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Abstract
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approach and a causal mediation analysis. We show that unmet care
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1 Introduction

Europe is experiencing a rapid demographic shift that could significantly impact
its economies and welfare systems, all of which are already under considerable
strain, thereby influencing the organization of long-term care (LTC) services
and potentially exacerbating disparities in access, as well as the unmet LTC care
needs of the elderly, which are not always adequately addressed (Garca-Gmez
et al., 2015). Even in countries with extensive formal care systems, families
have traditionally played a crucial role in caring for the elderly. Informal care
provided by family members has predominated, particularly in supporting frail
elderly individuals who have often relied on younger relatives for their daily
needs (Gannon and Davin (2010); Di Novi et al. (2015), Brenna and Di Novi
(2016)). The family tie between adult children and elderly parents, along with
the informal care provided by them, has long been an essential support system
for the elderly, serving as both a substitute for and a complement to formal care
(Bergeot and Jusot, 2024). However, the gradual weakening of family ties and
the increasing participation of women in the labor market are challenging this
informal care model (Carrieri et al. (2017), Spasova et al. (2018), Costa-Font
and Vilaplana-Prieto (2022)). Moreover, the demographic changes, character-
ized by a sharp rise in the elderly dependency ratio, will result in a smaller
labor force available to care for the aging population. By 2050, Eurostat (2019)
projects that more than two-thirds of European countries will have an elderly
dependency ratio exceeding 50%, meaning fewer than two working-age indi-
viduals for every person over 65 (see Figure 1). Mediterranean countries are
expected to reach the highest dependency ratios, with Italy at 66.5%, Greece
at 68.1%, and Portugal at 68.8%. These countries also invest the least in pub-
lic LTC services and offer limited coverage for non-self-sufficiency provided by
public institutions. Figure 2 shows LTC expenditure (health and social care) as
a percentage of GDP in OECD countries (OECD, 2023). The Netherlands leads
among European countries, allocating 4.4% of GDP to LTC spending, followed
by Norway (3.5%), Sweden (3.4%), and Denmark (3.2%). In contrast, Southern
and Eastern European countries spend approximately 1% or less of GDP, with
Greece, Poland, and Latvia allocating only 0.5% or less.

Many European countries are expected to face similar challenges in the com-
ing years, particularly in ensuring access to adequate LTC services. The under-
development of publicly funded LTC systems, coupled with the shrinking avail-
ability of informal caregiving, often due to demographic shifts and the growing
pressure on informal caregivers to balance work and other caregiving responsi-
bilities, may make it difficult for many older adults to receive the support they
need. This situation is raising concerns about potential unmet LTC care needs
among the elderly, which could significantly impact their overall well-being.

As Europes population continues to age and the prevalence of disability
increases, the number of older adults who may face difficulties managing inde-
pendently is expected to rise. Research indicates that older adults, particularly
those with disabilities and unmet LTC needs, are more vulnerable to various
health problems, including increased medical visits, emergency room admissions,



hospitalizations, and even higher mortality rates (Momtaz et al. (2012); Mar-
rero et al. (2019)). Furthermore, the interplay of unmet needs and unwanted
dependency, often exacerbated by disability, can contribute to heightened feel-
ings of isolation and loneliness (Dykstra et al., 2005). Loneliness among the
elderly is linked to accelerated cognitive decline, exacerbation of existing co-
morbidities, and an increased risk of depression Heinrich and Gullone (2006);
Cacioppo et al. (2010); Boss et al. (2015); Rico-Uribe et al. (2018); Casabianca
and Kovacic (2024).

The COVID-19 pandemic has further intensified these challenges. Lockdown
measures implemented across nearly all European countries to curb the virus’s
spread and protect the elderly from severe infection significantly disrupted social
interactions (Bu et al., 2020). This disruption exacerbated feelings of isolation,
especially among older adults with preexisting health conditions, who were more
vulnerable to infection and faced a higher risk of severe illness and complications.
Many elderly individuals experienced heightened loneliness, compounding the
existing vulnerabilities linked to inadequate LTC provision (Brugiavini et al.
(2022), Di Novi et al. (2023)).

Despite the potential implications of the connection between unmet LTC
needs and loneliness, and its possible impact on long-term cognitive impair-
ment and depressive symptoms, this relationship remains relatively unexplored.
There is also limited evidence on how pre-existing unmet LTC needs, combined
with the social restrictions imposed during the pandemic, have influenced feel-
ings of loneliness and long-term health outcomes (Bergeot and Jusot, 2024).

This paper investigates whether unmet LTC needs among older adults with
disabilities have a lasting impact on the onset of cognitive decline and depres-
sive symptoms. It also explores whether loneliness resulting from social isolation
during the COVID-19 pandemic exacerbated this effect by acting as a potential
mediating factor particularly for those lacking adequate formal and informal
support to cope with the crisis. The pandemic serves as a natural experiment
for studying the onset of loneliness, as it constituted an exogenous shock that
frequently increased isolation among older adults. In this context, loneliness
may both mediate and amplify the long-term impact of unmet LTC needs on
cognitive decline and depressive symptoms. While significant insights have been
gained from existing research on unmet needs, feelings of loneliness, and men-
tal health during the lockdown (see, for instance, (Bello et al., 2024)), several
key questions remain unanswered. The first pertains to the role of preexisting
unmet needs in shaping older adults’ vulnerability to loneliness during periods
of imposed social isolation, such as the COVID-19 pandemic. Additionally, it
raises the question of whether unmet needs impact individuals’ mental health
and cognitive decline over the long term and whether this effect occurs also
through an increased sense of loneliness. The second question concerns timing:
whereas most studies focus on the COVID-19 period itself, our research exam-
ines the year following the pandemic to assess its long-term consequences on the
mental and cognitive well-being of older adults.

To this end, we used data from the eighth and ninth waves of the SHARE
survey (Survey of Health, Aging and Retirement in Europe) and the first and



second waves of the SHARE Corona Survey. To estimate the relationship be-
tween unmet LTC needs and the onset of cognitive impairment and depressive
symptoms in the post-COVID period, as well as to assess the causal mediation
effect of loneliness, we employed the novel method proposed by (Dippel et al.,
2020). This approach enables the estimation of the causal effect of a treatment,
unmet LTC needs in our case, on a specific outcome, namely the long-term onset
of cognitive impairment and depressive symptoms. It also allows us to assess the
extent to which this effect operates through a mediator variable, specifically the
emergence of feelings of loneliness during the pandemic, using an instrumental
variable (IV) framework. Since both the treatment and the mediator may be
endogenous to the outcome this method makes it possible to identify both the
direct causal effect and the mediation effect with a single instrument.

Our findings show that adults aged 65 and over with disabilities or functional
limitations who experience unmet LTC needs are at increased risk of developing
cognitive decline and depressive symptoms over time. A substantial part of
this effect is mediated by the rise of loneliness during the COVID-19 pandemic,
underscoring the pivotal role of social isolation in shaping older adults’ long-
term cognitive and emotional health.

To our knowledge, this is the first study to systematically investigate the
interplay between unmet LTC needs, pandemic-related loneliness, and long-term
cognitive and mental health outcomes.

The rest of the paper is organized as follows. Section 2 describes the data
and variables used in this study and the empirical strategy deployed, including
the estimation method. The results are discussed in Section 3. Finally, Section 4
concludes the paper.

2 Methods

2.1 Data Source and Sample Description

The data used in this study come from the eighth and ninth waves of the SHARE
survey (Survey of Health, Aging and Retirement in Europe) and the SHARE
Corona Survey (first and second wave).

SHARE is a biannual, cross-national, and longitudinal research project that
collects data on individuals aged 50 and older and their younger partners. Super-
vised by the Mannheim Research Institute for the Economics of Aging (MEA),
SHARE is the most comprehensive European survey on aging. It is organized
into modules, each identified by two letters, which gather detailed information
on various aspects, including health status and socioeconomic characteristics of
individuals over 50 in Europe.

The eighth and ninth waves of the SHARE survey were conducted using
computer-assisted personal interviews (CAPI) based on a standardized ques-
tionnaire. The eighth wave took place between October 2019 and March 2020
but was suspended due to the COVID-19 pandemic and associated restrictions,
which made face-to-face interviews impractical. Between June and Septem-



ber 2020, a sub-sample of the eighth wave (approximately 70% of the original
sample) was re-interviewed via computer-assisted telephone interviews (CATI)
to collect additional information on participants’ living conditions during the
pandemic (first wave of the SHARE Corona Survey). The data gathered pro-
vide a comprehensive overview of COVID-19’s impact on the adult and elderly
population, including information on COVID-19 infections, life changes dur-
ing lockdown, physical and mental health, medical treatments, social networks,
and economic changes caused by the pandemic. The same sub-sample was re-
interviewed a year later, from June to August 2021, for the second wave of
the SHARE Corona Survey. Finally, the ninth wave of SHARE was conducted
between October 2021 and October 2022.

In this paper, the sample includes 14.210 individuals from 25 European
countries, namely: Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Italy,
Latvia, Lithuania, Luxembourg, Malta, Poland, Romania, Slovakia, Slovenia,
Spain, Sweden, and Switzerland. Although the survey also included Israel, it
was excluded from our analysis as it is not part of Europe. The Netherlands
was also excluded due to missing information on key variables relevant to the
model.

The sample consists of elderly individuals aged 65 and older who require LTC
due to disabilities or functional limitations, including difficulties in activities
of daily living (ADL) or instrumental activities of daily living (IADL). ADL
variables include difficulties in performing essential activities of daily living,
such as dressing, eating, using the toilet, bathing and showering, getting in and
out of bed, walking across a room. IADLs encompass instrumental activities
like preparing a hot meal, making telephone calls, taking medications, managing
money, such as paying bills and keeping track of expenses. Regarding mobility
limitations, SHARE assesses the ability to: walk 100 meters, sit for about 2
hours, get up from a chair after sitting for a long time, climb several flights of
stairs without stopping to rest, climb a single flight of stairs without stopping,
bend down, kneel or squat, reach or stretch arms above shoulder height, drag
or push bulky objects (like a living room chair), lift or carry weights over 5
kilograms (such as a heavy shopping bag), and pick up a coin from a table.

2.2 Methodology

The objective of this paper is to examine whether unmet LTC needs among
individuals aged 65 and over, specifically those with disabilities or functional
limitations, have had a persistent effect on the onset of cognitive impairment and
depressive symptoms. In addition, we investigate whether this relationship has
been amplified by the experience of loneliness during the COVID-19 pandemic,
potentially acting as a mediating factor.

To explore this mechanism, we conduct a causal mediation analysis. Media-
tion analysis aims to estimate a transmission pathway by which a treatment 7'
and a mediator M jointly influence an outcome Y. Specifically, the total effect
of T on Y (TE) is decomposed into the indirect effect, which operates exclu-



sively through M, and the direct effect, which represents the residual impact of
T on Y when holding M constant.

Standard mediation analysis assumes random assignment of the treatment,
an assumption that does not hold in our setting. Although we leverage multiple
waves of the SHARE survey to temporally separate the measurement of un-
met LTC needs, loneliness, cognitive decline, and depressive symptoms, thereby
mitigating concerns about reverse causality, endogeneity may still arise due to
unobserved confounding factors, potentially biasing the estimated effects. To
address this issue, we adopt the methodology proposed by (Dippel et al., 2020),
which is specifically designed for settings involving an outcome Y (long-term
cognitive and mental health outcomes, i.e., onset of cognitive decline and de-
pressive symptoms), a potentially endogenous treatment 7' (unmet LTC needs),
a potentially endogenous mediator M (onset of loneliness), and an instrumental
variable Z.

Following Dippel et al. (2020), under the assumptions of linearity and a
valid instrument, the causal relationships among 7', M, and Y can be formally
identified as follows:

Z=e. (1)
T=8%2Z +er (2)

M =80T +ey (3)

Y =BLT + B M + ey (4)

The estimation strategy relies on two two-stage least squares 2SLS proce-
dures. The first identifies the causal effect of T (unmet LTC needs) on M (onset
of loneliness) formalized in the following system of equations:

First stage: T (unmet LTC needs) = 27 + ep (5)
Second stage: M (onset of loneliness) = BT + en (6)

where 7' denotes the predicted value of T from Equation (5).

The second 2SLS procedure identifies the causal effect of M on Y, conditional
to T', which allows the disentanglement of the direct and indirect effect of 7" on
Y:



First stage: M (onset of loneliness) = v%,Z + 1, T 4+ ep (7)

Second stage: Y (onset of cognitive decline/depression) = BM M + BET + ey

(8)

where M denotes the predicted value of M from Equation (7).
By substituting (6) into (8) yields, it becomes clear the link between the two
estimation procedures:

Y (onset of cognitive decline/depression) = BM (B, T + epr) + BT + ey
= (B B + BT+ B em + ey

Total effect of T’ wy

(9)

In equation (9), the mediated effect of T' on the outcome is given by S 31,
(indirect effect), the residual effect of T' on the outcome is given by SL (direct
effect), and the total effect (TE) is the sum ¥ 37, + BT.

This algebraic equivalence holds for a scalar instrument Z, but may not hold
when using a vector of instruments Z’.

2.3 Key Variables

Following the approach of Dippel et al. (2020), we identify four key variables
for the empirical model: the treatment T' (unmet LTC needs), the mediator M
(onset of loneliness), the outcome Y (onset of depressive symptoms), and an
instrumental variable Z.

2.3.1 Treatment: Unmet LTC needs

In this study, we employ two alternative definitions of unmet LTC needs consis-
tent with those commonly used in the existing literature. This approach allows
us to assess the sensitivity of our findings to the their specific definition.

A central challenge in measuring unmet LTC needs lies in the absence of a
universally accepted definition. Typically, needs are assessed based on health
status, with unmet needs defined as the failure to receive available and effec-
tive care that could improve well-being (Vlachantoni et al. (2011), Smith and
Connolly (2020)). Following this framework, we identify unmet LTC needs us-
ing three commonly accepted dimensions of functional impairment in geriatrics:
limitations in activities of daily living (ADLs), instrumental activities of daily
living (IADLs), and mobility (LaPlante et al. (2004), Caldern-Jaramillo and
Zueras (2023)). We assume that the presence of such functional limitations



indicates an objective need for LTC. The first indicator we construct is there-
fore based on this more objective, although self-reported, assessment: it takes
the value one if an individual with at least one reported functional limitation
(thus an objectively defined need) reports not receiving any assistance, either
formal or informal, and zero otherwise. This captures unmet need in terms of
the absence of received support among those identified as needing care (see also
Garca-Gmez et al. (2015)).

In contrast, the second indicator adopts a more subjective approach. It is
based directly on respondents’ answers to the question: ”Thinking about the
activities you have difficulty with, does anyone ever assist you with these activi-
ties (including a partner or other household members)?” Here, unmet LTC need
takes value one if respondents report not receiving any help despite perceiving
a need for assistance.

Thus, the first indicator reflects an externally defined, function-based unmet
need, while the second captures the respondent’s own perception of receiving or
not receiving help.

2.3.2 Mediator: Onset of loneliness

Loneliness can be defined as the negative experience resulting from a discrepancy
between the desired and actual personal network of relationships (Cacioppo and
Patrick, 2008). Several studies have suggested that loneliness is associated with
cognitive decline and poor mental health outcomes, including depression in the
long term (Heinrich and Gullone (2006), Cacioppo et al. (2010), Boss et al.
(2015), Rico-Uribe et al. (2018)).

In the eighth wave of SHARE, participants were asked: "How often do you
feel lonely?” with response options: ”often,” ”some of the time,” and ”almost
never or never.” This same question was posed in the SHARE Corona Survey
(first and second wave). By combining data from the eighth wave of the SHARE
Survey with data from the first and the second wave of the SHARE Corona
Survey, a dichotomous variable was created to evaluate the onset of loneliness
during the pandemic. This variable takes value one if the respondent reported
feeling lonely ”almost never or never” in the eighth wave of SHARE but ”often”
in the first or second wave of SHARE Corona Survey or both, or if she or he
reported feeling lonely ”some of the time” in the eighth wave but ”often” in
the first or second wave of SHARE Corona Survey or both. It takes value zero
otherwise.

2.3.3 Outcomes: cognitive decline and onset of depressive symptoms

In this study, we also employ two alternative outcomes to examine the impact of
unmet LTC needs, potentially mediated by the onset of loneliness, on long-term
cognitive impairment and depressive symptoms.

Onset of cognitive decline



Cognitive impairment constitutes a major determinant for older-aged adults’
health, functionality, and well-being. Cognitive decline is an important risk fac-
tor for neurocognitive disorders, such as dementia, particularly among older
adults. In this study, cognitive decline was assessed by comparing individ-
ual performance across four cognitive tasks: temporal orientation, numeracy,
episodic memory, and verbal fluency between Waves 8 and 9 of SHARE. Ac-
cording to existing literature, these tasks are widely recognized as reliable and
sensitive indicators for distinguishing cognitively healthy older individuals from
those experiencing cognitive impairment. (Dewey and Prince (2005), Formanek
et al. (2019), Barbosa et al. (2021)).

Temporal orientation was measured through four questions that assessed
awareness of date and time: “What day of the month is it?”, “Which month is
it?” “Which year is it?”, and “Can you tell me what day of the week it is?”.
Scores ranged from 0 to 4, based on the number of correct answers. A binary
indicator was constructed, taking the value 1 if the respondent scored 4 in wave
8 and 3 or less in wave 9, reflecting the onset of disorientation and early signs
of cognitive decline (Tractenberg et al. (2007), Feter et al. (2021)).

Numeracy was assessed through a five-step subtraction task, where respon-
dents were asked to subtract 7 from 100 and continue subtracting 7 from each
subsequent result. The score ranged from 0 to 5 and accounted for correct an-
swers. A binary variable was coded as 1 for individuals who scored 4 or 5 in wave
8 and 3 or less in wave 9, capturing a decline in arithmetic ability (Schneeweis
et al. (2014), Amin et al. (2025)).

Episodic memory was measured via immediate and delayed verbal recall
tests. After hearing a list of ten words, participants were asked to recall as
many as possible immediately, and again after a delay of 5-10 minutes. Scores
ranged from 0 to 10 for each test, based on the number of correctly recalled
words. Two binary indicators were created: one taking the value 1 if immediate
recall declined from > 5 in wave 8 to < 5 in wave 9, and another if delayed
recall declined from > 4 to < 4, in line with established impairment thresholds
(Sterniczuk et al. (2015), Bonsang et al. (2012)).

Verbal fluency, reflecting executive functioning and language ability, was
assessed by asking participants to name as many different animals as possible
in 60 seconds. Valid animal names were counted, excluding repetitions and
proper nouns. A binary variable was assigned a value of 1 if the participant
scored above 15 in wave 8 and 15 or less in wave 9, indicating a decline in verbal
fluency (Sterniczuk et al. (2015),Barbosa et al. (2021)).

To derive a synthetic, continuous measure of cognitive decline, we extracted
the first common factor from a correlation matrix estimated using polychoric
correlations among the above binary indicators (Olson and Dover (1979)). This
factor score, reflecting the overall onset of cognitive impairment across multiple
domains, was standardized to range from 0 to 1 to facilitate interpretation.

Onset of depressive symptoms

Depression is one of the most common disorders in older adults and, with



the rapid expansion of the aging population, is considered today a major public
health concern due to its high prevalence and associated mortality risk, even be-
fore the COVID-19 pandemic (Abdoli et al. (2022); Song et al. (2023)). The pan-
demic likely contributed to the onset of symptoms or worsened mental health-
related disabilities, particularly among the most vulnerable older individuals.
Loneliness and unmet needs, exacerbated by social isolation and care inter-
ruptions, may have further exacerbated their condition (Santini and Koyanagi
(2021)).

The onset of depressive symptoms was assessed using the EURO-D scale,
developed and validated by the EURODEP Concerted Action Programme. This
scale comprises 12 items related to psychological health: depression, pessimism,
suicidal ideation, guilt, sleep difficulties, lack of interest, irritability, lack of
appetite, fatigue, difficulty concentrating, anhedonia (inability to experience
pleasure), and a tendency to cry. Each item is equally weighted, with a score of
0 indicating the absence of the symptom and a score of 1 indicating its presence.

We relied on the clinical definition of depression as outlined by the EURO-D
scale, where a clinically defined cut-off point of four symptoms indicates severe
mental health issues (Prince et al. (1999)). To analyze the onset of depression,
we created a binary variable that takes value of one if respondents reported
fewer than four symptoms in the eighth wave of SHARE but reported four or
more symptoms in the ninth wave of SHARE.

2.3.4 Instruments

Following Dippel et al. (2020), we use a single IV to address the endogeneity
of the treatment and the mediator. This approach enables the identification of
both the total treatment effect and the mediated effect through a causal path-
way. By introducing an exogenous instrument, we can isolate the transmission
mechanism and separately estimate the direct effect of unmet LTC needs on
the onset of depressive symptoms, as well as the indirect effect mediated by
loneliness.

Social network strength index

We started by constructing an indicator capturing the quality of respondents’
social network ties drawing information from the ”Social Network” (SN) module.
The quality of respondents’ social network ties is an important dimension that
may affect access to social support, and, in turn, the likelihood of receiving care
and experiencing loneliness (see Bello et al. (2024)).

Specifically, social network strength was evaluated using two measures: sat-
isfaction with one’s social network and perceived closeness to network members.
In the SHARE survey, social network satisfaction, defined as the degree to which
individuals are satisfied with their interpersonal relationships, was measured by
first asking participants to identify up to six individuals with whom they had
discussed important matters over the past 12 months. This was done using the
question: ”Over the last 12 months, who are the people with whom you most



often discussed important things? These people may include your family mem-
bers, friends, neighbors, or other acquaintances.” For those who named at least
one individual, satisfaction was then assessed with the item: ” Overall, on a scale
from 0 to 10, where 0 means completely dissatisfied and 10 means completely
satisfied, how satisfied are you with the [relationship you have with the person]
we have just talked about?” (Brsch-Supan (2022)). Individuals who did not
report any social ties (i.e., a score of 0 on the network inventory) were classified
as network-less and assigned a satisfaction score of zero (Yang et al. (2022)).

The perceived closeness to network members was assessed by asking respon-
dents: "How close do you feel to...?”, with response options of 'not very close’,
‘somewhat close’, 'very close’, and ’extremely close’. Based on this, we con-
structed a variable indicating the number of network members to whom the
respondent felt very close or extremely close.

To create a synthetic, continuous indicator of social network ties, we ex-
tracted the first common factor from a correlation matrix estimated using poly-
choric correlations based on the aforementioned categorical indicators (see Ol-
son and Dover (1979)). This yielded a single factor score reflecting the overall
strength of an individuals social network, which was then standardized to range
from 0 to 1 to ease interpretation.

FEaxtended social network strength index with personality traits

Social relationships may also be influence by individuals’ personality traits
that can affetct the ability and propensity to form and maintain such ties.
SHARE includes the 10-item Big Five Inventory (BFI-10), a self-report ques-
tionnaire developed by Rammstedt and John (2007) to assess five personality
traits: openness, conscientiousness, extraversion, agreeableness, and neuroti-
cism, with two items per trait. Respondents rated each item on a Likert scale
from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating a
stronger presence of the trait.

In this study, we focused on extraversion, as it captures a predisposition
toward social interaction and greater social engagementboth of which are closely
linked to social support and informal caregiving networks (Soto (2021); Swickert
et al. (2010)). Extraversion was measured using two items: I see myself as
someone who is reserved (reverse-coded) and I see myself as someone who is
outgoing, sociable. These were combined to create an extraversion index ranging
from 1 (low) to 5 (high).

Because personality traits like extraversion are relatively stable over time and
exogenous to short-term shocks, including those induced by the pandemic, they
can serve as valid instruments in mediation models. Extraverted individuals are
more likely to receive informal care from family, friends, or community members,
thereby reducing their risk of experiencing unmet LTC needs. At the same time,
they may also be more vulnerable to loneliness under social restrictions due to
their higher baseline need for interpersonal contact (Bello et al. (2024); Tapia-
Munoz et al. (2024)).

To incorporate this dimension into our measure of social network ties, we
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constructed a new synthetic, continuous indicator that integrates both observed
network characteristics (satisfaction and closeness) and the extraversion index.
This extended indicator was derived again by extracting the first factor from a
polychoric correlation matrix including all three variables. The resulting index
captures a broader concept of social engagement capacity, encompassing both
structural (network) and dispositional (personality) components.!

2.4 Additional explanatory variables

In our model, we controlled for a set of individual-level covariates, including
demographic, household size and socio-economic characteristics, and country-
specific factors collected from the eight wave of SHARE. Demographic controls
included sex (coded as 0O=male, 1=female) and age. Educational attainment
was classified according to the International Standard Classification of Educa-
tion (ISCED) into three categories: low education (no formal qualifications,
primary, or lower secondary education), medium education (upper secondary
or high school diploma), and high education (university degree or postgraduate
qualifications). Marital status was coded as a binary variable distinguishing
between individuals living with a spouse or partner in the same household and
those living alone (reference category). Household income was measured as to-
tal annual net income, calculated by summing various components reported in
the survey such as labor income, public pensions, and income from assets after
deductions for taxes and social or national insurance contributions and divided
into quintiles. Lastly, all models include country fixed effects to account for
unobserved heterogeneity across national contexts, such as differences in LTC
systems, pandemic policy responses, and welfare structures.

A detailed description of all variables included in the analysis is provided in
Table Al in the Appendix.

3 Results

Table 1 presents a simple descriptive analysis, reporting sample means and
standard deviations for the variables included in the model. Approximately
55% of the study sample (58% of whom are women, with a mean age of 74
years) reported having at least one disability or functional limitation but not
receiving any form of formal or informal care. Furthermore, 33% of the sample
reported not receiving help despite perceiving a need for assistance.

[Table 1 about here]

About 21% of respondents reported the onset of depressive symptoms, as in-
dicated by changes in their EURO-D scores between waves 8 and 9 of SHARE.

1To mitigate concerns about reverse causality, we also reconstructed the indicators captur-
ing the quality of respondents’ social network ties and their level of extraversion using lagged
values from the previous waves of SHARE. See the subsetion 3.1 Robustness Checks.
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The prevalence of depressive symptoms was considerably higher among individ-
uals with unmet LTC needs: 26% based on the objective indicator and 24%
using the subjective one, compared to 14% and 19%, respectively, among those
without such needs. Approximately 7% of the sample also reported the onset of
loneliness during the first or second wave of the SHARE Corona Survey, with
a higher incidence among those with unmet LTC needs (about 10% compared
to 5% when considering the objective indicator, and about 9% compared to 7%
when considering the subjective one).

Focusing specifically on the subsample of individuals who experienced un-
met LTC needs (objective or subjective) (see Table A2 and Table A3 in the
Appendix), and further distinguishing between those who reported the onset of
loneliness and those who did not, a notable difference emerges: among those
who became lonely, about 41% also reported depressive symptoms when consid-
ering the objective indicator of unmet LTC needs, and 39% when considering
the subjective one, compared to 25% and 23% among those who did not re-
port loneliness during the pandemic, according to the objective and subjective
indicators of unmet LTC needs, respectively.

It is noteworthy that between wave 8 and wave 9, there was a general decline
in individual performance across all four cognitive tasks considered, affecting a
substantial portion of the sample. Memory performance declined in over half of
the sample (52.5%), as did numeracy (53%), followed by verbal fluency (approx-
imately 32%), and orientation, which worsened in about 12% of respondents.
Once again, when dividing the sample between those who reported unmet LTC
needs and those who did not, significant differences emerge. Among individuals
reporting unmet LTC needs according to the objective definition, 59% experi-
enced a decline in memory performance and 58% in numeracy. Additionally,
the share of those reporting a decline in verbal fluency rose to 39.5%, while the
proportion experiencing deterioration in orientation reached around 15% of the
subsample. Among individuals reporting unmet LTC needs according to the
subjective definition, 55% experienced a decline in memory performance and
55% in numeracy; the share of those reporting a decline in verbal fluency rose
to 36%, while the proportion experiencing deterioration in orientation reached
around 12% of the subsample.

It is also interesting to observe that, when dividing the sample between those
who reported unmet LTC needs alone and those who also experienced the onset
of loneliness, cognitive performance declines further. This is particularly evident
in verbal fluency, where the proportion of individuals showing a decline increases
from 39.5% among those with unmet LTC needs only to 57% among those
who also reported the emergence of loneliness, when considering the objective
indicator of unmet LTC needs, and from 36% to 51.5% when considering the
subjective indicator, representing a difference of more than 15 percentage points
in both cases.

Table 2 and Table 3 present the results of the instrumental variable (IV)
model, estimated using two-stage least squares (2SLS). The instruments em-
ployed are an indicator of the quality and strength of the respondents social
network, and an extended social network index incorporating personality traits,
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specifically individual extraversion. The treatment variable is unmet LTC needs,
measured using either the objective indicator or the subjective indicator.

The outcome variables include the onset of depressive symptoms and a com-
posite cognitive decline index, constructed as a summary measure of cognitive
deterioration between wave 8 and wave 9 of SHARE. This index is based on
four cognitive domains: temporal orientation, numeracy, episodic memory, and
verbal fluency. Given the substantial performance gap in the verbal fluency task
between individuals who experienced unmet LTC needs and those who did not,
particularly between those who also reported the onset of loneliness and those
who did not, the model was also estimated using verbal fluency as a separate
outcome.

Table 2 reports the second-stage regression models in which unmet LTC
needs are modeled as a function of the quality and strength of the respondents
social network, used as an instrument. The coefficient on the social network ties
indicator is consistently statistically significant at conventional levels across both
definitions of unmet LTC needs and yields first-stage F-statistics ranging from
a minimum of 14.41 to a maximum of 24.93 (see Table A4 in the Appendix).
These values consistently exceed the conventional threshold of 10, commonly
used to detect weak instruments (see, e.g., Stock et al., 2002). According to the
results presented in Tables 2 and 3, suffering from at least one form of disability,
such as mobility limitations or limitations in ADLs or IADLSs, without receiving
any form of formal or informal support (i.e., experiencing unmet LTC needs, as
defined objectively above), or perceiving a lack of help despite needing care (i.e.,
subjective unmet LTC needs), nearly doubles the risk of the onset of depression
and cognitive decline compared to individuals who receive care.

[Table 2 about here]

Similar results are obtained in Table 3, which present the coefficients of the
2SLS models in which the first-stage regressions model for unmet LTC needs is
a function of an extended social network index. This index captures both the
quality and strength of respondents’ social ties, combined with a specific per-
sonality traitnamely, extraversion. In these models, the first-stage F-statistics
range from a minimum of 22.5 to a maximum of 27.11 (see Table A5 in the
Appendix).

[Table 3 about here]

The results of the IV mediation analysis are presented in Table 4 and 5. The
estimation strategy is based on the 2SLS approach. As previously discussed,
identification relies on a single instrumental variable and assumes that the main
source of endogeneity in estimating the causal effect of treatment (T) on the
outcome (Y) operates primarily through the mediator (M). This framework
enables the decomposition of the total effect into direct and indirect (mediated)
components, thereby clarifying the causal pathway linking unmet LTC needs,
loneliness, and outcomes such as cognitive decline and depressive symptoms.
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As noted earlier, the model is estimated using two indicators of unmet LTC
needs. The first is a more objective, though still self-reportedmeasure, which
captures unmet LTC needs in terms of the absence of received support among
individuals identified as requiring care (panel A). The second relies on respon-
dents’ self-reports of not receiving any help despite perceiving a need for assis-
tance (panel B). The model is estimated using also two different instruments:
the social network strength index (Table 4) and the one extended to the respon-
dent personality traits specifically extraversion (Table 5). Our main findings,
reported in Tables 4 and 5, indicate that unmet LTC needs significantly increase
the likelihood of experiencing both cognitive decline and the onset of depressive
symptoms in later life.

[Table 4 and 5 about here]

The total effect of unmet LTC needs on the onset of depressive symptoms,
cognitive decline, and, in particular, verbal fluency decline is consistent with
the results previously shown in Tables 2 and 3. Specifically, among individu-
als aged 65 and older with disabilities or functional limitations, having unmet
LTC needs nearly doubles the long-term probability of developing depressive
symptoms, cognitive impairment, and fluency decline. However, while the di-
rect effect is relatively modest, ranging from a 0.8% increase in fluency decline,
1.7% in overall cognitive impairment, and 5% in the likelihood of depression
onset, it is statistically significant for the onset of depressive symptoms only
when considering the subjective indicator of unmet LTC needs. When consid-
ering the objective indicator, the direct effect is not statistically significant. In
contrast, the indirect effects, mediated by loneliness, are substantially larger.
Notably, the mediated effect accounts for more than 95% of the total impact of
unmet LTC needs on depression, cognitive decline, and verbal fluency deterio-
ration, highlighting the central role of loneliness in shaping long-term cognitive
and mental health outcomes among older adults. Tables 9 and 10 also report
that the first-stage F-statistics for the regression of the treatment variable (T°)
on the instrument (Z), and for the regression of the mediator (M) on the in-
strument conditional on T, consistently exceed the conventional threshold of 10,
commonly used to rule out weak instruments (see, e.g., Stock et al., 2002).

3.1 Robustness Checks: Alternative Specifications

In this subsection, we explore alternative specifications of the model to assess
the sensitivity of our estimates to changes in model.

First, to mitigate concerns about reverse causality, we reconstructed the
indicator capturing the quality of respondents’ social network ties by using in-
formation from the “Social Network” (SN) module in Wave 6 of the SHARE
survey (2015), as this module was not included in Wave 7. The analysis was re-
stricted to a subsample of respondents who participated in both Waves 6 and 8,
resulting in a total of 9,900 observations.? The results of this sensitivity test

2For the part of the analysis that uses social network strength as an instrument, the sample
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are presented in Table 6 and are consistent with those obtained in the baseline
model.

[Table 6 about here]

Next, we recomputed the extended social network ties index by incorporating
a lagged indicator of extraversion too. As previously discussed, extraversion is
generally considered a stable personality trait over the life course and is thus
unlikely to be affected by short-term shocks. Nevertheless, as a robustness check
and to further address potential reverse causality, we conducted a sensitivity
analysis using the measure of extraversion collected in Wave 7 of the SHARE
survey (2017). The correlation between the extraversion indices from Waves 7
and 8 is very high (89%), confirming the temporal stability of the trait. The
results of this test are presented in Table 7 and again align closely with the
baseline findings.

[Table 7 about here]

Social network ties and individuals perceptions of their networks, in terms
of both closeness and satisfaction, may vary not only across countries but also
across generations. To account for this heterogeneity, we included birth year
dummies in our model in addition to country fixed effects. The results of this
further empirical exercise are shown in Tables 8 and 9. As with the previous
models, we first differentiate by treatment type (i.e., objective vs. subjective
definitions of unmet LTC needs) and then by the instrument used: Table 8
employs the original indicator of social network ties, while Table 9 uses the ex-
tended social network index, which also incorporates the respondents level of
extraversion. As shown, the results remain consistent with previous specifica-
tions, thereby reinforcing the robustness of our findings.

[Table 8 and 9 about here]

Overall, these findings, which appear to be robust under different model
specifications, underscore the significant impact of unmet LTC needs in increas-
ing the likelihood of long-term cognitive impairment and the onset of depressive
symptoms. They also highlight the pivotal role of loneliness as a mediating
factor in the relationship between unmet LTC needs and adverse cognitive and
mental health outcomes in later life.

3.2 Discussion

Older individuals with disabilities are likely to face increasing challenges in
accessing adequate care in the coming years. Demographic and social changes,
such as the decline of extended families and the rise of nuclear family structures,

is limited to countries that participated in both Waves 6 and 8 of SHARE: Austria, Belgium,
Croatia, the Czech Republic, Denmark, Estonia, France, Germany, Greece, Italy, Luxembourg,
Poland, Slovenia, Spain, Sweden, and Switzerland.
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have contributed to a weakening of inter-generational proximity, thereby reduc-
ing the availability of informal support for older adults. The decline in informal
caregiving, combined with underdeveloped public LTC systems, is contribut-
ing to widening disparities in care provision and leaving a growing number of
older adults with unmet LTC needs. These challenges may be particularly acute
among those from lower socioeconomic backgrounds, who frequently encounter
both financial and structural barriers to accessing formal LTC services. In many
countries, such services remain unaffordable. According to the (?), in most of
the countries included in our sample, the total cost of formal LTC accounts
for a substantial portion of an older adults disposable income, with significant
cross-national variation. For instance, in Northern European countries such as
Finland and Denmark, out-of-pocket costs are kept below 5% of median income.
In contrast, in countries like Croatia, Poland, Italy, and Estonia, these costs can
exceed 100%, often pushing older adults into poverty or leaving their care needs
unmet.

Our findings highlight the serious consequences of such unmet LTC needs.
Older adults without access to adequate care are significantly more likely to
experience cognitive decline and the emergence of depressive symptoms over
time. They are also susceptible to social isolation due to life-course factors such
as retirement, widowhood, and reduced mobility. By leveraging the COVID-19
pandemic, and the consequent increase in social isolation, our analysis further
emphasizes the mediating role of loneliness in the relationship between unmet
LTC needs and the long-term onset of cognitive impairment and mental health
issues. We exploit the pandemic-related restrictions as a natural experiment, as
they exacerbated older adults isolation by limiting in-person interactions. Our
analysis indicates that feelings of loneliness substantially intensify the negative
impact of unmet LTC needs on both cognitive function and mental well-being.
Among the various cognitive domains assessed, verbal fluency appears especially
sensitive. This vulnerability may stem from its reliance on executive function-
ing, working memory, and lexical retrievalprocesses that are highly dependent
on both social interaction and emotional stability. Prolonged loneliness, when
combined with insufficient care, may lead to deterioration in these interrelated
functions, rendering verbal performance particularly prone to decline.

We do not find evidence of significant long-term effects on physical health
outcomes, such as gpt visits, hospital admissions or the onset of new chronic con-
ditions (see Tables A6-A15 in the Appendix). Arguably, while our observation
window of approximately three years is relatively long, it may still be insuffi-
cient to detect more gradual physical health consequences, particularly among
already frail individuals. Thus, the most pronounced medium- to long-term
impacts appear to be concentrated in the cognitive and psychological domains.
Nevertheless, we cannot entirely rule out the possibility that cascading effects
on physical health may emerge over a longer follow-up period.

Overall, these findings underscore the critical importance of addressing LTC
deficits among older adults with functional limitations and the crucial role of
loneliness in later life.
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4 Conclusions

This study investigates the complex relationship between unmet LTC needs,
loneliness, and long-term cognitive and psychological decline among older adults
in Europe. Europe provides an interesting context for this analysis, given its
ongoing demographic transition. As the population ages rapidly, the tradi-
tional role of the family as a key actor and primary source of support is being
challenged: demographic changes, the process of de-familiarization (i.e., the
gradual weakening of the family-based care model), and the significant rise in
female labor force participation have all contributed to a reduced capacity for
informal caregiving. At the same time, the growing demand for care is placing
increasing pressure on formal LTC systems. In many countries, however, these
services remain financially inaccessible to a large share of the population. This
gap risks exacerbating socioeconomic inequalities in access to essential support,
particularly in countries where public LTC coverage is limited. These structural
challenges are contributing to a growing number of older adults whose medical,
personal, and social care needs remain unmet.

Using longitudinal data from Waves 8 and 9 of SHARE and the SHARE
Corona Survey, and a causal mediation analysis that draws on an instrumental
variable approach, we find that older individuals with unmet LTC needs are sig-
nificantly more likely to experience cognitive decline and psychological distress
over time. Loneliness emerges as a key mediating factor in this relationship. Our
findings show that reduced social engagement, together with insufficient care,
are closely linked to faster cognitive deterioration and higher risks of depression.
These results highlight how LTC is crucial to the wellbeing of older people and
how unmet LTC needs and loneliness may undermine their emotional health.
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Table 1: Summary Statistics

Variable Mean Std. Dev. Min Max Obs
Health Outcomes
onset depression 0.206 0.404 0 1 14210
onset loneliness 0.073 0.261 0 1 14210
unmet needs 0.55 0.497 0 1 14210
unmet needs_subj. 0.327 0.469 0 1 14210
memory decline 0.525 0.499 0 1 14210
fluency decline 0.323 0 .468 0 1 14210
numeracy decline 0.53 0.499 0 1 14210
orientation decline 0.123 0.329 0 1 14210
cognitive index 0.399 0.328 0 1 14210
Control Variables
age 74.115 6.53 65 100 14210
female 579 .494 0 1 14210
couple 677 467 0 1 14210
low_education 0.327 0.469 0 1 14210
med_education 0.433 0.496 0 1 14210
high_education 0.24 0.427 0 1 14210
household size 1.941 .857 1 9 14210
1 income quintile 0.175 0.38 0 1 14210
2 income quintile 0.215 0.411 0 1 14210
3 income quintile 0.207 0.405 0 1 14210
4 income quintile 0.207 0.405 0 1 14210
5 income quintile 0.196 0.397 0 1 14210
Instruments
extra version 3.501 0.925 1 5 14210
network satisfaction 9.044 1.154 0 10 14210
# of persons very close 1.142 1.262 0 7 14210
SN index 0.555 0.153 0 1 14210
SN index with extraversion 0.551 0.148 0 14210
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Table 2: TV Estimates: Second-Stage Coefficients and First-Stage F-Statistics
(SN Index)

Objective Needs Subjective Needs

Onset Dep. Cogn. Index Fluency Decline

Onset Dep. Cogn. Index Fluency Decline
2SLS Estimates
Unmet Needs 1.152%* 0.927** 1.373"** 0.892"** 0.718"* 1.063***
(Std. Err.) (0.355) (0.273) (0.409) (0.242) (0.184) (0.273)
F-Stage Diagnostics
F-statistic 14.41 14.41 14.41 24.93 24.93 24.93
Observations 14,210 14,210 14,210 14,210 14,210 14,210

Note: Each column reports estimates from a separate IV model. All models include controls for age, gender, education, household

size, employment status, couple status, and country fixed effects. Robust standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table 3: IV Estimates: Second-Stage Coefficients and First-Stage F-Statistics
(SN Index with Extraversion)

Objective Needs Subjective Needs

Onset Dep. Cogn. Index Fluency Decline

Onset Dep. Cogn. Index Fluency Decline
2SLS Estimates
Unmet Needs 1.109*** 0.810** 1.236"* 1.020"** 0.746™** 1.137°**
(Std. Err.) (0.279) (0.200) (0.306) (0.251) (0.180) (0.273)
First-Stage Diagnostics
F-statistic 22.15 22.15 22.15 27.11 27.11 27.11
Observations 14,210 14,210 14,210 14,210 14,210 14,210

Note: Each column reports estimates from a separate IV model. All models include controls for age, gender, education, household

size, employment status, couple status, and country fixed effects. Robust standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table 4: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index

Depressed  Cognitive Index  Fluency

Panel A

Indirect effect 1.100%* 0.909** 1.365%*
(0.553) (0.429) (0.645)

Direct effect 0.052%** 0.017 0.008
(0.018) (0.143) (0.021)

Total effect 1.152%%** 0.927#+* 1.373%**
(0.350) (0.270) (0.408)

% effect mediated 95.43 98.09 99.38

Kleibergen-Paap F-statistic:

first stage one (T on Z): 14.9 14.9 14.9

first stage two (M on Z | T): 14.32 14.32 14.32

N. Observations 14210 14210 14210

Depressed  Cognitive Index  Fluency

Panel B
Indirect effect 0.860** 0.724%* 1.072%*
(0.389) (0.318) (0.472)
Direct effect 0.032%** -0.006 -0.009
(0.011) (0.009) (0.013)
Total effect 0.822%** 0.718*** 1.063%**
(0.246) (0.188) (0.279)
% effect mediated 96.41 100.93 100.86
Kleibergen-Paap F-statistic:
first stage one (T on Z): 24.5 24.5 24.5
first stage two (M on Z | T): 15.3 15.3 15.3
N. Observations 14210 14210 14210
Other controls:
Age, gender, Marital status Yes Yes Yes
Socio-economic Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a 2-year period).
Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and orientation decline.
Panel A refers to the objective definition of needs, while Panel B uses the subjective definition.

Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 5: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index with extraversion

Depressed  Cognitive Index  Fluency

Panel A

Indirect effect 1.058%* 0.790** 1.226%*
(0.437) (0.323) (0.498)

Direct effect 0.050%** 0.019 0.010
(0.017) (0.012) (0.019)

Total effect 1.109%*** 0.810%** 1.236%***
(0.276) (0.198) (0.306)

% effect mediated 95.42 97.54 99.18

Kleibergen-Paap F-statistic:

first stage one (T on Z): 22.8 22.8 22.8

first stage two (M on Z | T): 18.4 18.4 18.4

N. Observations 14210 14210 14210

Depressed  Cognitive Index  Fluency

Panel B
Indirect effect 0.989** 0.752%* 1.146%*
(0.396) (0.297) (0.452)
Direct effect 0.031%** -0.006 -0.008
(0.011) (0.008) (0.013)
Total effect 1.020%** 0.746*** 1.137%**
(0.253) (0.185) (0.278)
% effect mediated 96.91 100.83 100.78
Kleibergen-Paap F-statistic:
first stage one (T on Z): 26.6 26.6 26.6
first stage two (M on Z | T): 19.8 19.8 19.8
N. Observations 14210 14210 14210
Other controls:
Age, gender, Marital status Yes Yes Yes
Socio-economic Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a 2-year period).
Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and orientation decline.
Panel A refers to the objective definition of needs, while Panel B uses the subjective definition.

Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 6: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index (lagged, wave 6)

Depressed Cognitive Index Fluency
Panel A
Indirect effect 0.905%** 0.569* 1.271%*
(0.494) (0.322) (0.644)
Direct effect 0.077%** 0.035%** 0.034
(0.012) (0.008) (0.019)
Total effect 0.982%** 0.605** 1.306**
(0.403) (0.258) (0.484)
% effect mediated 94.06 97.54 97.33
Kleibergen-Paap F-statistic:
first stage one (T on Z): 10 10 10
first stage two (M on Z | T): 17.6 17.6 17.6
N. Observations 10,419 10,419 10,419
Depressed Cognitive Index Fluency
Panel B
Indirect effect 0.701** 0.463* 0.986**
(0.353) (0.238) (0.458)
Direct effect 0.039%** -0.007 -0.001
(0.010) (0.006) (0.011)
Total effect 0.740*** 0.456** 0.984***
(0.270) (0.183) (0.320)
% effect mediated 94.64 101.62 100.14
Kleibergen-Paap F-statistic:
first stage one (T on Z): 16.1 16.1 16.1
first stage two (M on Z | T): 18.3 18.3 18.3
N. Observations 10,419 10,419 10,419
Other controls:
Age, gender, marital status Yes Yes Yes
Socio-economic controls Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a

2-year period). Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and
orientation decline. Panel A refers to the objective definition of needs, while Panel B uses the subjective
definition. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 7: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index with extraversion (lagged, social network
from wave 6, extraversion from wave 7).

Depressed Cognitive Index Fluency
Panel A
Indirect effect 0.878%* 0.412* 0.948**
(0.409) (0.222) (0.438)
Direct effect 0.069*** 0.032*** 0.029*
(0.014) (0.009) (0.015)
Total effect 0.947*** 0.445%* 0.978%**
(0.301) (0.172) (0.306)
% effect mediated 92.70 92.64 96.98
Kleibergen-Paap F-statistic:
first stage one (T on Z): 16.3 16.3 16.3
first stage two (M on Z | T): 17.9 17.9 17.9
N. Observations 9900 9900 9900
Depressed Cognitive Index Fluency
Panel B
Indirect effect 0.911** 0.453* 0.983**
(0.426) (0.235) (0.456)
Direct effect 0.034*** -0.008 -0.006
(0.011) (0.007) (0.012)
Total effect 0.945%** 0.444*** 0.976%**
(0.320) (0.183) (0.324)
% effect mediated 96.38 101.96 100.71
Kleibergen-Paap F-statistic:
first stage one (T on Z): 15.5 15.5 15.5
first stage two (M on Z | T): 18.9 18.9 18.9
N. Observations 9900 9900 9900
Other controls:
Age, gender, marital status Yes Yes Yes
Socio-economic controls Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a

2-year period). Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and
orientation decline. Panel A refers to the objective definition of needs, while Panel B uses the subjective
definition. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index (lagged, wave 6) + year of birth dummies

Depressed Cognitive Index Fluency
Panel A
Indirect effect 0.900* 0.580* 1.306**
(0.495) (0.327) (0.659)
Direct effect 0.077*** 0.036*** 0.035**
(0.012) (0.008) (0.014)
Total effect 0.978%* 0.617** 1.341%**
(0.406) (0.263 (0.497)
% effect mediated 92.05 94.13 97.37
Kleibergen-Paap F-statistic:
first stage one (T on Z): 10 10 10
first stage two (M on Z | T): 18 18 18
N. Observations 10,419 10,419 10,419
Depressed Cognitive Index Fluency
Panel B
Indirect effect 0.705%* 0.476* 1.021%*
(0.358) (0.244) (0.331)
Direct effect 0.039%*** -0.006 -0.001
(0.010) (0.006) (0.011)
Total effect 0.745%** 0.469** 1.021%%*
(0.285) (0.188) (0.331)
% effect mediated 94.69 101.42 99.97
Kleibergen-Paap F-statistic:
first stage one (T on Z): 15.5 15.5 15.5
first stage two (M on Z | T): 18.6 18.6 18.6
N. Observations 10,419 10,419 10,419
Other controls:
Age, gender, marital status Yes Yes Yes
Socio-economic controls Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a

2-year period). Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and
orientation decline. Panel A refers to the objective definition of needs, while Panel B uses the subjective
definition. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 9: IV Mediation analysis. Mediator: Onset Loneliness; Treatment: Un-
met Needs; Instrument: SN index with extraversion (lagged, social network
from wave 6, extraversion from wave 7) + year of birth dummies.

Depressed Cognitive Index Fluency
Panel A
Indirect effect 0.866** 0.423* 0.977**
(0.406) (0.225) (0.447)
Direct effect 0.070*** 0.032%** 0.029*
(0.014) (0.008) (0.015)
Total effect 0.936*** 0.456%** 1.007***
(0.302) (0.175) (0.313)
% effect mediated 92.52 92.79 97.05
Kleibergen-Paap F-statistic:
first stage one (T on Z): 16 16 16
first stage two (M on Z | T): 18.2 18.2 18.2
N. Observations 9900 9900 9900
Depressed Cognitive Index Fluency
Panel B
Indirect effect 0.917** 0.471%* 1.028**
(0.432) (0.244) (0.476)
Direct effect 0.034*** -0.007 -0.004
(0.012) (0.007) (0.012)
Total effect 0.952%** 0.463*** 1.023%**
(0.329) (0.190) (0.339)
% effect mediated 96.40 101.67 100.48
Kleibergen-Paap F-statistic:
first stage one (T on Z): 14.7 14.7 14.7
first stage two (M on Z | T): 19.2 19.2 19.2
N. Observations 9900 9900 9900
Other controls:
Age, gender, marital status Yes Yes Yes
Socio-economic controls Yes Yes Yes
Country dummies Yes Yes Yes

Notes: Mediation Analysis. Outcome variables measure onset between Wave 8 and Wave 9 (over a

2-year period). Cognitive Index: polychoric correlation of onset in verbal fluency, memory, numeracy, and
orientation decline. Panel A refers to the objective definition of needs, while Panel B uses the subjective
definition. Significance levels: * p < 0.1, ** p < 0.05, *** p < 0.01.
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Figures

Old-age dependency ratio, 1990, 2019 and 2050
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Note: the old-age dependency ratio is calculated as the number of people aged =65 years divided by the number of
people aged 20-64 years, expressed as a percentage. 2050: population according to the 2019 projections, baseline
variant (EUROPOP2019).
(") 1990: not available.
(2) 2019: estimates and/or provisional.
(%) 1990: excludes French overseas territories.
(*) 2050: not available.
Source: Eurostat {online data codes: demo_pjanind and proj_19ndbi) eurostati &

Figure 1: Old-age dependency ratio in 1990, 2019, and 2050 for European coun-
tries. The old-age dependency ratio is calculated as the number of people aged
65 years divided by the number of people aged 206/ years, expressed as a per-
centage. 2050 values are projections according to the 2019 baseline variant (EU-
ROPOP2019). Source: Eurostat (demo_pjanind and proj-19ndbi).
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‘Total long-term care spending as a share of GDP, 2021 (or nearest year)
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1. Countries not reporting spending for L'TC (social). In many countries this component is therefore missing from total LTC,

but in some countries, it is partly included under LTC (health).

2. Country not reporting spending for LTC (health).

Source: OECD Health Statistics 2023.

Figure 2: Source: Eurostat (demo_pjanind and proj_19ndbi).
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5 Appendix

Table Al: Variable Definitions

Variable

Definition

Health Outcomes

unmet needs
unmet needs_subj.
onset loneliness
onset depression
cognitive index

fluency decline
onset chronic

onset BMI
onset hypertension

Health-care Outcomes

hospital
hospital times
hospital nights
doctor

Control Variables

female

household size

age

couple

1st income quintile
2nd income quintile
8rd income quintile
4th income quintile
5th income quintile
low_education
med_education
high_education

Instrumental Variables

Extraversion
SN index

1 if respondents reported at least one ADL, TADL, or mobility limitation and did
not receive any care.

1 if the respondent reported receiving help with activities they have difficulty
performing, 0 otherwise.

1 if the respondent reported feeling lonely almost never or never in SHARE Wave
8 but often in the first/second SHARE Corona Survey wave(s).

1 if respondents reported fewer than four symptoms in SHARE Wave 8 but four or
more symptoms in Wave 9.

Range 01: polychoric correlationbased index across onset of verbal fluency,
numeracy, memory, and orientation.

1 if respondents scored >15 in Wave 8 and < 15 in Wave 9.

1 if respondents reported no chronic conditions in Wave 8 and at least one in
Wave 9.

1 if BMI < 25 in Wave 8 and > 25 in Wave 9.
1 if no hypertension in Wave 8 and hypertension in Wave 9.

1 if respondents stayed at least one night in a hospital in the past 12 months.
Number of hospital admissions in the past 12 months.

Number of nights spent in hospital in the past 12 months.

Number of contacts with a doctor in the past 12 months.

1 if respondent is female.

Number of individuals in the household.

Age in SHARE Wave 8.

1 if married or living as a couple, 0 otherwise.

1 if respondent is in the first income quintile (reference category).
1 if respondent is in the second income quintile.
1 if respondent is in the third income quintile.
1 if respondent is in the fourth income quintile.
1 if respondent is in the fifth income quintile.

1 if low education level (reference category).

1 if medium education level.

1 if high education level.

Scale 1 (least) to 5 (most); higher values reflect greater extraversion.
Standardized index (01) based on satisfaction with social ties and perceived
closeness to network members; higher values indicate greater satisfaction and a
stronger/larger social network.
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Table A2: Summary Statistics by Unmet Needs Status (Objective definition)

Variable Mean Std. Dev. Min Max Obs

Panel A: Unmet Needs = 0

Onset Depression 0.135 0.341 0 1 6391
Onset Loneliness 0.045 0.207 0 1 6391
Memory Decline 0.447 0.497 0 1 6391
Fluency Decline 0.236 0.425 0 1 6391
Numeracy Decline 0.468 0.499 0 1 6391
Orientation Decline  0.087 0.282 0 1 6391
Panel B: Unmet Needs = 1
Onset Depression 0.264 0.441 0 1 7819
Onset Loneliness 0.097 0.296 0 1 7819
Memory Decline 0.590 0.492 0 1 7819
Fluency Decline 0.395 0.489 0 1 7819
Numeracy Decline 0.580 0.494 0 1 7819
Orientation Decline  0.153 0.360 0 1 7819

Panel C: Unmet Needs = 1 (Onset Loneliness = 0)

Onset Depression 0.248 0.432 0 1 7063
Memory Decline 0.581 0.493 0 1 7063
Fluency Decline 0.377 0.485 0 1 7063
Numeracy Decline 0.567 0.496 0 1 7063
Orientation Decline  0.149 0.356 0 1 7063

Panel D: Unmet Needs = 1 (Onset Loneliness = 1)

Onset Depression 0.413 0.493 0 1 756
Memory Decline 0.669 0.471 0 1 756
Fluency Decline 0.556 0.497 0 1 756
Numeracy Decline 0.705 0.456 0 1 756
Orientation Decline  0.190 0.393 0 1 756

34



Table A3: Summary Statistics by Unmet Needs Status (Subjective definition)

Panel A: Unmet Needs = 0

Variable Mean Std. Dev. Min Max Obs
Onset Depression 0.188 0.391 0 1 9561
Onset Loneliness 0.067 0.249 0 1 9561
Memory Decline 0.512 0.5 0 1 9561
Fluency Decline 0.307 0.461 0 1 9561
Numeracy Decline 0.521 0.5 0 1 9561
Orientation Decline  0.125 0.331 0 1 9561

Panel B: Unmet Needs = 1

Variable Mean Std. Dev. Min Max Obs
Omnset Depression 0.242 0.429 0 1 4649
Onset Loneliness 0.087 0.282 0 1 4649
Memory Decline 0.552 0.497 0 1 4649
Fluency Decline 0.356 0.479 0 1 4649
Numeracy Decline 0.549 0.498 0 1 4649
Orientation Decline  0.119 0.324 0 1 4649

Panel C: Unmet Needs = 1 (Subset: Onset Loneliness = 0)

Variable Mean Std. Dev. Min Max Obs
Onset Depression 0.228 0.42 0 1 4243
Memory Decline 0.545 0.498 0 1 4243
Fluency Decline 0.341 0.474 0 1 4243
Numeracy Decline 0.537 0.499 0 1 4243
Orientation Decline  0.119 0.324 0 1 4243

Panel D: Unmet Needs = 1 (Subset: Onset Loneliness = 1)

Variable Mean Std. Dev. Min Max Obs
Onset Depression 0.392 0.489 0 1 406
Memory Decline 0.631 0.483 0 1 406
Fluency Decline 0.515 0.5 0 1 406
Numeracy Decline 0.67 0.471 0 1 406
Orientation Decline  0.121 0.326 0 1 406
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Table A4: First-Stage IV Estimates: Instrumenting Unmet Care Needs with
the Social Network Index

Objective Needs Subjective Needs

First-stage:

SN index —0.108"** —0.140"*"
(0.028) (0.028)
Controls:
Age 0.016™** 0.001
(0.001) (0.001)
Female 0.147*** 0.056™**
(0.008) (0.008)
Med. Educ. -0.033*** -0.008
(0.010) (0.008)
High Educ. -0.102*** -0.034***
(0.011) (0.011)
H size -0.003 -0.019***
(0.006) (0.005)
In Couple -0.009 -0.044***
(0.011) (0.011)
First-stage F-statistic (Kleibergen-Paap) 14.41 24.93
Observations 14,210 14,210

Note: Additional controls include dummies for countries and income. Robust standard errors in
parentheses.
Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table A5: First-Stage IV Estimates: Instrumenting Unmet Care Needs with
the Social Network Index with Extraversion

Objective Needs Subjective Needs

First-stage:

SN index —0.135"** —0.147***
(0.028) (0.028)
Controls:
Age 0.016™** 0.001
(0.001) (0.001)
Female 0.148™** 0.056™**
(0.008) (0.008)
Med. Educ. -0.033*** -0.008
(0.010) (0.010)
High Educ. -0.102*** -0.034***
(0.012) (0.012)
H size -0.004 -0.019***
(0.006) (0.006)
In Couple -0.009 -0.044***
(0.011) (0.012)
First-stage F-statistic (Kleibergen-Paap) 22.15 27.11
Observations 14,210 14,210

Note: Additional controls include dummies for countries and income. Robust standard errors in
parentheses.
Significance levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
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Table A6: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
- Objective Needs

In hospital Times hosp. Nights hosp.

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.108*** —0.108*** —0.108***

(Std. Err.) (0.004) (0.004) (0.004)

First stage F-statistic 14.41%** 14.41%** 14.41%**
Panel B: Second Stage

Unmet Needs —0.028 —0.294 —1.039

(Std. Err.) (0.200) (0.616) (4.472)

Note: Each column reports results from a different IV model. Panel A
presents the coefficient on SN Indez from the first-stage regression for Unmet
Needs. Panel B reports the second-stage coefficient on Unmet Needs using
hospitalization outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table A7: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
- Subjective Needs

In hospital Times hosp. Nights hosp.

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.140*** —0.140*** —0.140***

(Std. Err.) (0.060) (0.060) (0.060)

First stage F-statistic 24.93*** 24.93*** 24.93***
Panel B: Second Stage

Unmet Needs —0.022 —0.228 —0.804

(Std. Err.) (0.154) (0.472) (3.448)

Note: Each column reports results from a different IV model. Panel A
presents the coefficient on SN Indez from the first-stage regression for Unmet
Needs. Panel B reports the second-stage coefficient on Unmet Needs using
hospitalization outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A8: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
with extraversion - Objective Needs

In hospital Times hosp. Nights hosp.

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.135*** —0.135*** —0.135***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 22.15%** 22.15%** 22.15%**
Panel B: Second Stage

Unmet Needs —0.026 —0.233 —0.798

(Std. Err.) (0.161) (0.495) (3.602)

Note: Each column reports results from a different IV model. Panel A
presents the coefficient on SN Index from the first-stage regression for Unmet
Needs. Panel B reports the second-stage coefficient on Unmet Needs using
hospitalization outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table A9: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
with extraversion- Subjective Needs

In hospital Times hosp. Nights hosp.

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.147*** —0.147*** —0.147***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 27.11%** 27.11%** 27.11%**
Panel B: Second Stage

Unmet Needs —0.024 —-0.214 —0.734

(Std. Err.) (0.148) (0.453) (3.306)

Note: Each column reports results from a different IV model. Panel A
presents the coefficient on SN Index from the first-stage regression for Unmet
Needs. Panel B reports the second-stage coefficient on Unmet Needs using
hospitalization outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A10: IV Estimates: First-Stage and Second-Stage Coefficients SN Index

GPs (obj.) GPs (subj.)

(2SLS) (2SLS)

Panel A: First Stage

SN index —0.108*** —0.140***

(Std. Err.) (0.004) (0.028)

First stage F-statistic 14.41%** 24.93***
Panel B: Second Stage

Unmet Needs 2.028 1.570

(Std. Err.) (6.208) (4.835)

Note: Each column reports results from a different IV model
(first column with objective needs, second column with sub-
jective needs). Panel A presents the coefficient on SN Index
from the first-stage regression for Unmet Needs. Panel B re-
ports the second-stage coefficient on Unmet Needs using GP
outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table A11l: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
with extraversion

GPs (obj.) GPs (subj.)

(2SLS) (2SLS)

Panel A: First Stage

SN index —0.135%** —0.147***

(Std. Err.) (0.028) (0.028)

First stage F-statistic 22.15%** 27.11%**
Panel B: Second Stage

Unmet Needs —0.371 —0.342

(Std. Err.) (5.047) (4.640)

Note: Each column reports results from a different IV model
(first column with objective needs, second column with sub-
jective needs). Panel A presents the coefficient on SN Index
from the first-stage regression for Unmet Needs. Panel B re-
ports the second-stage coefficient on Unmet Needs using GP
outcomes. Robust standard errors in parentheses.
Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A12: IV Estimates
- Objective Needs

: First-Stage and Second-Stage Coefficients SN Index

Omnset chronic Onset BMI Onset hypertension

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.108*** —0.108*** —0.108***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 14.41*** 14.41%** 14.41***
Panel B: Second Stage

Unmet Needs —0.114 0.093 —0.196

(Std. Err.) (0.145) (0.258) (0.283)

Note: Each column reports results from a different IV model. Panel A presents the
coefficient on SN Index from the first-stage regression for Unmet Needs. Panel B reports
the second-stage coefficient on Unmet Needs using hospitalization outcomes. Robust
standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table A13: IV Estimates
- Subjective Needs

: First-Stage and Second-Stage Coefficients SN Index

Onset chronic Onset BMI Onset hypertension

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.140*** —0.140*** —0.140***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 24.93*** 24.93*** 24.93***
Panel B: Second Stage

Unmet Needs —0.088 0.072 —0.153

(Std. Err.) (0.114) (0.201) (0.215)

Note: Each column reports results from a different IV model. Panel A presents the
coefficient on SN Index from the first-stage regression for Unmet Needs. Panel B reports
the second-stage coefficient on Unmet Needs using hospitalization outcomes. Robust
standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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Table A14: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
with extraversion - Objective Needs

Omnset chronic Onset BMI Onset hypertension

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.135*** —0.135*** —0.135***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 22.15%** 22.15%** 22.15%**
Panel B: Second Stage

Unmet Needs —0.111 —0.153 —0.168

(Std. Err.) (0.117) (0.216) (0.226)

Note: Each column reports results from a different IV model. Panel A presents the
coefficient on SN Index from the first-stage regression for Unmet Needs. Panel B reports
the second-stage coefficient on Unmet Needs using hospitalization outcomes. Robust
standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.

Table A15: IV Estimates: First-Stage and Second-Stage Coefficients SN Index
with extraversion - Subjective Needs

Onset chronic Onset BMI Onset hypertension

(2SLS) (2SLS) (2SLS)

Panel A: First Stage

SN index —0.147*** —0.147*** —0.147***

(Std. Err.) (0.028) (0.028) (0.028)

First stage F-statistic 27.11%** 27.11%** 27.11%**
Panel B: Second Stage

Unmet Needs —0.102 —0.140 —0.156

(Std. Err.) (0.109) (0.197) (0.207)

Note: Each column reports results from a different IV model. Panel A presents the
coefficient on SN Index from the first-stage regression for Unmet Needs. Panel B reports
the second-stage coefficient on Unmet Needs using hospitalization outcomes. Robust
standard errors in parentheses.

Significance: *p < 0.10, **p < 0.05, ***p < 0.01.
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