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Abstract

The probability of death and with it the hope ofrvéval depended in the past to a
considerable extent on the level of advancemenh®fhealth service, the medical findings
acquired and knowledge of the appropriate treatnpeotesses. The submitted study will
provide a look at the alternative assessment optbbability of death of persons in general,
who suffer from any disease. The modelling of thebpbility of death of persons with any
disease is possible with the use of the LOGIT aR©OBIT models of discrete selection,
which are gaining considerable popularity at préesensuch applications as marketing,
banking and insurance. The dependence on age pfabhability of death of a persoryears
old can be explained with the use of further vdeapboth discrete and also categorical. The
LOGIT or PROBIT models are capable of estimatinghwhe use of the distribution function
of logistic or normal distribution, the value ofetiprobability of death of a persaryears of
age, where further supplementary information magate various forms of the probability
function. On the basis of supplementary informatbout the population it is then possible to

construct various probability scenarios with thisattion of alternative variables.
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Introduction

The dependence on age of the probability of defh mersorx years old can be explained
with the use of further variables, both discretd also categorical. The LOGIT or PROBIT
models are capable of estimating, with the usehef distribution function of logistic or
normal distribution, the value of the probability death of a persow years of age, where
further supplementary information may create vegitarms of the probability function. In the
model presented the probability of death of a persgears old will be estimated for the

course of the neXt years from the medical examination (whkie any whole number) in the



case where the person has some diagnosed disgase,tte case where the person is
completely healthy.

The authors Spector and Mazzeo (1980) put toge#imerexample, where they
estimated the probability with which a student valicceed in the exam. Based on this
example probabilistic LOGIT and PROBIT models wereated, which are currently used by
many authors in their calculations and publicatiangh as Hoyos et al. (2010) or Yang and

Raehsler (2005) in microeconomic analysis.

1 Methodology
The explained variables &f models will be alternative. When the value of ableY equals
1, then the person will die withik years, and on the contrary when the value of bbaid
equals 0, the person will survikeyears. So that it would be possible also to deterthe
values of the probability of the occurrence of thienomenon between the two extremes, the
LOGIT and PROBIT models of discrete selection vk applied, when the explained
variables acquire values from the interval < 0>, The following variables may be used for
the model:
- AGE - the precise current age of the person inide@ health check,
- CIRD - the Constant of Increased Risk of Death, ciwhacquires values from
the interval 4 ; h >, wherel andh are whole numbers. The calculation of this corstan
arises for thei-th patient from Table 1, which is created duririge tmedical

examination,

Tab. 1. Replies of patients to doctor’s questionsuting general examination

v, v, b )
Smoker no occasionally regularly
Black coffee no occasionally regularly
Alcohol no occasionally regularly
Sleep regular irregular poor
Nutrition regular irregular poor

Source: author’s construction

and where instead of the verbal replies given terse recorded;, acquiring the
values “0” and “1”, where “0” = patient’s reply de@ot coincide with the word given
in the appropriate square and “1” = patient’s regyncides with the word given in

the appropriate square.



Tab. 2: Replies of patients to doctor's questionsutting general examination in
the format “0/1”

v v, v,
Smoker ;=01
Black coffet
Alcohol
Sleep

Nutrition
Source: author’s construction

From Table 2, in which the replies are recordethé0/1 format, emerges the CIRD

for thei-th patient from the formula (1),

where w;, w, and ws are the weights recommended on the basis of tloéokd
opinion. The general rule, arising from the literat is not here. It is possible to use
wy=1,wp=3.5andv;=7.

ILL — is a binary variable, acquiring the values’ “© the person does not have a
diagnosed iliness, or “1” = the person has a diagdallness.

DEATH_K - is a binary variable, acquiring the vaau®” = the person did not die
within k years of the medical examination, or “1” = thegoer died withirk years of

the medical examination.

The probability function for the LOGIT model (seg.eChristensen (1990)) is

_ _ _ 1
F?—E(Y—1|Xi)‘1+e—(ﬁo+ﬁ'xi)’ (2)
modified for this study in the form
1
P=E(Y= 1| X;)= 1+ @ (Bo* ALAGE * BCIRD + AoILL) (3)
wherei is thei-th person. Let us designate it
Z, =G +PB' X, 4)
and let us insert it for the purposes of this study
Z =, + BAGE + B,CIRD, + SILL, (5)
and the subsequent expression
1 e”
= =F(Z) (6)

' 1+e? 1+€n



is the distribution function of the logistic diditition. The probability that a person aged
years will not die withirk years of the moment of the medical examination is
1

1-R=7z 7)
and therefore
_1_F?P e (8)
By calculating the logarithm we obtain LOGIT
P :
which is transferred for the requirements of thiglg into the form
In% =7 =3, + BAGE + BCIRD, + BILL . (10)
From the general entry of the logarithm of the doiity function
| Sy € | ¢ 11
= 4 +(1-Y —
nL(5;.B) i:1Y|nl+ezi @-Y)In1 1+e® ||’ (11)
there arises after the substitution
N[ ghotbXi ghothXi
LGB =2 In[mJ + (1-Yi)|n[1-mﬂ (12)
and for the purposes of this study
ep0+ Bo+BiAGE; +B,CIRD; +S51LL;
N DEATH _Ki In(1+ ep0+ﬂ1AGEi +8,CIRD; +5ILL; ]
ln L(ﬁO!ﬁl!ﬁ21ﬂ3) = z (13)

i=1
+ (1_ DEATH - Ki ) In 1+ eﬁo*ﬂlAGEi +B,CIRD; +[5]LL;

[ o+ BiAGE, + B,CIRD, + BylLL, '
1 —_

For the PROBIT model (see e.g. Freese and Lon@6(2@ve utilise the general entry of the
logarithm of the credibility function
InL(5.B) = iZ::[Yi In(F(Z)) + L-¥)In(L- F(Z))] (14)
after substitution
INL(f5,.B) = i‘,[Yl IN(F (B, +B' X)) + L=X)In(L=F (B, +B' X)), (15)

and for the purposes of this study



N [DEATH _K, In(F (4, + BAGE, + BCIRD, + SILL,))

nL( BB ) = Z; + (L~ DEATH _K))In(1- F (B, + BAGE + BCIRD, + BILL))|

(16)
The distribution function is then
T A=
F(By+BX)= L e?dz, (17)
and after substitution for the purposes of thislgtu
1 ForBAGE*BCIRD AL -2
F(B,+ BAGE + BCIRD + BILL) =T | e?dz. (18)

—00

2 Parameter estimation

Estimating the unknown parameters of nonlineareggjon models is no problem today. The
software uses an iterative method. The softwaedf iselects the initial value. To estimate the
parameters of LOGIT and PROBIT model is recommendedase Statgraphics Centurion or
other statistical software package, because ibisnecessary to create own script or source
code. In the case that the analyst receives reqese matrix data with a sufficient number
of observations, it is possible to construct spectenarios of probabilities of death of
years old person. The data matrix can be requéstitl certain limitations) from databases
from health insurance corporations or it is possibirectly to let assemble by particular

doctor or medical facility.

Conclusion

The model that was presented will be used in theréuin various analyses. Suitable
modification of the presented model would lead atsalternative options for calculating the
probability of death ok-years old persons in life tables of the specibpydation, or even of
the overall population. With the increasing numbéradditional information increases the
possibility of using that model. Additional infortnan that leads to the transfer of certain
variables or demographic events to the situatioh-"@ happened, "1" - did not happen,

provide an opportunity to construct scenarios.
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