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INTRODUCTION

A stable growth in lifespan has been observed in
economically developed countries since the middle of
the 20th century. According to the data of the United
Nations Organization, the average lifespan in Europe
grew from 1950 to 2005 by more than 8 years. The
birth rate was simultaneously observed to decrease,
which leads to an increased proportion of the aged
population. This causes problems in the economic,
medical, and social plan [6, 16], making it necessary to
specify the factors of incidence of diseases associated
with middle and old age and to develop measures for
prolongation of active life.

The research on revealing factors related to growth
in the human lifespan was broad [1, 3, 8, 20]. The evo�
lutionary aspects of growth in lifespan, the relation�
ship of lifespan with reproduction, and genetic aspects
of the lifespan were studied. Works that reveal a rela�
tionship of increased lifespan with morbidity and mor�
tality have appeared. There is a hypothesis that people
who had problems with health in young and middle age
have a reserve of the so�called “active longevity.” Hav�
ing surpassed the risk of death in middle age, thanks to
the increased capability of an organism to adapt to a
state of incomplete health, they have a decreased mor�
tality at old age and an advantage in survival over their
coevals, who were healthier in youth [12].

The data on mortality causes contain additional
information on the medical conditions that affect the
origin of different diseases and their mortality [15, 19].
The study of cancer�associated diseases and their
comparison with pathologies in which a malignant
tumor did not arise provides information on the risk
factors of cancer and those diseases that can be com�

petitive causes of mortality with respect to cancer mor�
tality or can act as stimulators of the mechanisms that
protect an organism from the cancer occurrence and
cancer mortality [11, 13]. This article describes the
result of this analysis using modern statistical methods.

THE PLACE OF CANCER
AMONG NONINFECTIOUS DISEASES

Cancer is a general designation of more than 100
diseases that can damage any part of an organism. One
of the typical signs of cancer is the rapid formation of
abnormal cells that grow beyond the usual limits of
their organ and penetrate into neighboring parts of an
organism and other organs. This process is called
metastasis. Metastases are the major cause of the can�
cer mortality.

Cancer mortality is the second most popular non�
infectious disease. Figure 1 illustrates the structure of
mortality from noninfectious diseases among people
over 65 in 2008 in the United States [17].

Cardiovascular diseases cause 37% of deaths from
noninfectious diseases; second place is occupied by
cancers, which account for 23%; respiratory diseases
and digestive diseases and diabetes account for 12 and
3%, respectively. The share of other noninfectious dis�
eases is 22%. This distribution reflects the general glo�
bal picture. According to the forecasts of the WHO,
the rates of the cancer morbidity and mortality will not
decrease in the next decades in all regions of the world.

Age�standardized cancer morbidity in countries
with high incomes is higher by a factor of two than the
same indicator in the countries with low incomes. This
effect of growth in the morbidity in proportion to the
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growth in incomes and living standard can be
explained by the fact that the population in the coun�
tries with a lower living standard more often dies at an
earlier age from infectious diseases, which are very
widespread there. The forecasted growth in the number
of oncological diseases for several future decades in
countries with low incomes is related to the expected
economic development of these countries, an improve�
ment in the quality of life, a longer lifespan, and a
decrease in the occurrence of infectious diseases. The
estimated growth in the number of cases of malignant
tumors in 2030 (with respect to 2008) will be higher in
the countries with low incomes (82%) in comparison
with the countries with higher�than�average incomes
(58%) and high incomes (40%) [10].

The relationship of cancer morbidity with age has
been proven by many researchers [2]. Analysis of the
data on morbidity and mortality in the territory of
Australia for 2007 has shown [9] that cancer was diag�
nosed among people under 75 in one of three men and
one of four women; in the group of people over 85,
cancer was already diagnosed in every second man and
every third women. As for mortality from oncological
diseases, it grows with age by a factor of two: among
people under 75, one of eight men and one of twelve
women died from cancer; in the group over 85, one of
four men and one of six women died from this disease.

The studies show that the economic development
that improves the living standard and increases the
lifespan leads to an increased risk of the origin of
oncological diseases. That is why the research on the
key causes of cancer and measures of its prevention is
becoming more and more important. The statistical
analysis of the relationship between associated dis�
eases and cancer mortality can help in revealing these
causes.

MATERIALS AND METHODS

Statistical Analysis of Cancer Incidence
in the Case of Associated Morbidity

The study of the relationship between the cancer
occurrence and associated diseases which a person
had at the end of the life was carried out by comparing
the distribution of associated diseases among people
who have cancer with the distribution of associated
diseases among people who have not yet been diag�
nosed with cancer. In order to detect cancer�associ�
ated diseases, we set the mathematical task of con�
trasting their distribution, i.e., selecting the associated
diseases for which the observed distinctions in the
“cancer” and “noncancer” groups differed most sig�
nificantly.

In order to solve the task of contrasting the distri�
butions, the symmetrized Kullback�Leibler distance,
which characterizes the closeness of two distributions,
is maximized [7]. This distance is estimated according
to empirical data and corrected by a penalty term that
takes account of the relationship between the volume
of experimental data and the number of associated dis�
eases under consideration. Let us give the following
designations for a formal description: x is the block of
associated diseases included in the set of blocks X;
p1(x, X) is the distribution of associated diseases from
the set X among people who died from cancer or have
cancer as an associated disease (this group of people
will be called the “cancer” group); p2(x, X) is the dis�
tribution of associated diseases from the set X among
people who do not have cancer (the “noncancer”
group). The associated diseases are grouped into
blocks according to the international disease classifi�
cation (IDC). The goal of the statistical analysis is to
find the set of blocks of associated diseases Xj, for
which the distributions p1(x, Xj) and p2(x, Xj) maxi�
mally differ.

To solve this task, the mean risk functional is intro�
duced. It characterizes the Kullback�Leibler distance
between distributions p1(x, X) and p2(x, X) using their
estimates (x, X) and (x, X), which is to be maxi�
mized by X:

p̂1 p̂2

M X( )

=  –1
2
�� p2 x X,( ) p̂1 x X,( ) p1 x X,( ) p̂2 x X,( )ln

x X∈

∑+ln
x X∈

∑⎝ ⎠
⎛ ⎞ .

Cardiovascular diseases

Cancers

Other noninfectious diseases

Respiratory diseases

Digestive diseases

Diabetes

3%

12%

22%

23%

37%

3%

Fig. 1. Structure of mortality from noninfectious diseases
among people over 65 (the United States, 2008).
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Substituting the approximation of the distributions
by frequencies ν1(x, X) and ν2(x, X) and Bayesian esti�
mates [5] into the expression for the mean risk func�
tional, we obtain the empirical risk Me(X), the value of
which can already be calculated based on the available
data.

In [4], it was proven that the following inequality is
fulfilled with a probability 1 – η for all the blocks of
diseases x from the set X:

here,  and  designate the number of people in the
cancer and noncancer groups, respectively, who have a
disease from set X; kX is the number of diseases
included in the set X. The set of associated diseases for
which the distribution in the cancer group maximally
differs from the analogous distribution in the noncan�
cer group is determined when selecting set X, for
which the maximum value of the right part of the ine�
quality is achieved.

Forming the List of Sets of Associated Diseases

In order to implement the described algorithm, it is
necessary to have an ordered set of blocks of associated
diseases. In this study, the set of blocks of diseases
associated with a specific cancer was formed accord�
ing to the following scheme. First, the list of blocks of
diseases was formed according to the first two digits of
the IDC�9 classification. The number of deaths in
which the diseases from this block were present and
the number of deaths in which the diseases from this
block were absent were calculated for each block of
this type in the cancer group (people who died from
this type of cancer or had it as an associated disease)
and in the noncancer group (people who did not have
this type of cancer). The block of diseases for which
the functional of an empirical risk took the maximum
value was found by searching. A choice was made not
only among the blocks of diagnosed associated dis�
eases but also among the blocks designating the
absence of diseases, for example, the people who did
not have pneumonia were joined in the block with the
absence of pneumonic disease. New cancer and non�
cancer groups were formed inside the found block, and
the block itself was excluded from consideration. The
described actions were repeated for newly formed can�
cer and noncancer groups and a new list of blocks of
diseases until the number of people in one of groups
was zero or until the list of blocks of diseases was
exhausted. The described procedure revealed the set of
blocks of diseases (or absences of diseases) ordered by
the degree of association with the investigated type of
cancer.

M X( ) Mb X( ) 2 minx X∈
ln ν1 x X,( ) ν2 x X,( ),{ }–>

×
6 kX 2max L1

X L2
X,( )( ) ηln–ln+ln

min(L1
X L2

X
) 1–,

������������������������������������������������������������������ .

L1
X L2

X

RESULTS AND DISCUSSION

Study of Cancer Morbidity according to US Data

The suggested methods for revealing blocks of dis�
eases for which the distribution of associated diseases
in the cancer group maximally differs from the distri�
bution in the noncancer group was applied to individ�
ual nonpersonified data on the associated morbidity
and death causes in 1980, which were gathered by the
U.S. National Health Protection Statistics Center
[17]. The age of death, date of death, cause of death,
and list of associated diseases were presented for each
person. The analysis was carried out for the senior age
group (people who died upon reaching the age of
65 years, inclusively). The associated diseases were all
grouped into blocks according to the first two digits of
the IDC�9 code.

A separate analysis was carried out for tumors of
different localization. Figure 2 presents the share of
peoples with some tumor as a death cause, expressed
in percentages with respect to the total number of
deaths for those over 65 in 1980 in the United States.
Tumors with localizations for which the share of
deaths in the senior age group was more than 3% were
selected for subsequent analysis; these included malig�
nant tumors of the digestive system and peritoneum,
respiratory organs and chest, and urogenital organs.

Digestive System and Peritoneum Cancer

Table 1 explains the described procedure and
obtained result for digestive system and peritoneum
cancer among people who died in 1980 at the age of
over 65. In all of the following tables, the sign ~ desig�
nates the absence of the disease in a block.

The initial size of the cancer group was 72360 peo�
ple (people who had digestive system and peritoneum
cancer or died from it). The initial size of the noncan�
cer group was 1059194 people (people who were not
diagnosed to have digestive system and peritoneum
cancer). Using the procedure described above, we
ascertained that the distributions in the cancer and
noncancer groups most significantly differed for the
block of diseases “other forms of heart disease.” Then,
the people who did not have a disease from the block
“other forms of heart disease” were selected from the
noncancer and cancer groups. Their number proved to
be 593370 and 54016 in the noncancer and cancer
groups, respectively. At the next stage, the block “the
absence of a disease” from the group “other forms of
heart disease” was supplemented with the block “the
absence of HIV disease.” As a result, the noncancer
and cancer groups were reduced to 452583 and 47589
people, respectively. The list of associated diseases
presented in Table 1 was obtained by continuing this
procedure. By maximizing the right part of the esti�
mate of the mean risk functional, we determined that
the first 12 blocks from this list reflected the distinc�
tion in the distribution of associated diseases in the



208

ADVANCES IN GERONTOLOGY  Vol. 4  No. 3  2014

TSURKO, MICHALSKI

noncancer and cancer groups with the greatest statis�
tical reliability.

The results presented in Table 1 show that the inci�
dence of digestive system and peritoneum cancer
affected the absence of the diseases enumerated at the
beginning of the table most significantly.

Figure 3 illustrates the incidence of the obtained
blocks of associated diseases in the cancer group (peo�
ple who had digestive system and peritoneum cancer
or died from it) and noncancer group (people who
were not diagnosed to have digestive system and peri�
toneum cancer).

Analyzing the incidence of the blocks of associated
diseases shows that essential hypertension (codes
IDC�9 40), ischemic heart disease (IDC�9 41), other
forms of heart diseases (IDC�9 42), cerebrovascular
diseases (IDC�9 43), arterial, arteriolar, and capillary
diseases (IDC�9 44), and diseases of the endocrine
glands (IDC�9 25) are absent in the cancer group
more often than in the noncancer group. These dis�
eases have a high lethality themselves and are a com�
petitive death cause with respect to cancer. Since the
aforementioned diseases have a high incidence, it is
necessary to use very vast statistical material so that the
data that remain after excluding such competitive
death causes will be sufficient for subsequent analysis.

The compiled list includes the block “the absence
of the digestive system diseases” (IDC�9 57). Taking
this block into account increases the distinction in the
distribution of associated diseases in the cancer and
noncancer groups. Meanwhile, as Fig. 3 shows, diges�
tive system diseases are absent in the nontumor group
more often than in the cancer group, i.e., these dis�
eases accompany digestive system and peritoneum
cancer and can provoke its development. This conclu�
sion is confirmed by the fact that the presence of the
digestive system diseases, particularly chronic ones, is
often a risk factor for the development of digestive sys�
tem and peritoneum cancer [14].

Respiratory System and Chest Cancer

Table 2 presents the results from analysis of the
incidence of respiratory system and chest cancer
among people over 65 who died in 1980, according to
the aforementioned scheme.

The described procedure determined that the first
14 blocks from the list presented in the table reflected
the distinction in the distribution of associated dis�
eases in the noncancer and cancer groups with a
greater statistical reliability.
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Fig. 2. Share of mortality from tumors of different localization among people over 65 by percentages, with respect to the total
number of deaths.
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Figure 4 presents the incidence of the obtained
blocks of associated diseases in the cancer group (peo�
ple who had respiratory system and chest cancer or
died from it) and noncancer group (people who were
not diagnosed to have respiratory system and chest
cancer).

Just as for digestive system and peritoneum cancer,
cancer morbidity is most strongly affected by the
absence of diseases with a high lethality rather than by
the associated diseases themselves. Analyzing the inci�
dence of the blocks of associated diseases shows that dis�
eases of the circulatory system (codes IDC�9 40–44),

Table 1. Digestive system and peritoneum cancer, age group of 65 years and older

No. Name of a block of associated diseases (IDC�9)
Number of people

noncancer group cancer group

1 Absence of a disease “other forms of heart disease” (~42) 593370 54016

2 Absence of a disease “HIV” (~04) 452583 47589

3 Absence of “ischemic heart disease” (~41) 349041 42495

4 Absence of “nonspecific pathological manifestations” (~79) 280251 36313

5 Absence of a disease of “arteries, arteriols, and capillars” (~44) 218870 34679

6 Absence of a disease “other digestive system diseases” (~57) 203269 29381

7 Absence of a disease “cerebrovascular diseases” (~43) 177585 28864

8 Absence of “symptoms and poorly defined conditions” (~78) 154973 27112

9 Absence of a disease “viral diseases with eruption” (~05) 135234 25464

10 Absence of a disease “ricketsioses and other viral fevers transmitted by 
arthropoda” (~08)

120186 25290

11 Absence of a disease “essential hypertension” (~40) 105308 24594

12 Absence of “diseases of other endocrine glands” (~25) 94760 23392

13 Presence of a disease “other bacterial diseases” (03) 9471 778

14 Absence of a disease “other intestinal and abdominal diseases” (~56) 8933 608

15 Absence of a disease “other urogenital system diseases” (~59) 8055 581

16 Other and unspecified effects of external causes, aggravations of surgical 
and other medical procedures” (99)

339 51

17 Absence of open head, neck, and body wounds (~87) 116 2

100

80
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40

20

0
~25~40~08~78~57~42 ~43~79 ~05

%

Cancer group Noncancer group

~44~41~04

Fig. 3. Percentage of people with associated diseases in the cancer group (digestive system and peritoneum cancer) and noncancer
group.
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diseases of endocrine glands (IDC�9 25), digestive sys�
tem diseases (IDC�9 57), and bacterial diseases (IDC�
9 03) are absent in the cancer group more often than in
the noncancer group.

The method selected not only diseases that are
competitive death causes but also diseases that can be
risk factors for the development of cancer. As Fig. 4

shows, respiratory system diseases are more wide�
spread among people with respiratory system and
chest cancer than in the noncancer group. Respiratory
system diseases can both be risk factors for the devel�
opment of cancer and have the same causes of origin
that malignant tumors have. Pulmonary diseases sur�
vived in the past, such as COPD, chronic bronchitis,

Table 2. Respiratory system and chest cancer, age group of 65 years and older

No. Name of a block of associated diseases (IDC�9)
Number of people

noncancer group cancer group

1 Absence of a disease “other forms of heart disease” (~42) 606972 40414

2 Absence of a disease “HIV” (~04) 470529 29643

3 Absence of “nonspecific pathological manifestations” (~79) 396330 21335

4 Absence of “ischemic heart disease” (~41) 297924 18640

5 Absence of a disease of “arteries, arteriols, and capillars” (~44) 235731 17818

6 Absence of “symptoms and poorly defined conditions” (~78) 209657 16239

7 Absence of a disease “cerebrovascular diseases” (~43) 184452 15947

8 Absence of a disease “viral diseases with eruption” (~05) 162072 15215

9 Absence of a disease “ricketsioses and other viral fevers transmitted by 
arthropoda”(~08)

146731 15064

10 Absence of a disease “essential hypertension” (~40) 131086 14698

11 Absence of a disease “other digestive system diseases” (~57) 115806 14096

12 Absence of “diseases of other endocrine glands” (~25) 104622 13530

13 Presence of a disease “other bacterial diseases” (~03) 94679 13224

14 Absence of a disease “other respiratory system diseases” (~51) 90651 12436

15 Other and unspecified effects of external causes, aggravations of surgical 
and other medical procedures (99)

6101 235

16 Presence of open head, neck, and body wounds (87) 3720 220

17 Presence of a disease “other intestinal and abdominal diseases” (56) 262 3
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Fig. 4. Percentage of people with associated diseases in the cancer group (respiratory system and chest cancer) and noncancer
group.
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pneumonia, and tuberculosis, are the major causes of
inflammation of the pulmonary tissue. These diseases
can play an intermediate or major role in the develop�
ment of cancer tumors or can be due to the develop�
ment of cancer [11]. The relationship of these diseases
with cancer of lungs is substantiated biologically by the
fact that the repeated inflammation of tissues leads to
the formation of “scars,” zones of pneumosclerosis,
and, in a number of cases, to the subsequent formation
of a malignant tumor. However, on the other hand,
pneumonia and tuberculosis can be a consequence
rather than a cause of cancer, owing to the weakening
of the immune system in a patient.

Urogenital System Cancer

Table 3 presents the results from analyzing the inci�
dence of urogenital system cancer among people over

65 who died in 1980, which was carried out according
to the aforementioned scheme.

The first 7 blocks from the list presented in the table
reflect the distinction in the distribution of associated
diseases in the noncancer and cancer groups with a
greater statistical reliability.

Figure 5 shows the incidence of the obtained blocks
of associated diseases in the cancer group (people who
had urogenital system cancer or died from it) and non�
cancer group (people who were not diagnosed to have
urogenital system cancer).

The data from Fig. 5 show that, as in the study of
other types of malignant tumors, the absence diseases
of the circulatory system (codes IDC�9 41, 42, 44) is
immanent to people who were not diagnosed to have
urogenital system cancer. Urinary system diseases
(IDC�9 59) are, on the contrary, more widespread
among people who have urogenital system cancer.

Table 3. Urogenital system cancer, age group of 65 years and older

No. Name of a block of associated diseases (IDC�9)
Number of people

noncancer group cancer group

1 Absence of a disease “other forms of heart disease” (~42) 629094 18292

2 Absence of a disease “HIV” (~04) 484193 15979

3 Absence of “ischemic heart disease” (~41) 377260 14276

4 Absence of “nonspecific pathological manifestations” (~79) 304703 11861

5 Absence of a disease of “arteries, arteriols, and capillars” (~44) 242249 11300

6 Presence of a disease “viral diseases with eruption” (05) 24725 1635

7 Absence of a disease “other urogenital system diseases” (~59) 23199 1298

8 Presence of a disease “essential hypertension” (40) 2288 39

9 Presence of “diseases of other endocrine glands” (25) 303 10

10 Presence of a disease “nephritis, nephritic syndrome, and nephritis” (58) 16 3
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Fig. 5. Percentage of people with associated diseases in the cancer group (urogenital system cancer) and noncancer group.
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These diseases can be risk factors of the development
of cancer of the corresponding organs or have the same
causes of origin that cancer has [18].

CONCLUSIONS

This paper describes the statistical algorithm of
searching for diseases associated with the cancer
occurrence based on the information on the death
causes and diseases that a person had before death.
Methods are described for compiling a list of diseases,
for which the distribution among people who had can�
cer and people who did not have cancer maximally dif�
fers. The restriction of the number of diseases for a sta�
tistically correct multiple comparison is substantiated.

The paper presents the results from studying the
cancer morbidity of three most widespread forms:
cancer of the digestive system and peritoneum, respi�
ratory system and chest, and urogenital system. The
suggested method steadily distinguishes cardiovascu�
lar diseases as diseases that characterize the noncancer
group when analyzing all three considered forms of
malignant tumors. Cardiovascular diseases most often
have a lethal outcome and are a competitive death
cause with respect to cancer.

Among the diseases that are formally associated,
we distinguish those that are possibly risk factors of the
cancer occurrence. For digestive system and perito�
neum cancer, such factors are “other digestive system
diseases”; for respiratory system cancer, such factors
are respiratory system diseases; for urogenital system
cancer, such factors are urogenital system diseases.
Additional studies are necessary to reveal the existing
cause�effect relations.

Comparative studies of mortality by causes of
death, with consideration of associated morbidity,
permit one to establish the general structure of mor�
bidity in old age; to select the diseases with high lethal�
ity that are competitive death causes; and to indicate
associated diseases that provoke the development of
heavier pathologies, often leading to death. The subse�
quent development of this approach, based on more
material, will enable the selection of diseases that indi�
rectly affect the mechanism of the cancer occurrence.
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