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Abstract
We study the dynamic drivers of expenditure on long-term care (LTC) programmes,
and more specifically, the effects of labour market participation of traditional unpaid
caregivers (women aged 40 and older) on LTC spending, alongside the spillover effects
of a rise in LTC expenditure on health care expenditures (HCE) and the economy
(per capita GDP). Our estimates draw from a panel of more than a decade worth
of expenditure data from a sample of OECD countries. We use a panel vector auto-
regressive (panel-VAR) system that considers the dynamics between the dependent
variables. We find that LTC expenditure increases with the rise of the labour market
participation of the traditional unpaid caregiver (women over 40 years of age), and
that such expenditures rise exerts large spillover effects on health spending and the
economy. We find that a 1% increase in female labour participation gives rise to a
1.48% increase in LTC expenditure and a 0.88% reduction in HCE. The effect of
LTC spending over HCE is mainly driven by a reduction in inpatient and medicine
expenditures, exhibiting large country heterogeneity. Finally, we document significant
spillover effects of LTC expenditures on per capita GDP.
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1 Introduction

The efficient design of long-term care (LTC) programmes, providing support to older
age disabled individuals in need of assistance, is a forefront economic policy problem
in many European countries (European Commission 2015). The constrained sup-
ply of traditional (unpaid or informal) care (Pezzin and Steinberg Schone 1999) and
the expansion of the labour market participation of traditional unpaid caregivers are
increasing the demand of formal LTC services. More specifically, it is possible to
observe an increase in the demand for home care services, and to a lesser extent, nursing
home care. However, how does the reduction in the supply of informal care, (measured
by the increasing labour market participation of traditional caregivers, women over
40 years of age), impact the demand and, especially, long-term care expenditures?
Does long-term care spending expansion reduce the use of public and private health
care and boost economic activity?

The introduction of LTC programmes can impact health care as health care pro-
grammes are designed to fund only limited intensity of post-acute care following a
hospital stay (Hermiz et al. 2002; Weaver and Weaver 2014; Sands et al. 2006), and
hospital utilisation is sensitive to the inadequate subsidisation of LTC, which can be a
source of inefficiencies such as bed blocking (Costa-Font et al. 2018; Rapp et al. 2015).
Yet, to date, we still know little about the spillover effects of public LTC spending.

This paper is the first to examine the cross-country dynamic determinants of LTC
expenditure (and its social and health components), to study the aggregate spillover
effects on health care expenditure, as well as its different expenditure categories (such
as outpatient, inpatient and medicine spending) and the economy. The availability of
cross-national time-series data fromOECD countries opens the possibility of studying
the dynamic effects of the expansion of LTC expenditures. So far, the current estimates
of LTC expenditure determinants are mostly descriptive (Colombo andMercier 2012),
and they tend to disregard the important persistence in expenditure, as well as causality
claims (Costa-Font et al. 2016; De la Maisonneuve and Martins 2013).

This paper exploit the effect of changes in the labour participation of traditional
unpaid caregivers (women over 40 years of age) on LTC spending and Gross Domestic
Product (GDP) per capita, alongside the subsequent spillover effects on health expen-
diture and the economy (GDP per capita). Our estimates are drawn from a panel-VAR
(panel-VAR) GMM model on a sample of OECD countries for the period 2002 to
2015. Unlike previous studies, we consider several dynamic pathways, the endoge-
nous interaction between female labour participation (of women over 40 years of age),
LTC expenditure, as well as the effect of LTC expenditure on both HC expenditure,
and GDP per capita. The main advantage of the panel-VAR model is that all variables
are treated as endogenous and consider unobserved individual heterogeneity including
country-specific fixed effects, which improves the consistency of the model (Love and
Zicchino 2006).1 Finally, we complete our analysis with the estimation of Bayesian
panel-VAR with partial pooling for the groups of Northern and Southern countries.

1 Furthermore, we consider a Granger causality analysis to assist in the identification of the direction of the
link between each pair of variables, and the estimation of impulse response functions which are suitable to
illustrate how the response of each endogenous variable differs according to the nature of shocks affecting
them.
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‘Investing’ in care for old age? An examination of long… 3

This approach allows us to deal with the reduced panel dimension as well as with
interdependencies among countries.2

Our main results reveal the following. First, we find a significant effect of labour
market participation of traditional unpaid caregivers (women over 40 years of age)
on LTC expenditures. We estimate that a 1% increase in female labour participation
leads to an increase of LTC expenditure by 1.48% in the subsequent period. Second,
we find evidence of caregiving spillovers’ on health spending which are driven by
a reduction in inpatient and medicine expenditure. Third, we document the effect of
LTC expenditure on health spending and per capita GDP. We document that a 1%
increase in LTC expenditures in one period increases per capita GDP by 0.20% in the
next period but reduces HCE by 0.6% in such a period (mainly due to a reduction in
medicine expenditure by 0.86% and inpatient expenditure by 0.50%).

Next, we relate our paper to the existing literature. Section three describes the data
and empirical strategy. Section four reports the results, and a final section concludes
with a discussion and policy implications.

2 Related literature

2.1 Health and long-term care expenditure estimates

LTC services share some characteristics with heavily subsidised health care, yet unlike
health care, personal LTC can be delivered by unpaid householdmembers informally.3

However, evidence suggests large heterogeneity across the OECD countries in both
caregiving duties and formal care provision of services. Descriptive analysis sug-
gests that long-term care spending is associated with population ageing, female labour
market participation, and the institutionalization of the care service system (Olivares-
Tirado et al. 2011; Costa-Font et al. 2015; Huei-Ru et al. 2016).4 Costa-Font et al.
(2015) estimate an income elasticity of 3.2, indicating a high sensitivity of per capita
public LTC expenditure to a change in a country’s per capita GDP.5

2.2 Female labour market participation

Given that informal care is still the most common form of care for old age in almost
all countries, if formal and informal care are substitutes (Picone and Wilson 1999;

2 Unlike other mean-based estimators (OLS, pooled ordinary least squares, fully modified ordinary least
squares, dynamic ordinary least squares, vector error-correction model), the panel-VAR estimator gives
both mean-based and trend findings, allowing the series’ behavior to be monitored (Love and Zicchino
2006).
3 A public subsidy for formal LTC increases the demand for it, even when an informal caregiver is available
(Coughlin et al. 1992).
4 As a share ofGDP,LTCspending varies from3.7% in theNetherlands (which relies heavily on institutional
care), and 0.2% in Portugal (which relies mainly on informal care by family members), with the OECD
average at 1.5% of GDP.
5 This magnitude is approximately three times higher than that observed in acute health care expenditures
(Costa-Font et al. 2011).
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4 J. Costa-Font and C. Vilaplana-Prieto

Stern 1995; Carmichael and Charles 2003; Carmichael et al. 2010; Nizalova 2012),
a contraction in the supply of informal care (resulting from the expansion of labour
market participation of traditional caregivers) can rise the demand for paid care.6

2.3 Health system spillovers

Ahigher LTC utilisation can exert spillover effects on the health system and, especially
on costlier hospital care utilisation (Hofmarcher et al. 2007; Bodenheimer 2008; Mur-
Veeman and Govers 2011). Some evidence already documents that the introduction of
home care programs reduced delays in hospital discharges and emergency readmis-
sions (Hermiz et al. 2002; Sands et al. 2006; Weaver and Weaver 2014).7 Hence, the
expansion of LTC services can give rise to a reduction in health care utilisation.

2.4 Spillovers on to the economy

The expansion of public LTC spending can give rise to a subsequent effect on eco-
nomic activity by boosting the ‘care sector’. Previous studies such as De Henau et al.
(2016) show that the care economy may raise GDP growth more than investment in
construction.8 The next section describes the empirical strategy used to estimate the
determinants of LTC expenditure and its determinants.

3 Empirical strategy and data

3.1 Empirical strategy

The identification of the drivers of LTC expenditure, such as labour market participa-
tion of traditional unpaid caregivers (women over 40 years of age), and its spillover
effects on health care expenditures faces several methodological challenges, includ-
ing potential reverse causality and omitted variables bias, as well as both time and
cross-sectional correlation, and such dynamic effects need to be modelled. Relative to
conventional time series modelling, the panel-VARmodel considers the heterogeneity
of the cross-sectional dynamics, which provides more information about the sources
of heterogeneity in the system. The panel-VAR specification exploits the temporal and

6 The availability of a spouse caregiver, measured by male-to-female ratio among the elderly, is associated
with a $28,840 (1995 U.S. dollars) annual reduction in formal LTC expenditure per additional elderly male
(Yoo et al. 2004).
7 Holland et al. (2014) compare data of LTC beneficiaries and non-beneficiaries residing in California at
the end of their lives. They find that LTC claimants experience significantly lower health care costs at end of
life, including 14% lower total medical costs, 13% lower pharmacy costs, 35% lower inpatient admission
costs, and 16% lower outpatient visit costs. Feng et al. (2020) examined the effect of LTC on hospital
utilization and expenditures among the elderly in China. LTC significantly reduced the length of stay by
41%, inpatient expenditures by 17.7% and outpatient visits by 8.1%. Additionally, Rapp et al. (2015) report
that the extension of LTC subsidies lowers the use of emergency care, and Costa-Font et al. (2018) find an
8% reduction in hospitalisation after the insurance extension to finance LTC.
8 Indeed, De Henau et al. (2016) estimate that the contribution to employment of an investment in the care
economy (equivalent to 2% of GDP) is higher than a similar investment in construction.
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cross-section dimension of the data to infer dynamic relations between the dependent
variables,9 allowing all covariates to be treated as fully endogenous while simultane-
ously modelling the unobservable heterogeneity through fixed effects (which account
for time-invariant characteristics intrinsic to each country). Hence, resulting in an
improvement in the consistency of the estimation (Love and Zicchino 2006).

So far, no previous study has used a sample of panel data over a considerable
period for a large number fo countries, accounting for the fact that the presence of
cross-sectional dependence in panel data may compromise the stationarity of the vari-
ables under analysis.10 To our knowledge, no previous study has examined the dynamic
impact of healthcare expenditure and GDP of a LTC expenditure shocks.11

In a panel-VAR model specification, each variable is explained by its own lag,
the lagged values of the other system variables and individual country-specific terms.
Treating all variables as endogenous prevents us from using weak instruments. An
additional advantage of a panel-VAR model is that it allows goodness of fit analysis
and observing the reaction to different shocks. The specification of a panel-VARmodel
of p order proposed by Canova and Cicarrelli (2004) is as follows1:

Yi,t = A(l)i0 + A(l)i1Yi,t−1 + εi,t (1)

where all variables of vector Yt are considered endogenous, allowing for a joint
dynamic analysis. If we denote for q the number of endogenous variables, then
vector Yt has dimension q × 1. In turn, Yt contains a cross section dimension,

yi,t =
(
y′
1,t , y

′
2,t , . . . , y

′
N ,t

)
, where i = 1,2,….,N indicates the number of countries

and t = 1,2,…,T indicates the number of years observed for each country. The fixed
effects (A(l)i0) are captured by a q × 1 vector, where l is a polynomial in the lag
operator such that A(l)i0 = ∑N

i=0 Ail j , j = 1, 2, . . . , p.
The term A(l)i1 is a q × N matrix of lagged coefficients and εi,t =

(ε1,t , ε2,t , . . . , εN ,t )′ is the error term with a zero-mean, with variance–covariance
matrix independent of t and such that εi,t of different periods are independent of each
other: εi,t ∼ i id(0, �). In this paper, we estimate the following two panel-VAR mod-
els to measure the effect of labour market participation on long-term care expenditure,
and a second specification for the effect of long-term care expenditure spillovers on
health care spending.

Estimating LTC expenditures and female labour market effects, we consider a
first specification containing three equations for which the dependent variables are
Yi,t = {

FemParti,t ,LTCi,t ,GDPpci,t
}
. FemParti,t measures the labour market par-

ticipation rate of the traditional caregiver (women 40 years and older), LTCi,t refers to
public long-term care (LTC) expenditures in per capita terms, and GDPpci,t measures

9 Although previous studies have used a single-equation method that relies on a cointegrated relationship,
the main assumption of cointegration is the independence of the error term, which is likely violated in the
present context.
10 These problems will be addressed using recently developed estimation techniques for unit roots (Im-
Pesaran-Shin test) and Dumitrescu-Hurlin causality test for heterogeneous panels.
11 We use impulse response function and forecast error variance decomposition (FEVD) tests to find
information transmission in a dynamic panel analysis, and specifically to understand the responsiveness of
healthcare expenditure and GDP to shocks in LTC.
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6 J. Costa-Font and C. Vilaplana-Prieto

gross domestic product per capita. Besides, LTC expenditures can exert heterogeneous
effects on different health care spending categories. We distinguish between the three
types of LTC expenditures available (total, health-related services, and social-related
services).12

The underlying assumption of our dynamic model is that the labour participation of
the traditional caregiver (women over 40 years of age) increases LTC expenditures
(via higher use of formal care), which in turn expands GDP pc. However, such effects
might differ across countries. In our data, we can, consistently with Reher (1998) and
Kohli et al. (2005), differentiate between Southern European countries (with strong
family ties) from Northern European countries (with weaker family ties).The direct
relationship between LTC expenditures and GDP pc results from the combination of
community-based services, residential care and support to informal caregivers (e.g.
respite services), which in turn, can constitute an important source of employment, and
consequently, of economic growth in the years to come (Spasova et al. 2018). Ikkaracan
and Kim (2019) performed a macroeconomic simulation study with data from 45
countries to compute the amount of employment needed to meet specific Sustainable
Development Goals by 2030. They found that the long-term care sector would require
the creation of 29.6 million jobs. Specific country projections suggest that the demand
for formal caregivers (home care and residential homes) would increase by 980,000
new workers in 2050 for Australia (Mavromaras et al. 2017) and would lie between
16 and 26 thousand employees in 2030 for Poland (Golinowska et al. 2014).

Next, we formulate a second specification that considers three equations in which
the dependent variables are Yi,t = {

LTCi,t ,HCi,t ,GDPpci,t
}
, and more specifically

public LTC expenditures in per capita terms LTCi,t , public healthcare expenditures in
per capita terms HCi,t , and gross domestic product per capita GDPpci,t . The previous
empirical literature has shown that LTC spending may help reduce the onset of unmet
needs and, hence, reduce health utilisation (Allen and Moor 1997; Desai et al. 2001;
Lima and Allen 2001). Similarly, an early post-discharge period after hospitalisation
results in approximately 20% of complications that involve re-hospitalisation (Foster
et al. 2003;Naylor et al. 2007), although these adverse effects can be avoidedwithmore
formal support (home care). LTC spending can in turn facilitate a smoother transition
from hospital to home. Likewise, health care expenditures (HCE) can impact on per
capita GDP given that some effective interventions improve health, which in turn can
exert subsequent effects on labour supply and productivity, boosting GDP.13

Our panel data specification imposes as a restriction that the coefficients A(l)i1
are equal for all countries, though we add country fixed effects (A(l)i0) to our spec-
ification to control for time-variant cross-country effects. Nevertheless, one of the
limitations of including the fixed effects is that they are usually correlated with the
regressors throughout the lag of the dependent variables (Blundell and Bond 1998).

12 Monetary variables are expressed in constant prices, constant PPPs, 2010 US Dollars.
13 Wang (2015) analyses data for 34 OCDE countries and finds that appropriate spending on healthcare
improves human capital and contributes to economic growth through higher productivity. Erdil and Yetkiner
(2009) examine the effect of HCE and per capita (GDPpc) in a sample of 75 countries that ranged from low
to high income.
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The Helmert transformation, which consists of applying forward mean differencing,14

is used to maintain the orthogonality between the regressors and their lags, allowing
the mentioned lags to be used as instruments. Furthermore, GMM method is used
for efficiency purposes (Holtz-Eakin et al. 1988). To determine the lag structure, we
draw on Hansen’s J statistic15 and Andrews and Lu (2001) who proposed the use of
consistent Moment and Moment Selection Criteria (MMSC). Additionally, we ver-
ify the stability condition of the model (Hamilton 1994)16 we perform a battery of
Granger causality tests to determinewhether variableY1t carries any information about
another variable (Y2t ). The results of these tests help us to establish a causal order of
the variables in the system.17

Finally, we distinguish between Northern and Southern countries, considering the
interdependencies among countries in each group. The latter reduces considerably
the dimension of the panel. To overcome this limitation, we rely on the estimation
of Bayesian panel-VAR model (Doan et al. 1984; Canova and Ciccarelli 2004; Koop
and Korobilis 2019). In the Bayesian panel-VAR model, the parameters are assumed
to be random variables, characterized by an underlying probability distribution (Doan
et al. 1984). To consider the full interdependencies between Northern and Southern
European countries (in their respective panels), we drawupon a partial pooling analysis
(Canova and Ciccarelli 2013).

3.2 Data

We use a panel dataset that covers 27 countries for the period 2002–2015.18 We exploit
time and cross-country variation, whereas the estimations for the group of Northern
and Southern countries have been computed for the sub-period 2009–2015, due to
data limitations.19 The country sample has been selected to maximize the number of

14 Forward means differencing can be considered as a combination of first differences and generalised least
squares (Arellano and Bover 1995).
15 Its null hypothesis is that the included instruments are valid in the sense that they are uncorrelated with
the error term. Simultaneously, the excluded instruments are properly excluded. A fundamental issue in the
estimation of a panel-VAR model is to determine the optimal lag order (p). A higher number of lags tends
to provide more efficient estimates because they ensure that E[εi,t] = 0; however, at the same time, as the
number of lags increases, fewer observations are available to calculate the model.
16 The stability condition of the panel-VAR model requires that the unit of all roots of matrix A are within
the unit circle. This condition guarantees the invertibility of the model and allows it to be expressed as an
infinite-order moving average of the innovations (εi,t ).
17 We assume that variables that first appear in the systemmust bemore exogenous, and that those appearing
afterwards are more endogenous, such that the variables appearing first affect the others simultaneously
and with lags, whereas the variables that appear at the end, only affect the ones before throughout the lags.
The enforcement of these restrictions allows uncorrelated residuals to be obtained, which are known as
Orthogonalised Impulse Response Functions (OIRF). The OIRF serves as the basis to obtain a variance
decomposition of the forecast error, which indicates the relative importance of the variation of a variable
when faced with a shock in another, holding all other shocks constant at zero.
18 Australia, Austria, Belgium, Canada, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece,Hungary, Iceland, Italy,Korea, Latvia, Luxembourg,Netherlands,Norway, Poland, Portugal, Slovak
Republic, Slovenia, Spain, Sweden, Switzerland, and United States.
19 The underlying intuition about the estimation of the models for the two groups of European countries
is to observe whether significant differences exist, given the fact that the countries that form part of each
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8 J. Costa-Font and C. Vilaplana-Prieto

years with available information (see Table A2). All variables used in the econometric
analysis come from the OECD Health Data and Social Protection Data for OECD
countries and are listed in Table A3. All economic variables are measured in US
dollars, constant prices, are adjusted for purchasing power parities (PPP) and refer
only to public expenditure (e.g. government or compulsory schemes). We use GMM
panel-VAR with one lag and one to four instruments for estimations using the whole
sample, but due to the reduced time dimension of the panel for Northern and Southern
countries, we have employed Bayesian panel-VAR estimation.

Dependent variables (see Table A1).

(a) LTC expenditure per capita includes a range of medical and personal services
that are consumed with the primary goal of alleviating pain and reducing or
managing deterioration in health status among individuals with a degree of long-
term dependency OECD 2018).20 We distinguish between total, medical21 and
social LTC spending.22

(b) Health care expenditure per capita (OECD 2017). We differentiate between total
health care expenditure excluding LTC (related to health services),23 inpatient
and outpatient care, and pharmaceuticals.

(c) GDP per capita (seasonally adjusted), female labour participation (40 years and
older).

The coverage and comparability of LTC spending estimates have improved with
the implementation of a “System of Health Accounts 2011” (OECD 2017) which
provides a framework for the measurement of health and LTC spending. However, in-
depth analyses of data submissions suggested that full comparability of LTC spending
data across OECD countries is still hampered to some extent (Mueller and Morgan
2017).24

Footnote 19 continued
group have important similarities (cultural values, consideration of women’s role, consideration of family,
or whether the state is responsible for the caregiving of dependent people).
20 The definition of health-care expenditure and long-term care expenditure, as well as their components,
follows the SystemofHealthAccountsmethodology. Statistical informationwith thismethodology is highly
reliable and reputable and has beenwidely used. For example, data on health and long-term care expenditure
have been used to evaluate health care system performance and its impact on the living conditions of
EU citizens.https://ec.europa.eu/economy_finance/publications/occasional_paper/2010/pdf/ocp74_en.pdf.
Nevertheless, the reports OECD (2017, 2018) recognize that separate guidelines may be important for
national analysis in lower-income countries. However, we are not concerned by this heterogeneity because
the group of low-income countries is not included in our sample.
21 Medical or health-related LTC expenditure per capita: includes medical or nursing care (e.g. wound
dressing, administering medication, health counselling, palliative care, pain relief and medical diagnosis
with relation to a LTC condition), preventive activities to avoid deterioration in long-term health conditions
and personal care services which provide help with activities of daily living (ADL) such as eating (support
with food intake), bathing, washing, dressing, getting in and out of bed, getting to and from the toilet and
managing incontinence.
22 Social LTC expenditure per capita, which consists of assistance services that enable a person to live
independently. They relate to help with instrumental activities of daily living (IADL) such as shopping,
laundry, cooking, performing housework, managing finances, and using the telephone.
23 Which includes curative care (inpatient and outpatient), rehabilitative care, preventive care and con-
sumption of medical goods.
24 Analysis of long-term care spending performed by Mueller et al. (2020) suggests a close cross-country
alignment of cost items for inpatient long-termcare and there is a high consensus that costs for the frail elderly
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Figure A1 (Appendix A) depicts a linear association between per capita GDP and
LTC spending, with a flattening out effect explained by two country outliers, namely
Luxembourg and Norway. This evidence is consistent with the hypothesis that LTC is
a normal good, and its investment increases with a country’s economic development.
Figure A2 shows that consistent with expectations, female labour market participation
exerts a steep effect on LTC spending. Finally, in Figure A3, we find evidence of a
positive association between health spending and LTC spending, though it tails up at
higher levels of spending.

Pre-estimation tests. To estimate a panel-VAR model, an important condition is for
the variables to be stationary.25 Accordingly, we employ two-unit root tests for panel
data to test for stationarity, namely the Harris-Tzavalis (1999) and Im-Pesaran-Shin
(2003) tests. The null hypothesis is that panels contain unit roots and are stationary.
Importantly, the results of both tests (see Table B1) strongly suggest that all the vari-
ables (LTC expenditures, HCE, female labour participation and GDP pc expressed in
logarithms) do not follow a unit root process. Hence, non-stationarity is not a concern
in our estimates. However, one potential concern is the presence of possible cross
section autocorrelation resulting from common factors (Levin et al. 2002). In those
cases, we subtract the average of the group at each time for each time series.

4 Results

4.1 Determination of panel-VAR length

The decision on the order length of the panel-VAR is based on the tests of MMSC
proposed by Andrews and Lu (2001).26 Table B2 illustrates the results of the MMSC
and Hansen’s J statistic using four instruments for each of the endogenous variables
(from the first to the fourth lagged dependent for both models). The results are shown
using one, two, and three lags, respectively. In all cases, the model with one lag is the
one that simultaneously minimises the three criteria and corroborates the suitability
of the instruments used.

4.2 Validation of the panel-VARmodel

After performing the Granger causality Wald tests for each equation of the underlying
panel-VAR model, we examine the stability condition of panel-VAR. The results of

Footnote 24 continued
and elderly with dementia living in institutions are included under long-term (health) care. However, there
are some differences across countries in the consideration of medicines consumed in residential facilities.
Furthermore, there has been identified a group of countries that have under-reported long-term care spending
elements (Australia, Denmark, Greece, Iceland, Poland, the Slovak Republic, and the United States).
25 The presence of unit roots could give rise to a spurious association, indicating persistence in response
to innovations when, in fact, there is none.
26 However, before considering them and as a starting point, a specification has been sought to satisfy
the test of overidentification proposed by Hansen (1982), keeping in mind that this is an indispensable
requirement before searching for the lag length that minimises MMSCAIC,MMSCBIC, andMMSCHQIC.
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10 J. Costa-Font and C. Vilaplana-Prieto

the Granger causality test are displayed in Table B3, although predicted associations
should be considered with reservation and tested with additional analysis.

4.3 Variance decomposition of forecast error

Tables B5 and B6 show the variance decomposition of the forecast error for the two
proposed models (including different variants depending on the use of the different
types of LTC expenditures and HCE) and different groups of countries.

Variance error decomposition for long-term care expenditures suggest that female
labour participation (of women over 40 years of age) explains about 80% of Fore-
cast Error Variance (FEV) of LTC expenditures in Nordic countries for both total and
health- and social-related expenditures. This percentage is much higher than the one
observed for all countries (1.9% for total LTC, 6.5% for health LTC, and 16.7% for
social LTC) and especially for Southern countries (3.8%, 15.7%, and 14.9%, respec-
tively). In contrast, social LTCexpenditures explain 12.1%of the FEVof female labour
participation in Nordic countries, compared with a percentage lower than 1% in the
group of all countries and Southern countries. Finally, when we examine total LTC
expenditures, we find that it explains 23.9% of the FEV of total health expenditures
for the group of all countries—an amount below the 70.3% of Nordic countries. For
the entire sample, LTC expenditures explain 19.71% of the FEV, in contrast to 3.91%
for social LTC expenditures.27

Variance error decomposition for caregiving spillovers suggest that total HCE
explains 5.8% of the FEV of total LTC expenditures, and 3.47% in Southern countries,
but it is not significant for all countries. On the other hand, an LTC shock accounts for
5.11% of the variation of HCE for all countries (19.71% in Nordic countries, 4.48%
in Southern countries). Similarly, LTC shocks explain a higher percentage of the vari-
ation in outpatient, inpatient and medicine expenditure in Nordic countries. A result
of particular interest is the higher contribution of LTC shock to the variance of GDP
pc: 18.88% for all countries, 27.63% for Nordic countries and 15.35% for Southern
countries (as compared to the effect of HCE shock: not significant for all countries,
2.61% for Nordic countries and 3.32% for Southern countries).

4.4 Model estimates

4.4.1 Female labour participation effects on LTC expenditure and per capita GDP
(GDP pc)

Table 1 reports the results of the panel-VAR model for the female participation rate,
LTC expenditures (total, health, and social) and GDP pc. We display the estimates for
all countries in the first column, Northern countries in the second one and Southern

27 Regarding GDPpc, we find that it can explain up to 34.3% of the FEV of the total LTC expenditures
in Southern countries, which is three times higher than in Nordic countries and ten times higher than in
the group of all countries. In contrast, total LTC expenditures can explain 13.44% of the FEV of GDPpc
in Nordic countries, considerably different from the other cases (5.73% for all countries and 3.04% for
Southern countries).

123



‘Investing’ in care for old age? An examination of long… 11

Ta
bl
e
1
Pa
ne
l-
V
A
R
fo
r
fe
m
al
e
la
bo

ur
pa
rt
ic
ip
at
io
n,

LT
C
ex
pe
nd

itu
re

an
d
G
D
P
pc

LT
C
E
xp

en
di
tu
re

(i
n
lo
gs
)

H
ea
lth

LT
C
E
xp

en
di
tu
re

(i
n
lo
gs
)

So
ci
al
LT

C
E
xp

en
di
tu
re

(i
n
lo
gs
)

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

E
q:

L
og
Fe
m
pa
rt

L
og

Fe
m
pa
rt
(−

1)
0.
65

1*
**

1.
67

7*
**

0.
81

2
0.
64

2*
**

1.
36

3*
**

0.
82

5*
**

0.
68

4*
**

1.
20

7*
**

0.
84

7*

(0
.0
63

)
(0
.1
21

)
(1
.3
62

)
(0
.0
58

)
(0
.1
94

)
(0
.0
87

)
(0
.0
62

)
(0
.1
22

)
(0
.5
00

)

L
og

LT
C
(−

1)
0.
00

7
0.
05

1*
**

1.
37

3
0.
00

8*
**

0.
03

9
0.
04

7*
−

0.
00

4
0.
00

8*
**

0.
05

6

(0
.0
05

)
(0
.0
15

)
(7
.3
38

)
(0
.0
03

)
(0
.0
28

)
(0
.0
27

)
(0
.0
03

)
(0
.0
03

)
(0
.0
34

)

L
og
G
D
P
pc
(−

1)
0.
12

7*
**

0.
04

7*
*

0.
29

4
0.
12

9*
**

0.
07

7*
*

0.
09

8
0.
12

7*
**

0.
01

6
0.
07

9

(0
.0
24

)
(0
.0
22

)
(1
.5
45

)
(0
.0
23

)
(0
.0
31

)
(0
.1
85

)
(0
.0
25

)
(0
.0
24

)
1.
45

6)

E
q:

L
og
LT

C

L
og

Fe
m
pa
rt
(−

1)
1.
47

9*
*

3.
95

7*
**

3.
42

6
1.
51

4*
**

3.
81

0*
**

0.
81

8
1.
42

0*
**

4.
88

8*
**

3.
57

5*
*

(0
.4
38

)
(0
.8
74

)
(3
.1
62

)
(0
.4
34

)
(1
.7
30

)
(0
.6
03

)
(0
.5
27

)
(0
.8
12

)
(1
.5
89

)

L
og

LT
C
(−

1)
0.
18

8*
**

−
0.
51

0*
**

1.
07

9*
**

−
0.
03

6
−

0.
17

9
0.
56

0*
**

0.
29

8*
**

−
0.
24

4*
**

0.
92

0*
**

(0
.0
57

)
(0
.1
15

)
(0
.3
64

)
(0
.0
64

)
(0
.6
99

)
(0
.0
99

)
(0
.0
89

)
(0
.0
42

)
(0
.2
92

)

L
og
G
D
P
pc
(−

1)
0.
81

0*
**

3.
21

3*
**

7.
46

2*
0.
35

7*
1.
86

3*
*

2.
41

5*
*

1.
00

9*
**

7.
47

2*
**

4.
28

1*
*

(0
.2
26

)
(0
.3
73

)
(3
.9
66

)
(0
.2
10

)
(0
.7
86

)
(0
.9
96

)
−

(0
.2
61

)
(0
.3
07

)
(1
.8
73

)

E
q:

L
og
G
D
P
pc

L
og

Fe
m
pa
rt
(−

1)
0.
18

6*
0.
64

3*
**

0.
05

3
0.
14

1
0.
68

8*
**

0.
67

4
0.
32

0*
**

0.
32

9*
**

0.
21

3

(0
.1
10

)
(0
.2
28

)
(0
.1
41

)
(0
.0
95

)
(0
.1
90

)
(0
.4
29

)
(0
.1
14

)
(0
.1
19

)
(0
.1
32

)

123



12 J. Costa-Font and C. Vilaplana-Prieto

Ta
bl
e
1
(c
on

tin
ue
d)

LT
C
E
xp

en
di
tu
re

(i
n
lo
gs
)

H
ea
lth

LT
C
E
xp

en
di
tu
re

(i
n
lo
gs
)

So
ci
al
LT

C
E
xp

en
di
tu
re

(i
n
lo
gs
)

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

A
ll
co
un

tr
ie
s

N
or
th
er
n

E
ur
op

ea
n

C
ou

nt
ri
es

So
ut
he
rn

E
ur
op

ea
n

co
un

tr
ie
s

L
og

LT
C
(−

1)
0.
23

8*
**

1.
05

3*
**

0.
59

0*
*

0.
17

2*
**

0.
85

9*
**

0.
08

20
**

*
0.
05

5*
*

0.
11

4*
**

0.
48

8*
**

(0
.0
13

)
(0
.0
14

)
(0
.0
35

)
(0
.0
38

)
(0
.0
20

9)
(0
.0
04

)
(0
.0
21

)
(0
.0
24

)
(0
.1
20

)

L
og
G
D
P
pc
(−

1)
0.
51

4*
**

0.
06

9*
*

0.
24

1
0.
55

0*
**

0.
05

0
1.
30

8
0.
51

6*
**

0.
32

2*
**

0.
15

3

(0
.0
61

)
(0
.0
28

)
(0
.3
04

)
(0
.0
74

)
(0
.0
46

)
(1
.2
25

)
(0
.0
77

)
(0
.0
28

)
(0
.1
58

)

N
35

0
28

28
35

0
28

28
35

0
28

21

C
ri
te
ri
on

fu
nc
tio

n
0.
23

4
0.
60

6
0.
39

8
0.
23

8
0.
60

4
0.
49

8
0.
23

0
0.
70

2
0.
45

4

H
an
se
n’
s
J

st
at
is
tic

53
.6
16

21
.8
18

8.
76

3
52

.9
23

21
.7
58

12
.4
43

52
.6
47

25
.2
67

9.
98

8

N
ot
e:
D
ep
en
de
nt
va
ri
ab
le
si
n
lo
ga
ri
th
m
s.
H
el
m
er
tt
ra
ns
fo
rm

at
io
n
ap
pl
ie
d
be
fo
re
es
tim

at
io
n.
H
et
er
os
ce
da
st
ic
ity

an
d
se
ri
al
co
rr
el
at
io
n
ro
bu
st
st
an
da
rd
er
ro
rs
be
tw
ee
n
pa
re
nt
he
si
s.

**
*,
**

an
d
**

de
no

te
si
gn

ifi
ca
nc
e
at
th
e
1%

,5
%

an
d
10

%
si
gn

ifi
ca
nc
e
le
ve
l,
re
sp
ec
tiv

el
y

E
st
im

at
io
ns

fo
ra
ll
co
un

tr
ie
s:
20

02
–2

01
5.
E
st
im

at
io
n
of

G
M
M

pa
ne
l-
V
A
R
w
ith

on
e
la
g
an
d
on

e
to
fo
ur

la
gs

in
th
e
en
do

ge
no

us
in
st
ru
m
en
ts
.E

st
im

at
io
ns

fo
rN

or
th
er
n
co
un

tr
ie
s

an
d
So

ut
he
rn

co
un

tr
ie
s:

20
09

–2
01

5.
N
or
th
er
n
co
un

tr
ie
s
in
cl
ud

e
D
en
m
ar
k,

Fi
nl
an
d,

N
or
w
ay

an
d
Sw

ed
en
.
So

ut
he
rn

co
un

tr
ie
s
in
cl
ud

e
G
re
ec
e,

It
al
y,

Po
rt
ug
al

an
d
Sp

ai
n.

LT
C
_S

oc
ia
ln

ot
av
ai
la
bl
e
fo
r
G
re
ec
e.
E
st
im

at
io
n
of

B
ay
es
ia
n
pa
ne
l-
V
A
R
.S

ta
nd

ar
d
er
ro
rs
ar
e
ob

ta
in
ed

af
te
r
10

0
M
on

te
C
ar
lo

re
pe
tit
io
ns

123



‘Investing’ in care for old age? An examination of long… 13

countries in the last one. We find that a 1% increase in the female participation rate
in one period raises total LTC expenditures by 1.48% during the following period.
However, in Northern countries, the response of LTC expenditures is almost four
times as large (3.96%), whilst it is not significant in Southern countries.

Next, we distinguish between health and other components, and we document that
a 1% increase in female labour market participation increases the health component
of LTC spending by 1.5% and the social component by 1.42% for the group of all
countries. Finally, and consistent with the evidence of ‘care economy effects’, we
document that a 1% increase in LTC total expenditures gives rise to a 0.2% GDP
pc increase in the next period for the entire sample, yet this effect is larger among
in Northern countries (1.05%) than in Southern countries (0.59%). Such results are
explained by the presence of supply constraints in several countries as caregivers’
wages fall at the lower end of the pay distribution. Yet, a rise in caregivers’ wages
gives rise to a subsequent GDP rise. Although the magnitude of these figures may
seem large, the results are consistent when compared with those of De Henau et al.
(2016), who examine the multiplier effect of increased spending in the care sector on
the economy. If 2% of GDP was invested in the care industry, total GDP would grow
between 7.7% (US) and 4.8% (Denmark).

The health component of LTC drives the overall effect, and that of Northern
countries, but in Southern countries, it is channelled mainly through the LTC social
component. Finally, we find that an increase of 1% in LTC expenditures in one period
raises the female participation rate by 0.051% in the subsequent period in Northern
countries, although it is not significant for the total of the sample or for Southern
countries.

4.4.2 LTC expenditure effects on health and per capita GDP

Table 2 provides the results of the panel-VAR model for total LTC expenditures, HC
expenditures, and per capita GDP. We find that a 1% increase in LTC expenditure
during one period gives rise to a 0.6% reduction in HCE in the subsequent period. The
reduction for the group of Nordic European countries is almost three times the average
(1.78%). In contrast, the effect is estimated to be slightly smaller, 0.55% among the
group of Southern European countries.

When we disentangle the effect by types of care, we find that social LTC expen-
ditures are the main driver of HCE reductions in the entire sample and for Southern
countries. In contrast, we do not find large reverse effects: a 1% increase in HCE in
one period reduces total LTC expenditures in the following period by a small amount
(− 0.31%) in Northern countries, and comparatively, this reduction is six times lower
than the effect of total LTC expenditures on HCE. The opposite occurs in Southern
countries, for whom an increase of 1% in HCE reduces total LTC expenditures in the
subsequent period by 0.66%, which is more than the opposite effect.

Finally, and consistentlywith the productive effects of a care economy,wedocument
that a 1% increase in total LTC expenditure increases GDP pc by 0.20% in the next
period. This increase is mainly driven by health component of LTC expenditure in all
countries andNorthern countries, and by social LTCexpenditure in Southern countries.
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In contrast, a 1% increase in HCE does not affect GDP pc in the next period for the
total sample.28

(a) Inpatient expenditure
Table 3 reports the results for the panel-VAR model that includes LTC expendi-
tures, inpatient health care expenditures, and per capita GDP. We document that
a 1% increase in LTC expenditures reduces inpatient expenditures by 0.5% for
all countries, which is driven by social LTC expenditures.
In contrast, an increase of 1% in inpatient expenditures leads to a smaller reduction
in total LTC expenditures by 0.31% for the entire sample. As for GDP pc, we find
that a 1% increase in total LTC expenditure increases GDP pc in the next period
by roughly 0.2% for all countries, but an increase in inpatient expenditure does
not affect per capita GDP. Yet, the effect in Northern (Southern) countries is 1.5
(1.41) times higher compared to an equivalent increase in inpatient expenditure.

(b) Outpatient expenditure
The results of the panel-VAR model for outpatient expenditures are reported in
Table 4. They suggest that a 1% increase in LTC expenditures only delivers small
and significant effects in Northern European countries (a reduction in outpatient
expenditures by 0.26% in the subsequent period). When we distinguish the type
of LTC spending, we find that a 1% increase in health LTC expenditures leads to
a reduction in outpatient expenditures by 0.12% in Northern countries and 0.12%
in Southern countries. Similarly, we find that a 1% increase in outpatient expen-
ditures reduces health LTC expenditures in Southern countries (− 2.73%), and in
social LTC expenditures in Northern countries (− 1.93%). As expected, we find
that both LTC and outpatient expenditure exert a positive effect on GDP pc, but
the effect of the former is 2.65 times higher than the latter. Health related LTC
expenditure is the main responsible driver of the boost in GDP pc in Northern
countries, whereas social LTC expenditure is the main driver in Southern coun-
tries.

(c) Medicine expenditure
Table 5 reports the results of the panel-VAR model for LTC expenditures,
medicines expenditures and GDP pc. We find that a 1% increase in LTC reduces
medicine spending by 0.87% in the whole sample and by 1.12% in Northern
countries. This reduction is driven mainly by social LTC expenditures (0.8956%
and 1.0675%, respectively). In contrast, a 1% increase in medicine expendi-
tures exerts negligible effects on LTC expenditures (− 0.01% for all countries
and − 0.04% for Northern countries). As for economic growth, the effect of a
1% increase in LTC expenditure over GDP pc is almost 5 times (0.2778% vs.
0.0580%) higher than an equivalent increase in medicine expenditure. Such a
difference rises eight-fold when evaluated only among the sample of Northern
countries.

28 We find a small effect for Northern and Southern countries (0.82% and 0.30%, respectively).
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Table 5 Panel-VAR for medication expenditure

LTC Expenditure (in
logs)

Health LTC Expenditure
(in logs)

Social LTC
Expenditure (in logs)

All
countries

Northern
European
Countries

All
countries

Northern
European
Countries

All
countries

Northern
European
Countries

Eq: LogLTC

LogLTC(− 1) 0.8817*** 1.7128*** 0.8702*** 0.9249*** 2.5137*** 5.1612***

(0.0709) (0.1086) (0.0518) (0.0398) (0.4233) (1.501)

LogMedicine(−
1)

− 0.0181* −
0.0400***

− 0.2017 − 0.0582* − 0.0505 −
0.0471***

(0.0105) (0.0099) (0.1306) (0.0330) (0.2116) (0.0108)

LogGDP pc(− 1) 0.0042 0.4970*** 0.4329 0.5193*** 7.9770*** 1.8110

(0.0318) (0.0972) (0.3535) (0.1496) 20.013 (1.5221)

Eq: LogMedicine

LogLTC(− 1) −
0.8691**

−
1.1199***

−
0.0898***

−
0.0648***

−
0.8956***

−
1.0675***

(0.4021) (0.2053) (0.0228) (0.0092) (0.0744) (0.3872)

LogOutpatient(−
1)

−
0.8691**

−
1.1199***

−
0.0898***

−
0.0648***

−
0.8956***

−
1.0675***

(0.4021) (0.2053) (0.0228) (0.0092) (0.0744) (0.3872)

LogGDP pc(− 1) 0.2911* 5.6216*** 0.1728 1.4261*** 1.0177*** 1.0217***

(0.1756) 10.105 (0.1838) (0.3744) (0.3205) (0.3850)

Eq: LogGDP pc

LogLTC(− 1) 0.2778** 1.0973** 0.1892*** 0.7529** 0.0702** 0.1744***

(0.0940) (0.4622) (0.0132) (0.1125) (0.0358) (0.0515)

LogMedicine(−
1)

0.0580* 0.1364*** 0.0643* 0.1274*** 0.0272 0.1404

(0.0338) (0.0365) (0.0390) (0.0289) (0.0263) (0.1479)

LogGDP pc(-1) 0.5513*** 0.1283** 0.6170*** 0.1488*** 0.6154*** 0.4630***

(0.1169) (0.0474) (0.0969) (0.0302) (0.1331) (0.1643)

N 280 28 280 28 266 28

Criterion
function

220.000 40.000 200.000 40.000 50.000 30.000

Hansen’s J
statistic

0.1994 0.8610 0.2324 0.7966 0.7058 0.6841

Note: Dependent variables in logarithms. H elmert transformation applied before estimation. Heteroscedas-
ticity and serial correlation robust standard errors between parentheses. ***, ** and ** denote significance at
the 1%, 5% and 10% significance level, respectively
Estimations for all countries: 2002–2015. Estimation of GMM panel-VAR with one lag and one to four lags in
the endogenous instruments. Estimations forNorthern countries correspond to the period 2009–2015. Northern
countries include Denmark, Finland, Norway and Sweden
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4.5 Impulse response functions

An important visual examination is reported by the impulse response functions (IRF)
of the response variable (in logs) to a one standard deviation shock in an impulse
variable (in logs). Each figure represents the dynamics of the response, as well as the
lower and upper confidence intervals at a 95% significance level.29

Figure 1 plots the IRF of a one standard deviation shock in the female labour
participation over LTC expenditures (total, health, and social) for all countries and for
the group of Northern and Southern countries. Response functions depict the evolution
of the response variable during the subsequent periods (years) resulting from a change
in the impulse variable (female labour participation) by one standard deviation. We
find that an increase in female labour participation in one period leads to a decrease in
the total LTC expenditures in the subsequent period. When we examine the specific
effects of health and social LTC expenditures, the described pattern suggests an initial
increase (of 0.03% and 0.02%, respectively).

In Northern countries, we find that an increase in female labour participation gives
rise to an increase in total LTC expenditures by 0.04%, which subsequently increases
until it reaches 0.25% in five periods. For health LTC expenditures, we observe a V-
shaped pattern with an increase of 0.2% in the first period, followed by a decrease in
the next period. In contrast, in Southern countries, the effect on total and social LTC
expenditures is imperceptible, and the increase in health LTC expenditures is the only
item that deserves noting (0.01% in the first period, with an increasing tendency).

Figure 2 compares the IRF of total LTC expenditure over GDP pc in the twomodels.
A one standard deviation increase of total LTC expenditure increases GDP pc between
1.25% (model 1) and 1.5% (model 2) after 5 years and would reach almost 2.5% for
Northern countries. GDP pc growth appears to stabilize in the last two years for the
all-country sample, whereas for the Northern and Southern countries, it still shows a
steep slope.

Figure 3 shows the IRF of total LTC expenditure over HCE and its components. One
standard deviation increases of total LTC expenditure lead to a reduction in total HCE
by 0.5% after five periods (− 0.5% for Northern countries and − 0.2% for Southern
countries). Yet, the impact over inpatient expenditure is higher than for outpatient
expenditure. Finally, a one standard deviation increase of LTC expenditure reduces
medicines expenditure by almost 0.2% in Northern countries, even though the overall
impact is roughly − 0.1%.

29 Given that the IRFs are computed using the estimated panel-VAR coefficients, the standard errors of
these coefficients are retrieved from Monte Carlo simulations, in which the parameters of the model are re-
calculated 200 times using the estimated coefficients and their variance–covariance matrices as underlying
distribution.
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Fig. 1 Impulse response function of female labour participation. Figures show the orthogonalized impulse
response functions (OIRF) along with 95% confidence intervals (“impulse variable” in logs; “response
variable” in logs) based on 200 Monte Carlo simulations with 200 repetitions. In each figure, the horizon (5
periods) is set on the x-axis and the percentage change in the response variable is on the y-axis. Estimation
of GMM panel-VAR for all countries and Bayesian panel-VAR for Northern and Southern countries. Step:
time unit equivalent to one year
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Fig. 2 Impulse response function of LTC expenditure overGDPpc. Figures show the orthogonalized impulse
response functions (OIRF) along with 95% confidence intervals (“impulse variable” −→ “response vari-
able”) based on 200 Monte Carlo simulations with 200 repetitions. In each figure, the horizon (5 periods)
is set on the x-axis and the percentage change in the response variable is on the y-axis. Model 1 (FemPart,
LTC, GDP pc) and Model 2 (LTC, HC, GDP pc). Estimation of GMM panel-VAR for both models with
one lag and one to four lags in the endogenous instruments has been estimated. Step: time unit equivalent
to one year
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Fig. 3 Impulse response function of LTC expenditure over HC expenditure. Figures show the orthogonal-
ized impulse response functions (OIRF) along with 95% confidence intervals (“impulse variable” in logs;
“response variable” in logs) based on 200 Monte Carlo simulations with 200 repetitions. In each figure, the
horizon (5 periods) is set on the x-axis and the percentage change in the response variable is on the y-axis.
Estimation of GMM panel-VAR for all countries and Bayesian panel-VAR for Northern countries. Step:
time unit equivalent to one year

4.6 Robustness checks

4.6.1 Alternative Granger causality tests

As an additional approach to gauge the predictive power of the variables in the base-
line panel-VAR model, in addition to the Granger causality tests in line with Abrigo
and Love (2016), we also have performed a sequence of pairwise Dumistrescu and
Hurlin (2012) Granger causality tests for all model variables. This test is developed
for heterogeneous panels based on individual Wald statistics of Granger non-causality
computed for each cross section unit and then averaged over all cross section units in
the sample.30

30 The null hypothesis states that there is no causal relationship for any of the units of the panel, whereas
under the alternative hypothesis there is a causality relationship for at least one cross-sectional unit.
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4.6.2 Unit root tests

We estimate evidence of panel stationarity. This result adds to the long debate on
the stationarity of GDP per capita.31 Finally, as a robustness test, we have performed
the test proposed by the Carrión-Silvestre et al. (2005), which has the advantage of
allowing multiple structural breaks in panel data. The results (available upon request)
strongly reject the null hypotheses of unit roots and as the test statistics is based on the
use of bootstrap critical values, it is robust to the presence of cross section dependence.

5 Conclusion

This paper has conducted the first large-scale cross-country analysis of dynamic deter-
minants of long term care ( LTC ) spending, and its impact on health care and economic
performance (GDP pc). Our estimates draw on a panel-VAR (Abrigo and Love 2016)
approach that exploits rich longitudinal evidence from a panel for 25 industrialised
countries from 2002 to 2015.

We have empirically examined the effect of dynamic changes in the labour market
participation of traditional caregivers (women over 40 years of age) on LTC expendi-
tures, alongside the dynamic effect of LTC spending on health expenditures and GDP
per capita to document the presence of ‘caregiving spillovers’ on the health system
and the economy. Our estimates may be affected by measurement error, as they rely
on the effect of unanticipated shocks to female labour participation, healthcare and
LTC expenditure. Alternatively, one could consider health or disability shocks.

Our findings suggest that a 1% increase in the labour market participation of the
traditional caregiver (women over the age of 40) leads to a 1.48% increase in LTC
expenditure yet reveal significant heterogeneity in its effect size among countries
(reaching a maximum of 3.96% in Northern European countries, but no effect in
Southern European countries). This effect is explained by the differential availability
of both care and cash subsidies in Southern European countries (Spasova et al. 2018).
A one percentage point increase in female labour participation leads to an increase in
LTC expenditures of 0.03% (which reaches 0.25% in Nordic European countries).

Our results are especially relevant in the context of De Henau and Himmelweit
(2021) who document that in the post-Covid 19 environment, one would need to more
thandouble the supplyof care in theEU-28and theUS.Spending inLTCcangive rise to
a stronger caring economy, generating employment not only in the care sector, but also
in related industries, which can in turn stimulate economic performance through the
spending generated by newworkforce. In the short term, such a government expansion
of LTC spending may be partially absorbed by higher tax revenues.

Consistently with the ‘caregiving spillover hypothesis’ put forward in this paper,
we find that a 1% increase in LTC expenditures gives rise to a reduction in HCE
by 0.6% in the subsequent year. Although the effect is slightly smaller in Southern
European countries (0.55%), we estimate it to be three times as large in the sample of

31 While Cheung and Chinn (1996), Rapach (2002), and Ozturk et al. (2008) have obtained results against
the stationarity of GDP for several OECD panels, Fleissig and Strauss (1999) and Chang et al. (2009) have
obtained results in favour of the hypothesis of stationarity.
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Northern European countries (1.78%). These estimates are explained by the fact that
in Northern European countries, the provision of health and LTC is the responsibility
of municipal governments, and there is a well developed system (and a pre-existing
culture) of formal caregiving (Iversen et al. 2016). Yet, the effects differ depending
on the type of both health and LTC spending examined.

Finally, our results document that spending in public LTC increases GDP pc; the
latter results from the effects of training formal caregivers and expanding employment
in the sector.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s00181-022-02246-0.

Acknowledgements We are grateful to the editor JoakimWesterlund and two referees as well as the partic-
ipants to the IEB workshop on taxation and social expenditure, especially Sergi Jimenez, Mark Douggan,
Judit Vall, Olivier Marie, Alejandro Esteller, Gerard Domenech, Leonzio Rizzo Kaisa Kotakorpi. We also
thank Spain’s Ministry of Science, Innovation and Universities (MICINN) and the ERDF for financial
support: PID2020-114231RB-I00 and RTI2018-095256-BI00.

Declarations

Conflict of interest None of the authors has any conflict of interest to disclose.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/
by/4.0/.

References

Abrigo M, Love I (2016) Estimation of panel vector autoregression in Stata. Stata J StataCorp LP
16(3):778–804

Allen S, Mor V (1997) The prevalence and consequences of unmet need. Contrasts between older and
younger adults with disability. Med Care 35:1132–1148

Anderson M, Calltorp J (2015) The Norrtaelje model: a unique model for integrated health and social care
in Sweden. Integrating care to older people and those with complex needs: examining the lessons from
international case studies from a project funded by the Commonwealth. Int J Integr Care 15:1–9

Andrews D, Lu B (2001) Consistent model and moment selection procedures for GMM estimation with
application to dynamic panel data models. J Econom 101:123–164

ArellanoM, Bond S (1991) Some test of specification for panel data: Monte Carlo evidence and application
to employment equations. Rev Econ Stud 58:277–297

Arellano M, Bover O (1995) Another look at the instrumental variable estimation of error-components
models. J Econom 68:29–51

Bannenberg N, Tor Iversen T, Martin Karlsson M, Øien H (2019) Preventive home visits in Norway. In:
CINCH Working Paper Series 1907. Universitaet Duisburg-Essen, Competent in Competition and
Health

Blundell R, Bond S (1998) Initial conditions and moment restrictions in dynamic panel data models. J
Econom 87:115–143

123

https://doi.org/10.1007/s00181-022-02246-0
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


28 J. Costa-Font and C. Vilaplana-Prieto

Bodenheimer T (2008) Coordinating care – a perilous journey through the health care system. N Engl J
Med 358:1064–1070

Bond S, Hoeffer A, Temple J (2001) GMM estimation of empirical growth models. In: CEPR Discussion
Paper No. 3048

Canova F, Ciccarelli M (2013) Panel vector autoregressive models: a survey. In: ECBWorking paper series,
p 1507

Canova F, Ciccarelli M (2004) Forecasting and turning point predictions in a bayesian panel-VAR model.
J Econom 120:327–359

Carmichael F, Charles S (2003) The opportunity costs of informal care: does gender matter? J Health Econ
22(5):781–803

Carmichael F, Charles S, Hulme C (2010) Who will care? Employment participation and willingness to
supply informal care. J Health Econ 29(1):182–190

Carrion-i-Silverstre J, Barrio-Castro T, Lopez-Bazo E (2005) Breaking the panels. An application to the
GDP per capita. Econom J 8:159–175

Chang T, Chiang G, Zhang Y (2009) Is volume index of GDP per capita stationary in OECD countries?
Panel stationary tests with structural breaks. Econom Bull 29(2):588–598

Cheung Y, Chinn D (1996) Deterministic, stochastic and segmented trends in aggregate output: a cross-
country analysis. Oxf Econ Pap 48:134–162

Colombo F, Mercier J (2012) Help wanted? Fair and sustainable financing of LTC services. Appl Econ
Perspect Policy 34(2):316–332

Costa-Font J, Gemmill M, Rubert G (2011) Biases in the healthcare luxury good hypothesis: a meta-
regression analysis. J R Stat Soc Ser A 174(1):95–107

Costa-Font J, Karlsson M, Øien H (2016) Careful in the crisis? Determinants of older people’s informal
care receipt in crisis-struck European countries. Health Econ 25(S2):25–42

Costa-Font J, Jimenez-Martin S, Vilaplana C (2018) Does LTC subsidization reduce hospital admissions
and utilization? J Health Econ 58:43–66

Costa-font J, Courbage C, Swartz K (2015) Financing long-term care: ex ante, ex post or both? Health Econ
24:45–57

Coughlin T, McBride T, Perozek M, Liu K (1992) Home care for the disabled elderly: predictors and
expected costs. Health Serv Res 27(4):453–479

de Henau J, Himmelweit S (2021) A care-led recovery from Covid-19: investing in high-quality care to
stimulate and rebalance the economy. Fem Econ 27(1–2):453–469

De Henau J, Himmelweit S, Lapniewska Z, Perrons D (2016) Investing in the care economy: a gender
analysis of employment stimulus in seven OECD countries. Report by the UK Women’s Budget
Group for the International Trade Union Confederation, Brussels

De la Maisonneuve C, Martins JO (2013) Public spending on health and LTC. OECD Economic Policy
Papers No. 06

Desai M, Lentzner H, Weeks J (2001) Unmet need for personal assistance with activities of daily living
among older adults. Gerontologist 41(1):82–88

DoanT,LittermanR,SimsC (1984) Forecasting and conditional projection using realistic prior distributions.
Econom Rev 3:1–100

Dumitrestcu E, Hurlin C (2012) Testing for Granger non-causality in heterogeneous panels. Econ Model
29:1450–1460

Erdil E, Yetkiner I (2009) The Granger-causality between health care expenditure and output: a panel data
approach. Appl Econ 41(4):511–518

European Commission (2015) The 2015 Ageing Report. Economic and budgetary projections for the 28
EU Member States (2013–2060). Directorate-General for Economic and Financial Affairs. European
Commission, Brussels

Feng J, Wang Z, Yu Y (2020) Does long-term care insurance reduce hospital utilization and medical
expenditures? Evidence from China. Soc Sci Med 258:113081

Fleissig A, Strauss J (1999) Is OECD real per capita GDP trend or difference stationary? Evidence from
panel unit root test. J Macroecon 21(4):673–690

Forster A, Clark H,Menard A, Dupuis N, Chernish R, Chandok N, Khan A, vanWalraven C (2004) Adverse
events among medical patients after discharge from hospital. Can Med Assoc J 170(3):345–349

Foster A, Murff H, Peterson J, Gandhi T, Bates D (2003) The incidence and severity of adverse events
affecting patients after discharge from the hospital. Ann Intern Med 138:161–167

123



‘Investing’ in care for old age? An examination of long… 29

Golinowsk, S, Kocot E, Sowa A (2014) Employment in long-term care. Report on Poland. CASE – Center
for Social and Economic Research. N0. 473/2014

Häkkinen U, Martikainen P, Noro A, Nithilä E, Peltola M (2008) Aging, health expenditure, proximity to
death, and income in Finland. Health Econ Policy Law 3:165–195

Hamilton J (1994) Time series analysis. Princeton University Press, Princeton, NJ
Hansen L (1982) Large sample properties of generalized method of moments estimators. Econometrica

50(3):1029–1054
Harris R, Tzavalis E (1999) Inference for unit roots in dynamic panels where the time dimension is fixed.

J Econome 91:201–226
Hermiz O, Comino E, Marks G, Daffurn K, Wilson S, Harris M (2002) Randomized control trial of home-

based care of patients with chronic obstructive pulmonary disease. Br Med J 325:938–940
Hofmarcher M, Oxley H, Rusticelli E (2007) Improved health system performance through better care

coordination. In: Health Working Paper No. 30. Organisation for Economic Co-operation and Devel-
opment, Paris

Holland S, Evered S, Center B (2014) Long-term care benefits may reduce end-of-life medical care costs.
Popul Health Manag 17(6):332–339

Holtz-Eakin D, NeweyW, RosenH (1988) Estimating vector autoregressions with panel data. Econometrica
56:1371–1396

Huei-Ru L, Otsubo T, Sasaki N, Imanaka Y (2016) The determinants of LTC expenditure and their interac-
tions. Int J Healthc Manag 9(4):269–279

Ikkaracan I, Kijog K (2019) The employment generation impact of meeting SDG targets in early childhood
care, education, health and long-term care in 45 countries. International Labour Office, Geneva

Im K, Pesaran M, Shin Y (2003) Testing for unit roots in heterogeneous panels. J Econom 115:53–74
Iversen T, Anell A, Häkkinnen U, Kronborg C, Ólafsdótir T (2016) Coordination of health care in the

Nordic countries. Nord J Health Econ 4(1):41–55
Kohli M, Kune-mund H, Ludicke J (2005) Family structure, proximity and contact. In: Borsch-Supan A

et al. (ed), Health, ageing and retirement in Europe – First results from the Survey of Health, Ageing
and Retirement in Europe. MEA, Mannheim, pp 164–170

Koop G, Korobilis D (2019) Forecasting with high-dimensional panel-VARs. Oxf Bull Econ Stat
81(5):937–959

Levin A, Lin C, Chu J (2002) Unit root tests in panel data: asymptotic and finite-sample properties. J
Econom 108(1):1–24

Lima J, Allen S (2001) Targeting risk for unmet need: not enough help versus no help at all. J Gerontol
56(8):302–311

Love I, Zicchino L (2006) Financial development and dynamic investment behavior: evidence from panel-
VAR. Q Rev Econ Finance 2:190–210

Mavromaras K, Knight G, Isherwood L, Crettenden A, Flavel J, Karmel T, Moskos M, Smith L, Walton H,
Wei Z (2017) The 2016 national aged care census and surve: the aged care workforce, 2016. Australian
Government Department of Health

McCullagh P, Nelder J (1989) Generalized linear models, Vol. 37 of monographs on statistics and applied
probability, 2nd edn. London, Chapman and Hall

Mueller M, Morgan D (2017) improving estimates of long-term care spending. OECD Publishing, Paris
Mueller M, Bourke B, Morgan D (2020) Assessing the comparability of long-term care spending estimates

under the Joint Health Accounts Questionnaire, Technical Paper. OECD Publishing, Paris
Mur-Veeman I, Govers M (2011) Buffer management to solve bed-blocking in the Netherlands 2000–2010.

Cooperation from an integrated care chain perspective as a key success factor for managing patient
flows. Int J Integr Care 11:1–10

Naylor M, Hirschman K, Bowles K, Bixby M, Konick-McMahan J, Stephens C (2007) Care coordination
for cognitively impaired older adults and their caregivers. Home Health Care Serv Q 26(4):57–78

Nizalova O (2012) The wage elasticity of informal care supply: evidence from the health and retirement
study. South Econ J 79(2):350–366

OECD (2018) Accounting andmapping of LTC expenditure under SHA 2011. Directorate for Employment,
Labour and Social Affairs. OECD Publishing, Paris

OECD (2017) A system of health accounts. Revised edition. Directorate for Employment, Labour and
Social Affairs. OECD Publishing, Paris

Olivares-Tirado P, TamiyaN, KashiwagiM, Kashiwagi K (2011) Predictors of the highest LTC expenditures
in Japan. BMC Health Serv Res 11:103

123



30 J. Costa-Font and C. Vilaplana-Prieto

Pezzin L, Schone B (1999) Intergenerational household formation, female labor supply and informal care-
giving: a bargaining approach. J Hum Resour 34(3):475–503

Picone G, Wilson R (1999) Medicare home health agency utilization, 1984–1994. Inquiry 36(3):291–303
Rapach D (2002) Are real GDP levels nonstationary? Evidence from panel data tests. South Econ J

68(3):473–495
Rapp T, Chauvin P, Sirven N (2015) Are public subsidies effective to reduce emergency care? Evidence

from the PLASA Study. Soc Sci Med 138:31–37
Reher D (1998) Family ties in Western Europe: persistent contrasts. Popul Dev Rev 24:203–234
Sand L,Wang Y,McCabe G, Jennings K, Eng C, Covinsky K (2006) Rates of acute care admissions for frail

older people living with met versus unmet activity of daily living needs. J AmGeriatr Soc 54:339–344
Spasova S, Baeten R, Coster S, Ghailani D, Peña-Casas R, Vanhercke B (2018) Challenges in long-term

care in Europe. A study of national policies, European Social Policy Network (ESPN). European
Commission, Brussels

Stern S (1995) Estimating family LTC decisions in the presence of endogenous child characteristics. J Hum
Resour 551–580

Takagi E, Saito Y (2013) A longitudinal analysis of the impact of family support on the morale of older
parents in Japan: does the parent’s normative belief in filial responsibilities make a difference? Ageing
Soc 33(6):1053–1076

Wang F (2015) More health expenditure, better economic performance? Empirical evidence from OECD
countries. Inq J Health Care Organ Provis Financ 52:1–5

Weaver F, Weaver B (2014) Does availability of informal care within the household impact hospitalization?
Health Econ Policy Law 9:71–93

Yoo BK, Bhattacharya J, McDonald KM, Garber AM (2004) Impacts of informal caregiver availability on
long-term care expenditures in OECD countries. Health Serv Res 39(6p2):1971–1992

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

123


	‘Investing’ in care for old age? An examination of long-term care expenditure dynamics and its spillovers
	Abstract
	1 Introduction
	2 Related literature
	2.1 Health and long-term care expenditure estimates
	2.2 Female labour market participation
	2.3 Health system spillovers
	2.4 Spillovers on to the economy

	3 Empirical strategy and data
	3.1 Empirical strategy
	3.2 Data

	4 Results
	4.1 Determination of panel-VAR length
	4.2 Validation of the panel-VAR model
	4.3 Variance decomposition of forecast error
	4.4 Model estimates
	4.4.1 Female labour participation effects on LTC expenditure and per capita GDP (GDP pc)
	4.4.2 LTC expenditure effects on health and per capita GDP

	4.5 Impulse response functions
	4.6 Robustness checks
	4.6.1 Alternative Granger causality tests
	4.6.2 Unit root tests


	5 Conclusion
	Acknowledgements
	References




