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ABSTRACT

In this paper, mortality improvements are considered at a high level in terms of current
findings from markets outside of South Africa. Mortality improvements are then looked at in
the context in South Africa with regards to the factors that impact mortality in South Africa
across various population sub-groups and as such would impact mortality improvements.
What we, as the actuarial profession, know is then asked — do mortality improvements exist
and do they matter? The availability and quality of data and research in South Africa around

the topic of mortality improvements is also investigated.
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1 Introduction

The purpose of this paper is to present a high level report on mortality improvements, or more
specifically, mortality improvements in the South African context. While the obvious questions
around mortality improvements are likely to be whether these exist in South Africa and if so to
what extent, we believe that there are more fundamental questions that need addressing

before these are considered. Are mortality improvements important to South African actuaries

and if so, do we have the data and the means to do anything about it?

We will also investigate mortality improvements in a South African context. South Africa, with
its diverse population in terms of socio-economic class, and the impact that has been left on
mortality rates through HIV and AIDS make this a very different environment to that of
developed world countries. At a population level South Africa has in fact experienced
mortality worsening through the impact of HIV and AIDS, a very different scenario to that in

developed countries.

The paper will also present a summary of the latest research and analysis from the US and
UK markets. These will help to illustrate the latest questions being asked and issues being
raised around the mortality improvement topic. This research will also provide a glimpse of
the latest mortality improvement observations and will serve to illustrate the degree to which

this type of research and analysis is currently lacking in South Africa.

We hope that the outcome of this paper would be to place the questions around mortality
improvements higher up the priority list of the South African actuarial profession. At the same
time we hope to find some of the answers to the more fundamental questions such as the

relevance and importance of mortality improvements to the South African industry.



2 Mortality Improvements

During the 20™ century there have been significant increases in life expectancy across the
globe. Increases in male and female life expectancy at birth across North America, Europe,
Australia and Asia averaged approximately 0.8 percent per year between 1900 and 1950,
more recently dropping to levels around 0.3 percent per year (Purushotham, et al, 2007). In
this section, mortality improvements, the source of these improvements, and the implications

thereof are introduced, providing a background to mortality improvements.

2.1 Risk Factors

When looking at the reasons behind mortality improvements and the level of improvements it
is important to consider what the deaths have been caused by over time and will likely be
caused by in future. The simplest form of mortality cause breakdown is mortality due to
accident or natural causes, with natural being further broken down into death due to
communicable and non-communicable causes. In South Africa the natural cause of death is
often further split into AIDS and non-AIDS contribution to the mortality rate due to natural

causes.

Mortality improvements can as such be defined crudely as the result of either the elimination
of some causes of death altogether or by the enabling people to live with certain conditions

that would have resulted in death, or an earlier death.

The World Health Organisation (WHO) releases the World Health Statistic series every two to
three years which provides statistics on cause specific mortality and morbidity rates and risk

factors related to diseases across the globe.

WHO defines and tracks some of the risk factors that have historically influenced

improvements in mortality (Purushotham, et al, 2007). These risk factors are:

* Levels of Malnutrition

* Child Health Interventions
* Maternal Mortality

* HIV Prevention Efforts

* Rates of Mortality for Non-communicable Diseases

These risk factors apply to natural deaths with a specific risk factor applying to AIDS alone.

What these factors neglect, and one that is potentially important when considering mortality



improvements, is accidental deaths. One could track separate risk factors for accident
mortality such as road accident rates, level of violent crime and level of political instability or

risk in a country.

2.2 Cause of death and improving mortality

By looking at the list of risk factors associated with mortality improvements in section 2.1, one
can see the large potential to improve mortality in developing countries where all five of these
risk factors are still issues to varying extents. In developed countries, where the first four risk
factors are largely not issues at all, the focus is on finding cures for, and improving living
conditions with, non-communicable disease (such as cancer and heart disease). When one
considers accident mortality, and looks at the additional risk factors presented, these would
also be much higher in developing countries than developed ones. Chart 1 and Table 1 below
set out some risk indicators and cause of mortality population statistics from the WHO Global
Burden of Disease analysis (http://www.who.int/healthinfo/global_burden_disease/en/). The
United Kingdom and United States have been included as developed countries to compare to

South Africa, India and Brazil as developing countries.

Table 1 — Life Expectancy at Birth and Age 60

Key UK usS SA Brazil India
Life expectancy at birth 80 79 54 73 65
(years)
Life expectancy at age 60 23 23 17 21 16
(years)

From the table above one will note the large differential in life expectancy, both at birth and at
age 60, with the United Kingdom and United States being very similar at roughly 80 and 23
years respectively. These figures are much lower and variable for the developing countries
with the life expectancy at birth ranging from 54 to 65 and the life expectancy at 60 ranging
from 16 to 21.



Chart 1 — Mortality Rates by Cause (per 100,000 liv  es)
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The death rates depicted in Chart 1 are generally higher per cause for the developing
countries. When one looks at communicable diseases in particular these are much higher for
the developing countries. This is as can be expected with AIDS deaths playing a large role in
these figures, specifically for the South African rate.

The death rates from non-communicable diseases (cancer, cardio vascular, diabetes and
chronic respiratory conditions) are also higher for the developing nations. The accident death



rate is also significantly higher for the developing nations with India showing the highest rate
at 0.1%.

The statistics above again illustrate the large potential for mortality improvements in the
populations of developing countries. How this potential plays out across various subgroups

within the population is also important and is considered in more detail in section 2.3.

Advancements in medicine and science are often seen as the major contributors driving
mortality improvements through altering the patterns, levels and trends of cause specific
deaths. This is however misleading, and while this is the major contributor when considering
developed countries and old age mortality, it is not the only contributor. Education, societal
and lifestyle trends and other external contributors to mortality changes need to be considered

as well.

2.2.1 Technological advancement

The, now regular, improvements in mortality that we observe in developed countries have
largely been the result of medical, scientific and engineering advancements over the same
period. There have been tremendous advancements made in being able to identify disease
(or identify it earlier), treat disease (through medicine or surgery) and being able to cure and

ultimately prevent disease.

This contribution to mortality improvements often presents itself in the older ages, where non-
communicable diseases have a more significant impact. Medical advancements also drive the
majority of the improvements in developed countries where non-communicable diseases are
often seen as the last hurdle in the battle against aging. Developed countries will also tend to
be at the forefront in terms of medical research and development and the populations of
these countries would have the means to take advantage of these advancements and access
to facilities and professionals that offer the latest in medical treatment, or at least more so than

in developing countries.

Technological advancements do not always have to be medical in nature. The advent of
something as simple as the seatbelt can give rise to lower death rates on the roads. These

advancements tend to have a once-off impact on mortality however.

2.2.2 Education and lifestyle

Education and lifestyle changes also play a large role in mortality improvements (and

worsening). There have been occasions where it is not the mortality due to a disease that has



been reduced but that the prevalence of the disease that has been reduced. An example
would be the reduction in cancers related to smoking due to the reduction in smoking

prevalence. An example of this impact (in the United Kingdom) is set out in section 5.

Education often plays a large role in improving mortality levels in developing countries where
there is a lower level of education and literacy amongst the poorest of the population. In
South Africa we are familiar with the efforts in both the public and private sector to raise the
level of knowledge and awareness with regards to HIV and AIDS in terms of the cause,

prevention and treatment of the disease.

Trends in lifestyle changes also impact trends in mortality. An example would be habits with
regards to healthy living, where one could look at the levels of smoking, exercise and eating
habits over time as risk factors. The impact of lifestyle changes does however work in both

directions with some trends worsening mortality. The prevalence of diabetes is expected to

increase from 2.8% to 4.4% across the globe between 2000 and 2030. This is linked to the

increasing prevalence of obesity and physical inactivity (WHO, diabetes care 2004).

Increases in these “lifestyle” diseases would have a negative impact on mortality rates.

2.2.3 Other external factors

In addition to technological advancements, increasing levels of health awareness and
changes in societal patterns, there are also often external forces impacting on mortality and
these are usually driven by changes in government policy or legislation. A few examples of

these include:

» Increased control over tobacco and alcohol advertising and sales

» Provision of a national health program, including facilities and treatment
* Increased portion of national budget allocated to health spend

* Increased level of policing

* Improved level of road safety

In South Africa, the government’s rollout of its antiretroviral treatment (ART) programme for
HIV positive lives and further recent adjustment for those qualifying (qualifying criteria of CD4
count of less than 250), is an example of an action which would improve the population

mortality.

In Spain, a road safety initiative was launched at the start of the last decade which had a

significant impact on accident mortality. The strategic road safety plan was launched with the



aim of reducing road accident deaths by 40 percent over the period 2003 to 2008. The plan
was a success and the reduction was well over the 40 percent target. This large reduction in
the road death rate obviously had a significant impact on the accidental death rate and was
large enough for insurers to reduce the total mortality rates that were used for the pricing life

assurance products (Ruiz del Moral, 2010).

2.3 Differentiating mortality improvements

Earlier in this section the link between cause of death, medical advances, societal and lifestyle
changes and external forces to mortality improvements were discussed. Given that these
drivers of mortality improvements differ from one country to the next, different levels of
longevity have also been observed in different countries and the potential for mortality

improvements in the future would also differ by country.

If one takes this one level further and looks within a country, different sub-populations would
also exhibit different past and future potential mortality improvements based on their unique
experience in terms of cause of death, access to medical advances, societal and lifestyle
changes and external factors impacting on them. From this it is plausible that mortality

improvements would also vary by (amongst others):

* Gender
« Age
e Smoking-status

* Socio-economic class

These are generally the major risk factors taken into account in South Africa in terms of

differentiating mortality for traditional life assurance products.

In section 5, studies from the United States and United Kingdom, show that differences in

mortality improvements exist based on the above four factors.

These differences, and specifically differences by socio-economic class, are important
considerations to take into account when mortality improvements and insurance are looked at.
The reason for this is that it is the higher socio-economic classes that make higher utilisation
of insurance products (both life assurance and retirement provision) and as such when one
looks at the impact of mortality improvements on insurance products one needs to be aware of

the socio-economic class that is being dealt with.



Differences by socio-economic class are equally important when mortality improvements in
the context of South Africa are considered. South Africa has an extremely diverse population
in terms of socio-economic class and one may expect very different mortality improvements
and trends between the highest and lowest socio-economic classes. This is set out in more

detail in section 4.1.

For the remainder of the paper the “socio-economic effect” on mortality improvements will be
raised from time to time. The impact on mortality improvements through the socio-economic
effect is due to the higher socio-economic groups having higher levels of income and
education. Higher levels of income give the higher socio-economic groups access to medical
facilities and the latest in technology that they have to offer. Higher income also allows a
person to more easily adjust their lifestyle (an example would be changing diet or finding time
to join a gym) in order to pursue a healthier lifestyle. The higher levels of education relate to
even simple levels of awareness in terms of hygiene, disease, disease prevention and

sources of treatment of medical conditions.

24 Are mortality improvements important?

Mortality improvements in isolation provide a source of academic interest. They are also
indirectly linked to measures used to assess the level of development of a country. Various life
expectancy indicators are often used to test whether a nation is meeting its goals in terms of
improving living conditions, combating disease and increasing access to healthcare. One
such measure would be the WHO Millennium Development Goals
(www.who.int/topics/millennium_development_goals). Some of these goals relate to reducing

child mortality, improving health and combating AIDS and other communicable disease.

A lot of research resources have been committed to studying mortality improvements in
developed countries. This is evident by looking at the number of seminars held on longevity
and mortality improvements specifically, or specific longevity and mortality improvement topics

in more general seminars in recent years.

The general themes of questions being asked with regards to mortality improvements around

the world concern:

* What does this millennium hold?
* Wil improvements continue to accelerate or level off?
* When can we expect mortality improvements to reach their end point?

* How can we best model the improvements?

10



However, it is probably the economic consequences of mortality improvements and increasing
longevity that are the most important when it comes to assessing their impact. The
burgeoning costs of state retirement provision in many first world countries is an example of
this. How can an ever increasing pensioner population be supported by what appears to be a
diminishing working population? This is also a very relevant question in South Africa as the

government looks into the feasibility of National Health Insurance and Social Security reform.

The financial implications of mispriced or under-reserved annuity and pension portfolios are
also immense due to the size of retirement fund assets and liabilities in the market. Table 2
below shows the retirement fund assets by type for 2011 in South Africa. It would only take a
few percentage points in terms of under-reserving in order to have a significant impact in

absolute rand terms.

Table 2 - Retirement Fund Assets in South Africa (2 011)

For profit
R Billion Not for profit (employer Individual Total
based)
Public Funds 982 982
DB pension and provident funds 343 4 2 349
DC pension and provident funds 549 103 72 724
Retirement Annuity Funds 264 264
Total 1,874 107 338 2,319

Source: Financial Services Board, National Treasury

In section 3 we look at the relationship between some sample mortality improvements and

their impact on an annuity value or life assurance premium.

The financial risks associated with mortality improvements are also magnified given the
difficulty that actuaries and demographers have in accurately modeling mortality

improvements. Population projections have frequently underestimated life expectancy.

An argument has been put forward that if life expectancy in developed countries was
approaching a maximum, then the pace of improvement in mortality in the countries with the
highest life expectancies would be slower than the pace in countries with shorter life
expectancies. It has been shown that there is, however, no correlation between the level of
life expectancy and the pace of improvement. Furthermore, as life expectancy increased over
the course of the 20th century, the pace of mortality improvement at older ages accelerated.

Even after age 100, death rates are falling. (Oeppen, et al, 2002)

The impact of this is that pricing and reserving bases need to be continuously strengthened,

and this has related financial implications.

11



In section 3 we also look at the impact of mortality improvements relative to interest rates.
When the economy is in a low interest rate environment the impact of mortality improvements
is much more significant. After the global financial crisis interest rates have come down
across the globe. At the time of writing the benchmark interest rate for a few first world
countries ranged from 0% to 3.5%. These are set out in Table 3.

Table 3 - Benchmark Interest Rates

Benchmark Interest

Country Rates
Japan 0.00%
United States 0.25%
United Kingdom 0.50%
Euro Area 0.75%
Australia 3.50%

Under these circumstances the impact of getting mortality improvement assumptions incorrect
is much more significant.

12



3 Mortality Improvements and Insurance

The purpose of this section is to provide a sense of the relationship between mortality
improvements and the impact on an annuity or pension and a life assurance product in order
to better understand the impact of mortality improvements from an actuarial and financial

perspective.

Mortality improvements impact any class of insurance business where mortality rates are one
of the underlying assumptions. The impact is not always in the same direction. For annuity
business, higher mortality improvements imply longer life expectancy and this means more
annuity payments are expected to be made and as such the price paid for an annuity needs to
be higher. Under life assurance business, higher mortality improvements again imply longer
life expectancy but this means that death is delayed and there is a longer premium collection

period and as such the price paid for life assurance should be lower.

When one looks at mortality improvements on insurance products one needs to consider the
relationship between population mortality and the expected mortality for the annuitants or
insured lives. As discussed in section 2.3, it is the higher socio-economic classes that will
utilise insurance products more and as such one could look at making a socio-economic class
distinction here. One would also only be looking at the adult ages as children do not form part
of the insurance buying population. The middle and older ages are important from a life
assurance perspective while the older ages are more important from a pension and annuity

provision perspective.

In the examples that follow the impact of simple mortality improvement assumptions will be
reflected as changes in the present value of an annuity stream and a level premium for a term

life assurance product.

3.1 Annuity

Table 4 below shows the increase in the present value of an annuity stream for someone aged
65, one at a 2% discount rate (to roughly reflect an inflation-linked annuity) and one at a 7%
discount rate (to reflect a fixed annuity) when a mortality improvement assumption is
introduced. The mortality improvement assumptions are simple 1%, 2% and 3% per annum
improvements to mortality. The base mortality used is PA(90) for males. PA(90) has been
used as this is a common table used in the South African pension market, or an adjusted

version thereof.

13



Table 4 — Increase in Present Value of Annuity Stre

am (age 65)

5.0%
10.3%

7%
2%

2.4%
4.7%

7.8%
17.3%

A 1% p.a. mortality improvement assumption results in a change in present value of between

2.4% and 4.7% depending on the discount rate used. Given the size of annuity reserves in

the South African market this is not insignificant. Being out by 1% could have an impact of

roughly 2.5% on reserves on the 7% discount rate which would be an impact of approximately

R55 billion based on the figures in Table 2.

Chart 2 below shows the increase in the present value of an annuity stream at a 2% discount

rate across an age range.

Chart 2 - Increase in Present Value of Annuity (2%

discount rate)
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Chart 3 below shows the increase in the present value of an annuity stream at a 7% discount

rate across an age range.
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Chart 3 - Increase in Present Value of Annuity (7%  discount rate)
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Another important factor to consider in light of the results above is that the mortality
improvement assumption has significantly more impact on results as the discount rate
reduces. This is of particular importance in the context of the economic environment we are
currently in. Further reductions in interest rates will only serve to further increase the impact

of mortality improvements in the annuity and pension industry.

This has become a particular concern in many developed world countries where real interest

rates have reached zero in some cases.

3.2 Life Assurance

The charts below show the change in the level premium for a whole of life (WOL) assurance
policy. The mortality improvement assumptions are again simple 1%, 2% and 3% per annum
improvements to mortality. The base mortality used is 55% of the SA85-90 light mortality
table.

15



Chart 4 shows that a 1% p.a. mortality improvement assumption results in a reduction in the
level premium of between 2.9% and 6.1% depending on the inception age of the life insured.
Given the competitiveness of mortality products in South Africa this is not insignificant.

Similar to the annuity products above, the improvement assumption also becomes more

significant as discount rate reduces.

Chart 4 — Reduction in Annual Level Premium Rate fo  r WOL policy (7% discount rate)
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From the annuity examples above one can see the impact of pricing these products with
mortality improvement assumptions that are too low. Under a best case scenario having a
mortality improvement assumption that is too low is likely to have the impact of removing the
profit margin that was priced for. Under life insurance business where mortality margins are
already small, these “hidden” mortality improvement margins may be at least as large as the
profit margins priced for and are therefore not insignificant in comparison. In some countries
mortality improvements are priced into life insurance products resulting in lower premiums.

This does not appear to be the case in South Africa though. This is discussed in section 4.5.
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4 Mortality Improvements and South Africa

There has been very little done in South Africa in terms of resources being committed to
mortality improvement or longevity research. In the context of mortality in South Africa this is
possibly not surprising given the impact that HIV and AIDS has had on mortality over the last
couple of decades. There has been a large collective industry effort to understand the impact
of HIV and AIDS and to model the pattern of AIDS specific mortality which has resulted in

worsening mortality for large portions of the population.

In this section of the paper we will look at South African mortality and mortality improvements
in terms of data and mortality tables available as well as actuarial guidance. We will also try

and gauge the importance and relevance of mortality improvements to the industry.

4.1 The South African context

As we saw in section 2.3, when one considers the drivers of mortality improvements (including
cause of death), and how these could potentially impact different sub-groups within a
population, it is a logical step to assume that mortality improvements would be very different
across these sub-groups too. In the South African context the difference of mortality between
different subgroups would apply particularly to socio-economic class where there is an

extremely diverse population in terms of high levels of inequality.

4.1.1 South Africa’s populations

In South Africa, as in many other countries, this inequality manifests itself through levels of
income, education and access to basic services. The most important inequality mortality

experience is being investigated is that of access to healthcare.

The Gini-coefficient of inequality is the most commonly used measure of inequality. The
coefficient varies between 0, which reflects complete equality and 1, which indicates complete
inequality (one person has all the income or consumption, all others have none). In 2009
South Africa had the highest Gini-coefficient of those countries measured with a value of 0.63
(data.worldbank.org/indicator/SI.POV.GINI).

What this implies is that the mortality experience observed for our highest socio-economic
class would be radically different to that of the poorest persons of our population. If we
consider only a portion of our population, that of formally employed lives, we observe that the

difference in mortality between the highest and lowest socio-economic classes (where salary

17



and type of work were used as proxies) is 6.7 for males and 8 for females (Schriek, et al,
2011).

The mortality experienced by these socio-economic classes is also dynamic. As the South
African middle class grows, people previously denied economic and education opportunities
start moving up the socio-economic class ladder. As such the mix of lives within each class
today would be very different to that 20 years, and even 10 years ago. This by itself could
drive trends in mortality over time and could possible confound any analysis into mortality

improvements within a sub-population.

If one was to turn their attention to mortality improvements in South Africa these large

differences within our population would raise several interesting questions.

» How would mortality improvements differ between the population as a whole,
employed lives, insured lives and annuitants?

» The highest socio-economic groups have access to healthcare and the means to fund
it, but the lower classes have the highest potential for mortality improvements given
their higher mortality rates. The government’s efforts in terms of healthcare provision
are also targeted towards the lower end of the socio-economic spectrum. What are the
implications of this?

* What are the correlations between insured lives or annuitants and socio-economic
class?

* How similar are our insured lives and annuitants to those in the United Kingdom and
United States in terms of mortality experience and potential mortality improvements?

» If we assume that our insured lives and annuitants are similar to those in the United
States and United Kingdom can we expect to see the same mortality improvements

that they are currently experiencing?

At the moment any attempt to answer to these questions would be conjecture. The questions,
while all interesting, also have different levels of importance to different parties. The South
African government would be interested longevity estimates at a population level as it looks at
the feasibility of a new social security structure, while life actuaries would be eager to know
whether the mortality estimates observed in the United Kingdom are reasonable estimates for

South African insured lives for example.

Willets (2008) points out that wealth and health are becoming increasingly correlated, with

mortality improvements driven by “lifestyle” and medical technology. He further suggests that

18



given the evidence of social class differentials widening in recent decades, future mortality
improvements for insured lives are likely to continue to outstrip those for the population as a

whole. This is with reference to the United Kingdom.

4.1.2 Mortality in South Africa

While it is easy to get absorbed in the details of mortality rates when looking at something as
technical as mortality improvements, this is not within the scope of this paper. It is however
useful to consider some of the factors related to mortality that impact mortality improvements.
We build further on one of these, already discussed in section 2.2, by looking at cause of

death in South Africa in more detail.

4121 Natural Cause Mortality

Table 5 below sets out the age-standardized death rates per 100,000 for various categories
amongst the same five countries used in the examples in section 2.2 using the statistics from
the WHO Global Burden of Disease analysis

(http://www.who.int/healthinfo/global_burden_disease/en/).

Table 5 - Age-standardized Death Rates (per 100,000 )

Country Communicable Non_— Accidental All Causes
communicable

United Kingdom 36 401 25 462

United States 34 418 53 505

South Africa 983 635 72 1,691

Brazil 97 534 76 707

India 363 685 99 1,147

From the table above it is clear that the largest improvements that can be made to population
mortality in South Africa would be in terms of communicable diseases. AIDS contributes 54%
and 31% respectively to the deaths due to communicable diseases and total deaths.
Government healthcare initiatives, both general (improving access) and specific (roll-out of
ARVs) are likely to have the largest impact on population mortality improvements. Increasing
levels of health knowledge and awareness would also play an important role. These would be

unlikely to have an impact on the mortality of the higher socio-economic groups.

Deaths due to non-communicable diseases and accidents are also much higher for the
developing countries when compared to the developed countries. In the United Kingdom and

United States the death rates for non-communicable diseases contribute 87% and 83%
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respectively to the total death rate. As such, medical advances will drive the majority of

mortality improvements for these countries in the future.
Deaths due to non-communicable diseases are set out in more detail in table 6 below.

Table 6 - Age-standardized Death Rates f or Non-communicable Diseases (per 100,000)

Country Cancer Cardiovascular  Respiratory
United Kingdom 137 142 34
United States 124 156 34
South Africa 155 262 62
Brazil 115 237 44
India 75 317 154

When looking at the differences between the levels of mortality due to non-communicable
diseases we see that the differences between the developing and developed countries is
being driven by cardiovascular diseases. This has been linked to levels of education with
regards to eating habits and cardiovascular disease as well as access to suitable care and
treatment. Interestingly, South Africa also has the highest mortality rate due to cancer of the

five countries.

4122 Accident Mortality

Table 7 below sets out the mortality due to accidental causes broken down into further detail
in terms of road traffic accidents and violence. Again, we observe what we would expect in
that accidental deaths are higher in developing countries which have higher levels of violent

crime and political unrest.

Table 7 - Age-standardized Death Rates for Accident al Deaths (per 100,000)

Road Traffic

Country . Violence Other All Accidents
Accident

United Kingdom 5 1 20 25

United States 14 6 32 53

South Africa 20 29 23 72

Brazil 22 28 25 76

India 19 5 76 99

The higher levels of mortality due to road traffic accidents in developing countries also belies
that fact that we would expect that the first world countries, being more urbanised (and having
a higher concentrations of roads, vehicles and traffic) would have higher mortality rates due to

road traffic accidents.
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Accidental rates contribute 4.3% (6.0% for males and 2.4% for females) to the all cause
mortality rate in South Africa for the total population. If we compare this to a portfolio of male
insured lives in South Africa we observe a figure of 35%. This proportion is broken down by
age in chart 5.

Chart 5 — Accidental Mortality Rates as a Percentag e of Total Mortality

Percentage Accidental Deaths
Insured Lives (Male)
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(Source : Insurance experience investigation of approximately 2,800 claims on a traditional life assurance portfolio)

This is evidence that once one starts moving from population mortality to insured lives
mortality, the proportion of deaths due to communicable diseases decreases and
consequently the proportion of deaths due to accidental death and non-communicable
diseases increases. This is partly due to the socio-economic effect already discussed, but
also a function of the insurance products sold. The experience above is for traditional life
assurance products. These are underwritten and as such one would be looking at a portfolio
of healthy lives on entry. The impact of products of mortality and mortality improvements is

discussed further in Section 4.4

The implication of the high accident mortality rate as a proportion of total mortality for insured

lives implies that any initiative to reduce accidental mortality, such as reducing deaths due to
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traffic accidents or violent deaths, would likely have an impact on total mortality for insured
lives. Medical advancements would impact the future mortality rates due to non-

communicable diseases.

4.2 Data in South Africa

On the face of it there is a lack of data in South Africa when we start comparing our data
sources to those available to actuaries in developed countries. It would however be incorrect
to say that there is no data available. There are published mortality tables dating back to the

early 1900’s available for South Africa.

When looking at mortality improvements we are also looking at the relative differences
between corresponding data sets. These relative differences, in terms of what we are looking
at, are more important than the absolute level of the mortality from either of the data sets. The

change in shape or level of the data will provide valuable insights.

4.2.1 South African Population Mortality Tables

There have been a number of life tables published in South Africa over the years. Mortality
tables are available for the white population from 1921, for the coloured population from 1936
and for the Asian population from 1946. (Van Tonder, et al, 1975). These tables are available
up until the last table for the period 1984 -1986 was prepared. These tables were prepared by
the National Statistics Authority (currently known as Statistics South Africa) and based on
official data. These are the official South African Life Tables (SALT).

Sadie (1970) constructed tables for the black population for five-year periods from 1935 to
1970.

Tables after 1986 were published by Statistics South Africa (for the combined population) but
the accuracy of these has been called into question for a number of reasons. The main issues
are in assessing the mortality for the black population and by reference for all population

groups in South Africa from the 1980s. The issues are as follows:

* Up until 1979 deaths in the black population were not captured as part of the national
vital registrations

» After that date there has still been significant underreporting of deaths for the black
population. This underreporting has been reducing over time. Any observed trends in

improvement or worsening mortality has to be considered in terms of the trend in
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reporting as well. It is relatively difficult to adjust for reporting if it changes over time as
well as age.

» Since 1992 “population group” has no longer been captured. This makes it difficult to
adjust for underreporting even if the problems above could be overcome as the
contribution of the black population to exposure and deaths can’t be determined.

* HIV and AIDS has further complicated matters since its prevalence is highest in the
black population group for which mortality data and trends are already difficult to

analyse.

A further table for the period 1996 to 2001 was published (Dorrington, et al 2004) and was
designed to estimate mortality for all population groups separately and combined. This was

based on census data and thus avoided some of the issues above.

4.2.2 South African Assured Lives Mortality Tables

One of the key responsibilities of the Continuous Statistical Investigations (CSIl) Committee of

the Actuarial Society of South Africa is to gather data relating to assured lives mortality, and to
periodically report on the experience. While the objective is not specifically related to mortality
improvements, any mortality experience investigation over a number of periods would lend

itself to this sort of analysis.

Over the years the CSI committee has produced reports on investigations that were carried

out. The following reports are available:

» Assured Lives Mortality
— Assured Lives Mortality Investigations, 1999 - 2002
— Assured Lives Mortality Investigations, 1995 — 1998
— Assured Lives Mortality Investigation, 1991 — 1994
* Annuitant Mortality
— CSI Annuitant Report 2001-2004
— Annuitant Mortality Investigation, 1995 — 1999

Over the years the following standard tables have been produced based on these reports and

anlyses:

» Assured Lives Mortality Tables
— SA85-90 Mortality Tables (Dorrington, RE,& Rosenberg, SB 1996)
— SA56-62 Mortality Tables (Report: Mortality Standing Committee 1974)
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* Annuitant Morality Tables
— SAIML98 and SAIFL98 (Dorrington, RE, Tootla, S, 2007)

There has been no specific investigation carried out by the CSI committee into mortality
improvements but potential mortality improvements were anlaysed when the standard
annuitant mortality tables were set up and is included in the report. This is set out in more

detail in section 4.3.

4.2.3 Mortality improvements - South African Popula  tion Mortality Tables

The SALT tables from the 1940’s onwards and the mortality table produced by Dorrington
(2004) were analysed and the difference in mortality for various age groups across time was
calculated. We have also looked at three scenarios, a short, medium and long term trend as

set out in Table 8 below.

Table 8 — Mortality Improvement Scenarios

Period Years NUI92T ©F
tables used
Long Term 1948 — 1998 50 7
Medium Term 1975 — 1998 23 4
Short Term 1982 — 1998 16 2

For this mortality improvement exercise where the data was split, the white population was

considered. By doing this one is able to:

« avoid some of the problems outlined in section 4.2.1 in terms of accurately reflecting
both the exposure and number of deaths;

* minimise the impact of AIDS to a large extent;

* use the data as a rough proxy for individuals currently purchasing insurance and
annuity products;

* make the results more comparable to other countries where improvement data is

available.

The results are set out in the charts 6 and 7 below.
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Chart 6 - Male Mortality Improvement Factors
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Chart 7 - Female Mortality Improvement Factors
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The results shown in the two tables above are not perfect by any measurement and are quite
volatile but there are some conclusions that we can draw from them. The first probably being
the most obvious in that there have been mortality improvements observed of up to 1.6%.
These tie up with the results of a survey conducted amongst South African life and pensions
actuaries (see section 4.3.5) when asked whether they had seen mortality improvements in

their own experience analyses.
The following can also be noted:

« The improvements for males over the medium and short scenarios are higher than the
long-term scenario. This could imply that improvements have been accelerating.

« The three scenarios for females are all closer together in terms of absolute level.

« The curves for males and females appears to be higher for the younger ages and lower
for the older ages. This is not in line with what has been observed in the United Kingdom
and United States.

As mentioned, this is a very high level analysis based on data with known problems. No firm

detailed conclusions can be confidently drawn from the results.

4.3 Mortality Improvement Research in South Africa

There has been very little research into mortality improvements in South Africa. A paper
producing South Africa’s first annuitant’s standard mortality tables was published in 2007
(Dorrington, et al) which set out standard South African Annuitant mortality tables for the
period 1996-2000. The paper made an attempt to assess mortality in age bands over a range
of calendar years. While mortality improvements were observed they were also largely

disregarded due to the following reasons:

» The period over which the trends were looked at was too short

* The improvements seen were not consistent with other mortality studies conducted in
South Africa between the 1980’s and early 2000’s for those aged over 65

* The implied improvements of 3% for men and 6% for woman were much higher than
those observed in the UK.

* The pattern of the improvements did not match that observed in the UK either.

The inconsistencies above are more than likely linked to problems in the data, particularly

deaths not yet processed in the most recent periods.
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Since this paper there has been no updated published paper concerned with an anlaysis of

mortality improvements in South Africa.

4.4 Insurance industry in SA

When considering mortality improvements from an insurance perspective it is also useful to
understand the products as this allows us to identify which sub-groups of the populations one
needs to consider along with the drivers of mortality improvements that will affect them. In the
South African insurance industry insurance is sold to more than what would be considered the
traditional insured lives population in developed countries. This occurs through compulsory
employee benefit schemes provided through employers. Equivalent cover is usually provided
through social security structures in developed countries. As such there is a larger mix of lives

that need to be considered in South Africa when it comes to insurance products.

441 Products
4411 Life Insurance

Traditional Individual Life Insurance

The segment of the population buying these products is considered as the insured lives
population in developed countries. The products are defined by the fact that they are
individual voluntary purchases and part of the application process involves underwriting. As
such, this population can be said to be “healthy” at outset or policy inception. This implies that
communicable diseases such as AIDS will not have a large impact on the experience of these
portfolios and any improvements in population mortality based on reductions in mortality due
to communicable disease will not have a large impact on insured lives mortality. The
incidence of these diseases after underwriting is also lower than in the general population due

to the socio-economic effect.

Underwriting will ensure that no non-communicable diseases are present at outset but these
will develop within the insured population naturally (e.g. cancers and heart disease) and are
priced for. Potential accidental causes of mortality is not currently underwritten and as such
accidental mortality makes up a larger portion of the deaths in insured populations when

compared to the general population.

Group Life Insurance (employee benefits)

In South Africa there is a large group insurance market, partially driven by the lack of social

benefits offered in terms of death and disability cover. The cover provided is compulsory and
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offered through employer sponsored schemes to employees. The key difference to the
traditional life insurance market is that underwriting does not apply (at least to the majority of
the covers) and as such the impact of communicable diseases is priced for rather than
underwritten out. A large element of pricing group insurance covers is ensuring that the
pricing for the impact of AIDS deaths is correct and that allowances for trends in AIDS deaths

is allowed for.

Any factors impacting on population mortality is therefore likely to have a significant impact on

the mortality experience of the group insurance market.

Limited-underwriting Life Insurance

This form of life insurance is relatively new, being developed during the last decade and is is
known as simplified-issue cover in other parts of the world. The emergence of this product
was to make products more accessible outside of the main traditional life insurance market.
This was achieved by making the underwriting less onerous through the removal of the
requirements for blood tests. Any underwriting that is done is completed through questions.
The additional risk presented through the mix of lives within this insurance pool is allowed for
through a combination of pricing and benefit structure. There are waiting periods on the
product and periods where only a proportion of the cover is available due to non-accidental
death.

As for group life insurance, any factors impacting on population mortality is also likely to have

an impact on the mortality experience for limited-underwriting life insurance.

441.2 Pensions

Pensions products involve a series of annuity payments in the future in return for a lump sum

payment. There are a number of combinations of this product with regards to:

* The level of payments and whether they increase over time or not
* Guarantees in terms of a minimum term of payments

* Living annuities

* Guarantees in terms of future payments or increases in payments

+ Joint-life annuities

The difference when looking at annuitant’'s mortality as opposed to insured lives or population

mortality as that the products are not underwritten. There is a niche market for underwritten
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products like impaired life annuities. These annuities have improved terms due to a medical
diagnosis which is severe enough to reduce life expectancy. Under this product a process of

medical underwriting is involved.

When it comes to annuitants one would be looking at the older ages (post retirement) and the
mortality improvements applicable to these ages. There could potentially also be a socio-
economic effect. In the private pension provision industry one would only be looking at lives
that would have been able to fund pension provision through private retirement savings or
having an employer sponsored pension fund. If one considers a state social security pension

provision one would be looking at a mix of lives more similar to the population in general.

For actuaries, one could argue that it is more important to get mortality improvements right in
the pensions industry due to the fact that they have the impact of worsening experience, i.e.
driving the price paid for an annuity up over time and resulting in the strengthening of reserves

over time if assumptions for future mortality improvements were too low.

44.1.3 Impact on products

Different mortality experience could be expected for different products where mortality and
mortality improvement assumptions play a role due to the mix of lives found within each

portfolio. These would differ in the following ways:

» Age of lives. Life insurance would be predominantly concerned with lives over the 30 to
50 age range in general; ages at which debt is incurred (in the form of mortgages) and
life cover is needed for dependants. Pensions would be concerned with the post
retirement ages and possibly starting as early as 55 but with the majority being over
age 65.

» Relative level of health of lives. Whether the product is underwritten or not will
determine the general level of health within a portfolio of lives.

* Socio-economic effect. Some products would have a broad spread of economic
classes within it (group life insurance) while others may be more heavily weighted

towards the upper socio-economic classes (traditional life insurance).

These differences would drive the changes in mortality over time. Any actuary involved in
these products would need to be aware of changes to these pools of lives, either in terms of
the natural changing of demographics or changes to product rules which alter the mix of lives

covered in any of the pools, e.g. changing underwriting standards.
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Developments in the factors that drive mortality changes as set out in section 2.2
(technological advancement, education and lifestyle and other external factors) and how they

impact each of the insurance or annuitant portfolios also needs to be monitored.

Advances in screening for heart disease and stents is likely to improve mortality for the higher
socio-economic groups in South Africa, due to the fact that they would have access to the
facilities that would provide this and the means to fund it. These advances are unlikely to
affect the lowest socio-economic classes who would have very limited access to this type of

healthcare or the means to fund it.

On the other hand, the government’s plans to increase access to basic healthcare and clinics
throughout the country through the proposed National Health Insurance initiative is unlikely to
affect the mortality of the higher socio-economic groups but would have an impact on the
mortality of lowest socio-economic groups who would be moving from no or little access to

some access at least.

The government’s rollout of its ART programme for HIV positive lives is unlikely to be of
interest to anyone managing a portfolio of annuities or traditional life insurance business. The
reasons being that the HIV and AIDS impact is very small at retirement ages and the AIDS
risk is underwritten out of the traditional life insurance product. It will however be of significant
interest to those with a group life insurance portfolio which covers lives of working age and the
AIDS risk is priced for rather than underwritten out. Any significant changes to the AIDS

mortality curve in terms of level, shape and future expectations is important in this segment.

442 Insurance Guidance in South Africa

Legislation in South Africa and the corresponding guidance through PGN’s of the Actuarial

Society of South Africa are largely silent on the specific topic of mortality improvements.

PGN 104 (Life Offices — Valuation of Long-Term Insurers) states that liabilities being valued
under the Financial Soundness Valuation should take account of “future experience that may

be expected in respect of ....mortality....”
It also goes further to describe best estimate assumptions related to mortality.

“Mortality and morbidity, at a level consistent with past experience modified by expected future

trends. This must include the best-estimate of the effect of AIDS.”

30



Mortality improvements are therefore only covered implicitly to the extent that actuaries allow

for them through future experience or trends.

The current Capital Adequacy Requirements are also silent on this issue. Solvency capital is
required to be held against a mortality shock, whether it be upwards or downwards, but no test

is performed against changes is future mortality improvements.

Mortality improvements have however become an explicit item under the new Solvency Il and

SAM requirements where longevity risk is a separate sub-module under the life risk module.

The general capital requirement under the longevity risk sub-module in Quantitative Impact
Study 2 (QIS 2) is described as follows:

“The capital requirement should be calculated as the change in net asset value
(assets minus liabilities) following a permanent decrease in mortality rates. An
alternative scenario is also specified for QIS2, where the capital requirement should be
calculated as the change in net asset value (assets minus liabilities) following a

permanent increase in the rate of mortality improvement.”

QIS 2 goes further to issue two additional stress tests against the mortality improvement
assumptions that are being used by companies. There is also the need to provide the impact
of
1. a higher improvement in mortality in each future year of 1.5% in absolute terms in the
annual mortality improvement assumption.
2. apermanent decrease in mortality rates of 10%, combined with a higher improvement
in mortality in each future year of 0.75% in absolute terms in the annual mortality

improvement assumption.

There is a move to risk based solvency capital systems across the globe and the fact that
longevity risk and mortality improvements are set out a separate risk and an assumption worth
testing is in line with the increase in importance that has been attached to longevity and

mortality improvements.
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4.5 Importance and Relevance in South Africa

Mortality improvements is a complex topic, and South African actuaries have very little to go
by in terms of research or industry analyses. It would be useful to gage the importance placed

on mortality improvements by South African actuaries practicing in the life and pensions fields.

We tested this by conducting a short survey of the members of the Life Assurance and the
Retirement Matters Committees of the Actuarial Society of South Africa. These two
committees drive the Actuarial Society of South Africa’s actions in terms of life assurance and

retirement matters.

Perhaps the simplest and most telling question put to the respondents was whether they
believed that enough has been done in South Africa with regards to information and research

into mortality improvements. All of the respondents said “No”.

Further details provided in response to this question were similar. These were the general

themes:

* There has been related work completed by the CSI committee of the Actuarial Society
of South Africa but these publications are outdated and / or inconclusive.

* There isn't enough reliable data in the South African industry to enable a credible
mortality improvement analysis.

» There is an overreliance on the research emanating from the United Kingdom.

Further concerns are that the results from the United Kingdom are then adjusted for
use in South Africa (without substantive evidence for the adjustments) or they aren’t
adjusted and there is concern that these are then overly conservative. There is some
concern that this could have negative implications under the new “Treating Customers
Fairly” framework.

» The resources in the industry are committed towards the most pressing short-term
issues. There was a view that something like mortality improvements, while being vital
to the industry, was unlikely to take precedence over the current work being done in
moving into line for the new “Solvency Assessment and Management” and “Treating

Customers Fairly” frameworks.

85% of the respondents also indicated that mortality improvements did concern the business
that they were involved in, and that they did use mortality improvement assumptions in pricing

and reserving exercises.
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Chart 8 below sets out the proportion of respondents using various mortality improvement

assumptions by age band. At the younger ages half the respondents use a mortality

improvement assumption of between 0% and 0.5%. As we move to the older ages the 1% to

1.5% assumption becomes more prevalent. Very few respondents used an assumption of

over 2% and this only occurred at ages over 70.

Chart 8 - Mortality Improvement Assumptions by Age
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None of the respondents indicated that these assumptions were based fully on an experience

investigation concerning the business that they were pricing or reserving for. Reliance on UK

tables and in some instances, use of a peer group analysis in terms the average valuation

assumptions that the FSB feeds back to the industry, were highlighted as the principal sources

of information when forming these assumptions.

75% of respondents indicated that in performing their own experience analyses they had

noticed mortality improvements over both the last 1 to 5 or 1 to 10 years. The average long-

term mortality improvement resulting from these analyses is set out in chart 9 below.
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Chart 9 - Average Long-term Mortality Improvement b
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Roughly 70% of respondents had seen a 0.5% to 1% improvement and the remainder a 1% to

1.5% improvement. These appear to be in-line with the feedback regard pricing and reserving

assumptions with the assumptions being used being more conservative and correctly so.

All of the comments set out above relate to annuity business only. Almost all respondents

indicated that mortality improvement assumptions were only applied to annuity business and

not to life assurance business. The respondents that did not make this assertion were silent
on the matter and did not indicate that they did use mortality assumptions for life assurance

business. It is the authors’ experience that mortality improvements are not considered in the

pricing of life assurance business in South Africa.

Most respondents indicated that the topic of mortality improvements was both topical and of

importance to the South African industry. The respondents were also eager that more is done

at an industry level in providing research, analysis and guidance on this topic.
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5 Mortality Improvements in the Developed World

As mentioned earlier in this paper, there is reliance on data and information from the
developed countries to understand mortality improvements and trends. The level of data
available in some of these countries is extensive and provides a very good basis to investigate
mortality improvements over time. A significant amount of research has been done on this
topic in various developed countries and several papers have been published. Therefore this
paper would only touch on a few aspects of the information and investigations that are
available. The sections below will provide a brief summary of some of the research and trends
that have been experienced in these countries. It does provide a useful picture of what level of
improvements have been experienced in other countries and what has driven these

improvements.

Although some of the information could be useful in a South African context, any such
information needs to be used with care. However, even though South Africa is a developed

world country, the insured population would be similar to the UK and USA populations.

5.1 The United Kingdom
51.1 Background

The UK has done a significant amount of work on understanding the true effect of mortality
improvement. This section of the paper will focus on the work of Willets et al, but other
sources also provide detailed investigations and results. It should be emphasised that these

are not the only sources of longevity studies in the UK.

The UK has several sources of data that could be used for studies on mortality trends. One
such source is the Office for National Statistics (ONS) which is the largest independent
producer of official statistics in the UK. In addition population data is also available on the
Human Mortality Database. The Continuous Mortality Investigation (CMI) of the Institute and
Faculty of Actuaries carries out research into mortality and morbidity experience by analyzing
insurance data. Of specific interest is the life office mortality investigation which is the longest

running investigation of the CMI.

The focus on longevity in the UK has been to such an extent that it has allowed a company
called Club Vita to start an operation which collects and pools pension data and provides

longevity services for pension schemes.
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Since a segment of our insured population would be similar to the UK population, any lessons

from the UK would most certainly be valuable to South Africa.

5.1.2 Factors contributing to mortality improvement s in the UK

The most important factor in the 1900’s was the development of vaccines and antibiotics to
treat infectious diseases. Between 1900 and 1910 infectious diseases caused almost 50% of
all deaths in people younger than 45. Now infectious diseases only account for approximately
0.5% of all deaths. This also had the biggest effect on mortality improvements for younger

lives.

After the 1990’s, the largest improvements were due to cancers and circulatory disease
improvements. Much of the UK improvements relating to cancer and circulatory disease has
stemmed from medical screening, reductions in smoking, better awareness of diet and
medical advances such as bypass grafts and angioplasties. Cancer has specifically benefited
from medical advances since there is no evidence that incidence rates have reduced
significantly. There is also no evidence to suggest that this trend of mortality improvement is

slowing down.

The study also considered the effect of smoking habits on mortality improvements, since
smoking relates to cancer and heart disease which were significant causes of improvement. It
was found that the prevalence of smoking reduced substantially in the UK in the 1960’s and
the 1970’s. There are studies that suggest that recent mortality improvements have been due

to changes in smoking behavior.

It is also suggested that the improvements for young people are subject to a great deal of
uncertainty. This is due to the fact that there are causes of increasing mortality outweighing
any improvements. These include accidents and drug and alcohol abuse. Young people
benefited most from reductions in infectious diseases in the 1900’s and therefore the re-
emergence of infectious diseases or resistance to medication is a particular threat with a great

component of uncertainty.

5.1.3 Mortality trends

The UK has experienced a trend called the ‘cohort effect’. This effectively means that people
born between 1925 and 1945 have experienced faster mortality improvements than those
born in other generations. This is thought to be a combination of a variety of factors. These

lives would not have been involved in service in a war, they were to benefit from the first
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treatments of infectious diseases, and they benefited from the introduction of the National
Health Service. Furthermore, they smoked less than the previous generation, had fewer
children and were not as adversely affected by the 1930’s depression as the previous

generation.

In addition to the ‘cohort effect’ it has also been observed that the rate of mortality
improvement for elderly people has been increasing over time. This is known as the ageing of
mortality improvement. Furthermore, the ages with the most improvement are also increasing

over time. Despite this, the UK still has potential for further mortality improvement.

The pattern of improvement has also been different for younger and older lives. In the early
1900's, the improvement was greater for younger people. In the later 1900's, the older lives

had more significant improvement.

The astounding effect of mortality improvement becomes evident when considering life
expectancy. In 1901 the life expectancy at birth was 45 years for males and by 1991 this has
increased to 73. The reduction is such that for a 45-year old male it is approximately 82%. The

biggest driver of the improvements has been the treatment of infectious diseases.

Between 1960 and 1996, the average rate of annual mortality improvement has exceeded 1%
for females and for males between the ages of 35 and 79. During the 1990’s the
improvements were still significant. A table from the Continuous Mortality Investigation
Working Paper 27 shows the following improvements in ONS mortality rates between 1992
and 2005.
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Table 9: Average Annual Rates of Mortality Improvem  ent — 1992 to 2005

Males Females

1992-1997 |1997-2001 [2001-2005 |1992-1997 [1997-2001 |2001-2005
20-24 -1.8% 2.9% 4.8% 0.6% 1.4% 2.3%
25-29 -1.3% 2.1% 3.5% 0.4% 0.5% 0.4%
30-34 -0.3% -0.7% 3.5% 0.6% 0.4% 1.5%
35-39 2.3% -0.8% 1.2% -0.4% 2.6% 2.4%
40-44 0.4% 1.7% 0.9% 0.9% 1.4% 1.2%
45-49 0.8% 0.2% 1.6% 0.4% 1.0% 1.4%
50-54 2.4% 1.3% 1.3% 1.5% 0.9% 1.4%
55-59 2.1% 2.7% 2.6% 1.8% 1.9% 1.8%
60-64 3.1% 2.7% 2.4% 2.5% 2.2% 2.7%
65-69 2.8% 3.8% 3.1% 2.1% 3.5% 1.9%
70-74 1.6% 3.6% 3.4% 0.6% 3.0% 3.1%
75-79 2.0% 1.9% 3.3% 1.3% 1.4% 2.1%
80-84 1.1% 3.0% 1.5% 0.4% 2.3% 0.8%
85-89 0.4% 1.5% 2.8% 0.1% 1.2% 1.7%

The UK has also experienced a widening of social class differentials relating to mortality
improvements. This implies that the mortality of the better classes of lives have improved
more rapidly. This would also imply that more rapid improvement would have been

experienced for insured lives and annuitants than for the general population.

It is also forecasted that in the future, mortality improvements for elderly people will increase

at an even higher rate.

514 Government initiatives

The UK Department of Health has also published a White Paper in 1999 “Saving Lives: Our
Healthier Nation”. This focuses on reduction in deaths due to heart disease, stroke, cancer,

accidents and suicides by specified percentages over a 10-year period.

Such a White Paper does not exist in South Africa, yet there are groups focused on obtaining
similar outcomes. An example would be the widely marketed Arrive Alive campaign. The
private healthcare sector in South African is also on par with that of the UK, specifically
relating to screening and medical advances. There have also recently been publicity
campaigns to increase awareness around certain diseases that can be treated successfully if
identified at early stages with medical screening. An example would be the various breast

cancer campaigns that have received increasing publicity over the last few years.
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5.1.5 Comparison to international experience

A comparison of the UK to other countries also provides useful information. Firstly the shape
of the mortality curve differs from what is generally experienced. The mortality rates for young
people are relatively low but the gap reduces as age increases. The UK rates of mortality are
also relatively high for older people. This is mostly due to the high mortality rates from
circulatory disease in the UK. Cancer survival rates are also poor for some of the main causes
of cancer. This indicates that there is still significant scope for further mortality improvements
in the UK. The greatest scope for improvement is also for elderly people which suggest the

greatest potential impact on the retirement industry.

The cohort effect has also been experienced in other countries around the world, although
these relates to different birth dates. Swedish women born between 1900 and 1910 have
experienced particularly high rates of improvement. Similarly, Japanese men born around
1910 have experienced higher rates of improvement. Of particular interest is that the
Japanese already have some of the highest life expectancies in the world. The US experience

shows little effect of a cohort effect in turn but this would be discussed in the next section.

5.2 The United States

5.2.1 Data

The United States has 4 sources of population data available when considering mortality
trends. The first is the National Centre of Health Statistics (NCHS), the second is the US
National Vital Statistics System (NVSS), the third is the Social Security Administration (SSA)
and the fourth is the Human Mortality Database (HMD).

As for the UK, there are various research investigations available. This paper will focus on the

work done by Purushotham et al.

5.2.2 Historical Experience

The United States has experienced a similar trend to the UK in terms of improvements over
the 1900’s. They experienced major improvements until the 1950’s. Thereafter the
improvements continued but at a slower pace. The main reasons for the improvements were

public health initiatives such as immunization, penicillin and disease-eradication.

The patterns of improvement also vary by age groups. For the period 1979 to 2000, mortality
improvements were lower at the older ages, although these have increased in more recent

periods. For young adults (age 20 to 34) the improvements have declined from the mid
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1980’s. The retirement ages have exhibited lower level of improvements in the 1980’s than the

younger lives, although there have been greater improvements in the early 2000’s.

There is also evidence of improvement variations by gender. Specifically, males had much
greater mortality improvements during 1980 to 2000 but these differences are not significant in
the early 2000's. People of higher socio-economic class and those that are married have also

experienced higher levels of mortality improvement.

Evidence also shows that the pattern of mortality improvement is similar for the general
population and insured lives in the ultimate period, when considering the period between 1978
and 2006. The US has also experienced large differences between the mortality
improvements for smokers and non-smokers, with smokers only achieving approximately 50%

of the improvements of non-smokers.

Between 1967 and 2006, the average annual improvement for insured lives in the ultimate
period was 1.5% combined for males and 1.3% combined for females. The table below details

the age banded rates of mortality improvement for insured lives in the US.

Table 10: Average Annual Rates of Mortality Improve  ment for Life Insureds in the Ultimate
duration.

1967-2006
Attained age Males Females
30 0.4% 1.1%
35 0.3% 0.8%
40 0.4% 0.8%
45 0.9% 1.2%
50 1.8% 1.5%
55 2.3% 1.6%
60 2.5% 1.5%
65 2.4% 1.2%
70 2.1% 1.2%
75 1.8% 1.6%
80 1.5% 1.5%
85 1.2% 1.2%
90 0.8% 1.0%
95 1.1% 1.2%
All ages 1.5% 1.3%
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5.2.3 Future improvements

The research by Purushotham et al has also developed a best estimate view regarding the
medium term mortality improvement using general population sources as well as the Society
of Actuaries experience studies. It is suggested that the mortality improvements over the
medium term are at a median annual improvement of 1.5% for males and 1% for females. The

actual improvements vary by age though and this is shown below.

Table 11: US Annual Mortality Improvement Best Esti  mates, 2011-2025

Individual Life Insureds | Individual Life Insureds Individual
General Population (Non Smokers) (Smokers) Annuitants
Attained Age| Male Female Male Female Male Female Male Female
25-34 1.50% 1.00% 2.00% 1.50% 1.50% 1.00%
35-44 1.00% 0.50% 1.50% 1.00% 1.00% 0.50%
45-54 1.00% 0.50% 1.50% 1.00% 1.00% 0.50%
55-64 1.50% 1.00% 2.00% 1.50% 1.50% 1.00% 1.50% 1.00%
65-74 1.50% 1.00% 2.00% 1.50% 1.50% 1.00% 1.50% 1.00%
75-84 1.50% 1.00% 2.00% 1.50% 1.50% 1.00% 1.75% 1.25%
85-89 1.00% 0.75% 1.33% 1.00% 1.00% 0.75% 1.25% 1.00%
90-94 0.67% 0.50% 0.89% 0.67% 0.67% 0.50% 0.92% 0.75%
95-99 0.30% 0.25% 0.40% 0.33% 0.30% 0.25% 0.55% 0.50%
100+ 0.20% 0.20% 0.27% 0.27% 0.20% 0.20% 0.20% 0.20%

They also estimate that those individuals in the higher socio-economic classes would

experience mortality improvements of between 0.5% and 1% higher than the population.

5.24 Comparison to UK

The graphs below show the improvements for the US and thereafter the UK.
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Chart 10 - A verage Annual Improvements in male Population Morta ity for the US as indicated by
the Human Mortality Database, 1940 - 2007
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Chart 11: Average Annual Improvements in male Population Mo  rtality for the UK as indicated by
the Human Mortality Database, 1940 — 2007
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It is interesting to note that the level of mortality improvements for the UK were significantly
higher than for the US. The patterns of improvements by age are also different, especially for
the ages 20-35. The US exhibited significant improvements during 1980 — 2000 but had
negative improvements thereafter. The UK shows the exact opposite pattern.

The charts below show the expected experience for females.
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Chart 12: Average Annual Improvements in female Population Mortal ity for the US as indicated
by the Human Mortality Database, 1940 — 2007
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It is interesting to note the different patterns of improvement. For the US, the pattern for lives
over 35 is similar for males and females although the males generally had higher level of
improvements. For the 20-35 year olds, the females had significantly higher level of

improvements in the 1940-1960’s than the males.

Chart 13: Average Annual Improvements in female Population Mortality for the UK as indicated
by the Human Mortalit y Database, 1940 — 2007

9.0% -
8.0% -
7.0% -
6.0% -
5.0% - w1 0-35
4.0% 1 3565
3.0% -
2.0% -
1.0% -
0.0% . : : .
1940-1960  1960-1980  1980-2000  2000-2007

65-85

The pattern for the 20-35 year olds are very similar for males and females except that females
has positive mortality improvements in the period 1980 — 2000. The improvements for females

between 65 and 85 are also significantly lower than males.
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6 Conclusion

There has been very little done in South Africa in terms of research or analysis of mortality
improvements. This stands in contrast to the results of a survey conducted of actuaries
working in the life assurance and retirement fields who have stated that this topic is of
importance to the industry but that there has been very little, if nothing, done on trying to

assess mortality improvements in South Africa.

There is an overreliance on research produced in developed countries, especially the United
Kingdom, on this topic. This includes the use of the results of this research in setting pricing
and reserving assumptions in South Africa. The use of these results (or adjusted results)
without substantive evidence from the South African market is a concern. How close our

assumptions are to the true best estimate is an unknown.

There are a number of factors in South Africa which make mortality improvement analysis
more complex. The large differences between our top and bottom socio-economic classes
mean that, like the mortality experience observed for these sub-groups, the potential mortality
improvements could be significantly different as well. The relationship between population
mortality, the mortality of the working population, insured lives and annuitants in terms of
mortality improvements are important and unknown. The similarities between the insured
lives and annuitants in South Africa, compared to developed countries, is also important due

to the reliance we place on research from these countries.

There appears to be a need in South Africa for the actuarial profession to increase the priority
of the research required into mortality improvements. There is a distinct lack of resources
being committed when compared to how the profession has responded to HIV prevalence and

AIDS mortality in terms of research and modeling work.
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