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The article gives the results of multivariate analysis of structure and contribution per shares made by poten-

tial risk factors at malignant neoplasms in trachea, bronchial tubes and lung. The authors used specialized data-
bases comprising personified records on oncologic diseases in Taganrog, Rostov region, over 1986-2015 (30,684 
registered cases of malignant neoplasms, including 3,480 cases of trachea cancer, bronchial tubes cancer, and 
lung cancer). When carrying out analytical research we applied both multivariate statistical techniques (factor 
analysis and hierarchical cluster correlation analysis) and conventional techniques of epidemiologic analysis in-
cluding etiologic fraction calculation (EF), as well as an original technique of assessing actual (epidemiologic) 
risk. Average long-term morbidity with trachea, bronchial tubes and lung cancer over  
2011-2015 amounts to 46.64 o/oooo. Over the last 15 years a stable decreasing trend has formed, annual average 
growth being –1.22 %. This localization holds the 3rd rank place in oncologic morbidity structure, its specific 
weight being 10.02 %. We determined etiological fraction (EF) for smoking as a priority risk factor causing tra-
chea, bronchial tubes and lung cancer; this fraction amounts to 76.19 % for people aged 40 and older, and to 
81.99 % for those aged 60 and older. Application of multivariate statistical techniques (factor analysis and cluster 
correlation analysis) in this research enabled us to make factor structure more simple; namely, to highlight, inter-
pret, give a quantitative estimate of self-descriptiveness and rank four group (latent) potential risk factors causing 
lung cancer. 

Key words: social and hygienic monitoring, risk assessment, risk factors, malignant neoplasms, carcino-
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 Currently, the priority direction in 

addressing problems associated with 
innovative methodological database for 
hygienic research is to improve national 
methods for risk assessment and analysis. 
This is a modern toolkit that significantly 
expands analytical and prognostic 
capabilities of researchers, including 

elements of situational and simulation 
modeling [6, 8, 9]. The methodology for risk 
assessment and analysis harmoniously 
complements conventional techniques of 
epidemiologic analysis, adapted for socio-
hygienic monitoring at regional and 
municipal levels. Thus, in the Rostov region, 
when studying cause-and-effect relationships 
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in the "environment - population health" 
system, parallel with the categorized data, 
presented in formal state and industry 
statistical reports, the specialized databases 
are in use. They are formed based on 
personified records of malignant tumors 
events, which conditions using the 
techniques of multivariate statistical analysis 
[10]. 

A wide spectrum of heterogeneous 
carcinogenic risk factors of genetic 
(hereditary), environmental (carcinogens, 
chemical carcinogenesis modifiers and 
others), occupational-production and of 
individual nature is included in the number 
of potential causes of cancer development. 
Currently, active and passive tobacco 
smoking is considered as a priority risk 
factor for lung cancer (LC). Its role is 
assessed as more significant than such an 
individual spectrum risk factor, as alcohol 
abuse [2, 4, 14]. Thus, according to 
epidemiological studies, the etiological 
fraction (EF) of tobacco smoking in the 
cause structure of malignant tumors of 
trachea, bronchial tubes and lung for men 
varies within the range of 85-95%. For 
women, this indicator is somewhat lower, 
and makes 65-80% [2, 16, 17, 19]. It is 
shown that in men who smoke more than 30 
cigarettes a day, the relative risk (RR) of 
lung cancer is 4.3-4.5 times higher than that 
of smokers with fewer than 10 cigarettes 
[15]. At the same time, data obtained in a 
number of studies show that risk of 
developing lung cancer depends more on the 
length of employment than on the intensity 
of tobacco smoking [4]. The combination of 
active and passive smoking with the effects 
of hereditary background that potentiates its 
effect is considered as an individual 
oncologic predisposition to lung cancer [1]. 
According to a number of authors, both 
overweight, and low physical activity, and 
lack of fruits and vegetables - the main 
source of antioxidants, are also referred to 
significant individual risk factors, along with 

tobacco smoking and alcohol abuse [13, 14]. 
Among the risk factors of the population 
level, an important role is played not only by 
anthropogenic air pollution with 
carcinogenic xenobiotics, but also by the 
effects of ionizing radiation, primarily due to 
radon. Thus, according to meta-analysis 
results, about 10% of all lung cancer deaths 
are caused by radon, more than 30% of 
deaths are among non-smokers [5, 11, 12, 
18, 20]. 

From our point of view, taking into 
account the hypothesis on multi-casual 
nature of malignant neoplasms (MNs), a 
compulsory component of risk factor 
analysis within the framework of socio-
hygienic monitoring is studying their 
structure. It is important the quantitative 
characteristics and qualitative interpretation 
of the most typical combinations: group 
(latent, larvate) risk factors, which combine 
heterogeneous, but closely correlated 
together, initial parameters [7, 10]. 

The purpose of the study was to 
analyze the structure and the contribution of 
potential factors of carcinogenic risk to 
priority localizations and forms of malignant 
neoplasms. 

Materials and methods. Analytical 
studies were carried out following a 
specialized database of personified records 
on oncologic pathology in the city of 
Taganrog, the Rostov region, with a 
population of about 255,000 people. During 
the period covered (1986-2015), 30,684 
cases of malignant tumors were recorded. 
We’ve applied two multidimensional 
mathematical-statistic methods: factor 
analysis and cluster hierarchical correlations 
analysis [7, 10]. Correlation matrices in 
factor analysis were calculated based upon 
the information of 107 different potential 
risk factors and other significant parameters 
registered in special "Investigation charts on 
the case of newly diagnosed malignant 
neoplasm". The group (latent) factors were 
taken by principal components method. To 
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determine the number of group (latent) 
factors, we used Kaiser and Cattell criteria. 
Factor rotation was carried out according to 
Varimax. The initial data applicability for 
factor analysis was evaluated by Kaiser-
Meyer-Olkin measure of sampling and 
Barlett sphericity. Each of the group (latent) 
factors taken combines the closely correlated 
together original (recorded in the primary 
database) risk factors and the relatively high 
values of factor loads. The significance 
(contribution per shares) of individual initial 
potential risk factors within each taken group 
(latent) factor based on factor analysis, was 
estimated from the calculated values of their 
factor loads; which, in turn, quantitatively 
characterize the level of relationship between 
the initial and the group (latent) factors. The 
initial potential risk factors were regarded as 
highly informative and significant at the 
values of the corresponding factor loads of 
0.500 and more. A qualitative interpretation 
of the taken group (latent) factors consisted 
in the semantic identification thereof through 
initial potential risk factors. Applying the 
method of cluster hierarchical correlations 
analysis made it possible to classify initial 
potential risk factors with their grouping into 
hierarchically organized clusters and to 
represent the results graphically in visual 
dendrograms. The oncologic morbidity 
analysis was carried out using specialized 
software package "Turbo oncologist", 
version 2.01. It ensures databases creation of 
both the categorical form, upon statistical 
reports, as well as personified databases. It 
implements algorithms of epidemiological 
analysis of intensity (level), structure, 
dynamics and spatial characteristic, as well 
as the original method of assessing actual 
(epidemiological) risk [3]. When carrying 
out the factor analysis and hierarchical 
cluster analysis of correlations, a 
professional software package “Statistical 
Package for Social Science” (SPSS), version 
13.0 was used [7]. 

Results and discussion. In doing this 
research, we went on with studying the 
structure and contribution per shares of po-
tential risk factors for malignant neoplasms 
of priority forms and process localizations 
[10]. We used data on the lung cancer inci-
dence, the long-term average annual occur-
rence of which among the population of Ta-
ganrog for the period 2001-2015 made 46.64 
± 3.26 o/oooo. And over the past 15 years, 
there has been a steady decline in the disease 
incidence with an average annual growth 
rate of 1.35%. The long-term morbidity dy-
namics model, described by the exponential 
curve with the equation: P(X) = 45.101 • 
0.987Х, where P(X) is the incidence rate for 
the year with the ordinal number X, was sta-
tistically valid (p<0.05). It was used to calcu-
late the mid-term extrapolation prognosis for 
2016 and 2017: 36.30 ±3.71o/oooo, and 
35.81 ± 3.71o/oooo, respectively (Fig. 1). 

In the structure of total cancer incidence, 
this localization of malignant neoplasms over 
the past 15 years stably ranks third with a 
specific weight of 10.02%. The 
epidemiological risk assessment done, taking 
into account regional criteria, based on the 
calculation of the standardized background 
risk for the population of regional 
subordination cities over a fifteen-year period 
(27.72 o/ooo), allows MN of trachea, 
bronchial tubes and lung to considered as the 
priority for the population of Taganrog. For 
these neoplasms, an increased actual risk 
level was diagnosed with its individual norm-
based score (Wi) equal to 1.069 (fourth 
ranked among the cities of the Rostov 
region).  

According to an estimate of the main 
potential risk factors prevalence for the period 
of 1986-2015, the percentage of smokers 
among 3,480 patients with MN of trachea, 
bronchus and lungs is 82.18% (with a city-
average of 38.14%). According to the data for 
the last thirty years, the etiological fraction  
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Figure 1. Dynamics of trachea, bronchial tubes and lung MNs incidence in the city of Taganrog over 
1986-2015 and medium-term extrapolation prognosis for 2016 and 2017 

 
(EF) of smoking in the occurrence of 
malignant neoplasms of the given localization 
makes 76.19% for the residents of Taganrog 
at the age of 40 years and older, 81.99% for 
the people aged 60 years and over. 36.38% of 
patients with lung cancer have chronic 
respiratory diseases, 13.31% - malignant 
neoplasms of similar localization among 
blood relatives, 27.97% have specific adverse 
occupational factors, 23.97% - heterogeneous 
risk factors in everyday life, including passive 
smoking. 

For eight iterations, we obtained the 
results of factor analysis fulfilled. It was 
possible to determine and interpret 
meaningfully the four group (latent) factors, 
explaining total variance of 86.525%. 

The group factor was ranked first with a 
variance share of 37.082%, which combines 
four primary registered potential risk factors. 
The highest factor load (0.982) in the 
structure of the first group (latent) factor 
accounts for active smoking. It should be 
noted that only cases of habitual and partisan 
tobacco smoking of 5 years smoking period 
or longer were taken into account. The second 
rank place among the initial potential risk  

 
factors belongs to chronic respiratory 
diseases. The corresponding factor load 
thereto is 0.885. The factor of alcohol abuse, 
with a factor load of 0.678 ranks third.  

The fourth: predominant strong alcoholic 
beverages drinking (0.601). Thus, the first 
group (latent) factor, taking into account the 
specifics of initial potential risk factors it 
includes, and interrelations between them, 
can be meaningfully interpreted as 
"individual habitual intoxications and 
concomitant chronic diseases of respiratory 
system". 

A group (latent) factor of the second rank 
with a variance share of 19.003% combines 
three initial potential risk factors, which on 
the whole should be interpreted as 
"unfavorable parameters of anthropogenic 
load and industrial-occupational 
environment." The first two ranks by the 
values of factorial loads are taken by the 
initial risk factors: 1) living in residential 
areas with relatively high levels of 
anthropogenic impact on atmospheric air due 
to motor transport emissions (0.777); 2) 
living in a zone of intensive emissions effect 
from stationary sources of industrial 
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Figure 2. Dendrogram of the factors structure at MN of trachea, bronchus, and lung  

in the city of Taganrog for the period of 1986-2015. 
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enterprises (0.647). The third initial potential 
risk factor is a specific occupational hazard 
(0.531).  

This refers to the contact mentioned in 
the patient's history with various occupational 
hazards specific for a given malignancies 
localization: chromium, nickel, arsenic and 
their compounds; silica, soot, asbestos, 
benzene, toluene, wood dust, ionizing 
radiation and others. 

A group factor of the third rank with a 
16.334% variance share is interpreted as 
"hereditary predisposition and potential risk 
factors of the individual spectrum". It 
combines five initial factors: 1) MN of 
trachea, bronchus and lung in blood relatives 
(factor load 0.641); 2) frequent psycho-
emotional overloads and stresses in family 
and at work (0.501); 3) passive smoking 
(0.649); 4) diseases of endocrine system, 
including type II diabetes, hyperthyroidism, 
hypothyroidism (0.507); 5) everyday life 
contact with pesticides (0.535). 

A group factor of the fourth rank with a 
variance share of 14.106% is interpreted as 
"individual features of food ration and diet". 
In this group, three initial risk factors for the 
individual spectrum were identified: 1) lack 
of fresh vegetables herbs and fruits in a 
dietary (factor load 0.629); 2) irregular 
dietary (0.571); 3) a lack of foods high in 
vitamins A, C and E in a diet (0.504). 
According to hierarchical cluster analysis of 
correlations, it’s been established that in the 
structure of the first rank group factor, the 
most closely pair-wise interact: a) active 
habitual and partisan smoking of 5 years 
period and longer, and alcohol abuse; b) 
chronic diseases of trachea, bronchial tubes, 
lung, and predominantly strong alcohol 
drinking (Figure 2). 

Within the second rank group factor, the 
most closely related factors are residence in 
the areas of relatively high levels of air 
pollution with automobile transport and in a 
zone of emissions from stationary sources of 
industrial enterprises. In the structure of the 

third rank group factor ("hereditary 
predisposition and potential risk factors of 
the individual spectrum"), in the cluster 
correlations analysis, the relationships in the 
two groups of the initial factors were found. 
The first group includes contact with 
pesticides in everyday life and diseases of 
endocrine system, the second: passive 
smoking, frequent psycho-emotional 
overloads and stress at home and at work, as 
well as hereditary predisposition – malignant 
neoplasms of respiratory organs in blood 
relatives. In the group factor of the fourth 
rank ("individual features of dietary"), the 
commonality of the two primary factors is 
determined: a deficiency in fresh vegetables, 
herbs and fruits in combination with a deficit 
of vitamins A, C and E (Figure 2). 

Conclusion. Thus, using factor analysis 
for the purpose of studying an optionally 
arranged system "population and individual 
factors of cancer risk - malignant neoplasms 
of trachea, bronchus and lung" makes it 
possible to determine and quantify its 
structural organization. This allows for 
assessment of practical value for optimizing 
management decisions and justifying the 
priority of preventive and health-improving 
measures being developed. Cluster analysis 
of correlations adds to the results of factor 
analysis in detecting the groups of closely 
related variables (of the primary potential 
risk factors) and provides their visual 
representation in the form of informative 
dendrograms.  

Applying these multidimensional 
statistical techniques in this study made it 
possible to simplify the factors structure: to 
isolate, interpret, quantify the informational 
content (by the contribution share to the total 
variance). We’ve managed to range, 
according to the confidence level, and to 
study the hierarchical structure of four group 
(latent) potential risk factors for occurrence 
of trachea, bronchus and lungs MNs.  
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Based on the results of factorial and 
cluster analysis of correlations, the option of 
further optimization for the monitoring 
procedure is a significant reduction in the 
volume of primary information being 
recorded during transition from scientific 
research to actual practice. For this purpose, 

for each identified group (latent) risk factor, 
among the closely correlated together 
primarily recorded risk factors, a marker-
factor is distinguished – of the highest factor 
load, which is subject to further registration 
at socio-hygienic monitoring.
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