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Abstract

Brown and McDaid (2003) found that there are several key factors
that affect retirement mortality. When dealing with the mortality for
a specific age group, we should understand how each factor affects the
mortality and also how those factors are related to each other. In this
paper, how various factors affect the mortality of the older age group
will be investigated. It is found that the effect is often different for
older ages than for younger ages. The method to develop actuarial
models that take into account the factors we have considered will be
discussed.



1 Introduction

The motivation and necessity of a more sophisticated mortality model
is well addressed in Factors Affecting Retirement Mortality (Brown,
2003). The paper identified and discussed 13 risk factors affecting re-
tirement mortality. The motivation of developing a mortality model
can be described by the changing environment. As medical science
develops, human life expectancy has been increasing and the propor-
tion of elderly in the population is exploding. Elderly people are get-
ting more concerned about their retirement income due to extended
life expectancy. If annuitization of retirement income becomes more
popular, fair valuation of annuities will be very important and mor-
tality assumptions will be important as well. Also, insurance products
are getting more complicated covering various diseases. That needs
more complex mortality and morbidity models for actuarial valuation.
Since many factors affecting mortality and morbidity have been found
by previous studies, we can construct various risk classes in a mortal-
ity model. This will allow us to evaluate the proper liability so that
we can manage the mortality risk.

2 Factors Affecting Mortality

Many kinds of risk factors have been identified as significant predictors
of mortality and morbidity. We can classify those factors into several
groups as follows.

1. Socio-Economic/Demographic factors
o Age
e Gender
e Education
e Occupation
e Ethnicity
e Religion
e Marital Status

2. Behavioral risk factors

e Smoking Status
e Alcohol Intake



e Dietary habit
e physical activity
3. Health Parameters

e Blood Pressure

Blood Sugar Level
Obesity
Cholesterol Level
Physical Fitness

The basic mechanism of mortality or morbidity can be explained by
interactions among groups of risk factors. The socio-economic factors
mainly affect the behavioral risk factors. Also, the behavioral risk
factors make differences in health parameters. For instance, there is
a gender difference for some health parameters. The behavioral risk
factors influence the health parameters and vice versa. Finally, the
health parameters indicate the status of health for each individual.
What makes it difficult to model mortality and morbidity using those
risk factors is that several factors are confounding. If we contain all
of those confounders in a model, the model tends to be no longer
significant because of parameter redundancy. We need to consider
parsimony in our model as well. Therefore, all of the variables can
not simply be included in the mortality model before considering con-
founders. In this paper, some risk factors that have important char-
acteristics will be discussed. The effects of risk factors on mortality
will be focused on the elderly population.

3 Discussion of risk factors

Among the risk factors introduced in the previous section, there are
some factors that need to be handled with care. Several important
characteristics were investigated. Those characteristics are so impor-
tant that they should be considered in a mortality or morbidity model.
In this section, the factors which have many important characteristics
will be discussed.



3.1 Socio-Economic status

Socio-economic status(SES) can be represented by income, education
and occupation. These three variables are highly correlated with each
other, as expected. Generally, high SES is associated with low mor-
tality. However, the effect is weaker for the elderly population than
for middle aged adults. Because the behavioral risk factors and the
health parameters mediate the relation between SES and mortality, it
has been suggested that the effect of SES on mortality can be elim-
inated by precisely determined health variables. (Bassuk, 2002). In
order to do that, the difference of the behavioral risk factors and the
health parameters among different SES groups needs to be verified.
Although each factor is a significant predictor of mortality, if we in-
clude all of those three variables in a mortality model, the effect is
insignificant due to the correlation among them. Out of many socio-
economic factors, income turned to be the strongest single predictor
from previous health research. However, in order for income to repre-
sent SES for the elderly population by itself, a more balanced wealth
measure is needed to explain retirement income which structure is
different from that of middle aged adults. Also, many papers dealing
with SES found that the effect is stronger for men than women. It has
been found that there is some relation between SES and self-related
health. (Salas, 2000) This finding is related to some extent to the
relation between SES and health behaviors.

3.2 Smoking status

Smoking is a well known risk factor that mainly causes specific dis-
eases. Usually, smoking is a risk factor of cardiovascular disease for
younger adults and a risk factor of cancer for elderly people. Also,
smoking accelerates the bad effect of heavy drinking. Because there
is a correlation between smoking and drinking, those two behavioral
risk factors are considered confounding variables. Blood pressure is
affected by smoking status. It should be remarked that smoking habit
is different by gender. Therefore, when smoking habit is explored
with longitudinal data to investigate the long term effect of smok-
ing, gender differences should be reflected in a mortality or morbidity
model. There are some interesting findings about the effect of reduc-
ing or stopping smoking. Godtfredsen (2002) found that the benefit



of reducing smoking is not significant and Tessier (2000) got a result
that cessation of smoking for 20 years can reduce the mortality rate
to non-smoker level. These findings suggest that previous smoking
habits should be taken into account in a mortality model.

3.3 Alcohol intake

Alcohol intake is another significant behavioral risk factor. Much pre-
vious research found a U or J shaped relation between the amount
of alcohol intake and mortality, which is identical for all old ages
(Gronbaek, 1998). Usually, alcohol drinking increases blood pressure.
However, it has been found that moderate alcohol intake provides
some benefit, increasing HDL cholesterol. By the way, there are two
main difficulties in handling alcohol intake as a variable to be included
in a model. One is that the capacity to take alcohol is different for
each person mainly depending on heredity. Therefore, the appropriate
boundaries of moderate intake and heavy drinking need to be defined.
The other thing is that drinking habits change over time. This might
be affected by health status. Because the benefit of moderate intake
may come from a long drinking habit, the relation between drinking
habit over time and mortality should be explored. Klatsky (1992)
found that the effect of heavy drinking is stronger for women than
men. This needs to be verified with more research.

3.4 Obesity

Obesity is one of the important health indicators. Although, there
is a positive correlation between obesity and mortality for the middle
aged population, the results from several papers agree that thin people
have much higher mortality than normal or obese population in older
adults. (Grabowski, 2002) This can be explained by the fact that thin
people in older age are likely to suffer from diseases, frailty or malnu-
trition because of poverty. The obesity is usually measured by body
mass index (BMI) and BMI can be categorized by some criteria. The
one thing that needs to be considered is that the variability of obe-
sity is different by gender, which implies that the boundaries defining
thin and obese person may be different for each gender. What is well
known is that obese persons are likely to get adult diseases such as
hypertension and diabetes. Because obesity changes over time, the



relation between changes of BMI and mortality must be investigated.
It is found that a poverty indicator can explain to some extent the
high mortality of persons with low BMI. It is related to retirement
income.

3.5 Blood pressure

Like the relation between obesity and mortality, the effect of blood
pressure on mortality is different for different age groups. It has been
found that the relation between blood pressure, which is usually mea-
sured by the systolic or diastolic blood pressure, and mortality follows
a U or J shaped relation for the elderly population. (Taylor, 1991) It
may be explained by the fact that frail persons are likely to have low
blood pressure. Blood pressure is affected by health behaviors such as
smoking, drinking and dietary habit. Also, blood pressure is related
to age, gender and heredity. Although blood pressure has been mea-
sured by systolic blood pressure, recent studies agree that pulse pres-
sure, which is the difference between systolic and diastolic pressure, is
the best single predictor of mortality. In this case, there is a positive
correlation between pulse pressure and mortality. Glynn (2000) found
that the relation is stronger for ages 65 to 74. Also, Kannel (1997)
found that the benefit of medication for high blood pressure is reduced
for the elderly population. Blood pressure changes over time gradually
with age and is affected by other factors. So, we need to explore the
behavior and the difference of mortality among various risk classes.

3.6 Physical fitness

Physical fitness is one of the important health indicators which is
more pronounced for older populations. This is usually measured by a
maximal exercise test indicating cardiorespiratory fitness. Cardiores-
piratory fitness is a very important health measure for the elderly
population because the variability of fitness is much larger than that
for middle aged adults. Blair (1989) found that there is a strong nega-
tive correlation between cardiorespiratory fitness and overall mortality
and cause specific mortality. Also, he found that the relation between
them is consistent for men and women. Physical fitness is affected
by the history of the health behaviors of each individual. One of the
key factors to maintain a desirable fitness level is regular exercise and



avoiding a sedentary lifestyle.

4 Future research

As discussed, the relations among risk factors are very complicated.
The first thing that should be done before constructing a mortality
and morbidity model is to explore the method to handle confounding
variables. After that, we can select the factors to be included in the
models. Also, there are many factors that change over time. The
behavior of those factors should be investigated using longitudinal
data. To reflect the dynamics of risk factors, the Markov chain will
be utilized. That will allow us to set mortality and morbidity models
which include various risk classes and to apply the model to many
kinds of insurance products, annuities and pension plans.
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