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Introduction 

Acquired Immunodeficiency Disease (AIDS) has caused a 

world-wide epidemic. By the end of February 1988 over 

84,000 cases had been reported to the World Health 

Organisation, from 136 countries, resulting in over 

50,000 deaths. The only countries outside Asia not 

reporting cases were either small or remote. 

Table 1 shows the countries with the greatest number 

of cases, and table 2 the countries with the highest 

rates of cases per 100,000 population. It can be seen 

that over half the total cases were in the United 

States, with large numbers in other larger countries in 

Europe, also Australia, Brazil, Canada and countries in 

Central and East Africa. 

In relation to population AIDS is most frequent in some 

Caribbean countries, Central and East Africa and the 

United States. Some of the smaller countries in 

Europe, such as Switzerland and Denmark, are high up on 

this list too. 

The disease has so far not spread substantially in 

Eastern Europe and Asia, nor in North and West Africa, 

nor in parts of South America. 

Although in no country is the number of deaths from 

AIDS yet large compared with the total deaths in that 

country, the fact that deaths have been concentrated 

mainly among males and mainly at younger adult ages has 

meant a noticeable increase in male mortality rates at 



Table 1 

AIDS cases reported to WHO as at 29 February 1988 

United States of America 53.069 Congo 1,250 

France 

Uganda 

Brazil 

West Germany 

Tanzania 

Canada 

Italy 

Bermuda 

3.073 United Kingdom 1,227 

2,369 Kenya 964 

2,329 Haiti 912 

1.760 Australia 758 

1.608 Spain 718 

1.488 Mexico 713 

1.411 Rwanda 705 

Table 2 

AIDS cases reported to WBO as at 29 February 1988 
(per 100.000 population) 

French Guyana 

Bahamas 

Congo 

Guadeloupe 

United States 

Trinidad & Tobago 

Haiti 

Uganda 

Burundi 

Rwanda 

Cases Cases per 

100,000 

75 136 Canada 

Switzerland 

France 

Australia 

Denmark 

Belgium 

Netherlands 

West Germany 

United Kingdom 

Italy 

Sweden 

Cases Cases per 

100,000 



certain ages. Further, the number of cases and deaths 

reported in each country has roughly doubled each year. 

Crude extrapolation indicates that AIDS might well 

rapidly become the most common cause of death for males 

aged 20 to 60, perhaps more common than all other 

causes put together, and in some countries also for 

females at these ages. It is therefore not something 

that any actuary can ignore. 

It is now well known that AIDS is caused by the Human 

Immunodeficiency Virus (HIV) and that this virus can be 

passed sexually, through blood, and from mother to 

foetus (and possibly also to breast-fed child). The 

different modes of transmission mean that there are 

many different epidemics in different locations and 

among different groups, each of which has its own 

epidemiological characteristics. 

The easiest of these epidemics to describe is that 

among haemophiliacs. In western countries severely 

affected haemophiliacs have received a blood product, 

Factor VIII, which in some cases has been processed 

from infected blood. In the United Kingdom about one 

quarter of nearly 5,000 haemophiliacs have become 

infected, almost all of whom are young males, and a 

similar proportion applies in the United States. 

However, since blood prepared for haemophiliacs is now 

suitably treated, further infection should have ceased, 

but it must be expected that those infected may well 

develop AIDS and die from it within about ten years of 

the initial infection. 

A number of people have become infected through blood 

transfusions. This is still a risk in less developed 

countries where it is not possible to test all blood 

donations for HIV seropositivity. 



The most conspicuous group among whom AIDS has spread 

in western countries is male homosexuals. In some 

locations, such as San Francisco, a small group of male 

homosexuals had developed a very promiscuous mode of 

sexual activity, which meant that the disease spread 

rapidly among the members of that group. Because of 

the publicity given to AIDS it is possible that the 

infection will spread much less rapidly among less 

promiscuous homosexuals in other countries. 

Nevertheless, in many parts of the United States and in 

Northern Europe homosexuals form the largest group 

among those with AIDS. 

HIV infection can also be transmitted through 

heterosexual sexual activity, and it appears to be this 

that is causing the major spread in Central and East 

Africa. Whether there are additional factors that 

encourage the spread of the disease in these areas, 

such as the frequency of genital diseases, is not yet 

clear. In Nairobi and Kinshasa a very high proportion 

of prostitutes in particular samples have been found to 

be infected, and it seems likely that sex with 

prostitutes without the protection of a condom is 

contributing to the spread of the disease in these 

areas. In western countries prostitutes appear to use 

condoms to a much greater extent, so the spread of the 

disease from this source may be much less. 

Nevertheless, there are signs of an increase in the 

disease among females in the United States and in 

Europe who have presumably acquired the infection from 

their infected sexual partners. 

The last major "At Risk" group is formed by those who 

abuse intravenous drugs, particularly those who share 

needles and so pass on the infection by this route. 



Drug abusers form the major number of cases of AIDS in 

some parts of the United States - New York City and 
Florida - and in countries of Southern Europe - 
Spain, Italy and Yugoslavia. It appears that the 

infection spreads very rapidly among needle-sharing 

drug users, and the "doubling time" of the epidemic 

among them is considerably less than one year, whereas 

among homosexuals it seems to be about a year; there is 

insufficient evidence yet to estimate the rate of 

spread among heterosexuals, either in Africa or in 

western countries. 

Actuarial Concern with AIDS 

The number of articles in academic journals about HIV 

infection and AIDS now runs into many thousands. 

Perhaps fcrtunately, the number of actuarial articles 

on the subject is of a lower order of magnitude. The 

countries where direct actuarial publications have 

been produced include: United States, Canada, United 

Kingdom, Germany and Denmark. There may well be other 

countries which I am not presently aware of, and I 

should be glad to hear about them in the course of the 

discussion. Actuarial associations in other countries 

have also set up study groups to consider the impact of 

AIDS, without as yet publishing any report. Interim 

comments from these countries would also be 

interesting. 

In the United States and Canada a Task Force of the 

Society of Actuaries has published a substantial series 

of reports on many aspects of how AIDS may effect life 

insurance. One of the first of these reports, by 

Michael J Cowell and Walter H Hoskins, "AIDS, HIV 

Mortality and Life Insurance", was published in August 



1987. This described an epidemiological model for AIDS 

on the basis of which calculations about extra life 

insurance mortality could be based. 

One part of the epidemiological model, the transfer 

from HIV infection through a series of stages to full 

AIDS and then death was discussed in further detail by 

Harry H Panjer of Waterloo University, Ontario: "AIDS: 

Survival Analysis of Persons Testing HIV+.". 

In Denmark a paper on "AIDS Mortality and Life 

Assurance" by Jakob Kolbye has been prepared. This 

uses a similar epidemiological model and quotes premium 

rates allowing for the extra AIDS mortality. 

In Germany, Holzwarth and Weyer have published a paper 

"On the Calculation of Mortality Tables Allowing for 

AIDS and their Actuarial Consequences" in the Blatter 

der DGVM (18/2, 133-149), and have circulated privately 

further unpublished work. 

In the United Kingdom, the Institute of Actuaries has 

set up an AIDS Working Party, which has prepared two 

Bulletins so far. Bulletin No 1 described their 

epidemiological model and gave projections for the 

whole UK population. Bulletin No 2 considered a method 

of allowing for insurance selection, and discussed the 

consequences for life insurance premiums and reserves. 

As a result of these Bulletins and a discussion meeting 

held at the Institute of Actuaries in February, some 

life offices in the UK have set up additional 

contingency reserves to allow for the possible effects 

of AIDS mortality for their existing portfolios, and 

some have increased premiums for term assurance 

policies and made other changes in the forms of 



contract they offer. Whether the rest of the market 

will follow is as yet unknown. In countries where 

premium rates and reserving bases are more tightly 

controlled than in the UK, any such changes would 

presumably be made by the market as a whole, rather 

than by individual companies one by one. 

Epidemiological Models for AIDS 

Act.uaries are reasonably familiar with multi-state 

models where transfers between states depend on 

transition probabilities or transition intensities such 

as rates of mortality, sickness, recovery, withdrawal 

from service, marriage, etc, and where the probability 

of moving out of a particular state depends only on 

characteristics of the individual (age, duration of 

service, etc), and not on the number of people in some 

other state. Epidemiological models representing 

infection have one essential difference: the 

probability of a non-infected person becoming infected 

depends not only on his or her own status, but also on 

the number of already infected individuals around him. 

The simplest model of infection can be described thus: 

let X(t) represent the proportion of people in the 

population who are uninfected but at risk of being 

infected and Y(t) be the proportion of people who are 

already infected. Assume that there are no deaths, no 

new entrants, no recoveries (so that once infected 

always infected) and a constant "force of infectionw, 

LL. We have X(t) + Y(t) = 1 for all t. 



Then the rate of increase of Y(t), which is the same as 

the rate of decrease of ~ ( t ) ,  is given by 

The solution to this equation is given by 

with 

1 A X!O) = - and Y(0) = - 
1 +A 1 +A 

at some initial time t = 0 

An epidemic that follows this model may start at some 

low, but non-zero, level of infection, which initially 

spreads exponentially, but which later follows an 

S-shaped logistic curve, until the whole population is 

"saturated". This simple model is too simple to 

describe satisfactorily real epidemics, where contact 

between individuals is not homogeneous, and also where 

individuals do not remain infectious indefinitely, 

either dying or recovering and becoming non-infectious 

and perhaps immune. 

HIV infection appears to be distinguished from other 

infectious diseases by its very long "incubation 

period". It may take anything between five and ten or 

more years for an individual who has been infected with 

HIV to develop the symptoms of AIDS. During this time 



it is assumed that he or she remains infectious, but 

whether the level of infectiousness remains constant is 

as yet uncertain. It is also not certain whether all 

those infected with HIV will go on to develop AIDS. It 

is possible that there may be some who remain infected 

and infectious, but never develop symptoms. However, 

as time passes it seems less likely that any such group 

exists. 

What is certain is that anyone who develops AIDS has a 

very high chance of dying within a fairly short period. 

There may be respites, but there is no recovery. 

A number of models produced by epidemiologists have 

ignored age and age-specific mortality as relevant 

factors, and have assumed, in effect, a "stationary 

populationn, with those dying or becoming older being 

replaced by a younger generation. Such a model is not 

satisfactory for actuarial use, where age-specific 

mortality rates and sickness rates are essential. Some 

of the complications, therefore, that epidemiologists 

can afford to include make an age-specific model 

impossibly complicated. The sort of model developed by 

Cowell and Hoskins and by the Institute of Actuaries 

AIDS Working Party seem about as complicated as can be 

coped with at present, though even these do not fully 

reflect the complex reality of the disease. 

The Institute of Actuaries model looks at each "cohort" 

of a single age and sex together, and assumes that 

infection is only passed between people of the same age 

and sex. It assumes that live individuals can be in 

any of the states shown in Figure 1: Clear, At Risk, 

Positive, Immune or Sick. 



* 

Clear 

* denotes possible infection. 
Figure 1 : AIDS Model : States and Transitions 



In fact, although the model allows for the possibility 

of "Immunes", this feature has not so far been used 

in any of the published results. 

Those in the Immune, Positive and Sick statuses are 

sub-divided both by age and by duration since entry to 

that status. The model allows all the transition 

intensities, ordinary mortality, mortality from AIDS, 

rate of developing AIDS and infectivity and transfer 

from At Risk to Clear (representing a change in 

behaviour) to vary by age, calendar year and duration 

where relevant. It therefore allows the transition 

intensities to be much more flexible than it is 

possible to estimate from reliable data, but such 

flexibility assists in answering "what if" questions. 

It is assumed that the At Risk group is homogeneous in 

its behaviour. In reality different individuals have 

different behavioural characteristics which affect 

their risk of becoming infected and of transmitting it 

in a much more complex way than the simple dichotomy 

that Clear and At Risk implies. Heterogeneity as well 

as changes of behaviour can be represented by transfer 

from the At Risk group to the Clear group, or by 

changes in the infectivity intensity with time. 

The effect of drugs in lengthening the lifetime of 

those who are suffering from AIDS can be represented by 
a reduction in the mortality rate of those Sick from 

AIDS. 

The most critical assumption, however, is the 

proportion of the population in the At Risk group. The 

Institute Working Party has made different assumptions 

about this, either that 5% of males in the peak ages 

are At Risk or that 2.5% are. The total size of the 



epidemic is heavily dependent on this assumption. The 

other parameters determ~ne the speed at which it 

develops, rises to a peak, then falls away to a stable 

position. 

The Institute Working Party has made calculations 

mainly on three bases, described as A, BC and F. Basis 

A is a fairly pessimistic one, assuming 5% of males At 

Risk, and no particular changes in behaviour. Basis BC 

assumes two sorts of change in behaviour, and can be 

taken as a middling projection. Basis F starts with 

2.5% of males At Risk, and allows both for changes in 

behaviour and medical improvement to lengthen the life 

of those sick with AIDS. It can be described as fairly 

optimistic. 

The projections on each of these bases show mortality 

rates for the UK population or for UK insured lives 

rising to a peak in the late 1990s and falling 

thereafter, with the peak mortality in the 30-39 age 

group. At the peak, population mortality rates on 

basis F are roughly doubled, on basis BC multiplied by 

three and on basis A multiplied by five. Even so, 

these population mortality rates in the UK would be 

less than they were in the 1930s. What is forecast is 

a deterioration in the mortality experience of adult 

males, but not a catastrophe. 

Figure 2 shows the number of deaths in the UK 

population projected on each of the three bases. 

Implications for Life Insurance 

Faced with the uncertain prospect of increasing 

mortality rates, life insurance companies have to 

consider a number of aspects. The first of these may 





be contingency reserves to allow for an increase in the 

expected mortality on the existing portfolio of 

business. There is nothing that offices can do to 

avoid these extra costs, and it is only prudent for 

them to set up reserves on some middling basis to allow 

for the additional claims that will be incurred. 

Offices may, of course, have sufficient "fatw in their 

existing valuation basis to cover the additional 

mortality from AIDS,. but at least it is sensible to try 

to calculate the potential costs. 

Secondly, offices need to consider their underwriting 

methods, the extent to which they are able to identify 

and decline those who are Sick with AIDS (probably 

easy), HIV seropositive (possible to identify with a 

blood test) or in a group which is particularly highly 

at risk of becoming infected (difficult to identify, 

though "lifestyle" questionnaires are thought to help). 

In addition, offices face the possibility of positive 

"anti-selection" from those who are not yet ill, but 

who believe they may be HIV seropositive or just 

at risk of becoming so, and who effect policies of a 

particularly large size, or with a particularly large 

number of offices. There seems to be some evidence of 

this anti-selection in the United States, but none so 

far in the United Kingdom. 

Attempts to introduce effective selection methods to 

guard against the dangers of AIDS immediately run into 

medical, social and ethical questions, on which 

actuaries may have views, but can speak with no special 

authority. 

After the level of underwriting that the office thinks 

feasible has been chosen, the role of the actuary 

returns, in deciding what level of premium rates would 



be necessary in the light of the level of underwriting 

chosen. The Institute of Actuaries AIDS Working Party 

has developed a method of allowing for selection, or 

anti-selection, of those in different statuses, which 

allow premium rates to be calculated on the basis of 

any given underwriting level (subject also to all the 

uncertainties of projection). It seems very unlikely 

that any level of underwriting can be so efficient that 

increased mortality costs for new policies will not 

occur. Whether this requires premium increases, or 

just lower future profits, depends on the present level 

of premium rates. 

Certain types of benefit ancillary to life assurance, 

such as guaranteed insurability options, convertible 

term assurance, etc, which allow an option for a person 

in poor health to effect further insurance, have 

immediately become much more dangerous because of AIDS. 

The long incubation period, and the possibility of an 

individual knowing whether or not he or she is HIV 

seropositive or at risk of becoming so, creates a large 

pool of individuals who may know that they have a 

considerably reduced expectation of life, and may wish 

to take advantage of any options the life office may 

offer. 

Offices may also need to consider the effect of 

selective lapsing of policies. Those who are HIV 

seropositive may find it difficult to obtain insurance 

elsewhere, whereas those who are not at risk may find 

it possible to effect insurance on better terms at some 

later stage. It is therefore possible that offices 

will be left with an increasing proportion of HIV 

seropositives in their portfolio. 

All the problems described above would exist if the 

development of the AIDS epidemic could be accurately 

forecast. But because the course of the epidemic is at 



this stage so very uncertain, offices may need to 

consider other changes in product design, such as 

issuing all classes of policy on a participating or 

with profits basis, rather than on a non-profits basis. 

It is already the case in many countries that all 

policies participate to a greater or lesser extent in 

profits, and in such countries offices may need to take 

less action. 

So far it appears to be only in Britain that any 

significant action has been taken by offices in 

respect of reserving, premium rates, etc. This may 

just reflect the fact that term assurance rates in 

Britain were at an extremely competitive level, and 

that in other countries reserving bases and premium 

bases are more centrally controlled and take longer to 

change. 

There is plenty for the actuary advising a life 

assurance company to consider. 

Implications for Sickness Insurance 

Many of the same considerations apply for sickness 

insurance of the sort that pays a weekly or monthly 

payment - Disability Insurance in the United States, 
Permanent Health Insurance in the UK. There are, 

however, two additional considerations. First, there 

is the question of when a justifiable sickness claim 

might commence. Clearly once somebody is sick with 

AIDS or AIDS Related Complex (ARC), a claim (under 

existing policy conditions) may be justified. But what 

of the person who is HIV seropositive, but shows no 

signs as yet of sickness? There may be circumstances 

in which he can no longer remain employed, at least not 

in his original occupation, either for genuine medical 

reasons (which might apply to surgeons, airline 



pilots, or those working in the catering trades - not 
because HIV infection can be spread through food, but 

because those with HIV infection may be much more prone 

to salmonella and other food-poisoning infections), or 

it may be that it is made impossible for the 

HIV-positive person to remain at work because of the 

fears, not necessarily justified, of his workmates or 

his employer. 

If insurance companies accept AIDS claims only when the 

insured is genuinely sick, then the increase in sickness 

may be of the same order of size as the increase in 

mortality rates, perhaps between two and five times at 

the worst period. But if all HIV-positive insureds are 

treated as justifiable claimants, then future sickness 

claims might be very many times what was expected. The 

seriousness of this for offices may depend on the 

extent to which premium rates are guaranteed. Even if 

premium rates can be altered, offices may find it 

unacceptable to increase them to the necessary extent 

while still continuing to offer cover. 

An alternative approach is available to offices that 

write sickness insurance, which is to introduce some 

form of exclusion into the policy conditions. Whether 

this should just exclude cases where the. sickness is 

attributable to AIDS, or whether it should include all 

sickness for anyone who is HIV-positive is a matter for 

offices to consider. There is, as yet, insufficient 

experience of any form of exclusion to know how 

effectively such an exclusion can be administered, or 

how acceptable it will be to the public. 

Implications for Medical Expenses Insurance 

Many of the considerations that apply to sickness 

insurance can be carried over into considering medical 



expenses insurance, but at least in this case it is 

unusual for there to be long-term guarantees of premium 

rates, so offices may be able to keep pace with 

increasing claims by looking only a year or two into 

the future, rather than many years into the future. 

Again, the possibility of an exclusion of the costs of 

treating AIDS cases is worth consideration. Such an 

exclusion may be easier to introduce in countries such 

as Britain, where private medical expenses insurance 

provides a relatively small contribution to total 

health care costs. In countries which rely 

substantially on medical expenses insurance, it may be 

much harder to deny cover for the necessarily heavy 

costs of treatment for those suffering from AIDS. 

Implications for Pension Funds 

So far there seems to have been little done about the 

implications of additional mortality for pension funds. 

This may be because the financial consequences to 

pension funds appear quite likely to be neutral. The 

precise effect will depend on the benefits provided in 

the pension scheme. Large lump sum payments on death 

in service, or very generous ill-health retirement 

pensions followed by widows pensions may seem 

expensive, but against this must be set the release of 

reserves accumulated to meet age retirement pensions 

that may not be required. 

Of considerable importance may be the approach that the 

employer takes when somebody on his staff is found to 

be HIV seropositive or develops AIDS. Do employers 

retain such people on their staff, possibly incurring 

salary costs during periods of sickness, but not costs 

to the pension fund? Or is ill-health retirement 

encouraged at an early stage in the progression of the 



disease? Or do such individuals have a tendency to 

leave service in any case, without the employer 

necessarily knowing why? 

Further problems relate to the proportion of those who 

die from AIDS who may have widows. Among a homosexual 

population this may be lower than average, though 

probably not zero. And if there is a widow, what may 

be the chance of her also being infected? Statistics 

on this are not yet available. 

Contributions to the discussion, however, from those 

who have experience of how AIDS cases are treated by 

employers and pension funds would be very helpful. 

Conclusion 

Life actuaries have for long been able to assume that 

mortality was, actuarially speaking, well under control. 

In every country, at least in times of peace, mortality 

rates have declined slowly and reasonably predictably 

for decades. Life actuaries are now faced with the 

prospect of rising claims from mortality and sickness, 

with no certainty about the speed or final size of the 

increase, and they must adapt to a new situation. 

Their colleagues in casualty (non-life) insurance have 

long faced this sort of problem. Perhaps one group may 

learn from the experience of the other. 


