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Abstract—In this paper we investigate dependencies between
associated diseases that a person has at the end of his live
and the cause of death. We analyze public data about cause-
specific mortality in conjunction with the problem of average risk
estimation on empirical data. The use of the theory of Vapnik-
Chervonenkis provides informative results about differences be-
tween distributions of associated diseases in group of people who
died of cancer and group of people who died of another disease.
This difference uncovers a relationship between some groups of
associated diseases and risk of death of cancer.

I. INTRODUCTION

The World Health Organization predicted cancer as an
increasingly important cause of morbidity and mortality in the
next few decades in all regions of the world. Even if current
global cancer rates (in accordance with forecasted changes
in population demographics) remain unchanged, the estimated
incidence of 12.7 million new cancer cases in 2008 will rise
to 21.4 million by 2030. Moreover, these cancer rates are
expected to increase too [5].

Experts associate the increase in cancer prevalence with
population ageing and improving the quality of life. According
to the World Bank income groups, the cancer rates for all
cancers combined (excluding non-melanoma skin cancers)
rose with increasing levels of country income. High-income
countries had more than double the rate of all cancers com-
bined of low-income countries [5]. The questions are: why the
cancer is more distributed in developed countries, how can it
be connected with longevity increase observed from the second
part of XX century?

The main goal of this research is to analyze relationships
between cancer mortality and associated diseases that a person
had at the end of his live on the basis of USA mortality-
comorbidity data. We track these relationships during the
second part of XX century and the beginning of XXI cen-
tury, investigate differences and underline diseases that are
associated with cancer mortality.

In the research the Multiple Cause-of-Death Public-Use
Data by the National Center for Health Statistics USA [6] is
analyzed. Distribution of associated diseases presented by the
ICD10 codes among people who died of cancer (C00-C97)
is compared with the same distribution among people who
died of another disease. In order to select more “important”
diseases associated with cancer mortality we solve a problem

of contrasting the distributions. By the problem of contrasting
we mean the selection of associated diseases for which we
have the most distinguishable distributions.

We used symmetrized Kullback-Leibler divergence as a
difference measure between the two distributions. For a set
of associated diseases the symmetrized Kullback-Leibler di-
vergence was estimated from the data as a half sum of mixed
entropies corrected by a penalty term. This term takes into
account both the amount of empirical data and the number
of considered associated diseases and it construction based on
the Vapnik-Chervonenkis dimension.

The results show associated diseases connected with cancer
death, differences between associated diseases depending on
age, dynamics of the development and distribution of different
diseases depending on year of death. This research contains
the medical interpretation of the results.

II. DEFINITIONS

In this section we introduce some definitions and notations
that will be used throughout the paper.

We consider the problem of estimation a distance be-
tween two distributions p1(x) and p2(x) on empirical data,
where p1(x) is a distribution of associated diseases among
people who died of cancer (let’s name this group as a can-
cer group), p2(x) – a distribution of associated diseases
among people who died of another disease (non cancer group).
Associated diseases are grouped into blocks according to their
ICD10 classification, x is a block of associated diseases.

For each ith block (i = 1, . . . , k) of associated diseases
a number of people of cancer group which had a disease
from the ith block (ni) and a number of people of non
cancer group which had a disease from the ith block (mi)
are calculated. Cancer and non cancer groups have his-
tograms of associated diseases: g1 = (n(1), n(2), . . . , n(k))
and g2 = (m(1),m(2), . . . ,m(k)), blocks of associated dis-
eases are sorted in descending order of the absolute difference

between the values ni/
k∑
i=1

ni and mi/
k∑
i=1

mi.

Our goal is to find a set of blocks of associated diseases
which are the most important for difference between cancer
and non cancer death. Let α be a variable which labels
what set of blocks we use now, Σ is a set of all possible
sets α. In an experimental part we create follow sequence of
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variables α: α(1) – the first block of associated disease, α(2) –
the first and the second blocks,. . . , α(k) – all blocks, where
the order of blocks is the same as in histograms above.

Let p̂1(x, α), p̂2(x, α) are estimates of distribu-
tions p1(x, α) and p2(x, α) on empirical data. We
use symmetrized Kullback-Leibler divergence as a
distance between empirical estimates p̂1(x, α), p̂2(x, α)
and p2(x, α), p1(x, α):

D(α) =− 1

2

(∑
x

p2(x, α) ln
p̂1(x, α)

p2(x, α)
+

+
∑
x

p1(x, α) ln
p̂2(x, α)

p1(x, α)

)

III. FORMALIZATION OF THE PROBLEM

Our goal is to find such set of blocks of associated diseases
for which distribution of associated diseases in cancer group
maximally differ from the distribution in non cancer group. In
terms of Kullback-Leibler divergence: D(α)

α→ max

In the rest of the article we consider a functional of average
risk as a characterizing criterion of the distance D(α):

M(α) =− 1

2

(∑
x

p2(x, α) ln p̂1(x, α)+

+
∑
x

p1(x, α) ln p̂2(x, α)

)
(1)

The distributions p1(x, α) and p2(x, α) are unknown and
they are approximated by frequencies. We can use a trivial
approximation by frequencies ν1(x, α) and ν2(x, α) which
are equal to a portion of people who had an associated
disease from block x and died of cancer or of another disease
respectively. If x is an ith block of associated disease, α
consists of k blocks, then frequencies are defined as:

ν1(x, α) =
ni
k∑
i=1

ni

, ν2(x, α) =
mi

k∑
i=1

mi

,

To avoid zero value under logarithm in (1) we use empirical
estimates p̂1(x) and p̂2(x) of distributions p1(x) and p2(x) in
form:

p̂1(x, α) =
ni + 1
k∑
i=1

ni + k

, p̂2(x, α) =
mi + 1
k∑
i=1

mi + k

(2)

These expressions are Bayes estimates of probabilities if a
priori distribution of probabilities on the k-fold simplex given

by ∆k = {p1, . . . , pk :
k∑
i=1

pi = 1, pi ≥ 0, i = 1, . . . , k} is

uniform.

By substitution of ν1(x, α) and ν2(x, α) instead of p1(x, α)
and p2(x, α) in (1) we obtain so called empirical risk

Me(α) =− 1

2

(∑
x

ν2(x, α) ln p̂1(x, α)+

+
∑
x

ν1(x, α) ln p̂2(x, α)

)
=

=− 1

2

(
1

k∑
j=1

mj

k∑
i=1

mi ln
ni + 1
k∑
j=1

nj + k

+

+
1

k∑
j=1

nj

k∑
i=1

ni ln
mi + 1
k∑
j=1

mj + k

)
(3)

The deviation between the average risk and the empirical
risk can be estimated in form of an inequality

M(α) > Me(α)− d(α, η),

which is valid with probability 1− η.
By maximizing on α the right part of the inequality we

determine the set of blocks of associated diseases for which
distribution of the associated diseases in cancer group maximal
differs of the distribution of the associated diseases in non
cancer group. The penalty term d(α, η) is estimated by Vapnik-
Chervonenkis evaluation.

Let xα1i, i = 1, . . . , Lα1 denote a block of associated diseases
which ith person form the cancer group had, where Lα1 is
a number of people who belonged to the cancer group and
had an associated disease from a set α. In the same way,
let xα2i, i = 1, . . . , Lα2 denote a block of associated diseases
which ith person form the non cancer group had. Then we can
obtain the following expression for the empirical risk (3):

Me(α) = −1

2

(
1

Lα2

Lα2∑
i=1

ln p̂1(xα2i, α) +
1

Lα1

Lα1∑
i=1

ln p̂2(xα1i, α)

)
(4)

To present the functional of average risk as an expecta-
tion and the functional of empirical risk as a mean assume
additional notation Fi(x, α) = − ln p̂i(x, α), i = 1, 2. Func-
tions Fi(x, α), i = 1, 2 are bounded. Functionals of average
and empirical risks take form:

Me(α) =
1

2

(
1

Lα2

Lα2∑
i=1

F1(xα2i, α) +
1

Lα1

Lα1∑
i=1

F2(xα1i, α)

)
M(α) = EF1(x, α) + EF2(x, α) =

=

∫
F1(x, α)dP (x) +

∫
F2(x, α)dP (x)

For such forms of functionals we can use the Vapnik-
Chervonenkis result from [1] about the uniform convergence
of means to expectations in a class of bounded functions and
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obtain an equation for penalty term d(α, η):

d(α, η) = 2

√
r
(
ln 2l

r + 1
)
− ln η

5

l − 1
,

where l – the number of sample objects, r – the Vapnik-
Chervonenkis dimension [1].

Substitution paraments of the task instead l and r leads to
the inequality which holds with probability not less than 1−η
for all sets of blocks of associated diseases composed not more
than k blocks

M(α) > Me(α)− 2

√√√√2k−1
(

ln
2(Lα1 +Lα2 )

2k−1 + 1
)
− ln η

5

(Lα1 + Lα2 )− 1
(5)

IV. EXPERIMENTAL RESULTS

In this section we present the analysis of the data of human
comorbidity and mortality. We are interested in differences
between two groups of people: people who died of cancer
and people who died of another disease. Usually a person in
addition to underlying disease (the cause of death) has a list
of associated diseases. Hence there are certain distributions of
associated diseases in these two groups of people.

For the analysis the Multiply Cause-of-Death Public-Use
data are used which was provided by the International Center
of Health Statistics (USA) [6]. We considered the data for
1985-2008 years. Data are splitted into files yearly and for
each particular year file contains the information about persons
who died this year. For each person we have following
information: age, date of death, a cause of death (one for each
person), a list of associated diseases (up to 30 diseases for
each person). Analysis is performed for three age groups: 15-
34, 35-64, 65+ years old. All associated diseases are grouped
into standard blocks by the first letter and two digits of their
ICD10 codes and we work with more than 150 blocks.

On the figure 1 normalized histograms of associated dis-
eases in cancer and non cancer groups are plotted (according

to our definitions ni/
k∑
i=1

ni and mi/
k∑
i=1

mi, i = 1, . . . , k).

There are three figures for different age groups. Histograms
are plotted on the data about mortality and morbidity in 2008
year. Associated diseases are coded according their ICD10
classification. Blocks of associated diseases are sorted in de-
scending order of the absolute difference between normalized
histograms in cancer and non cancer groups.

Figure 1 illustrates that such associated diseases as bacterial
diseases (A30-A49) and anaemias (D60-D64) are spread in the
youngest age group (15-34 years old). Diseases of circulatory
(I00-I99) and respiratory systems (J00-J99) are more common
in elder age group. Over the age of 65 years old anaemias
again become more significant in cancer death, and roles of
obesity and other hyperalimentation (E65-E68) become less
significant.

To evaluate the empirical and average risks on the exper-
imental data and to find a set of associated diseases which
are the most important for difference between cancer and
non cancer death we consider different sets α of blocks

Fig. 1: Distributions of associated diseases in three age
groups

of associated diseases. Then we create the sequences of
sets α = (α(1), α(2), . . . , α(n)): for the age group 15-34
years old and 2008 year of death we have the following
sets: α(1) = {J95 − J99}, α(2) = {J95 − J99,A30 − A49}
and α(k) — which includes all considered classes with the
order of classes same as defined above.

Using the mortality data we calculate values of the func-
tional of empirical risk (3) for each set α. According to
inequality (5) we evaluate the lower bound of the average risk.

Figure 2 describes the lower bounds of the average
risk M(α) for three age groups (data of 2008 year).

Fig. 2: Lower bound of average risk

Each curve of the lower bound of the average risk reaches its
maximum on some set of blocks of associated diseases and
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determines diseases for which the distribution of associated
diseases in the cancer group maximally differs from the
distribution of associated diseases in the non cancer group.
Using these curves we calculate the portion of people died of
cancer among all who had particular associated disease.

Obtained sets of blocks of associated diseases (for which
cancer group maximally differs from non cancer group) and
the portions of people died of cancer in these sets are compared
for the different age groups and years of death.

First we observe the youngest age group (15-34 years old) in
which among the others important blocks we have the bacterial
diseases block. This block was selected in each performed
analysis over the years from 1985 till 2008. Each 5th person
who had bacterial disease and died at the age 15-34 years
old died of cancer. However, it looks like this pattern has
no medical interpretation and it can be explained by the
widespread of bacterial diseases in the youngest age group.

The second block of associated diseases selected in the
youngest age group is aplastic and other anaemias. The portion
of people who had these diseases and died of cancer increased
from 20% in 1985 year to 45% in 2008 year. It is a common
fact that anaemia often is the first symptom of leukemia, so a
cause-effect connection between these two diseases definitely
exists.

Now proceeding to the middle age group (35-64 years old).
In this group pneumonia and influenza are very “important”
diseases in terms of difference between cancer and non cancer
group. This block of associated diseases is selected in all
considered years. The approximate portion of people who had
these diseases and died of cancer is 30%, which means that
each 3rd-4th person who had pneumonia or influenza at the
end of his life died of cancer. The relationship between pneu-
monia and cancer is commonly known: on the one hand lung
cancer can develop on the base of chronic inflammation caused
by repeated pneumonia [8], [7]; on the other pneumonia can
appear because of week immune system provoked by cancer
or a treatment of cancer.

Aplastic and other anaemias were widely spread among
people who died of cancer at 35-64 years old between 1985
and 1995 years. The portion of people who died of cancer
and had anaemias was about 40% in 1985 and 1990 years and
about 30% in 1995 year, but this block of associated diseases
wasn’t selected by the method of maximizing of average risk in
this age group after 1995. We also can observe the proliferation
of aplastic and other anaemias in the younger age groups
after 1999.

Next selected associated disease connected with cancer
death for middle age group is Viral hepatitis (B15-B19), which
is the well-known factor of cancer risk. The portion of people
who died of cancer at the age 35-64 years old is 35% in 2008
year.

Finally, in the eldest age group (65+) we can observe
the aplastic and other anaemias are becoming significant in
terms of differences between cancer and non cancer groups.
About 30% of people who had a disease from this block died
of cancer.

Diseases of liver are selected in the eldest group in all
considered years. Approximately 20% of people in this group
who had a disease of liver died of cancer and after 1999 year
the portion increased to 30%. Cancer of liver can develop on
the basis of inflammation provoked by these diseases.

These diseases are not the only diseases on which the
functional of average risk reaches its maximum. Nevertheless,
only them are selected in each considered year from 1985 to
2008 and the portions of people who had these diseases and
died of cancer are more than 20%.

V. CONCLUSION

This paper is devoted to the problem of investigation of
links between risk of cancer death and associated morbidity.
It is mathematically formalized as the problem of contrasting
the distributions of associated diseases among people died of
cancer and among people died of another disease. To solve
this problem we evaluate the average risk on the empirical data
using the Vapnik-Chervonenkis inequalities. We select associ-
ated diseases for which distribution in cancer group maximally
differs from the distribution in non cancer group. Three age
groups and five years of death are analyzed separately.

Results for different years and ages are compared, common
blocks of associated diseases are emphasized for different
years of death. Thus anaemias are connected with cancer death
for all considered years and age groups. Pneumonia is selected
as linked with cancer only in middle age group in all analyzed
years. Relationships between diseases of liver and cancer are
obtained for eldest age group and all years of death. The
performed connections are interpreted from the medical point
of view.

The aim of the future investigations is consideration of
the more “tiny” links between cancer mortality and associ-
ated diseases, division cancer incidence by different types of
neoplasms. For such analysis one should use more precise
estimation for the average risk than estimation based on the
Vapnik-Chervonenkis approach.
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