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In the area of life & health insurance products 

 immediate standard life annuities, and 

 stand-alone LTCI products 

implement two “extreme” product designs, both with significant 
difficulties, from the client’s as well as the insurer’s perspective: 

 life annuities:  the “annuity puzzle” ! 

 stand alone LTCI: high premium for a “pure protection” 
product 
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Looking at a traditional 
classification of insurance 
products in the life & 
health area, according to 
their purpose ... 

Introduction and motivation (cont‘d) 
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... we can:  

 realize that some 
interesting products 
(“combo” products, already 
existing) are not captured 
by the previous scheme  

 develop new combo product 
designs by generalizing 
some features  
 

Introduction and motivation (cont‘d) 
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Looking at recent trends 

1. Life annuities: 

a. from “investment” to longevity insurance ( old-age life 
annuities) 

b. extension of the rating principles (  special-rate, or 
“underwritten”) life annuities 

2. LTCI: from stand-alone to combo products, e.g. including 
lifetime-related benefits 

 

Introduction and motivation (cont‘d) 
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Note that: 

 Approach (1a)  restriction of the insurance coverage 

 Approach (2)  extension of the insurance coverage 

 Approaches (1b) and (2)  possible implementation via 
health-linked life annuities 

 

Introduction and motivation (cont‘d) 
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Our target: 

 to recognize existing products and analyze their relevant 
features 

 to provide hints for (possible) new products 
 

Basic feature of a health-linked life annuity: for a given (single) 
premium, the amount of benefits (either constant or varying 
throughout the policy duration) depends on the annuitant’s 
health status (either at policy issue or throughout his/her 
lifetime) 
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In formal terms, the annuitant’s health status can be 
represented by a stochastic process 

 

 

to be defined in terms of: 

 values (e.g. in LTCI via ADL’s or IADL’s scoring) 

 probabilistic structure (e.g. Markov or semi-Markov) 

  

A general framework (cont‘d) 
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Insurance products: examples 

 

Standard life annuity (flat profile) 

 

 
 

where  = single premium 

Health status not explicitly considered, but assumed very good 
(annuitants’ self-selection) 

A general framework (cont‘d) 
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Annuities with static health-linking 
 
 

Example: underwritten (or special-rate) life annuity (flat profile) 

 The health status at policy issue is accounted for via underwriting 

 Purpose:                                    better annuity rate, in case of 

non-optimal health conditions  

 

A general framework (cont‘d) 
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Annuities with dynamic health-linking 

 

 

Several examples, with related definitions of the health status 

 LTC annuities 

• stand-alone and combo products 

 Disability annuities (e.g. Income Protection) 

• possibly degree-related 

 ... 

 

 

 

 

 

A general framework (cont‘d) 
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Stand-alone LTC degree-related annuity 

 

 

 

 

 Health status expressed in terms of ADL’s or IADL’s 

 Problem: high sensitivity of actuarial values (premiums and 
reserves) w.r.t. biometric assumptions (disablement, mortality 
of disabled people) 

 

A general framework (cont‘d) 
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Enhanced pension (or life care pension) 

 

 

 

 The uplift  b’’ - b’  can be financed by a reduction w.r.t. the 

basic pension  

 Advantage: lower sensitivity w.r.t. biometric assumptions 

A general framework (cont‘d) 
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LTC annuity combined with old-age life annuity 

 

 

 

 An example of combo product, providing longevity insurance 

 The disabilty state is assumed permanent  the two benefits 
are mutually exclusive 

 A death benefit can be added ( bequest motivation) 

 

 

A general framework (cont‘d) 
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Assume that an insurer is willing: 
 

 to enlarge its life annuity portfolio by selling underwritten 
annuities (static health-linking) 

• higher heterogeneity, partially observable via proxies 
provided by underwriting results 

• larger portfolio size  better diversification via pooling 

• what about the “balance” ? 

Actuarial issues: outline 
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Actuarial issues: outline (cont‘d) 

 

 to sell LTCI combo products (dynamic health-linking) 

• uncertainty in biometric bases 

• what is the impact of “wrong” biometric bases on actuarial 
values (premiums and reserves), according to the product 
design ?   

• sensitivity analysis to assess the impact 



Actuarial issues: 1- Impact of underwritten 
life annuities on the portfolio risk profile 
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Risk classification based on a frailty model 
 

Aims:  

 to enlarge the life annuity portfolio via appropriate rating 
structure  more heterogeneity (partially observable) 

 to split a (potential) heterogeneous population into classes 
(groups) of individuals with similar risk profile  each class 
with reduced heterogeneity (w.r.t. heterogeneity in the 
population) 
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Biometric assumption: multiplicative frailty model                    
in terms of the force of mortality 
 

 

 

For each individual i the frailty is a random variable 

Assess approximately the individual frailty via medical 
examination (step of the underwriting process)    

Define the group j , j = 1, ..., J, as follows: 

 

Actuarial issues: 1 (cont‘d) 
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The probability distribution of the frailty in any given group can 
be assessed as a conditional distribution of the frailty for the 
whole population 

Given the frailty distribution in group Gj and the survival function 

in the population, the survival function in group Gj can be 

derived  calculation of relevant actuarial values 
 

Note: residual unobservable heterogeneity inside each group 
because of frailty  

Actuarial issues: 1 (cont‘d) 
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Numerical investigation 

Actuarial issues: 1 (cont‘d) 
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                             Alternative portfolios 

 

Actuarial issues: 1 (cont‘d) 
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Results presented in terms of present value of future benefits 

paid by the annuity provider, PVt , and in particular, to assess the 

risk profile: 

 probability distribution (via stochastic simulation) 

 coefficient of variation (risk index) 

Actuarial issues: 1 (cont‘d) 



4 – 8 June 2018, www.ica2018.org 25 

Actuarial issues: 1 (cont‘d) 
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Main findings and related interpretations 
 

 Portfolio F: the highest riskiness 

 Comparing F to A: same size, but in F more heterogeneity 
(groups G1 and G2) not counterbalanced by larger size         
 higher riskiness 

 Portfolio E: high heterogeneity (groups G1, G2 and G3) 
counterbalanced by the largest size  lowest riskiness (even 
lower than portfolio A, thanks to larger size) 

 

 Higher degrees of heterogeneity  higher risk profile 

 If matched by larger total portfolio size, risk profile can benefit 
from portfolio diversification 

Actuarial issues: 1 (cont‘d) 
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For details, see: 
 

A. Olivieri and E. Pitacco (2016). Frailty and risk classification for 
life annuity portfolios. Risks, 4(4):39. Available at: 
http://www.mdpi.com/2227-9091/4/4/39  

Actuarial issues: 1 (cont‘d) 

http://www.mdpi.com/2227-9091/4/4/39
http://www.mdpi.com/2227-9091/4/4/39
http://www.mdpi.com/2227-9091/4/4/39
http://www.mdpi.com/2227-9091/4/4/39
http://www.mdpi.com/2227-9091/4/4/39
http://www.mdpi.com/2227-9091/4/4/39


Actuarial issues: 2 - A sensitivity analysis 
w.r.t. biometric assumptions 
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The products 
 

Stand-alone LTCI (Product P1) 

LTCI benefit: a lifelong annuity with predefined annual amount 
 

LTCI as an acceleration benefit in a whole-life assurance 

(Product P2(s)) 

Annual benefit = sum assured /s, paid for s years at most (e.g.  

s = 5) 
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Package including LTC benefits and lifetime-related  

benefits  (Products P3a(x + n) and P3b(x + n) ) 

Benefits: 

1. lifelong LTC annuity (from the LTC claim on) 

2. deferred life annuity from age x+n (e.g. x+n = 80), while the 
insured is not in the LTC state 

3. lump sum on death, alternatively given by 

a. fixed amount, stated in the policy 

b. difference (if positive) between a fixed amount and the total 
amount paid as benefit 1 and/or 2 

Benefits 1 and 2 are mutually exclusive 

Actuarial issues: 2 (cont‘d) 
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Enhanced pension (Life care pension)  (Product P4(b′, b′′)) 

LTC annuity benefit defined as an uplift with respect to the basic 
pension b 

Uplift financed by a reduction (with respect to the basic pension b) 
of the benefit paid while the policyholder is healthy 

 reduced benefit b′ paid as long as the retiree is healthy 

 uplifted lifelong benefit b′′ paid in the case of LTC claim 

 of course, b′ < b < b′′ 

Actuarial issues: 2 (cont‘d) 
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Biometric assumptions 

 

The multistate model 

 

Actuarial issues: 2 (cont‘d) 
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Probability of disablement (LTC claim) 

Model proposed by: 

B. D. Rickayzen and D. E. P. Walsh. A multi-state model of 
disability for the United Kingdom: Implications for future need 
for Long-Term Care for the elderly. British Actuarial Journal, 
8:341–393, 2002 

Actuarial issues: 2 (cont‘d) 
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Actuarial issues: 2 (cont‘d) 
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Actuarial issues: 2 (cont‘d) 
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Mortality assumptions 
 

For healthy people, Heligman-Pollard law: 

 
 

 

According to chosen parameter values: 

Actuarial issues: 2 (cont‘d) 
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For LTC people, additive extra-mortality formula proposed by 
Rickayzen and Walsh (2002), implemented as follows: 

Actuarial issues: 2 (cont‘d) 
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Actuarial issues: 2 (cont‘d) 
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Sensitivity analysis 
 

 Probability of LTC claim: 

 

 

 Mortality of LTC people (extra-mortality): 

 

 

Actuarial issues: 2 (cont‘d) 
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Premium for product PX:                  (equivalence principle)  

Reduced benefit for product P4 (given b and b’’): 

                 : baseline choice 
 

We analyze 

 for products P1, P2, P3, ratio: 

 

 for product P4, ratio:   

Actuarial issues: 2 (cont‘d) 
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Numerical examples 

Disablement assumption 

 

Actuarial issues: 2 (cont‘d) 
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Extra-mortality assumption 

Actuarial issues: 2 (cont‘d) 
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Joint analysis 

Actuarial issues: 2 (cont‘d) 

z 
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Isopremium lines 

 

Actuarial issues: 2 (cont‘d) 
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Main findings and related interpretation 
 

 Highest sensitivity for the stand-alone product: obvious result 
(actuarial values only depend on the critical items in the 
biometric basis) 

 Lowest sensitivity for the acceleration benefit in whole life 
assurance: obvious result (deterministic total amount of 
benefit, random timing only) 

 Reasonable sensitivity for combo products (actuarial values 
also depending on non-critical biometric items) 

Actuarial issues: 2 (cont‘d) 
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For details, see: 
 

E. Pitacco (2016), Premiums for long-term care insurance 
packages: sensitivity with respect to biometric assumptions, 
Risks, 4(1): 3  

   Available at: http://www.mdpi.com/2227-9091/4/1/3 

 

Actuarial issues: 2 (cont‘d) 

http://www.mdpi.com/2227-9091/4/1/3
http://www.mdpi.com/2227-9091/4/1/3
http://www.mdpi.com/2227-9091/4/1/3


Concluding remarks and hints 
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When developing a new health-linked annuity product: 
 

1. What benefit structure, i.e. what time profile of the health-
linked benefits 

2. What rating model, in particular what information about the 
applicants should be taken into account ( rating classes) 

3. What probabilistic model 

4. What data 
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Starting from the bottom: 

 Data are (almost) always a problem  sensitivity analysis can 
suggest adjustments in the product design 

 Probabilistic model  

• does not constitute a problem by itself: Markov and semi-
Markov multistate models capture whatever benefit 
structure 

• its implementation can constitute a problem because of lack 
of data ( approximations frequently needed) 

 

Concluding remarks and hints (cont‘d) 
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 Appropriate rating models can be suggested by     
recent proposals in the context of underwritten life 
annuities: a large variety of products, sharing the 
purpose of “tailoring” the premium rate: 

• lifestyle annuities 

• enhanced annuities 

• impaired annuities 

• ... 

See following figure 

Concluding remarks and hints (cont‘d) 
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Concluding remarks and hints (cont‘d) 
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 Various benefit structures can be conceived, aiming at a higher 
flexibility of the benefit amount, in line with the annuitant’s 
needs 

• suggestions e.g. from Income Protection policies, with 
reduction of benefit in case of partial recovery 

• complex claim settlement and monitoring then required 

Concluding remarks and hints (cont‘d) 
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 Combining rating model and benefit structure can suggest 
interesting product design; formally, benefit given by:  

 

 

 

• if  H(0) = health status at policy issue  “double enhanced 

annuity”, proposed by Colin Davis (seminar at Cass Business 
School, City University, London, 2017) 

Concluding remarks and hints (cont‘d) 

current status initial information 
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For more details on life annuities and underwritten annuities, 
and an extensive list of references: 
 

E. Pitacco (2017), Life Annuities. Products, Guarantees, Basic 
Actuarial Models, CEPAR Working Paper 2017/6. Available at:         
http://cepar.edu.au/sites/default/files/Life_Annuities_Products
_Guarantees_Basic_Actuarial_Models_Revised.pdf  

 

Concluding remarks and hints (cont‘d) 

http://cepar.edu.au/sites/default/files/Life_Annuities_Products_Guarantees_Basic_Actuarial_Models_Revised.pdf
http://cepar.edu.au/sites/default/files/Life_Annuities_Products_Guarantees_Basic_Actuarial_Models_Revised.pdf
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