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SUMMARY 

The first part of the paper underlines the necessity to consider in the analysis of mortality 
the double nature of general age-specific mortality rates: they determine with the number and 
age distribution of persons exposed to the risk of dying the number and the age distribution 
of the deceased. An attempt is made to separate the impact of these two roles.  

The second part of the contribution describes the method of decomposition of the differ-
ences between the life expectancies at birth (and at higher ages) elaborated and used in the 
Demographic Research Institute of the HCSO, based on the evidence that the life expectancy 
at birth may be defined, among others, as the mean age of all the deceased of the life table 
and this mean age is equal to the weighted arithmetic mean of the mean ages of victims of 
different causes of death.  
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hanging age-specific mortality rates always lead to the change of all the other life-
table functions. The intensity of the phenomenon studied (i.e. mortality) remains 

equal to unity in all cases and the distribution of the deceased of the life table by ages 
changes in all cases. Life expectancy at birth remains equal among others to the mean 
age of the deceased of the life-table in all cases and this mean age remains equal to the 
weighted mean of the mean ages of victims of different causes of death in all cases. The 
decomposition of the differences between the two life expectancies is therefore the de-
composition of the differences between the two weighted arithmetic means in all cases. 

Several methods of decomposing the differences between the life-expectancies at birth 
have already been elaborated and published. The general age-specific mortality rates and 
the age- and cause-specific mortality rates have a certain role in all of them, but solely or 
almost solely in the distribution of the gains (or losses) in the number of person-years by 
causes of death studied. Their influence on the number and distribution by age and causes 
of death of the deceased of the life-tables compared is entirely neglected in all of them. 

The method elaborated and used for this purpose in the Demographic Research Insti-
tute of the HCSO starts from distributing the deceased in the death function of the life-
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table compared by causes of death. We are therefore highly interested in studying the al-
ready known and unknown or simply neglected properties of general age-specific morta-
lity rates and of age- and cause-specific mortality rates influencing the distribution of the 
deceased of the life table by age and causes of death studied. 

1. The double nature of the general age-specific and age- and cause-specific 
mortality rates 

The general age-specific mortality rates with the number and age distribution of per-
sons exposed to the risk of dying, immediately determine the number and the age distri-
bution of the deceased. They have therefore a double nature. If we consider an age inter-
val with a given number of those exposed to the risk of dying, a higher value of the 
corres-ponding age-specific mortality rate produces a higher number and a lower value a 
lower number of the deceased. If the number of those exposed to the risk of dying is 
given for all the age groups, it is easy to establish which from the two series of age-
specific mortality rates produces a higher or a lower number of the deceased. In a sepa-
rate age group a higher rate produces more and a lower rate produces less of them. This 
is not true if we consider the sum of general age-specific mortality rates. A higher sum 
may produce the same or a lower and a lower sum the same or a higher total number of 
deceased persons because the number of the deceased does not only depend on the level 
of the rates, but it also depends on some other still neglected properties of them. It is ob-
viously true that if in one of the series of the age-specific mortality rates all the values are 
lower than in the other one, the number of the deceased and the number of years they 
lived in different age groups and the total number of the deceased and of years they lived 
will be lower the and inversely. Nevertheless it may happen that the lower the values of 
all the rates, and the lower the value of their sum, then a lower number of deceased and a 
lower number of years they lived in all the age groups is connected with a higher number 
of years per one deceased (the total number of years lived divided by the total number of 
deceased). Such a situation is presented in Table 1.  

Column (1) of Table 1 shows the age groups, column (2) the mean ages at death in 
different age groups (calculated by using an appropriate weighting procedure), column 
(3) the number of those exposed to the risk of dying in different age groups (equal in this 
case to the number of years in different age groups (n(M) = n(F)), columns (4) and (5) the 
general age-specific mortality rates of Hungarian males and females in 1966, columns (6) 
and (7) the number of deceased males and females. Column (8) shows that the number of 
deceased males is higher in all the age-groups, columns (9) and (10) present the number 
of years lived by the deceased males and females. It is clear that the total number of years 
lived by deceased females is lower than that lived by deceased males, nevertheless the to-
tal number of years divided by the total number of the deceased is higher in the case of 
females (84.200390 > 83.077122). This fact may only be explained by an until now ne-
glected property of the series of general age-specific mortality rates: that is the ratios of 
the values of neighbouring rates in these series are different. The values of the rates ex-
perienced after childhood at higher ages exceed much more the rates experienced at 
younger ages by females. More precisely: their descent during the years of early childhood 
and their ascent after the minimum value attained is quicker than in the case of males.  
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If we multiply the series of general age-specific mortality rates of females by a con-
stant that makes them produce as many deceased females as the number of deceased 
males (5.578520/4.830677 = 1.154811), the number of deceased females in the oldest 
age group will already be higher than that of the males, but the total number of years 
lived by deceased females divided by the number of deceased females will differ from 
the value of this indicator just like in the previous situation. (See Table 2.) If we use an-
other multiplier (e.g. 0.5) the result will be the same. It is clear that the series of general 
age-specific mortality rates for females produce, ceteris paribus, a higher mean age of the 
deceased. The age-structure of the sum of these rates is also different: it is older in the 
case of females and younger in the case of males. 

In the past a considerable number of authors along with the United Nations Secre-
tariat considered only the differences between the corresponding elements of general 
age-specific mortality rates e.g. )( )()( m-m F

xn
M

xn , the sex differences of rates and their ratios 
e.g. )( )()( m/m F

xn
M

xn , the sex ratios of rates. In our case they are shown in columns (4) and 
(5) in Table 3. The following columns of Table 3 already show the properties of general 
age-specific mortality rates which have been neglected up to now. 

Columns (6) and (7) in Table 3 show that if we divide all the rates by the lowest rate 
in both series, i.e. the rate for 10–14 years of age and multiply the results of the division 
by 100, the rates for females obtained this way will be higher at younger ages and mainly 
at higher ages than the rates for males despite the fact that in reality the general age-
specific mortality rates in all the age groups are lower in the case of females (See Figure 
1.) The differences and ratios of these artificially created figures rise in both directions 
from the age-group 10–14. 

Figure 1. The general age-specific mortality rates for Hungarian males and females  
related to their lowest values in the age group 10–14, 1966 
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Columns (10) and (11) in Table 3 show the ratios of neighbouring rates separately in both 
series )( )()( m/m M

xn
M

n+xn  and )( )()( m/ m F
xnn

F
n+x . The conclusions remain the same as before. 

Columns (2) and (3) in Table 4 show the so called difference quotiens (i.e. the differ-
ences between the ordinate values divided by the differences between the abscissa val-
ues) calculated separately in both series. If we had the possibility to work with continu-
ous and differentiable functions of age-specific mortality rates, it would be possible to 
calculate the differential coefficients or derivatives with respect to x (the age) so as to 
work with tangents at different points to the curves instead of secants. Nevertheless it is 
possible even when working with secants, – i.e. straight lines joining two points of the 
curves – to calculate the slopes and the differences between the tangents and angles made 
by these lines with the age axis and calculate the curvatures – i.e. the rates of the changes 
of the angles between the tangents with respect to the different arcs of the curves – and 
show that the curvature is e.g. at older age higher in the case of females than in the case 
of males. We may easily separate the monotonically descending and ascending segments 
of the empirical curves and distinguish the parts of the curves which are concave down-
wards and concave upwards even in our case. 

Even in our case we would need a good approximation the length of the arc of the em-
pirical curves. It is possible to demonstrate that in the case of females we obtain a curve, in 
the oldest age group, the arc of which is linked with a higher mean age of all the deceased of 
the life-table in question. This, however, does not mean a higher total length of life. 

Columns (2) and (3) in Table 5 contain the values of the general age-specific mortal-
ity rates multiplied by the length of the age groups. The age-specific probabilities of sur-
viving and dying of corresponding life tables may immediately be calculated by using the 
simple exponential formula ( )mnp xnn x

exp −=  and ( )mnpq xnn xn x
exp −−=−= 11 , or the 

formulae of Reed and Merrell, of Greville, of Keyfitz and Frauenthal, etc. The same is 
true for the probabilities of surviving and dying from the exact age 0 to the exact age x, 
i.e. practically all life-table functions may already be calculated by using them. The sum 
of the multiplied general age-specific mortality rates is smaller in the case of females 
than in the case of males. 

Columns (4) and (5) of Table 5 and Figure 2 show the age-structure (the percentage 
distribution) of the sums of these two series of multiplied rates. The elements of this dis-
tribution for younger ages are smaller and for older ages higher in the case of females. 

Columns (6) and (7) present the cumulated values of these two series of multiplied rates. 
Columns (8) and (9) show the same calculated by using the data of their percentage distribu-
tion (included in columns (4) and (5) (see Figure 3). The figures in column (9) are smaller 
than those in column (8) and in the case of the female population they approach the upper 
limit 100 percent slower than in the case of the males. This slow convergence is also linked 
with a lower mortality level, i.e. with a longer life expectancy at birth of females. 

Columns (10) and (11) in Table 5 show the distance between the cumulated general 
age-specific mortality rates and their sums. If we denote this distance by va , we may cal-

culate it by using the formula . 
ω

00

ω

0
xn

x=
xn

x=a

x=
xn

x=
a mn/mn-mn=v ∑∑∑ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛  The data in columns (6) and 

(7), and in columns (8) and (9) are both appropriate for realising this calculation. The 
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cumulated values of the general age-specific mortality rates may be reproduced by using 

the Baule–Mitscherlich saturation function: )1(
00

v- mnmn axn
=x

xn
a=x

=x
∑∑ =
ω

, or ( )va−1100 , where 

va denotes the distance in question. The values of the va are bigger at all ages in the case 
of females than in the case of males, which is also due to the lower mortality level, i.e. to 
the higher life expectancy of females at birth. In the case of the male population the val-
ues of v50 = (5.578520 - 0.136170)/5.578520 = (100 - 2.440970)/100 = 0.975590, and the 
value of multiplied rates cumulated from the age 0 to 50 = 5.578520 (1 - 0.975590), or in 
percentages 100(1 - 0.975590) = 2.440970.  

Figure 2. Distribution by age groups of the sum of general age-specific mortality rates 
 for Hungarian males and females, 1966 
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Figure 3. Cumulated values of general age-specific mortality rates of Hungarian males  

and females factually and on the basis of the age structures of their sums, 1966 
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Columns (12) and (13) in Table 5 show those multipliers of the cumulated values of 
the multiplied age-specific mortality rates nnmx

(F) and nnmx
(N) which assure that they reach 

their total sum. If we denote these multipliers by sa, the formula used for their calculation 

may be written as follows: . mn / mn -mn = s xn
a=x

=x
xn

a=x

=x
xn

=x
a ∑∑∑ ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

000

ω
Their values may be calcu-

lated by using the data of columns (6) and (7) or columns (8) and (9). In the case of the 
male population the value of  

s50 = (5.578520 — 0.136170)/0.136170 = (100 — 2.440970)/2.440970, 

because  

5.578520 — 0.136170 = 39.967320 · 0.136170 = 5.442350 

and  

5.442350/39.967320 = 0.136170, 

and if we use the data of the percentage distribution:  

100 — 2.440970 = 39.967320 · 2.440970 = 97.559030 

and  

97.559030/39.967320 = 2.440970. 

The calculated values of general age-specific mortality rates may be reproduced by 
using the well-known logistic function  

)(1
1

1 1-

000
axn

=xa
xn

=x
xn

a=x

=x
smn= 

s+ 
mnmn +⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= ∑∑∑

ωω
    or    )100(1

1
1 1-

a
a

s+ = 
s+

 100 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ . 

The sum of multiplied rates cumulated from age 0 to 50 equals ( ) =39.967320)+(11 5.578850  
0.136170=)39.967320+5.578850(1= -1 , or expressed in percentages ( ) =39.967320)+(11 100  

.2.440970=)39.967320+(1 100= -1  The values of this multipliers sa are higher in the case of the 
female population than in the case of the male population. This property of the general age-
specific mortality rates is also linked with the lower mortality level, i.e. higher life expec-
tancy at birth of females. 

On the basis of the example we have just analysed, it is possible to state that when compar-
ing two series of general age-specific mortality rates (and age- and cause-specific mortality 
rates) it is not sufficient to consider only their differences and their ratios, but, especially if we 
want to understand their roles in creating differences in mortality levels, it is necessary to con-
sider the differences in their rates of descent and ascent, in their relative magnitudes, in their 
concavities, curvatures, difference quotients (or derivatives, if possible), the differences in the 
age structure of their sums, in the speed and acceleration of the convergence of their cumulated 
values to their sums, as well as the distances of their cumulated values from their sums, the dif-
ferences of the multipliers which – in the different age groups – assure that they reach their sums 
by their cumulated values. These neglected properties of general age-specific mortality rates are 
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related to their properties – which have already been considered many times –, i.e. to their dif-
ferences and their ratios. We may formulate the following hypothesis: bigger differences be-
tween the corresponding values of the rates in question and their higher ratios involve bigger 
differences in their up until now neglected properties as well. 

The same is true of the age- and cause-specific mortality rates with a few exceptions 
concerning mainly their absence in a few cases at some ages, the nature of their concav-
ity and curvature, etc. which must be analysed in the case of each cause of death sepa-
rately. It is very important to understand that they also have a double nature as well: they 
determine, with the number and age structure of those exposed to the risk of dying, the 
number and the age structure of the victims of given causes of death. In the case of the 
life tables by causes of death, the sum of the victims of different causes of death is equal 

to the radix of the life table ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= ∑∑ dl xinix

,0  and thus it is easy to calculate the structure of 

the deceased in the life table by causes of death and the mean ages of victims of different 
causes of death. The mean age of all the deceased, as it has already been mentioned, is equal 
to the weighted arithmetic mean of the mean ages of victims of different causes of death. 

In case of the period life-tables by causes of death, we may ask whether the number 
and age structure of those exposed to the risk of dying are really separate immediate de-
terminants of the number and age structure of the deceased or are also determined by 
general age-specific mortality rates which are the sums of cause- and age-specific morta-
lity rates. Demographers  know  that  one  of  the  possibilities  of  calculating  the  prob-
abilities  of  surviving  from  birth  to  age  a,  if  l0 = 1,  is  the  use of  cumulated (or  in-

tegrated) values of general age-specific mortality rates ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∑ xn
a

0x=
0a0a mn- exp=p=l/l  and 

la/l0 = ap0 = ap0
(1) · ap0

(2) · ap0
(3) ..., where ap0

(1), ap0
(2), ap0

(3) denote the corresponding probabilities of 
surviving from birth to the age a by causes of death denoted here by (1), (2), (3) etc. The 
number and age structure of exposed to risk of dying may easily be calculated by using 
simply the general age-specific or age- and cause-specific mortality rates and the total 
number of exposed to risk of dying in a period life table. If l0 = 1, it is equal to the life 
expectancy at birth i.e. to the mean age of all the deceased in the life table 

.  d/dx=T=L= e x
x=

x
x=

xn
x=

∑∑∑
ωωω

00
0

0

0
0  

Another important property of the general age-specific and age- and cause-specific 
mortality rates therefore, is that their already known and up until now neglected prop-
erties determine the number and age composition of the deceased by specifying the 
number and age composition of those exposed to the risk of dying as well: a higher 
mean age of all the deceased in a period life-table is, among others, the result of a 
higher mean age of those exposed to the risk of dying and inversely: a lower mean age 
of all the deceased is, among others, the result of a younger age structure of those ex-
posed to the risk of dying. 

Let us consider after this introduction the method of decomposing the differences be-
tween the life expectancies at birth elaborated and used in the Demographic Research In-
stitute of the HCSO. 
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2. The method of decomposing the differences between the life expectancies at birth 
elaborated and used in the Demographic Research Institute of the HCSO 

When using this method first we calculate the number of the deceased in each age 
group of the life table based on the causes of death studied by using the elements of dis-
tribution of the deceased relying on the causes of death in reality or the composition by 
causes of death of the general age-specific death rates, which are sums of age- and cause-
specific death rates  

It is natural that 1  ;    ;
0

0 =d/d  l =d d=d xn
x=

xi,n
ix

n xi,
ix

xnxi,n
i

∑∑∑∑∑∑  where i denotes the 

causes of death (i = 1, ..., 11). 
The structure by the causes of death of the deceased in a life table is different 

from that of the deceased based on the causes of death in reality mainly because of 
the differences in the age structure of the real and the stationary life-table popula-
tions. 

The differences between the life expectancies at age x can be calculated by using two 
methods. If we are interested only in calculating the differences between life expectan-
cies at birth, the easiest way is perhaps first to calculate directly the mean age of victims 
of different causes of death, then those of all causes of death. 

The mean age of death in different age groups may be calculated by using the for-
mula 

d

nl -L
 + x = x

n
M

x

M
nxn

M
x(M)

)(

)()(
+  

in the case of males and 

d

nl  - L
 + x = x

n
F

x

F
nxn

F
xF

)(

)()(
)( +  

in the case of females. 
The mean age at death of all victims and those of different causes of death may be 

calculated by using the formulae in the case of males: 

d

dx
 =e

 M 
xn

0x=

n
 M 

x
 M 
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∑

∑
ω
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∑
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and in the case of females the formulae: 

d
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If we divide the number of years the deceased lived by their mean ages, we obtain 
their numbers in the corresponding life table: 

  d  
e

dx
 M 

xi,n
x=

 M 
i,

n
 M 

xi,
 M 

x= )(

0
)(0

0

)()(

0 ∑
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in the case of males and 

  d 
e

dx
F 
xi,n

x=
 F 

i,

 F 
xi,n

F

x= )(

0
)(0

0

)()(

0 ∑
∑

≈
ω

ω

 and      d
e

dx
 F 

xn
x=

 F 

 F 
xn

 F 

x= )(

0
)(0

0

)()(

0 = ∑
∑ ω

ω

 

in the case of females. 
The most important question remains the same as what it was before: how to trans-

form the differences between the age-specific mortality rates into differences between 
life expectancies at birth? 

If we assume as before that l0 = 1, it is clear that 

[ ] [ ] [ ]  l ln exp = pln  exp= x d- exp =  M-  exp=l xx

x

xxx 0
0 ⎥

⎥
⎦

⎤

⎢
⎢
⎣

⎡
∫ μ  

where xp0 = lx/l0 = exp[-Mx], i.e. the probability of surviving from birth till the exact age x and 
the number of survivors in the life table with l0 = 1; μ x  denotes the value of the definite 
integral of the force of mortality within the limits of age groups, i.e. approximately the 
value of the age-specific mortality rate denoted generally mx (or nmx) in life tables  
nmx =(-lnn px)/n;  

( )l/lln -=pln -=mn=m=dx=M xxxx
x

x=
x

x
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x 00
0

1
00
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If we consider the additivity of μ x or mx subdivided by causes of death, i.e. the fact 
that  

μμμ μ x
i

xix,x, == ...++ ∑ ,21 , 

or 

m==...+m+m xn
i

xinn x,n x, m∑ ,21 , 

then we may write 
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where 1, 2, ... etc. are the different causes of death, denoted previously by i. 
John H. Pollard has shown that 
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His demonstration is undoubtedly correct, but the result we obtain by using his final 
formula is very different from our results. 

If we are interested in calculating the differences between the life expectancies at 
higher ages too, we cumulate from the highest ages the values of ndi,x for obtaining the 
numbers of survivors as future victims of different causes of death (li,x). It is obvious that 

l = l xxi,
i
∑  and the sum of the elements of the structures of survivors as future victims of 

different causes of death is equal to 1 at each exact age. 
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The next step is the calculation of the total stationary population and the stationary 
subpopulation in the life table by causes of death (nLi,x). It is natural that 

L=L n xn xi,
i
∑ . 

For the age intervals 0 to 1, 1 to 4 and 5 to 9, the calculation can be done by using the 
following well-known formulae: 

1L0 = (0,07 + 1,7M0)d0 + l1, where M0 is the mortality rate for 0 year of age,  

4L1 = 1,54d1 + 4l5,    and   5L5 = 2,55d5 + 5l10 . 

For the following five-year age intervals (until the age of 85) we have the formula: 

)(
24
5)(

24
65

1055 l+ l   - l+l=L +x-x+xxxn  

For the last (open ended interval) the result may be obtained by using the following 
formula: 

 ,M/l = M/l=e l=L 85858585
0
858585 )1( ∞∞∞ ⋅  

where M∞ 85  is the mortality rate for 85 years of age and above. 
The calculation of the stationary subpopulation by causes of may be obtained suppos-

ing that 
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,

,,
,,,

+
+ +  

Obviously this is not true; the distribution of the victims of different causes of death, 
especially in five-year age intervals, may differ from that of victims of all causes of 
death. More precise results may be obtained if the distribution of the deceased by causes 
of death for single-year intervals is available. 

The next step is to calculate the total after-life time of all survivors and of the survi-
vors as future victims with different causes of death. It may be realized by cumulating 
the nLx and nLi,x values from the highest ages and so T=T xi,

i
0∑  . 

The life expectancies at age x of all survivors and survivors as future victims with dif-
ferent causes of death may be calculated by using the formulae: 

l
T= e

x

x
x
0   and  

l
T= e

xi,

xi,
xi,

0  . 



EMIL VALKOVICS 112 

  
Ta

bl
e 

7 

C
on

tri
bu

tio
n 

of
 m

or
ta

lit
y 

ba
se

d 
on

 c
au

se
s o

f d
ea

th
 to

 th
e 

di
ffe

re
nc

es
 b

et
we

en
 li

fe
 e

xp
ec

ta
nc

ie
s a

t b
ir

th
 o

f H
un

ga
ri

an
 fe

m
al

es
 a

nd
 m

al
es

 
C

al
cu

la
te

d 
us

in
g 

th
e 

m
et

ho
d 

of
 

C
al

cu
la

te
d 

us
in

g 
th

e 
m

et
ho

d 
of

 

Po
lla

rd
 

A
nd

re
ev

 
Pr

es
sa

t 
D

R
I 

of
 th

e 
H

C
SO

 
Po

lla
rd

 
A

nd
re

ev
 

Pr
es

sa
t 

D
R

I  
of

 th
e 

H
C

SO
 

Th
e 

ca
us

es
 o

f d
ea

th
 st

ud
ie

d 

da
ta

 fo
r 1

96
6 

da
ta

 fo
r 1

99
4 

(1
) 

(2
) 

(3
) 

(4
) 

(5
) 

(6
) 

(7
) 

(9
) 

(9
) 

In
fe

ct
io

us
 a

nd
 p

ar
as

iti
c 

di
se

as
es

 
0.

34
1 

0.
34

2 
0.

34
1 

-1
.1

85
 

0.
12

6 
0.

12
4 

0.
12

8 
-0

.0
14

 
N

eo
pl

as
m

s(
 a

ll 
fo

rm
s)

 
0.

64
0 

0.
67

7 
0.

64
7 

-1
.6

46
 

1.
95

4 
1.

97
9 

1.
88

9 
-1

.3
39

 
D

is
ea

se
s o

f t
he

 c
irc

ul
at

or
y 

sy
st

em
 

1.
06

8 
1.

05
6 

1.
05

6 
5.

88
1 

2.
50

3 
2.

51
8 

2.
45

7 
8.

61
6 

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

s 
0.

16
9 

0.
18

0 
0.

17
5 

3.
53

2 
0.

65
8 

0.
66

5 
0.

64
1 

2.
67

8 
D

is
ea

se
s o

f t
he

 re
sp

ira
to

ry
 sy

st
em

 
0.

32
4 

0.
33

9 
0.

33
3 

-0
.7

30
 

0.
55

7 
0.

56
8 

0.
52

5 
0.

72
9 

D
is

ea
se

s o
f t

he
 d

ig
es

tiv
e 

sy
st

em
 

0.
13

8 
0.

13
4 

0.
13

6 
0.

24
0 

0.
19

9 
0.

19
3 

0.
20

4 
0.

22
9 

C
hr

on
ic

 li
ve

r d
is

ea
se

 a
nd

 c
irr

ho
si

s 
0.

10
1 

0.
09

9 
0.

10
1 

-0
.2

47
 

1.
24

4 
1.

21
4 

1.
27

5 
-1

.4
79

 
C

on
ge

ni
ta

l a
no

m
al

ie
s 

0.
00

7 
0.

00
6 

0.
00

6 
0.

00
1 

0.
00

9 
0.

00
9 

0.
01

0 
-0

.0
51

 
C

er
ta

in
 c

on
di

tio
ns

 o
rig

in
at

in
g 

in
 th

e 
pe

rin
at

al
 p

er
io

d 
0.

45
0 

0.
42

7 
0.

44
0 

-0
.0

01
 

0.
15

8 
0.

15
4 

0.
16

5 
0.

00
0 

In
ju

ry
 a

nd
 p

oi
so

ni
ng

 
1.

28
2 

1.
22

7 
1.

26
7 

-0
.7

20
 

1.
73

6 
1.

72
2 

1.
83

7 
0.

16
8 

A
ll 

ot
he

r c
au

se
s o

f d
ea

th
 

0.
23

4 
0.

26
7 

0.
25

2 
-0

.3
71

 
0.

32
0 

0.
31

8 
0.

33
3 

-0
.0

73
 

To
ta

l 
4.

75
4 

4.
75

4 
4.

75
4 

4.
75

4 
9.

46
4 

9.
46

4 
9.

46
4 

9.
46

4 

 



MORTALITY RATES 113 

The life expectancy at birth (e0
0), i.e. the mean age of all the deceased in the life table, 

as it has already been mentioned, is a weighted arithmetic mean of mean ages at the 
death of victims with different causes of death. If we denote the proportions of victims of 
different causes of death by fi then 

)1( 0 ,
0
00 ,

0
0  = f      e f = e i

i
i,i

i
∑∑ . 

The ‘mean of means’ nature of life expectancy at birth, or the mean age of all the de-
ceased in the life table is sometimes presented by showing the balances with two hands. 
The weights hanging on both hands of balances are the numbers of the deceased in the 
life-tables due to different causes of death. Their sum is equal in our case to 100,000 (i.e. 
to the radix of the life-tables we use). The points of suspension of weights are the mean 
ages at the death of victims of corresponding causes of death. The sum of weights multi-
plied by the differences between the suspension points of weights and suspension point 
of balances is the same on both hands of the balances. The sign of these equal sums is 
nevertheless different and their algebraic sum is therefore equal to zero; corresponding to 
the concept of weighted arithmetic mean. The decomposition of the differences between 
the points of suspension of the balances means, in this case, the decomposition between 
the life expectancies at birth. 

If we want to show not only the contribution of the different causes of death to the 
differences between the life expectancies at birth, but to present the contributions in 
question as the sums of ‘structural effects’ and ‘mortality level effects’ as well, we may 
use for this purpose the method of double standardization elaborated by E.M. Kitagawa 
(1955, 1964). 

If we denote the weights when studying e.g. the differences between the life expec-
tancies at birth of females and males by f F

i,
)(

0  and  ,f M
i,

)(
0 and the life expectancies at birth of 

future victims with different causes by e F
i,

)(0
0  and  ,e M

i,
)(0

0  then life expectancies at birth 
(exact 0 years of age) will be  

fe =e F
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F
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F )(
0

)(0
0

)(0
0 ∑     and    fe= e M
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M

i,
i

M )(
0

)(0
0

)(0
0 ∑ , 

and the difference between the expectancies at birth for females and males will be 
equal to 

. fe-fe=e-e M
i,

M
i,

F
i,

F
i,

i

M F ][ )(
0

)(0
0

)(
0

)(0
0

)(0
0

)(0
0 ∑  

The contribution of mortality, based on different causes of death, to the differences 
between life expectancies at birth is very different from that calculated by using the 
methods of Pollard (1982, 1988), Andreev (1982), Pressat (1985, 1995) and Arriaga 
(1984). (See Table 7.) An explanation for the origin of these differences has been pro-
vided in two of the previous papers of Valkovics (1991, 1996). 

In order to show the effect of the differences of the structures of the deceased based 
on causes of death and the effect of the differences of the mean ages in the death of vic-



EMIL VALKOVICS 114 

tims with different causes of death in corresponding life-tables, we may use one of the 
following formulae: 
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The first part of these formulae shows the impact of the differences of the structure of 
the deceased by causes in corresponding life-tables. The second part of these formulae 
shows the effect of the differences of mean ages of victims with different causes of death 
in corresponding life-tables. 

We emphasise that double standardization method may only be used for decomposing 
the contributions of different causes of death to the differences between life expectancies 
at birth into 'structural effects' and ‘mortality level effects’. 

When comparing two mortality structures by causes of death (in other words: two 
structures of the deceased by causes of death) we can see that the mortality structure 
which is more favourable from the point of view of the mortality level is the one where 
the proportion of causes of death killing their victims at older ages is higher. When we 
compare two sets of mean ages of victims of different causes of death, the set with higher 
mean ages is more favourable. A more favourable mortality structure and a more favour-
able set of mean ages at the death of victims with different causes of death result a higher 
life expectancy at birth, i.e. a lower mortality level and vice versa. 

The observed mean ages at death and the mean ages at death in the life tables by 
causes of death of victims of different causes of death we use in our contribution are 
naturally not independent, they are influenced by the fact that each cause of death is act-
ing in coexistence with all the other causes of death. I few special cases, when it is possi-
ble to calculate them in pure state, as every demographer knows it, the non-independent 
mean ages may be even very different from the independent mean ages. 

If we consider the method elaborated and used in the Demographic Research Institute 
of the HCSO we must focus on the influence of rising or diminishing proportions of vic-
tims of a given cause of death in the life table death function on the diminishing or rising 
proportions of victims of other causes of death which contribute also the rise or decline 
of general mortality level as well. 
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