estimates and confidence intervals (CIs) of the indirect (�mediated) effects.

Variation of the indirect effects by caregiver–older person relationship was also assessed. In the primary

analysis, the causal steps approach supported older person BPS and functional limitations as mediators.

The bootstrapping approach confirmed both as significant mediators, though BPS (indirect effect odds

ratio (OR) 1.32 [95% bootstrap CI 1.19,1.48]; %mediation: 70.6%) was a stronger mediator than functional

limitations (1.04 [1.01,1.11]; %mediation: 11.5%). Variation of the indirect effects by caregiver–older

person relationship was not supported. Results of the sensitivity analysis confirmed these results. We

conclude that while caring for an older person with cognitive impairment is detrimental for the

caregiver’s mood, management of associated BPS and functional limitations, especially the former,

among such older persons may reduce depressive symptoms among their caregivers. Spouse as well as

adult child caregivers benefit.

� 2013 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Caregivers of older persons, relative to non-caregivers, have
been reported to be more depressed (Pinquart & Sorensen, 2003b;
Schoenmakers, Buntinx, & Delepeleire, 2010). And among care-
givers, those who care for an older person with cognitive
impairment or dementia are more likely to be depressed or
exhibit depressive symptoms or experience caregiver strain
compared to those caring for an older person without cognitive
impairment or dementia (Ory, Hoffman, Yee, Tennstedt, & Schulz,
1999; Schoenmakers et al., 2010).
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Common conceptual models for the impact of caregiving on the
caregiver’s psychological health consider impairments in cogni-
tion, function, behavior and mood of the older person as primary
stressors (Pearlin, Lieberman, Menaghan, & Mullan, 1981; Yates,
Tennstedt, & Chang, 1999). And, researchers have shown that these
primary stressors considered either together – as a single
combined factor – or separately are associated with caregiver
depression or depressive symptoms (Malhotra, Malhotra, Ostbye,
Matchar, & Chan, 2012; Pinquart & Sorensen, 2003b). However, the
various primary stressors themselves are interrelated, an aspect
not comprehensively explored in the literature on their association
with caregiver depression or depressive symptoms. Most research-
ers do account for the fact that the primary stressors are correlated,
and thus mutually adjust for other primary stressors when
assessing the association of a particular primary stressor with
caregiver depression or depressive symptoms (Pinquart & Sor-
ensen, 2003a). However, the possibility that one or more of the
primary stressors mediate the effect of another primary stressor on
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caregiver depression or depressive symptoms has not been
explored.

The literature does point toward the pattern of interrelation-
ships that may exist between the primary stressors. The
prevalence and, to some extent, the incidence of functional
limitations (i.e. limitations in ADLs and instrumental ADLs
(IADLs)) and of BPS (such as apathy, aggression, agitation,
anxiety, depression/dysphoria, delusions) (Acosta, Rottbeck,
Rodriguez, Ferri, & Prince, 2008) is higher among older persons
with, relative to those without, cognitive impairment or
dementia (Agüero-Torres et al., 1998; Huang, Wang, Li, Xie, &
Liu, 2011; Lyketsos et al., 2000; Moritz, Kasl, & Berkman, 1995;
Ory et al., 1999; van der Linde, Stephan, Savva, Dening, & Brayne,
2012). There is also evidence to support that the neurodegener-
ative processes associated with dementia correlate with some
BPS (Bruen, McGeown, Shanks, & Venneri, 2008; Gauthier et al.,
2010). Thus, we hypothesize that BPS and functional limitations
are ‘‘on the pathway’’ or mediate the association between older
person cognitive impairment and caregiver depressive symp-
toms. Existing drugs or non-pharmacological interventions have
been shown to have a variable and modest effect, and then only
for a limited duration and more so in early stages, on
improvement or maintenance of cognitive function (Ballard,
Khan, Clack, & Corbett, 2011; Popp & Arlt, 2011). However, BPS,
and to some extent, functional limitations have been shown to be
amenable to non-pharmacological interventions and pharma-
cological treatment (Gauthier et al., 2010; Popp & Arlt, 2011;
Rayner, O’Brien, & Schoenbachler, 2006). Thus, if the results of
the current analysis support our hypothesis of BPS and
functional limitations as mediators, then a focus on their better
management among older persons with cognitive impairment
may be helpful in reducing depressive symptoms among
caregivers. While there is support for the beneficial effect of
management of BPS on caregiver burden (Logsdon, McCurry, &
Teri, 2007), most of the evidence comes from studies on
European or North American populations. As intergenerational
support, caregiving and its impact on the caregiver are culture
and context specific (Lowenstein & Daatland, 2006; Pinquart &
Sorensen, 2005), consistency in the importance of BPS in the
older person for caregiver psychological health, if supported in
our analysis on an Asian population, will lend further support to
the utility of managing such symptoms. A recent study reported
that the difference in ‘strain’ among caregivers of older persons
with and without cognitive impairment was explained by or
became non-significant after adjusting for older person BPS, and
suggested BPS to be a mediator of the association between older
person cognitive impairment and caregiver strain (Acosta et al.,
2008). While lending support to our hypothesis, that study did
not consider caregiver depressive symptoms as an outcome, did
not conduct mediation analysis to quantify the indirect effect,
mediated through BPS, of older person cognitive impairment and
did not consider functional limitations as a potential mediator.

It has been reported that caregiver needs and concerns as well
as the impact of caregiving on the caregiver’s psychological health
varies by the relationship of the caregiver to the older person
(Deimling, Smerglia, & Schaefer, 2001). In particular, spouse
caregivers are more likely to be depressed and to be more affected
by impairments of the older person versus adult child caregivers
(Deimling et al., 2001; Malhotra et al., 2012). Hence, we also
hypothesize that mediation of the association between older
person cognitive impairment and caregiver depressive symptoms
through BPS and functional limitations is stronger for spouse
caregivers than for adult child caregivers.

Thus, in the current analyses, utilizing two complementary
analytical approaches, we assess older person BPS and
functional limitations as potential mediators of the effect of
older person cognitive impairment on caregiver depressive
symptoms. We further assess for variation in the mediation by
older person–caregiver relationship (spouse versus adult child
caregiver).

2. Materials and methods

2.1. Singapore survey on informal caregiving 2010–2011

The Singapore Survey on Informal Caregiving is a national
survey of 1190 community-dwelling older Singaporeans aged
�75 years receiving human assistance for �1 ADL limitation
(hereafter ‘older person’) and their primary informal caregiver

(family member/friend most involved in providing/ensuring
provision of care). Its sample and sampling procedure are
described in detail elsewhere (Malhotra et al., 2012). In brief, a
random sample of 20,000 Singaporeans aged �75 years was
drawn from a national database. Assuming a response rate of 50%
and that 15% of the respondents receive human assistance for�1
ADL limitation, a final sample of 1500 older person–caregiver
dyads was expected. All 20,000 were sent an information letter,
with an option to opt-out. While 312 (1.6%) refused participation
by call/email, an additional 117 (0.6%) were not contactable
(returned mail). Further, when visiting the remaining 19 571
addresses, 863 (4.3%) refused participation, 1840 (9.2%) were not
contactable and 11,255 (56.3%) addresses were visited at least
thrice without any response. The remaining 5613 individuals
were administered an ADL screener. Of these, 1211 (21.6%)
received human assistance for one or more of six ADLs (bathing,
walking, dressing, standing up, toileting and eating) and
identified their informal caregiver. Both the older person and
the informal caregiver in these 1211 eligible dyads were given an
information sheet detailing the survey aims, potential benefits
and harms from participation and investigator contact details.
Not all older persons in these eligible dyads were able to provide
consent and answer the survey questionnaire themselves for
physical or mental health reasons. In such eligible dyads, the
caregiver was asked to provide consent and answer the survey
questionnaire on behalf of the older person (i.e. as a proxy
respondent). Only the dyads in which both members provided
written informed consent or the dyads where the caregiver
provided consent for himself/herself as well as on behalf of the
older person were interviewed face-to-face. Either one or both
members of 21 older person–informal caregiver dyads did not
give consent, resulting in a final sample of 1190 dyads. The
current analysis is restricted to the 1111 dyads in which the
caregiver was either a spouse or adult child (including child-in-
law) of the older person.

The survey questionnaire, including the various scales, was first
developed in English. The English version was translated into
Chinese by one translator and then back translated into English by
another translator. Then, a third translator reconciled any
inconsistencies to arrive at the final Chinese version. A similar
procedure was followed for the Malay and Tamil translations. The
four language versions were pilot tested among 24 informal
caregivers. In the main survey, the respondent could choose any of
the four language versions for use in the face-to-face interview
employed for data collection. However, in practice, given
Singapore’s multi-lingual society, more than one language was
often used during the interview.

2.2. Exposure variable: Older person cognitive impairment status

(yes/no)

Older persons who responded to the survey themselves i.e.
without the caregiver as the proxy respondent (n = 494) were
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administered the 10-item Short Portable Mental Status Question-
naire (SPMSQ) (Pfeiffer, 1975) to assess their cognitive function.
Item scores (correct: 0/incorrect: 1) were added to provide a total
score (Cronbach’s a in the dataset: 0.80). As suggested by the
scale’s developer (Pfeiffer, 1975), after adjusting the score for
educational status (�1 if �primary education; +1 if >secondary
education), cognitive function was classified as cognitively intact
(score: 0–2), mildly (3–4), moderately (5–7) or severely impaired
(8–10). For this analysis, older persons without the caregiver as the
proxy respondent classified as moderately/severely impaired
(SPMSQ score �5) were considered to have cognitive impairment.
A recent study from Singapore, validating the SPMSQ, suggests this
cut-off to be optimal for discerning those with and without
dementia (Malhotra et al., 2013)

All caregivers responded to the 24-item Revised Memory and
Behavior Problems Checklist (Teri et al., 1992), providing the
frequency of occurrence (‘never occurred at all’ [score = 0], ‘not in
the past week’ [score = 1], ‘1–2 times’ [score = 2], ‘3–6 times’
[score = 3] and ‘daily or more often’ [score = 4]) of each item in the
older person in the past week. Scores on seven items on memory
problems were summed to provide a memory-problem subscale
score (Cronbach’s a in the dataset: 0.87). Older persons without

the caregiver as the proxy respondent, thus, had both a Revised
Memory and Behavior Problems Checklist memory-problem
subscale score and a cognitive impairment status (yes/no; based
on SPMSQ). Utilizing their data, sensitivity and specificity of
scores on the Revised Memory and Behavior Problems Checklist
memory-problem subscale for discerning cognitive impairment
status was assessed. While the sum of sensitivity and specificity
was the largest at the cut-off of 6/7 (sensitivity: 65%; specificity:
67%), we chose a cut-off score of 7/8 (sensitivity: 57%; specificity:
73%) as it had a higher specificity, resulting in a lower false
positive rate, and the second largest value for the sum of
sensitivity and specificity. This cut-off value (�8) on the Revised
Memory and Behavior Problems Checklist memory-problem
subscale was then used to classify older persons with the
caregiver as the proxy respondent (n = 617), who were not
administered the SPMSQ but had a Revised Memory and Behavior
Problems Checklist memory-problem subscale score, as having
cognitive impairment.

2.3. Outcome variable: caregiver depressive symptoms

Informal caregivers rated each item/symptom on the 11-item
Centre for Epidemiologic Studies Depression (CES-D) scale
(Kohout, Berkman, Evans, & Cornoni-Huntley, 1993) as occurring
none/rarely (score = 0), sometimes (score = 1) or often (score = 2)
during the past week. Items scores were summed to obtain a CES-D
score (range: 0–18 and Cronbach’s a: 0.76 in the dataset). A
previous study from Singapore (Chan, Malhotra, Malhotra, &
Ostbye, 2011) has reported the 11-item CES-D to have good
internal consistency reliability and its factor structure to match
with that reported in the original validation of the scale (Kohout
et al., 1993).

For the primary analysis, a dichotomous outcome, CSDS (yes/
no), was defined using a CES-D score cut-off of 6/7 (Yokoyama
et al., 2008). Presence of CSDS suggests that the person is at risk for
clinical depression (American Psychological Association, 2012) and
may benefit from diagnostic evaluation, and treatment, if
diagnosed for clinical depression (Sharp & Lipsky, 2002). While
the presence of CSDS is likely more informative from the
perspective of health and social service providers who work with
caregivers, the use of a dichotomous outcome reduces the power
(Bhandari, Lochner, & Tornetta, 2002). Thus, in sensitivity analysis,
the CES-D score, a continuous variable, was considered as the
outcome.
2.4. Mediator variables

2.4.1. Older person functional limitations score

Caregivers reported on the older person’s ability to perform
seven basic ADLs (eat; dress and undress; take care of one’s
appearance; walk; get in and out of bed; take a bath or shower; use
the bathroom or toilet) and seven IADLs (use the telephone; get to
places out of walking distance; go shopping; prepare one’s meals;
do housework; take one’s medicine; and, handle one’s money)
using the ADL Section of the Older Americans Resources and
Services Multidimensional Functional Assessment Questionnaire
(Fillenbaum & Smyer, 1981). Each activity had three response
categories (without help [score = 2]/with some help [score = 1]/
unable [score = 0]). After reverse scoring each item, such that
‘unable’ had a score of 2, item scores were summed to generate a
functional limitations score, which ranged from 1 to 28 in the
dataset, a higher score indicating a greater impairment (Cronbach’s
a in the dataset: 0.93). A similar scoring system, which provides a
total score, for the ADL Section of the Older Americans Resources
and Services Multidimensional Functional Assessment, has been
used by other researchers (Caterino, Murden, & Stevenson, 2012;
McCusker, Bellavance, Cardin, & Belzile, 1999).

2.4.2. Older person BPS score

Scores on seventeen items of the Revised Memory And Behavior
Problems Checklist assessing frequency of depressive symptoms
and behavior problems in the older person in the past week were
summed to arrive at the BPS score (range: 0–68), a higher score
indicating a greater frequency of BPS (Cronbach’s a in the dataset:
0.84). The depressive symptoms subscale score (9 items) and
behavior problems subscale score (8 items) were not utilized as
two distinct mediators since they were highly correlated
(rho = 0.49; p-value <0.0001); it has been suggested that potential
mediators should not be correlated to each other (Preacher &
Hayes, 2008).

2.5. Covariates

A number of older person and caregiver attributes were
included as covariates. Older person attributes included age and
gender. Caregiver attributes included age, gender, ethnicity,
educational status, housing type, co-residence with older person,
living arrangement, work status, number of chronic health
conditions, instrumental support from a foreign domestic worker,
relationship to older person, hours per week helping older person
with ADLs/IADLs and predominant language of interview (English
[interviewed in English only or in English and other language(s)]/
Chinese [interviewed in Mandarin/Hokkien/Cantonese/Teochew]/
Malay [interviewed in Malay only]/Tamil [interviewed in Tamil
only]). The caregiver-older person relationship (spouse or adult
child) was also evaluated as a moderator of the mediation, in other
words if the mediation was stronger for spouse caregivers than for
adult child caregivers.

2.6. Statistical analysis

The distribution of the outcome (CSDS in the caregiver) and
mediator (older person functional limitation and BPS scores)
variables and covariates was assessed by the exposure variable
(older person cognitive impairment status). Pearson’s correlation
coefficient was calculated for assessing correlation between the
two mediators.

It has been suggested that the presence of interaction between
the exposure and mediator on the outcome should be assessed
before proceeding with mediation analysis, and if significant,
should be accounted for in the analysis (Vanderweele &
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Fig. 1. Effect of older person cognitive impairment on CSDS in the caregiver: panel (A) total effect (no mediator); panel (B) simple mediation model, older person BPS as

mediator – indirect and direct effects; panel (C) simple mediation model, older person functional limitations as mediator – indirect and direct effects; panel (D) parallel

mediation model for older person BPS and functional limitations – indirect and direct effects.
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Vansteelandt, 2010). Thus, a multivariate (including all covariates)
logistic regression model for ‘Caregiver CSDS’ with two interaction
terms, between older person cognitive impairment status and each
of the two mediators was developed. Neither of the interaction
terms was significant (both had p > 0.05).

In mediation analysis, the effect of the exposure on the
outcome, without any mediator, is considered to be the ‘total’ effect
(Preacher & Hayes, 2004, 2008). In the context of the current
analyses, the total effect is the effect of older person cognitive
impairment on caregiver CSDS, without considering older person
functional limitations and BPS (Fig. 1, panel A). The inclusion of a
potential mediator(s) allows for ascertainment of the ‘indirect’ and
‘direct’ effects; the indirect effect is the effect of the exposure on the
outcome through the potential mediator, while the direct effect
reflects the residual association between the exposure and
outcome (Preacher & Hayes, 2004, 2008). In the context of the
current analyses, in the simple mediation model (which allows for
only one mediator) considering BPS as the potential mediator
(Fig. 1, panel B), the indirect effect reflects the effect of older person
cognitive impairment on CSDS in the caregiver mediated through
BPS, while the direct effect reflects the association between older
person cognitive impairment and CSDS in the caregiver after
accounting for BPS as a mediator. A similar explanation pertains to
the simple mediation model for functional limitations as the
potential mediator (Fig. 1, panel C). The parallel mediation model
allows for simultaneous inclusion of older person functional
limitations and BPS as potential mediators (Fig. 1, panel D). In such
a model, the indirect effect through a particular mediator (say, BPS)
reflects the effect of the exposure on the outcome, mediated
through that mediator, after accounting for the indirect effect
through all other mediators (i.e. functional limitations) (Preacher &
Hayes, 2004, 2008).

A combination of the causal steps approach outlined by Baron
and Kenny (1986) for assessing older person BPS and functional
limitations as mediators, and bootstrapping (Preacher & Hayes,
2004, 2008) for assessing the significance of the indirect effect was
utilized. The causal steps approach suggests a variable to be a
mediator of an association if all the following conditions are met: i)
the exposure has a significant (p < 0.05) association with the
outcome (i.e. a significant total effect; recent literature, however,
suggests this condition is not necessary for assessing mediation
(Rucker, Preacher, Tormala, & Petty, 2011; Zhao, L, & Chen, 2010);
ii) the exposure has a significant association with the mediator; iii)
the mediator has a significant association with the outcome
controlling for the exposure; iv) the significant association of the
exposure with the outcome is reduced considerably or becomes
non-significant after controlling for the mediator (i.e. a direct effect
lower than the total effect, or a non-significant direct effect) (Baron
& Kenny, 1986; Preacher & Hayes, 2008). These four sequential
steps, using linear and logistic regression models as applicable – all
of which adjusted for covariates listed above – were thus utilized
for separately assessing (�simple mediation model) older person
BPS and older person functional limitations as mediators of the
association between older person cognitive impairment (expo-
sure) and CSDS in the caregiver (outcome).

While useful, the causal steps approach neither provides point
estimates nor estimates the variance of the indirect effect, and is
considered to be of ‘‘little utility’’ in context of a parallel mediation
model (Preacher & Hayes, 2008). Thus, the SAS PROCESS macro,
developed by Hayes et al., which implements a bootstrapping
approach, was then utilized to arrive at the point estimates and
95% CI of the indirect effect in the simple and parallel mediation
models (Hayes, 2012). This approach does not make any
assumptions about the sampling distribution of the indirect effect,
and is considered to be more powerful for hypothesis testing for
mediation analysis than the Sobel’s test, which assumes a normal
distribution of the indirect effect (Preacher & Hayes, 2004, 2008).
The bootstrapping approach involves taking a large number of
samples, with replacement, from the data, and calculating an
indirect effect estimate in each bootstrap sample. The point
estimate of the indirect effect, then, is the average of all the
calculated indirect effect estimates and its 95% CI is based on their
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distribution. If the bootstrap 95% CI does not include zero, it is
concluded that the indirect effect is significantly different from zero
(Preacher & Hayes, 2004, 2008). For the current analyses, the
number of bootstrap samples was set at 5,000. Further, since the
outcome variable was dichotomous (CSDS in the caregiver – yes/
no), logistic regression models were invoked by the macro for
assessing the indirect effect. The beta-coefficients and their 95% CI
limits provided by the macro were exponentiated to arrive at the
OR estimates and their 95% CIs for the indirect effect; if the 95% CI
for the OR did not include one, it was considered to be statistically
significant. For assessing the % mediation, in the simple mediation
models, the formula ORdirect effect (ORindirect effect � 1)/(ORdirect

effect � ORindirect effect � 1), suggested by VanderWeele et al. for use
with ORs (Vanderweele & Vansteelandt, 2010) was employed. The
same was not assessed for the parallel mediation model since the
formula’s applicability and interpretation in such a model has not
been described.

2.6.1. Moderation of the mediation

Moderation, by a particular variable, of an indirect effect
through a mediator suggests that the presence and extent of the
indirect effect through the mediator varies by the value of the
moderator variable (Fairchild & MacKinnon, 2009; Hayes, 2012).
We assessed for moderation, by caregiver–older person relation-
ship, of the indirect effect mediated through older person BPS and
functional limitations, in the parallel mediation model, using the
SAS PROCESS macro (Hayes, 2012). The macro provided the point
estimate and 95% bootstrap CI of the indirect effect through each
mediator for spouse caregivers and for adult child caregivers. The
95% bootstrap CI of the indirect effect through a particular
mediator, say older person BPS, was then compared between
spouse caregivers and adult child caregivers; an overlap indicated
the absence of moderation, by caregiver–older person relationship,
of the indirect effect through older person BPS.

2.6.2. Sensitivity analysis

In sensitivity analysis, all the analyses described above i.e. the
causal steps approach and bootstrapping for assessment of
mediation, and moderation of the mediation by older person–
caregiver relationship, were conducted utilizing a continuous
variable, caregiver CES-D score, as the outcome.

All analyses were conducted using SAS version 9.2. The
analyses, conducted using de-identified data from the Singapore
Survey on Informal Caregiving, were exempted from full review by
the National University of Singapore Institutional Review Board.

3. Results

While the proportion of caregivers with CSDS among all
caregivers was 18.3%, this proportion was higher among those
caring for older persons with cognitive impairment (20.5%) relative
to those caring for older persons without cognitive impairment
(16.8%). The mean functional limitation and BPS scores were also
higher, indicating greater levels of impairment, among older
persons with cognitive impairment (Table 1). Pearson’s correlation
coefficient for the correlation between the two potential mediators
was 0.07 (p-value = 0.02).

Results from the causal steps approach are presented in Table 2.
There was a significant association (total effect: OR: 1.59 [95% CI:
1.13, 2.23]) between older person cognitive impairment and
caregiver CSDS, after adjusting for covariates. The results
supported the hypothesis of older person BPS as a mediator of
this association: it was associated with older person cognitive
impairment (b-coefficient: 4.11 [3.23, 4.99]), and with CSDS in the
caregiver after adjusting for older person cognitive impairment
(OR: 1.07 [1.05, 1.09]). The direct effect (OR: 1.15 [0.80, 1.66]) of
older person cognitive impairment on CSDS in the caregiver (i.e.
after adjusting for BPS) was not significant and much lower than
the total effect. Though the corresponding analysis in the context of
older person functional limitations also supported its role as a
mediator, the relatively small difference in the total (OR: 1.59 [1.13,
2.23]) and direct (OR: 1.53 [1.09, 2.14]) effects suggested it to be a
weak mediator.

Estimates of the indirect effects are presented in Table 3. The
indirect effect OR estimate for mediation through older person BPS,
in the context of the simple mediation model, was significant [1.32
(95% bootstrap CI: 1.19, 1.48)], with the proportion of the effect
mediated being 70.6%. The simple mediation model evaluating
older person functional limitations as a mediator also suggested
that it was a significant (indirect effect OR: 1.04 [1.01, 1.11])
mediator of the association, though the % of the effect mediated
was only 11.5%. The significant indirect effect of both the
mediators, again greater in magnitude for older person BPS
(1.31 [1.18, 1.47]) than older person functional limitations (1.04
[1.01, 1.10]) was maintained in the parallel mediation model.

While the point estimate of the OR for the indirect effect
mediated through older person BPS was higher for spouse
caregivers than for adult child caregivers, the 95% bootstrap CI
of the two estimates overlapped (Spouse caregivers: 1.50 [1.10,
2.01]; Adult child caregivers: 1.28 [1.15, 1.44]). A similar finding
was observed in the context of the indirect effect mediated through
older person functional limitations (Spouse caregivers: 1.07 [1.00,
1.20]; Adult child caregivers: 1.03 [1.00, 1.09]). Thus, there was no
evidence in support of moderation of the mediation by caregiver–
older person relationship.

The results of the sensitivity analysis, using CES-D score instead
of CSDS as the outcome (not shown; available on request) were
similar, with one exception; the total effect of older person
cognitive impairment on caregiver CES-D score was not significant.

4. Discussion

The prevalence of CSDS in caregivers of Singaporean older
persons with functional limitations (i.e. with at least one ADL
limitation) was relatively high overall (18.3%), and even higher
(20.5%) among those caring for older persons with cognitive
impairment along with functional limitations. Correspondingly,
the odds of CSDS (total effect) were significantly higher among
caregivers of older persons with cognitive impairment relative to
those of older persons without cognitive impairment. This finding
is consistent with previous studies, which report caregivers of
older persons with, relative to without, cognitive impairment to
have a greater risk for adverse psychological outcomes (Ory et al.,
1999; Schoenmakers et al., 2010). The results indicate that health
care and social services personnel managing or providing care to
older persons with functional limitations should be alert to the
possibility of a depressed mood among informal caregivers of such
older persons, especially among caregivers of older persons who
additionally have cognitive impairment.

Many previous studies (Agüero-Torres et al., 1998; Huang et al.,
2011; Lyketsos et al., 2000; Moritz et al., 1995; Ory et al., 1999; van
der Linde et al., 2012) have reported the frequency of BPS and the
extent of functional limitations to be higher among older persons
with, relative to without, cognitive impairment. We observed the
same in the current study.

Our findings supported the a priori hypothesis that older person
BPS and functional limitations mediate the association between
older person cognitive impairment and CSDS in the caregiver.
Further, older person BPS was a strong mediator of the association
(% of effect mediated: 70.6%), resulting in a non-significant direct

effect of older person cognitive impairment on CSDS in the
caregiver. The greater occurrence of BPS among those with



Table 1
Distribution of the outcome (CSDS in the caregiver) and mediator (older person functional limitations, and BPS scores) variables and covariates by exposure variable (older

person cognitive impairment status).

Variable Total (N = 1111) n (column %) or

mean� standard deviation (SD)

Older person cognitive impairment (CI) status

No (N = 668) n (column%) or

mean� SD

Yes (N = 443) n (column%) or

mean� SD

Outcome

CSDS in the caregiver 203 (18.3) 112 (16.8) 91 (20.5)

Mediators

Older person functional limitations score 16.3�7.1 15.7�7.5 17.2�6.4

Older person BPS score 6.0�7.5 4.4�5.9 8.4�8.9

Covariates: older person attributes

Age (in years) 83.3�5.5 82.8�5.4 83.9�5.7

Gender

Male 359 (32.3) 249 (37.3) 110 (24.8)

Female 752 (67.7) 419 (62.7) 333 (75.2)

Covariates: caregiver attributes

Age (in years) 56.0�11.7 56.5�12.2 55.2�10.7

Gender

Male 446 (40.1) 263 (39.4) 183 (41.3)

Female 665 (59.9) 405 (60.6) 260 (58.7)

Ethnicity

Chinese 700 (63.0) 417 (62.4) 283 (63.9)

Malay 308 (27.7) 176 (26.4) 132 (29.8)

Indian 94 (8.5) 67 (10.0) 27 (6.1)

Others 9 (0.8) 8 (1.2) 1 (0.2)

Educational status

No formal education 107 (9.6) 78 (11.7) 29 (6.6)

Lower primary/primary 267 (24.0) 162 (24.3) 105 (23.7)

Lower secondary/secondary 425 (38.3) 236 (35.3) 189 (42.7)

>Secondary 312 (28.1) 192 (28.7) 120 (27.1)

Housing type

1–2 room housing development board (Public Housing) (HDB) 74 (6.7) 46 (6.9) 28 (6.3)

3 room HDB 661 (59.5) 404 (60.5) 257 (58.0)

4 room HDB 248 (22.3) 147 (22.0) 101 (22.8)

�5 room/executive HDB 38 (3.4) 22 (3.3) 16 (3.6)

Condominium 90 (8.1) 49 (7.3) 41 (9.3)

Co-residence with older person

No 103 (9.3) 68 (10.2) 35 (7.9)

Yes 1008 (90.7) 600 (89.8) 408 (92.1)

Living arrangement

With spouse and children 536 (48.2) 315 (47.2) 221 (49.9)

With spouse 177 (15.9) 121 (18.1) 56 (12.6)

With children 58 (5.2) 31 (4.6) 27 (6.1)

With others, no spouse or child/alone 340 (30.6) 201 (30.1) 139 (31.4)

Work status

Not working currently 494 (44.5) 313 (46.9) 181 (40.9)

Working currently 617 (55.5) 355 (53.1) 262 (59.1)

Number of chronic conditions 1.1�1.5 1.1�1.4 1.0�1.6

Instrumental support from a foreign domestic worker

Yes 567 (51.0) 331 (49.6) 236 (53.4)

No 544 (49.0) 337 (50.4) 207 (46.7)

Relationship with older person

Spouse 190 (17.1) 137 (20.5) 53 (12.0)

Child or child-in-law 921 (82.9) 531 (79.5) 390 (88.0)

ADL/IADL care hours/week 38.4�26.9 38.4�26.4 38.6�27.7

Predominant language of interview

English 532 (47.9) 303 (45.4) 229 (51.7)

Chinese 324 (29.2) 204 (30.5) 120 (27.1)

Malay 240 (21.6) 146 (21.9) 94 (21.2)

Tamil 15 (1.4) 15 (1.4) 0 (0.0)
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cognitive impairment and the distress resulting from seeing a
loved one exhibiting BPS may be contributing to BPS being a strong
mediator. This finding is important given the amenability of BPS
(Gauthier et al., 2010; Popp & Arlt, 2011; Rayner et al., 2006).
Regular assessment of the frequency and/or severity of BPS among
older persons with cognitive impairment for their (early) detection
and appropriate management may therefore benefit not only the
older persons but also help improve the psychological health of
their caregivers. Both non-pharmacologic interventions and drug
treatment targeting cognitively impaired older persons demon-
strating BPS have been shown to be useful in the management of
BPS (Gauthier et al., 2010; Popp & Arlt, 2011; Rayner et al., 2006).
Non-pharmacologic approaches involve behavior modification,
appropriate use of sensory interventions, environmental safety,
and maintenance of routines such as providing meals, exercise and
sleep on a consistent basis (Cummings et al., 2002; Gauthier et al.,
2010; Rayner et al., 2006). Drug treatments may also be effective,
but should be considered as second-line options to non-
pharmacologic interventions, and should be governed by a ‘‘start
low, go slow’’ approach along with recommendations for a
‘‘sequential monotherapy’’ (Cummings et al., 2002; Gauthier
et al., 2010; Rayner et al., 2006) Further, non-pharmacologic
interventions can also target the caregiver directly (Gauthier et al.,
2010; Rayner et al., 2006). Such interventions include counseling



Table 2
Results of the causal steps approach for assessing older person BPS score and older person functional limitations score as mediators of the effect of older person cognitive

impairment on CSDS in the caregiver (N = 1111).

Step Mediator

Older person BPS score Older person functional limitations score

OR (95% CI) or beta-coefficient

(95% CI)a

OR (95% CI) or beta-coefficient (95% CI)a

1) ORa for association between exposure (older person cognitive impairment)

and outcome (CSDS in the caregiver), without adjusting for mediator

[Total effect]

1.59 (1.13, 2.23)b 1.59 (1.13, 2.23)b

2) Beta-coefficienta for association between exposure and mediator 4.11 (3.23, 4.99) 1.20 (0.40, 2.00)

3) ORa for Association between mediator and outcome, adjusting for exposure 1.07 (1.05, 1.09) 1.04 (1.01, 1.06)

4) ORa for Association between exposure and outcome, adjusting for

mediator [Direct effect]

1.15 (0.80, 1.66)c 1.53 (1.09, 2.14)d

a OR (95% CI) from logistic regression models are presented for steps 1, 3 and 4; and beta-coefficient (95% CI) from linear regression model is presented for Step 2; All

models adjust for care recipient and caregiver covariates.
b Corresponds to total effect in the simple mediation model presented in panel A of Fig. 1.
c Corresponds to direct effect in the simple mediation model presented in panel B of Fig. 1.
d Corresponds to direct effect in the simple mediation model presented in panel C of Fig. 1.
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the caregiver about the non-intentional nature of the psychotic
symptoms, offering coping strategies, and providing psycho-
educational training and support services (Cummings et al.,
2002; Gauthier et al., 2010; Rayner et al., 2006). Proactively
preparing caregivers of older persons with cognitive impairment
for expecting and managing BPS even before they develop may be
also useful.

It is possible to some extent to improve or maintain functional
status among older persons with cognitive impairment or
dementia through drug treatment, instruction or prompting
systems and modification of the home environment (Desai,
Grossberg, & Sheth, 2004; van Hoof, Kort, van Waarde, & Blom,
2010). A recent review, providing an overview of the various
modifications available for improving the home environment for
older persons with dementia classifies these as home modifica-
tions, object modifications, task simplification and use of assistive
devices (van Hoof et al., 2010). For example, to support toileting,
some suggestions include use of visual cues such as a red light on
the toilet door to aid in locating the toilet (home modification),
raising the toilet seat to ease access (object modification), leaving
the toilet door open to improve its visibility (task simplification)
and use of a portable commode or bedpan (assistive device). While
important for maintaining some degree of independence in the
older person, the relatively scant evidence supporting such
interventions, especially home environment modifications, in
the extant literature (van Hoof et al., 2010) and a fairly small
indirect effect through functional limitations observed in the
current study suggest that targeting functional limitations may be
of less utility, at least for ameliorating a depressed mood among
caregivers of older persons with cognitive impairment.

We had hypothesized the presence of stronger indirect effects
among spouse caregivers relative to adult child caregivers. While
the point estimates of the two indirect effects were higher among
Table 3
Estimates of the indirect effect and proportion of effect mediated by older person BPS sc

models (N = 1111).

Mediator Indirect effect

Beta-coefficient (bootstrap 95%

Older person BPS scorea 0.28 (0.17, 0.39)

Older person functional limitations scoreb 0.04 (0.01, 0.11)

Older person functional limitations scorec 0.04 (0.01, 0.10)

Older person BPS scorec 0.27 (0.16, 0.38)

a Simple mediation model; corresponds to panel B of Fig. 1.
b Simple mediation model; corresponds to panel C of Fig. 1.
c Parallel mediation model; corresponds to panel D of Fig. 1; combined indirect effect (

1.54).
spouse caregivers, the overlap in their 95% CIs with those for adult
child caregivers did not support this hypothesis. The relatively
smaller number of dyads with spouse caregivers in the study
sample may have contributed to the lack of a significant variation
by caregiver–older person relationship. Nonetheless, the finding
suggests that both spouse and adult child caregivers will likely
benefit from better management of older person BPS and
functional limitations.

Limitations of the current study must be highlighted. First, the
analytical framework utilized in the analyses (Fig. 1), which
assumes that cognitive impairment in the older person precedes
BPS and functional limitations, was tested utilizing cross-sectional
data. However, there is some evidence from longitudinal studies to
support this assumption of the framework (Agüero-Torres et al.,
1998; Huang et al., 2011; Moritz et al., 1995). Second, since the
study sample was limited to older persons aged 75 years and above
with at least one ADL limitation and their primary caregivers, the
results cannot be generalized to the ‘‘younger old’’ and their
caregivers. Third, the exposure and outcome variables are based on
responses by the elderly and their caregivers to scales, not on
clinical diagnosis. Thus, the terms and categories utilized for these
variables should be interpreted with caution. For example, the
presence or absence of cognitive impairment among older persons,
as we define it for this analysis, should not be considered
equivalent to the presence or absence of dementia. However,
the scales used (SPMSQ, Revised Memory And Behavior Problems
Checklist, and CES-D), have been validated (Chan et al., 2011;
Kohout et al., 1993; Malhotra et al., 2013; Pfeiffer, 1975; Teri et al.,
1992), though mostly in other settings, and utilized in previous
studies for measuring their underlying constructs (Ornstein &
Gaugler, 2012; Sachs et al., 2011; Watson & Pignone, 2003). Fourth,
while the value of Cronbach’s alpha was greater than 0.80 for most
of the instruments used in the analysis, it was marginally lower at
ore and older person functional limitations score in simple and parallel mediation

CI) OR (bootstrap 95% CI) Proportion of effect mediated

1.32 (1.19, 1.48) 70.6%

1.04 (1.01, 1.11) 11.5%

1.04 (1.01, 1.10) –

1.31 (1.18, 1.47)

through both mediators) was 0.31 (0.19, 0.43), which in terms of OR was 1.36 (1.21,
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0.76 for the 11-item CES-D. However, it exceeded the 0.70
threshold suggested for instruments when used for group
comparisons in a research setting (Bland & Altman, 1997). Related,
the current study did not establish the factor structure of each
instrument used in the analysis and their measurement invariance
across language of administration. These aspects are worthy of
future investigation. We did however account for the predominant
language of administration of the questionnaire as a covariate.
Fifth, most (58%) of the older persons were unable to respond to the
survey themselves, thus did not have a score on the SPMSQ and the
caregiver-reported Revised Memory And Behavior Problems
Checklist memory-problem subscale had to be used for determin-
ing their cognitive status. While a limitation, this was not
unexpected given the age and functional status criteria set for
inclusion of older persons in the study. Further, the score on
memory-problem sub-scale has been shown to be correlated with
a clinical diagnosis of dementia in older persons (Teri et al., 1992).
Related, the Revised Memory And Behavior Problems Checklist
sub-scale assessing frequency of depressive symptoms in the older
person, contributing to the mediator of BPS, has also been shown to
be correlated with a clinical diagnosis of depression (Teri et al.,
1992). Sixth, caregiver depressive symptoms may overlap with
other variables such as anxiety or stress, which were not accounted
for in the analysis. Seventh, the strong indirect effect through BPS
could arguably be due to the fact that caregivers were the
respondents for both the Revised Memory And Behavior Problems
Checklist used for measuring frequency of BPS in the older person
and the CES-D used for measuring the outcome. However, it has
been shown that the caregiver’s report of depressive symptoms in
the person they are caring for is quite accurate and largely
independent of their own mood (Teri & Truax, 1994). Finally, only
two variables were included as mediators in the model. While
additional variables may also be mediators on the pathway
between older person cognitive impairment and CSDS in the
caregiver, our interest was to test the hypothesized inter-
relationship between the variables suggested to be ‘primary
stressors’ in various conceptual frameworks for caregiver out-
comes.

The study also has strengths. It utilized a recent, large and
national sample of older person–care giver dyads from an Asian
country, recruited from the community, whereas many studies
investigating psychological impact of caregiving have a relatively
small sample size, recruit participants from clinics or institutions
and are from non-Asian countries (Pinquart & Sorensen, 2003b).
And it focuses on Singapore, a rapidly aging Asian country, which is
less represented in the literature on caregiving than other Asian
countries with similar demographic profiles. The recruitment
strategy of the survey also allowed for the inclusion of older
persons with varying levels of cognitive impairment. It is to our
knowledge, the first study to formally utilize mediation analysis to
assess the presence and extent of mediation of the effect of older
person cognitive impairment on CSDS in the caregiver. In addition
to separate simple mediation models, we also considered a parallel
mediation model, probably a more realistic model better reflecting
the ‘real world’. The analysis also controlled for potential
confounding of the association of interest by a number of attributes
of the older person and the caregiver. The result of the sensitivity
analysis, utilizing a continuous variable for the outcome, was
similar to that of the primary analysis which considered the
outcome variable as dichotomous. The only exception was a non-
significant total effect of older person cognitive impairment on
caregiver CES-D score. The traditional view of the causal steps
approach suggests that one should not proceed with assessment of
mediation if there is a non-significant total effect; however, recent
literature suggests that a significant total effect is not considered
necessary before assessing indirect effects and there is potential for
the presence of significant indirect effects even in the absence of a
significant total effect (Rucker et al., 2011; Zhao et al., 2010), as
observed in the sensitivity analysis of this study. One potential
reason for a non-significant total effect is the presence of
‘competitive’ mediation, i.e. a situation in which the significant
indirect effect has a sign opposite to that of the direct effect,
resulting in their sum, the total effect, to be small in value and non-
significant. The results of the sensitivity analysis (not shown;
available on request) suggested older person BPS to be a
‘competitive’ mediator, with the indirect effect through older
person BPS being positive and significant and the residual direct

effect to be negative and non-significant, which when summed
resulted in a non-significant total effect. The difference in the
distribution of the CES-D score among caregivers looking after
older persons with and without cognitive impairment is also likely
responsible for the variation in the significance of the total effect
observed in the primary and the sensitivity analysis.

4.1. Conclusion

While caring for an older person with cognitive impairment is
detrimental for the caregiver’s mood, management of associated
BPS and functional limitations, especially the former, among such
older persons may reduce depressive symptoms among their
caregivers. Spouse as well as adult child caregivers benefit.
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