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ABSTRACT

SURVIVAL MODELLING APPROACH TO TIME TO FIRST
CLAIM AND ACTUARIAL PREMIUM CALCULATION

Akbulut, Derya
M.Sc., Department of Actuarial Sciences

Supervisor : Assoc. Prof. Dr. A. Sevtap Kestel

March 2011, 105 pages

Health problems of the human beings in a society are one of the main components of
the social security systems due to the dimension of the financial burden it might
bring on individuals, employers, insurance companies and governments. Morbidity
measures, such as incidence and prevalence of a specific disease in a certain
population enable researchers to estimate for individuals the probability of being
diagnosed or being prone to the diseases. This information is usually not tractable
because of the non-availability of the convenient data or recordings for many
countries as well as Turkey. Even if it is available, it is commonly limited with
largely varying characteristics about the type and coverage of the diseases. In this
regard, the pattern that a population follows for an acute disease may not be the same
for chronic diseases. Having those indicators determined for a group of insureds will
enable underwriters to have more profitable and economical premium calculation

and precision on required reserve estimation.
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Based on their characteristics such as acute or chronic behaviour, the gender, and the
location of residency of people, the diseases show different behaviour on their
occurrences. From the insurer’s point of view, it is important to get to know how
often the insureds visit a health institute and as a result of those visits, how large the
provisions provided by insurance companies will be. Having a term like 12 months
of validity on the health insurance, the occurrence of a claim due to any morbidity in
the specified time span is uncertain to insurance company. Therefore, the time to first
claim will be an important determinant on how many among a portfolio of N health

insurance policies will cause a total claim amount of S during a year.

The aim of this thesis is to investigate and determine the effect of duration elapsed to
first failure as the time to first claim on the actuarial evaluation of certain
morbidities. For this purpose, two different morbidities have been taken into account
in order to model the time to first failure within a policy year by using survival
models and find the time to first claim for determined periods in a year and its impact

on actuarial premium calculation.

For analyses and application purposes rheumatic heart disease (RHD) and poisoning
morbidities are selected and the data of these morbidities based on some
specifications, like gender, location and age are studied. Parametric and non-
parametric methods are used to model the distribution of the time to first claim
through distribution fitting techniques. Parametric techniques applied to the data do
not give appropriate results. Therefore, non-parametric analysis namely Kaplan-
Meier and life table methods are employed. The resulting survival tables for the
periods of a week within a policy year are used to calculate the actuarial premium

and its variance under the assumptions of individual and collective risk models.

A simulation work on claim amount and frequency distributions is performed to
illustrate the application of the proposed study. The results are compared with respect

to the gender, location, age, and type (acute or chronic) of the morbidities for a year.

Keywords: Survival models, morbidity, rheumatic heart disease, acute RHD, chronic
RHD, poisoning, time to first failure, life table method, Kaplan-Meier method,

actuarial premium
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{LK HASARIN GERCEKLESMESINE KADAR GECEN SUREYE YASAM
MODELI UYGULAMASI VE AKTUERYAL PRIM HESAPLAMASI

Akbulut, Derya
Yiksek Lisans , Aktiierya Bilimleri Boliimii

Tez Yoneticisi : Dog. Dr. A. Sevtap Kestel

Mart 2011, 105 Sayfa

Bir toplumda yasayan bireylerin saglik problemleri, bireyler, ¢alisanlar, sigorta
sirketleri ve devletler iizerinde olusturabilecegi finansal yiik dolayisiyla sosyal
giivenlik sistemlerinin en temel bilesenlerindendir. Bir hastaliga iliskin insidans ve
prevalans gibi morbidite Olgiileri arastirmacilarin belirli bir toplumdaki hastaliga
yakalanmis ya da yakalanmaya meyilli kisilerin oranlarini tahmin edebilmelerini
saglar. Turkiye de dahil olmak tizere bircok tilkede kayitlarin elverisli ve
kullanilabilir olmamasindan dolay1 bu bilgi kolay elde edilememektedir. S6z konusu
olan bilgi islenebilir olsa dahi, hastalign tiirii ve kapsami hakkinda smirl bilgi verir.
Bu sebeple, 6rnegin, akut hastaliklar goriilen bir toplumun yapisi kronik hastaliklar
gozlenen toplumlarin yapisiyla ayni degildir. Bir grup sigortalanan kisi i¢in bu
gostergelerin bilinmesi, aktiierlerin karl ve iktisadi prim degerlemelerini ve gerekli

rezerv hesabini dogru bir sekilde yapabilmelerini saglar.
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Akut ya da kronik hastalik olarak ortaya ¢ikabilen hastaliklar yasa, cinsiyete ya da
yasanilan yere gore ortaya ¢ikma frekanslarinda farklilik gosterir. Sigortaci goziiyle
bakildiginda, sigortalanan bir kisinin ne siklikta bir saglik kurumuna basvurdugu ve
bu bagvurularin sigorta sirketine maliyetinin ne olacagr onem kazanir. 12 aylik
zaman periyodu icin diizenlenen bir saglik sigortast policesi satin aldigimizda,
herhangi bir morbiditeye bagli hasarin ortaya ¢ikma olasiligi sigorta sirketi i¢in
belirsizdir. Bu sebeple, bir yil olarak belirlenen zaman dilimi igerisinde, N adet
saglik sigortasindan olusan bir portfoydeki olusacak toplam hasar miktar1 olan S’yi

belirlemede ilk hasar olusuncaya kadar gecen siire belirleyici olacaktir.

Bu tezin amaci ilk hasar olusana kadar gecen siirenin belirlenen hastaliklarin
aktiieryal degerlemesine etkisinin arastirilmasidir. Bu amagla, iki farkli morbidite
secilerek bir police yili igerisinde ilk hasar olusana kadar gegen siirenin modellemesi

yasam modelleri kullanilarak yapilmistir.

Analizlerin yapilmasi amaciyla romatizmal kalp hastaliklar1 (RHD) ve zehirlenmeler
morbiditeleri segilmis ve cinsiyetin etkisi temel almarak ¢alismalar yapilmustir. Ilk
hasar olusana kadar gecen siirenin modellemesinde parametrik ve parametik olmayan
yontemler kullanilmistir. Kaplan-Meier ve yasam tablosu yontemleri bu ¢alismada
kullanilan parametrik olmayan yontemlerdir. Bir police yili igerisinde belirlenen
haftalik zaman periyodlarina gore olusturulan yasam tablolari, bireysel ve toplu risk
modelleri varsayimlar1 altinda aktiieryal prim ve varyans hesaplamasinda

kullanilmistir.

Onerilen c¢alismanin uygulamasmi gostermek adina frekans ve hasar miktar:
degiskenleri icin benzetisim ile elde edilmis veri seti kullanilmistir. Sonuglar
cinsiyet, yas, yasanilan yer ve hastalik tiirtine (akut ya da kronik) gore bir polige yil1

baz almarak karsilastirilmistir.
Anahtar Kelimeler: Yasam modelleri, romatizmal kalp hastaligi, akut RHD, kronik

RHD, zehirlenmeler, ilk hasar olusana kadar gegen siire, yasam tablosu metodu,

Kaplan-Meier metodu, aktiieryal prim
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CHAPTER 1

INTRODUCTION

1.1. Motivation and Literature Review

Insurance companies should take into account the risks related to morbidity and
mortality in product development, premium and reserve calculations in life and
health insurances. It is important to identify the recurrence of illnesses in a policy
year that the insured will face to and the risks that the insured prone to related to the
specified morbidities. The risk factors like age, gender, genetics, socio-economic
conditions, occupation, life-style and habits play important role whether this risk is
acceptable or not. It’s essential to know the probability of an insured applying to a
health institute due to one of the morbidities covered by the insurance policy per year

to evaluate the economic burden of this insured person to the insurance company.

It’s the fact that morbidity tables and studies producing information on morbidity in
Turkey do not include the same level of information compared to the ones
internationally accepted and commonly used. A recent project introducing the
morbidity tables for the selected 32 morbidities and for the years 2008, 2009 for
Turkey has been recently completed (METU, IAM, 2010).

Theoretical methodologies for studying morbidity depend strongly on the availability
of the data. The fundamental measures of morbidity are incidence and prevalence
and morbidity tables are constructed with respect to these measures. Prevalence is the
measure of commonness and existence of different morbidity cases in a specified
period of time and place in a population, whereas incidence is about the measure of
having a morbidity at a first time in a population. With respect to measurement of
morbidity risks, prevalence is used to identify the burden of the morbidity to health
services and incidence is used to identify the risk of falling in morbidity. On the
other hand, in survival analysis, there exists models and quantitative analysis to

estimate the probability of one person’s falling in a morbidity in a specified period.



Survival models, which are mostly used in life sciences enable researchers to model
the lifetime of a living in which the age and the lifetime of the object/individual plays
an important role. There are three types of survival analysis approach which are
parametric, non-parametric and semi-parametric named by Cox-Proportional

Regression model (Lee, 1992).

Reliability analysis, which is mostly about failure of systems such as machines or
equipments, is a helpful tool in risk assessment when determining the insurance
premiums for risks (Natvig, 2002). The failure of a unit in a system means the
termination of the unit’s ability to perform the required function. The relevance of
reliability theory to insurance was pointed by Straub (1971) and in his paper, he
applies results and techniques from reliability theory to establish bounds for

unknown loss probabilities.

Epidemiological and biostatistical studies on cancer and any other chronic
morbidities have expanded markedly since the 1950s. Therefore, there has been a
need to develop more sophisticated approaches to identify the potential etiological
factors in populations living in a wide variety of environments and under very
different socio-economic conditions. With this respect, log-linear and logistic models
are created to analyse categorical data, and the related proportional hazards model for
survival time studies (Breslow and Day, 1980). There are not many studies on
survival analysis applied to health insurance. However, there are plenty of researches
about investigating the lifetimes of patients suffering from certain morbidities. In the
study made by Yetkin (2006) 481 patients having heart diseases have been examined
for five years after they had surgery. The lifetimes of these patients and the factors
that affect their lifetimes are analyzed by Cox Regression Analysis. Another study
held by Topgu (2007) introduces Kaplan-Meier estimate for the survival function and
Greenwood formula is used to obtain the variance of the estimates on a data set of

breast cancer patients.

Lu, et al (2008) mention the difficulty of sampling distribution of a premium rate
without access to the original data. From two studies of adult polycystic kidney
disease, they obtain, not the original data, but the cases and exposures used for

Kaplan-Meier estimates of the survival probability. By this method, they estimate the



premium rates for insurance contracts. And the study held by Czado and Rudolph
(2002), shows the application of survival analysis methods to long-term care

insurance.

The report held by Kisa and Younis (2006) discusses how the Turkish people in
poverty gain access to medical care with the green card system and presents
implications for policy changes and suggestions toward increasing service utilization.
Also, the health policy brief (Bovbjerg, 2007) highlights that having health coverage

1s associated with better health-related outcomes.

The study done by Macdonald et al develops a model that can be used to assess the
impact on insurance underwriting of genetic information relevant to coronary heart
disease and stroke with the major risk factors of interest. This study also extends the
model to include other critical illnesses and describes some applications of the

model.

1.2. Aim of the study

Insurance experts are mostly focused on the impact of annual aggregate loss within a
policy year. Health insurance expenses are getting bigger due to environmental,
economical, and longevity risks. Its financial burden on insurance companies are
unpredictable and can also be catastrophical. For this reason, the distribution of the
claims per year will give an insight to the experts to get prepared for claim payments
and required reserve estimations. A health insurance portfolio of individual insureds
may arise a claim frequency distribution fitting to the statistical distributions listed in
actuarial theory. However, such modelling require complete information collected
over years. Based on the information on registrations from a specific morbidity to
hospitals under the coverage of the largest insurance system in Turkey, Social
Security Institute (SSI), the required information to accomplish this modeling is not
complete. Therefore, under such restricted information, the number of claims per
policy per year does not yield a tractable statistical distribution. It gains importance
how long it takes for an insured to apply to a health institute because of a certain
morbidity as the first time within the policy year. Thus, time to first claim will be an

important indicator.



The aim of this thesis is to determine the time to first claim distribution for selected
morbidities based on real data. The recordings on selected morbidities for the year
2008 on insured base is taken from Turkish Social Security System.
The thesis follows the steps stated below:
1. Stochastic and statistical modelling of time to first claim data for two
morbidities.
2. Assessing parametric and non-parametric models on time to first claim.
3. The comparison of results obtained by non- parametric Kaplan-Meier and life
table methods.
4. Determining hazard rates by using survival functions.
5. Determination of actuarial expected loss under individual and collective risk
models for the selected morbidity based on the simulation study under certain

assumptions.

1. 3. Organization of the thesis

The thesis starts with introduction of the main idea, which is the application of non-
parametric survival models to the time to first claim data. In the second chapter,
fundamental concepts in health sciences and morbidity measures are presented.
Then, the general characteristics of rheumatic heart disease (RHD) and poisoning
morbidities, their status in the world and in Turkey are presented. In the third
chapter, important characteristics of survival models, Kaplan-Meier and life table
methods are explained in detail. Estimation of survival and hazard functions,
Greenwood’s formula to estimate the variance of survival estimates, and the log-rank
test statistic to test the difference between survival functions belonging to different
groups are shortly explained. Chapter four is devoted to actuarial premium
calculation. Individual and collective risk models, the importance of expected loss in
premium calculations and the distribution assumptions for claim frequency and claim
amount are explained. Chapter five presents the application of the methodology. Two
morbidities mentioned above are taken to perform the application of the proposed
approach. The data set, variables, modelling, analyses and the results are presented.

Chapter six contains conclusion, comments and future studies.



CHAPTER 2

MAIN CONCEPTS AND DEFINITIONS

In epidemiology, risk refers to the likelihood of an individual in a defined population
developing a disease or other adverse health problems. The association between risk
of disease and both individual and social characteristics (risk factors) is often the
starting point for causal analysis in epidemiology. Epidemiological studies measure
and interpret disease frequency, usually by comparing the patterns in one population
relative to another where measures of disease frequency include incidence and

prevalence rates (Gordis, 2000).

Morbidity is the condition of being diseased and states information about the ratio of
sick to well persons in the society. Morbidity tables gives information about the
occurrence of a certain disease, in a determined time interval and predefined
conditions in a society. There are several areas we use morbidity tables such as risk
rating, premium calculation in insurance, product development, comorbidity (two or
more coexisting medical conditions or disease processes that are additional to an
initial diagnosis) and calculation of risk reserves (METU, IAM, 2010). A data set is
needed that have long enough period of construction and it should include personel
information like age, gender and any other important characteristics to construct
morbidity tables. Because Turkey’s health insurance recording and data systems are
inefficient and decentralized, the exact prevalence and incidence rates for various

diseases and causes of death cannot be determined.

Morbidity and mortality measures are routinely collected in the developed countries
but are lacking in the developing countries. The lack of routinely collected reliable
and accurate morbidity and mortality measures disables effective eradication of

infectious diseases and control of chronic morbidities in these developing countries.

To explain the frequency of illness producing and death causing diseases we need the
number of people in the population, therefore we explain disease frequency in terms

of rates. A disease rate is defined as the number of persons with a disease per unit of



the population of the place of interest at a given time period. The occurrence of
disease can be measured using rates or proportions. Rates tell us how fast the disease
is occurring in a population and proportions tell us what fraction of the population is

affected (Gordis, 2000).

The incidence of a disease is defined as the number of new cases of a disease that
occur during a specified period of time in a population at risk for developing the

disease as follows (Gordis, 2000):

no of cases of adisease occurring in the population

. _ during a specified period of time o
Incidence / 1’000 " no of persons exposed to the risk of developing the disease 1’000 (2' 1)

during the same period

The important element in the definition of incidence is new cases of disease.
Incidence is a measure of events- the disease develops in a person who do not have
the disease previously. As incidence is a measure of events, incidence is a measure of
risk. This risk can be looked at in any population group, such as a particular age
group, males or females, or an occupational group. To measure incidence, a period of
time must be specified, and it must be known that all of the individuals in the group
represented by the denominator have been followed up for that entire period. The

choice of time period is arbitrary: it can be a week, a month or a year.

Prevalence is defined as the number of affected persons present in the population at

a specific time divided by the number of persons in the population at that time.

total cases(old and new) of a disease present in the population
at a specified time .
no of persons in the population at that 1,000 (2'2)
specified time

Prevalence / 1,000=

Prevalence can be viewed as a slice through the population at a point in time at
which it is determined who has the disease and who does not. But in so doing, when
the disease developed is not determined. Thus when we survey a community to
estimate the prevalence of a disease, the duration of the disease is not generally taken

into account. Consequently, the numerator of prevalence includes a mix of people



with different durations of disease, and as a result we do not have a measure of risk.

Therefore, if we wish to measure risk, we must use incidence as stated before.

Distribution of diseases by personal attributes depends on age, gender, marital status,
race or nationality, occupation and social class (Gordis, 2000). Some of those in

detail are:

Age: Knowledge of the distribution of diseases and deaths by age is useful to the
clinicians. Certain diseases are more common in the younger age groups than the
older groups. Chronic diseases such as cancer, heart diseases, diabetes, hypertension

are more common in older people, whereas many infectious diseases like measles,
mumps, and rubella considered as childhood diseases. Age is also related to the

severity of certain infections.

Gender: In most societies, more males (M) are born alive than females (F). Many of
the chronic diseases such as diabetes, obesity, and certain benign tumors are more
common in female than male while lung cancers, peptic ulcers, and coronary hearth

diseases tend to concentrate in male.

Marital Status: Certain factors affect the distribution of diseases by marital status
such as consanguinity, natural selection and environmaletal factors. In the case of
consanguinity, people tend to marry their relatives thus predisposing both husband
and wife to genetically acquired diseases. Environmental factors such as place of
living or job, may predispose both husband and wife to the same environmentally

related diseases.

Occupation: It has been known that certain occupations carry certain disease risks.
Epidemiologic studies have revealed the concentration of lung cancers in asbestos
workers. Dry cleaners who are exposed to aniline dyes and other chemicals have
been found to develop more bladder cancer. Drug addition has been established to be
more frequent among physicians and nurses as compared to other professions and
trauma is very highly associated with people in the mining, construction and

agricultural occupations.



Social Class: Social class is another acquired attribute of persons, which shows a
correlation with the distribution of diseases. Socio-economic status is affected by
certain variables such as education, income, and place of residence. For instance,
bronchitis tend to be more common in the lower social class, while coronary heart

diseases and leukemia tend to be more common in the upper social class.

2.1. Selected Morbidities

Two different morbidities are considered in the content of this study due to their
characteristics. Rheumatic heart disease and poisoning morbidities are taken in the
study for the aplication of the methodology proposed. Both of the morbidities have

sub classifications and they are classified with respect to ICD 10.

The ICD (International Classification of Diseases) is the international standard
classification for all general epidemiological, many health management purposes and
clinical use. These include the analysis of the general health situation of population
groups and monitoring of the incidence and prevalence of diseases and other health
problems in relation to other variables such as the characteristics and circumstances
of the individuals affected, reimbursement, resource allocation, quality and

guidelines (WHO).

It is used to classify diseases and other health problems recorded on many types of
health and vital records including death certificates and health records. In addition to
enabling the storage and retrieval of diagnostic information for clinical,
epidemiological and quality purposes, these records also provide the basis for the
compilation of national mortality and morbidity statistics by WHO Member States

(WHO).
2.1.1 Poisoning
A poison is any substance that is harmful to a person’s body when eaten, breathed,

injected, or absorbed through the skin. Any substance can be poisonous if enough is

taken. Poisoning is exposure to a poison on one occasion or during a short period of



time. Symptoms of poisoning are nausea, vomiting, pain, trouble breathing, seizure,
confusion, or abnormal skin color. The ICD-10 codes are T36-T50 and age and
gender are the basic risk factors. Poisoning may also be a deliberate attempt to
commit murder or suicide. The damage caused by poisoning depends on the poison,

the amount taken, and the age and underlying health of the person who takes it.

Drugs are the most common source of serious toxications and related deaths. Other
common toxications are gases, household products, agricultural products, plants,
industrial chemicals, vitamins, and foods (particularly certain species of mushrooms

and fish).

Poisonings are either intentional or unintentional. With an 80% increase from 200 1
to 2006, poisonings are one of the fastest-rising causes of unintentional death in the
United States (www.eoearth.org). In 2005, 23,618 (72%) of the 32,691 poisoning
deaths in the United States were unintentional, and 3,240 (10%) were of
undetermined intent. Unintentional poisoning death rates have been rising steadily
since 1992 (CDC, 2008). In 2006, unintentional poisoning caused about 703,702
emergency department visits (CDC, 2008). In 2006, poison control centers reported
about two million unintentional poisoning or poison exposure cases (Bronstein et al,
2007). Almost 25% of these unintentional emergency department visits resulted in

hospitalization or transfer to another facility (CDC, 2008).

In 2000, approximately a million people died as a result of suicide, and possibly as
many as a quarter of these deaths resulted from ingestion of chemicals. In that year,
unintentional poisoning was the 9™ most common cause of death globally in young
adults (15-29 years), and in this age group it was the 6™ most common cause of death
in India and the 9™ most common in China. More than 94% of fatal poisonings
occurred in low and middle-income countries. According to WHO data, in 2002 an
estimated 350,000 people died worldwide from unintentional poisoning. More than 2

million people suffer some type of poisoning each year in the United states (WHO).

Most fatal poisonings result from unintentional drug overdoses. While children
rarely die today from unintentional poisonings, non-fatal poisonings remain
a childhood concern. An estimated 40,000 children under the age of 4 are injured

by unintentional poisonings every year (www.eoearth.org).



Drug overdose rates have increased among males and females. In 2006, there were
17,740 drug overdose deaths among males and 8,660 among females. While males
are more likely to die from a drug overdose, female rates have nearly tripled since
1999, according to the Centers for Disease Control and Prevention

(www.eoearth.org).

In 2000, poisonings led to $26 billion in medical expenses and made up 6% of the
economic costs of all injuries in the United States. Males accounted for 75% of the
total costs of poisoning injuries ($19 billion). Females accounted for 25% of the

total costs of poisoning injuries (almost $7 billion) (Finkelstein et al. 2006).

Within the population of Social Security Institution in Turkey, the number of people
who applied to health institutes because of poisoning in 2008, is 19,916. According
to the data, the highest application numbers are seen in 0-6 age group. Figure 2.1

shows the graphical representation of application numbers (METU, IAM, 2010).
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Figure 2.1: The number of applications from poisoning in Turkey (2008). (METU,
1AM, 2010)

2.1.2 Rheumatic Heart Disease

Rheumatic heart disease (RHD) is a condition in which the heart valves are damaged
by rheumatic fever (RF) which begins with a strep throat and caused by Group A

Streptococcus bacteria. It can affect many of the body’s connective tissues-especially
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those of the heart, joints, brain or skin. Fever, painful, tender, red swollen joints,
heart palpitations, chest pain, shortness of breath, skin rashes, fatigue, small painless
nodules under the skin are the symptoms of RF. Main risk factors of RHD are age,
genetics, diabetes, nutrition, alcohol, and smoking. ICD-10 codes of RHD are 102,
105-109, where 102 refers to acute RHD and 105-109 refer to chronic RHD. The type
of disease is important because chronic and acute morbidities differ in terms of
number of applications to health services. Therefore, they show different patterns in

the distribution among the population.

An acute morbidity starts suddenly in an unexpected time. Most of the acute
morbidities are in the microbic morbidities group. Chronic morbidities tend to persist
for a very long time and cause more deaths than other morbidities and a majority of
them are terminal. Therefore, they have long, latent incubation periods of many
months or years. There is considerable need for economic sources for diagnosis,
treatment and rehabilitation for the chronic morbidity. As a result, its cost for the
society is higher. As countries become developed and industrialized, they experience
an epidemiological transition in which communicable or infectious morbidities give
way to non-communicable or chronic morbidities as major causes of morbidity and
mortality. Chronic morbidities, such as heart disease, stroke, cancer, are by far the
leading cause of mortality in the world, representing 60% of all deaths (TUIK,
Turkey’s Statistical Yearbook, 2009).

Although there is a decrease in the incidence of RF and a similar decrease in the
prevalence of RHD, they remain significant causes of cardiovascular morbidities in
the world today in both industrialized and industrializing countries. According to
studies there are 200,000 new cases of RHD each year in the developing world, with
180,000 deaths are related to the disease. In 2005, the overall prevalence of RHD
worldwide was estimated at 15.6 million, with 80% of these cases occurring in the

developing to occur amoung the school-aged population (WHO).

Reliable data on the incidence of RF are scarce in the world. In some countries,
however, local data obtained from RF registers of school-children provide useful
information on trends. The annual incidence of RF in developed countries began to

decrease in the 20" century, with a marked decrease after the 1950; it is now below
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1.0 per 100,000. A few studies conducted in developing countries report incidence
rates ranging from 1.0 per 100,000 school-aged children in Costa Rica, 72.2 per
100,000 in French Polynesia, 100 per 100,000 in Sudan, to 150 per 100,000 in China
(WHO, 2001).

The prevalence of RHD has also been estimated in surveys, mainly of school-aged
children. The survey results showed there was wide variation between countries as

shown in the Table 2.1.

Table 2.1: Examples of reported prevalence of RHD in schoolchildren (WHO, 2001)

WHO Region (couniry, city) fear Rala
{per 1000
POpUlaion]
Alriea
Kenya (Nairehi) 1994 27
Zambéa (Lusaka) 1986 125
Ethiopia (Addis Ababa) 1899 6.4
Conakry (Repubbc of Guinea) 10902 3.9
DR Congo (Kinshasa) 1998 14.3
Americas
Culba (Havana, Saniago, F. del Fioh 1987 D.2-29
Baolivia {La Paz) 19861940 79
Eastern Medilerranean
MOrooCn 1989 33105
Egypt (Casa) 1986~-1990 51
Sudan (Kharouwm) 19861990 10.2
Saudi Arabia 1950 28
Tunisia 1930 3.0-6.0
South-East Asia
Mot Incia 1992-1993 1.9-4.8
Il 19841995 1.0-5.4
Mepal (Kathmandu) 1997 1.2
Sri Lanka 1988 i)
Western Pacific
Cook Istands 1082 186
French Polynosia 1985 8.0
Mew Foaland (Hamilion) 1983 6.5 (Maoeas)
0.9 (non-Maoris)
Samoa 195 Tre
Ausiralia (MNarthern Terribory) 19851993 9.6

Based on the data set taken from Social Security Institution, the number of people
who applied to health institutes from RHD in 2008, is 151,563. RHD is efficient in
all age groups, however it shows an increase from age 13s and reaches the highest
levels in ages 50s and 60s (METU, 1AM, 2010). The average number of application
age does not show definite differences in regions and cities in Turkey. However,

there is a significant difference on the application frequencies between male and
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female. The graphical representation of the data shows that in each age group,

number of applications of female is higher than male (METU, IAM, 2010).
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Figure 2.2: The number of applications from RHD in Turkey (2008). (METU, 1AM,
2010).

It is well known that socio-economic and environmental factors play an indirect, but
important role in the magnitude and severity of RF and RHD. Factors such as a
shortage of health-care resources for providing quality health care, inadequate
expertise of health-care providers, poverty, overcrowding, malnutrition, and a low
level of awareness of the disease in the community can all impact the expression of

the disease in populations (Report of a WHO Expert Organization, 2001).

Although RF and its most important sequel, RHD are worldwide problems, they are
most prevalent in developing countries. In these countries, RF accounts for up to
60% of all cardiovascular disease in children and young adults and it has the
potential to undermine national productivity, since young adults are the most
productive segment of the population in these countries. In addition, 67% of school-
aged patients drop out of school due to RF, which stifles their ability to realize their
full potential (Report of a WHO Expert Organization, 2001).
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Moreover, the burden of managing RHD puts additional pressure on the economies
of these countries, which are often characterized by a low gross domestic product
and gross national product. In countries of African region, for example, the direct
medical cost of managing one patient with RHD for six years was estimated to be US
$17,375 in 1987, increasing to US $31,661 with surgical procedures. The economic
effects of the disability and premature death caused by these morbidities are felt at
both the individual and national levels through higher direct and indirect health-care
costs (Report of a WHO Expert Organization, 2001).
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CHAPTER 3

METHODOLOGY

3.1. Survival Analysis

Survival analysis is one of the statistical methods applied for studying the occurrence
and timing of events. Survival analysis is designed for longitudinal data on the
occurrence of events. An event is a qualitative change that can be situated in time. A
qualitative change refers to a transition from one discrete state to another. The initial
purpose of a survival analysis is to model and analyze time-to-event data. Such

events are generally called “failures”.

The basic goals of survival analysis are to estimate, interpret and compare survival
and hazard functions and to assess the relationship of explanatory variables to

survival time.

Examples of survival data are, the lifetime of an individual (mortality studies), the
lifetime of electronic devices or systems (reliability engineering), duration of first
marriage (sociology), length of newspaper or magazine subscription (marketing), and
worker’s compensation claims (insurance) and their various influencing risk or

prognostic factors.

For survival analysis, the best observation plan is prospective. A set of individuals
are observed at some well-defined point in time, and the times at which the events of
interest occur are recorded. It’s not necessary that every individual experience the

event.

On the other hand, the reliability of a component or system is defined as the
probability that the component or system remains operating from time zero to time t,

given that it was operating at time zero.
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Failure rate is the probability per unit time that the component or system experiences
a failure at time t, given that the component or system was operating at time zero and

has survived to time t.

Mean time to first failure describes time to first failure for non-repairable
components. It is the mean time expected until the first failure of a piece of
equipment. For constant failure rate systems, mean time to failure (MTTF) is the
inverse of the failure rate. However, for repairable components the concept of mean
time between failures is used. Mean time to first failure should not be confused with
MTTF which is the average time between failures for a repairable system with non-
zero repair times. The time to first failure is important not only for non-repairable
systems but also for repairable systems because if someone knows time until the first

failure, then he knows that there will be failures in the future.

All of the standard approaches to survival analysis are probabilistic or stochastic.
That is, the times at which events occur are assumed to be realizations of some
random process. It follows that T, the failure time of an individual from a
homogeneous population, is a nonnegative random variable having a probability
distribution. There are many different models for survival data, and what often

distinguishes one model from another is the probability distribution for T.

The distribution of lifetimes is usually described or characterized by three functions.
1. Probability density function
2. Hazard function

3. Survival function

In survival analysis, it is more common to work with a closely related function called

the survival function, defined as (Allison, 1995):
S (t) = P (Surviving beyond time t) = Pr (T>t) (3.1)

=1-P (an individual experience an event before time t) = 1-F (t)

0<S()<1
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where F(t) is the cumulative distribution function. It can be estimated from a data set
by calculating the frequency of cases in which the event had not occurred by time t.
The survival function is fundamental to survival analysis, because obtaining survival

probabilities for different values of 7 provides crucial information from survival data.

For a nonnegative random variable T, the mean survival time is:

E(T)= th(t)dt = TS(z)dt . (3.2)

For a given time t, the greater the risk, the smaller S(t), and hence the shorter mean

survival time E(T).

As t gets larger, S never increases (and usually decreases). Within these restrictions,
S(t) can have a wide variety of shapes. A steep survival curve represents low survival
rate or short survival time, whereas a gradual or flat survival curve represents high
survival rate or longer survival. The survival function or the survival curve is used to
find the 50th percentile (median) and other percentiles (e.g.25th and 75th) of survival

time and to compare survival distributions of two or more groups (Allison,1995).

Median survival time is the length of time that half of the study population survives.
The time that corresponds to S(t)=0.5 is the time at which 50% of the population is
estimated to have been experienced the event. Median survival offers two advantages
over mean survival. First, it is less affected by extremes, whereas the mean is
significantly affected by even a single outlier. Second, if we use mean survival, we
would have to observe all the events in the population before the mean could be
calculated. However, to calculate median survival, we would only have to observe
the events of half the group. Lastly, the mean is generally used to describe the central
tendency of a distribution, but in survival distributions the median is often better
because a small number of individuals with exceptionally long or short lifetimes will

cause the mean survival time to be disproportionately large or small (Allison, 1995).

Although different survival functions can have the same basic shape, their hazard
functions can differ dramatically. The hazard function is also called as the risk or

mortality rate as a measure of the potential of failure at time t. The hazard function is
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usually more informative about the underlying mechanism of failure than the
survival function. For this reason, modeling the hazard function is an important

method for summarizing survival data.

In contrast to the survival function, which focuses on not failing, the hazard function

focuses on failing and models the risk. The hazard function is defined as

Pr{t<T <t+At|T =1}
At

h(r) =lim, (3.3)

of the interval [t,t+At). In practice, when there are no censored observations the
hazard function is estimated as the proportion of individuals having failures in an

interval per unit time, given that they have survived to the beginning of the interval:

h(t) = no of patients dying 1n. the mter\'/a? beginning at time t « (interval width) (3.4)
no of patients surviving at t

_ no of patients dying per unit time in the interval
no of patients surviving at t

Actuaries usually use the average hazard rate of the interval in which the number of
patients having failures per unit time in the interval is divided by the average number

of survivors at the midpoint of the interval:

h(t)= no of patients dying per unit time in the interval 3.5)

(no of patients surviving at t) —(no of deaths in the interval) -
2

The estimate in the Equation (3.4) gives a higher hazard rate than the Equation (3.5)

and thus a more conservative estimate.

18



hit) hit)

bhurn-in cuseful ife wear out

k

Hazard Function

Figure 3.1: Different types of hazard functions

The hazard function may increase, decrease, remain constant or indicate a more
complicated process. The first situation in the Figure 3.1, the increasing hazard
function is probably the most likely situation. In this case, items are more likely to
fail as time passes. For example, patients with acute leukemia who do not respond to

treatment have an increasing hazard rate.

The second situation, the decreasing hazard function, is less common. In this case,
the item is less likely to fail as time passes. Items with this type of hazard function
improve with time. For example, some metals work harden through use and thus

have increased strength as time passes.

The third situation, constant hazard function, is the risk of healthy persons between

18 and 40 years of age whose main risks of deaths are accidents.
The forth situation is the bathtub shape hazard function. Human mortality study and
reliability situations are characterized by failure rate functions having “bathtub

shape”. The failure rate decreases initially. A good example of this is seen in the
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standard mortality tables for humans. The risk of death is large for infants but
decreases as age advances. Next phase is known as “useful life” phase, in which the
failure rate is more or less constant. Finally, in the third phase, known as “wear out
phase”, the failure rate increases. Again in humans, after the age of 30 an increasing

proportion of the alive persons die as age advances.

Relations between survival and hazard functions

As mentioned before, hazard function is instanteneous failure rate at T=t given that

the individual survived up to time t. The relation of hazard and survival functions can

be seen in the following equation:

ds(t)
HO) =1 Pri{t<T <t+At|T >t} dt d S0)
=lim = =—"1lo
A0 At =0 a8 (3.6)

Integrating both sides of the Equation (3.6) gives an expression for the survival

function in terms of the hazard function:

S(f) = exp{— jo I (3.7)

The relationship betwen the pdf and the survival function is given by the following

equation:

_dF(H) _ dS(1)

70==2 dt

(3.8)

Lastly, to interpret the hazard function by using the survival function and its pdf, we

use the following expression:

h(t) = % (3.9)
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These formulas are extremely useful in any mathematical treatment of models for
survival analysis because it is often necessary to move from one representation to

another.
3.2. ESTIMATION ANALYSIS
3.2.1. Kaplan- Meier Method

Kaplan-Meier (KM) (Kaplan and Meier, 1958) method is a non-parametric method
to estimate the survival function from lifetime data and also known as the product
limit estimator. KM method cannot evaluate covariates like Cox Regression Model
and there are no sensible interpretation for competing risks. Exact times of failure are
required in KM analysis. In medical research, it is used to measure the fraction of

patients living for a certain amount of time after treatment.
Kaplan-Meier Estimates of Survival Function

Consider the case where all patients are observed to occurrence of the event so that

the survival times are exact and known. Let 7,,7,,...,7, be the exact survival times of n

individuals under study. Conceptually, consider a group of patients as a random
sample from a much larger population of similar patients. Setting survival times

t,,t,,...,t,1n ascending order such that t, <t,...<t .

Let,
n; = the number of subjects at risk at the beginning of time period t;

di= the number of subjects who die during time period t;, the probability becomes

p, = P(surviving through t, |a1ive at beginning t, ) (3.10)
=P(T>t|T > t,)

q, =1-p, = P(die int, |alive at beginning at time ti) G.11)
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From repeated applications the survival function can be expressed as (Lee, 1992):

S=PT>n=[]p - (3.12)

1<t

where the estimates of p; and q; are :

q; zi and D; :l_qi :l_i: = d

& o T (3.13)

Therefore, the KM estimator of the survival function is

" " —d. kn —d
S([):le_:Hnln [ nl i , (314)
i -

1<t 1<t i i i

where S(t) is the estimated survival probability for any particular one of the t time

periods.

If two or more t; are equal (tied) observations, the largest i value is used. This gives a

conservative estimate for the tied observations.

Since every person is assumed to be alive at the beginning of the study and no one

survives longer thant,, S(z,)=1 and S(z,)=0.

The probability of surviving k ( >2 ) or more years from the beginning of the study is

a product of k observed survival rates:

A

S(k):p1*p2*~--*pk ) (3.15)
where p; denotes the proportion of patients surviving at least i year.

Therefore, the KM estimate of the probability of surviving any particular number of

years from the beginning of the study.

§(t)=§(t—1)*p, (3.16)
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KM estimator is defined for any time between 0 and the largest event time. The KM
curve is a right continuous step function which steps down only at an observed event

time.

It is important to know how certain our estimate of S(t) is. Within the frequentist

framework, this is found via, (Kleinbaum, 1996)

n,—d,

vis@y =1L = - (3.17)

<t I’li 1<t

For simplicity, under the assumption that failures arise independently among the

A

population the variance of log-transformed p,’s are taken:

V {log ()} = V([ Tlog pt = [ [V tlog 3. (3.18)

1<t 1<t

After employing Delta Method to estimate the variance and Taylor expansion around
mean value and some more mathematical steps, Greenwood’s estimator of the

variance of S(t) (Greenwood, 1926) is given as:

h&z)b&r)iﬁ. (3.19)

The confidence intervals for the survival probability is found as given below:

AA

The square root of V[S(¢)] is the standard error of the KM estimate and
S(t)il.96\fV(S(t)) gives a pointwise 95% confidence interval. However,
Kalbfleisch and Prentice (2002) suggests to use

¥ {log(~log S(1)} = —— > il (3.20)

(log S(ny? 1= 1 =)
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to get a confidence interval of log (- logS(t)), and then to transform that back into the

original scale such as,

¢, =log(—log L;’(t)) +z , \/V{log(—log S(At))}
i (3.21)

¢, =log(—log S (1)) - Z 4 \/ V{log(—log S(;))}

So that the 1-a confidence interval for S(t) becomes (exp{—e®},exp{—e"})

Estimates of hazard and cumulative hazard functions based on KM method can also

be found. Letting the estimate at an observed death time be t; and A(t)= 4 and the
n.

1

. . . . d,
estimate of hazard in the interval ¢, <7<t is h(t)=—(t,, —t,).
n,

1

Also, the estimates of cumulative hazard to time t and its variance are expresses as:

1%1(1):—1og§(z)=—1og1‘[M . (3.22)
VHO) =Y — (3.23)
e (ni _di)

3.2.2. Log-Rank Test

Log-rank test is used to compare KM curves to evaluate whether or not two or more
groups are statistically equivalent. The log-rank test is a large-sample chi-square test
that uses as its test criterion a statistic that provides an overall comparison of the KM
curves being compared. This statistic, like many other statistics used in other kinds of
chi-square tests, makes use of observed versus expected cell counts over categories
of outcomes. The categories for the log-rank test statistic are defined by each of the

ordered failure times for the entire set of data being analyzed.
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The main objective is to compare two survival curves belonging to different

treatment groups. The null hypothesis is:

H, :S,(t)=S,(t) against one of the following alternatives

H, :S,(t)>S,(t) or  H,:S(t)<S,(t) or H,: S (t)#S,(t)

Suppose that, Group I and Group II are groups of survival data and let t; represent the
ith order event time in the two groups combined. The contingency table (Table 3.1)

is used to represent two sets of survival data.

Table 3.1: Contingency table for two groups

Died Survived At risk
Group | dj; nyi- dij ny;
Group II di npi— dy; ;i
Total di=dii+ doi n; — d; n= nyi + ny;

where, d;; is the number of people experiencing the event at time t; in group j, n;; is
the number of people at risk in group j at time t;, n; is the total number at risk and d; is

the total number experiencing the event in both groups.

Then, the log-rank test statistics is:

(Zm: dll. - Zm:e”)z
_ _i=l i=1

O=——— (3.24)
D V(en)

9

A

where e;i is the expected number of individuals experiencing the event at time t; in
group j. This test statistic is distributed as y under the null hypothesis that the

survival functions for the two groups are the same. Based on these statistics, the chi-

square test statistic is calculated and the corresponding p-value is obtained. The
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generalization to this test for more than two groups also follow chi-square
distribution with r-1 degrees of freedom, where r standing for the number of groups

to be compared (Fox, 2006).
3.2.3. LIFE-TABLE METHOD

Life tables have historically been used by actuaries for estimating the survival
distribution of humans, but applied well to reliability and biostatistical situations for
which grouped data (rather than raw data). Grouped data displays the combined
survival experience of a cohort of individuals who fall into natural groupings by age

or calender time interval.

As clinical and epidemiologic research become more common, the life table method
has been applied to patients with a given disease who have been followed for a

period of time. Life tables constructed for patients are called clinical life tables.

If the number of observations is large and if event times are precisely measured,
there will be many unique event times. The KM method then produces long tables
that may be unpractical for presentation and interpretation. This problem can be
avoided with the life table method because event times are grouped into intervals that
can be as long or short as desired. In addition, the life table method (also known as
the actuarial method) can produce estimates and plots of the hazard function. The
drawback to the life table method is that the choice of intervals is usually somewhat
arbitrary, leading to arbitrariness in the results and possible uncertainty about how to

choose the intervals.

The survival estimate by using life table method is calculated from the conditional

probabilities of failure in the following way:

For interval i, let t; be the start time and q; be the conditional probability of failure.

The probability of surviving to t; or above becomes (Allison, 1995):

g(ti)=ﬁ(l—qj)- (3.25)
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It should be noted that the similarity between the Equation (3.25) and KM estimator.
Both are the estimates of the probability of failure in an interval. The major
difference is: The interval boundaries for the KM estimator are determined by the
event times themselves. Thus, each interval for KM estimation extends from one
unique event time up to, but not including, the next unique event time (Allison,

1995).
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CHAPTER 4

ACTUARIAL RISK MODELLING

4.1.Health Insurance

Life and health insurers sell individual and group health insurance plans that cover
medical expenses from sickness or injury. Individual health insurance policies can
generally be classified as: hospital-surgical insurance, major medical insurance, long-
term care insurance, and disability-income insurance. Group health insurance is
preferable to individual coverage for several reasons. First, employers frequently
make available a number of group health insurance plans to their employees, ranging
from traditional group indemnity plans to managed care plans, such as those
involving health maintenance organizations. Second, health insurance is typically

broader in coverage (Rejda, 2002).

In Turkey, all health care and related social activities are controlled and coordinated
by the Ministry of Health. The ministry is responsible of providing health care for the
people and organizing preventive health services, building and operating state
hospitals, supervising private hospitals, training medical personel, regulating the
price of medical drugs nationwide, controlling drug production and the pharmacies.
The Turkish health system is a combination of national health insurance and private
health insurance. A general health insurance system has been implemented since the
early 1990s under the umbrella of Social Security Institution. The suggested system
is financed from the premiums based on actual contributions. In the transition period
to the general health insurance system, the “green-card” system was started in 1992
as a step toward ensuring equity in the distribution of state subsidies to needy

citizens for health services.

Today, three main mechanisms for financing healthcare can be seen worldwide.
These are taxation, insurance (social and private) and non-insurance funding
systems. Social health insurance systems involve mandatory and earnings related
contributions to institutions independent from general government revenue. The
Turkish healthcare system is financed by taxes (41%), insurance premiums (31%),

and out-of-pocket payments (28%). Besides social security system, private health
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insurance is developed in Turkey. Employers pay insurance fees to cover work-
related injuries, professional job diseases or maternity. Both employers and
employees contribute specified proportions to cover fees for illness, disability,

retirement and death benefits.

In recent years both health expenses and chronic diseases have been increasing in
Turkey (Turk Saglik Sen Report). The basic health indicators shows that Turkey is
far beyond the OECD countries, where the protective health services neglected,
instead treatment oriented health services is implemented. As a result of this fact, in
2006 over two million operations made in the hospitals affiliated to the Ministry of

Health.

In 2002, total health expenditures cost 3,594 billion TL, and this has increased to
11,6 billion TL in 2006. And the drug expenditures cost 1,878 billion in 2002,
whereas this number has increased to 5,265 billion TL in 2006. The number of
surgeries done in government hospitals in 2002 was 836,518, whereas in 2005 this
number has increased to 2,288,489. This huge increase on the number of surgeries is

the indicator of treatment oriented health care system (Tiirk Saglik Sen Report).

Therefore, the financial burden of health system on government and insurance
companies is getting an important issue. The control over those expenses are
manyfold. One of the important control over the unexpected losses lies on the precise

estimation of the premiums to be charged from insurers.

The aim of the insurer is to know exactly how much the company will pay out in
benefits and then charges premiums to match this amount but, it is hard to predict
future claims. The stochastic nature and the correct estimation of both the frequency

and severity of claims are fundamental components of constructing a realistic model.

4.2. Individual and Collective Risk Models

There exist two fundamental actuarial approaches to estimate actuarial premium in

insurance. These are individual and collective risk models, which are explained in

the following sections.
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4.2.1 Individual Risk Model (IRM)

The insurer wants to know the total benefits paid on an entire portfolio of policies.
And the IRM is used to obtain the present value of the total amount paid on all
policies in the portfolio, as the sum of the individual random variables. The IRM

considers individual policies and the claims produced by each policy.

Let the random loss of a segment of company’s risks be denoted by S and let
S=X,+X,+..+X, denote the aggregate loss. Here X; is the loss on insured
unit i and n is the number of risk units insured. Under the assumption that X;’s to be

independent random variables, the distribution of their sums can be calculated by

convolution method (Bowers, 1997 and Kaas, 2001).

Defining S=ZX ;and X, =IB, where I; is an indicator function having

i=1
Bernoulli(q;) distribution, g; being probability of claim. The random variable B; can

have an arbitrary distribution and represents the amount of the payment in respect of

the " policy given that the payment was made. Letting, ¢, =P, =1),

l1-g, =P(I,=0) and B;, I;’s are independent (Kaas, 2001). Expected value and

variance of S are given as follows:
E[S]=Y E[X] 4.1)
i=1

E[X,] =E1[EX [Xl |I,]] :qu[BI]

i 4.2)
Var[S]= Zn: Var[ X,]

(4.3)

4.2.2 Collective Risk Model (CRM)
In CRM, a random process that generates claims for a portfolio of policies is

assumed. This process is characterized in terms of the individual policies comprising

the portfolio. The CRM is particularly useful for casualty insurance such as
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automobile, home or health policies. Because, in a given period there can be several
claims under a single policy. This can be idealized as many visits to practitioner from
the same policy owner. The main advantage of a CRM is that it is a computationally

efficient model, which is also rather close to reality.

Let S=X,+X,+..+.X,, where N denotes the number of claims and X; is the ith

claim. Number of claims N is a random variable, and that the individual claims X;
are independent identically distributed. Also, the claim number N and the claim
amounts X; are independent. The CRM views total claims as a compound
distribution. Even though the insurer is ultimately interested in the total payout, it has
been found advantageous to first model frequency and severity separately and to then

combine the results to determine total claims.

The expected value of S by using the conditional distribution of S, given N is:

(Bowers, 1997).
E[S]=E[E[S|N]] =iE[X1 +X,..+ Xy [N =n]Pr[N =n]
n=0 (4.4)

Il
M

E[X,+X,..+ X, |N =n]Pt[N =n]

3
Il
(=

[l
[Ms

E[X,+X,..+ X [Pt[N =n]

3
Il
(=]

= nu, PN = n] = 4 ELN]

n=0

where y, = E[X].

The variance of the process is:

Var(S|N =n)= Var(i X,|N=n)

i=1

(4.5)

= Var(zn:Xi |N =n)
i=1

= Var(ZW:Xi) =nVar(X)

i=1
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E(S|N =n)= E(i)(i |N =n)
= ECY XN =n)

=E(Z":X,. |N =n)=nE(X)

Var(S|N) = NVar(X), E(S|N) = NE(X)
Var[S]= E[Var[S|N]]+Var[ E[S|N]]

= E[NVar{ X 1]+ Var[NE(X)]

= E[INVar[ X ]+ E(X)*Var[N]

Variance represents uncertainty, and this decomposes the uncertainty in the value of
S into two parts. The first term gives the uncertainty resulting from the severity, and

second term gives the uncertainty arising from the frequency.

The most commonly used severity distributions are: Gamma (a, ) which is used if
the tail of the cumulative distribution function is not too ‘heavy’, such as in motor
insurance for damage to the own vehicle; Lognormal ( p, o) distribution is usually
for branches with somewhat heavier tails, like fire insurance; Pareto (o, Xo)
distribution is used for branches with a considerable probability of large claims,

notably liability insurance.

Besides these distributions there are a lot more possibilities, including the inverse

Gaussian and mixtures/combinations of exponential distributions.

Appropriate distributions for claim frequency N are the Poisson, Binomial and the
Negative Binomial distribution. The Poisson distribution is one of the most common
distributions used for modelling claim frequency. It arises in a natural way from our
independence and time-homogeneous assumptions by taking the limit of binomials

and due to of its nice properties.

Difference between models can be analyzed through the mean and the variance of

some insured profiles. For example, the Poisson distribution is equidispersed since its
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mean and variance are both equal to 4. In such case S is told to follow a Compound
Poisson distribution with parameter A .

Given the fact that sum of Compound Poisson is also distributed as Poisson. Sum of
claim amounts S;, for S;’s being mutually independent random variables, collective

risk models can be expressed as follows (Bowers, 1997):

Theorem:

Let S, ~ CompoundPoisson(A,) and P(x) claim distribution for i=1,..,m. Then,

S= ZI:S CompoundPoisson(A) where A= Z}:/I and P(x) =Z%

Proof':
Let M;(t) denote the moment generating function (m.g.f.) of Pi(x) and we obtain the

m.g.f. of the compound Poisson distribution,

My (1) =0 (4.6)

According to the Equation (4.6), the m.g.f. of S is M (r) = exp{A[M, (1) —1]}.

By the assumed independence of S,,S,,...,S, , the m.g.f. of their sum is

M0y =] T My () =exp {3 ALM, ()13 (47)

Finally, we rewrite the exponent to obtain
M(f) = exp {ﬂ[ZjMi ) -11}.
i=1

(4.8)

Since this is the m.g.f. of the Compound Poisson distribution, specified by A = Z A,

i=l1

and P(x) =i

i=1

S |N>)

P(x) , the theorem follows.
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This result has two important consequences: First, if we combine m insurance
portfolios, where the aggregate claims of each of the portfolios have Compound
Poisson distributions and are mutually independent, then the aggregate claims for the
combined portfolio will also have a Compound Poisson distribution. Second, we can
consider a single insurance portfolio for a period of m years. Here we assume
independence among the annual aggregate claims for the m years and that the

aggregate claims for each year have a Compound Poisson distribution.

A special case is when the S; have fixed claims X; , hence S, =x;N, with
N, ~ Poisson (4). The random variable S=xN, +x,N,+...+x, N, is compound

Poisson with parameters, assuming the X; to be all different: A =4 +4,...4+ 4, and

A
x,)=-—",1=1,2,...m.
p(x,) o

4.3 Actuarial expectation in life and health insurance:

The present value of an insurance contract, which guarantees to pay an amount of

c at the end of the year k+1 to an insured person who develops a morbidity

Jk+1

1

depending on j risk factor is: A4 :cj’,mvk+ , where v is the discount factor with a

determined interest rate.

The net premium calculated by the actuarial expected value principle is as follows

(METU, 1AM, 2010):

E(A)= chj,k+lvk+l P 9 xk
=1 k=0 (4.9)

where for a given index k, , p  is the probability that a person aged x do not have a
morbidity j in k years, and ¢, ., is the probability that a person aged x fall in a

morbidity j between the ages of x+kand x+k+1. The net premium could be taken

from the insured as monthly or yearly paymalets.
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The above premium calculation formula yields the average value of a claim amount
cij, caused from an insured person, aged x, who has lived a one-year policy period 1

and yields claims depending on the morbidity j.

However, in this study, the individual characteristics of individuals are neglected.
Therefore, the age of the insured, mortality and morbidity rates associated to the age
will not be associated to the premium calculation and the main focus is given to the
claim load of the company which may result from the very first visit of the policy
holder who survived up to the time of first claim and caused a certain claim amount.
This approach allows to investigate the aggregate claim amount and its distribution
for any specified period within a policy year. And the first claim occurrence for
selected morbidity within one year period is taken into account for the individuals
covered by Social Security System in Turkey. In this context, individual and
collective risk models are used to determine the average claim amounts and its

financial burden on the insurance company.
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CHAPTER 5

CASE STUDY APPLICATIONS

Application of survival models by using Kaplan-Meier and life table methods is
performed on two morbidities mentioned in detail in previous chapters. The real life
data taken for RHD and poisoning is used to implement the methodology. The
survival probabilities, hazard rates for both morbidities are calculated. Gender, age,

location (three big metropolitans in Turkey) based comparisons are done.

5.1.Data set

The data set has been taken from Social Security Institution (SSI) for the year 2008
which contains the variables based on the registrations to the health institutes for

morbidities RHD and poisoning as follows:

e Decoded ID number
o Age

e Gender

e Date of birth

e Application date

e ICD-10 code

e Place of treatment

e Place of birth

e Place of living

e Frequency of visits to health institutes

Tha data is processed by using SPSS and Minitab softwares for analyses. Origin time
is taken as December 31, 2007. To avoid zero counts in tha data set for each
individual, the time to first application to a health institute, starting from December

31, 2007 to December 31, 2008 has been retrived in terms of days.
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It has to be mentioned that the data set do not represent the number of individuals in
Turkey or the number of whole insureds in the Social Security Institution (SSI). The
analyses are done based on the number of people who applied to health institutes
within the population of SSI. The participants in the SSI constitute 80% of the whole
population in Turkey. Even though this percentage is high enough to represent
Turkey, the outcomes of this study is not generalized to whole population, instead

kept limited to SSI coverage.

5.2.Application

Assume T; represent time to first claims obtained from it policy holder for the
selected year and refers to the time (duration) elapsed untill the first visit to health

institute from prescribed morbidity. Here 7, € (0,366]. As the data set is limited to

one year, there exists no information if an individual for a selected morbidity has
history on this disease or not. For this reason and for suitability of the proposed

model, the followings are set:

(1) The history of the disease in individual base is ignored as the past information
about having the disease is not known and the data do not give us the incidence of
these diseases. The data gives us only the number of people, who apply to the health
institutes from proposed diseases in the specified year 2008.

(i) Homogeneity among individuals: It is assumed that population, which is SSI is
homogeneous.

(ii1) Independency of individuals: In the analysis, only the first failure times are taken
into account for each person. Therefore, first failure times originating from
individuals in the population are independent.

(iv) Sub-refractions are homogeneous in ICD-10 coding: There are so many sub-
refractions for both RHD and poisoning morbidities because different factors that
causes RHD or poisoning coded under a different name. However, these are taken in
the general definition of RHD and poisoning.

(v) The period of observation is limited to one year (12 months) as all health

insurance policy requires.
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The first step taken on the time to first claim data is to fit a statistical distribution.
The data has been evaluated under the assumption of distributions such as: normal,
gamma, 3-parameter gamma, weibull, 3-parameter weibull, exponential, 2-parameter
exponential, log-normal, 3-parameter log-normal, logistic, log-logistic, 3-parameter
loglogistic, smallest extreme value, largest extreme value by using Minitab software.
The decision criteria on selecting the best fitting distribution on the data set has
shown that none of the distributions yield an appropriate fit to the time to first claims

(Appendix A).

As the parametric modelling does not yield an appropriate distribution, non-
parametric methods explained in detail in chapter III are employed. By using KM
and life table methods the estimates of the survival function, and the standard errors
of the estimates are produced. In life table method the investigator decides the time
intervals considering the time length of the data which is done on weekly basis in this

study.

The life table method should be preferred to avoid long tables as KM is more
efficient for the data having small length. In KM method the survival probability
according to event times is calculated, however, in the life table method the
estimations are made with respect to the middle class values. In the life table method,
we see the changes at the end of each interval, however, with the KM method
changes happen whenever there is one event. Life table method assumes the patients
uniformly distributed in each time interval. According to this assumption, the

population at risk exposed to the potential risk is in the half interval.

The following comparisons in terms of survival functions are aimed:

1. For the selected morbidities, comparison on the basis of gender.

2. For the selected morbidities, comparison on the basis of three metropolitans
in Turkey, namely, Ankara, Istanbul and Izmir.

3. For the selected morbidities, comparison on the basis of ages, ranging from
zero to 90 above.

4. Comparison on the basis of the type of disease, such as acute and chronic

RHD.
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For comparisons of different survival curves both Gehan-Wilcoxon and log-rank
tests are used. Gehan-Wilcoxon test gives more weight to failures at early time
points, in contrast, the log-rank test gives equal weight to all time points as
previously mentioned. In log-rank test statistics, the hazard rates for different groups
are assumed to be constant for all time intervals. The calculations in log-rank test are
based on sequential chi-square testing of various time-points, comparing expected
values and observed values. The null hypothesis tested is the risk of an event is the

same in all different groups.

Thereafter, the actuarial life tables performed by using the results obtained from
survival analysis. Age, gender, health status, lifestyle, geographical location are
major factors in determining future morbidity and mortality. In practice, the effects
of some of these factors are handled by producing several different life tables. Within
this consideration we performed life tables for male and female seperately. The
methodology explained above will be shown for RHD and poisoning morbidities in

the following section.

As final step of the application, the results of survival analysis explained above are
incorparated in modelling the actuarial premium calculation. Actuarial calculation
requires the knowledge of some important inputs such as claim amount distribution,
frequency distributions and their parameters. Under the scarcity of data, a simulated
data set is used to illustrate the impact of estimated survival function on actuarial

premium calculation.

5.3.Analyses

The statistical analysis shown in this section is presented in two seperate parts for
both morbidities. In the first part, the descriptive statistics and survival curves are
done and explained for both of the morbidities without making any sub
classifications to identify the general characteristics of the data. In the second part,
survival and hazard curves are analyzed with respect to age, gender, and location for
each morbidity. After those steps, the application in the aspects of actuarial premium

calculation is performed.
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5.3.1.Poisoning

The time to first application to the health institute for both genders is presented in the
Figure 5.1. It can be seen that 33% of the applications are male and 67% of the

applications are female.

The mean time to first claim is 192.77 days and the median is 194 days for male. The
difference between mean and median is not large. The mean and median values are
close to each other and the distribution seems to be symmetric also with respect to
box-plot representation. However, the lifetime data does not follow a suitable

distribution by goodness of fit results shown in the same table.

The mean time to first claim is 193.94 days and the median is 193 days for female.
Again, the mean and median values are close to each other and the distribution seems

to be symmetric. However, the data does not follow a suitable distribution.

It is important to mention that, for poisoning, the means and standard deviations for

both genders do not show major differences.

The survival and hazard curves for poisoning are in the Figure 5.2. For both genders
survival curves are decreasing and correspondingly hazard curves are increasing.
Whenever a person applies to the health institutes among SSI population, the
surviving probability for the rest of the group decreases. That means as time passes,
the probability of survival is decreasing and respectively the risk of hazard is
increasing for both genders. Time to first claim around 200 days has a significant
decay, concluding to many of the applications occur at that time. The downward step
at about 200 days can also be seen for female, however, the decrease for male has

higher rate than for female. This effect can also be seen in hazard functions.
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Summary for timetofirstclaim
Anderson-Darling Normality Test
— A-Squared 85,79
P-Value < 0,005
—~ Mean 192,77
StDev 106,07
Variance 11251,25
Skewness -0,08466
Kurtosis -1,22433
N 6509
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1st Quartile 103,00
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3rd Quartile 288,00
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Summary for timetofirstclaim
Anderson-Darling Normality Test
n A-Squared 178,09
P-Value < 0,005
M Mean 193,94
- StDev 105,23
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Skewness -0,09063
Kurtosis -1,22246
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Figure 5.1: Descriptive
(a) Male (b) Female

statistics and frequency histograms for poisoning (2008) :
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Figure 5.2: Plots of survival probabilities and hazard rates for male and female for

poisoning

The next step is the construction of life tables for both genders. The life tables for
total (male and female) are also performed and presented in Appendix (B1-B3). For
each gender three tables are constructed. The first one represents the number of
people at risk and the number of people who failed in each specified period and the
conditional probability of failure for each interval (Table 5.1). Second table
represents the survival probabilities in each interval (Table 5.2). And the third table
represents the hazard and density estimates for each interval (Table 5.3). It should be
noted that in Table 5.3 the intervals for the last table is the half of the intervals taken

for the other two life tables because the hazard estimates are obtained with respect to

the half of the interval.
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Table 5.1: Life table of poisoning for both genders (2008)

Interval MALE FEMALE
lower upper | number | number | conditional standard number number | conditional standard
entering | failed probability of | error entering failed probability of error
failure failure

0 6 6509 91 0,01398 | 0,0014553 13407 170 0,01268 | 0,0009663
7 13 6418 104 0,0162 | 0,001576 13237 214 0,01617 | 0,0010962
14 20 6314 106 0,01679 | 0,0016169 13023 205 0,01574 | 0,0010907
21 27 6208 113 0,0182 | 0,0016967 12818 216 0,01685 | 0,0011369
28 34 6095 96 0,01575 | 0,0015948 12602 180 0,01428 | 0,001057
35 41 5999 115 0,01917 | 0,0017704 12422 179 0,01441 | 0,0010693
42 48 5884 83 0,01411 | 0,0015374 12243 194 0,01585 | 0,0011286
49 55 5801 109 0,01879 | 0,0017828 12049 241 0,02 | 0,0012755
56 62 5692 115 0,0202 | 0,0018649 11808 237 0,02007 | 0,0012906
63 69 5577 129 0,02313 | 0,0020129 11571 233 0,02014 | 0,0013058
70 76 5448 111 0,02037 | 0,0019141 11338 251 0,02214 | 0,0013818
77 83 5337 108 0,02024 | 0,0019274 11087 247 0,02228 | 0,0014017
84 90 5229 127 0,02429 | 0,0021288 10840 236 0,02177 | 0,0014017
91 97 5102 111 0,02176 | 0,0020424 10604 262 0,02471 | 0,0015075
98 104 4991 129 0,02585 | 0,0022461 10342 277 0,02678 | 0,0015876
105 111 4862 156 0,03209 | 0,0025274 10065 277 0,02752 | 0,0016307
112 118 4706 122 0,02592 | 0,0023165 9788 266 0,02718 | 0,0016435
119 125 4584 114 0,02487 | 0,0023001 9522 234 0,02457 | 0,0015866
126 132 4470 120 0,02685 | 0,0024175 9288 252 0,02713 | 0,0016858
133 139 4350 125 0,02874 | 0,002533 9036 272 0,0301 | 0,0017975
140 146 4225 105 0,02485 | 0,002395 8764 262 0,0299 | 0,0018191
147 153 4120 154 0,03738 | 0,0029552 8502 286 0,03364 | 0,0019554
154 160 3966 140 0,0353 | 0,0029303 8216 282 0,03432 | 0,0020085
161 167 3826 110 0,02875 | 0,0027016 7934 289 0,03643 | 0,0021033
168 174 3716 131 0,03525 | 0,0030253 7645 265 0,03466 | 0,0020921
175 181 3585 140 0,03905 | 0,0032354 7380 239 0,03238 | 0,0020606
182 188 3445 113 0,0328 | 0,0030346 7141 250 0,03501 | 0,0021751
189 195 3332 88 0,02641 | 0,0027779 6891 261 0,03788 | 0,0022996
196 202 3244 271 0,08354 | 0,004858 6630 387 0,05837 | 0,0028793
203 209 2973 81 0,02725 | 0,0029857 6243 186 0,02979 | 0,0021518
210 216 2892 61 0,02109 | 0,002672 6057 156 0,02576 | 0,0020353
217 223 2831 53 0,01872 | 0,0025474 5901 134 0,02271 | 0,0019393
224 230 2778 59 0,02124 | 0,0027355 5767 126 0,02185 | 0,001925
231 237 2719 88 0,03236 | 0,0033938 5641 189 0,0335 | 0,0023959
238 244 2631 116 0,04409 | 0,0040024 5452 272 0,04989 | 0,0029486
245 251 2515 131 0,05209 | 0,0044308 5180 262 0,05058 | 0,0030447
252 258 2384 143 0,05998 | 0,0048633 4918 308 0,06263 | 0,003455
259 265 2241 139 0,06203 | 0,0050952 4610 290 0,06291 | 0,0035759
266 272 2102 147 0,06993 | 0,0055627 4320 268 0,06204 | 0,0036701
273 279 1955 110 0,05627 | 0,0052116 4052 224 0,05528 | 0,0035901
280 286 1845 166 0,08997 | 0,0066617 3828 335 0,08751 | 0,0045673
287 293 1679 178 0,10602 | 0,0075132 3493 307 0,08789 | 0,0047906
294 300 1501 143 0,09527 | 0,0075779 3186 308 0,09667 | 0,0052354
301 307 1358 147 0,10825 | 0,008431 2878 302 0,10493 | 0,0057127
308 314 1211 152 0,12552 | 0,0095204 2576 321 0,12461 | 0,0065074
315 321 1059 137 0,12937 | 0,0103129 2255 340 0,15078 | 0,0075354
322 328 922 128 0,13883 | 0,0113872 1915 330 0,17232 | 0,0086302
329 335 794 149 0,18766 | 0,0138561 1585 298 0,18801 | 0,0098142
336 342 645 164 0,25426 | 0,0171457 1287 336 0,26107 | 0,0122431
343 349 481 98 0,20374 | 0,0183652 951 273 0,28707 | 0,0146698
350 356 383 179 0,46736 | 0,0254943 678 312 0,46018 | 0,0191414
357 363 204 147 0,72059 | 0,031416 366 275 0,75137 | 0,0225926
364 371 57 57 1 0 91 91 1 0

For example, in Table 5.1, it can be seen that 113 male applications to the health
institutes between 21 and 27" days of 2008 has been observed. This information
yields a conditional probability of 0.0182, which tells us 18.2 out of 1000 will apply

to the health institutes in the specified time interval.

43



Table 5.2: Survival probabilities for poisoning per week per year (M, F) (2008)

MALE FEMALE
time survival standard 95% upper survival standard 95% upper
probability | error confidence probability error confidence
Interval lower Interval lower

7 0,986019 | 0,0014553 0,983167 0,988872 0,98732 0,0009663 0,985426 0,989214
14 0,970041 0,002113 0,9659 0,974183 0,971358 | 0,0014405 0,968535 0,974182
21 0,953756 | 0,0026031 0,948654 0,958858 0,956068 0,00177 0,952599 0,959537
28 0,936396 | 0,0030249 0,930467 0,942325 0,939957 | 0,0020517 0,935935 0,943978
35 0,921647 | 0,0033308 0,915119 0,928175 0,926531 | 0,0022533 0,922115 0,930947
42 0,903979 | 0,0036518 0,896822 0,911136 0,91318 | 0,0024318 0,908413 0,917946
49 0,891228 | 0,0038592 0,883664 0,898791 0,89871 0,0026057 0,893603 0,903817
56 0,874481 0,0041065 0,866433 0,88253 0,880734 | 0,0027991 0,875248 0,88622
63 0,856814 | 0,0043415 0,848305 0,865323 0,863057 0,0029691 0,857237 0,868876
70 0,836995 | 0,0045783 0,828022 0,845968 0,845678 0,00312 0,839563 0,851793
77 0,819942 | 0,0047626 0,810607 0,829276 0,826956 0,003267 0,820553 0,833359
84 0,803349 | 0,0049266 0,793693 0,813005 0,808533 | 0,0033981 0,801873 0,815193
91 0,783838 | 0,0051021 0,773838 0,793838 0,79093 0,003512 0,784047 0,797813
98 0,766784 | 0,0052415 0,756511 0,777058 0,771388 | 0,0036268 0,76428 0,778496
105 0,746966 | 0,0053887 0,736404 0,757527 0,750727 0,0037361 0,743405 0,75805
112 0,722999 | 0,0055469 0,712127 0,733871 0,730066 | 0,0038339 0,722552 0,737581
119 0,704256 | 0,0056567 0,693169 0,715343 0,710226 0,003918 0,702547 0,717905
126 0,686741 0,005749 0,675474 0,698009 0,692772 | 0,0039844 0,684963 0,700582
133 0,668305 | 0,0058358 0,656867 0,679743 0,673976 | 0,0040484 0,666042 0,681911
140 0,649101 0,0059155 0,637507 0,660695 0,653688 | 0,0041092 0,645635 0,661742
147 0,63297 | 0,0059743 0,62126 0,644679 0,634146 | 0,0041599 0,625993 0,6423
154 0,60931 | 0,0060475 0,597457 0,621163 0,612814 | 0,0042069 0,604569 0,62106
161 0,587802 | 0,0061011 0,575843 0,59976 0,59178 | 0,0042448 0,583461 0,6001
168 0,570902 | 0,0061348 0,558878 0,582926 0,570225 | 0,0042754 0,561845 0,578604
175 0,550776 | 0,0061654 0,538692 0,56286 0,550459 | 0,0042962 0,542038 0,558879
182 0,529267 | 0,0061868 0,517141 0,541393 0,532632 0,004309 0,524187 0,541078
189 0,511907 | 0,0061957 0,499763 0,52405 0,513985 0,0043165 0,505525 0,522445
196 0,498387 | 0,0061974 0,48624 0,510534 0,494518 0,004318 0,486055 0,502981
203 0,456752 | 0,0061742 0,444651 0,468853 0,465652 0,004308 0,457209 0,474096
210 0,444308 | 0,0061589 0,432237 0,456379 0,451779 | 0,0042981 0,443355 0,460203
217 0,434936 | 0,0061448 0,422893 0,44698 0,440143 | 0,0042872 0,431741 0,448546
224 0,426794 | 0,0061307 0,414778 0,43881 0,430148 | 0,0042759 0,421768 0,438529
231 0,417729 0,006113 0,405748 0,429711 0,42075 0,0042636 0,412394 0,429107
238 0,40421 0,0060827 0,392288 0,416131 0,406653 0,0042423 0,398339 0,414968
245 0,386388 | 0,0060353 0,374559 0,398217 0,386365 | 0,0042052 0,378123 0,394607
252 0,366262 | 0,0059716 0,354558 0,377966 0,366823 | 0,0041622 0,358665 0,374981
259 0,344293 | 0,0058893 0,33275 0,355835 0,34385 | 0,0041022 0,33581 0,35189
266 0,322937 | 0,0057958 0,311578 0,334297 0,32222 0,004036 0,314309 0,33013
273 0,300353 0,005682 0,289217 0,31149 0,30223 0,0039661 0,294457 0,310004
280 0,283454 | 0,0055861 0,272505 0,294402 0,285522 0,0039008 0,277877 0,293168
287 0,257951 0,0054228 0,247322 0,268579 0,260536 | 0,0037908 0,253106 0,267965
294 0,230604 0,005221 0,220371 0,240837 0,237637 0,003676 0,230432 0,244842
301 0,208634 | 0,0050364 0,198763 0,218505 0,214664 0,003546 0,207714 0,221614
308 0,18605 | 0,0048234 0,176596 0,195504 0,192138 | 0,0034026 0,185469 0,198807
315 0,162698 | 0,0045748 0,153731 0,171664 0,168196 | 0,0032304 0,161864 0,174527
322 0,14165 0,004322 0,133179 0,150121 0,142836 | 0,0030219 0,136913 0,148759
329 0,121985 0,0040565 0,114034 0,129935 0,118222 0,0027884 0,112757 0,123687
336 0,099094 | 0,0037034 0,091835 0,106352 0,095995 0,0025442 0,091008 0,100981
343 0,073898 | 0,0032426 0,067542 0,080253 0,070933 | 0,0022171 0,066588 0,075278
350 0,058842 | 0,0029169 0,053125 0,064559 0,050571 | 0,0018924 0,046862 0,05428
357 0,031341 0,0021597 0,027108 0,035574 0,027299 0,0014073 0,024541 0,030058
364 0,008757 | 0,0011548 0,006494 0,011021 0,006787 0,0007091 0,005398 0,008177

This table (5.2) illustrates that on the 28™ day of 2008, 93.6% of the group will
survive with given confidence interval of 95%.
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Table 5.3: Hazard rates for poisoning per week per year (M, F) (2008)

MALE FEMALE
time hazard Standard density standard hazard Standard density standard error
estimates error estimates error estimates error estimates

3,5 0,002011 | 0,0002108 | 0,0019972 | 0,0002079 0,001823 0,0001398 0,0018114 0,000138
10,5 0,002334 | 0,0002288 | 0,0022826 0,000222 0,002328 0,0001592 0,0022803 0,0001546
17,5 0,002419 0,0002349 0,0023264 | 0,0002241 0,002267 0,0001583 0,0021844 0,0001514
24,5 0,002624 0,0002469 0,0024801 | 0,0002313 0,002428 0,0001652 0,0023016 0,0001553
31,5 0,002268 0,0002315 0,002107 | 0,0002135 0,002055 0,0001532 0,001918 0,000142
38,5 0,002765 | 0,0002578 0,002524 | 0,0002333 0,002073 0,000155 0,0019073 0,0001416
45,5 0,002029 | 0,0002228 | 0,0018217 | 0,0001987 0,002282 0,0001638 0,0020672 0,0001473
52,5 0,00271 | 0,0002595 | 0,0023923 | 0,0002272 0,002886 0,0001859 0,002568 0,0001639
59,5 0,002916 | 0,0002719 0,002524 | 0,0002333 0,002896 0,0001881 0,0025253 0,0001626
66,5 0,003343 0,0002943 0,0028312 | 0,0002468 0,002906 0,0001904 0,0024827 0,0001612
73,5 0,002941 0,0002791 0,0024362 | 0,0002293 0,003198 0,0002018 0,0026745 0,0001672
80,5 0,00292 0,000281 | 0,0023703 | 0,0002262 0,003218 0,0002048 0,0026319 0,0001659
87,5 0,003512 | 0,0003116 | 0,0027873 | 0,0002449 0,003144 0,0002047 0,0025147 0,0001622
94,5 0,003142 | 0,0002982 | 0,0024362 | 0,0002293 0,003574 0,0002208 0,0027917 0,0001708
101,5 0,003741 | 0,0003293 | 0,0028312 | 0,0002468 0,003878 0,000233 0,0029515 0,0001755
108,5 0,004658 0,0003729 0,0034238 | 0,0002708 0,003986 0,0002395 0,0029515 0,0001755
115,5 0,003752 0,0003397 0,0026776 | 0,0002401 0,003936 0,0002413 0,0028343 0,0001721
122,5 0,003597 0,0003369 0,002502 | 0,0002323 0,003554 0,0002323 0,0024934 0,0001616
129,5 0,003887 | 0,0003548 | 0,0026337 | 0,0002382 0,003929 0,0002475 0,0026852 0,0001676
136,5 0,004165 | 0,0003725 | 0,0027435 0,000243 0,004366 0,0002647 0,0028983 0,0001739
1435 0,003595 | 0,0003508 | 0,0023045 | 0,0002231 0,004336 0,0002678 0,0027917 0,0001708
150,5 0,005442 0,0004384 | 0,0033799 | 0,0002691 0,004888 0,000289 0,0030474 0,0001783
157,5 0,005133 0,0004338 0,0030727 | 0,0002569 0,004989 0,000297 0,0030048 0,000177
164,5 0,004167 0,0003973 0,0024142 | 0,0002282 0,0053 0,0003117 0,0030794 0,0001792
1715 0,005126 | 0,0004478 | 0,0028751 | 0,0002487 0,005039 0,0003095 0,0028237 0,0001717
1785 0,00569 | 0,0004808 | 0,0030727 | 0,0002569 0,004703 0,0003041 0,0025466 0,0001633
185,5 0,004764 | 0,0004481 | 0,0024801 | 0,0002313 0,00509 0,0003219 0,0026639 0,0001669
192,5 0,003823 | 0,0004075 | 0,0019314 | 0,0002045 0,005515 0,0003413 0,0027811 0,0001705
199,5 0,012454 0,0007558 0,0059478 | 0,0003537 0,008589 0,0004364 0,0041236 0,0002066
206,5 0,003946 0,0004384 | 0,0017778 | 0,0001963 0,004321 0,0003168 0,0019819 0,0001443
213,5 0,003045 0,0003899 0,0013388 | 0,0001706 0,003727 0,0002984 0,0016622 0,0001323
220,5 0,0027 | 0,0003708 | 0,0011632 | 0,0001591 0,003281 0,0002834 0,0014278 0,0001227
227,5 0,003067 | 0,0003992 | 0,0012949 | 0,0001678 0,003156 0,0002811 0,0013426 0,000119
234,5 0,0047 | 0,0005009 | 0,0019314 | 0,0002045 0,004868 0,000354 0,0020139 0,0001455
241,5 0,006441 0,0005978 0,0025459 | 0,0002343 0,007309 0,0004431 0,0028983 0,0001739
248,5 0,00764 0,0006673 0,0028751 | 0,0002487 0,007413 0,0004578 0,0027917 0,0001708
255,5 0,008834 0,0007384 | 0,0031385 | 0,0002596 0,009236 0,000526 0,0032819 0,0001848
262,5 0,009144 | 0,0007752 | 0,0030507 0,000256 0,009279 0,0005446 0,0030901 0,0001795
269,5 0,010352 | 0,0008533 | 0,0032263 | 0,0002631 0,009146 0,0005584 0,0028557 0,0001727
276,5 0,008271 | 0,0007882 | 0,0024142 | 0,0002282 0,008122 0,0005424 0,0023868 0,0001581
2835 0,013459 | 0,0010434 | 0,0036433 | 0,0002791 0,013074 0,0007136 0,0035696 0,0001926
290,5 0,015993 0,0011968 0,0039067 | 0,0002888 0,013133 0,0007487 0,0032712 0,0001845
297,5 0,014291 0,0011936 0,0031385 | 0,0002596 0,014512 0,0008258 0,0032819 0,0001848
304,5 0,016349 0,0013462 0,0032263 | 0,0002631 0,015821 0,000909 0,0032179 0,0001831
3115 0,019132 | 0,0015483 0,003336 | 0,0002674 0,018985 0,0010573 0,0034204 0,0001886
318,55 0,019759 | 0,0016841 | 0,0030068 | 0,0002542 0,023296 0,0012592 0,0036228 0,000194
3255 0,021312 | 0,0018785 | 0,0028093 | 0,0002459 0,026939 0,0014763 0,0035163 0,0001912
3325 0,029584 0,0024106 0,0032702 | 0,0002648 0,029646 0,0017081 0,0031753 0,0001819
339,5 0,041614 0,0032148 0,0035994 | 0,0002775 0,042895 0,0023136 0,0035802 0,0001929
346,5 0,032407 0,0032525 0,0021509 | 0,0002156 0,047882 0,002857 0,0029089 0,0001743
353,55 0,087126 | 0,0062019 | 0,0039286 | 0,0002896 0,085386 0,0046131 0,0033245 0,000186
360,5 0,16092 | 0,0109671 | 0,0032263 | 0,0002631 0,171929 0,0082805 0,0029302 0,0001749
367,5 0,285714 0 0,001251 0,000165 0,285714 0 0,0009696 0,0001013

Additionally, the rate of failure for the days of 21 and 28" is found to be 0.0026. This

illustrates the 26 in 10,000 rate of failure is expected for male applicants amoung SSI

group.
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In the next part, for investigation and calculation of the effects of sub classifications
to the survival analysis the data set is divided into different sub categories according
to the gender, age and location. And time to first application to health institutes data

is compared in respect of specified characteristics.

According to the gender, the value of Gehan-Wilcoxon test statistics is 0,497 and the
log-rank test statistics is 0,800 which concludes that there exists no significant
difference in survival times between genders for poisoning. The results are presented

in Table 5.4 and Figure 5.3.

Table 5.4: Wilcoxon (Gehan) and Log-rank test results for poisoning

Overall Comparisons® Overall Comparisons
Wilcoxon Chipe | of | S
(Gehan)
Statistic df Sig Lo Rank (Mantek-Co 64 1 A0
,462 1 497
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Figure 5.3: Comparison of two survival curves for poisoning
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To illustrate the impact of location in Turkey, the comparison is done with respect to
the three biggest cities; Istanbul, Ankara, and [zmir. According to the data set, 23%
of the applications appears from Ankara, 70% of applications from Istanbul and 7%
of applications from Izmir. It is reasonable to have Istanbul leading as it has the
highest population among the other two. Table 5.5 shows means and medians for
survival times for the three cities. The median time is the lowest for Ankara which

means the time until half of the population applies to the hospitals is 171 days.

Table 5.5: Means and medians for survival time for the selected cities for poisoning

Means and Medians for Survival Time

ikamet_ili hean? hedian
95% Confidence Interval 95% Coanfidence Interval
Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | 5td. Error | Lower Bound | Upper Bound
B 182,848 2,366 178,210 187,486 171,000 3,363 164,408 177,592
34 188,723 1,352 196,073 201,372 200,000 1,286 197,479 202,521
38 200,866 4,831 191,985 208,748 205,000 11,608 182,248 227,752
Cverall 195142 1,139 192,910 197,374 197,000 1,336 194,382 199,618

a. Estimation is limited to the largest surdval time if itis censored.

The log-rank test shows that the result of comparison of survival times for the three

cities are significantly different as shown in Table 5.6.

Table 5.6: Log-rank test results for the selected cities for poisoning

(verall Comparisons

hi-Snuare if Sin.
Log Rank (Mantel-Cox) 13,561 1 000

This result can also be seen from the survival and hazard curves. Survival curves
show the proportion of surviving, e.g. the proportion of people who has not applied
to hospitals from poisoning. For example, in Figure 5.4, in the 160" day, the
proportion of people surviving is the smallest in Ankara than the other cities. That

means, the people in Ankara are more exposed to this morbidity than the other two.
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The decrease in survival proportions is the slowest for Izmir. The hazard rates which
focuses on the risk, on the contrary to survival curves, show increasing risk for the

investigated populations.

Survival Functions Hazard Function
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-3 34
35 35
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3 i timetofirstclaim
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Figure 5.4: Survival and hazard curves of three cities for poisoning

Lastly, the comparison of survival curves with respect to age is done. Table 5.7
shows median survival times and the number of cases for each age with respect to
both genders. The last column in the table shows the p-values obtained from the log-
rank test with respect to each age. According to this test statistics only for the ages 18
and 23, there exists statistically significant difference between genders. For these
ages survival and hazard curves also represented to see this difference graphically.
For the ages 88, 90 and 91 among female applicants and for the ages 94 and 99

amoung male applicants, there exists not complete information for comparison.
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Table 5.7: Number of events, median survival times and the test results for poisoning

(1: Male, 2: Female)

age | gender | Numb median p*value | age | gender | Numbe median p*value age gender | Number median p“value
er of survival rof survival of Events survival
Events time Events time time

0 1 104 275,000 | 0,277 | 32 1 61 192,000 425 64 1 29 187,000 ,613
2 62 | 293,000 2 179 | 163,000 2 43| 222,000

1 1 337 | 242,000 0987 |33 |1 76 | 200,000 ,638 65 1 32| 153,000 785
2 347 248,000 2 188 195,000 2 42 164,000

2 1 624 | 214,000 0431 |34 |1 90 [ 176,000 1223 66 1 32| 153,000 670
2 606 200,000 2 181 190,000 2 33 183,000

3 1 640 173,000 0,34 |35 1 62 163,000 114 67 1 23 256,000 ,400
2 501 160,000 2 163 200,000 2 33 171,000

4 1 324| 168,000 0946 |36 |1 59 | 225,000 ,987 68 1 30 | 237,000 173
2 269 174,000 2 182 197,000 2 50 206,000

5 1 157 159,000 § 0,835 | 37 1 74 200,000 AT2 69 1 28 149,000 713
2 150 154,000 2 152 200,000 2 34 155,000

6 1 104 [ 171,000 0491 |38 |1 58 | 158,000 074 70 1 22 [ 106,000 1456
2 100 156,000 2 128 183,000 2 26 190,000

7 1 86 185,000 | 0,322 | 39 1 43 208,000 ,762 7 1 29 200,000 ,325
2 58 147,000 2 102 196,000 2 31 132,000

8 1 70 185,000 045 |40 1 45 193,000 815 72 1 25 246,000 1,000
2 64 | 160,000 2 103 | 199,000 2 25 | 226,000

9 1 54 | 176,000 0,78 | 41 1 37| 200,000 876 73 1 18| 155,000 1907
2 50 168,000 2 90 200,000 2 30 182,000

10 |1 52| 170,000 0644 |42 |1 62 | 200,000 315 74 1 28 | 138,000 1365
2 52 169,000 2 94 163,000 2 36 179,000

1" 1 45 191,000 ,966 43 1 58 173,000 73 75 1 37 166,000 ,821
2 59 177,000 2 110 170,000 2 42 157,000

12 1 52 240,000 | 294 | 44 1 42 190,000 ,340 76 1 28 249,000 ,988
2 88 195,000 2 119 209,000 2 50 252,000

13 1 46 199,000 ,336 45 1 52 197,000 ,659 77 1 16 142,000 ,831
2 152 | 249,000 2 91 200,000 2 27 | 168,000

14 |1 80| 193000 512 J46 |1 49| 191,000 ,891 78 1 22| 150,000 1062
2 336 226,000 2 93 196,000 2 35 237,000

15 |1 93| 224000 783 |47 |1 31 254,000 1490 79 1 11 182,000 1263
2 492 211,000 2 80 234,000 2 24 260,000

16 1 153 201,000 ,287 |48 1 59 169,000 571 80 1 15 150,000 ,933
2 603 | 190,000 2 97 | 164,000 2 25| 199,000

17 1 232 180,000 | ,938 | 49 1 41 187,000 ,849 81 1 15 185,000 ,835
2 593 184,000 2 68 190,000 2 21 189,000

18 |1 131 154,000 ] ,010 |50 |1 39 [ 184,000 748 82 1 16 | 148,000 452
2 528 181,000 2 62 189,000 2 21 206,000

19 |1 87| 216,000 348 |51 1 35( 131,000 126 83 1 8| 158,000 1130
2 501 186,000 2 66 210,000 2 17 146,000

20 1 63 171,000 ,300 | 52 1 46 217,000 ,820 84 1 8 128,000 ,633
2 486 | 182,000 2 65| 242,000 2 14| 251,000

21 1 57 181,000 984 | 53 1 56 179,000 ,405 85 1 4 138,000 ,651
2 455 196,000 2 78 220,000 2 13 198,000

22 1 57 206,000 ,104 54 1 46 182,000 ,753 86 1 6 342,000 ,059
2 415 | 193,000 2 64 | 203,000 2 9| 257,000

23 |1 109 [ 205000 034 |55 |1 40| 162,000 ,854 87 1 4 63,000 113
2 399 184,000 2 54 194,000 2 13 312,000

24 1 102 177,000 ,140 56 1 35 200,000 ,499 88 2 4 175,000
2 361 211,000 2 57 178,000 89 1 4 142,000 773

25 1 93 195,000 .,837 |57 1 40 200,000 417 2 4 151,000
2 360 200,000 2 42 158,000 90 2 1 266,000

26 1 96 205,000 ,323 58 1 41 181,000 ,768 91 2 3 126,000
2 299 190,000 2 57 200,000 92 1 1 196,000 1,000

27 1 85 197,000 ,902 59 1 42 226,000 724 2 4 123,000
2 347 204,000 2 50 197,000 93 1 3 201,000 1,000

28 1 97 173,000 ,641 60 1 32 162,000 437 2 2 101,000
2 300 185,000 2 43 210,000 94 1 1 175,000

29 1 87 198,000 286 | 61 1 31 233,000 447 95 1 1 358,000 317
2 251 200,000 2 45 259,000 2 1 134,000

30 1 88 200,000 ,296 62 1 28 142,000 811 99 1 1 200,000
2 228 190,000 2 29 176,000

31 1 76 200,000 ,910 63 1 21 179,000 ,989
2 206 185,000 2 44 194,000
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The following figure represents the survival curves of the ages 18 and 23. For the 18
years old people the survival probabilities are higher for female than male. And for

the 23 years old people the survival probabilities for male are higher.
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Figure 5.5: Survival curves for 18 and 23 ages of poisoning

5.3.2 RHD

The time to first application to the health institute for both genders is presented in the
Figure 5.6, which shows 33% of the applications come from male and 67% of the
applications come from female. The mean time to first claim is 190.87 days and the
median is 189 days for male. The values between mean and median are close to each
other indicating that the distribution to be symmetric. However, as in poisoning case,

the lifetime data do not follow a suitable distribution.

The mean time to first claim is 185.69 days and the median is 178 days for female.
The mean and median values are not close to each other and the distribution seems to
be symmetric. However, the data do not follow a suitable distribution. As the mean is
higher than median, the distribution is skewed to large values. Therefore, time to first

claims for females accumulates at early times.

50




It is seen that the mean and median values for male take higher values than female
for RHD, whereas these values do not show major differences between genders for

poisoning.

The survival and hazard curves for RHD are seen in Figure 5.7. For both genders
survival curves are decreasing and correspondingly hazard curves are increasing.
There is a continuous decrease in survival curve till 200 days, thereafter, the decrease
becomes slower for approximately 30 days. The same pattern also can be seen in the
hazard curve. Female data follows the same structure in survival and hazard curves

as male data in RHD.
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Figure 5.6: Descriptive statistics and frequency histograms for RHD (2008)
Male (b) Female
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Figure 5.7: Survival probabilities and hazard rates for RHD (M, F)

The next step is the representation of life tables for both genders and for the overall
data. For each gender three tables are constructed. The first one, represents the
number of people at risk and the number of people who failed in each specified
period and the conditional probability of failure for each interval (Table 5.8). Second
table represents the survival probabilities in each interval (Table 5.9). And the third
table represents the hazard and density estimates for each interval (Table 5.10). It
should be noted again that the intervals for the last table is the half of the intervals
taken for the other two life tables because the hazard estimates is obtained with

respect to the half of the interval. The tables corresponding to the total are listed in

Appendix (B4- B6).
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Table 5.8: Life table of RHD for both genders (2008)

Interval MALE FEMALE
lower | upper number number conditional | standard number number conditional standard
entering failed probability | error entering failed probability of | error
of failure failure

0 6 50748 696 0,01371 | 0,0005163 100815 1506 0,01494 0,000382

7 13 50052 1180 0,02358 0,0006782 99309 2403 0,0242 | 0,0004876
14 20 48872 1011 0,02069 | 0,0006438 96906 2208 0,02278 | 0,0004793
21 27 47861 985 0,02058 0,000649 94698 2154 0,02275 | 0,0004845
28 34 46876 907 0,01935 | 0,0006362 92544 2057 0,02223 | 0,0004846
35 41 45969 1108 0,0241 0,0007153 90487 2240 0,02475 | 0,0005165
42 48 44861 960 0,0214 | 0,0006832 88247 1941 0,022 | 0,0004937
49 55 43901 874 0,01991 | 0,0006667 86306 1732 0,02007 | 0,0004773
56 62 43027 1109 0,02577 0,0007639 84574 2137 0,02527 | 0,0005396
63 69 41918 1061 0,02531 | 0,0007672 82437 2128 0,02581 | 0,0005523
70 76 40857 955 0,02337 | 0,0007475 80309 2001 0,02492 0,00055
77 83 39902 953 0,02388 | 0,0007644 78308 2078 0,02654 | 0,0005743
84 90 38949 999 0,02565 0,000801 76230 2136 0,02802 | 0,0005977
91 97 37950 942 0,02482 | 0,0007986 74094 1943 0,02622 | 0,0005871
98 104 37008 979 0,02645 0,0008342 72151 2091 0,02898 | 0,0006245
105 111 36029 1010 0,02803 | 0,0008696 70060 2092 0,02986 0,000643
112 118 35019 816 0,0233 | 0,0008062 67968 1751 0,02576 | 0,0006077
119 125 34203 1024 0,02994 | 0,0009215 66217 2043 0,03085 0,000672
126 132 33179 969 0,02921 | 0,0009244 64174 1975 0,03078 | 0,0006818
133 139 32210 941 0,02921 | 0,0009384 62199 1944 0,03125 | 0,0006977
140 146 31269 739 0,02363 0,000859 60255 1460 0,02423 | 0,0006264
147 153 30530 928 0,0304 | 0,0009825 58795 2006 0,03412 | 0,0007487
154 160 29602 957 0,03233 0,001028 56789 1738 0,0306 | 0,0007228
161 167 28645 826 0,02884 | 0,0009888 55051 1651 0,02999 | 0,0007269
168 174 27819 806 0,02897 | 0,0010056 53400 1656 0,03101 | 0,0007502
175 181 27013 807 0,02987 | 0,0010358 51744 1723 0,0333 | 0,0007887
182 188 26206 774 0,02954 | 0,0010458 50021 1559 0,03117 0,000777
189 195 25432 758 0,0298 0,0010663 48462 1525 0,03147 0,000793
196 202 24674 712 0,02886 | 0,0010657 46937 1482 0,03157 | 0,0008071
203 209 23962 405 0,0169 | 0,0008327 45455 889 0,01956 | 0,0006495
210 216 23557 291 0,01235 | 0,0007197 44566 537 0,01205 | 0,0005168
217 223 23266 276 0,01186 | 0,0007098 44029 550 0,01249 | 0,0005293
224 230 22990 333 0,01448 0,000788 43479 694 0,01596 0,000601
231 237 22657 554 0,02445 0,0010261 42785 1196 0,02795 | 0,0007969
238 244 22103 986 0,04461 | 0,0013886 41589 2005 0,04821 | 0,0010504
245 251 21117 1203 0,05697 0,001595 39584 2182 0,05512 | 0,0011471
252 258 19914 1254 0,06297 | 0,0017213 37402 2258 0,06037 | 0,0012315
259 265 18660 1211 0,0649 | 0,0018034 35144 2270 0,06459 | 0,0013112
266 272 17449 1132 0,06487 | 0,0018646 32874 2012 0,0612 0,001322
273 279 16317 179 0,01097 | 0,0008154 30862 283 0,00917 | 0,0005426
280 286 16138 1493 0,09251 0,0022809 30579 2995 0,09794 | 0,0016998
287 293 14645 1429 0,09758 | 0,0024521 27584 2837 0,10285 0,001829
294 300 13216 1394 0,10548 | 0,0026719 24747 2746 0,11096 | 0,0019966
301 307 11822 1119 0,09465 | 0,0026923 22001 2122 0,09645 | 0,0019902
308 314 10703 1359 0,12697 | 0,0032182 19879 2650 0,13331 | 0,0024108
315 321 9344 1254 0,1342 | 0,0035263 17229 2507 0,14551 | 0,0026864
322 328 8090 1386 0,17132 | 0,0041891 14722 2564 0,17416 | 0,0031256
329 335 6704 1421 0,21196 0,0049916 12158 2657 0,21854 | 0,0037479
336 342 5283 1259 0,23831 | 0,0058617 9501 2271 0,23903 | 0,0043755
343 349 4024 158 0,03926 | 0,0030618 7230 266 0,03679 | 0,0022139
350 356 3866 1650 0,4268 | 0,0079549 6964 2887 0,41456 | 0,0059034
357 363 2216 1517 0,68457 | 0,0098714 4077 2793 0,68506 | 0,0072746
364 371 699 699 1 0 1284 1284 1 0

It can be observed that the number of male applicants to the health institutes from
RHD between 14™ and 20™ days of the year is 1011 with conditional probability of
0.02069. This means, 20 males in 1000 will apply to health institutes at specified

time interval.
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Table 5.9: Survival probabilities for RHD per week per year (M, F) (2008)

MALE FEMALE
time survival standard 95% upper survival standard 95% upper
probability | error confidence probability | error confidence
Interval lower Interval lower

7 0,986285 0,0005163 0,985273 0,987297 0,985062 0,000382 0,984313 0,985811
14 0,963033 | 0,0008376 0,961391 0,964675 0,961226 0,000608 0,960034 0,962418
21 0,943111 | 0,0010282 0,941096 0,945126 0,939325 | 0,0007519 0,937851 0,940798
28 0,923701 | 0,0011785 0,921392 0,926011 0,917959 | 0,0008643 0,916265 0,919653
35 0,905829 | 0,0012965 0,903288 0,90837 0,897555 0,000955 0,895683 0,899427
42 0,883995 0,0014215 0,881209 0,886782 0,875336 | 0,0010404 0,873297 0,877375
49 0,865078 0,0015166 0,862106 0,868051 0,856083 | 0,0011055 0,853916 0,85825
56 0,847856 0,0015943 0,844731 0,850981 0,838903 | 0,0011578 0,836634 0,841172
63 0,826003 | 0,0016829 0,822705 0,829301 0,817706 0,001216 0,815322 0,820089
70 0,805096 | 0,0017584 0,801649 0,808542 0,796598 | 0,0012678 0,794113 0,799082
77 0,786277 0,0018197 0,782711 0,789844 0,776749 | 0,0013115 0,774179 0,77932
84 0,767498 0,0018752 0,763823 0,771174 0,756137 | 0,0013524 0,753487 0,758788
91 0,747813 0,0019277 0,744034 0,751591 0,73495 0,00139 0,732226 0,737675
98 0,72925 0,0019725 0,725384 0,733116 0,715677 | 0,0014207 0,712893 0,718462
105 0,709959 | 0,0020144 0,706011 0,713907 0,694936 | 0,0014501 0,692094 0,697778
112 0,690057 | 0,0020529 0,686033 0,69408 0,674185 | 0,0014761 0,671292 0,677078
119 0,673977 | 0,0020808 0,669899 0,678056 0,656817 | 0,0014953 0,653886 0,659748
126 0,653799 | 0,0021119 0,64966 0,657938 0,636552 | 0,0015149 0,633583 0,639521
133 0,634705 0,0021375 0,630515 0,638894 0,616962 0,001531 0,613961 0,619963
140 0,616162 0,0021588 0,611931 0,620393 0,597679 | 0,0015444 0,594652 0,600706
147 0,6016 | 0,0021732 0,597341 0,605859 0,583197 | 0,0015528 0,580154 0,58624
154 0,583314 | 0,0021885 0,579024 0,587603 0,563299 | 0,0015621 0,560238 0,566361
161 0,564456 0,002201 0,560142 0,56877 0,54606 0,001568 0,542986 0,549133
168 0,548179 | 0,0022092 0,543849 0,552509 0,529683 0,001572 0,526602 0,532764
175 0,532297 0,0022149 0,527956 0,536638 0,513257 | 0,0015742 0,510172 0,516342
182 0,516395 0,0022183 0,512047 0,520743 0,496166 | 0,0015747 0,49308 0,499253
189 0,501143 0,0022195 0,496793 0,505493 0,480702 | 0,0015736 0,477618 0,483786
196 0,486206 | 0,0022187 0,481858 0,490555 0,465576 0,001571 0,462496 0,468655
203 0,472176 | 0,0022161 0,467833 0,47652 0,450875 | 0,0015671 0,447804 0,453947
210 0,464196 | 0,0022138 0,459857 0,468535 0,442057 | 0,0015641 0,438992 0,445123
217 0,458461 0,0022119 0,454126 0,462797 0,436731 | 0,0015621 0,433669 0,439792
224 0,453023 0,0022097 0,448692 0,457354 0,431275 | 0,0015598 0,428218 0,434332
231 0,446461 0,0022068 0,442136 0,450786 0,424391 | 0,0015566 0,42134 0,427442
238 0,435544 0,002201 0,43123 0,439858 0,412528 | 0,0015504 0,409489 0,415567
245 0,416115 | 0,0021881 0,411826 0,420403 0,39264 0,001538 0,389626 0,395654
252 0,39241 | 0,0021675 0,388161 0,396658 0,370996 | 0,0015214 0,368014 0,373978
259 0,367699 | 0,0021404 0,363504 0,371894 0,348599 | 0,0015008 0,345657 0,35154
266 0,343836 0,0021085 0,339704 0,347969 0,326082 | 0,0014764 0,323189 0,328976
273 0,32153 0,0020733 0,317466 0,325594 0,306125 | 0,0014515 0,30328 0,30897
280 0,318003 0,0020673 0,313951 0,322054 0,303318 | 0,0014478 0,30048 0,306156
287 0,288583 | 0,0020114 0,284641 0,292525 0,27361 | 0,0014041 0,270858 0,276362
294 0,260424 | 0,0019482 0,256606 0,264242 0,245469 | 0,0013554 0,242813 0,248126
301 0,232955 | 0,0018764 0,229277 0,236633 0,218231 | 0,0013009 0,215682 0,220781
308 0,210905 0,0018109 0,207356 0,214454 0,197183 | 0,0012531 0,194727 0,199639
315 0,184125 0,0017205 0,180753 0,187498 0,170897 | 0,0011855 0,168574 0,173221
322 0,159415 0,001625 0,15623 0,1626 0,14603 | 0,0011122 0,14385 0,14821
329 0,132104 0,0015031 0,129158 0,13505 0,120597 | 0,0010257 0,118587 0,122607
336 0,104103 | 0,0013557 0,101446 0,10676 0,094242 | 0,0009202 0,092438 0,096045
343 0,079294 | 0,0011994 0,076943 0,081645 0,071716 | 0,0008126 0,070123 0,073308
350 0,07618 0,0011776 0,073872 0,078488 0,069077 | 0,0007987 0,067512 0,070642
357 0,043667 0,0009071 0,041889 0,045445 0,04044 | 0,0006204 0,039224 0,041656
364 0,013774 0,0005174 0,01276 0,014788 0,012736 | 0,0003532 0,012044 0,013428

For the same interval the survival probability is found to be 0.9431 with 95%
confidence interval. It should be noted that the survival probabilities decrease with

respect to increase in time period through the end of the year.
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Table 5.10: Hazard rates for RHD per week per year (M, F) (2008)

MALE FEMALE
time hazard Standard density standard hazard Standard density standard
estimates error estimates error estimates error estimates error

3,5 0,001973 | 0,0000748 | 0,0019593 | 0,0000738 0,00215 0,0000554 0,002134 | 0,0000546
10,5 0,003408 | 0,0000992 0,0033217 | 0,0000956 0,003499 0,0000714 0,0034051 0,0000686
17,5 0,002986 | 0,0000939 0,002846 | 0,0000886 0,003293 0,0000701 0,0031288 0,0000659
24,5 0,002971 0,0000946 0,0027728 | 0,0000875 0,003287 0,0000708 0,0030523 0,0000651
31,5 0,002791 | 0,0000927 | 0,0025532 0,000084 0,003211 0,0000708 0,0029148 | 0,0000636
38,5 0,003485 | 0,0001047 | 0,0031191 | 0,0000927 0,003581 0,0000757 0,0031741 | 0,0000663
45,5 0,00309 | 0,0000997 | 0,0027024 | 0,0000864 0,003177 0,0000721 0,0027504 | 0,0000618
52,5 0,002873 | 0,0000972 | 0,0024603 | 0,0000825 0,002896 0,0000696 0,0024543 | 0,0000585
59,5 0,00373 0,000112 0,0031219 | 0,0000927 0,003656 0,0000791 0,0030282 0,0000648
66,5 0,003662 0,0001124 | 0,0029867 | 0,0000907 0,003736 0,000081 0,0030154 0,0000647
73,5 0,003379 0,0001093 0,0026884 | 0,0000862 0,003604 0,0000806 0,0028355 0,0000628
80,5 0,003453 | 0,0001119 | 0,0026827 | 0,0000861 0,003842 0,0000843 0,0029446 | 0,0000639
87,5 0,003712 | 0,0001174 | 0,0028122 | 0,0000881 0,00406 0,0000878 0,0030268 | 0,0000648
94,5 0,003591 0,000117 | 0,0026518 | 0,0000856 0,003796 0,0000861 0,0027533 | 0,0000619
101,5 0,00383 0,0001224 | 0,0027559 | 0,0000872 0,004201 0,0000919 0,002963 0,0000641
108,5 0,004062 0,0001278 0,0028432 | 0,0000886 0,00433 0,0000947 0,0029644 | 0,0000641
115,5 0,003368 | 0,0001179 0,0022971 | 0,0000798 0,003728 0,0000891 0,0024812 0,0000588
122,5 0,004342 | 0,0001357 | 0,0028826 | 0,0000892 0,004477 0,000099 0,002895 | 0,0000634
129,5 0,004234 0,000136 | 0,0027278 | 0,0000868 0,004465 0,0001005 0,0027986 | 0,0000624
136,5 0,004235 | 0,0001381 | 0,0026489 | 0,0000855 0,004536 0,0001029 0,0027547 | 0,0000619
143,5 0,003417 0,0001257 0,0020803 0,000076 0,003504 0,0000917 0,0020689 0,0000538
150,5 0,004409 0,0001447 0,0026123 0,000085 0,004959 0,0001107 0,0028425 0,0000628
157,5 0,004694 | 0,0001517 0,002694 | 0,0000863 0,00444 0,0001065 0,0024628 0,0000586
164,5 0,00418 | 0,0001454 0,0023252 | 0,0000802 0,00435 0,000107 0,0023395 0,0000571
1715 0,0042 | 0,0001479 | 0,0022689 | 0,0000793 0,0045 0,0001106 0,0023466 | 0,0000572
178,5 0,004333 | 0,0001525 | 0,0022717 | 0,0000793 0,004837 0,0001165 0,0024415 | 0,0000583
185,5 0,004283 | 0,0001539 | 0,0021788 | 0,0000777 0,004523 0,0001145 0,0022091 | 0,0000555
192,5 0,004322 0,000157 0,0021338 | 0,0000769 0,004567 0,0001169 0,002161 0,0000549
199,5 0,004183 0,0001567 0,0020043 0,0000746 0,004583 0,000119 0,0021 0,0000541
206,5 0,002435 0,000121 0,0011401 | 0,0000564 0,002822 0,0000946 0,0012597 0,0000421
2135 0,001776 | 0,0001041 | 0,0008192 | 0,0000479 0,001732 0,0000747 0,0007609 | 0,0000327
220,5 0,001705 | 0,0001026 | 0,0007769 | 0,0000466 0,001796 0,0000766 0,0007794 | 0,0000331
227,55 0,002084 | 0,0001142 | 0,0009374 | 0,0000512 0,002299 0,0000873 0,0009834 | 0,0000372
234,5 0,003536 | 0,0001502 0,0015595 0,0000659 0,00405 0,0001171 0,0016948 0,0000487
2415 0,006518 | 0,0002075 0,0027756 | 0,0000875 0,007057 0,0001576 0,0028411 0,0000628
248,5 0,008377 0,0002414 | 0,0033865 0,0000965 0,008098 0,0001733 0,0030919 0,0000655
255,5 0,009288 | 0,0002622 0,00353 0,0000984 0,008893 0,0001871 0,0031996 0,0000666
262,5 0,009582 | 0,0002752 0,003409 | 0,0000968 0,009535 0,0002 0,0032166 | 0,0000667
269,5 0,009579 | 0,0002845 | 0,0031866 | 0,0000936 0,009019 0,000201 0,002851 | 0,0000629
276,5 0,001576 | 0,0001178 | 0,0005039 | 0,0000376 0,001316 0,0000782 0,000401 | 0,0000238
283,5 0,013857 0,0003582 0,0042028 | 0,0001072 0,014712 0,0002685 0,004244 | 0,0000764
290,5 0,014654 | 0,0003872 0,0040227 | 0,0001049 0,015489 0,0002904 0,0040201 0,0000744
297,5 0,015907 0,0004254 0,0039242 | 0,0001036 0,016783 0,0003197 0,0038911 0,0000732
304,5 0,014194 | 0,0004238 0,00315 | 0,0000931 0,014477 0,0003139 0,0030069 | 0,0000646
3115 0,019369 | 0,0005242 | 0,0038256 | 0,0001024 0,020404 0,0003953 0,0037551 0,000072
3185 0,020551 | 0,0005788 0,00353 | 0,0000984 0,022418 0,0004464 0,0035525 | 0,0000701
3255 0,026768 | 0,0007158 | 0,0039016 | 0,0001034 0,027253 0,0005358 0,0036332 | 0,0000708
3325 0,03387 0,0008922 0,0040002 0,0001046 0,03505 0,0006748 0,003765 0,0000721
339,5 0,03865 0,0010793 0,0035441 | 0,0000986 0,038782 0,0008063 0,0032181 0,0000668
346,5 0,005722 | 0,0004551 | 0,0004448 | 0,0000353 0,005354 0,0003282 0,0003769 | 0,0000231
3535 0,077512 | 0,0018367 | 0,0046448 | 0,0001125 0,074709 0,001342 0,0040909 0,000075
360,5 0,148689 | 0,0032599 | 0,0042704 0,000108 0,148853 0,0024041 0,0039577 | 0,0000738
367,5 0,285714 0| 0,0019677 | 0,0000739 0,285714 0 0,0018195 | 0,0000505

Additionally, the rate of failure for the day of 21- 28" is found to be 0.002971. This

illustrates the 29 in 10,000 rate of failure is expected for male applicants amoung SSI

group.
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In the next part, for investigation and calculation of the effects of sub classifications
to the survival analysis the data set is analyzed according to the gender, age and
location. And time to first aplication to health institutes data is compared in respect

of those specified characteristics.

According to the gender, the value of both the Gehan-Wilcoxon and the log-rank test
statistics are equal to 0, which concludes that there exists significant difference in
survival times between genders for RHD. These are presented in the Table 5.11 and
Figure 5.8. The survival probabilities for male are larger than the survival
probabilities for female, the conclusion is that, the lifetimes for male are higher than
female. This shows the risk of RHD is higher for female when the time passes within

a year.

Table 5.11: Gehan-Wilcoxon and log-rank test results for RHD

Owerall Comparisons Owerall Comparisons
Chi-Square of Sig. Wilcoxon
Log Rank (Mantel-Co 63,756 1 il (Gehan)
Statistic df 5ig.
71,745 1 000
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Figure 5.8: Comparison of survival and hazard curves for RHD
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The comparison is done with respect to the three biggest cities in Turkey, Istanbul,
Ankara, and Izmir. According to the application numbers, 27% of the applications
appears from Ankara, 47% of applications from Istanbul and 26% of applications
from Izmir. The highest application numbers to hospitals is seen in istanbul. And
following table shows means and medians for survival times for the three cities. The
median time is the lowest for Istanbul, which means the time until half of the
population applies to the hospitals is the smallest in Istanbul, and equals to 170 days

(Table 5.12)

Table 5.12: Means and medians for survival time for the selected cities for RHD

Means and Medians for Survival Time

ikarmet_ili Mean? Median
94% Confidence Interval 95% Confidence Interval
Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper Bound
[ 186,575 905 184,802 188,349 | 172,000 1,642 168,781 175,219
34 181,226 693 179,867 182,585 | 170,000 1,168 167,711 172,289
35 214,636 950 212,774 216,499 | 252,000 1,009 250,022 253,978
Overall 191,330 480 190,389 192,271 186,000 1,183 183,681 188,319

a. Estimation is limited to the largest survival time ifitis censored.

The log-rank test shows the survival times for the three selected cities are

significantly different as shown in Table 5.13.

Table 5.13: Log-rank test results for the selected cities for RHD

Owverall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 264,355 1 00an

This can be seen also from the survival and hazard curves respectively. Survival
curves shows the proportion of surviving e.g. proportion of people who has not
applied to hospitals from RHD. The survival patterns for Ankara and Istanbul seem
identical and for Izmir there is a definite difference from the other cities. For
example, in the 200" day the proportion of people surviving is the smallest in

Istanbul than the other cities. That means, people in Istanbul are more exposed to the
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morbidity than the other two. The decrease in survival proportions is the slowest for
[zmir. The hazard rates which focuses on the risk, on the contrary to survival curves,

there is an increasing risk for the investigated populations.
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Figure 5.9: Survival and hazard curves of three cities for RHD

Lastly, the comparison of survival curves with respect to age is done. The Table 5.14
shows median survival times and the number of events for each age with respect to
both genders. The last column in the table shows the p-values obtained from the log-
rank tests with respect to each age. According to this test statistics for the ages 6, 9,
36, 38, 39, 49, 51, 52, 53, 54, 59, 62, 65, 67, and 75, there exists statistically
significant difference between genders. For some of these ages survival and hazard
curves also represented graphically to see the difference. For the age 99, there is only
female applicant, therefore for this age the comparisons could not be done with

respect to genders.
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Table 5.14: Number of events, median survival times and the test results for RHD
(1: Male, 2: Female)

age | gender | Number median p*value | age gender | Number median p*value | age gender | Number median p*value
of Events survival of survival time of survival
time Events Events time

0 1 82 294,000 ,198 34 1 564 190,000 ,378 68 1 1110 163,000 ,713
2 74 269,000 2 1458 182,000 2 1646 172,000

1 1 96 129,000 ,930 35 1 577 198,000 ,141 69 1 879 185,000 917
2 59 137,000 2 1401 182,000 2 1495 185,000

2 1 77 241,000 ,257 36 1 555 190,000 ,009 70 1 961 178,000 ,689
2 56 200,000 2 1468 175,000 2 1547 178,000

3 1 91 186,000 | 420 |37 1 543 190,000 113 71 1 860 189,000 | ,328
2 64 245,000 2 1432 171,000 2 1303 | 186,000

4 1 102 199,000 | 464 |38 1 582 192,000 | 005 |72 1 712 | 197,000 | ,228
2 72 249,000 2 1475 170,000 2 1303 186,000

5 1 120 207,000 ,269 39 1 540 234,000 ,000 73 1 574 175,000 ,601
2 91 170,000 2 1430 178,000 2 1026 180,000

6 1 170 197,000 | ,018 |40 1 560 170,000 | 938 |74 1 858 [ 191,000 ,763
2 129 268,000 2 1414 179,000 2 1174 187,000

7 1 193 179,000 | 758 | 41 1 521 184,000 ,501 75 1 1011 200,000 | ,012
2 157 172,000 2 1243 171,000 2 1304 177,000

8 1 217 179,000 ,368 42 1 707 182,000 ,295 76 1 764 179,000 211
2 186 193,000 2 1825 177,000 2 1120 192,000

9 1 224 190,000 | ,030 |43 1 733 176,000 | 145 |77 1 592 | 217,000 [ 551
2 266 163,000 2 2064 170,000 2 919 197,000

10 1 266 189,000 714 44 1 746 186,000 ,202 78 1 510 183,000 ,308
2 259 189,000 2 2049 179,000 2 966 186,000

11 |1 289 183,000 | ,205 |45 1 722 190,000 | 176 |79 1 436 | 179,000 | 452
2 295 170,000 2 1969 176,000 2 712 190,000

12 1 335 169,000 | 213 |46 1 769 186,000 ,349 80 1 356 185,000 | ,399
2 280 189,000 2 1999 175,000 2 701 175,000

13 1 325 182,000 ,923 47 1 755 194,000 ,080 81 1 323 187,000 ,713
2 291 184,000 2 1870 176,000 2 585 189,000

14 1 339 190,000 , 795 48 1 952 176,000 ,582 82 1 257 172,000 ,607
2 369 185,000 2 2562 172,000 2 561 171,000

15 1 410 215,000 ,836 49 1 827 199,000 ,027 83 1 212 163,000 ,603
2 476 231,000 2 2066 175,000 2 340 171,000

16 [ 1 486 206,000 ] ,793 |50 1 793 181,000 ,663 84 1 158 171,000 | ,157
2 604 196,000 2 1898 179,000 2 331 213,000

17 |1 494 190,000 | 841 51 1 777 198,000 ,002 85 1 99 206,000 | 739
2 676 193,000 2 1835 175,000 2 189 176,000

18 1 322 156,000 ,006 52 1 1084 185,000 ,031 86 1 97 236,000 ,433
2 661 193,000 2 2436 171,000 2 176 214,000

19 1 302 242,000 ,055 53 1 1120 191,000 ,021 87 1 65 183,000 771
2 707 199,000 2 2617 172,000 2 91 205,000

20 1 254 190,000 972 54 1 1083 190,000 ,003 88 1 34 226,000 ,376
2 751 190,000 2 2332 170,000 2 90 238,000

21 1 248 197,000 | 298 | 55 1 1001 197,000 ,064 89 1 19 142,000 | 145
2 809 184,000 2 2160 176,000 2 68 178,000

22 1 335 191,000 ,319 56 1 1021 183,000 ,357 90 1 11 162,000 ,266
2 832 214,000 2 1985 170,000 2 33 200,000

23 1 351 199,000 ,067 57 1 905 192,000 ,581 91 1 10 220,000 714
2 881 189,000 2 1679 179,000 2 19 183,000

24 1 363 207,000 ,334 58 1 1298 175,000 275 92 1 10 247,000 ,550
2 840 191,000 2 2484 172,000 2 37 239,000

25 |1 363 212,000 ,167 |59 1 1117 182,000 ,002 93 1 11 121,000 ,113
2 989 196,000 2 2094 164,000 2 23 179,000

26 |1 460 178,000 | .,874 |60 1 1072 178,000 1491 94 1 8 199,000 | ,930
2 1000 183,000 2 2030 172,000 2 17 268,000

27 1 513 185,000 , 795 61 1 1020 168,000 ,449 95 1 2 255,000 ,130
2 1176 189,000 2 1857 173,000 2 18 150,000

28 1 529 197,000 ,405 62 1 978 184,000 ,001 96 1 2 122,000 ,734
2 1153 189,000 2 1686 164,000 2 13 169,000

29 1 500 197,000 ,518 63 1 1135 185,000 ,518 97 1 1 23,000 ,143
2 1157 190,000 2 1855 178,000 2 5 144,000

30 [ 1 508 199,000 | 512 |64 1 1003 182,000 344 98 1 1 50,000 | ,245
2 1198 196,000 2 1678 168,000 2 8 240,000

31 1 520 200,000 ,068 65 1 911 193,000 ,006 99 2 1 205,000
2 1179 181,000 2 1488 171,000

32 1 501 182,000 ,898 66 1 1073 184,000 ,154
2 1155 183,000 2 1707 175,000

33 |1 483 191,000 | ,207 |67 1 893 206,000 ,014
2 1134 177,000 2 1422 182,000
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In the Figure 5.10 the survival curves of the ages 6, 36, 52 and 65 are illustrated. For
the 36, 52 and 65 years old people the survival probabilities are higher for male than

for female, whereas for the age 6 the survival probabilities are the other way around.
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Figure 5.10: Survival curves for ages 6, 36, 52 and 65 for RHD

RHD morbidity has acute and chronic definitions in ICD-10 codings. In order to
evaluate the impact of the type of the morbidity, RHD is re-analyzed with respect to

this distinction.

61



5.3.2.1. Acute RHD

The survival and hazard curves for acute RHD are plotted in Figure 5.11. For both

genders survival curves are decreasing and correspondingly hazard curves are

increasing.
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Figure 5.11: Survival probabilities and hazard rates for acute RHD (M, F)

The construction of life tables for both genders and for the total are performed. For
each gender three tables are constructed. The first one, represents the number of
people at risk and the number of people who failed in each specified period and the
conditional probability of failure for each interval (Table 5.15). Second table
represents the survival probabilities in each interval (Table 5.16). And the third table
represents the hazard and density estimates for each interval (Table 5.17). It should
be noted that the intervals for the last table is the half of the intervals taken for the
other two life tables because the hazard estimates is obtained with respect to the half

of the interval.
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Table 5.15: Life table of acute RHD for both genders (2008)

Interv MALE FEMALE
al
Lower | Upper | Number Number conditional standard error Number Number conditional standard
entering failed probability of entering failed probability of error
failure failure
0 6 672 15 0,02232 0,005699 1333 17 0,01275 0,003073
7 13 657 19 0,02892 0,006538 1316 46 0,03495 0,005063
14 20 638 18 0,02821 0,006555 1270 28 0,02205 0,00412
21 27 620 21 0,03387 0,007265 1242 35 0,02818 0,004696
28 34 599 26 0,04341 0,008326 1207 43 0,03563 0,005335
35 41 573 26 0,04538 0,008695 1164 55 0,04725 0,006219
42 48 547 13 0,02377 0,006513 1109 29 0,02615 0,004792
49 55 534 20 0,03745 0,008216 1080 35 0,03241 0,005388
56 62 514 17 0,03307 0,007888 1045 29 0,02775 0,005081
63 69 497 16 0,03219 0,007918 1016 43 0,04232 0,006316
70 76 481 19 0,0395 0,008881 973 41 0,04214 0,006441
77 83 462 19 0,04113 0,009239 932 27 0,02897 0,005494
84 90 443 26 0,05869 0,011167 905 43 0,04751 0,007072
91 97 417 20 0,04796 0,010464 862 53 0,06148 0,008182
98 104 397 22 0,05542 0,011483 809 50 0,0618 0,008466
105 111 375 24 0,064 0,012639 759 54 0,07115 0,009331
112 118 351 23 0,06553 0,013208 705 46 0,06525 0,009301
119 125 328 23 0,07012 0,014099 659 58 0,08801 0,011036
126 132 305 20 0,06557 0,014174 601 50 0,08319 0,011265
133 139 285 14 0,04912 0,012802 551 25 0,04537 0,008866
140 146 271 9 0,03321 0,010885 526 25 0,04753 0,009277
147 153 262 15 0,05725 0,014353 501 18 0,03593 0,008315
154 160 247 8 0,03239 0,011264 483 16 0,03313 0,008143
161 167 239 6 0,0251 0,010119 467 19 0,04069 0,009142
168 174 233 6 0,02575 0,010377 448 21 0,04688 0,009986
175 181 227 14 0,06167 0,015967 427 21 0,04918 0,010465
182 188 213 11 0,05164 0,015164 406 18 0,04433 0,010216
189 195 202 8 0,0396 0,013722 388 15 0,03866 0,009787
196 202 194 13 0,06701 0,017952 373 21 0,0563 0,011935
203 209 181 10 0,05525 0,016982 352 17 0,0483 0,011427
210 216 171 0 0 0 335 6 0,01791 0,007246
217 223 171 4 0,02339 0,011558 329 1 0,00304 0,003035
224 230 167 3 0,01796 0,010278 328 3 0,00915 0,005256
231 237 164 4 0,02439 0,012045 325 7 0,02154 0,008053
238 244 160 4 0,025 0,012343 318 23 0,07233 0,014526
245 251 156 12 0,07692 0,021335 295 21 0,07119 0,014971
252 258 144 10 0,06944 0,021184 274 22 0,08029 0,016417
259 265 134 15 0,11194 0,027237 252 21 0,08333 0,017411
266 272 119 15 0,12605 0,030426 231 16 0,06926 0,016706
273 279 104 3 0,02885 0,016412 215 6 0,02791 0,011233
280 286 101 6 0,05941 0,023521 209 13 0,0622 0,016706
287 293 95 13 0,13684 0,035261 196 23 0,11735 0,022988
294 300 82 8 0,09756 0,032767 173 15 0,08671 0,021395
301 307 74 9 0,12162 0,037995 158 14 0,08861 0,022608
308 314 65 11 0,16923 0,046508 144 16 0,11111 0,026189
315 321 54 3 0,05556 0,031171 128 16 0,125 0,029232
322 328 51 12 0,23529 0,059397 112 21 0,1875 0,036881
329 335 39 5 0,12821 0,053534 91 21 0,23077 0,044167
336 342 34 9 0,26471 0,075661 70 22 0,31429 0,055486
343 349 25 2 0,08 0,054259 48 1 0,02083 0,020615
350 356 23 6 0,26087 0,091561 47 25 0,53191 0,072784
357 363 17 12 0,70588 0,11051 22 13 0,59091 0,104824
364 371 5 5 1 0 9 9 1 0

It can be noted that there exists no male applications to the health institutes between
210 and 216" days of the year. The conditional probability of having a male
applicant in the period 63 and 69" days is found to be 0.03219.
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Table 5.16: Survival probabilities for acute RHD per week per year (M, F) (2008)

MALE FEMALE
Time Survival probability | standard error | 95% confidence upper Survival probability | standard error | 95% confidence upper
interval lower interval lower

7 0,977679 0,0056987 0,966509 0,988848 0,987247 0,0030733 0,981223 0,99327
14 0,949405 0,0084547 0,932834 0,965976 0,952738 0,005812 0,941347 0,96413
21 0,922619 0,0103073 0,902417 0,942821 0,931733 0,0069077 0,918194 0,945272
28 0,891369 0,0120039 0,867842 0,914896 0,905476 0,008013 0,889771 0,921182
35 0,852679 0,0136723 0,825881 0,879476 0,873218 0,0091133 0,855357 0,89108
42 0,813988 0,0150105 0,784568 0,843408 0,831958 0,0102411 0,811886 0,85203
49 0,794643 0,0155832 0,7641 0,825185 0,810203 0,0107406 0,789151 0,831254
56 0,764881 0,016359 0,732818 0,796944 0,783946 0,0112722 0,761853 0,806039
63 0,739583 0,0169295 0,706402 0,772764 0,762191 0,0116609 0,739336 0,785045
70 0,715774 0,0173994 0,681672 0,749876 0,729932 0,0121608 0,706098 0,753767
77 0,6875 0,0178804 0,652455 0,722545 0,699175 0,0125613 0,674555 0,723795
84 0,659226 0,0182838 0,623391 0,695062 0,67892 0,012788 0,653856 0,703984
91 0,620536 0,0187191 0,583847 0,657224 0,646662 0,0130924 0,621001 0,672322
98 0,590774 0,0189674 0,553598 0,627949 0,606902 0,0133781 0,580681 0,633122
105 0,558036 0,0191575 0,520488 0,595584 0,569392 0,0135622 0,542811 0,595974
112 0,522321 0,0192687 0,484555 0,560087 0,528882 0,0136719 0,502086 0,555679
119 0,488095 0,0192825 0,450302 0,525888 0,494374 0,0136939 0,467534 0,521213
126 0,453869 0,0192057 0,416227 0,491511 0,450863 0,0136285 0,424151 0,477574
133 0,424107 0,0190644 0,386742 0,461473 0,413353 0,0134876 0,386918 0,439789
140 0,403274 0,0189236 0,366184 0,440363 0,394599 0,013387 0,368361 0,420837
147 0,389881 0,0188143 0,353006 0,426756 0,375844 0,0132659 0,349843 0,401845
154 0,36756 0,018599 0,331106 0,404013 0,362341 0,0131655 0,336537 0,388145
161 0,355655 0,0184667 0,319461 0,391849 0,350338 0,0130669 0,324727 0,375948
168 0,346726 0,0183593 0,310743 0,38271 0,336084 0,0129379 0,310726 0,361442
175 0,337798 0,0182448 0,302038 0,373557 0,32033 0,0127801 0,295282 0,345379
182 0,316964 0,0179491 0,281785 0,352144 0,304576 0,0126054 0,27987 0,329282
189 0,300595 0,0176877 0,265928 0,335262 0,291073 0,0124419 0,266687 0,315458
196 0,28869 0,0174808 0,254429 0,322952 0,27982 0,0122955 0,255721 0,303919
203 0,269345 0,017113 0,235804 0,302886 0,264066 0,0120743 0,240401 0,287731
210 0,254464 0,0168021 0,221533 0,287396 0,251313 0,0118807 0,228027 0,274599
217 0,254464 0,0168021 0,221533 0,287396 0,246812 0,0118092 0,223666 0,269957
224 0,248512 0,0166706 0,215838 0,281186 0,246062 0,0117971 0,22294 0,269183
231 0,244048 0,0165691 0,211573 0,276523 0,243811 0,0117605 0,220761 0,266861
238 0,238095 0,0164301 0,205893 0,270298 0,23856 0,0116735 0,21568 0,261439
245 0,232143 0,0162867 0,200222 0,264064 0,221305 0,0113701 0,19902 0,24359
252 0,214286 0,0158287 0,183262 0,245309 0,205551 0,0110682 0,183858 0,227245
259 0,199405 0,0154131 0,169196 0,229614 0,189047 0,0107243 0,168028 0,210066
266 0,177083 0,0147259 0,148221 0,205946 0,173293 0,010367 0,152974 0,193612
273 0,154762 0,013952 0,127416 0,182107 0,16129 0,0100738 0,141546 0,181035
280 0,150298 0,0137856 0,123278 0,177317 0,156789 0,0099589 0,13727 0,176308
287 0,141369 0,0134399 0,115027 0,167711 0,147037 0,0096998 0,128025 0,166048
294 0,122024 0,0126264 0,097277 0,146771 0,129782 0,0092046 0,111742 0,147823
301 0,110119 0,0120757 0,086451 0,133787 0,11853 0,0088532 0,101178 0,135882
308 0,096726 0,0114024 0,074378 0,119075 0,108027 0,0085021 0,091363 0,124691
315 0,080357 0,0104867 0,059804 0,100911 0,096024 0,0080696 0,080208 0,11184
322 0,075893 0,0102159 0,05587 0,095916 0,084021 0,0075984 0,069128 0,098914
329 0,058036 0,0090195 0,040358 0,075714 0,068267 0,0069077 0,054728 0,081806
336 0,050595 0,0084547 0,034024 0,067166 0,052513 0,0061095 0,040539 0,064488
343 0,037202 0,0073008 0,022893 0,051512 0,036009 0,005103 0,026007 0,046011
350 0,034226 0,0070135 0,02048 0,047972 0,035259 0,0050515 0,025358 0,04516
357 0,025298 0,0060575 0,013425 0,03717 0,016504 0,0034895 0,009665 0,023343
364 0,00744 0,0033151 0,000943 0,013938 0,006752 0,002243 0,002356 0,011148

When the life table method is used, the intervals of 7 days accumulates the survival
probabilities within the specified time span. The day of 217 yields a survival
probability of 0.254464 indicating that 25.44% of the applications appear first time

within 217 days for males.
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Table 5.17: Hazard rates for acute RHD per week per year (M, F) (2008)

MALE FEMALE

time hazard estimates standard error density estimates | standard error hazard estimates | standard error density estimates standard error
3,5 0,003225 0,0008326 0,0031888 0,0008141 0,001834 0,0004447 0,0018219 0,000439
10,5 0,004192 0,0009616 0,0040391 0,0009134 0,005082 0,0007492 0,0049298 0,0007142
17,5 0,004088 0,0009635 0,0038265 0,0008898 0,003185 0,0006018 0,0030008 0,0005611
24,5 0,004922 0,0010739 0,0044643 0,0009588 0,004083 0,0006901 0,0037509 0,0006256
315 0,006338 0,0012428 0,0055272 0,0010628 0,005182 0,0007901 0,0046083 0,0006913
38,5 0,006633 0,0013004 0,0055272 0,0010628 0,006913 0,0009319 0,0058943 0,0007782
45,5 0,003436 0,0009529 0,0027636 0,000759 0,003785 0,0007028 0,0031079 0,0005708
52,5 0,005453 0,001219 0,0042517 0,0009365 0,004706 0,0007953 0,0037509 0,0006256
59,5 0,004804 0,001165 0,0036139 0,0008654 0,00402 0,0007465 0,0031079 0,0005708
66,5 0,004674 0,0011684 0,0034014 0,0008402 0,006177 0,0009417 0,0046083 0,0006913
73,5 0,005757 0,0013204 0,0040391 0,0009134 0,006149 0,0009601 0,004394 0,0006756
80,5 0,005998 0,0013758 0,0040391 0,0009134 0,004199 0,0008081 0,0028936 0,0005512
87,5 0,008638 0,0016933 0,0055272 0,0010628 0,006953 0,00106 0,0046083 0,0006913
94,5 0,00702 0,0015692 0,0042517 0,0009365 0,009062 0,0012442 0,00568 0,0007645
101,5 0,008142 0,0017352 0,0046769 0,0009807 0,009111 0,0012878 0,0053585 0,0007435
108,5 0,009445 0,0019269 0,005102 0,0010227 0,010539 0,0014332 0,0057872 0,0007714
115,5 0,009678 0,0020169 0,0048895 0,0010019 0,009636 0,0014199 0,0049298 0,0007142
122,5 0,010381 0,0021632 0,0048895 0,0010019 0,013152 0,0017251 0,0062158 0,0007982
129,5 0,009685 0,0021644 0,0042517 0,0009365 0,012401 0,0017521 0,0053585 0,0007435
136,5 0,007194 0,0019221 0,0029762 0,0007871 0,006632 0,0013261 0,0026792 0,0005308
143,5 0,004824 0,0016079 0,0019133 0,0006335 0,006955 0,0013906 0,0026792 0,0005308
150,5 0,00842 0,0021731 0,0031888 0,0008141 0,005226 0,0012317 0,0019291 0,0004516
157,5 0,004703 0,0016626 0,0017007 0,0005977 0,004812 0,0012028 0,0017147 0,0004261
164,5 0,003632 0,0014826 0,0012755 0,0005184 0,005933 0,0013608 0,0020362 0,0004638
171,5 0,003727 0,0015213 0,0012755 0,0005184 0,006857 0,0014959 0,0022506 0,0004872
178,5 0,009091 0,0024284 0,0029762 0,0007871 0,007203 0,0015713 0,0022506 0,0004872
185,5 0,007573 0,0022826 0,0023384 0,0006993 0,006477 0,0015263 0,0019291 0,0004516
192,5 0,005772 0,0020403 0,0017007 0,0005977 0,005632 0,0014538 0,0016075 0,0004127
199,5 0,009905 0,0027454 0,0027636 0,000759 0,008276 0,0018052 0,0022506 0,0004872
206,5 0,008117 0,0025657 0,0021259 0,0006672 0,00707 0,0017142 0,0018219 0,000439
2135 0| * 0| * 0,002582 0,001054 0,000643 0,0002619
220,5 0,003381 0,0016905 0,0008503 0,0004239 0,000435 0,0004349 0,0001072 0,0001071
227,5 0,00259 0,001495 0,0006378 0,0003674 0,001313 0,0007578 0,0003215 0,0001854
2345 0,003527 0,0017635 0,0008503 0,0004239 0,00311 0,0011756 0,0007502 0,0002828
2415 0,003617 0,0018082 0,0008503 0,0004239 0,01072 0,0022337 0,0024649 0,0005095
248,5 0,011429 0,0032965 0,002551 0,0007298 0,010545 0,0022995 0,0022506 0,0004872
255,5 0,010277 0,0032479 0,0021259 0,0006672 0,01195 0,0025455 0,0023577 0,0004985
262,5 0,01694 0,0043661 0,0031888 0,0008141 0,012422 0,0027082 0,0022506 0,0004872
269,5 0,019218 0,0049509 0,0031888 0,0008141 0,01025 0,0025608 0,0017147 0,0004261
276,5 0,004181 0,0024137 0,0006378 0,0003674 0,004043 0,0016504 0,000643 0,0002619
283,5 0,008746 0,003569 0,0012755 0,0005184 0,009171 0,0025423 0,0013932 0,0003845
290,5 0,020985 0,0058044 0,0027636 0,000759 0,017809 0,0037062 0,0024649 0,0005095
297,5 0,014652 0,0051735 0,0017007 0,0005977 0,012948 0,0033397 0,0016075 0,0004127
304,5 0,018499 0,0061536 0,0019133 0,0006335 0,013245 0,0035361 0,0015004 0,0003989
3115 0,026411 0,007929 0,0023384 0,0006993 0,016807 0,0041944 0,0017147 0,0004261
318,5 0,008163 0,0047111 0,0006378 0,0003674 0,019048 0,0047513 0,0017147 0,0004261
3255 0,038095 0,010899 0,002551 0,0007298 0,029557 0,0064152 0,0022506 0,0004872
3325 0,019569 0,0087312 0,0010629 0,0004736 0,037267 0,0080629 0,0022506 0,0004872
339,5 0,043584 0,0143578 0,0019133 0,0006335 0,053269 0,0111578 0,0023577 0,0004985
346,5 0,011905 0,0084106 0,0004252 0,0003002 0,003008 0,0030074 0,0001072 0,0001071
353,5 0,042857 0,0172984 0,0012755 0,0005184 0,10352 0,0192972 0,0026792 0,0005308
360,5 0,155844 0,0377065 0,002551 0,0007298 0,119816 0,0301677 0,0013932 0,0003845
367,5 0,285714 0 0,0010629 0,0004736 0,285714 0 0,0009645 0,0003204

It should be noted that the mid-point of days between 210 and 216, the hazard rate

for male is found to be zero.

In the next part, for investigation and calculation of the effects of sub classifications

to the survival analysis the data set is divided into different sub categories according

to the gender, age and location. And time to first aplication to health institutes data is

compared in respect of specified characteristics.
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According to the gender, the value of the log-rank test statistics are equal to 0.942
which concludes that there exists no significant difference in survival times between

genders for acute RHD. This result presented in the Table 5.18.

Table 5.18: Log-rank test results for acute RHD

Owerall Comparisons
Chi-Square df Sia.
ana 1 942

Log Rank (Mantel-Cox

The comparison is also done with respect to the location. Table 5.19 shows means
and medians for survival times for the selected three cities. The median time is the
lowest for Ankara, which means the time until half of the population applies to the

hospitals is the smallest, and equals to 170 days.

Table 5.19: Means and medians for survival time for the selected cities for acute

RHD

Means and Medians for Survival Time

placeofliving heand hedian
94% Confidence Interval 94% Confidence Interval
Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper Bound
|4} 180,314 9,351 161,980 198,647 170,000 7,593 1585,118 184,882
34 181,926 8,436 165,391 188,460 178,000 12,880 162,754 203,246
35 216,918 17,245 183,119 250,718 | 248,000 3,499 241,14 254,859
Overall 186,475 5,963 174,787 198163 179,000 10,489 168,442 189,558

The log-rank test shows the survival times for the three selected cities are

significantly different as shown in Table 5.20.

Table 5.20: Log-rank test results for the selected cities for acute RHD

Owerall Comparisons

Zhi-Square df Sig.
Log Rank (Mantel-Cox G427 1 011
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This can be seen also from the survival and hazard curves respectively. The survival
patterns for Ankara and Istanbul seem identical and for Izmir there is a definite
difference from the other cities. The decrease in survival proportions is the slowest
for izmir. The hazard rates which focuses on the risk, on the contrary to survival

curves, there is an increasing risk for the investigated populations.
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Figure 5.12: Survival and hazard curves of three cities for acute RHD

timetofirstclaim

Lastly, the comparison of survival curves with respect to age is done. For some of
these ages survival curves represented to see the difference graphically. In the Figure
5.13 we see the survival curves of the ages 6, 36, 52 and 65. For the ages 6, 36 and
65 the survival probabilities are higher for female, whereas for the age 52, the

survival probabilities are higher for male.
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Figure 5.13: Survival curves for ages 6, 36, 52 and 65 for acute RHD

5.3.2.2. Chronic RHD

The survival and hazard curves for chronic RHD are seen in Figure 5.14. For both

genders survival curves are decreasing and correspondingly hazard curves are

increasing.
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Figure 5.14: Survival probabilities and hazard rates for chronic RHD (M, F)

For each gender and for total life tables are constructed. The tables for male and
female are presented in Tables 5.21-5.23, for total in Appendix B10-B12. These
tables are:

The first one, represents the number of people at risk and the number of people who
failed in each specified period and the conditional probability of failure for each
interval (Table 5.21). Second table represents the survival probabilities in each
interval (Table 5.22). And the third table represents the hazard and density estimates
for each interval (Table 5.23). It should be noted that the intervals for the last life
table is the half of the intervals taken for the other two life tables because the hazard

estimates is obtained with respect to the half of the interval.
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Table 5.21: Life table of chronic RHD for both genders (2008)

Interval MALE FEMALE
Lower Upper | Number Number conditional | standard Number Number failed | conditional standard
entering failed probability error entering probability of error
of failure failure
0 6 50076 681 0,0136 | 0,0005176 99482 1489 0,01497 0,000385
13 49395 1161 0,0235 0,0006817 97993 2357 0,02405 0,0004894
14 20 48234 993 0,02059 | 0,0006466 95636 2180 0,02279 | 0,0004826
21 27 47241 964 0,02041 | 0,0006505 93456 2119 0,02267 | 0,0004869
28 34 46277 881 0,01904 | 0,0006353 91337 2014 0,02205 | 0,0004859
35 41 45396 1082 0,02383 0,0007159 89323 2185 0,02446 0,0005169
42 48 44314 947 0,02137 0,000687 87138 1912 0,02194 0,0004963
49 55 43367 854 0,01969 0,0006672 85226 1697 0,01991 0,0004785
56 62 42513 1092 0,02569 0,0007673 83529 2108 0,02524 0,0005427
63 69 41421 1045 0,02523 | 0,0007705 81421 2085 0,02561 | 0,0005536
70 76 40376 936 0,02318 | 0,0007489 79336 1960 0,02471 | 0,0005511
77 83 39440 934 0,02368 | 0,0007657 77376 2051 0,02651 | 0,0005775
84 90 38506 973 0,02527 0,0007998 75325 2093 0,02779 0,0005989
91 97 37533 922 0,02457 0,000799 73232 1890 0,02581 0,0005859
98 104 36611 957 0,02614 | 0,0008339 71342 2041 0,02861 0,0006241
105 111 35654 986 0,02765 | 0,0008684 69301 2038 0,02941 | 0,0006418
112 118 34668 793 0,02287 | 0,0008029 67263 1705 0,02535 | 0,0006061
119 125 33875 1001 0,02955 | 0,0009201 65558 1985 0,03028 | 0,0006692
126 132 32874 949 0,02887 | 0,0009235 63573 1925 0,03028 | 0,0006796
133 139 31925 927 0,02904 | 0,0009397 61648 1919 0,03113 0,0006994
140 146 30998 730 0,02355 0,0008613 59729 1435 0,02403 0,0006266
147 153 30268 913 0,03016 | 0,0009831 58294 1988 0,0341 | 0,0007517
154 160 29355 949 0,03233 | 0,0010323 56306 1722 0,03058 | 0,0007256
161 167 28406 820 0,02887 | 0,0009934 54584 1632 0,0299 0,000729
168 174 27586 800 0,029 | 0,0010103 52952 1635 0,03088 | 0,0007517
175 181 26786 793 0,02961 0,0010356 51317 1702 0,03317 0,0007905
182 188 25993 763 0,02935 0,001047 49615 1541 0,03106 0,0007788
189 195 25230 750 0,02973 0,0010692 48074 1510 0,03141 0,0007955
196 202 24480 699 0,02855 | 0,0010645 46564 1461 0,03138 | 0,0008079
203 209 23781 395 0,01661 | 0,0008288 45103 872 0,01933 | 0,0006484
210 216 23386 291 0,01244 | 0,0007249 44231 531 0,01201 | 0,0005178
217 223 23095 272 0,01178 | 0,0007099 43700 549 0,01256 0,0005328
224 230 22823 330 0,01446 | 0,0007902 43151 691 0,01601 0,0006043
231 237 22493 550 0,02445 0,0010298 42460 1189 0,028 0,0008007
238 244 21943 982 0,04475 | 0,0013958 41271 1982 0,04802 | 0,0010525
245 251 20961 1191 0,05682 0,001599 39289 2161 0,055 | 0,0011502
252 258 19770 1244 0,06292 0,001727 37128 2236 0,06022 | 0,0012347
259 265 18526 1196 0,06456 | 0,0018055 34892 2249 0,06446 | 0,0013146
266 272 17330 1117 0,06445 0,0018654 32643 1996 0,06115 0,0013261
273 279 16213 176 0,01086 | 0,0008138 30647 277 0,00904 0,0005406
280 286 16037 1487 0,09272 0,0022904 30370 2982 0,09819 0,0017075
287 293 14550 1416 0,09732 | 0,0024572 27388 2814 0,10275 | 0,0018347
294 300 13134 1386 0,10553 | 0,0026808 24574 2731 0,11113 | 0,0020049
301 307 11748 1110 0,09448 | 0,0026986 21843 2108 0,09651 0,001998
308 314 10638 1348 0,12672 0,0032252 19735 2634 0,13347 0,0024208
315 321 9290 1251 0,13466 | 0,0035417 17101 2491 0,14566 0,0026976
322 328 8039 1374 0,17092 0,0041985 14610 2543 0,17406 0,0031369
329 335 6665 1416 0,21245 0,0050104 12067 2636 0,21845 0,0037614
336 342 5249 1250 0,23814 | 0,0058792 9431 2249 0,23847 | 0,0043881
343 349 3999 156 0,03901 | 0,0030618 7182 265 0,0369 | 0,0022244
350 356 3843 1644 0,42779 0,007981 6917 2862 0,41376 0,0059218
357 363 2199 1505 0,6844 | 0,0099108 4055 2780 0,68557 0,0072911
364 371 694 694 1 0 1275 1275 1 0

The conditional probability of having a male applicant in the period of 63-69 days is
found to be 0.02523. It should be noted that the number of failure for males in

chronic RHD is much higher than acute case for the same time interval.
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Table 5.22: Survival probabilities for chronic RHD per week per year (M, F) (2008)

MALE FEMALE
Time Survival probability | standard error 95% upper Survival standard error 95% upper
confidence probability confidence
interval lower interval lower

7 0,986401 0,0005176 0,985386 0,987415 0,985032 0,000385 0,984278 0,985787
14 0,963216 0,0008412 0,961567 0,964865 0,96134 0,0006112 0,960142 0,962538
21 0,943386 0,0010327 0,941362 0,94541 0,939426 0,0007563 0,937944 0,940909
28 0,924135 0,0011832 0,921816 0,926454 0,918126 0,0008693 0,916422 0,91983
35 0,906542 0,0013007 0,903993 0,909091 0,897881 0,00096 0,895999 0,899763
42 0,884935 0,001426 0,88214 0,88773 0,875917 0,0010452 0,873869 0,877966
49 0,866024 0,0015222 0,86304 0,869007 0,856698 0,0011109 0,85452 0,858875
56 0,84897 0,0016002 0,845833 0,852106 0,839639 0,0011634 0,837359 0,84192
63 0,827163 0,0016897 0,823851 0,830474 0,81845 0,0012221 0,816054 0,820845
70 0,806294 0,0017661 0,802833 0,809756 0,797491 0,0012741 0,794994 0,799988
77 0,787603 0,0018277 0,784021 0,791185 0,777789 0,0013181 0,775206 0,780372
84 0,768951 0,0018836 0,765259 0,772643 0,757172 0,0013595 0,754508 0,759837
91 0,749521 0,0019363 0,745726 0,753316 0,736133 0,0013973 0,733394 0,738872
98 0,731109 0,0019814 0,727225 0,734992 0,717135 0,001428 0,714336 0,719934
105 0,711998 0,0020236 0,708032 0,715964 0,696618 0,0014575 0,693762 0,699475
112 0,692308 0,0020625 0,688265 0,69635 0,676132 0,0014836 0,673224 0,67904
119 0,676472 0,0020906 0,672374 0,680569 0,658994 0,001503 0,656048 0,661939
126 0,656482 0,0021221 0,652323 0,660641 0,63904 0,0015227 0,636056 0,642025
133 0,637531 0,0021482 0,633321 0,641741 0,61969 0,0015392 0,616673 0,622707
140 0,619019 0,0021701 0,614766 0,623272 0,6004 0,001553 0,597356 0,603444
147 0,604441 0,0021851 0,600159 0,608724 0,585975 0,0015616 0,582915 0,589036
154 0,586209 0,0022009 0,581895 0,590523 0,565992 0,0015714 0,562912 0,569072
161 0,567258 0,0022141 0,562918 0,571597 0,548682 0,0015777 0,54559 0,551774
168 0,550883 0,0022228 0,546526 0,555239 0,532277 0,0015819 0,529177 0,535378
175 0,534907 0,0022289 0,530538 0,539276 0,515842 0,0015845 0,512737 0,518948
182 0,519071 0,0022327 0,514695 0,523447 0,498733 0,0015852 0,495626 0,50184
189 0,503834 0,0022343 0,499455 0,508213 0,483243 0,0015844 0,480138 0,486348
196 0,488857 0,0022338 0,484479 0,493235 0,468065 0,001582 0,464964 0,471165
203 0,474898 0,0022316 0,470524 0,479272 0,453379 0,0015783 0,450285 0,456472
210 0,46701 0,0022295 0,46264 0,47138 0,444613 0,0015755 0,441525 0,447701
217 0,461199 0,0022276 0,456833 0,465565 0,439275 0,0015735 0,436191 0,442359
224 0,455767 0,0022256 0,451405 0,460129 0,433757 0,0015713 0,430677 0,436837
231 0,449177 0,0022228 0,444821 0,453534 0,426811 0,0015682 0,423737 0,429884
238 0,438194 0,0022172 0,433848 0,44254 0,414859 0,0015621 0,411797 0,417921
245 0,418584 0,0022045 0,414263 0,422905 0,394936 0,0015499 0,391898 0,397973
252 0,3948 0,0021844 0,390519 0,399081 0,373213 0,0015334 0,370208 0,376219
259 0,369958 0,0021575 0,365729 0,374186 0,350737 0,001513 0,347771 0,353702
266 0,346074 0,0021259 0,341907 0,350241 0,32813 0,0014887 0,325212 0,331047
273 0,323768 0,002091 0,31967 0,327866 0,308066 0,0014638 0,305197 0,310935
280 0,320253 0,002085 0,316167 0,32434 0,305281 0,0014601 0,30242 0,308143
287 0,290558 0,0020289 0,286582 0,294535 0,275306 0,0014162 0,27253 0,278082
294 0,262281 0,0019657 0,258429 0,266134 0,24702 0,0013674 0,24434 0,2497
301 0,234603 0,0018936 0,230892 0,238315 0,219567 0,0013124 0,216995 0,22214
308 0,212437 0,0018279 0,208855 0,21602 0,198378 0,0012643 0,1959 0,200856
315 0,185518 0,0017371 0,182113 0,188923 0,1719 0,0011962 0,169556 0,174245
322 0,160536 0,0016405 0,157321 0,163751 0,146861 0,0011223 0,144661 0,14906
329 0,133098 0,0015179 0,130123 0,136073 0,121298 0,0010351 0,11927 0,123327
336 0,104821 0,0013689 0,102138 0,107504 0,094801 0,0009288 0,092981 0,096621
343 0,079859 0,0012114 0,077484 0,082233 0,072194 0,0008206 0,070586 0,073802
350 0,076743 0,0011895 0,074412 0,079075 0,06953 0,0008064 0,06795 0,071111
357 0,043913 0,0009157 0,042119 0,045708 0,040761 0,0006269 0,039532 0,04199
364 0,013859 0,0005224 0,012835 0,014883 0,012816 0,0003566 0,012117 0,013515

The survival probability for males in chronic RHD is calculated to be 0.827163 for
the end of 63 days in the year 2008.
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Table 5.23: Hazard rates for chronic RHD per week per year (M, F) (2008)

MALE FEMALE
time hazard standard density estimates standard error hazard standard error | density estimates | standard error
estimates error estimates

35 0,001956 0,000075 0,0019428 0,0000739 0,002154 0,0000558 0,0021382 0,000055
10,5 0,003398 0,0000997 0,0033121 0,0000961 0,003478 0,0000716 0,0033847 0,0000689
17,5 0,002972 0,0000943 0,0028328 0,000089 0,003294 0,0000705 0,0031305 0,0000663
24,5 0,002945 0,0000949 0,0027501 0,0000877 0,003276 0,0000712 0,0030429 0,0000654
31,5 0,002746 0,0000925 0,0025133 0,0000839 0,003185 0,000071 0,0028921 0,0000638
38,5 0,003446 0,0001048 0,0030867 0,0000928 0,003538 0,0000757 0,0031377 0,0000664
45,5 0,003086 0,0001003 0,0027016 0,000087 0,003169 0,0000725 0,0027457 0,0000622
52,5 0,002841 0,0000972 0,0024363 0,0000827 0,002873 0,0000697 0,0024369 0,0000586
59,5 0,003717 0,0001125 0,0031153 0,0000932 0,003651 0,0000795 0,0030271 0,0000652
66,5 0,00365 0,0001129 0,0029812 0,0000913 0,003706 0,0000811 0,0029941 0,0000649
73,5 0,003351 0,0001095 0,0026702 0,0000865 0,003573 0,0000807 0,0028146 0,0000629
80,5 0,003424 0,000112 0,0026645 0,0000864 0,003838 0,0000847 0,0029453 0,0000644
87,5 0,003656 0,0001172 0,0027758 0,0000881 0,004025 0,000088 0,0030056 0,000065
94,5 0,003553 0,000117 0,0026303 0,0000858 0,003735 0,0000859 0,0027141 0,0000618
101,5 0,003784 0,0001223 0,0027301 0,0000874 0,004146 0,0000918 0,0029309 0,0000642
108,5 0,004006 0,0001276 0,0028129 0,0000887 0,004264 0,0000944 0,0029266 0,0000642
115,5 0,003306 0,0001174 0,0022623 0,0000797 0,003668 0,0000888 0,0024484 0,0000588
122,5 0,004285 0,0001354 0,0028557 0,0000894 0,004392 0,0000986 0,0028505 0,0000633
129,5 0,004184 0,0001358 0,0027073 0,000087 0,004392 0,0001001 0,0027643 0,0000624
136,5 0,004209 0,0001382 0,0026446 0,0000861 0,004517 0,0001031 0,0027557 0,0000623
1435 0,003404 0,000126 0,0020825 0,0000765 0,003474 0,0000917 0,0020607 0,000054
150,5 0,004375 0,0001448 0,0026046 0,0000854 0,004956 0,0001111 0,0028548 0,0000634
157,5 0,004694 0,0001524 0,0027073 0,000087 0,004437 0,0001069 0,0024728 0,0000591
164,5 0,004184 0,0001461 0,0023393 0,000081 0,004336 0,0001073 0,0023436 0,0000575
171,5 0,004204 0,0001486 0,0022822 0,00008 0,00448 0,0001108 0,0023479 0,0000576
1785 0,004293 0,0001524 0,0022623 0,0000797 0,004818 0,0001168 0,0024441 0,0000587
185,5 0,004256 0,0001541 0,0021767 0,0000782 0,004507 0,0001148 0,0022129 0,0000559
192,5 0,004311 0,0001574 0,0021396 0,0000775 0,004559 0,0001173 0,0021684 0,0000554
199,5 0,004138 0,0001565 0,0019941 0,0000749 0,004554 0,0001191 0,002098 0,0000545
206,5 0,002393 0,0001204 0,0011269 0,0000565 0,002789 0,0000944 0,0012522 0,0000422
213,5 0,001789 0,0001049 0,0008302 0,0000485 0,001725 0,0000749 0,0007625 0,000033
220,5 0,001692 0,0001026 0,000776 0,0000469 0,001806 0,0000771 0,0007884 0,0000336
227,5 0,002081 0,0001145 0,0009414 0,0000517 0,002306 0,0000877 0,0009923 0,0000376
234,5 0,003536 0,0001508 0,001569 0,0000665 0,004057 0,0001177 0,0017074 0,0000492
241,5 0,00654 0,0002086 0,0028015 0,0000885 0,007029 0,0001578 0,0028462 0,0000633
248,5 0,008354 0,000242 0,0033977 0,0000973 0,00808 0,0001737 0,0031032 0,000066
255,5 0,009281 0,000263 0,0035489 0,0000994 0,008871 0,0001875 0,0032109 0,0000671
262,5 0,00953 0,0002754 0,003412 0,0000975 0,009515 0,0002005 0,0032296 0,0000673
269,5 0,009514 0,0002845 0,0031866 0,0000943 0,009011 0,0002016 0,0028663 0,0000635
276,5 0,001559 0,0001175 0,0005021 0,0000378 0,001297 0,0000779 0,0003978 0,0000239
2835 0,01389 0,0003598 0,0042421 0,0001084 0,014751 0,0002698 0,0042822 0,0000772
290,5 0,014614 0,0003879 0,0040396 0,0001058 0,015473 0,0002913 0,0040409 0,0000751
297,5 0,015915 0,0004268 0,003954 0,0001047 0,01681 0,0003211 0,0039217 0,000074
304,5 0,014167 0,0004247 0,0031666 0,000094 0,014486 0,0003151 0,0030271 0,0000652
3115 0,019327 0,0005252 0,0038456 0,0001033 0,02043 0,0003971 0,0037825 0,0000727
3185 0,020626 0,0005816 0,0035689 0,0000996 0,022444 0,0004483 0,0035771 0,0000708
3255 0,026698 0,0007171 0,0039198 0,0001043 0,027236 0,0005376 0,0036518 0,0000715
332,5 0,033958 0,000896 0,0040396 0,0001058 0,035033 0,0006772 0,0037853 0,0000727
339,5 0,038618 0,0010823 0,003566 0,0000996 0,038679 0,0008081 0,0032296 0,0000673
346,5 0,005684 0,000455 0,000445 0,0000356 0,00537 0,0003298 0,0003805 0,0000233
3535 0,077742 0,001845 0,00469 0,0001138 0,074527 0,0013449 0,0041099 0,0000757
360,5 0,148635 0,0032721 0,0042935 0,000109 0,149022 0,0024115 0,0039921 0,0000746
367,5 0,285714 0 0,0019798 0,0000746 0,285714 0 0,0018309 0,0000509

The comparison with respect to gender, age and location is done also for RHD
chronic case. According to the gender, the value of the log-rank test statistics are
equal to 0, which concludes that there exists significant difference in survival times

between genders for chronic RHD. This result presented in the Table 5.24.
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Table 5.24: Log-rank test results for chronic RHD

The comparison is done with respect to the three biggest cities in Turkey shows
means and medians for survival times for the three cities. In table 5.25 the median

time is the lowest for Ankara, which means the time until half of the population

Cwerall Comparisons

Chi-Square

of

Sig.

Log Rank (Mantel-Cow

64,104

oan

applies to the hospitals is the smallest, and equals to 170 days.

Table 5.25: Means and medians for survival time for the selected cities for chronic

RHD
Means and Medians for Survival Time
placeofliving hean? Median
95% Confidence Interval 95% Confidence Interval
Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound | Upper BEound
G 186,623 509 184,842 188,405 | 172,000 1,661 168,744 175,256
34 181,21 696 179,857 182,584 | 170,000 1172 167,702 172,298
35 214,628 952 212763 216,483 | 252,000 1,014 250,013 253,987
Crerall 191,360 482 190,417 192,304 | 186,000 1,189 183,670 188,330

The log-rank test shows the survival times for

significantly different as shown in Table 5.26.

Table 5.26: Log-rank test results for the selected cities for chronic RHD

the three selected cities are

Owverall Comparisons

Zhi-Square

of

Sig.

Log Rank (Mantel-Cox)

258674

oo
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This can be seen also from the survival and hazard curves respectively. The survival
patterns for Ankara and Istanbul seem identical and for Izmir there is a definite
difference from the other cities. The decrease in survival proportions is the slowest
for izmir. The hazard rates which focuses on the risk, on the contrary to survival

curves, there is an increasing risk for the investigated populations.
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Figure 5.15: Survival and hazard curves of three cities for chronic RHD

Lastly, the comparison of survival curves with respect to age is done. For some of
these ages survival curves represented to see the difference graphically. In the Figure
5.16 we see the survival curves of the ages 6, 36, 52 and 65. For the 6 years old
people the survival probabilities are higher for female, whereas for the ages 36, 52

and 65 the survival probabilities are higher for male.
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Figure 5.16: Survival curves for the ages 6, 36, 52 and 65 for chronic RHD

5.3.2.3. Comparisons of acute and chronic RHD

In this section, the comparisons are made with respect to acute and chronic RHD
morbidities to see the effect of disease type on survival times. The median
application time to health institutes is 116 days for acute RHD and 183 days for
chronic RHD. This shows acute cases apply health institutes much earlier than
chronic cases. This difference could be caused from the seasonal effect of acute

RHD. These results are presented in the Table 5.27.
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Table. 5.27: Means and medians for survival time for acute and chronic RHD

Means and Medians for Survival Time
1co-10 Meand Median
95% Confidence Interal 95% Confidence Interal
Estimate | Std. Error | Lower Bound | Upper Bound | Estimate | Std. Error | Lower Bound Upper Bound
' acute 142,945 2375 138,486 147,404 116,000 2228 111,633 120,367
chroni 188,018 290 187,448 188,587 183,000 JB40 181,746 184,254
Owerall 187,421 288 186,856 187,987 182,000 5490 180,844 183,156

The overall comparisons for acute and chronic RHD show that there is a significant
diference between the application times for acute and chronic RHD. This can be seen
in the log-rank test result in the Table 5.28. This result can also be seen from the

survival and hazard curves in the Figure 5.17.

Table.5.28: Log-rank test results for acute and chronic RHD

Owerall Comparisons
Zhi-Square df Sig.
Log Rank (Mantel-Cox) 307,484 1 oo
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Figure 5.17: Survival and hazard curves for acute and chronic RHD

5.4. Actuarial Premium Calculation for the Time to First Claims

To illustrate the use and impact of estimates obtained by using survival analysis, a
simulated data set is used only for poisoning. The reason for simulation is, as no
information on distribution of claim frequency and severity have been found due to

the scarcity of data. The survival estimates obtained by sub clasifications based on
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gender, location and age could not taken into account because of lack of information

on claim severity and frequency data with respect to these classifications.

As explained in chapter 3, the case application assumes the implementation of
individual risk model (IRM) and collective risk model (CRM) to find the impact of
survival estimates on actuarial premium calculation. Figure 5.18 represents an
assumption on a policy year partitioned into weeks and having n;, i=1,..52 claims per
week. In poisoning case the data shows that there exists totally 19,916 claims in

2008.

31/2007 ny ny ns» 31/2008

| | | | |
0 X1 t X5 t Xs; tsy

Figure 5.18: Representation of a policy year in IRM

In other words, let N; be the total number of time to first claims in the time period
having loss amount of Xj, i=1,2,..,19916. And for each interval, there are n; claims
n 52
having loss amount of X; where t=1,2,.52 and let X, = ZXf and S = ZX,
il =1
Moreover, the amount of loss is assumed to be Gamma distribution having expected

value and variance formulas for S are as follows (Bowers, 1997):

19916

ZE[X] Zn (5.1

19916

Var[S]1= Y Var[ X,] Zn x’q,(1-q,) (5.2)

where q; is the probability of having the first claim in the time interval t and 1-q;

denoting p; is the probability of not having the first claim in the time interval t.
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The second model that we use to estimate total claims S is the collective risk model.
According to the assumptions and the independency between periods in collective

risk model, we generate the claim amounts and claim numbers.

3172007 Ny N> Ns2 31/2008

| | | |
N, ~ Poi(4)

N ~ Poi(A)

Figure 5.19. Representation of a policy year in the CRM

The number of claims occurred in each time interval is a random variable in this
approach as presented in the Figure 5.19. Therefore, we generate N, the number of
frequency having Poisson distribution which is one of the most common distribution

used in literature for modelling claim frequency.

For the claim amount distribution, we assume that severity follows Gamma
distribution with the same parameters over one year period. For the estimation of the
parameters of the Gamma distribution for poisoning, Akar et al, 2007 gives the
estimates for mean and the standard deviation for intentional and unintentional cases.
These are given as y, =405.1 , 0, =240.8 and w, =245.7, 0, =169

respectively. As in the analyses there is no such division taken, these parameters are
found by averaging the means and standard deviations of intentional and

unintentional poisoning cases.

A ) ) A A 2 + 2 A . .
Mg =%, t,, =3254 and G =4/61 ~% | G =208.02. This yields the

estimates:

-2
A 2 A A
u=af, c*=af’, f==, a:x—2 and S=13298, a=2.44, as Gamma
x

A

[}

parameters.
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Similarly, the frequency distribution N is assumed to be Poisson with parameter A4

which is estimated by using the number of first claims within the year.
Therefore, based on the common distributions used in the literature, time to first

claims are generated by using Minitab software to immitate the scenario. The steps

of the analysis are as follows:

Step I: Estimate the Poisson parameters A, (t=1,2,..52) for each week. Use
Ai=Ae q,

Step II: Generate N, ~ Poi(A,)for each time interval t. (by using the A, values found

above based on the data)

Step III: Generate X, ~ Gamma(c,, 5,), where t refers to the time interval.
Step IV: Calculate E[Loss,]= A.® E[X,] for each interval t=1,2,..,52

52
Step V: Calculate E[Lo0ss,,,., 1= E[Loss,]

t=1

Based on the algorithm above, the expected claim amount and its variance are:

52 52 52
E[S1=)_8,=E[>_ x,N,1=> x4, (5.3)
=1 =1 t=1
52 52
Var[S]= Var(Zx,N,) = thz/lt (5.4)
1=1 t=1

This algorithm is simulated and the net premium is obtained according to the results

of simulation work summarized in Table 5. 29.
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Table 5.29: Simulation work results for poisoning

E[S] St Dev[S]
IRM 131,059 6458.96
CRM 123,966 6336.54

The calculated expected losses with respect to IRM and CRM are obtained based on
only the first claims from each individual in the population. These expected losses
constitute a part of total expected loss for a year, as claims more than one for each
individual is not taken into account in the calculation of survival analyses. It can be
concluded that CRM results in lower expected loss and standard deviation compared
to IRM. This result is expected as CRM includes the randomness in the frequency
dimension. It should be noted that, this approach does not take into account the age
of the individual which is an important factor in premium calculation. This enables
the researcher to estimate the size of expected loss for a portfolio of insurance policy

without getting into the specifications of the policy owner expect the gender.
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CHAPTER 6

CONCLUSION AND COMMENTS

In this thesis, non-parametric survival models are applied to the time to first claims
data for RHD and poisoning morbidities for the purposes of obtaining survival
probabilities, comparing the survival rate of those morbidities in terms of gender, age
and location; comparing the survival rates with respect to acute and chronic
specification; incorporating the time to first claims data to the actuarial premium
calculation and comparison of the individual and collective risk models based on the

survival probabilities obtained from Kaplan-Meier and Life Table methods.

The survival and hazard probabilities for each specified time interval are determined
by using non-parametric methods. To illustrate the use and impact of estimates
obtained by survival analysis on actuarial calculation a simulation work is performed
only for the poisoning. Based on the common distributions used in literature, time to
first claim distributions are generated by using Minitab software and a simulation
work is performed. Expected loss with respect to individual and collective risk

models are calculated for poisoning.

The data obtained from Social Security Institute of Turkey represents only the
population covered by this institute. The structure of the data does not allow to make
a proper analysis on calculating the incidence rates which would be an important
factor to calculate the premium values. In order to eliminate age and other risk

factors on calculating actuarial loss, time to first claims are considered.

The aim of this thesis is to investigate and determine the effect of time to first claim
on the actuarial calculation of certain morbidities. For this purpose, two different
types of morbidities are studied to model the time to first claim within a policy year
in order to find the time to first claim for determined periods in one year and its
impact on actuarial premium calculation. Based on the results of the proposed study

the following conclusions are made:
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(1) Kaplan-Meier and life table analysis yield survival rates calculated for
both of the morbidities for each gender based on the time to first claim
reflects reasonable values.

(i) The comparisons done with respect to gender in both morbidities yield
reasonable results. No gender impact for poisoning is found. However,
RHD results show significant difference between genders.

(i)  The comparisons done with respect to location (three metropolitans in
Turkey) show considerable differences for both morbidities. For both of
the morbidities, izmir has the highest survival probabilities with respect to
Ankara and Istanbul.

(iv)  The comparison based on age for both morbidities agree that there exists
significant variations for most of the ages.

v) The comparison based on acute and chronic RHD shows that there is
significant difference and chronic RHD has higher survival probabilities
than acute RHD as time passes.

(vi)  The information collected from the survival analysis based on time to first
claims enable researcher to determine expected loss values for any
selected period within the policy year.

(vii)  This approach enables researcher to implement risk models and make the
comparisons based on the distributions assumed for claim and frequency.
This also eliminates the age factor in the calculation of actuarial premium
value for a portfolio of health insurance under Social Security Institute in

Turkey.

As further study, the same analyses for a portfolio taken from an insurance company
can be done for comparison and efficiency reasons. The risk factors such as alcohol
consumption, smoking status, nutrition, family history, and past information about
having the morbidity should be associated in the survival rates which allows the

researchers to use Cox- Proportional Regression Analysis.
It should also be mentioned that the data set used in this study reflects the picture for

Social Security Institution which is the biggest health insurance supplier in Turkey.

A generalization of this study to Turkish population need to be studied.
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APPENDIX A

GOODNESS OF FIT TEST RESULTS

Figure: A.1 Goodness of fit outputs of poisoning for male
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Figure A.1 Continued
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Figure A.2 Goodness of fit outputs of poisoning for female
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Figure A.2 Continued

Probability Plot for timetofirstclaim
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Figure A. 3 Goodness of fit outputs of RHD for male
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Figure A. 3 Continued
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Figure A.4 Goodness of fit outputs of RHD for female
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Figure A. 4. Continued
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APPENDIX B

Table B.1: Life table of poisoning (Total) (2008)

Interval upper number number conditional standard
lower entering failed probability of | error
failure

0 6 19916 261 0,01311 | 0,0008058

7 13 19655 318 0,01618 | 0,0008999
14 20 19337 311 0,01608 | 0,0009046
21 27 19026 329 0,01729 | 0,0009451
28 34 18697 276 0,01476 0,000882
35 41 18421 294 0,01596 | 0,0009234
42 48 18127 277 0,01528 | 0,0009111
49 55 17850 350 0,01961 | 0,0010378
56 62 17500 352 0,02011 | 0,0010613
63 69 17148 362 0,02111 | 0,0010978
70 76 16786 362 0,02157 | 0,0011212
77 83 16424 355 0,02161 | 0,0011347
84 90 16069 363 0,02259 | 0,0011722
91 97 15706 373 0,02375 0,001215
98 104 15333 406 0,02648 | 0,0012966
105 111 14927 433 0,02901 | 0,0013737
112 118 14494 388 0,02677 | 0,0013407
119 125 14106 348 0,02467 | 0,0013061
126 132 13758 372 0,02704 | 0,0013828
133 139 13386 397 0,02966 | 0,0014662
140 146 12989 367 0,02825 | 0,0014539
147 153 12622 440 0,03486 | 0,0016327
154 160 12182 422 0,03464 | 0,0016568
161 167 11760 399 0,03393 | 0,0016695
168 174 11361 396 0,03486 | 0,0017208
175 181 10965 379 0,03456 | 0,0017445
182 188 10586 363 0,03429 | 0,0017687
189 195 10223 349 0,03414 | 0,0017959
196 202 9874 658 0,06664 | 0,0025098
203 209 9216 267 0,02897 | 0,0017471
210 216 8949 217 0,02425 0,001626
217 223 8732 187 0,02142 | 0,0015492
224 230 8545 185 0,02165 | 0,0015744
231 237 8360 277 0,03313 | 0,0019576
238 244 8083 388 0,048 | 0,0023777
245 251 7695 393 0,05107 | 0,0025096
252 258 7302 451 0,06176 | 0,0028171
259 265 6851 429 0,06262 | 0,0029271
266 272 6422 415 0,06462 | 0,0030679
273 279 6007 334 0,0556 | 0,0029566
280 286 5673 501 0,08831 | 0,0037673
287 293 5172 485 0,09377 | 0,0040535
294 300 4687 451 0,09622 | 0,0043075
301 307 4236 449 0,106 | 0,0047297
308 314 3787 473 0,1249 | 0,0053723
315 321 3314 477 0,14393 | 0,0060976
322 328 2837 458 0,16144 | 0,0069078
329 335 2379 447 0,18789 | 0,0080088
336 342 1932 500 0,2588 | 0,0099643
343 349 1432 371 0,25908 | 0,0115779
350 356 1061 491 0,46277 | 0,0153075
357 363 570 422 0,74035 | 0,0183643
364 371 148 148 1 0
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Table B2: Survival probabilities for poisoning per week per year (Total) (2008)

time | survival standard 95% confidence | upper
probability error interval lower

7 0,986895 | 0,0008058 0,985316 | 0,98847
14 0,970928 | 0,0011905 0,968595 | 0,97326
21 0,955312 | 0,0014641 0,952443 | 0,95818
28 0,938793 | 0,0016986 0,935464 | 0,94212
35 0,924935 | 0,0018671 0,921275 | 0,92859
42 0,910173 | 0,0020261 0,906202 | 0,91414
49 0,896264 | 0,0021606 0,89203 | 0,9005
56 0,878691 | 0,0023135 0,874156 | 0,88323
63 0,861016 | 0,0024512 0,856212 | 0,86582
70 0,84284 | 0,0025789 0,837785| 0,8479
77 0,824664 | 0,0026945 0,819383 | 0,82995
84 0,806839 | 0,0027974 0,801356 | 0,81232
91 0,788612 | 0,0028931 0,782942 | 0,79428
98 0,769884 | 0,0029825 0,764038 | 0,77573
105 0,749498 | 0,0030704 0,74348 | 0,75552
112 0,727757 | 0,0031541 0,721575 | 0,73394
119 0,708275| 0,003221 0,701962 | 0,71459
126 0,690801 | 0,0032749 0,684383 | 0,69722
133 0,672123 | 0,0033264 0,665603 | 0,67864
140 0,652189 | 0,0033749 0,645575 | 0,6588
147 0,633762 | 0,0034138 0,627071 | 0,64045
154 0,611669 | 0,0034535 0,6049 | 0,61844
161 0,59048 | 0,0034845 0,583651 | 0,59731
168 0,570446 | 0,0035076 0,563571 | 0,57732
175 0,550562 | 0,0035248 0,543654 | 0,55747
182 0,531532 | 0,0035359 0,524602 | 0,53846
189 0,513306 | 0,0035417 0,506364 | 0,52025
196 0,495782 | 0,0035429 0,488838 | 0,50273
203 0,462744 | 0,0035331 0,455819 | 0,46967
210 0,449337 | 0,0035247 0,442429 | 0,45625
217 0,438441| 0,003516 0,43155 | 0,44533
224 0,429052 | 0,0035071 0,422178 | 0,43593
231 0,419763 | 0,0034971 0,412909 | 0,42662
238 0,405855 | 0,0034796 0,399035 | 0,41267
245 0,386373 | 0,0034503 0,37961 | 0,39314
252 0,36664 | 0,0034146 0,359947 | 0,37333
259 0,343995 | 0,0033661 0,337397 | 0,35059
266 0,322454 | 0,0033121 0,315963 | 0,32895
273 0,301617 | 0,0032522 0,295243 | 0,30799
280 0,284846 | 0,0031982 0,278578 | 0,29112
287 0,259691 | 0,0031069 0,253601 | 0,26578
294 0,235338 | 0,0030059 0,229447 | 0,24123
301 0,212693 | 0,0028997 0,20701 | 0,21838
308 0,190149 | 0,0027807 0,184699 | 0,1956
315 0,166399 | 0,0026391 0,161226 | 0,17157
322 0,142448 | 0,0024766 0,137594 | 0,1473
329 0,119452 | 0,0022981 0,114947 | 0,12396
336 0,097007 | 0,0020972 0,092897 | 0,10112
343 0,071902 | 0,0018305 0,068314 | 0,07549
350 0,053274 | 0,0015914 0,050155 | 0,05639
357 0,02862 | 0,0011815 0,026305 | 0,03094
364 0,007431 | 0,0006086 0,006238 | 0,00862
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Table B. 3: Hazard rates for poisoning per week per year (Total) (2008)

time hazard Standard density standard
estimates | error estimates error

3,5 0,001884 | 0,0001166 | 0,0018721| 0,0001151
10,5 0,00233 | 0,0001307 0,002281 | 0,0001269
17,5 0,002316| 0,0001313 | 0,0022308 | 0,0001255
24,5 0,002492 | 0,0001374| 0,0023599 | 0,000129
31,5 0,002124 | 0,0001279| 0,0019797 | 0,0001183
38,5 0,002298 0,000134 | 0,0021089 | 0,0001221
45,5 0,0022 | 0,0001322 | 0,0019869 | 0,0001185
52,5 0,002829 | 0,0001512| 0,0025105| 0,000133
59,5 0,002903 | 0,0001547 | 0,0025249 | 0,0001334
66,5 0,003048 | 0,0001602 | 0,0025966 | 0,0001352
73,5 0,003114| 0,0001637| 0,0025966 | 0,0001352
80,5 0,003122 | 0,0001657 | 0,0025464 | 0,0001339
87,5 0,003264 | 0,0001713 | 0,0026038 | 0,0001354
94,5 0,003433 | 0,0001778 | 0,0026755| 0,0001372

101,5 0,003833 | 0,0001902 | 0,0029122 | 0,0001431
108,5 0,004205| 0,0002021| 0,0031059 | 0,0001476
115,5 0,003876| 0,0001968 | 0,0027831| 0,0001399
122,5 0,003568 | 0,0001913 | 0,0024962 | 0,0001326
129,5 0,003916 0,000203 | 0,0026683 | 0,000137
136,5 0,004301 | 0,0002158 | 0,0028477 | 0,0001415
143,5 0,004094 | 0,0002137| 0,0026325| 0,0001361
150,5 0,005068 | 0,0002416 | 0,0031561 | 0,0001488
157,5 0,005036 | 0,0002451 0,003027 | 0,0001458
164,5 0,004931 | 0,0002468 0,002862 | 0,0001418
171,5 0,005068 | 0,0002546 | 0,0028405| 0,0001413
178,5 0,005025| 0,0002581| 0,0027186 | 0,0001383
185,5 0,004984 | 0,0002616 | 0,0026038 | 0,0001354
192,5 0,004962 | 0,0002656 | 0,0025034 | 0,0001328
199,5 0,009848 | 0,0003837| 0,0047198 | 0,0001809
206,5 0,0042 0,000257 | 0,0019152 | 0,0001164
213,5 0,003507 0,000238 | 0,0015565 | 0,0001051
220,5 0,003092 | 0,0002261| 0,0013413 | 0,0000976
227,5 0,003127 | 0,0002299 0,001327 | 0,0000971
234,5 0,004813 | 0,0002892 | 0,0019869 | 0,0001185
241,5 0,007026 | 0,0003566 | 0,0027831| 0,0001399
248,5 0,007487 | 0,0003776 0,002819 | 0,0001408
255,5 0,009105 | 0,0004285 0,003235 | 0,0001506
262,5 0,009235| 0,0004456 | 0,0030772| 0,000147
269,5 0,00954 0,000468 | 0,0029768 | 0,0001446
276,5 0,00817 | 0,0004469 | 0,0023958 0,00013
283,5 0,013199 | 0,0005891| 0,0035937| 0,0001585
290,5 0,014055| 0,0006374 | 0,0034789| 0,000156
297,5 0,014441| 0,0006791 0,003235 | 0,0001506
304,5 0,01599 | 0,0007534| 0,0032207 | 0,0001503
311,5 0,019032 | 0,0008731| 0,0033928 | 0,0001541
318,5 0,022157 | 0,0010114 | 0,0034215| 0,0001548
325,5 0,025088 | 0,0011677 | 0,0032852 | 0,0001517
332,5 0,029625| 0,0013937| 0,0032063 | 0,0001499
339,5 0,042466 | 0,0018781| 0,0035865 | 0,0001584
346,5 0,042519| 0,0021829 | 0,0026612 | 0,0001369
353,5 0,086012 | 0,0037016| 0,0035219| 0,000157
360,5 0,167927 | 0,0066136 0,003027 | 0,0001458
367,5 0,285714 0| 0,0010616 | 0,0000869
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Table B.4: Life table of RHD (Total) (2008)

Interval | upper | number number | conditional standard
lower entering failed probability of error
failure

0 6 151563 2202 0,01453 | 0,0003074

7 13 149361 3583 0,02399 | 0,0003959
14 20 145778 3219 0,02208 | 0,0003849
21 27 142559 3139 0,02202 | 0,0003887
28 34 139420 2964 0,02126 | 0,0003863
35 41 136456 3348 0,02454 | 0,0004188
42 48 133108 2901 0,02179 | 0,0004002
49 55 130207 2606 0,02001 | 0,0003881
56 62 127601 3246 0,02544 | 0,0004408
63 69 124355 3189 0,02564 | 0,0004483
70 76 121166 2956 0,0244 | 0,0004432
77 83 118210 3031 0,02564 | 0,0004597
84 90 115179 3135 0,02722 | 0,0004795
91 97 112044 2885 0,02575 | 0,0004732
98 104 109159 3070 0,02812 | 0,0005004
105 111 106089 3102 0,02924 | 0,0005173
112 118 102987 2567 0,02493 | 0,0004858
119 125 100420 3067 0,03054 | 0,000543
126 132 97353 2944 0,03024 | 0,0005488
133 139 94409 2885 0,03056 | 0,0005602
140 146 91524 2199 0,02403 | 0,0005062
147 153 89325 2934 0,03285 | 0,0005964
154 160 86391 2695 0,0312 | 0,0005915
161 167 83696 2477 0,0296 | 0,0005858
168 174 81219 2462 0,03031| 0,0006016
175 181 78757 2530 0,03212 | 0,0006283
182 188 76227 2333 0,03061 | 0,0006239
189 195 73894 2283 0,0309 | 0,0006365
196 202 71611 2194 0,03064 | 0,000644
203 209 69417 1294 0,01864 | 0,0005134
210 216 68123 828 0,01215| 0,0004198
217 223 67295 826 0,01227 | 0,0004244
224 230 66469 1027 0,01545 | 0,0004784
231 237 65442 1750 0,02674 | 0,0006306
238 244 63692 2991 0,04696 | 0,0008383
245 251 60701 3385 0,05577 | 0,0009314
252 258 57316 3512 0,06127 | 0,0010018
259 265 53804 3481 0,0647 | 0,0010605
266 272 50323 3144 0,06248 | 0,0010789
273 279 47179 462 0,00979 | 0,0004534
280 286 46717 4483 0,09607 | 0,0013634
287 293 42229 4266 0,10102 | 0,0014665
294 300 37963 4140 0,10905 | 0,0015998
301 307 33823 3241 0,09582 | 0,0016005
308 314 30582 4009 0,13109 | 0,0019299
315 321 26573 3761 0,14153 | 0,0021383
322 328 22812 3950 0,17315| 0,0025052
329 335 18862 4078 0,2162 | 0,0029974
336 342 14784 3530 0,23877 | 0,0035063
343 349 11254 424 0,03768 | 0,0017949
350 356 10830 4537 0,41893 | 0,004741
357 363 6293 4310 0,68489 | 0,0058562
364 371 1983 1983 1 0
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Table B.S: Survival probabilities for RHD per week per year (Total) (2008)

time | survival standard | 95% Confidence upper
probability | error Interval lower

7 0,985471 | 0,000307 0,984869 | 0,9861
14 0,961831 | 0,000492 0,960866 | 0,9628
21 0,940592 | 0,000607 0,939402 | 0,9418
28 0,919882 | 0,000697 0,918515| 0,9212
35 0,900325 0,00077 0,898817 | 0,9018
42 0,878235 0,00084 0,876589 | 0,8799
49 0,859095 | 0,000894 0,857343 | 0,8608
56 0,841901 | 0,000937 0,840064 | 0,8437
63 0,820484 | 0,000986 0,818552 | 0,8224
70 0,799443 | 0,001029 0,797427 | 0,8015
77 0,77994 | 0,001064 0,777854 0,782
84 0,759941 | 0,001097 0,757791| 0,7621
91 0,739257 | 0,001128 0,737047 | 0,7415
98 0,720222 | 0,001153 0,717962 | 0,7225
105 0,699966 | 0,001177 0,697659 | 0,7023
112 0,6795| 0,001199 0,67715| 0,6818
119 0,662563 | 0,001215 0,660182 | 0,6649
126 0,642327 | 0,001231 0,639914 | 0,6447
133 0,622903 | 0,001245 0,620463 | 0,6253
140 0,603868 | 0,001256 0,601405 | 0,6063
147 0,589359 | 0,001264 0,586882 | 0,5918
154 0,570001 | 0,001272 0,567508 | 0,5725
161 0,552219 | 0,001277 0,549716 | 0,5547
168 0,535876 | 0,001281 0,533365| 0,5384
175 0,519632 | 0,001283 0,517117| 0,5221
182 0,502939 | 0,001284 0,500422 | 0,5055
189 0,487546 | 0,001284 0,48503 | 0,4901
196 0,472483 | 0,001282 0,46997 0,475
203 0,458008 | 0,00128 0,455499 | 0,4605
210 0,44947 | 0,001278 0,446966 0,452
217 0,444007 | 0,001276 0,441505 | 0,4465
224 0,438557 | 0,001275 0,436059 | 0,4411
231 0,431781 | 0,001272 0,429287 | 0,4343
238 0,420234 | 0,001268 0,41775| 0,4227
245 0,4005 | 0,001259 0,398033 0,403
252 0,378166 | 0,001246 0,375725| 0,3806
259 0,354994 | 0,001229 0,352585| 0,3574
266 0,332027 | 0,00121 0,329656 | 0,3344
273 0,311283 | 0,001189 0,308952 | 0,3136
280 0,308235 | 0,001186 0,30591| 0,3106
287 0,278623 | 0,001152 0,276366 | 0,2809
294 0,250477 | 0,001113 0,248295 | 0,2527
301 0,223161 0,00107 0,221065 | 0,2253
308 0,201777 | 0,001031 0,199757 | 0,2038
315 0,175326 | 0,000977 0,173412 | 0,1772
322 0,150512 | 0,000919 0,148711| 0,1523
329 0,12445 | 0,000848 0,122788 | 0,1261
336 0,097544 | 0,000762 0,09605 0,099
343 0,074253 | 0,000674 0,072933 | 0,0756
350 0,071455 | 0,000662 0,070159 | 0,0728
357 0,041521 | 0,000512 0,040516 | 0,0425
364 0,013084 | 0,000292 0,012512 | 0,0137
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Table B.6: Hazard rates for RHD per week per year (Total) (2008)

time | hazard Standard | density standard
estimates | error estimates error
3,5 0,002091 | 4,46E-05| 0,0020755| 4,39E-05
10,5 0,003469 | 5,79E-05| 0,0033772| 5,57E-05
17,5 0,00319 | 5,62E-05| 0,0030341| 5,29E-05
24,5 0,003181| 5,68E-05| 0,0029587 | 5,23E-05
31,5 0,00307 | 5,64E-05| 0,0027937| 5,08E-05
38,5 0,003549 | 6,13E-05| 0,0031557 | 5,39E-05
45,5 0,003148 | 5,84E-05| 0,0027344 | 5,03E-05
52,5 0,002888 | 5,66E-05| 0,0024563 | 4,77E-05
59,5 0,003681| 6,46E-05| 0,0030595| 5,31E-05
66,5 0,003711| 6,57E-05| 0,0030058 | 5,27E-05
73,5 0,003528 | 6,49E-05| 0,0027862 | 5,07E-05
80,5 0,003711| 6,74E-05| 0,0028569 | 5,14E-05
87,5 0,003942 | 7,04E-05| 0,0029549 | 5,22E-05
94,5 0,003726 | 6,94E-05| 0,0027193 | 5,01E-05
101,5 0,004075| 7,35E-05| 0,0028937 | 5,17E-05
108,5 0,004239| 7,61E-05| 0,0029238 | 0,000052
115,5 0,003606 | 7,12E-05| 0,0024196 | 4,73E-05
122,5 0,004431 0,00008 | 0,0028908 | 5,17E-05
129,5 0,004386 | 8,08E-05| 0,0027749| 5,06E-05
136,5 0,004433 | 8,25E-05| 0,0027193 | 5,01E-05
143,5 0,003474| 7,41E-05| 0,0020727 | 4,39E-05
150,5 0,004771| 8,81E-05| 0,0027655| 5,06E-05
157,5 0,004527 | 8,72E-05| 0,0025402 | 4,85E-05
164,5 0,004291 | 8,62E-05| 0,0023347 | 4,65E-05
171,5 0,004397 | 8,86E-05| 0,0023206 | 4,64E-05
178,5 0,004664 | 9,27E-05| 0,0023847 | 0,000047
185,5 0,00444 | 9,19E-05 0,002199 | 4,52E-05
192,5 0,004483 | 9,38E-05| 0,0021519| 4,47E-05
199,5 0,004445 | 9,49E-05 0,002068 | 4,38E-05
206,5 0,002688 | 7,47E-05| 0,0012197 | 3,38E-05
213,5 0,001747 | 6,07E-05| 0,0007804 | 0,000027
220,5 0,001764 | 6,14E-05| 0,0007786 | 0,000027
227,5 0,002224 | 6,94E-05 0,000968 | 3,01E-05
234,5 0,003872| 9,25E-05| 0,0016495| 3,92E-05
241,5 0,00687 | 0,000126 | 0,0028192| 0,000051
248,5 0,008195 | 0,000141| 0,0031906 | 5,42E-05
255,5 0,00903 | 0,000152 | 0,0033103| 5,52E-05
262,5 0,009552 | 0,000162 0,003281 | 0,000055
269,5 0,009213 | 0,000164 | 0,0029634 | 5,23E-05
276,5 0,001406 | 6,54E-05| 0,0004355| 2,02E-05
283,5 0,014416 | 0,000215| 0,0042302| 6,22E-05
290,5 0,015199 | 0,000232 0,004021 | 6,07E-05
297,5 0,016478 | 0,000256 | 0,0039022 | 5,98E-05
304,5 0,014378 | 0,000252 | 0,0030548 | 5,31E-05
311,5 0,020041 | 0,000316 | 0,0037787 | 5,89E-05
318,5 0,021759 | 0,000354 0,003545 | 5,71E-05
325,5 0,027081 | 0,000429 | 0,0037231| 5,85E-05
332,5 0,034629 | 0,000538 | 0,0038438 | 5,94E-05
339,5 0,038735| 0,000646 | 0,0033272| 5,53E-05
346,5 0,005486 | 0,000266 | 0,0003996 | 1,94E-05
353,5 0,075704 | 0,001084 | 0,0042764 | 6,25E-05
360,5 0,148795 | 0,001935| 0,0040624 | 0,000061
367,5 0,285714 0| 0,0018691| 4,17E-05
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Table B.7: Life table of acute RHD (Total) (2008)

Interval Lower  Upper Number Number failed  conditional standard error

entering probability of

failure

0 6 2005 32 0,01596 0,0027988
7 13 1973 65 0,03294 0,0040184
14 20 1908 46 0,02411 0,0035116
21 27 1862 56 0,03008 0,0039581
28 34 1806 69 0,03821 0,0045107
35 41 1737 81 0,04663 0,0050591
42 48 1656 42 0,02536 0,0038635
49 55 1614 55 0,03408 0,0045159
56 62 1559 46 0,02951 0,0042858
63 69 1513 59 0,039 0,0049768
70 76 1454 60 0,04127 0,0052163
77 83 1394 46 0,033 0,0047844
84 90 1348 69 0,05119 0,0060024
91 97 1279 73 0,05708 0,0064868
98 104 1206 72 0,0597 0,0068226
105 111 1134 78 0,06878 0,0075155
112 118 1056 69 0,06534 0,0076048
119 125 987 81 0,08207 0,0087364
126 132 906 70 0,07726 0,0088707
133 139 836 39 0,04665 0,0072938
140 146 797 34 0,04266 0,0071584
147 153 763 33 0,04325 0,0073643
154 160 730 24 0,03288 0,0065997
161 167 706 25 0,03541 0,0069556
168 174 681 27 0,03965 0,0074774
175 181 654 35 0,05352 0,0088006
182 188 619 29 0,04685 0,0084935
189 195 590 23 0,03898 0,0079685
196 202 567 34 0,05996 0,0099708
203 209 533 27 0,05066 0,0094987
210 216 506 6 0,01186 0,0048121
217 223 500 5 0,01 0,0044497
224 230 495 6 0,01212 0,0049184
231 237 489 11 0,02249 0,0067057
238 244 478 27 0,05649 0,0105591
245 251 451 33 0,07317 0,0122625
252 258 418 32 0,07656 0,0130048
259 265 386 36 0,09326 0,0148015
266 272 350 31 0,08857 0,0151871
273 279 319 9 0,02821 0,0092708
280 286 310 19 0,06129 0,0136233
287 293 291 36 0,12371 0,0193011
294 300 255 23 0,0902 0,017939
301 307 232 23 0,09914 0,0196203
308 314 209 27 0,12919 0,0232005
315 321 182 19 0,1044 0,0226654
322 328 163 33 0,20245 0,0314737
329 335 130 26 0,2 0,0350823
336 342 104 31 0,29808 0,0448531
343 349 73 3 0,0411 0,0232341
350 356 70 31 0,44286 0,0593699
357 363 39 25 0,64103 0,0768134
364 371 14 14 1 0
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Table B.8: Survival probabilities for acute RHD per week per year (Total) (2008)

Time Survival probability standard error  95% upper
confidence
interval
lower
7 0,98404 0,0027988 0,978554 0,989525
14 0,951621 0,0047919 0,942229 0,961013
21 0,928678 0,0057476 0,917413 0,939943
28 0,900748 0,0066775 0,88766 0,913836
35 0,866334 0,0075997 0,851439 0,881229
42 0,825935 0,0084678 0,809339 0,842532
49 0,804988 0,0088485 0,787645 0,82233
56 0,777556 0,0092879 0,759352 0,79576
63 0,754613 0,0096102 0,735778 0,773449
70 0,725187 0,0099698 0,705647 0,744727
77 0,695262 0,0102797 0,675114 0,71541
84 0,672319 0,0104823 0,651774 0,692864
91 0,637905 0,0107333 0,616868 0,658942
98 0,601496 0,0109339 0,580066 0,622926
105 0,565586 0,0110699 0,543889 0,587283
112 0,526683 0,0111505 0,504829 0,548538
119 0,492269 0,0111651 0,470386 0,514152
126 0,45187 0,0111145 0,430086 0,473654
133 0,416958 0,0110113 0,395376 0,438539
140 0,397506 0,0109293 0,376085 0,418927
147 0,380549 0,0108431 0,359297 0,401801
154 0,36409 0,010746 0,343028 0,385151
161 0,35212 0,0106668 0,331213 0,373026
168 0,339651 0,0105766 0,318921 0,360381
175 0,326185 0,01047 0,305664 0,346705
182 0,308728 0,010317 0,288507 0,328949
189 0,294264 0,0101773 0,274317 0,314211
196 0,282793 0,0100577 0,26308 0,302506
203 0,265835 0,0098661 0,246498 0,285173
210 0,252369 0,0097007 0,233356 0,271382
217 0,249377 0,0096623 0,230439 0,268314
224 0,246883 0,0096298 0,228009 0,265757
231 0,24389 0,0095903 0,225094 0,262687
238 0,238404 0,0095162 0,219753 0,257055
245 0,224938 0,0093249 0,206661 0,243214
252 0,208479 0,009072 0,190698 0,22626
259 0,192519 0,0088053 0,175261 0,209777
266 0,174564 0,0084774 0,157948 0,191179
273 0,159102 0,0081687 0,143092 0,175113
280 0,154613 0,0080741 0,138789 0,170438
287 0,145137 0,0078665 0,129719 0,160555
294 0,127182 0,0074408 0,112598 0,141766
301 0,115711 0,0071438 0,101709 0,129712
308 0,104239 0,0068242 0,090864 0,117615
315 0,090773 0,0064159 0,078198 0,103348
322 0,081297 0,0061033 0,069334 0,093259
329 0,064838 0,0054992 0,05406 0,075616
336 0,05187 0,0049526 0,042163 0,061577
343 0,036409 0,0041831 0,02821 0,044608
350 0,034913 0,0040994 0,026878 0,042947
357 0,019451 0,0030843 0,013406 0,025496
364 0,006983 0,0018596 0,003338 0,010627
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Table B.9: Hazard rates for acute RHD per week per year (Total) (2008)

time hazard estimates standard error density estimates standard error

3,5 0,002298 0,0004063 0,00228 0,0003998
10,5 0,004785 0,0005934 0,0046313 0,0005651
17,5 0,003486 0,000514 0,0032775 0,0004777
24,5 0,004362 0,0005828 0,00399 0,0005257
31,5 0,005564 0,0006697 0,0049163 0,0005816
38,5 0,006821 0,0007576 0,0057713 0,0006282
45,5 0,00367 0,0005662 0,0029925 0,0004569
52,5 0,004953 0,0006677 0,0039188 0,0005211
59,5 0,004278 0,0006307 0,0032775 0,0004777
66,5 0,005682 0,0007395 0,0042038 0,0005392
73,5 0,006019 0,0007769 0,004275 0,0005436
80,5 0,004793 0,0007066 0,0032775 0,0004777
87,5 0,007504 0,0009031 0,0049163 0,0005816
94,5 0,008393 0,0009819 0,0052013 0,0005976
101,5 0,008791 0,0010356 0,00513 0,0005936
108,5 0,010176 0,0011515 0,0055575 0,0006169
115,5 0,00965 0,001161 0,0049163 0,0005816
122,5 0,012225 0,0013571 0,0057713 0,0006282
129,5 0,011481 0,0013711 0,0049875 0,0005856
136,5 0,006824 0,0010923 0,0027788 0,0004406
143,5 0,006227 0,0010677 0,0024225 0,0004119
150,5 0,006315 0,0010991 0,0023513 0,0004059
157,5 0,004775 0,0009746 0,00171 0,000347
164,5 0,00515 0,0010298 0,0017813 0,000354
171,5 0,005778 0,0011118 0,0019238 0,0003677
178,5 0,007855 0,0013273 0,0024938 0,0004178
185,5 0,006853 0,0012723 0,0020663 0,0003809
192,5 0,00568 0,0011841 0,0016388 0,0003397
199,5 0,008831 0,0015138 0,0024225 0,0004119
206,5 0,007425 0,0014284 0,0019238 0,0003677
2135 0,001704 0,0006957 0,0004275 0,0001743
220,5 0,001436 0,0006421 0,0003563 0,0001591
227,55 0,001742 0,0007112 0,0004275 0,0001743
234,5 0,00325 0,0009799 0,0007838 0,0002357
2415 0,008304 0,0015974 0,0019238 0,0003677
248,5 0,01085 0,0018874 0,0023513 0,0004059
2555 0,011372 0,0020087 0,00228 0,0003998
262,5 0,013975 0,0023264 0,002565 0,0004236
269,5 0,013239 0,0023753 0,0022088 0,0003936
276,5 0,004088 0,0013626 0,0006413 0,0002133
283,5 0,009033 0,0020712 0,0013538 0,0003091
290,5 0,018838 0,0031329 0,002565 0,0004236
297,5 0,013494 0,0028105 0,0016388 0,0003397
304,5 0,014901 0,0031029 0,0016388 0,0003397
3115 0,01973 0,0037879 0,0019238 0,0003677
318,55 0,015735 0,0036044 0,0013538 0,0003091
325,55 0,032179 0,0055661 0,0023513 0,0004059
3325 0,031746 0,0061874 0,0018525 0,0003609
339,5 0,05004 0,0088486 0,0022088 0,0003936
346,5 0,005994 0,0034599 0,0002138 0,0001233
3535 0,081258 0,0139917 0,0022088 0,0003936
360,5 0,134771 0,0237671 0,0017813 0,000354
367,5 0,285714 0 0,0009975 0,0002657
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Table B.10: Life table of chronic RHD (Total) (2008)

Interval Upper Number entering  Number conditional standard error
Lower failed probability of
failure

0 6 149558 51565 0,34478 0,001229

7 13 97993 2357 0,02405 0,0004894
14 20 95636 2180 0,02279 0,0004826
21 27 93456 2119 0,02267 0,0004869
28 34 91337 2014 0,02205 0,0004859
35 41 89323 2185 0,02446 0,0005169
42 48 87138 1912 0,02194 0,0004963
49 55 85226 1697 0,01991 0,0004785
56 62 83529 2108 0,02524 0,0005427
63 69 81421 2085 0,02561 0,0005536
70 76 79336 1960 0,02471 0,0005511
77 83 77376 2051 0,02651 0,0005775
84 90 75325 2093 0,02779 0,0005989
91 97 73232 1890 0,02581 0,0005859
98 104 71342 2041 0,02861 0,0006241
105 111 69301 2038 0,02941 0,0006418
112 118 67263 1705 0,02535 0,0006061
119 125 65558 1985 0,03028 0,0006692
126 132 63573 1925 0,03028 0,0006796
133 139 61648 1919 0,03113 0,0006994
140 146 59729 1435 0,02403 0,0006266
147 153 58294 1988 0,0341 0,0007517
154 160 56306 1722 0,03058 0,0007256
161 167 54584 1632 0,0299 0,000729
168 174 52952 1635 0,03088 0,0007517
175 181 51317 1702 0,03317 0,0007905
182 188 49615 1541 0,03106 0,0007788
189 195 48074 1510 0,03141 0,0007955
196 202 46564 1461 0,03138 0,0008079
203 209 45103 872 0,01933 0,0006484
210 216 44231 531 0,01201 0,0005178
217 223 43700 549 0,01256 0,0005328
224 230 43151 691 0,01601 0,0006043
231 237 42460 1189 0,028 0,0008007
238 244 41271 1982 0,04802 0,0010525
245 251 39289 2161 0,055 0,0011502
252 258 37128 2236 0,06022 0,0012347
259 265 34892 2249 0,06446 0,0013146
266 272 32643 1996 0,06115 0,0013261
273 279 30647 277 0,00904 0,0005406
280 286 30370 2982 0,09819 0,0017075
287 293 27388 2814 0,10275 0,0018347
294 300 24574 2731 0,11113 0,0020049
301 307 21843 2108 0,09651 0,001998
308 314 19735 2634 0,13347 0,0024208
315 321 17101 2491 0,14566 0,0026976
322 328 14610 2543 0,17406 0,0031369
329 335 12067 2636 0,21845 0,0037614
336 342 9431 2249 0,23847 0,0043881
343 349 7182 265 0,0369 0,0022244
350 356 6917 2862 0,41376 0,0059218
357 363 4055 2780 0,68557 0,0072911
364 371 1275 1275 1 0
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Table B.11: Survival probabilities for chronic RHD per week per year (Total) (2008)

Time Survival probability standard error 95% confidence upper
interval lower

7 0,655217 0,001229 0,652809 0,657626
14 0,639458 0,0012416 0,637024 0,641891
21 0,624881 0,0012519 0,622428 0,627335
28 0,610713 0,0012608 0,608242 0,613184
35 0,597247 0,0012682 0,594761 0,599732
42 0,582637 0,0012751 0,580138 0,585136
49 0,569852 0,0012802 0,567343 0,572362
56 0,558506 0,001284 0,555989 0,561022
63 0,544411 0,0012878 0,541887 0,546935
70 0,53047 0,0012905 0,52794 0,532999
77 0,517365 0,0012921 0,514832 0,519897
84 0,503651 0,0012929 0,501117 0,506185
91 0,489656 0,0012926 0,487123 0,49219
98 0,477019 0,0012915 0,474488 0,47955
105 0,463372 0,0012894 0,460845 0,465899
112 0,449745 0,0012864 0,447224 0,452266
119 0,438345 0,001283 0,43583 0,44086
126 0,425073 0,0012783 0,422567 0,427578
133 0,412201 0,0012728 0,409707 0,414696
140 0,39937 0,0012664 0,396888 0,401852
147 0,389775 0,0012611 0,387304 0,392247
154 0,376483 0,0012528 0,374027 0,378938
161 0,364969 0,0012449 0,362529 0,367409
168 0,354057 0,0012366 0,351633 0,35648
175 0,343124 0,0012276 0,340718 0,34553
182 0,331744 0,0012175 0,329358 0,33413
189 0,321441 0,0012076 0,319074 0,323807
196 0,311344 0,0011973 0,308997 0,313691
203 0,301575 0,0011867 0,299249 0,303901
210 0,295745 0,0011801 0,293432 0,298058
217 0,292194 0,0011759 0,28989 0,294499
224 0,288524 0,0011716 0,286227 0,29082
231 0,283903 0,0011659 0,281618 0,286188
238 0,275953 0,0011558 0,273688 0,278219
245 0,262701 0,001138 0,26047 0,264931
252 0,248252 0,0011171 0,246062 0,250441
259 0,233301 0,0010936 0,231157 0,235444
266 0,218263 0,0010681 0,21617 0,220357
273 0,204917 0,0010437 0,202871 0,206963
280 0,203065 0,0010402 0,201026 0,205104
287 0,183126 0,0010001 0,181166 0,185086
294 0,164311 0,0009582 0,162433 0,166189
301 0,14605 0,0009132 0,144261 0,14784
308 0,131955 0,0008751 0,13024 0,133671
315 0,114344 0,0008229 0,112731 0,115956
322 0,097688 0,0007677 0,096183 0,099193
329 0,080684 0,0007042 0,079304 0,082065
336 0,063059 0,0006285 0,061827 0,064291
343 0,048022 0,0005529 0,046938 0,049105
350 0,04625 0,0005431 0,045185 0,047314
357 0,027113 0,00042 0,02629 0,027936
364 0,008525 0,0002377 0,008059 0,008991
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Table B.12: Hazard rates for chronic RHD per week per year (Total) (2008)

time hazard estimates standard error density estimates standard error

3,5 0,059514 0,0002563 0,0492547 0,0001756
10,5 0,003478 0,0000716 0,0022514 0,000046
17,5 0,003294 0,0000705 0,0020823 0,0000443
24,5 0,003276 0,0000712 0,0020241 0,0000437
315 0,003185 0,000071 0,0019238 0,0000426
38,5 0,003538 0,0000757 0,0020871 0,0000443
45,5 0,003169 0,0000725 0,0018263 0,0000415
52,5 0,002873 0,0000697 0,001621 0,0000391
59,5 0,003651 0,0000795 0,0020136 0,0000435
66,5 0,003706 0,0000811 0,0019916 0,0000433
73,5 0,003573 0,0000807 0,0018722 0,000042
80,5 0,003838 0,0000847 0,0019591 0,000043
87,5 0,004025 0,000088 0,0019992 0,0000434
94,5 0,003735 0,0000859 0,0018053 0,0000413
101,5 0,004146 0,0000918 0,0019496 0,0000429
108,5 0,004264 0,0000944 0,0019467 0,0000428
115,5 0,003668 0,0000888 0,0016286 0,0000392
122,5 0,004392 0,0000986 0,0018961 0,0000423
129,5 0,004392 0,0001001 0,0018388 0,0000416
136,5 0,004517 0,0001031 0,001833 0,0000416
1435 0,003474 0,0000917 0,0013707 0,000036
150,5 0,004956 0,0001111 0,0018989 0,0000423
157,5 0,004437 0,0001069 0,0016448 0,0000394
164,5 0,004336 0,0001073 0,0015589 0,0000384
171,5 0,00448 0,0001108 0,0015617 0,0000384
178,5 0,004818 0,0001168 0,0016257 0,0000392
185,5 0,004507 0,0001148 0,001472 0,0000373
192,5 0,004559 0,0001173 0,0014423 0,0000369
199,5 0,004554 0,0001191 0,0013955 0,0000363
206,5 0,002789 0,0000944 0,0008329 0,0000281
213,5 0,001725 0,0000749 0,0005072 0,000022
220,5 0,001806 0,0000771 0,0005244 0,0000223
227,5 0,002306 0,0000877 0,00066 0,0000251
234,5 0,004057 0,0001177 0,0011357 0,0000328
2415 0,007029 0,0001578 0,0018932 0,0000422
248,5 0,00808 0,0001737 0,0020642 0,0000441
255,5 0,008871 0,0001875 0,0021358 0,0000448
262,5 0,009515 0,0002005 0,0021482 0,000045
269,5 0,009011 0,0002016 0,0019066 0,0000424
276,5 0,001297 0,0000779 0,0002646 0,0000159
283,5 0,014751 0,0002698 0,0028484 0,0000516
290,5 0,015473 0,0002913 0,0026879 0,0000502
297,5 0,01681 0,0003211 0,0026086 0,0000495
304,5 0,014486 0,0003151 0,0020136 0,0000435
3115 0,02043 0,0003971 0,002516 0,0000486
318,5 0,022444 0,0004483 0,0023794 0,0000473
325,5 0,027236 0,0005376 0,0024291 0,0000478
3325 0,035033 0,0006772 0,0025179 0,0000486
339,5 0,038679 0,0008081 0,0021482 0,000045
346,5 0,00537 0,0003298 0,0002531 0,0000155
353,5 0,074527 0,0013449 0,0027338 0,0000506
360,5 0,149022 0,0024115 0,0026554 0,0000499
367,5 0,285714 0 0,0012179 0,000034
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