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Preface

Throughout the world, those responsible for developing
national health care systems are becoming more and more aware
of the need for using analytic tools to aid in performing a
wide range of planning functions. The development of a health
care system model as one of these analytic tools is the main
task of the bio-medical team in IIASA's research area Human
Settlements and Services.

This paper deals with one part of that task. The first
part describes an approach to building a universal health care
model and defines submodels as steps in building the model.

The relations of this approach to other studies already under-
taken are also discussed. The second part of the paper deals
with the morbidity model of degenerative diseases, the first
step towaid realizing the national health care model. Descrip-
tions of other submodels will be published in the future.
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Abstract

There have been many different approaches to building health
care models. Because of these differences, it is sometimes dif-
ficult to relate the developed models to each other.

We have therefore first defined the submodels of the health
care system and clarified the relation of our approach to studies
already undertaken. The submodels also show the steps in building
the health care model.

The first step was to construct the morbidity model of degen-
erative diseases. The validity of the model was tested for vari-
ous countries, using statistics from the World Health Organization.
The fit of the model to empirical data was satisfactory. The
model was applied to an international comparison and estimation
of trends in degenerative diseases. The study showed the feasi-
bility of this type of approach in health planning.

—v—






Part I.

Part II.

Contents

Preface .. iee ettt eeeeeneeesacsssnsasn
ADbStract ....cccee et ensennsansocss

BUILDING A UNIVERSAL HEALTH
CARE MODEL . ¢ eecevecaracconsasenas

1.
2.
3.

Introduction .......... e e e

Predictive or Optimization Model? .......

Concept of the Model ..........

Primary Components of the
Health Care System .......

oooooooooo

Secondary Factors that Influence

the Primary Factors ..... .
Submodels of Health Care .

oooooooooo

MORBIDITY MODEL OF DEGENERATIVE DISEASES ....

1. Classification of Diseases ....
2. Assumptions in the Degenerative
Disease Model ......cceceee e e
3. Structure of the Degeneratlve
Disease Model .......... s e e e
4., Estimation of Morbidity Rate
and Duration of Sickness ......
5. Results of Calculations .......
6. Application of the Morbidity
Model of Degenerative Diseases
7. Conclusion .....ce... e e essaann
References ....ceeieeeeeeenees e e

Appendix A:

Appendix B: Computer Program List

-vii-

oooooooooo

Notation of the Variables ......

—_—

10
11

16
17

17
40

41

43
45







BUILDING A UNIVERSAL HEALTH CARE MODEL

Introduction

The importance of health planning is widely recognized.
However, standard techniques of health planning have not been
developed and there have been cries for better technologies in
many places.

Many health statistics have been published. While some of
them include detailed data, these data may be insufficient for
health planning, and the health planner encounters great dif-
ficulties in how to use the statistics. Some of the reasons
are the following.

Ordinary statistics do not give the data in the form
required by health planners or decision makers. The decisions
that health planners have to make may regard an increase in beds
for the year, or the budget for some area of medical research.
But statistics do not give the data in appropriate form.

Second, statistics show no interrelations among various
data. At present they give the number of patients, and the
death rate or prevalence rate of some diseases by region or
country. These numbers are related, but no standard technology
has been developed to analyze the data in their interrelation-
ship.

Moreover, it usually takes many years to make plans work
so that plans must be prepared in advance. But data for the
future--which are essential for health plannrers--are not given
in ordinary statistics.

These are some of the problems that health planners encoun-
ter. To overcome these difficulties, methods that can answer
the above questions must be evolved. 2Analysis of the data by a
simulation model is one of the approaches in this direction.

The purpose of this study is to investigate the feasibility of
health care modelling and to build a model using the statistics
available at present.

Predictive or Optimization Model?

Models may be roughly classified into two groups. The
first type is for predicting the future trends of various indi-
ces under given conditions; it may be called a predictive model.
The second type is for calculating the optimized condition under
a given objective function. This is sometimes called an opti-
mization or prescriptive model; it is generally used for the
best allocation of limited resources.

The predictive model gives the policy maker the data he
requires. He may repeat calculations under different policies,



but it is his responsibility to decide which policy he should
choose. Using the prescriptive model, the policy maker can get

a unique solution for his problem if the model works success-
fully. But in using this type of model, he must give the objec-
tives of the system in clear form, and the solution is applicable
only for his objectives. If the objective is different, the
solution can be entirely different.

In large-scale health care systems, it i3s not easy to define
the objective function of the system. The objectives are usually
very sensitive to the social or political conditions; those of
a country may be different from those of a region. And the ob-
jectives of a region again differ from those of medical institu-
tions.

In spite of the difficulty in defining objective functions,
the health care system itself is at least in part independent
of social or political factors. It includes biological processes
such as morbidity, birth, death, or recovery from diseases.
These processes are universal regardless of the social or politi-
cal environment.

The insurance system or type of supply of medical care may
be influenced strongly by social systems. But since the desire
of people to recover from illnesses is universal, all health care
systems must have some common ground in analytical methods.

These facts suggest that there is a possibility of defining
the structure and function of the health care system and to build
a universal model that covers at least its universal features.
Such a model will be of the predictive type in the first step,
with policies as external variables.

The approach used in this study was to first build a pre-
dictive model based on these considerations.

Concept of the Model

One reason why health statistics are difficult to interpret
may be that they are the result of interactions of various fac-
tors. For instance, the number of patients is influenced by the
population age-sex structure, incidence rate of diseases, atti-
tudes of consumers toward seeking medical care, and so on.
Accordingly, even if the number of patients increased in the
previous year, it is very difficult to predict whether this
increase will continue in the following year.

With this in mind, our analytic approach is to transform
the statistical data into more essential factors that can be
more easily interpreted, and to build a model using these fac-
tors [1]. "Essential"” here means that the factors are directly
related to the health care system and that secondary effects on
these factors are identified.



In the dynamic process, there are two kinds of measures:
amount and rate. These are used in ordinary health statistics.
The number of population or patients is amount, and the birth
rates or death rates are rates. 1In general, with these two
measures, if the rates are determined the amounts are automat-
ically determined. 1In this sense, rate may be regarded as more
essential than amount. We have therefore tried to identify rates
as essential factors in health care.

The essential factors we have identified in our model are
population structure, morbidity rate (MR), recovery rate (RECOV),
patient registration rate (RPR), awareness rate (AR) and death
rate (DR).

Primary Components of the Health Care System

Population Structure: PN(Z1): As sick persons constitute
a subset of the total population, it 1is necessary to know the
size of the total population. Since diseases are dependent on
age and sex, the population must be classified by age and sex.

The population structure is a function of birth rates and
death rates; therefore, in the strict sense, the population
structure may be regarded as a secondary factocr to the birth

and death rates. However, the models for estimating the popu-
lation structure from these rates have been extensively studied
by researchers of population phenomena [2,3]. In this health

care model, the population structure is therefore regarded as
a primary factor. In implementation of the model, the population
model will be included and run at the same time.

Morbidity Rate: MR{i): As shown in the upper part of
Figure 1, the population is divided into two groups--healthy (HP)
and sick (TS). Sick defines persons with some disease, regard-
less of the treatment. The person himself may not know that
he is ill; these people are included with the TS at this stage.
There are also some people who consider themselves sick but,
from the medical point of view, are actually not sick at all.
They visit physicians, only to be examined and told that they
are in fact healthy. But, since they are nonetheless consuming
medical resources, they are classified with the "total sick"
group.

Since this is a dynamic process, a rate can be assumed be-
tween these two amounts, namely, the number of persons trans-
ferred from the healthy stage to the sick stage in a unit time.
This rate is defined as the morbidity rate (MR).

Since the number of total sick is not known, it is usually
difficult to estimate the morbidity rate, except for some special
circumstances. This will be discussed later.
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Recovery Rate: RECOV(Zi): Persons who get illnesses may
recover-—-in some cases after medical treatment and in others
spontaneously. This summary rate may be defined as the recovery
rate (RECOV).

Death Rate: DR(i): Persons who get illnesses may die even
after medical treatment. This rate is defined as the death rate
of patients (DR). Note that this rate is different from the
ordinary death rate in health statistics (the number of persons
who die per unit of time, divided by the total population):
when there are more healthy persons, the ordinary death rate
decreases. Accordingly, the ordinary death rate represents
more the number of sick persons or the prevalence rate, whereas
the death rate of patients reflects, in some part, the level of
medical care. This will be discussed in the next sections.

Patient Registration Rate: RPE(Z): As shown in Figure 1,
the total sick can be divided into two groups--latent sick (LS)
and actual registered patients (RS). Latent sick defines sick
persons who have had no medical treatment. Those sick who treat
themselves with some medicine without consulting a physician are
also regarded as latent sick.

Awareness Rate: AR(7): The latent sick may be further
divided into two groups--aware (AS) and unaware (UAS). Unaware
sick are those who consider themselves healthy, although they
actually have some illness. Aware sick are those who know they
have some illness but, for some reason, are not under medical
treatment.

This classification may be unnecessary in certain types of
diseases (acute infections, surgical cases). However, in chron-
ic diseases, such as diabetes mellitus or hypertension, it is
well known that there are many latent sick who do not consider
themselves sick. These people become aware of their illnesses
only when they are medically educated. 1In some diseases this
process is very important in estimating the number of patients.
Therefore, in this model the rate between these two stages is
defined as awareness rate (AR).

Secondary Factors that Influence the Primary Factors

The primary factors defined in the previous sections are
susceptible to the effects of various secondary factors. Most
of the latter are of a social or economic nature. One of the
reasons for defining the primary factors is to clarify the
relationship of secondary factors to health care. Through the
concept of primary factors, these relations are more easily
understood than by using ordinary health statistics. The fac-
tors influencing the primary factors are summarized in Table 1.
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Population structure is influenced by birth, death, or
migration rates. Birth rates are influenced by population
policy as well as by the population structure itself. Death
rates are influenced by health care. Therefore, it is easy to
see that there are some feedback loops between population struc-
ture and other factors.

Morbidity rate is influenced by environmental factors and
preventive medicine. Pollution or urbanization effects must be
analyzed in relation to morbidity rates. In some types of dis-
eases,; this morbidity is inherent to human beings; most diseases
related to the aging process belcng in this category.

Recovery rate is dependent on the level of clinical medicine
and health carxe, Although there is an inherent recovery rate in
diseases, in some diseases this recovery rate is strongly af-
fected by the level of clinical medicine. This is also related
to the patient registration rate: if it is high, the recovery
rate will also be high.

Death rate is a counterpart of recovery rate. Persons who
do not recover will eventually die. Clearly, therefore, death
rate is affected by the same factors as recovery rate.

Patient registration rate is a function of accessibility
of physicians. There are two components of accessibility:
physical and economic. Since patients cannot visit physicians
when there are no medical facilities, or when medical facilities
are too far away, it is obvious that the registration rate is
related to the number of physicians and the number of hospitals--
that is, to medical supply. Sick people cannot be registered as
patients if they cannot pay for the medical care. Recent insur-
ance schemes reflect these economic factors. The effect of dif-
ferent policies of medical insurance must be analyzed in relation
to the patient registration rate.

Awareness is related to education or the standard of living.
When a campaign against cancer is presented on a television pro-
gram, more people become aware of the minor signs of early cancer
and visit clinics. Screening of diseases also have an effect.

. . . *
In some diseases in which the awareness factor 1is regarded

as 1.0, these effects must be analyzed in relation to the patient
registration factor.

Submodels of Health Care

As shown in the above discussion, the health care system is
a complicated system related to various social and economic

*
The awareness factor is defined in [1].



factors. The building of a model that includes all these fac-
tors may be too complicated; hence it is necessary to divide
the health care system into several submodels (Figure 1). We
therefore divided the health care model into five models.

(These submodels are almost identical to those mentioned in [4],
but for the sake of clarification of the following discussion,
we define them here.)

Demand Modzl: The demand submodel comprises three models.
The first, the population model, estimates the number of persons
classified by age and sex in the projection of future years.
This type of population model has been fully investigated by
researchers of population phenomena. In this study, the model
developed by Keyfitz and Flieger [3] was used for the estimation
of the population.

The second, the morbidity model, analyzes the factors
related to the incidence of diseases. Since these are not single,
the factors must be analyzed and a model built according to dif-
ferent types of diseases. In the study, the diseases were clas-
sified into four groups [5] mentioned in many papers. This clas-
sification will be discussed in detail later.

In the demand-supply model (or resource utilization model),
the process related to transferring latent sick to registered
patients 1s analyzed. In some diseases, the factors related to
awareness rate must be analyzed. Most of these factors are
social or economic. Medical supply is another important factor
related to this process.

Resource Model: Health care resources will be analyzed in
relation to various other social or economic factors. The main
variables are the number of health care personnel and hospital
beds. The factors related to the distribution of the resources
must be analyzed.

Resource Allocation Model: At this level of model develop-
ment, the problem of HCS resource distribution will be analyzed
according to population composition and geographic and perhaps
other peculiarities, taking into account different objectives
of health care management.

All these submodels are necessary as components of the
health care system. As the first step toward building such
models, we describe the modelling of the morbidity of degenera-
tive diseases.



MORBIDITY MODEI OF DEGENERATIVE DISEASES

Classification of Diseases

There are various kinds of diseases whose origins have
different characteristics. In the morbidity model, diseases
must be classified according to the nature oi their cause. This
type of classification may be different from ordinary classifi-
cations such as the International Classification of Diseases
(ICD). These are based on the pathology of the diseases and
used for diagnostic purposes, while the classification in this
study is required for health planning. However, the correlation
between the two systems must be clearly defined. We used the
classification of diseases proposed by one of the authors of
this study, with some modifications [B].

Degenerative diseases are inherent to human beings, as they
are due to the aging process. In these diseases, the morbidity
rate usually increases with age. 1In this study, three groups
of diseases are defined as degenerative:

- Cardiovascular diseases (1CD A80 - AB88j;
~ Malignant neoplasms (ICD A45 - A60);

- Senile deaths and deaths from unknown causes (ICD A136 -
A137).

We included senile deaths and deaths from unknown causes
because in some countries, especially in developing countries,
death in old age is classified as a senile death when the cause
is unknown.

The second type of disease is <nfectious disease. They are
of external origin, and can therefore be prevented by removing
the cause. It is also possible to recover completely from such
diseases. The morbidity and recovery rates are generally influ-
enced by the level of preventive and therapeutic medicine. There
are two types of infectious diseases--gastrointestinal and respi-
ratory. In the model, these two will be treated separately.

The third type of disease is also of external origin, but
the cause is the progress of civilization. Since technology
cannot be compared to microorganisms, this type of disease must
be differentiated from infectious disease. Diseases due to labor
accidents, to pollutants, to urbanization are examples. These
diseases will increase with the progress of civilization unless

dountermeasures are taken.

Malnutrition is the cause of the fourth type of disease,
which is often related to infant deaths. S3ince infant mortality
reflects different factors of adult diseases, this will be ana-
lyzed in this category in the study.
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According to the classification mentioned above, four mor-
bidity models that interact with each other will be developed.
However, in this report, only the morbidity model of degenera-
tive diseases will be discussed. Other models will be discussed
in a separate report.

Assumptions in the Degenerative Disease Model

In the morbidity model of degenerative diseases, the follow-
ing assumptions were introduced about the nature of degenerative
diseases.

- The morbidity rate, MR(i), of the degenerative disease
depends only upon the age (i).

- ©Sick people suffering from degenerative diseases never
recover; this means that the recovery rate, RECOV (i),
of degenerative diseases is equal to zero.

- Persons who became 1l1ll will die after a certain definite
time. The meain of the time, defined as duration of ill-
ness (T), 1s dependent only on the type of disease.

We have no definite proofs for these three assumptions;
however, for the following reasons we believe that they can
safely be made.

The first assuviption is naturally understood from the defini-

tion of degenerative disease. But the diseases classified as
degenerative, namely carcrdiovascular and malignant, have to be
shown to have this characteristic. It is not possible to measure

the morbidity rate divectly in any disease at present. Since the
onset of the illnesg is not known, the morbidity rate can be
estimated only from the death rate.

Figures 2a and 2b show the death rates from cardiovascular
and malignant diseases in various countries, obtained from the
statistics of the World Health Organization [7]. One of the
characteristics these figures show is that, although the total
death rates differ widely by country, the death rates of each
age group coincide well. This is especially true in developed
countries. The figures for age-dependent death rates in develop-
ing countries are somewhat lower than those for developed coun-
tries; but if the deaths from unknown causes are included, the
figures approach those of developed countries. On the basis of
this fact, and also in relation to the third assumption, we took
the morbidity rate to be dependent only on age. The morbidity
rates used in this model are presented in Figure 3. The method
of estimating the rates will be discussed later.

The second assumption was based on medical considerations.
It is believed that degenerative diseases are progressive dis-
eases from which the patient never recovers. Some types of
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malignant diseases can now be successfully treated by surgical
procedures. However, in the total number of deaths from malig-
nant disease, these cases are exceptional and in this study were
treated as negligible. If in the future degenerative diseases
can be successfully treated, this assumption may be removed.

Since the onset of illness is not known, the duration of
sickness (T) also cannot be measured directly. However, the
nature of degenerative diseases gave rise to the third assump-
tion. If effective treatment of these diseases is introduced,
the duration time (T) will also increase.

The duration times used in the calculation are 2 years for

malignant diseases and 15 years for cardiovascular diseases.
The basis of the estimates will be discussed later.

Structure of the Degenerative Disease Model

The structure of the morbidity model of degenerative diseases
is illustrated in Figure 4. As is shown in the definition of the
morbidity model, the population of each age group is divided into
two groups: healthy persons, HP (i), and sick persons TS(i). The
sick include latent patients. The transfer rate from the healthy
to the sick stage is defined as the morbidity rate, MR (i), and
that from the sick stage to death as the death rate, DR(i). The
death rate per total population in the age group is referred to
as DRPN(i). The recovery rate, RECOV (i), is 0 according to the
assumption, and the morbidity rates are given in each age group.
We also assumed that the persons who become ill will die after a
certain time. With this structure, the only input required for
the model is the number of population in each age group; if that
is given, all other variables can be calculated from equations
(1) to (3):

j=i-1
TS(i) = )} HP(j) - MR(3) , (1)
j=i-T
HP (i) = PN(i) - TS(i) , (2)
DRPN (i) = BRL-T) - MR(i-T) (3)

PN (1)

In the first several age groups, since the morbidity rate
is 0, HP(i) is given by equation (4):

HP(i) = PN(i) . (4)
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Accordingly, equations (1) to (3) can be calculated successively
from the younger tc the older age groups only if the population
structures are given.

In these equations, it was assumed that the population
structure is stable for the duration of sickness (T), and that
the duration of the sickness is the same for each person. These
assumptions are not necessaxy if more sophisticated calculations
are used (cf. ([6];.

Estimaticn of Moxbidity Rate and Duration of Sickness

So far, we have assumed that the morbidity rates and dura-
tion of sicknegs are given. In this section,; the method we used
tc estimate the figures is discussed.

If death rates per population DRPN(i) are given, the mor-
bidity rates can be obtained from equation (5) by procedures
similar to thcse described in the previous section:

.. DRPN(i+T) - PN (i+T) (5)
HP (1)

Here i*t is necessary to assume that the population structure is
stable for the duration of the sickness. In developed countries,
fairly reliable statistics of death rates, DRPN(i), can be
obtained. Accordingly, 1f the duration of sickness (T) is de-
termined, these morbidity rates can be calculated.

In this study, the duration of sickness was determined as
follows. We first considered the number of sick persons, TS(i),
calculated if a certain durstion of sickness is given. It is
difficult to know the real number of sick persons, because it
must include the latent patients. However, from the data of some
health screenings, we assumed a number of sick persons 1.5 to 2
times the number of reported cases in developed countries. In
some countries, the number of cases of degenerative diseases in
each age group are reported; these were compared with the results
of calculations to estimate the duration of sickness. We also
considered the experience in clinical medicine, where 2 years
for malignant diseases and 15 years for cardiovascular diseases
are taken as reascnable.

The morbidity rates and duration of sickness used in this
model are based mainly on the data of Austria. We chose Austria
because the population structure is stable and the number of
senile deaths or deaths of unknown causes is very small. Thus
the statistics were considered reliable.
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Figure 5a. Comparison of death rates, DRPN (total), from

WHO statistics and from computations.
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Figure 5b. Comparison of WHO statistics and results of
computations.
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Figure 6a. Number of sick, prevalence and death rates of
degenerative diseases (Philippines, 1968):
result of Calculation 1.
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Figure 6b. Number of sick, prevalence and death rates of
degenerative diseases (Philippines, 1968):
result of Calculation 1.




NG OF PERSONS
X 10000

14

PREVALENCE
130

0-8¢ 120

100
90
80

S04
40

30

10

1104

70t
0-4+ 60}

204

-22~

MALTGNANCY

[

I

i TOTAL POPULATION

I

L

DCEATH RATE
EE 0.000S8 PREVALENCE

I SI[:K = m]]m 0-00230

Figure 6c.

— Y d 4 "l 4 }. b &
— T

0 20 30 40 SO B0 7980

. GE

Number of sick, prevalence and death rates of
degenerative diseases (Philippines, 1968):
result of Calculation 1.
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Figure 7a. Number of sick, prevalence and death rates of
degenerative diseases (England and Wales, 1968):
result of Calculation 2.
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Figure 7b. Number of sick, prevalence and death rates of
degenerative diseases (England and Wales, 1968):
result of Calculation 2.
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Figure 7c. Number of sick, prevalence and death rates of
degenerative diseases (England and Wales, 1968):
result of Calculation 2.
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Number of sick, prevalence and death rates of
degenerative diseases (Japan, 1960): result
of Calculation 3.
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Figure 8b. Number of sick, prevalence and death rates of
degenerative diseases (Japan, 1960): result
of Calculation 3.
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Figure 9. Total degenerative diseases: Austria, 1971.
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Figure 11. Total degenerative diseases: India, 1971.
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Figure 12. Total degenerative diseases: Mexico, 1970.
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Figure 13. Total degenerative diseases: Sweden, 1971.
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Figure 14a. Estimation of future trend in total degenerative
diseases: England and Wales.
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Figure 14c. Estimation of future trend in total degenerative
diseases: England and Wales.
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Figure 15a. Estimation of future trend in degenerative
diseases: Japan.
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Figure 15c. Estimation of future trend in degenerative
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The aging index used in the figure is defined as follows:

number of people older than 65 years

aging index = number of people younger than 15 years

(6)

For these examples, two representative countries were taken. As
is easily seen in the figures, the prevalence of degenerative
diseases in England decreases gradually, while that of Japan
sharply increases toward the year 2000.

The third application of the model may be the evaluation of
treatments for degenerative diseases. At present, there is no
effective treatment that prolongs the life of these patients.
However, if such treatments are developed, the model will be
useful for assessing the decrease of death rate or the increase
of the number of patients before the treatments are actually
introduced.

Conclusion

Using the data of the World Health Organization, the mor-
bidity model of degenerative diseases, developed at the national
level as the first step of the health care model, showed its
validity. The model was used for international comparison and
for prediction at the national level of future trends in degen-
erative diseases. These results show that this type of approach
is feasible in health planning.
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Appendix A

The following notation is used in this study. The names of
the variables are kept the same in text and computer programs.

I - number

PN (1)
HP (i)
TS (1)
LS (1)
RS (1)
UAS (1)
AS (1)

MR (i)

DR (1)
AR (i)
RECOV (i)
RPR (i)
DRPN (i)

T

of sex-age group.

population, or number of persons.

healthy or non-sick persons.

total sick persons.

latent or non-registered sick in total sick.
registered sick in total sick.

unaware sick in latent sick.

aware sick in latent sick.

morbidity rate, or number of persons who transfer
from HP to TS per unit of time.

death rate, or mortality rate from TS.
awareness rate.

recovery rate.

patient registration rate.

death rate per population.

duration of sickness.
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Appendix B

THIS PROGRAM CALTILATES THeE NEMHER OF SICK AND DEATH RATES OF NDEGENERATVIVE

DISFASES, wrfFN POPULATION STRUCTUKE IS GIVEN,

INPUIT CawD i ITTLE (eran)
CARD Ped PAPLLATINN OF MALE IN S YEAR AGE=GROUP (8F10,9)
CARD a7 POPULATTION OF FEMALE IN S YEAR AGE=GROUP (8F16,0)

NIMENSION HP(9W),TS(90), 8MR{G4),DK(9@),PN(90),PP(98,2),
1 LAGE (99),FS5(90),PREV(91),NRPN(SA) ,FD(98),T51(9®)
2yHPP(92),TS82(9¢),F32(9¢),FD2(90),TITLE (29)
INDE Xz}
REAN(S,2T) VITLE
el FURMAT (20A4)
t1 FORMAY({H],2044,12HAaGING IMUEX2,Fb,2)

SUBROUTINE FPNARPSUP READS POFUL2TYION IN 9§ AGE=GRDUP AND
DIVIDE THEM TNTD t YEAR AGE=GROUP
CALL POHPSIIP(PN)
Ny 3% 1=sy,90
PP(I,1)=PN(T)
33 CONTINYF
CALL POPSUP(PN)
no 34 I=1,97
PP(T,2YaPM(])
34 CONTINUF
ADDITION OF MALE AND FEMALE POPULATION
DO 26 Tes,90
TAGE ([)e]=1
PN(T)BPP(T1,11+PP(],2)
TF(PN(T), EN,n,) PN(l)al,
26 CONTINUE
CALCULATION OF AGING INDEX
YOUNGa@,
DO 14 Te1,1%
YOUNGEYOUNGePNTT)
14 CONTINLE
OLD=2,
DD 15 [sk6,90
OL0=0LD+PN (1)
15 CONYINUE
OLOCOE0L D/YOUNGRI AR,
202 CONTINUE
CALCULATION DF VARTARLFES OF NERENERATIVE NISEASES
CADIOVASCULAR DISEASES uY SuBKDUTINE SURCVD
MALIGNANY DISEASFS BY SURTOUTINE SURCAN
DD 32 T=y,%0
WP (1) ePN(I)
TS(1)=mn,
DR(1)=0,
DRPN(1)z0,
32 CONTINUE
GU 10 (P2r,201,PM9,12), IMUEX
PPP CALL SURCVD (PN, AMKR, WP, TS, 00, hKPN,FS,FN)
VARTABLES FOR CARDIGVASCUL AR [ISFASES ARF RETAINED FOR THE
CALCULATION 0OF TOTap DEGENERETATIVE DISEASES,
DU 522 J=z1,94
HPP (1) enP ()
TS2(1)=e7S(1)
FS2(l)=Fsct)
FPe(1Y=en (1)
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CONTINUE

WRITE(&,11) TITLF,NLOCU

WHTITE (b,400)

FORMAT (1HQ, *CARDINVASCULAR DISFASFS?)
GO 10 P2n4

CALL SURCAN(PN,AMR,HP,TS,0R,NRPN,FS,FD)
WRITE (6,11 TYITLE,DLNCO

WRITE(6,4P1)

FORMAY (1HM, *MAL IGNANT DISEASES”)

DN Saf Isf,9m

151 (1)=sTS(1)

CONTINUE

GO 10 2nd

CUNTIMNUE

CALCULATION OF TOVAL DEGENEKATIVE DISEASES

600
601

501

402

2ed

95
e8

300
n

103

no 5@) 1s1,99
TS(I)sTSY(I)+TS2(T)
IF(TS(Y),GEPNCTY) TS(L)sPN(T)
HPT1)sPN (1) =TS (1)
FS(I)SFS(T1+FS2(1)
FOCI)sFixcl)eFL2(T)
TFETS(1).EN,D,¢) GO TD 6p@
PRIY)EFOCII/ZTS (1)

GO 10 601

OR(1)=n,

CONTINUE
DRPN(IYSFD (1) /PN(T)
AMR(T)SFS(I)/PN(])}
CONTINUE

WRITE(b,14) TITLE,OLDCO
WRITE(6,422)

FORMAT(I1HQ@,’TOTAL = CARDIOVASCULAR ¢ MALIGNANCY®)

CONTINUE

00 28 1=1,90
IF(HP (1) EG,R, ) GO TN 98
PREV(TIImTS(I)/PN(T)
GO TO 28

PREV(1)enm,

CONTINUE

THPED,P

TT8s0,0

TPN2R,Q

TDsp,p

00 8 Is),90

TPNeTPN4PN(])
TNeTO+TS(1)*DF (1)
THPETHP+HP (I
TISEYTIS+YS (1)

CONTINUIE

TORPNBYD/TPN
TPREVETTS/TPN
TAMREITYS/TPN

TF(TIS EN,A,) GU TO Ryw
TDReY(/TYS

GO TN 30

YOR3999,

CONT I NMUE

WRITE(6,10%)

FORMAT(//1H ,* AGE FOPULATTON HEAL THY
1K PREVALFNCE MORRTIDITY OEATH RATES

TUTAL SIC
‘/
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21H 9%, G4HIPNY,11X,4r(RP), IX,4n(T5),8X, TH(TS/PN),4X,dH(MR),8X,
34M(OR) ,dX,bH (DRPN) /)

N 29 1s1,92

WRTITE(6,100) TAGE(I),PN(L1),HP(I),TS(I),PREV(I),AMR(I),0R(])
1,0RPN(T)

FORMAT(IH ,T4a,1X,38(F12,02,1Y),3X,F5,2,3X,F1A,6,2F10,4)
CONTTNUE

WRITE(h,101)TPN,THP,TTS,TPREV, TAMR,TDR, TORPN

FORMAT (/6H TOTAL,3(F12.0,1x]),3%,F5,2,3X,F1B,6,2F10,4)
FORMAT (AF 1A, #*)

IF (INDFY ,EQ,3) GO TO 1112

GO TO 1113

TPUY FOR RRAPHIC PLOTTER
WRITE(7,13) TITLE

FORMAT (2AAd)
WHITE(T,111) PN
WRITE(7,111)758
WRITE(7,11P) PREV
WRITE(?,112) TCHRPN,TPREV
FORMAT (BF10,6)
FORMAT (BF 12, 2)

CONTINUE

INDEX®RINDE X # 1

GO TD 2wl

STapP

END

SUBROUTINE SUBCVD (PN, aAMK,HP,TS,DR,NDRPN,FS,FD)

DIMENSTON HP(9@),7S(9¢),NR(9Q),PN(9R),FD(9R),FS(98),

1 DRPN(90),AMR(90),Ax(9¢)
A STATEMENT CONTAINS THE MURBIUITY RATES FOR CVD

DATA A¥/23%00,0,0,00811,P,40020,0,00030,0,00043,@,00054,0,08064,
17,00080,0,00100,p,0012,%,0015,0,0017,0,0020,0,0023,0,0027,
e0P.003,0,0235,0,004,0,0064,0,005,0,08057,2,0763,0,007,0,0077,
In,P085,0,0094,2,0105,8,2515,0.0120,0,213,,A135,0,8145,0,015,
4P .P1T,P,P18S,0,02,0,Mm21%5,0 0223,p,0245,9,026,0,2275,0,029,
5p.031,0,033,¢,235,0,037,0,039,0,041,P,043,0,045,0,0475,
6B ,05,0,253,15%2,0%6/

DO 1 1=1,92

AMR(TI)=sAX(])

CONTINUE

DG 3¢ late,92

13s1=1%

Ite]=y

TS(IV=0,

Do 3y Jsr3, 11

TS(1)RTS(1)+HP(JYwANMR(J)

CONTINUE

TF(TS(1)6E,PNCIY) YS(L)ePN(T)

HP (1)SPN(I)=T&(T)

IF(TS(I),ER,A,) 6D TO 99

DRITISHP(I3)xAMR(I$)ZT15(T)

60 1O 98

DR(1) =0,

CONTINUE

IF(PN(]1) ,FO.2.2) GO YO 97

DRPN(I)sHP (T3)eAMR (I 3)/FPN(T)



97
96
3

100

C DAY

55

3

99
98

-
N = e
= N e

170

=D

28

~-4g-

60 10 9
DRPMN(IVED,
CONTINUE

CONTINYF

DO {¥e 131,90
FS(1)sHP (1) wAMK(])
FOCIISTS(T)nDR (D)
CONTINUE

RETURN

END

SUBRCUTINE SUBCAN(PN,AMK,mp,T5,DR,NDRPN,FS,FD)

DIMENSINN HP(9R), TS(92),0K(90),PN(90M),
1 DRPN(9Q),FS8(9Q),FD(9R) ,AMR(90), AX (902)
A STATEMENT CONTAINS TRE MORRYIUITY RATES FOR MALIGNANCY
D"‘ A!/??tw..?ﬂ.,“'n..bﬁ..ﬁﬂ.,100,,120,,140,,160..189!.,
12ee,,”38,,278,,318,,3%8,,397,,458,,518,,578,,638,,698,,
27197,,897,,997,,1P4%7,,1197,,135¢,,1509,,1668,,182R,,1988,,
32027,,2466,,27T07,,2947,,3188,,3549,,3910,,4273,,4637,,
450m1,,5407,,5813,,6220,,6028,,70%7,,7350,,7806,,82861,,
55715.,9167,19120.,96§5.:lfdllh.,10056.,lﬂsqq..l3122.113787,,
6144100,,14985,,15426,,37797 _,,18165,,18534,,18913,,17614,,
1198A8,,199RS,,200eR,/

D0 55 I341,9¢

AMR(I)eaX(T) /10020003,

CONTINUE

DO 37 J=5,90

I33]=-4

Itzsl=}

T§(1) =0,

no 31 J=13,11

TS(1)eTS (1) +mHP (J)2AMK(])

CONT INUE

IF(TS(1),GE,PN(T)) TS(1)aPN(T)

HP(I)aPN(])=TS5(1)

IFCTS(I) . EN,0,) GO TC 99

OR(T)SRP (I3)#waMR(IZ)/TS(Y)

GO YO0 S8

DH(1)=Q,

CONT INUF

IF(PN(T) ,EQ,m) GO TO 17114

DRPN(T)aHP (T3) waMN (I3)/PN(T)

GG T0 111912

DRPN(I) =2,

CONTIMUF

CONTINIE

DO 100t 131,97

FS(1)aHP(T)YxAMR(])

FOCI) =TS (1) (1)

CONTIMNUE

RETURN

END

SUBROLITINE POPSLP(PP)
DIMENSINN P(18),PP(90)
READ(5,25) (P(IV,1=21,18)
FORMAT (AF10,2)

DO $§ 121,17
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Do 2 J=1,5
Ke(l=1)xS+2e.!

-49~

PP(K)lP(I)+(F(I¢1)-P(I)]/5.UQPLOAT(J-l)

CONTINNE

CONTINUE
PP(1)zP(1)=(P(2)=P(1))/5,Pad V¥
PP(2)SP(1)=(P(2)=P(11)/5,0xl ¥
PP(R8)SP(18)¢(P(18)1=P(17})/5,%,
PP(89)'P(18)¢(P(18)-Pi17))i5,i2.
PP(9D)SP (1B)+(P(1B8)=P(17))/5,*3,
DO 4 x31,99

PP (K)SPP(K) /S,

CONY INUE

Do 9 Ist,92

IF(PRP(T1), LY ,2,0) PP(]1)=0,90
CONTINUF

RETURN

END
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2012565,
2274345,

169144,
3831872,
2744787,

313789,

uTp233y,
2256825,
56453,
4sp2395%,
2559756,
131547,

~50-
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5620478, abT77764,
20406715, 18@<183,

s3atee2, 4630776,
2150717, 1839025,

Examples of Input

4125267,
1437575,

4193185,
1494044,

4094657,
1826993,

4114705,
1133410,

3736899,
693566,

3770907,
872238,

2763209,
376706,

3274823,
577972,
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TOTAL =« CARUTINVASCUL AR ¢ mMALIGNAMCY

AGE POPULATION HEALTRY TUTAL SJICKk PREVALENCE MORBIDITY DEATH RATES
(PN (HP) (75) (YS/PN) (MR) (DR) (DRPN)
5] 1460072, tasnnmre, [N 2,00 0,N28008 82,0000 0.0000
1 1514489, 18144807, 0, A, 00 a,ne00e0 o,00m00 o.,0000
F 156R8R7, 1568887, ['JN n,00 ?,0000020 Q,0000 00,0000
3 1623295, 18230959, a, 8,02 0,2002000 P,0000 a,0000
4 1677703, 1677703, e, a,00 0,A00000 0,P8020 0.,0000
5 1732111, 1732111, a, A 00 2,MP020600 e.n008e 0,0000
[ 1786519, 1786519, n, N,00 ", 000000 e,e000 e,2000
7 1840927, 184827, 4, P,00 B,0n0000 o,n000 2,00200
8 1913444, 1913444, n, 2,09 2,0002¢0 B,0000 20,0000
9 1985960, 1985950, <28 n,Pa ., 00008 8,0000 d,2000
10 enS58476, P?ASBUTL, A, A,00 R,000000 0,0000 0,0000
11 2130992, 2130992, 2, n,0Q N, 2000002 a,0080 o.,0000
12 ePAISOH, PPNASP8, o, .20 n,000000 o,0000 28,0000
13 2135148, 2135148, A, .99 P,000000 e,n300 B,0000
ta 2RN6TRA, 2VH6T788, . a,00 ?,020080 0,0000 90,0000
15 1998428, 1998424, 2, 0,00 N.060000 20,0002 20,2000
16 1938068, 193468, 0, 0,08 A,000000 Q,0000 e,00802
17 1861708, 1861T7¢8, 2 o a,20 B,720000 P,0000 2,0000
18 1822105, 1822105, n, n,00 D,420000 0.c000 20,0000
19 1782501, 17825¢1, B, 2,00 7,000000 ?,0000 28,0000
20 1742898, 1742898, ¢, [ 1% 2,AR0Q00Q 20,0000 a,0000
21 1703294, 1703294, n, 2,00 2,430070 A,0000 g,0000
22 1663690, 1663690, (22 0,02 ., 000029 a,0000 2,009
e3 1659327, 1659294, 33, a,00 2,0080150 0.00@0 20,0000
24 1654963, 16S46AY, e8e, R,00 %,000260 2,0000 8,000
29 1650600, 1649887, 712, 2,00 n,P0R380 e,0000 e,0000
26 1646236, 1644897, 1339, a, 00 0.AR8530 0,0248 2,0000
27 1641872, 1639694, 2178, 2,00 2,000659 e,p30% 3,8000
28 16142100, 1611416, 3195, 7,20 0,000779 2.2311 2,0001
29 1586544, 1582105, 4353, 2,00 ?,008958 P.0303 2,0001
in 1558886, 1593145, S741, A, 00 @,001177 2,0287 2,0001
31 1531024, 1523813, 740, [ 391} A,AB1395 p,0266 0,0001
32 15A3561, 1494212, 9349, B,21 2,301730 a,0242 o,0002
33 10443702, 1032646, 11724, n,01 2,00196% 2.,0216 0,000
34 1385179, 1370871, 14309, n,o1 2,002299 P,N196 92,0082
35 1325988, 1308776, 17213, 2,21 0,n02630 RA,0B178 d,re02
36 1266797, 1246443, 20395, n,n2 0,2a3857 22,2175 0,0003
37 12e7e627, 118397, 23909, n,02 @,0234pn2 f.,0168 p,2C03
38 1166850, 1139234, 21617, n, e 2,403940 0,2225 90,0008
39 11e6m94, 114945u3, 31592, P,03 2,084472 02,0255 09,0007
40 1785334, 1249516, 35823, 2,03 @,004901 0,7278 a,0009
41 1traasa?, 1nA4438, am14s, 0,04 2,885516 r,0318 8,a012
42 180203826, 35918@, aaeat, 2,04 0,006257 e,n334 8,8015
43 998724, 946285, 49438, 3,85 7,006900 0,83482 e,e017
a4 987h21, 932993, Sas27, n,0n6 B,UB7629 n,8358 é,0020
as 9279S14K, 919314, 6nPR4, 2,06 n,NR8347 a,n379 B,02023
1. 971415, 9145316, 66099, f,07 2,209147 20,0398 20,0027
47 963312, A2 954, 12356, [ 4] A, 210078 0,0433 4,2033
48 95817106, 899774, 78931, 3,08 B.,n11169 2,0433 0,.0036
49 . 914089, rRp8102, 85997, “,09 2,012139 e,0484 v,0042
50 889492, 796214, 93278, P19 A,A12631 ®,04a7 00,0847
St BRURARY, ThR4S44, 178341, P12 ®,013554 92,0465 92,0054

Examples of Qutput






