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1 Introduction 

1.1 In the United Kingdom, a person can obtain sickness income 

insurance from one, or both, of two types of provider. The first, and 

oldest, type of provider is the Friendly Societies which are, in 

essence, mutual self -help clubs. The second type of provider is the 

life insurance offices which transact the business on a more commercial 

basis. The new methodology described in this paper is intended for the 

second type of provider, but no modern enterprise can escape from its 

roots, so reference must be made to the Friendly Societies in order to 

show how some of the unusual features of the current UK methodology 

came into being. 

1.2 The life insurance offices provide Permanent EeaZth Insurance 

(PHI). It is the insurance which is permanent, not the health. There 

are two kinds of business, Individual and Group. Individual business is 

transacted on individual lives, where no employment connexion is 

involved. Group business is transacted when the insurance is sponsored 

by an employer. PHI business is called "Non-cancellable Sickness 

Insurance" in some countries. 

1.3 Each type of PHI business, Individual and Group, is further 

subdivided according to the deferred period. The deferred period is the 

number of weeks which must elapse between the pate of falling sick and 

the date upon which the benefit payments start. The longer the deferred 

period, the cheaper the insurance. The deferred period is part of the 

policy conditions and is called the "elimination period" in some 

countries. Typical deferred periods are 1 week, 4 weeks, 13 weeks, 26 

weeks and 52 weeks. 

1.4 Actuaries from countries outside the United Kingdom might be 

surprised to learn that the standard table used to calculate premiums 

for PHI policies and to value the sickness benefits is The Hanchester 

Unity Sickness Experience 1893-97, (MU). This table was based on the 



experience of a major Friendly Society and a copy can be found, amongst 

other places, in "Formulae and Tables for Actuarial Examinations" 

published by the Institute of Actuaries and the Faculty of Actuaries in 

1980. Naturally, the PHI companies adjust the table according to their 

own experience, and some offices produce sickness tables from their own 

data. The MU table differs from the tables used in, for example, North 

America because it is based upon central sickness rates rather than on 

claim inception and termination rates. 

2. If it works. don't fix it. 

2.1 A first reaction might be that the MU table is out of date. This 

might turn to surprise or disbelief when one realises that the table is 

based upon Friendly Society data which is significantly different from 

PHI data. 

A UK Actuary might reply "If it works, don't fix it!". 

2.2 In fact, the MU table has worked well for a long time; if it 

hadn't worked, then it would have been consigned to the Actuarial 

Museum long ago. 

2.3 Since 1970, a group of British Actuaries under the leadership of 

Robert Plumb has been studying how the North American methodology works 

and how it compares with the MU methodology. The principal reports of 

their findings are contained in "Continuous Hortality Investigation 

Reports, N u m b e r  7" (CMIR 7 )  and "Continuous Hortality Investigation 

Reports. N u m b e r  12" (CMIR12), prepared by the PHI Sub-committee of the 

Continuous Mortality Investigation Committee (CMI) and published by the 

Institute -of Actuaries and the Faculty of Actuaries in 1984 and 1991 

respectively. These reports are based on the experience of Individual 

PHI policies in 1975-78. 

2.4 CHIR 7 contains a description of the results of a sickness 

experience investigation using the MU method. CHIR 12 contains a 

description of a new model for PHI. 

2.5 There are 263 pages in CHIR 12, describing a multiple state 

model. The purpose of this paper is to report the publication of the 

new model to IACA so that those members who are interested can learn 



what the ClfIR 12 report contains before they part with the £15 needed 

to purchase a copy of the genuine article. 

3. The Difference between the new method and the Manchestelr 

Yni tv method, 

3.1 The multiple state model, described in CHIR 12, is an "active" 

method wherein we keep count of events such as claiming, recovering 

from sickness and dying whilst sick. The MU method is a "passive" 

method in which we keep count of non-events by which is meant not doing 

these things but simply being sick. 

3.2 The new model takes account of the ages (and durations) at which 

the events take place. The MU method takes account of the ages (and 

durations) passed through whilst engaging in a non-event. 

4. The Manchester Unitv method, 

4.1 The fundamental actuarial function used in the MU method is the 

central sickness rate, z,. We first define f, as the proportion of lives 

who are expected to be claiming sickness benefit at exact age x. The 

values of f,, are usually estimated by observing the experience of an 

actual group of persons. The observed values might be graduated before 

use. Given the values of f,, we can define the central sickness rate as 

follows : 

This is the weighted mean of f, over the age'range x to x+l. 

4.2 Changes in the mortality rates will alter the weights but will 

have little effect on the weighted mean so, for practical purposes, z, 

can be regarded as independent of the mortality. It can be estimated by 

counting the number of weeks of sickness claim paid to claimants in :he 

age interval x to x+l and dividing the result by the mean number of 



persons alive during that age interval. 

4.3 The 1, persons who were aged x at the beginning of the age 

interval can be divided into 1.(1 - f.) who are expected to be "not 

sickn and l,f, who are expected to be "sick". 

4.4 Duration of sickness (not of claim) is recorded in "sickness 

periods". The symbol z$Ib is used to denote the central sickness rate 

for age x in the period b weeks following the first a weeks measured 

from the date of falling sick. 

4.5 Typical sickness durations are shown below. Their origin lies in 

the benefit structure of the Friendly Societies. They were the 

durations at which the rates of benefit payment were changed. 

Duration of sickness a/b Svmbol for 
sickness D- 

rate && 

First three months 0/13 0113 f:/13 
zx 

Second three months 13/13 13/13 f?/f3 
zx 

Second six months 2 6/2 6 26/26 
z x  

f?/26 

Second twelve months 52/52 52/52 
z x  

f:2/52 

After two years 104/all ZX f:04/a11 
l o 4 / a l l  

4.6 The proportions sick at the different durations are connected by 

the formula fx = ell3 + f:3'13 + f?/26 + f:2/52 + f;04/all , where x is the 

age passed through not the age at falling sick. The important point 

about the MU method is being sick, not falling sick. People in the 

I x  f F 4 / a l l  category, for instance, became sick at ages x - 2  or 

earlier. 

4:7 As a consequence of this the value, at age x ,  of a sickness 

benefit of 1 currency unit per week payable continuously whilst sick 

between the ages of x and 65 is 



and this function is applied to all the 1. lives regardless of whether 

they are sick or not and regardless of the age at which they entered 

insurance. 

4.8 The value at age x of a premium of 1 currency unit per year 

payable continuously from age x to age 65 except whilst receiving 

sickness benefit is 

The annuity factor takes account of suitable mortality rates. 

4.9 This is virtually all that is necessary to know in order to value 

sickness benefits and to calculate premium rates using the MU method. 

The only missing element is the art of knowing what one is doing! The 

MU method is simple in concept and easy to use, but there are two 

disadvantages: 

(a) In a rapidly increasing portfolio of business, sickness of long 

duration is not adequately represented in the data from which the 

values of z,, particularly z:04'a'1 , are calculated. If such rates are 

used without adjustment to prepare a standard table, then there is a 

possibility that the value of the liabilities might be understated. The 

MU data of 1893-97 did not suffer from this defect but it was suspected 

that the CMI data of 1975-78, reported in CnIR 7, was lacking in 

sickness experience of long duration. 

(b) It is difficult to formulate a function such as the standard 

deviation of the number of weeks of sickness to enable the deviations 

from the expected number to be evaluated in context. Much actuarial 

thought has been given to this problem. An example is in a paper by L. E 

Coward entitled "The distribution of sickness", JIA 75.12, (1949). 

Several UK actuaries such as R.E.Beard, W Perks and R.H.Daw, have also 



addressed this problem. 

4.10 Nevertheless, the MU method is well understood in the UK, even 

though the function z:Ib is very complicated mathematically and is 

based on estimates whose statistical properties are unknown. It has 

stood the test of time. 

5.1 The new model has its origins in North American methodology. It 

is a multiple state model, described in Part A of CnIR 12, based on 

three states of life, Healthy (H), Sick (S) and Dead (D) and is 

illustrated in Figure 1 

Healthy H 

J 
Figure 1 

5.2 Whenapolicy isissued, the insuredlifeis knowntobehealthy, 

so it enters state H. The life can pass from state H to either state S 

or state D at any time. Entering state S is not equivalent to making a 

claim. Once in state S the life can transfer back to state H or 

transfer to state D at any time. The transition intensities for these 

events are denoted by the symbols a, for the claim inception 

intensities, p.,, for the recovery intensities, for the intensity of 

death from healthy and v,,, for the intensity of death from sick. x 

denotes the age and z denotes the duration of sickness. 

5.3 These ideas are then developed into formal differential equations 

which can be integrated, using numerical algorithms, to facilitate the 

estimation of the necessary probabilities for the model. 



6. Staees in the im~lementation of the modeL 

6.1 The data for PHI policies on male individual lives during the 

period 1975-78 was used. Policies were excluded: 

if the geographical location was not UK, 

if there was a rating (extra premium or benefit restriction) on 
account of occupation, 

if the type of benefit was not standard (that is level or 
increasing) or 

if there were special terms on account of health. 

6.2 The volume of data is given below. 

Deferred ~eriod Ex~osed to risk Weeks of claim Claim ince~tions 

1 week 83,518 83,447 .11,074 

4 weeks 93,076 40,779 1,776 

13 weeks 138,329 40,312 582 

26 weeks 220,243 41,700 353 

52 weeks 68,613 7,165 5 2 

Totals 603,779 213,403 13,837 

MU 1893-97 2,810,880 4,754,456 not known 

6.3 This data was used to graduate the observed values of the 

transition intensities, p,,, and u,,,, in Part B and of ox in Part C of 

CMIR 12. 

Formulae were developed in Part D to enable probabilities to be 

calculated in Part E for an initial age x, conditional on the life being 

healthy at that age, using step size, h - 1/156 years. Finally, 

financial functions were calculated from these probabilities in Part F. 

7. A reco~nisable result of the a~~lication of the model 

7.1 Table 1 is based on transition intensities estimated from the 

deferred period 1 week section of the 1975-78 data. No data was 

available to estimate the transitions from healthy to dead so the 

necessary transition intensities were estimated from the mortality of 

assured lives in 1979-82. It was established by experiment that the 

results are not greatly affected by changes in the mortality of the 

healthy. The numbers in Table 1 are similar to those in a life table. 

The notation is based on the traditional notation, logical, but 

unfamiliar. The symbol 1 means "existing in the given state", that is 



Table 1. (CMIR 12, Table €14): Survivors (I) and transitions (d) at each age 
based on a radix of 1,000,000: conditional on starting at age 30 with 
initial status healthy. One week deferred period basis. 

Age Healthy Sick Dead/H Dead/S Living Dead H to S H to D S to H 
x IH(x) IS(x) IDH(x) IDS(x) IL(x) ID(x) dHS(x) dHD(x) dSH(x) 

S t o D  
dSD (x) 

489 
584 
61 8 
651 
685 
722 

8963 
101 57 



(H)ealthy, (S)ick or (D)ead. The symbol d means "transition from one 

state to anothern, that is dHS(x) means transition from Healthy to 

Sick, dHD(x) means transition from Healthy to Dead, and so on. Also, 

the numbers in the table are based on the condition that the lives are 

known to be healthy at age 30. 

7.2 Table 1 was constructed as follows: 

(i) Start with 1,000,000 healthy lives alive at exact age 30. 

Between exact ages 30 and 31 there are 323,192 transitions from healthy 

to sick, 313,451 transitions from sick to healthy and 489 transitions 

from sick to dead. This leaves 9,252, (- 323,192 - 313451 - 489) 
existing in the state sick at exact age 31 as shown in the table under 

the heading "Sick lS(x)". 

(ii) 420 healthy lives died between exact ages 30 and 31 so the number 

of healthy lives surviving to exact age 31 is 1,000,000 who started as 

healthy at age 30, less 9,252 who finished as sick at age 31, less 420 

healthy lives who die, less 489 sick lives who died, leaving 989,839 

healthy at age 31. This colhn is used to calculate the value of 

annuities payable whilst healthy. 

(iii) At age 31 there were 989,389 healthy lives and 9,252 sick lives, 

making a total of 999,091 alive. This column is used to calculate the 

value of annuities payable whilst alive. 

(iv) At age 31 there were 999,091 alive, 420 dead from healthy and 489 

dead from sick. The total of all these numbers is 1,000,000, as it 

ought to be. 

8. Using the Model to calculate MU tvDe central sickness rates. 

8.1 Using the same transition intensGies as were used to calculate 

the numbers in Table 1, it is possible to calculate the probability of 

being sick at any age and to subdivide these probabilities into typical 

MU type sickness periods. Some of the results are given in Table 2. The 

numbers in the column headed "O/alll' are recognisable as being 

consistent with those in the column headed "Sick lS(x)" in Table 1; 

they denote all those who are sick at exact age x out of the million 

who. started as healthy at exact age 30. The numbers to the left of 

those in this column normally add up to the numbers in this column, 

except for rounding errors. 



;able 2. (CMIR 12, Table E15): Subdivision of sick in each given sickness period at each age: 
:onditional on starting at age 30 with initial status healthy. One week deferred period basis. 

pS(x,a/b) for sickness periods alb 

alb 011 wks 113 wks 419 wks 1 311 3 wks 26/26 wks 52/52 wks 104lall O/al l 1 /all 



8.2 People who start healthy at age 30 cannot be sick at age 31 in 

sickness period 52/52 nor at age 32 in sickness period 104/all. 

8.3 This finally leads to the MU type sickness rates, z(x,a/b), 

illustrated in Table 3, which brings us back to where we started in 

1893! So the MU method has gained a new lease of life from the new 

model. An example of the sort of formula that can be developed is the 

formula (from CHIR 12, Part D) for calculating z(x,a/b) from the values 

of functions that have been discussed in previous paragraphs. 

the numerator of which is calculated using numerical algorithms and the 

denominator represents the expected number of years lived between ages 

x and x+l by the individuals represented in the numerator or, in life 

table terms, by L,. 

8.4 Similar tables can be constructed for each different starting 

position, e.g. healthy at age x or sick at age x with duration z ,  and 

for each deferred period. 

8.5 A comparison is given, in Table 4, between the rates derived from 

the same data by the MU method (CHIR 7,99) and those derived from the 

new model (CHIR 12,135). It must be remembered that the rates obtained 

by the MU method apply to policies issued at all ages below x whereas 

the rates obtained by the new method apply to policies issued at exact 

age 30. The sickness rates for all sickness periods greater than 1 week 

are illustrated in Figure 2. 



Table 3. (CMIR 12 Table E19): Sickness rates for each sickness period at each age: 
conditional on starting at age 30 with initial status healthy. One week deferred 
period basis. 

Values of z(x,alb) 

alb 011wks1/3wks4/9wks13/13wks26/26wks52/52wks104/all O/aH l/al l  



Table 4. (CMIR 12, Table E19; CMlR 7, Table HI): Sickness rates for each sickness period at each age: 
conditional on starting at age 30 with initial status healthy. One week deferred period basis. 

z(x,alb) for sickness periods a/b 

alb 113 weeks 419 weeks 1311 3 weeks 26/26 weeks 52/52 weeks 104 /all 



Central Sickness Rates 

Sickness period I /all 

CMlR 12 : 1975-78 rrPer 

(Deferred period 1 week 

Figure 2. Central sickness rates, 1975-78, CMIR 12,135, compared with 
CMIR 7,99. 

Figure 2 shows that the sickness rates calculated by the CHIR 7 method 

for a mixture of entry ages are lower than those calculated by the CHIR 

12 method for entry age 30. This seems to be a strange for a group of 

assured live whose average attained age is greater than 43. One would 

expect the former sickness rates to be the higher. Table 4 shows that 

this is nearly always the case except for a few values in sickness 

period 26/26 between ages 45 and 60. 



; CMIR 12 Sickness rates as percentage of CYlR 7 rates 
, . 

Figure 3. Central sickness rates, 1975-78. CMIR 12 as percentages of 
CMIR 7 rates according to sickness period. 

Figure 3 shows that the CHIR 12 sickness rates are very much 

higher than those of CHIR 7 for sickness period 104/all, but they are 

closer to each other for sickness period 1/3 . Allowing for the effect 
of the distribution of the entry ages in the CHIR 7 data on the results 

recorded in that volume we can reach the general conclusion that the 

CHIR 12 sickness rates roughly agree with the CHIR 7 sickness rates 

except for those in sickness period 104/all. This feature, which was 

demonstrated in CHIR 12, was anticipated and discussed in CHIR 7,12, 

14, which emphasised the importance of considering very carefully the 



consequences of treating the 104/all sickness in the MU manner and of 

investigating what is represented by the resulting sickness rates. It 

was pointed out that 104/all sickness was a less significant proportion 

of the total sickness in the MU data than in the PHI. Indeed, some 

Friendly Societies cease to pay sickness benefit after two years of 

claim, whereas PHI benefit is payable up to the terminating age of the 

policy if the sickness lasts until then. 

8.6 The conclusion is that the MU method works very well except for 

durations of sickness greater than 2 years. The PHI offices know this 

from their own experience, and make appropriate adjustments. 

8.7 Figure 4 shows the difference between the MU 1893-97 sickness 

rates and the CHIR 7 (1975-78) sickness rates to illustrate how these 

rates have changed with the passing of time and to give a rough idea of 

the adjustments which might be made to the MU table which is the 

current standard table. Further adjustments have to be made to allow 

for the 104/all sickness. 

Central Slcknass Rates 

All sickness periods combined 

Manchester Unity 1893-97 

(Deferred period 1 week: 
Entry age 30) 

Figure 4. Central sickness rates. Comparison between MU 1893-97 and 
CHIR 7 rates. 



9. Claim recoverv and mortality intensities. 

9.1 Part B of CMIR 12. describes the method by which the recovery and 

death from sick transition intensities were derived from the data. 

9.2 Table 5 shows the numbers of recoveries and deaths from sick used 

in 'the calculation and graduation Table 6 shows the number of days 

exposed to risk. Claim records suspected to be duplicate claims on the 

same life were excluded. 

9.3 The data was classified according to age at falling sick (not age 

at claim date) and duration of sickness measured from the date of. 

falling sick. Durations were measured in single weeks up to duration 11 

weeks and groups of weeks, as shown in Table 7, thereafter. No 

information was available about sicknesses which ended during the.. 

deferred period and therefore did not become claims. 

Table 5 

PHI Individual Standard (Males) 1975-78 -Recoveries and deaths 

Sickness period (a/b weeks) 

1/3 4/9 13/13 26/26 52/52 104/all 
Deferred 
period 

1 week 
4 weeks 
13 weeks 
26 weeks 
52 weeks 

Totals 

Deferred 
period 

1 week 
4 weeks 
13 weeks 
26 weeks 
52 weeks 

Totals 

Recoveries 

Deaths from sick 



Table 6 

PHI Individual Standard (Males) 1975-78 - Exposed to risk (in days) 
1 week 391,746 
4 weeks 234,124 
13 weeks 238,680 
26 weeks 236,171 
52 weeks 40,931 

Total 1,141,652 

9.4 The recovery rates were grouped and analyzed in a number of 

different ways and the conclusion was reached that the factors age and 

duration were largely independent of each other and were multiplicative 

in effect . Therefore the recovery intensities might be explained 

approximately by a formula of the type p,,,,, = f , .g ,  where f, and 

g, are functions of y, the age at falling sick, and z ,  the duration of 

sickness. 

Table 7 

Ex~osed to risk. recoveries and deaths classified according 
to duration since falling sick. (all ages combined) 

Duration of Exposed Recoveries Deaths 
sickness to risk 
(weeks ) (days) 



Table 7 (Continued) 

Ex~osed to risk. recoveries and deaths classified according 
to duration since falline sick. (all aees combined) 

Duration of Exposed Recoveries Deaths 
sickness to risk 
(weeks) (days) 

(years) 
1-2 207,994 1,51 39 
over 2 477,901 49 44 

Total 1,141,652 8,208 232 

9.5 After a number of trials, it was decided that a basic formula 

from which to start graduating the recovery intensities might be: 

where a and c are constants, but b is dependent on z, reflecting the 

association just described. Attempts to fit this formula with one set 

of coefficients for all ages and durations were not fruitful and some 

modifications were made for some parts of the range of values to give 

the following as the complete formula: 

where : 

is exact age (in years) at the date of falling sick, and 

'Y for z r 5, 
- y + z - 5  for z > 5; 
is duration of sickness (in years) and 

- z for z 5 1, 

- 1 + s.(z - 1) for 1 < z s  5, 

- 1 + 4.s for z - 5; 
for deferred periods 4, 13 and 26 weeks only, 

r - min (p + (wz - d)(l - p)/4,1) so that r = 1 if wz > d + 4 
where d is the deferred period in weeks and w z  is the duration of 

sickness in weeks; 

a, b, c, p, q, s are constants. 



9.6 The graduation formula is not intended for extrapolation to 

attained ages (y+z) greater than 65. 

9.7 The graduation formula was fitted by the method of maximum 

likelihood. The following parameters were estimated: 

a - 51.057202 p = 0.205111 

b - -2.687089 q - 1.419428 
c - 4.914441 s - 0.362456 

9.8 In order to calculate the death from sick transition intensities, 

similar investigations were made, but the data was too scanty 'to enable 

much subdivision to be done. It was found that the force of mortality 

from sick tends to rise from the start of the sickness to a peak after 

about four months after which it declines fairly rapidly. There is a 

tendency for the force of mortality to rise at longer durations, 

reflecting a reversion to an association with attained age when the 

short to medium term effects of sickness have worn off. 

9.9 The graduation formula which was eventually used was: 

where y is the age nearest birthday (in years) at the date of falling 

sick, and 

y - Y  for z 5 5, 

Y - y + z - 5  f o r z > 5 ;  

and z is the duration of sickness (in years) and 

Z = z for z 5 5, 

Z = 5  for z > 5. 
9.10 The formula was fitted by the method of maxirho likelihood and 

the following parameters were estimated: 

a, = 0.237884 b - 0.871735 r - 0.007221 
a, =-0.00481923 c - 0.357384 s = 0.024353 

a, - 0.0000958683 n - 1.613917 
9.11 From the transition intensities, independent and dependent rates 

of recovery and death can be calculated. Table 8 shows a table of 

survival whilst sick, 1 (y ,z) , recovery from sickness, r(y ,z) , and death 
whilst sick, d(y,z) where y is the age at falling sick and z is the 



Table 8. (CMIR 12, Tables 66): Graduated double decrement tables of claim terminations 

Table B6(a) Deferred period 1 week 

Age y exact at date of falling sick 

20 
Sickness 
duration 
weeks 

z 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 

I(y,z) = Number of survivors as sick at duration z who fell sick at age y, 
f(y,z) = Number of recoveries at duration z who fell sick at age y. 
f(y,z) = Number of deaths as sick at duration z who fell sick at age y. 



Table 8. (Continued): (CMIR 12, Tables B6): Graduated double decrement tables of claim terminations 

Table B6(a) Deferred period 1 week 

Age y exact at date of falling sick 



Table 8. (Continued): (CMIR 12, Tables 86): Graduated double decrement tables of claim terminations 

Table B6(a) Deferred period 1 week 

Age y exact at date of falling sick 

Sickness 
duration 
weeks 

z 

27 
28 

50 
51 

Years 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 



duration of sickness. Similar tables can be calculated for the other 

deferred periods. Table 8 contains a few rounding errors because it was 

originally constructed using one place of decimals and has been rounded 

to integers for this paper. 

10. -. S' 

10.1 Part C of CMIR 12 describes the method by which the intensities 

of transition from healthy to sick were derived. 

10.2 The exposed to risk numbers are given in CHIR 7,134 and the 

numbers of claim inceptions in CHIR 7,158. Claim inception rates can be 

calculated from these numbers but special methods are needed to derive 

sickness Inception intensities. 

10.3 Allowance needs to be made for 

(a) lives who fall sick and recover during the deferred period, 

(b) lives who fall sick during the deferred period and recover 

during the first few weeks after the deferred period without reporting 

their sickness (and without claiming) and 

(c) the exposed to risk, which, in CHIR 7, does not include any 

exposure during the deferred period. 

10.4 If ox is defined as the sickness inception intensity, then ha, is 

the probability that a healthy life aged x falls sick before age x+h. 

If r,,, is defined as the probability that an insured life who 

falls sick at age x will remain sick for at least the deferred period, 

d, of the policy, then 

h.o , . r , , ,  is an approximation to the probability that a healthy 

life aged x falls sick before age x+h and remains sick for at least the 

deferred period and 

a,.*,,, is a Claim inception intensity to be applied to healthy 

lives. 

10.5 For graduating the sickness inception intensities, it was assumed 

(a) that r,, ,  depends on p and v ,  the recovery and death 

intensities, during the deferred period. 

(b) that the graduated values of p,,, and v,,, are the same for 

all deferred periods, so that the "run-innperiod for deferred periods 

4, 13 and 26 week policies are disregarded. 

(c) some potential claims are not reported in the case of 



deferred period 4, 13 and 26 week policies. 

10.6 The basic exposed to risk was available from the 1975-78 data, 

but it was necessary to adjust the claims to allow for those believed 

not to have been reported.,The process is described in CHIR 12,55 and 

the results are shown in Table 9. 

10.7 It was assumed that for deferred period 1 week policies, all 

potential claims actually became claims. 

10.8 The exposed to risk was adjusted- by adding the small number of 

weeks for which the unreported -claims might have been sick and 

claiming. 

10.9 Having obtained adjusted numbers of sicknesses and exposed to 

risk for each deferred period and each age, and first estimates of ox 

were calculated. After some preliminary tests it was decided that a. 

might be graduated by functions of the form ox = exp (f (,)) where f, is 

a polynomial, usually of degree 3. The formula was fitted by the method 

of maximum likelihood. 

10.10 The resulting formulae for the final graduation of a. were: 

Deferred period 1 week: 

Deferred period 4 weeks: 

Deferred period 13 weeks: 

Deferred period 26 weeks: 

10.11 Tables 10 and 11 give, respectively, the graduated sickness 

inception intensities and the claim inception intensities for specimen 

ages. 



Tabla 9. (CMIR 12, Tables C1 and C11): Numbers of claim inceptions Reported and estimated 
to be Not Reported, as used in the graduation of the sickness inception intensities. 

Deferred period 

Age 1 week 4 weeks 1 3 weeks 26 weeks 
CIro'JP Not Not Not 

Reported Reported reported Reported reported Reported reported 



Table 10 
CHIR 12 Table C16: Graduated values of sickness intensities a,. 

Age Deferred period 
x 1 week 4 weeks 13 weeks 26 weeks 

Table 11 
CHIR 12 Table C17 Graduated values of claim intensities ox?r.,,. 

Age Deferred period 
x 1 week 4 weeks 13 weeks 26 weeks 

10.12 The claim inception intensities given in Table 11 are comparable 

with the graduated claim inception rates given in CHIR 7,105 which are 

as follows: 

Table 12 
CHIR 7 Table H5 Graduated values of claim rates. 

Age Deferred period 
x 1 week 4 weeks 13 weeks 26 weeks 

10.13 Readers have probably noticed that the graduated claim inception 

intensities in table 11 are tabulated according to age at falling sick, 

whereas the graduated claim inception rates in table 12 are tabulated 

according to age at commencement of claim. This is the concept 

mentioned earlier in which the sickness portrayed by the model is 

classified according to age at the event and MU type rates are 

classifiecl according age passed through. The two types of claim 

inception rate are designated "type a" for age at falling sick and 



"type b" for age at the end of the deferred period. 

11. Results 

11.1 The preceding paragraphs have described how to derive sickness 

inception, recovery and death from sick intensities. A specimen claim 

continuation table and a table of MU type central sickness rates for an 

entrant healthy at age 30 have been demonstrated. 

11.2 The next question to be addressed is the mortality of the lives 

who are not making a claim. Such lives might be healthy or sick with a 

sickness duration less than the deferred period. No data was available 

for these lives. 

11.3 But the mortality of those sick within the deferred period has 

been estimated from the mortality of those sick with duration greater 

than the deferred period, v.,,. It is, however, necessary to make a 

plausible assumption about the mortality of healthy lives and it was 

assumed for the purpose of the calculations in Part -E that this 

mortality is that of Male Permanent Assurances 1979-82, duration 0, 

(AM8O), as graduated by the GM(2.2) formula shown in the report "The 

Graduation of the 1979-82 Experience", CHIR 9,l. The formula used was: 

11.4 Investigations using different assumptions for p. showed that the 

results were fairly insensitive to variations in the assumptions made 

about the mortality of the healthy, so it was deemed most convenient to 

use the duration 0 rates mentioned above. These forces of mortality of 

the healthy were combined with the average forces of mortality of the 

sick to obtain the force of mortality of the living, and were used in 

the construction of Table 1 of this paper (Table El6 of CHIR 12). 



11.5 The sickness inception, recovery and death from sick intensities 

were used to calculate the probability functions required to construct 

Table 1 of this paper and the large number of tables given in Part E 

and eventually to calculate the monetary functions given in Part F of 

CHIR 12. 

12. Monetary Functions 

12.1 The following monetary functions were calculated: 

(a) Annuities payable in a given status, living, healthy, sick 

but beyond the deferred period, sick within the deferred period, 

(b) Annuity values using MU style sickness rates, 

(c) Current claim annuities, 

(d) Annuity values using inception rates and values of current 

claim annuities and 

(e) Net premium rates. 

12.2 A typical formula is that for a net premium for 1,000 currency 

units per annum sickness benefit: 

Premiums are waived i f  the l i f e  is claiming.  

The annuity functions in this formula are as follows: 

(a) Annuity payable continuously only if the life is sick: 

HS where, for example, ("-4, tpx, means the probability of being sick at 

age x&t with duration of sickness greater than the deferred period, d, 

but less than n-d, n being the term of the policy; conditional on being 

healthy at age %, 



(b) ~ 2 ~ 4 ~  is an annuity of 1 currency unit per year payable in 12 

equal instalments whilst the life is healthy, conditional on being 

healthy at age x, and 

(c) axO H3'd'a11' :a is a similar annuity payable whilst the life is sick 

during the deferred period. 

12.3 Some of the integrals can be evaluated approximately by the 

trapezium rule and some cannot, for example, those for the first year 

when sickness and recovery rates are changing rapidly. An example, 

where annuity rates are calculated using MU type central sickness 

rates, is: 

13. The wav forward 

13.1 A life insurance office needs to be able to calculate: 

(a) Premium rates. 

(Benefit + Premium) x Value of future benefit for healthv lives 
Value of annuity payable when healthy or sick within deferred period 

(Note: this is an approximate formula which is widely used in UK. It 

may be compared with the more exact formula in 513.2.) 

(b) Disabled life policy values: 

(Benefit + Premium waived) x Value of current benefit for sick-lives 

(reserves for claims where the duration of sickness is less than the 

deferred period, both those reported and an estimate of those not 

reported.) 

(c) Active life policy values: 

Value of future sickness benefits for healthy lives 

plus Value of future sickness benefits for sick lives in respect 

of subsequent spells of sickness 
- .  

minus Value of future net premiums receivable 



(d) Total policy values using the model, compared with MU policy 

values : 

Manchester Unity reserves 

plus Claim reserves (if any) 

minus Active life reserves 

minus Disabled life reserves 

equals Reserve surplus (or deficiency) 

(other items not included above: Reserves for: 

Unexpired premiums 

Deficiencies 

Incurred But Not Reported (IBNR) cases. 

(e) Cash flow and discounted cash flow projections. 

Functions needed: 

Select 1, values to project the numbers living 

Select "b" type claim inception rates to project new 

claimants 

Claim recovery and death rates to project numbers of 

claimants. 

Items projected: 

Outgo: Claim payments, including waiver of premiums 

Active life reserves for all projected living 

Disabled life reserves for all projected claims and 

for lives sick within the deferred period 

Expenses 

Income: Premiums payable by all the living 

Interest 

13.2 The mechanics of these tasks can be implemented easily but it is 

necessary to prepare tables from more recent data than that of 1975-78. 

The results can be modified by each office to reflect its own 

experience. 

14. Conclusion 

14.1 The actuarial basis of PHI business in the UK has been reviewed 

in this paper in a manner which, it is hoped, will encourage those 

actuaries who are interested to examine the new methodology. The 

subject is a much larger one than this short paper might suggest. It is 



realised that methods similar to the multiple state model are used by 

actuaries in other countries, but lack of space prevents a review of 

their work being given here. 

14.2 To sum up, CHIR 12 describes a mathematical development of a 

multiple state model for PHI. It represents the fruit of more than 20 

years work by the named authors and by others, members of the 

Permanent Health Insurance Sub-committee of the Continuous Mortality 

Investigation Bureau of the Institute of Actuaries and the Faculty of 

Actuaries. 

14.3 Thanks are due to those actuaries who kindly read the drafts of 

this paper and who made so many helpful suggestions. Thanks are also 

due to the Continuous Mortality Investigation Committee for permission 

to copy material from their Reports. The views expressed, however, 

represent the author's own interpretation of the contents of the CNI 

Reports; the Committee and the scrutineers are not responsible for 

them. 

14.4 The paper cannot end without a tribute to all those in the life 

insurance offices who have worked so hard and so long to provide 

accurate data and to those in the computer office who have 

painstakingly processed the data and investigated the queries. And 

last, but not least, thanks are due to the life insurance offices 

themselves for allowing their data to be used for such an important 

work. 


