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Long-term care 
Care provided to elderly with limitations in activities of daily living

Longevity Little private 
insurance

Large part 
financed by 
households Lack of 

data for 
pricing

Need for 
qualified 

care givers

Limited care 
infrastructure

Challenge for social 
insurance systems

Mostly concerns 
population 80+

Pathologies as 
drivers

Gender 
differences

Systemic risk
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LTC costs and financing in Switzerland

Long-Term Care Prevalence and Actuarial Tables:
New Empirical Evidence from Switzerland

Conférence IA
Paris, 27 May 2019

Prof. J. Wagner
Department of 
Actuarial Science

4

Long-term care research questions
(selection for this talk)

Old-Age Care Prevalence in 
Switzerland: Drivers and Future 
Development 

What are the drivers of long-term care development in Switzerland?

How many dependent elderly need to be cared for by 2045?

Old-Age Care Prevalence in 
Switzerland: Drivers and Future 
Development 

1

Long-Term Care Models and 
Dependence Probability Tables 
by Acuity Level: New Empirical 
Evidence from Switzerland 

What are the probabilities for transiting through different acuity states 

after a given time spent in one of the states?

Long-Term Care Models and 
Dependence Probability Tables 
by Acuity Level: New Empirical 
Evidence from Switzerland 

2

An Econometric Study on the 
Duration of Long-Term Care: 
Main Drivers and Substitution 
Effect 

What socioeconomic factors determine the duration of long-term care?

Is there any substitution effect between at home and institutional care?

An Econometric Study on the 
Duration of Long-Term Care: 
Main Drivers and Substitution 
Effect 

3
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Frailty levels and types of care in Swiss LTC

Three frailty levels
• Mild dependence

need of regular assistance with at least two
activities of daily living or permanent personal 
supervision

• Moderate dependence
need of regular assistance with at least two 
activities of daily living and, in addition, 
permanent personal supervision

• Severe dependence
need of regular assistance with all the activities 
of daily living and, in addition, permanent care 
or personal supervision

Two types of care
• Care at home (ambulatory)

nursing and infrastructure
• Care in an institution (stationary)

nursing, assistance, meals, living space

Care in institutionCare at home

Mild

Moderate

Severe

Death

Mild

Moderate

Severe

Autonomy
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Care in institutionCare at home

Comprehensive longitudinal dataset

Mild

Moderate

Severe

Death

Mild

Moderate

Severe

Autonomy
Longitudinal data records individual paths

• 284’482 individuals followed

• 342’000 transitions between the 
dependency states with 269’082 
uncensored observations

• 212’500 complete paths

• Period 1995 to 2015 covering the whole
Switzerland

• Information : Gender, Age, Household, 
Canton, Salary, Nationality

Cross-sectional data built by aggregation
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What are the drivers of long-term care development in 
Switzerland and how many dependent elderly need to be cared
for by 2045?

Old-Age Care Prevalence in 
Switzerland: Drivers and Future 
Development 

Long-Term Care Models and 
Dependence Probability Tables 
by Acuity Level: New Empirical 
Evidence from Switzerland 

An Econometric Study on the 
Duration of Long-Term Care: 
Main Drivers and Substitution 
Effect 

• Population aging in high-income countries is one of the most dramatic 
challenges
→ long-term care (LTC) is predicted to increase in the foreseeable future 

• Proper financing and pricing of LTC is relevant 
→ state social systems with comprehensive universal or means-tested 

schemes 
→ health or other private insurance plans
→ households cover a large part of the formal LTC costs 

• Growing demand for LTC creates a systemic threat for the society
→ financing: sustainable schemes to alleviate the burden of households
→ infrastructure: limited availability of LTC institutions
→ skilled workforce: future needs likely entail a lack of qualified staff

• Research objectives
→ understand the drivers of LTC development in Switzerland
→ differentiate between frailty levels and types of care
→ forecast the prevalence rates for the next 30 years on a cantonal level

• Available data and techniques
→ comprehensive longitudinal dataset covering the total dependent 

population in Switzerland over a 20-year period (1995–2014)
→ log-linear regression for the prevalence rates
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Strong development of the absolute number 
of dependent elderly in the last 20 years …

65+

… with constant prevalence rates since 2011

2011: Recognition of mild
dependency at home

2002: Recognition of 
dependency at home
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Age and gender strongly influence the 
prevalence rate

Data 2014 ; gray band: min/max between 1995 and 2014
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Regional differences appear to be important

Data 2014
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Models
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Available variables in the econometric models

Prevalence rates calculated
per year (20 years from

1995 to 2014), per age class 
(7 groups of 5 years), per 

gender and per canton (26)

Independent variables

Dependent variables
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Regression equations
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Regression results by periods
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Results by frailty levels and by types of care
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OLS hypotheses tests
Residuals for the regression models 
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Robustness of results: bootstrap analysis
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Projections
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Development of the population in CH (I)
Federal Statistical Office (FSO) basis scenario A-00-2015

Reference scenario (FSO, A-00-2015)
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Development of the population in CH (II)
Federal Statistical Office (FSO) basis scenario A-00-2015

Reference scenario (FSO, A-00-2015)

How does the number of 
dependent persons 

develop in the future?
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Projections by cantons
Index 2014, regression 2011-2014, population forecast A-00-2015

Overall CH 
prevalence to 
by multiplied 

by 2.45 
in 2045
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Important regional differences in future LTC
Index 2014, regression 2011-2014, population forecast A-00-2015
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Backtesting of the forecasts (out of sample)
Regression 2011-2013, forecast 2014, compare with 2014 observation

Relative differences in %
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Evolution of the dependent population in 
“low” and “high” population scenarios

FSO Projections B-00-2015 and C-00-2015
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Prevalence in Switzerland: drivers and future 
development – Key findings
Regression
• Age, gender and canton of residence are significant factors in determining the needs of care:

female persons at higher ages present higher prevalence rates.
• The distinction in two series of models shows that the age and the gender distinction have larger

influence on the prevalence rates for both the severely dependent persons and the ones being
cared for in an institution. Furthermore, we find similarities between mildly dependent persons and
persons cared for at home.

• Therefore, the major part of persons in moderate and severe dependency receives care in an
institution while mildly dependent persons only receive home-based care.

Forecast
• Our forecasts imply a serious increase of the demand in LTC over the next thirty years (2045).
• By considering the canton of residence, we identify different clusters along the composition of the

population. For example, the increase in dependent elderly is higher in rural cantons (x 2.6) than
in urban cantons (x 2.4).

• By considering the level of dependency, our model predicts a higher increase in severely
dependent than in mildly dependent. We find a similar relation between persons cared for in an
institution than persons cared for at home.

Reference European Actuarial Journal, 8(2):321-362, 2018
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What are the probabilities for transiting through different acuity
states after a given time spent in one of the states?

• Availability of insurance is limited even in most developed LTC markets 
(US, UK, F)
→ difficulties in determining proper pricing
→ often entails higher premiums and re-pricing 

• Problems in pricing LTC solutions 
→ limited data availability and lack of knowledge 
→ effect of gender, age and sociodemographic factors on individuals’ 

health paths often not well understood

• In Switzerland, no insurance offering exists and out-of-pocket spendings
are highest in the world

• Research objectives
→ enhance the understanding of individual transitions through 

dependence along frailty levels, types of care and the duration
→ provide dependence tables as basis for the pricing of LTC solutions
→ detail the transition probabilities by gender and by age 

• Available data and techniques
→ comprehensive longitudinal dataset covering the total dependent 

population in Switzerland over a 20-year period (1995–2014)
→ actuarial formulation of transition probabilities in a semi-Markov model
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Old-Age Care Prevalence in 
Switzerland: Drivers and Future 
Development 

Long-Term Care Models and 
Dependence Probability Tables 
by Acuity Level: New Empirical 
Evidence from Switzerland 

An Econometric Study on the 
Duration of Long-Term Care: 
Main Drivers and Substitution 
Effect 
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Two dependency models

Frailty level model Type of care model
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Model calibration
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Formal development of the semi-Markov 
model
•

•

•

•

•

(Cf. De Dominicis and Janssen, 1984)

Long-Term Care Prevalence and Actuarial Tables:
New Empirical Evidence from Switzerland

Conférence IA
Paris, 27 May 2019

Prof. J. Wagner
Department of 
Actuarial Science

30

Frailty state model: transition probabilities 
between frailty states and death
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Frailty state model: estimation of the 
probability to lose autonomy
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Weibull distribution for duration law
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Weibull law goodness-of-fit for durations
Example: transition moderate (2) → severe (3)
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Parameter estimates by gender and for ages 
70, 80, 90 years in the frailty level model
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Focus on the estimates for the transition 
moderate (2) → severe (3) for all ages
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Robustness test on the estimates for three periods
Example: transition moderate (2) → severe (3)
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Dependence tables
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Transition probabilities for male at ages 70, 
80, 90 years in the frailty level model
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“Dependence tables” by gender and for ages 
70, 80, 90 years in the frailty level model
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Focus on males at age 70 
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First actuarial dependence tables for 
Switzerland – Key findings
Significant factors: the gender, the (entrance) age and the duration

• Staying probabilities decrease with age and duration.

• Leaving probabilities and mortality increase with the duration.

• For small durations, mildly dependent individuals have a higher mortality when 
compared to the moderately and severely dependent persons
→ this may appear counterintuitive since limitations in ADL are typically linked to poorer health 
→ two hidden effects 

– mildly dependents are more often cared at home with no permanent assistance and with 
no professional care infrastructure. 

– pathologies like cancer, may come with a very high mortality but express only few 
limitations in ADL, while other pathologies including cognitive diseases come along with 
important ADL limitations without specific impact on the mortality

• Total time in dependence about 3 years; women, compared to men, stay longer in the dependency 
states given their lower mortality (women live more years in dependence)

• An important share of elderly cared at home enter an institution after one year

Reference Insurance: Mathematics and Economics, 81:51-70, 2018
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What socioeconomic factors determine the duration of long-
term care? Is there any substitution effect between at home 
and institutional care?

• Major cost determinants of LTC
→ time spent in dependence
→ type of care received: at home and in an institution

• Medical improvements and increased life expectancy over the years
→ direct impact on LTC demand trough an increasing number of elderly
→ potentially indirect impact on the length of the stay in dependence
→ differences between male and female

• Management of long-term care 
→ are care at home and in an institution complements or substitutes 

(increasing usage of one type of care reduces demand for the other)?

• Research objectives
→ estimate care durations as a function of the age at entry and path in 

dependence, the gender and further socioeconomic covariates
→ evolution of the time spent in dependence
→ substitution effect between care received at home and in an institution

• Available data and techniques
→ comprehensive longitudinal dataset covering the total dependent 

population in Switzerland over a 20-year period (1995–2014)
→ generalized linear regression modeling and bootstrapping
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Research questions

• Research question 1
What are the socio-demographic covariates that affect the time spent in LTC along 
types of care?

• Research question 2
Given the significant factors driving the duration of LTC, what is the predicted mean 
time an elderly spends in dependence?

• Research question 3
How does the interaction of at-home and institutional care affect the duration of LTC?

• Research question 4
What is the effect of longevity gains on the age at entry in old-age dependence?

• Research question 5
How has the duration of LTC developed over the past years?
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Descriptive statistics
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Description of variables
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Censoring in the data !" and !#
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Censoring by calendar year in the data !"
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Kaplan-Meier estimate of the survival curve
Illustration for select ages
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Descriptive statistics (median duration)

Kaplan-Meier 
estimates of 
median duration
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Interaction between types of care
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Mean age at entry by calendar year

Answer RQ4: The age at entry in dependence has shifted towards higher ages in line with
longevity improvements.
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Median overall care duration

$%-result: significant
among genders for 
most calendar
years

Peto & Peto
modification of the 
Gehan-Wilcoxon
test (more weight
on short duration): 
quite no 
significant
changes for the 
calendar years
from 1995 to 
2009

Answer RQ5: Longevity gains have not significantly affected the duration of LTC
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Median overall care duration over time
Illustration for select ages
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Econometric models
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Accelerated Failure Time (AFT) models: 
Gamma distribution with log-link specification
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Variables included in the econometric models

Answer RQ1: Socio-demographic covariates that affect the time spent in LTC along types of care
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Results for regression models applied to !&
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Results for regression models applied to !&: 
Focus on the substitution effect

Answer RQ3: Receiving at-home care prior to institutional care can reduce up to 6 months the care 
duration. However, after having received at-home care for one year or longer, any further increase 
will not reduce the institutional care duration (non-reducibility of institutional care at some stage) 
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Results for econometric models applied to !%
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Predictions
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Prediction for selected profiles: Males

Answer RQ2 (males): Predicted mean time an elderly spends in dependence
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Prediction for selected profiles: Females

Answer RQ2 (females): Predicted mean time an elderly spends in dependence
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Econometric duration models and 
substitution effect – Key findings
Significant factors: age at entry, gender, linguistic region of residence, acuity state at 
entry, type of household, type of care received and pre-retirement income.

• Women stay on average one year longer in dependence than men.

• Living in a two persons household reduces the duration in dependence.

• An important concern for LTC financing and planning stems from the interaction 
between at-home and institutional care
→ Receiving at-home care prior to institutional care can reduce up to 6 months the care 
duration 
→ However, after having received at-home care for one year or longer, any further increase 
will not reduce the institutional care duration (non-reducibility of institutional care at some 
stage) 

• Our study also shows that, over the last 20 years:

→ Age at entry has shifted towards higher ages along with the reported longevity gains

→ Median time spent in dependence has not changed over the years

→ Nonetheless, we remark significant gender differences in the LTC duration

Reference Working Paper (under review in Journal of Risk and Insurance)
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Challenges for insurers in Switzerland

• Create public awareness about the future challenges in long-term care

• Foster the development of social and private insurance products

• Ongoing research: 

– include more information on pathologies (first results + work in progress)
– include specific characteristics of care at home and in an institution (microdata 

received, work in progress)
– ideas for social insurance and private insurance products (survey, analysis in 

progress)
– development of proper pricing and reserving for the insurance sector
– finally : … what do “customers” want?
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Quelle aide voudriez-vous recevoir et de qui ?

E4. Si vous perdiez votre indépendance pour réaliser certaines activités de la vie 
courante tout en pouvant rester à la maison, quelle aide voudriez-vous recevoir et de 
qui ? Plusieurs réponses sont possibles. 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Pour les soins 
personnels et 
l’aide ménagère: 
préférence pour 
des aidants 
professionnels

• Pour l’aide admin-
istrative et la 
compagnie, forte 
préférence pour la 
famille et les 
proches
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Qui prendrait en charge les coûts ?

E6. Imaginez que vous perdiez votre indépendance et que vous ayez recours à une aide 
professionnelle à domicile ou à un séjour en établissement médico-social. Selon vous, qui 
prendrait en charge les coûts et à quelle hauteur ? 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Perception que les coûts 
sont pris en charge par 
l’assurance maladie (48% 
part importante/ totalité), 
les subventions cantonales 
et communales et la 
fortune personnelle.

• Les assurances privées 
jouent un rôle secondaire.

• Pour 47% des répondants 
la fortune personnelle 
paraît ne pas être en jeu.
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Quelles sont les motivations d’acheter une 
« assurance dépendance » ?
F4. Vous avez indiqué que vous auriez plutôt de l’intérêt à souscrire une « assurance 
dépendance ». Quelles en sont les motivations ? Pour chacune des affirmations 
suivantes, indiquez votre degré d’accord. 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Conséquences 
financières et 
insuffisance de 
l’épargne sont les 
facteurs 
principaux

• 2e motivation: 
éviter d’être à la 
charge de la 
famille.

• Résultats 
hétérogènes par 
rapport à 
l’héritage
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Quelle solution de financement préféreriez-
vous ?
F6. Afin de garantir le financement d’une aide professionnelle à domicile ou d’un séjour 
en établissement médico-social, différentes solutions sont envisageables. Veuillez 
indiquer votre degré d’accord concernant les propositions suivantes. 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Peu d’accord pour une 
inclusion dans l’assurance 
maladie (augmentation 
des primes !)

• Solutions étatiques avec 
financement solidaire 
(impôts) avec accord plus 
important.

• Ass. maladie privée, 
ass.-dépendance privée et 
épargne capital-soins 
parmi les options 
préférées (entre 40% et 
50% d’accord)
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Quelles caractéristiques pour une 
« assurance dépendance » ?
F7. Différents modèles d’assurance, niveaux de couverture et options à choix peuvent 
être proposés dans une « assurance dépendance ». Veuillez indiquer l’importance que 
vous donnez aux caractéristiques suivantes.

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Remboursement sur 
facture préféré en 
comparaison à des 
forfaits

• Recherche de 
couverture 
assurantielle aussi 
bien pour les soins 
à domicile qu’en 
institution (pas de 
distinction)
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Quels services à valeur ajoutée dans une 
« assurance dépendance » ?
F8. Différents services à valeur ajoutée peuvent être intégrés dans une « assurance 
dépendance ». Veuillez indiquer l’importance que vous donnez aux caractéristiques 
suivantes.

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Prestations 
facilitant le 
maintien à 
domicile et 
libre choix/ 
garantie de 
disponibilité 
en institution 
sont des 
caractéris-
tiques
importants
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Quel âge de début et quelle hauteur des 
cotisations d’assurance ?

F9. Imaginez qu’avec une forte probabilité vous ayez besoin d’une aide professionnelle à 
domicile ou d’un séjour en établissement médico-social dès l’âge de 80 ans. 

A partir de quel âge seriez-vous disposé à 
commencer à constituer une épargne ou à 
souscrire une « assurance dépendance » ?

Quel montant seriez-vous disposé à 
mettre de côté chaque mois pour 
constituer une épargne ou pour payer une 
prime d’assurance ? 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

Entre 50 et 
65 ans

Propension à cotiser 
suffisante seulement 
dans le cadre d’une 

mutualisation
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Qu’est-ce qui pourrait inciter la constitution d’une 
épargne ou l’achat d’une assurance ?

F14. Parmi les mesures suivantes, lesquelles pourraient vous inciter à constituer une 
épargne ou à souscrire une assurance pour vous protéger financièrement en cas de 
dépendance ? Pour chacune des mesures suivantes, indiquez votre degré d’accord. 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• Défiscalisation 
des cotisations 
est l’incitation 
principale

• En 2e position: 
participation 
de l’employeur 
(cf. système 
d’ass. sociales, 
e.g. DE)

• Désaccord à 
45% d’une 
récupération 
des subsides 
sur l’héritage
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Quel est le rôle de l’État, du citoyen et des 
assureurs privés ?

G14. Concernant le rôle de l’État, veuillez indiquer votre degré d’accord pour chacune des 
affirmations suivantes. 

Sondage 2019, C. Courbage, M. Fuino, G. Montoliu-Montes, J. Wagner

• L’Etat doit jouer 
un rôle important 
en intervenant et 
en garantissant le 
financement des 
soins
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