
RESEARCH ARTICLE Open Access

Projecting the effects of long-term care
policy on the labor market participation of
primary informal family caregivers of
elderly with disability: insights from a
dynamic simulation model
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Abstract

Background: Using Singapore as a case study, this paper aims to understand the effects of the current long-term
care policy and various alternative policy options on the labor market participation of primary informal family
caregivers of elderly with disability.

Methods: A model of the long-term care system in Singapore was developed using System Dynamics
methodology.

Results: Under the current long-term care policy, by 2030, 6.9 percent of primary informal family caregivers (0.34
percent of the domestic labor supply) are expected to withdraw from the labor market. Alternative policy options
reduce primary informal family caregiver labor market withdrawal; however, the number of workers required to
scale up long-term care services is greater than the number of caregivers who can be expected to return to the
labor market.

Conclusions: Policymakers may face a dilemma between admitting more foreign workers to provide long-term
care services and depending on primary informal family caregivers.

Keywords: Long-term care, Policy analysis, System dynamics, Simulation modeling, Caregivers, Labor market

Background
The global phenomenon of population aging is expected
to be accompanied by a considerable increase in the
prevalence of chronic diseases and functional disabilities,
particularly among older adults in developed countries.
Worldwide, the population above 65 is projected to
increase from 8 percent of the total population to 12
percent between 2013 and 2030 [1]. As the population
of older individuals with chronic illness and disability
grows, the need for assistance in activities of daily living
(ADL) and instrumental ADL (IADL) from informal (i.e.,
unpaid) caregivers in the family will likely increase,

suggesting increased demands for long-term care (LTC).
Notwithstanding the benefits of informal caregiving for
care recipients and its potential for reducing LTC ex-
penditure, the impact of informal family caregiving on
the health and economic well-being of caregivers also
warrants attention. The trend towards a greater demand
for care can potentially strain informal family caregivers
who are the major source of help for dependent elderly
[2]. In fact, at least 80 percent of the total hours of care
provided to older adults are from informal caregivers
[3]. This burden may be especially acute in Asia, where
strong social and cultural norms encourage families to
care for their elders, typically in their homes [4]. In
Singapore, conservative welfare policies qualify a mere
0.08 percent of residents for public assistance [5], and
the family is emphasized as the “first line of support” in
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caring for the elderly [6]. At the same time, maximal
labor participation is encouraged, with citizens recog-
nized as a key resource in the city-state [7]. This tension
in policy highlights the need for policymakers and re-
searchers to understand the impact of LTC policies on
informal family caregivers, and strive for balance in labor
participation and informal caregiving.

Informal family caregiving and labor market participation
The proportion of Singaporeans ≥65 years of age is pro-
jected to more than triple from 9 percent to 29 percent
between 2010 and 2050 [1]. Given Singapore’s dynamic
socio-political environment and its significant demo-
graphic changes characterized by decades of sub-
replacement level fertility rates and decreasing average
family size [8], a remarkable increase in the magnitude of
informal family caregiver burden is expected in Singapore
[9]. Consistent with cultural norms, the national policy of
“aging in place” in Singapore encourages families to care
for their elders directly [10]. Indeed, since 1995, legislation
in the form of the Maintenance of Parents Act has allowed
residents above 60 who are unable to support themselves
to claim monthly allowances or lump sum payment from
children capable of supporting them.
The impact of caregiving on the psychological and

physical wellbeing of informal family caregivers is well
documented; informal caregivers were reported to have
high rates of depression [11] and health care utilization
[12]. In contrast, the literature on the impact of informal
caregiving on labor supply remains equivocal. While sev-
eral studies did not find sufficient evidence to support
any significant impact of informal caregiving on labor
supply decisions [13, 14], other studies have demon-
strated the lower likelihood of labor market participation
among informal family caregivers [15, 16]. In one of the
early works that examined the impact of providing care
on employment, Carmichael and Charles [17, 18] de-
scribed two main mechanisms through which caring for
the elderly affects the caregiver’s labor market participa-
tion – the substitution and income effects. Given a finite
amount of time, the substitution effect suggests that in-
formal caregivers are less likely to work since caregiving
substitutes time and effort for paid work. On the other
hand, individuals may choose to work to ensure a stable
income source (income effect). The balance between the
substitution and income effects determines the direction
of the impact of informal caregiving on labor market
participation, if any. Within this framework, one import-
ant aspect of informal family caregiving concerns the po-
tential for informal caregivers to withdraw from the labor
market. On a micro-level, this would negatively impact
the household incomes of families with dependent elderly;
on a macro-level, the country’s domestic labor supply is
affected. Such an impact poses a potentially serious

concern given the magnitude of population aging and its
associated increase in informal family caregiver burden
[4]. Pre-existing socio-political labor issues may be exacer-
bated in countries already facing a shrinking local labor
supply (with a concurrent influx of foreign labor) and an
increasing old-age-dependency ratio due to population
aging, such as Japan, Korea, Hong Kong, and Singapore
[19]. In addition, most literature on caregivers’ labor mar-
ket outcomes over the past few decades come from North
America and Europe [14]; there is value in exploring the
Asian context, which has hitherto remained relatively un-
explored, save for recent work on Japan [20] and South
Korea [21]. This paper would supplement inter-
national literature with current data from Singapore,
testing the relationship between caregiving and labor
market participation in a new context, allowing pol-
icymakers to craft grounded measures impacting labor
supply, LTC, and health services.
In Singapore, even without factoring informal caregivers’

withdrawal from the labor market, the future domestic
labor supply is expected to decrease as more residents
retire. To address this expected decline, Singapore sought
to increase its domestic labor force productivity through
improvements in technology, job-retraining programs,
and encouraging females to join the workforce [22]. A
landmark policy that extended the retirement age of
62 years to 65 years has also been implemented, with
ongoing discussion of extending this to age 67 [23].
Despite such efforts, the projected resident labor sup-
ply is not expected to keep pace with the rising labor
demand, and the share of foreigners in the labor mar-
ket is still expected to increase significantly. Already,
Singapore is highly dependent on foreign labor with
foreigners comprising 36 percent of the country’s total
labor supply [24–26]. A number of policymakers view de-
pendence on foreign labor as an impediment to economic
productivity and restructuring, raising concerns over the
foreign labor influx crowding out jobs, recreational spaces,
and public services [27]. Hence, ascertaining the impact of
informal familial caregiving on labor force participation is
of definite import to policymakers and health services pro-
viders both in Singapore, and around the region.

Alternative long-term care options and informal caregivers’
labor market participation in Singapore
Outside informal caregiving, Singapore offers care recipi-
ents and their families three primary LTC options: (1)
home- and community-based services, (2) foreign domestic
workers (FDWs), and (3) nursing homes. Over time, the
government aims to expand and improve the attractiveness
and accessibility of home- and community-based services,
enhance subsidies to increase the proportion of families
that employ an FDW to take care of older adults (17 per-
cent), and construct more nursing home spaces [28, 29].
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Home- and community-based services
Home- and community-based services support persons
with disabilities by providing center- (e.g., day rehabilita-
tion, dementia, social and hospice daycare) and home-
based services (e.g., medical and nursing services, help
services, hospice care and therapy). Factors that limit the
relative attractiveness of home- and community-based
services include transportation difficulties to and from
community centers, high service costs, inconvenient
location of facilities, social connectedness and service
quality [30]. To improve access to home- and
community-based services, the Ministry of Health
(MOH) [31] relaxed eligibility requirements to expand
subsidies for families of elders with disability. Addition-
ally, subsidies for service providers have been increased
to scale up services and enhance care quality.

Foreign domestic workers
Almost 50 percent of Singaporean families with an
ADL-limited elderly needing assistance employ an FDW
[9]. This option also allows elderly to stay in familiar en-
vironments. Despite concerns about the lack of proper
training in caring for frail elderly among FDWs [32], and
the development of a “maid dependency syndrome” [33],
the parliament has enhanced subsidies to employ FDWs
for eldercare, suggesting that the future proportion of
FDWs will rise [34]. Employers of FDWs can also apply
for grants and concessions on levy payments for house-
holds with elderly or persons with disabilities.

Nursing homes
Nursing homes offer another alternative to those who
have significant ADL limitations and require constant
nursing care. Nursing homes provide help with custodial
(e.g., bathing, getting dressed, eating) and skilled care
(e.g., medical monitoring, treatments), and admit care
recipients according to their level of disability and social
support situation. The eligible elderly who are unable to
pay are entitled to government subsidies based on a
means test. The government plans to increase nursing
home capacity from 9300 to 22,400 beds between 2012
and 2030 to shorten waiting lists [34, 35].

Long-term care policies and informal caregiving: A
conceptual framework
The implementation of these programs is at the center
of policy debates concerning LTC in Singapore. Imple-
menting these policies have been shown to reduce the
average number of hours informal family caregivers
spend per week providing care [9]. However, the ability
of these LTC options to enable informal family care-
givers to remain in or re-enter the labor market remains
unclear. More specifically, published information on the
impact of these policies on primary informal family

caregiver’s labor market participation is unavailable. Esti-
mates of the labor requirement ratios (i.e., the total
number of LTC professionals required to implement the
policy compared with the number of primary informal
family caregivers that the policies would enable to par-
ticipate in the labor market) for each of the policies may
also have important implications for Singapore’s labor
supply. Most LTC policies aim to increase the availability
of formal (i.e., paid) care services such as nursing homes
and other home- and community-based services. The
range of services offered and the cost coverage for fam-
ilies, however, vary considerably between countries and
across regions. Optimal LTC models should consider ad-
dressing the demands of fulfilling cultural expectations in
caregiving within the family and minimizing the cost and
burden of informal family caregiving. Nevertheless, there
is a dearth of evidence on the effects of different LTC pol-
icies on outcomes relevant to informal caregivers.
In attempting to fill this knowledge gap, this study ini-

tially aims to determine the relationship between informal
caregiving and labor market participation in Singapore.
Establishing this relationship is fundamental in projecting
the effects of LTC policies on the labor market participa-
tion of primary informal caregivers. A primary informal
caregiver is defined here as the family member mainly in-
volved in providing care or ensuring care provision to care
recipients ≥60 years. Singapore provides an excellent
setting for a case study given its aging population, low
unemployment rate, tight labor market, and high expecta-
tions for informal family caregiver involvement in elder-
care. Drawing on a system dynamics (SD) model that
simulates the growth of the elderly (≥60 years) with ADL
limitations needing human assistance, six LTC policy sce-
narios are tested, projecting their impact on the labor
market participation of informal caregivers in Singapore.
These scenarios include: (1) having no LTC services; (2)
the current LTC policy; and alternative policy options that
favor: (3) home- and community-based services; (4)
FDWs; (5) nursing homes; or (6) the ‘all-in’ combination
of options 3–5.
These scenarios seem peculiar to the Singapore con-

text, and indeed the use of FDWs in caring for elderly
appears quite unique. Nevertheless, other countries like
Malaysia, Hong Kong, Saudi Arabia, Qatar, Kuwait, and
the United Arab Emirates also see a high uptake of
FDWs [36], both for domestic help and caring for de-
pendents, including the elderly. In particular, Hong Kong
faces a similar situation of an aging population. Hence,
the study aims to address the following important ques-
tions for Singapore, and other countries facing an
increasing elderly care burden: What will be the likely
impact of the current LTC policy and other policy
alternatives on primary informal family caregiver labor
market participation between now and 2030? Are the
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policies projected to require more LTC professionals
to implement than informal caregivers they enable to
return to the labor market? What implications will
these outcomes have for the Singapore labor market
in general?

Methods
Data sources
Information on the prevalence of having one or more
ADL limitations needing human assistance and the pro-
portion of elderly with one to two, three to four, and five
or more ADL limitations needing human assistance was
obtained from the Social Isolation, Health and Lifestyles
Survey (SIHLS). The SIHLS, a nationally representative
survey of 4990 community-dwelling Singaporeans ≥60 years
old, was conducted in 2009 by the Ministry of Community
Development, Youth and Sports (MCYS; In November
2012, the MCYS was restructured to become the Ministry
of Social and Family Development (MSF)). Participants of
SIHLS were interviewed after written informed consent.
The Singapore Survey on Informal Caregiving (SSIC), on
the other hand, provided the necessary data on informal
caregiving. The MCYS conducted the SSIC between 2010
and 2011, interviewing 1190 dyads of community-dwelling
care recipients (i.e., Singaporeans ≥75 years receiving
human assistance for at least one ADL limitation) and their
primary informal caregiver (i.e., an unpaid family member
or friend who is mainly involved in providing care or
ensuring the provision of care to the care recipient) after
written informed consent. The sampling methodology and
survey details of the SIHLS [37] and the SSIC [38] are
available from the literature as cited. Analysis of de-
identified data from the two surveys was exempted from
full review by the institutional review board of the National
University of Singapore. Data on the capacity of home-
and community-based services and nursing homes were
obtained from publicly available sources [39, 40]. Other
population and demographic data used in the model were
acquired from the Singapore Department of Statistics. In
the absence of available published data for model parame-
ters, we obtained estimates from local LTC experts and
policy makers. A list of selected model input parameters
are presented below (Table 1).
ADLs, as described in the SSIC, include bathing,

dressing and undressing, eating, toileting, getting in and
out of bed, walking, and taking care of appearance;
whereas IADLs include using the telephone, getting to
places out of walking distance, shopping, preparing
meals, doing housework, taking medication, and hand-
ling money. The number of hours per week they helped
the care recipient with one or more ADL or IADL was
reported by primary informal caregivers in the SSIC. In
the same questionnaire, they also reported the number
of eldercare hours per week provided by other family

members or FDWs. The eldercare hours provided by the
primary informal family caregiver were calculated by
subtracting the eldercare hours provided by FDWs,
other family members and friends from the total
reported eldercare hours. The eldercare hours per week
provided by the primary informal family caregiver were
then stratified by the care recipient’s number of ADL
limitations.

Regression model
The impact of informal caregiving on the labor supply is
not straightforward. While the severity of a person’s dis-
ability affects the need for caregiving and may hence
affect caregivers’ decisions to withdraw from or remain
in the labor force, labor market opportunities that indi-
viduals are exposed to may also influence their decisions
to give care full-time. For instance, those who currently
have jobs face the opportunity cost of loss of income so
they may be less inclined to spend more time on care-
giving, whereas those who are not in the labor market
may be more available to provide caregiving. To address
this issue of endogeneity, we used a two-stage-least-
square (TSLS) probit regression [41], an instrumental
variables approach that has been used to correct for
endogeneity in other studies involving cross-sectional
data [16, 42]. For our study, ADL limitations categories
(one to two, three to four (ADL1), and five or more ADL
limitations (ADL2)) were chosen as instruments, as they
are likely to be highly correlated to caregiving hours
(CGH) but not directly correlated with labor force par-
ticipation (LFP). In the regression models, we controlled
for a vector of exogenous variables including gender
(X1), ethnicity (Chinese or non-Chinese) (X2), marital
status (married or not) (X3), having at least upper sec-
ondary education (X4), and having a five-room or bigger
flat or private house (X5) using:
Stage (1)

CGH ¼ β0þβ1ADL1þβ2ADL2þβ3X1þβ4X2þβ5X3

þβ6X4þ β7X5þε

Stage (2)

P LFPð Þ ¼ f ðγ0 þ γ1 dCGH þ γ2X1 þ γ3X2 þ γ4X3

þγ5X4 þ γ6X5 þ δ > 0Þ
where β i and γi (0 ≤ i ≤ 7) are the regression coefficients
and ε denotes unobservable characteristics. The prob-
ability that the individual is in the labor market is the
cumulative distribution function, f(.), of their caregiving
hours, exogenous control variables, and a vector of un-

observable characteristics, δ. ^CGH is the predicted value
of caregiving hours from stage 1 regression.
In our models, except for caregiving hours and age, all

other covariates were coded as categorical variables. In
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Table 1 Key model input parameters

Parameter Value Source

Population sub-model:

Fertility rate (used to calculate birth rate) Total Fertility Rate Table for 2000 – 2011 Singapore Department of Statistics 2012

Mortality rate Complete Life Tables 2006-2011 for Singapore Resident Population Singapore Department of Statistics 2011

Care arrangement sub-model: Number of ADL limitations Value Range

Primary caregiver hours by disability caregivers
without services and FDWb

1 – 2 ADL 31 24.8-37.2 MCYS SSIC 2010/2011

3 – 4 ADL 36 28.8-43.2

≥5 ADL 42 33.6-50.4

Primary caregiver hours by disability caregivers
without FDW but with servicesb

1 – 2 ADL 25 20-30 MCYS SSIC 2010/2011

3 – 4 ADL 48 38.4-57.6

≥5 ADL 37 29.6-44.4

Proportion of families with FDWb Use of FDW Value Range

With FDW 0.491 0.39-0.59 MCYS SSIC 2010/2011

Without FDW 0.509 0.41-0.61

Distribution of ADL limitations by agea Number of ADL limitations

1 or 2 3 or 4 5 or 6

60 – 64 years 0.0042 0.0069 0.0042 MCYS SIHLS 2009

65 – 69 years 0.0080 0.0109 0.0156 MCYS SIHLS 2009

70 – 74 years 0.0078 0.0230 0.0262 MCYS SIHLS 2009

75 – 79 years 0.0190 0.0427 0.0464 MCYS SIHLS 2009

80 – 84 years 0.0525 0.0892 0.0785 MCYS SIHLS 2009

≥85 years 0.1270 0.1432 0.1744 MCYS SIHLS 2009

ADL incidence rate, annual 0.00768 Model calibration

HCBS uptake rate 0.20 Estimate by LTC experts

Capacity adjustment time, years 1.5 Estimate by LTC experts

Prevalence of ≥1 ADL limitations needing human
assistance in population 60+ years of age

0.0478 MCYS SIHLS 2009

Proportion of ADL-limited elderly with 1 to 2 ADL
limitations needing human assistance

0.36 MCYS SIHLS 2009

Proportion of ADL-limited elderly with 3 to 4 ADL
limitations needing human assistance

0.24 MCYS SIHLS 2009

Proportion of ADL-limited elderly with 5 or more
ADL limitations needing human assistance

0.40 MCYS SIHLS 2009

Annual mortality rate for individuals 60 years of
age and older

0.1134 Singapore Department of Statistics 2012
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Table 1 Key model input parameters (Continued)

Nursing home beds Year Number of beds

2012 9,750 Singapore Department of Statistics 2015

2020 14,900 MOH 1997

2030 22,400 MOH 1997

Primary informal family caregiver labor market participation sub-model:

Fraction of caregivers employed or employable 0.65 MCYS SSIC 2010/2011

Labor requirement estimate:

Adjusted patient to staff ratio at nursing homes 5 Regulation and Quality Improvement Authority 2009

Patient to staff ratio for HCBS 7 Estimate by LTC experts

Patient to staff ratio for FDWs 1 Estimate by LTC experts

(ADL activity of daily living, IADL instrumental activity of daily living, MCYS Ministry of Community Development, Youth and Sports, SSIC Singapore Survey on Informal Caregiving, HCBS home- and community-based
services, LTC long-term care, SIHLS Social Isolation, Health and Lifestyles Survey, FDW foreign domestic worker, MOH Ministry of Health)
aAdjusted for the number of older adults residing in nursing homes
bSensitivity analyses were performed for these parameters
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five extreme cases where the caregivers reported spending
more than 112 h per week on ADL- and IADL-related
care, we recoded the caregiving hours to 112 h per week
(i.e. 16 per day). Primary informal family caregivers who
had never been employed were excluded in the analysis as
they were unlikely to have any attachment to the labor
market. Primary informal family caregivers who provided
care to more than one person were also excluded to en-
sure reasonable comparability of all persons in the study
sample. Since FDWs, when employed, were shown to pro-
vide about 70 % of caregiving hours in our study sample,
we also performed the same analysis excluding care recipi-
ents who were receiving help with at least one ADL or
IADL from a FDW. All the regression analyses were
conducted using STATA version 13 (StataCorp, College
Station, TX).

Dynamic simulation model: long-term care model
The LTC model presented herein is a deterministic, dif-
ferential, and algebraic equations-type model built using
the SD methodology [43] combining local and expert
evidence and insights from previous research [44, 45].
The first step in creating an LTC model involves devel-
oping a conceptual model that uses the SD iconography
of stocks and flows. This conceptual model features
several interacting elements, which describes essential
interdependence and information feedbacks among
ADL-limited elderly individuals, primary informal
family caregivers, LTC services, and policies that
simulate the reference modes (i.e., the behavior pattern of
key variables). In this study, ten LTC experts – including
healthcare planners from the MOH, patient placement
agency representatives, home- and community-based

service coordinators, and nursing home managers – veri-
fied the model structure, bringing evidence and expert
knowledge to support strategic long-term care policy is-
sues. Following verification, the model was parameterized
using publicly available data; experts provide plausible es-
timates when data for a model parameter are unavailable.
Finally, this model was implemented as a computer
simulation using Vensim Simulation Software (Ventana
Systems, Harvard, MA). The potential policy alternatives
in this study were tested and the insights gained were
shared with the experts.
The LTC model used in this study consists of two

sub-models: the population sub-model, and the care
arrangement sub-model. These sub-models provide
simulations of Singapore’s resident population, trends
in ADL disability among older adults, care arrangements
for ADL-limited elderly requiring human assistance, and
the impact of caregiving on the labor market participation
of primary informal family caregivers. The model struc-
tures permit the validation of its internal structure and
assumptions.

Population sub-model
The population sub-model (Fig. 1) disaggregates Singapore’s
population into one-year age cohorts by gender. The popu-
lation cohorts are affected by births (only for the first age
cohort), deaths, immigration, emigration, and aging (except
for the last age cohort). Births are calculated based on the
fertility rate and the female population in the reproductive
age group (15 – 44 years of age). Deaths are calculated
using mortality rates from life tables by age. Mortality and
birth rates are held constant over the simulation time. Im-
migration is based on available data and emigration is

Fig. 1 Population Model
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estimated by calibration. The aging process ensures that at
the end of each year, the surviving population in each age
cohort transitions to the subsequent age cohort with the ex-
ception of the final age cohort. The non-surviving popula-
tion in each age cohort is removed via an outflow that
reflects the respective mortality rate for that age cohort.
The population sub-model is calibrated using publicly avail-
able national statistical data [46] and is described in detail
elsewhere [9, 47].

Care arrangement sub-model
Inputs for the care arrangement sub-model (Fig. 2) in-
clude ADL prevalence data from the SIHLS (adjusted for
the number of residents in nursing homes), data on

eldercare hours for functionally limited older adults from
the SSIC, and projections from the population sub-model.
The care arrangement sub-model projects the elderly
population with at least one ADL limitation requiring hu-
man assistance, the care arrangement of elderly with at
least one ADL limitation requiring human assistance and
primary caregivers likely to drop-out of the labor market
due to caregiving. The projected ADL-limited elderly
population requiring human assistance is disaggregated
into three groups based on disability level: low (one or
two ADL limitations), medium (three or four ADL limita-
tions) and high (five or more ADL limitations).
In this sub-model, ADL-limited elderly requiring

human assistance have five possible care arrangements:

Fig. 2 Care Arrangement Model
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a nursing home; at home with home- and community-
based services; at home with care provided by a FDW; at
home with home- and community-based services and
care provided by a FDW; and at home without any paid
services. All individuals who reside at home may receive
informal care (i.e., care from primary informal family
caregivers and other family members and friends). The
model allows individuals to move from one care arrange-
ment to another based on preference, care needs, and the
availability and capacity of services. It is assumed that
available nursing home beds go to elderly individuals with
the highest numbers of ADL limitations. In contrast, eld-
erly individuals with any level of disability can choose to
reside at home with or without paid services and/or make
use of home and community based services. Elderly indi-
viduals residing at home are disaggregated by subscript
into elderly with and without paid services (FDW).
Other assumptions include the following: nursing

homes provide all eldercare hours for residents; primary
care hours of caregivers using home- and community-
based services is approximately half of primary caregiver
hours provided by caregivers living at home without
home-and community-based services. According to the
SSIC, 49 percent of families with an elderly individual
having at least one ADL limitation needing human as-
sistance employ a FDW. On average, a FDW provides an
estimated 70 percent of total ADL and IADL eldercare
hours. Furthermore, SSIC data indicate that eldercare
hours provided by families and friends were found to
vary by disability. The model assumes that family mem-
bers and friends (but not primary informal family care-
givers) provide the elderly who have low and high levels of
disability with 43 percent and 29 percent of total informal
eldercare hours, respectively. To calculate the primary in-
formal family caregiver hours by level of ADL, the number
of eldercare hours provided by formal services and other
family members and friends is subtracted from total elder-
care hours provided to elderly individuals with ADL and
IADL needs after adjusting for disability level. To calculate
labor market participation of primary informal family
caregivers, the number of primary informal family care-
givers likely to withdraw from the labor market is esti-
mated using the following information: the predicted
probability of employment from the instrumental variable
regression (see Regression model); the estimated eldercare
hours provided by primary informal family caregivers; and
the number of likely employable caregivers for elderly
individuals with ADL limitations requiring human assist-
ance without FDW.
Using validation, simulated projections were compared

to available time series data for the total number of eld-
erly, the total number of elderly with ADL limitations,
and the total number of elderly in nursing homes in
Singapore. The results (Additional file 1) proves that the

projection model compares well with the time series
data suggesting that on the face value, the model per-
forms credibly.

Long-term care scenario and policy simulations
No long-term care services scenario
This scenario is a counterfactual simulation in which all
LTC services are assumed to be absent, and care burden
is assumed to fall entirely on the family. It is used to
project the number of primary informal family caregivers
who would stay employed in the absence of any LTC
services.

Current long-term care policy
This policy simulates planned or expected increases in
nursing home capacity, the attractiveness of home- and
community-based services, and the ability of families to
employ a FDW to assist with eldercare. Under this policy,
nursing home capacity increases from 9300 beds to 22,400
between 2013 and 2030. With plans to enhance subsidies
to encourage the use of home- and community-based
services, the uptake rate of these services is assumed to in-
crease to 30 percent by 2030 from 20 percent in 2013. In
addition, given enhanced subsidies for families employing
a FDW to assist in eldercare, the proportion of families
with an elderly having one or more ADL limitations need-
ing human assistance employing a FDW to assist with
eldercare is increased from 49 percent in 2013 to 60 per-
cent by 2030.

Pro-home- and community-based services policy option
This policy option is identical to scenario (b) except for
a significant relative increase in the attractiveness of
home- and community-based services causing the up-
take of home- and community-based services to increase
from 20 percent in 2013 to 80 percent by 2030. This
alternative policy option emphasizes home- and commu-
nity-based services as a LTC option without limiting the
availability of nursing homes and FDWs.

Pro-FDW policy option
Under this policy option, nursing home capacity and the
attractiveness of home- and community-based services
increase as they would in the current long-term care
policy; however, the use of FDWs to assist with eldercare
is emphasized. Specifically, the proportion of families
employing a FDW to provide eldercare increases from
49 percent in 2013 to 80 percent by 2030.

Pro-nursing home policy option
Under this policy option, it is assumed that nursing
home capacity begins to expand in 2013 such that all
elderly individuals with five or more ADL limitations
who qualify for nursing home placement are placed in a
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nursing home – a situation that is held constant over
the simulation time. Meanwhile, the attractiveness of
home- and community-based services and the propor-
tion of families employing a FDW to assist with elder-
care increase according to the current policy.

Combined policy option (‘all-in’)
Under the ‘all-in’ policy, the ‘pro- home- and
community-based services,’ ‘pro-FDW’ and ‘pro-nursing
home’ policy options are implemented simultaneously.
An increase in the attractiveness of home- and
community-based services causes its uptake rate to rise
from 20 percent in 2013 to 80 percent by 2030. The pro-
portion of families with a FDW assisting with eldercare
increases from 49 percent to 80 percent over the simula-
tion time; whereas the capacity of nursing homes is
expanded such that from 2013 to 2030, all elderly indi-
viduals with five or more ADL limitations reside in a
nursing home.

Sensitivity analysis
Sensitivity analysis was performed on all the scenarios
proposed herein to observe how a change in some of the
important assumptions affect output of interest. The
assumptions—proportion of families with FDW, primary
caregiver hours provided by caregivers for elderly living
in the community with services and FDW and for those
without FDW but with services living in the communi-
ty—were identified to be important assumptions. Using
two-way sensitivity analysis, the values for each param-
eter was varied by ±20 percent, and a uniform distribu-
tion for each parameter was assumed. The model was
run 1000 times, each run drew a parameter value from a
uniform distribution. Next, the minimum and maximum
values at 95 percent confidence level for each run were
used to show the credible interval, in addition to the
mean values.

Results
From 2013 to 2030, the number of care recipient–pri-
mary informal family caregiver dyads is projected to in-
crease from 45,600 to 100,300. Meanwhile, employed
and employable primary informal family caregivers are
projected to increase from 29,900 to 65,600 individuals.
The instrumental variable regression suggested that at

10, 20 and 40 primary eldercare hours per week, the per-
centage point reduction in labor market participation is
estimated to be 11 %, 22 % and 55 % respectively for
caregivers without FDW providing eldercare; however,
for primary caregivers with FDW providing eldercare, no
association was found between caregiving hours and
dropping out of labor market. If no LTC services are
available, by 2030, 27.8 percent of primary informal fam-
ily caregivers (representing an estimated 1.19 percent of

the total domestic labor supply) are projected to with-
draw from the labor market due to caregiving (Table 2).
The current LTC policy reduces the percentage of pri-
mary informal family caregivers dropping out of the
labor market to 6.9 percent by 2030; under this policy,
approximately 20,900 more primary informal family
caregivers (or 1.08 percent of the total domestic labor
supply) either remain employed or return to the labor
market. The pro- home- and community-based services
and pro-FDW policy options are projected to provide
slight decreases (to 5.5 and 3.7 percent [0.27 and 0.18
percent of the total domestic labor supply] by 2030, re-
spectively) relative to the current LTC policy, while the
pro-nursing home and all-in policy options more re-
duces primary informal family caregiver withdrawal to
6.3 and 2.4 percent (0.31 and 0.12 percent of the total
domestic labor supply) by 2030, respectively.
The current LTC policy and the alternative policy op-

tions are projected to require more workers to imple-
ment than the number of primary informal family
caregivers they enable to participate in the labor market
(Table 2). For every primary informal family caregiver
who returns to the labor market under the current LTC
policy, 1.7 new paid workers are required in order to im-
plement the policy and provide care to the care recipient
(hence a labor-requirement ratio of 1.7). The pro- home-
and community-based services policy option yields the
same labor-requirement ratio of 1.7. In contrast, the
pro-nursing home policy option is projected to yield the
lowest labor-requirement ratios (1.3 whereas the pro-
FDW and all-in policy options require the most new
paid workers to implement and thus has the highest
labor-requirement ratio (2.3 and 1.9 respectively).

Discussion
As the number of elderly with ADL limitations needing
human assistance increases, care needs and eldercare
hours provided by primary informal family caregivers
are projected to rise. Consequently, a proportion of pri-
mary informal family caregivers are projected to with-
draw from the labor market. Compared to the size of
the domestic labor supply, however, the proportion likely
to withdraw due to caregiving is relatively small. Simula-
tion experiments discussed herein show that the current
LTC policy and all considered alternative policy options
are projected to reduce labor market withdrawal among
primary informal family caregivers. However, the current
LTC policy and the considered policy options are ex-
pected to require more workers to implement than they
would enable primary informal family caregivers to re-
turn to the labor market. The increase in elderly individ-
uals with ADL limitations needing human assistance is
attributable to population aging, whereas, the projected
increase in primary informal family caregivers is based
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Table 2 Projected primary informal family caregiver labor market withdrawal, labor required and work hours lost

LTC Interventions Caregivers in labor market Increase in caregivers working New paid labor to implement policy Percentage of caregivers dropping out Labor requirement ratio

2020 2030 2020 2030 2020 2030 2020 2030 2020 2030

No LTC services 23,400 37,700 — — — — 28.5 27.8 — —

[18,800-28,000] [29,300-45,900] [24.4-32.9] [23.6-32.7]

Current policy 36,500 58,700 13,000 20,900 21,500 35,500 7.9 6.9 1.6 1.7

[32,300-40,700] [50,800-66,400] [11,500-14,400] [18,400-23,300] [17,600-25,400] [28,000-43,400] [6.4-9.9] [5.2-9.0] [1.3-2.1] [1.3-2.2]

Pro-HCBS 37,400 60,000 13,800 22,300 22,100 37,800 6.6 5.5 1.6 1.7

[33,100-41,600] [51,700-68,500] [12,200-15,400] [19,200-25,400] [18,200-26,100] [29,800-45,900] [5.1-8.4] [4.2-7.1] [1.2-2.0] [1.3-2.2]

Pro-FDW 38,700 62,000 15,200 24,100 33,600 56,600 4.5 3.7 2.2 2.3

[34,300-43,100] [53,400-70,300] [13,300-17,100] [20,700-27,800] [28,500-38,700] [46,200-66,900] [3.6-5.6] [2.9-4.6] [1.8-2.7] [1.9-2.9]

Pro-Nursing Home 37,400 59,200 13,900 21,500 16,400 27,200 6.5 6.3 1.2 1.3

[33,000-41,700] [51,000-67,400] [12,200-15,600] [18,600-24,400] [13,700-19,200] [22,100-32,600] [5.2-8.2] [4.9-8.1] [0.9-1.5] [1.0-1.6]

All-in 39,200 63,100 15,700 25,300 27,100 48,100 3.8 2.4 1.7 1.9

[34,700-43,700] [54,400-71,900] [13,600-17,800] [21,600-29,300] [23,700-30,700] [41,100-55,000] [3.0-4.7] [1.9-3.2] [1.4-2.1] [1.5-2.3 ]
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on the assumption that each elderly individual with care
needs has a primary informal family caregiver.
The current LTC policy and the considered alternative

policy options effectively reduce primary informal family
caregiver labor market withdrawal. Because the number
of primary informal family caregivers expected to with-
draw under the current LTC policy would amount to
just 0.34 percent of the total domestic labor supply, the
labor market participation of primary informal family
caregivers is unlikely to be a significant policy consider-
ation from the perspective of maintaining the domestic
labor supply. However, among primary informal family
caregivers, because the proportion projected to withdraw
from the labor market is sizeable, policymakers are apt
to consider the labor market participation of primary in-
formal family caregivers insofar as their withdrawal may
have a substantial, negative impact on the income and
flexibility of a significant number of families. Given that
average family size in Singapore is decreasing, families
are already faced with having fewer potential earners. If
these projections of the proportion of primary informal
family caregivers who will withdraw from the labor market
in order to meet the care needs of an elder are accurate,
then a considerable number of families may become
dependent on the government for financial assistance—a
situation that policymakers in Singapore and elsewhere
generally seek to minimize.
While these findings suggest that policymaking consid-

erations should focus more on the negative effect that
primary informal family caregiver labor market with-
drawal may have on family income and dependency as
opposed to the domestic labor supply, analysis of the
projected labor-requirement ratios under the current
LTC policy and the considered alternative policy options
raise other important, labor-related issues. Specifically,
given the nature of the tight labor market in Singapore,
policies to scale-up LTC services, including the current
LTC policy, are likely to necessitate increased immigra-
tion of foreign workers and, in the case of FDWs, may
lead to stresses associated with an additional person
being in the household.
Compared to the current LTC policy and among the

considered alternative policy options, the pro-nursing
home policy option had the lowest labor-requirement ra-
tio, meaning that this policy would require the least paid
labor – domestic and foreign – to implement. This is be-
cause nursing homes are relatively more efficient, having
higher care recipient to staff ratios (estimated here to be
5:1) than families with elderly with disability individually
hiring FDWs (care recipient to staff ratio of 1:1). This
suggests that if policymakers seek to keep the labor-
requirement ratio low and to minimize foreign immi-
gration, the optimal LTC policy would emphasize the
significant expansion of nursing home capacity. However,

despite the greater labor-requirement ratio, both policy-
makers and citizens consider the expansion of home- and
community-based services to be more socially desirable
given that nursing homes have capital costs, require land
from a constrained supply, may engender community re-
sistance, and are not consistent with a strong social prefer-
ence for aging with family. The results presented above
suggest that if policymakers in Singapore continue to
make the expansion of home- and community-based ser-
vices over nursing homes a priority, the efficiency of
home- and community-based services as a LTC option
should be maximized. This could be achieved by, for
example, technological innovations, implementation
designed to reduce labor requirements and improve
the labor-requirement ratio of the service, and greater
employer flexibility allowing caregivers to remain in
the workforce.
The model presented in this paper is, to the know-

ledge of the authors, the first SD model that integrates
population aging and the demand and supply of LTC ar-
rangements to evaluate effects of LTC policy on labor
market participation among primary informal family
caregivers. SD modeling allowed for the succinct delin-
eation of levers available to policymakers and helped
demonstrate the interdependence and potential out-
comes of the proposed LTC policy and various alterna-
tive policy options on primary informal family caregiver
labor market participation. While the model is useful in
examining the dynamics of LTC policy and the relative
impact of specific options, it is not intended to be predict-
ive. Indeed, key points of uncertainty, such as the likely
future uptake of home- and community-based services are
the subject of current research in Singapore.
This paper has several limitations. The predicted prob-

ability of primary informal family caregivers staying
employed or returning to the labor market uses the re-
ported, not observed, ADL and IADL related eldercare
hours provided to individuals with different numbers of
ADL limitations. The two-step estimation procedure
employed in our analysis only uses the variability in
caregiving hours induced by number of ADL limitations
in the first-step estimation; therefore, the efficiency of
parameter estimation could be reduced. Another related
issue is that parameters from our IV estimates are ap-
plicable to those caregivers whose caregiving hours
change with number of ADL limitations of the care re-
cipient. In the model, it is also assumed that, at the
population level, individual eldercare hours follow a
similar trend. Studies have shown that caregivers with
frequent contact or closer relationships with the disabled
elderly tend to underestimate their functional ability
[48, 49], leading to overestimation of their care needs.
While this reporting bias can lead to skewed projections,
our results reveal only a relatively small portion of primary
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informal caregivers dropping out of the labor market to
provide eldercare. In the event that this bias is adjusted
for, this number is likely to decrease, reinforcing our main
finding that, in the case of Singapore, it is more likely that
caregiving will not greatly impact labor force participation.
In addition, other studies [15, 16] have found that there is
a threshold at which eldercare hours affect the labor mar-
ket participation of primary informal family caregivers.
However, the data used to populate the model was unable
to establish such a threshold because primary informal
family caregivers were found to withdraw from labor mar-
ket at all levels of eldercare hour provision. Finally, changes
in the projected population will affect the number of care
recipient-caregiver dyads, which may change outcomes.

Conclusion
In sum, policymakers are faced with a difficult decision:
scale-up LTC services, implying increases in the labor-
requirement ratio and accepting more foreign immigra-
tion, or accept reduced primary informal family caregiver
labor market participation, which may result in decreased
family income and greater dependency on the state.
Future work to estimate the opportunity costs of primary
informal family caregivers returning to or remaining in
the labor market relative to the workers hired to provide
LTC would be useful in helping policymakers weigh the
economic impact of the different policies considered
herein. In addition, if LTC policies were to target only
employed primary informal family caregivers or those who
are likely to participate in the labor market, such as those
who have been employed in the past, then the labor mar-
ket participation of primary informal family caregivers
may be greater.

Availability of supporting data
All data from the Department of Statistics Singapore are
fully available without restriction. Data collection for the
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Singapore government therefore data release will be on
an individual application basis. Interested individuals
can contact Associate Professor Angelique Chan at
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