[Furopean Elctuarial Elcademy

Actuarial models and L ek, -
biometric assumptions

for disability and \_‘/
long-term care

Ermanno Pitacco
University of Trieste, Italy

er nanno. pi tacco@leans. units. it

1/62



ermanno.pitacco@deams.units.it

| o/ Actua_rial quels |
Buropean Elctuarial Elcademy \ and biometric assumptions
7 ) for disability and long-term care
Ermanno Pitacco, February 2014

Agenda

e PART 1 - THE INSURANCE PRODUCTS

1. Introduction
2. Disabllity annuities (Income Protection)
3. Long-term care insurance

e PART 2 - MODELS AND ASSUMPTIONS

4. Introduction

Actuarial models for disability annuities
Converting data

Actuarial models for LTCI

LTCI: some numerical results

Mortality of disabled people

© 00N O

2/62




Actuarial models
: Y/
Buropean Elctuarial Elcademy \ and biometric assumptions

for disability and long-term care
Ermanno Pitacco, February 2014

PART 1
THE INSURANCE PRODUCTS

3/62




| o/ Actua_rial quels |
Buropean Elctuarial Elcademy \ and biometric assumptions
7 ) for disability and long-term care
Ermanno Pitacco, February 2014

1 INTRODUCTION

Disability Insurance (providing disability annuities, i.e. Income
Protection, IP) and Long-Term Care Insurance (LTCI) belong to the
area of Health Insurance

Health Insurance belongs to the broader area of Insurances of the
Person (see following Figure)

Benefit amount in Health Insurance can be:
o fixed

e degree-related (i.e. depending on the severity of the disability or
the LTC state)

e expense-related (i.e. reimbursement of health care expenses)
(see Figure)

For more information on health insurance products, see:
Bartieson [1968], Biack and Skipper [2000], O'Grady [1988]
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Introduction (cont’d)

Insurances

of the person

Life insurance Life annuities Health insurance Other insurances
of the person
Sickness
Pure endowment insurance
insurance
Accident
insurance
Endowment
insurance
Income
Protection
Whole-life -
insurance Crltlcgl
lliness ins.
Term LTC
insurance insurance

Insurances of the person: basic products
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Introduction (cont’d)

Benefit amount

Fixed Degree - related Expense - related
S ]
Constant Fixed - rate
escalating
Annuity — like
benefits :
Inflation Multi — year
linked covers
N

Defining the benefit amount: a classification
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2 DISABILITY ANNUITIES (INCOME PROTECTION)

Benefit: an annuity paid while the insured is prevented from working
because of either accident or sickness

Various possible definition of disability; in particular:
e the insured is unable to engage in his/her own occupation

e the insured is unable to engage in his/her own occupation or carry
out another activity consistent with his/her training and experience

e the insured is unable to engage in any gainful occupation

Several policy conditions, in particular regarding the insured period (or
cover period) and the benefit payment duration (see following Figure)
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Disability annuities (IP) (cont’d)

[disability inception ] [disability termination ]
disability spell
4 N
maximum benefit period
o N
0 C t t+q t+f t+s m time
(N J
waiting gualification
period
- J
deferred period
_ J

insured period

Some policy conditions
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3 LONG-TERM CARE INSURANCE

Long-Term Care insurance provides the insured with financial support,
while he/she needs nursing and/or medical care because of chronic (or
long-lasting) conditions or ailments ( = disability implying
dependence)

Severity of disability measured according to various scales (ADL,
|ADL) See: VicDoweli [2006], IMiartin and Etiiot [1992]
Types of LTC benefit:
e benefits with predefined amount (usually, lifelong annuities)
> fixed-amount benefits;
> degree-related (or graded) benefits, i.e. amount graded according to the
degree of dependence (e.g. according to ADL)

e reimbursement (usually partial) of nursery and medical expenses, i.e.
expense-related benefits

e care service benefits (for example provided by the Continuing Care Retirement
Communities, CCRCs) o
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Long-term care insurance (cont’d)

Classification of LTCI products which pay out benefits with predefined
amount (see following Figure)

e Immediate care plans relate to individuals already affected by
disability

e pre-funded plans, i.e. relying on an accumulation phase
> stand-alone

> combined products

Several examples of insurance packages in which health-related
benefits are combined with lifetime-related benefits (see Figure)
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Long-term care insurance (cont’d)

LTC Insurance

predefined benefits

I"mrnediate care plans Pre-funded plans
("point-of-need” plans)

| [
Care annuities | |
Combined
products

|
LTC + lifetime-
related benefits

Stand alone

Life care pensions

P + LTC Enhanced pension

LTC rider to a
whole-life assurance

A classification of LTCI products providing predefined benefits
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Long-term care insurance (cont’d)

Insurances

of the person
|

Life insurance Life annuities Health insurance Other insurances
of the person
»
: Sickness
Pure endowment 1 insurance <_ =TT
insurance | :
1
I Accident < I
! insurance ! !
Endowment : !
insurance | |
| Income ! |
I Protection [<™i71
' |
. 1 H 1
Whole-life < | — b
insurance Ty Criical | i 1
. linessins. |11 | !
1 : 1
! : R
erm ! LTC Lot
insurance o >| insurance |<ri- - d
/\ /?\ ____________ > 1

_________________________________________________________

Combining health and life benefits Lo/62
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Long-term care insurance (cont’d)

Examples

1. Whole-life assurance with LTCI as an acceleration benefit: annual

sum assured

benefit = paid for r years at most
r

2. LTC benefits combined with lifetime-related benefits
(a) a lifelong LTC annuity (from the LTC claim on)

(b) a deferred life annuity (e.g. from age 80), while the insured is
not in LTC disability state

(c) alump sum benefit on death, alternatively given by
I. a fixed amount, stated in the policy
i. the difference (if positive) between a stated amount and the
amount paid as benefit 1 and/or benefit 2
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lump sum
I
age at
death
temporary
LTC annuity
I I I
age at exhaustion age at

LTC claim ofthe sum death

temporary  additional
LTC annuity LTC annuity

- e N

I I I
age at exhaustion age at

LTC claim of the sum death
residual lump sum

temporary
LTC annuity

[ [
age at age at
LTC claim death

( no LTC claim

with LTC claim

t with LTC claim

[ with LTC claim |

Whole-life assurance with LTCI as an acceleration benefit: possible outcomes
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Long-term care insurance (cont’d)

(possible) lump sum
annuity

/ ‘ I no LTC claim
I I I
X 80 age at

death
lump sum
I I no LTC claim
I I I
X ageat 80
death
(possible) lump sum
annuity LTC annuitq

4 e I with LTC claim
I I I I
X 80 age at age at

LTC claim death
(possible) lump sum
LTC annuity
~ [ with LTC claim |
I I I I
X age at 80 age at
LTC claim death

Insurance package including LTC annuity: possible outcomes
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Long-term care insurance (cont’d)

3. Life care pensions (or life care annuities): LTC benefit defined as
uplift with respect to the basic pension; basic pension b paid from
retirement onwards, and replaced by b (59 > b) in the case of
LTC claim. See Figure. Uplift can be financed during the whole
accumulation period by premiums higher than those needed to
purchase the basic pension b

e enhanced pension: a particular life care pension with uplift
financed by a reduction (with respect to the basic pension b) of
the benefit paid while the policyholder is healthy = reduced
benefit 5(*) paid as long as the retiree is healthy, uplifted
benefit b*) paid in the case of LTC claim (of course,

b(@) < b < b))
See following Figures
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Long-term care insurance (cont’d)

basic pension LTC benefit

A ' .
I time
retirement [ LTC claim ]

Benefits provided by a life care pension product
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Long-term care insurance (cont’d)

() | ___
b T
: : LTC benefit =
basic pension enhanced pension
b
b@

I time
retirement [ LTC claim ]

Benefits provided by an enhanced pension product
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Long-term care insurance (cont’d)

For more information on LTCI products see:

Ainsiie [2000], American Academy of Actuaries [1999], Brown and Warshawsky [2013],
Duiiaway and Eliiott [1998], Eliiiott et-al) [2012], Jones [ 04], Merlis [2004],

Murtaugh et aiJ [2001], Nuttali et ail [1994], Warshawsky [2007], Whynes [1996],
Zhou-Richter and Grindi [2011], Zweifei [1996]
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PART 2
MODELS AND ASSUMPTIONS
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4 INTRODUCTION

Actuarial models for Health Insurance products = a mix of non-life
Insurance and life insurance features

Disability insurance (IP annuities) and LTCI:
e long-term contracts
e annuity-like benefits (lifelong in LTCI)
Hence, need for:

> biometric assumptions (in particular, lifetime probability
distribution)

> financial aspects (investment, interest rate guarantee)

Biometric assumptions other than those required for life insurance and
life annuities:

e probability of entering a disability state
e probability of leaving a disability state (mortality, recovery)
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Introduction (cont’d)

Further:

e statistical experience shows the impact of time spent in disability

state on probabilities of leaving that state = inception-select
probabilities

e non-Markov models should be used to express the probabilistic
structure

Data scarcity = various approx calculation methods, in several cases
disregarding the disability past-duration effect

See actuarial models for disablility annuities
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5 ACTUARIAL MODELS FOR DISABILITY ANNUITIES

Assume statistical data of a given type available according to a given
format = (approximate) calculation procedures often chosen
consistently with type and format

Following Figure: a classification of actuarial methods for disability
annuities (IP), including methods adopted in actuarial practice

See: Haberman and Pitacco [1999] and references therein

Methods adopted in actuarial practice are deterministic: although
relying on probabilities, only expected values are usually considered
for pricing an reserving

Stochastic methods, relying on MonteCarlo simulation procedures,
allow assessment of risks inherent in managing an IP portfolio

A stochastic approach to the evaluation of a disability insurance portfolio is proposed in:
Haberman et ai) [2004]
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Actuarial models for disability annuities (cont’'d)

and recovering / dying
probability of [Decrement Tables method;
becoming disabled Germany, Austria, Switzerland]
[Inception/Annuity]
and remaining disabled
probability of ) [Continuance Tables method,;
being disabled US]
[Norwegian method]
METHODS /
BASED ON - _ . ~
average time spentin
disability in the time unit
[Manchester-Unity]
time-continuous
4 N [UK CMIB, Danish method]
multiple-state
Markov (or semi-Markov)
models time-discrete
\_ Y, [Dutch method]

A classification of approaches to actuarial calculations for disability annuities

24/62



| o/ Actua_rial quels |
Buropean Elctuarial Elcademy \ and biometric assumptions
7 ) for disability and long-term care
Ermanno Pitacco, February 2014

6 CONVERTING DATA

Assume that disability data are available as prevalence rates:

number of people disabled at age y
number of people alive at age y

Data available e.g. from social security database, or public health
system database

These date cannot be directly used for insurance purposes, e.g. to
assess the probability of being disabled, as they do not assume the
Individual was healthy at a given age, viz the age at policy issue

See following Figure
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Converting data (cont’d)

time spent in disability

0 X X+t age

Some individual disability stories in a population

Refer to a portfolio consisting of a cohort entering insurance at age x

Individuals B, C and D (in the population), disabled at age x + ¢, should
not be accounted for when determining the disability prevalence rate at
age x + t, because entered the disability state before age x
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Converting data (cont’d)

Two basic approaches available

e Adjustment of the prevalence rates

> j.a¢ = prevalence rate at age = + ¢ (smoothed frequency)
> define: jiy4+ = jote at) (at) = adjustment coefficient)

> take j,)++ as the probability of an individual healthy at age «
being disabled at age x + ¢

> method implemented in Norway

e Converting prevalence rates into inception rates =- probabilities
of becoming disabled

> set of (critical) assumptions needed
See following Figure
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Converting data (cont’d)

PREVALENCE
RATES

INCEPTION
RATES

v Vv

Converting disability data

A procedure for converting prevalence data into inception data proposed by:
Gatenby [1991] referring to LTCI, with two severity-related disability states

28/62




| o/ Actua_rial quels |
Buropean Elctuarial Elcademy \ and biometric assumptions
7 ) for disability and long-term care
Ermanno Pitacco, February 2014

/7 ACTUARIAL MODELS FOR LTCI

Actuarial models for LTCI are basically similar to actuarial models for
IP, but:

> more complicated because more than one disability state must be
Involved in the case of degree-related benefits (e.g. according to
ADL or IADL)

> simpler because possibility or recovery is usually disregarded (the
related probabillity is very small because of the usually chronic
character of the disability)

Prevalence data are usually available

To implement an inception/annuity approach (see actuarial models for
disability annuities) prevalence data must be converted into inception
data

See: Gatenby [1991] for a procedure applicable to LTCI insurance with 2 disability
states
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Actuarial models for LTCI (cont’d)

Actuarial methods for LTCI are also dealt with in:

American Academy of Actuaries [1999], Duiiaway and Eliiott [1998], Gatenby [1991]
Haberman and Pitacco [1999], iLeung [2004], Pitacco [1994],

Society of Actuaries Long-Term Care insurance Vaiuation Methods Task Force [1995]

P W W _W_\
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8 LTCl: SOME NUMERICAL RESULTS

Consider two LTC disability states ¢/, i”

Probabilities of entering (from the healthy state) state i’ and "’ have
been derived from OPCS prevalence data according to Gatenby’s
procedure

See Figure

e solid line: healthy — ¢
e dotted line: healthy — "
Mortality of disabled people have been obtained by increasing the

mortality observed in the population according to the multiplicative
model, with parameters 7, 1
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LTCIl: some numerical results (cont'd)

0.04 4
0.035 4 -
0.03 -
0.025 -
0.02 |
0.015
0.01 -
0.005

50 565 80 65 70 75 80 85 90 95 100

Probabilities of becoming disabled from OPCS data
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LTCIl: some numerical results (cont'd)

Refer to a LTC stand-alone cover, allowing for two disability states i’, i”
Benefits:

> b’ if disability state = ¢

> b" if disability state = ¢”
Following Figures:

e active reserve

e disabled reserves
- LTC state ¢/ reserve
- LTC state " reserve

Note the different reserve amounts for any given age = jump in the

reserve profile when shifting from healthy state to state i’ or to state ¢”
(jJump = “sum at risk” in the life insurance language)
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1000 -
900 -
800 -
700 S
600
500 -
400 -
300 -

inale premium

.- Annual
*  premium

200 { -

100 +

Reserve for the healthy state
Age at entry x = 55; b' = 600, b’ = 100; 1 = 0.05, 72 = 0.10
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LTCIl: some numerical results (cont'd)

9000 -
8000 4
7000 -
60060
5000 -
4000 -
3000 -
2000 -
1000 -

lllllllllllllllllllllllllllllllllllllllllllll

Reserve for the LTC state ¢’
Age at entry x = 55; b’ = 600, b’ = 100; n1 = 0.05, 72 = 0.10
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LTCIl: some numerical results (cont'd)

16000 -
14000 -
12000 -
100C0 -
3000
6000 -
4000 -
2000 -

Reserve for the LTC state ¢/’
Age at entry x = 55; b” = 100; n2 = 0.10
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LTCIl: some numerical results (cont'd)

Premiums and reserves obviously depend on all the assumptions, in
particular on mortality assumptions for

e healthy people
e disabled people in state ¢’
e disabled people in state "
See following Figure
Higher mortality assumptions = lower premiums

To be on the safe-side mortality should not be overestimated
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LTCIl: some numerical results (cont'd)

1000 -
200 4%—-___ x=55
800{ el |
700 - x=865 T TTTtroeea.lll -.
Eﬂﬂ -|- . —_—
s0{ 00000 T == __
400 *x=756 T T ——
300 4
200 -
100 -

1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
m

Single premium as a function of 11,72, with 1 4+ 12 = 1.05 (1 + n1);
various ages at entry; ¥’ = 600, b’ = 100
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LTCIl: some numerical results (cont'd)

Refer to a whole-life assurance with acceleration benefit in the case of

LTC claim
. sum assured .
Assume: annual LTC benefit = , paid for r years at
T
most

For example, r = 5 (i.e. 20% of the sum assured) = 5 years covered

A small premium increment, since the benefit is certain (in terms of
total amount)
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LTCIl: some numerical results (cont'd)

1.12 4
1.11 o

117 "y
1.09 - "
1.08 - ' N
1.07 - gLt T

i mg gy

1.06 -y g
1.05 - It NS T R
1.04 -
1.03 -
1.02 T T T T §F T §F F T ¢+ 1T 7T ¥ 1T T ¢ 1T 1T T 17 17T §T 7 T T @ T 1

T3 8 7 91113151?192123252?293133

r

Single premium of a whole-life assurance with LTC acceleration benefit as a function of r
compared to the single premium of a conventional whole-life insurance;
c = 10000; x = 65; n = 0.05
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LTCIl: some numerical results (cont'd)

Refer to an enhanced pension, allowing for one disability state
e annuity benefit 5(*) while the annuitant is healthy

e annuity benefit 5(*) while the annuitant is disabled
With 6 = 1 000, we find:

bl@) = 700
b(1) = 3438

Following Figures: reserves for the healthy state and the LTC state
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LTCIl: some numerical results (cont'd)

12000 -
10000
8000 -
6000 -
4000 -

2000 -

L1 70 75 80 85 90 95

Reserve for the healthy state
Age at entry z = 65; b = 1000, (@) = 700, b(*) = 3438; n = 0.05
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LTCIl: some numerical results (cont'd)

40000 -
35000 +
30000 {
25000 -
20000 -
15000 -
10000 -
5000 -
0

65 70 i) 80O 85 30 85 100

Reserve for the LTC state
Age at entry z = 65; b = 1000, b(2) = 700, b(?) = 3438; n = 0.05
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9 MORTALITY OF DISABLED PEOPLE
SOME PRELIMINARY IDEAS

e Inception-select data

> Both frequencies of recovery and death of disabled people
depend on past duration of disability

> Assumptions about mortality of disabled people should rely on
Inception-select mortality data

e Mortality by causes

> Mortality depends on the cause (in particular: accident vs
sickness) and severity (partial vs total)

> Eligibility to disability benefits (in IP and LTC products) varies
according to legislation, policy conditions, market practice, etc.

> Difficulties in grouping data, or interpreting grouped data
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Mortality of disabled people (cont’d)

e Safe-side mortality assumption

> Disability benefits are “living benefits”, payable as long as the
iInsured is alive and disabled

> Safe-side assessment (in pricing and reserving)
= mortality of disabled people should not be overestimated

MODELING EXTRA-MORTALITY
Disabled people constitute substandard risks
Mortality of disabled people contains an “extra-mortality” term
Extra-mortality can be represented as:
> specific mortality (table, parametric mortality law)
> adjustments to the standard mortality pattern
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Mortality of disabled people (cont’d)

If a law (or a family of laws) has been chosen, then:
@) =U(y, 2 k)

where:
qg(/@ = one-year probability of death
y = current age
z = time elapsed since disability inception

k = category of disability, expressing in particular the severity, and
entering ¥ via appropriate parameters
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Mortality of disabled people (cont’d)

Alternative approach: express the mortality of disabled people in
relation to standard mortality:

¢*) = ®(qy, 2 k) (*)

where:

® = transform

q, = one-year probability of death according to standard
age-pattern of mortality
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Mortality of disabled people (cont’d)

Examples
A rather general model of type (*) is as follows:

®(gy, 2 k) = A g, goo + CF) ()

Note that:
e parameters A, B and (' are category-dependent

e in general, A and C' are functions of time z = disability duration
effect on mortality

e B is a “years to age” addition, also called “age-shift” parameter

See: Ainsiie [2000]
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Mortality of disabled people (cont’d)

Several models adopted in actuarial practice constitute particular
Implementations of model (°)

Assume:
B®) =0, for any k
AP = A® for all »
cF) = ¢®), for all 2

= linear model (with flat parameters):
@[L](qy; k) =A%) qy + O (k)

Note: duration effect is disregarded = aggregate probabilities of
death are adopted
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In particular:

e setting A®) =1 for any ¥ = additive model:
M (qys k) = gy + C
= constant extra-mortality
e setting C*) =0 for any k¥ = multiplicative model:
B (g,: k) = A% g,

= Increasing extra-mortality (given that ¢, increases as age y
Increases)

Assume Aff) =1 and Cﬁk) = 0 for any k£ and all z = age-shift model:
Bl (g, k) = g, 5w

= approx to the multiplicative model if ¢, ~ exponential
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Mortality of disabled people (cont’d)

Another particular model: take the general model (°) and assume:

k = category of disability according to the OPCS scale, where
k = 0(= healthy), 1,...,10
B®) =, for any k

Aff) =1, forany k and all z

Define:
Q max{k — 5,0}
14 1.150-y 5

(I)(Qy§ k) = (y T

See: [Eilingsen [2010], Rickayzen [2007], Rickayzen and Waish [2002], Pitacco [2012],
Sanchez-Deigado et al] [2009]

For the OPCS scale, see: Martinand Eiiiot [1992]
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Mortality of disabled people (cont’d)

SOME AVAILABLE MATERIAL

Group Long-term Disability Termination Study (Canada)
http://wwv. cl a-1ca. ca/ docs/ default-source/
2011/ 211103e. pdf ?stvrsn=2

Actuarial Report (26th) on the Canada Pension Plan
http://ww. osfi-Dbsif.gc.cal/ Eng/ Docs/ cpp26. pdf

Social Security Disability Insurance Program Worker Experience (USA)
http://ww. ssa. gov/ oact/ NOTES/ pdf st udi es/ st udy118. pdf

Society of Actuaries (USA)

http://ww. soa. org/ resear ch/ experi ence- st udy/ pensi on/
research-rp- 2000- nortality-tabl es. aspx
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Mortality of disabled people (cont’d)

Institute and Faculty of Actuaries (UK)
http://ww. actuari es. org. uk/ resear ch- and-resour ces

In particular:
CMI Working paper 23, Analysis of individual income protection
experience by cause of disability
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