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Abstract—The new approach to the medical, in particular, the
toxicological data analysis is considered. For the data processing
multilevel system realization the three-stage technique for data
analysis is offered what allows to reach the comprehension about
the data structure, to extract patterns, to get new, unknown
knowledge, and also to increase the data analysis process
efficiency. The results of the research are discussed.
Keywords—medical data; data processing; non-parametric
methods; data mining

I.

INTRODUCTION

Contemporary application of data computer analysis
methods is widely used in all spheres of the human activity.
Decision-making in many areas, including medicine and
health care, is based on the data analysis. By means of the data
analysis it is possible to confirm or disprove the assumption,
to significantly prove efficiency of treatment, to increase
efficiency of diagnostics, to find the patterns, and to forecast
the results of treatment [1].
The most important part of IT using in medicine is
processing of data intended for solving diagnostics problems
and diseases treatment, especially when managing large
volume of the input information or realization of complicated
algorithms of data processing is difficult for the practical
doctor or user [2]. Therefore, using information technologies
for development and creation of the data analysis techniques
necessary for decision-making is crucial. The importance of
this task increases with avalanche-like accumulation of
information today due to improvement of collecting and
storage information technologies. Introduction of information
technologies in medical practice allows to change radically a
situation though there is a lot of problems which need to be
solved by joint efforts of information scientists and physicians.
In this article, medical data analysis in the field of
toxicology is considered and examples of the analysis of the
toxicological data collected in the Republic of Bashkortostan
(RB) for 2015-2016 with interpretation are given. The analysis
of these data allows to make reasonable decisions in the field
of treatment and prevention of toxicological diseases that is
important not only from the medical, but also the social point
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II.

STATE OF ART

Today one of the most popular medical data in the field of
toxicology analysis methods is the elementary visual analysis
with diagrams and charts use. In general for the medical data
study the statistical and intelligent analysis techniques are
used. In [3] the medical data analysis methodology is
considered, the research is aimed at doctors-clinical physicians
activities efficiency increasing. The preliminary analysis was
carried out with the charts of dispersion and density use, the
applied analysis methods - correlation analysis, logistic
regression, the accidental trees nonparametric qualifier. In [4]
the various selection methods which may be used in medical
researches with various scenarios and problems are
considered. The main applied methods - sampling and
randomization. A large number of researches are devoted to
Data Mining applications for the hidden patterns recognition
in the medical data analysis tasks. For example, in [5] the Data
Mining use for obesity disease detection at children is
discussed. The cluster analysis use for definition of children's
groups with similar results after the executed treatment is
considered. The methods applied in the research - dispersion
analysis, cluster analysis (K-averages method), the limited
search algorithm. In [6] the analysis of data on acute oral
poisonings based on the REACH data is considered, the main
research direction – the separate chemicals impact definition
on an organism. The data analysis is carried out by following
methods - training at examples, neural networks, k-nearest
neighbors. In [7] the research of acute exogenous poisonings
in Altai Region during 1997-2013 is given. The research
allows to assess a toxicological situation in the region and
includes the systematization of acute poisonings in a section of
gender and age and social groups of the population.
Researches were carried out with data visual analysis methods
use in MS Excel. In [8] the research of possible risks at
patients with acute alcohol poisoning is conducted, the
descriptive statistics and the visual analysis methods are used.
All data analysis researches considered by authors use
limited quantity of methods – or only the visual analysis, or
only the statistical methods, or only the Data mining methods.
Thus, today there is no complex technique for the medical data
analysis allowing to process data most fully and to get the
maximum quantity of new knowledge and hidden patterns.
Medical data, from the point of view of the analyst, have
the next features:
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1) the data are retrospective;

Method

Goal

Advantages

2) as a rule, they are diverse and have quantitative and
quality indicators;
3) they are semi structured;
4) as a rule, such data do not submit to normal distribution.

multiplefactor
analysis

Detection
of
latent variables
or the factors
causing
multiple
correlative
communications [13]

neural
networks

Generalization
and allocation
of
hidden
dependences
between
the
input
and
output data

In this regard, there are difficulties with processing and
analysis of such data because of heterogeneity of the data that
demands the application of various methods and approaches
for data analysis.
Several methods are used today for processing of medical
data [9-13]: descriptive and inductive statistics; correlation,
regression, multiple-factor analysis; method of artificial neural
networks, and others. Comparative characteristics of these
methods are provided in Tab. 1.
TABLE I.
Method
descriptive
statistics

inductive
statistics

correlation
analysis

regression
analysis

COMPARATIVE CHARACTERISTICS OF THE DATA PROCESSING
METHODS IN MEDICINE
Goal

Advantages

Shortcomings

Systematization
and description
of observation
data

Effective
and
rather easy way
of
data
consideration
and description;
convenient way
of information
representation
[14]
Simplicity
of
method
application

The restrictions
connected with
the
size
of
selection and the
used method [15]

Possibility
of
creating
new
rules
for
interaction
of
functions
and
also
an
assessment
of
functions
interaction [18]

The results may
be used only in
the
immediate
research field or
in one close to it

It
allows
to
submit data of a
response
in
summary form,
to
compare
various
but
connected data
sets
and
to
Analyze
potential
relations
"the
reason - the
investigation"
[19, 20]

Existence
of
unaccounted
variables, errors
of measurements
and other sources
of not explained
Variations of a
response
can
complicate
simulation;
including
unnecessary
variables
can
hide influence of
independent

Research
of
distinctions
between
indicators
in
various
samplings for
their statistical
importance or
insignificance
detection [16]
Detection of the
fact
of
existence and
level
of
communication
between
two
and
more
variables
for
predicting
possible value
of one of them
if another is
known [17]
Detection of the
fact
of
dependence
between
independent
variable
and
one or several
dependent
variables [19]

Possibility
of
smaller number
of data using
and, therefore,
leading to more
expedient model
generation;
white-box
method, i.e., it is
completely open
and clear [13,
22]
No
need
of
knowledge
formalization;
orientation
to
parallel
processing;
possibility
of
multidimensional
data
and
knowledge
processing
without increase
in labor input
[23]

Shortcomings
variables
and
reduce a forecast
accuracy [21]
Difficulties
in
factors sampling
causing
subjectivity
of
result
interpretations;
the
multiplefactor analysis is
a
complicated
procedure
[13,
22]
Difficulties
in
explanation
of
neural network
work results;
impossibility to
guarantee
repeatability and
uniqueness
of
obtaining results
[24]

Each of these methods has its advantages and
shortcomings, and many of them have restrictions on character
of the analyzed data. The problem is that a single method may
only solve a narrow task of the data analysis which is not
enough for decision-making. Authors offer a complex
technique of the analysis of medical data in the field of
toxicology including methods of mathematical statistics as
well as methods of data mining, allowing to carry out the
comprehensive analysis of the data and to benefit from the
largest possible amount of knowledge, interrelations and
patterns. The research novelty consists in the new approach to
the toxicology data analysis which represents the complex
three-stage analysis with visual, statistical and Data Mining
methods use and allows to study the data comprehensively.

Low level of
reliability;
considerable
errors in the case
of small size
samplings

III.

DATA ANALYSIS STAGES

The technique of medical data analysis in the field of
toxicology including complex data analysis and interpretation
of results, and consisting of the next main stages is suggested
as follows (fig. 1):
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1) Primary statistical data analysis by the means of MS
Excel, visualization of raw data for understanding
their quantitative and qualitative structure, making
hypotheses about patterns existence in data.
2) Statistical analysis of the data using multidimensional
analysis and nonparametric methods for confirmation
or denial of the hypotheses made at the first stage.
This stage is also the stage of the "prospecting"
analysis for the purpose of making new hypotheses
and assumptions.
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regularities and tendencies, character and properties of the
analyzed data, and laws of the analyzed data distribution [25].
The results of the initial prospecting analysis are not used for
making decisions, their –purpose is to help in the development
of the best strategy of the profound analysis, hypotheses
making, specification of these or those mathematical methods
and models features application. The prospecting analysis
helps to concisely describe the structure of data in a visual
form, and then to research it in more detail by means of
statistical analysis and data mining. The purpose of this stage
is to visualize data and to collect the maximum quantity of
hypotheses for possible interrelations and regularities in data.

3) Data mining assumes search of the hidden regularities,
patterns in the data with use of means of Data mining,
knowledge discovery, confirmation or denial of the
hypotheses made at the previous stages.

In Fig. 2-4, examples of first stage realization of the data
analysis are presented. On the basis of visualization of the
data, it is possible to make assumptions of quantitative and
qualitative structure of data, and also about interaction of
various factors.
The most frequent reason of acute poisonings in RB is
alcohol (47,8%), on the second place there are drugs
(37,88%), further – narcotic substances (5,99%), carbon
monoxide (5,43%), mushrooms (2,15%) and snake bites
(0,74%) (Fig. 2).

Fig. 1. Stages of medical data analysis in the field of toxicology.

For the analysis, the sampling of the toxicological data on
the Republic of Bashkortostan for 2015-2016 has been taken.
The volume of the data base for the analysis is 6 338 records.
The structure of the data includes:
• gender;
• social group;
• address (city, region);
• city/village;
• place of poisoning;
• date of poisoning;
• diagnosis;
• MKB10 code;
• who has made the diagnosis;

Fig. 2. Main reasons of acute poisonings.

• lethal outcome;

From the known substances which caused acute poisonings
with a lethal outcome in 2016 in RB, on the first place is
alcohol (28,9%), on the second is carbon monoxide (11,1%);
further there are narcotic substances (7,2%), drugs (1,8%)
corroding substances (1,6%), and pesticides (0,2%), while the
greatest sector, nearly a half, is made of other unspecified
substances (49,2%) (Fig.3).

• individual/group;
• number of victims;
• purpose;
• place of obtaining poison;

From the chart in Fig. 4, it is possible to see that the peak
of acute poisonings for males is at the age of 46-60 years, for
females – at the age over 75; however, that is non-evident
knowledge and demands further research.

• health facility;
• other.
The data are diverse, and only a part of the data is
quantitative (numerical); the most part of data is qualitative
(symbolical) which, on the one hand, complicates the
statistical analysis, but on the other hand this creates
prerequisites of data mining application.
A. The Results of the Primary Statistical Data Analysis
The primary research of raw data is the first stage of the
analysis and is carried out for the detection of the most general
Copyright © Shakhmametova, Yusupova, Mironov
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where W – Vilkokson's statistics, intended for check of the
same hypothesis H0.
For Mann-Whitney's test, the Statistics Nonparametrics
module and the procedure of this module, i.e., Comparing two
independent samples module (groups) (Fig. 5) have been used.

Fig. 5. Mann-Whitney's criterion.

The following designations are accepted:
•

Rank Sum Ti – sum of Ti sampling ranks;

•

U – Mann-Whitney statistics for small samplings;

•

p-level – probability of acceptance of the hypothesis
H0;

•

p-level – corrected probability of acceptance of the
hypothesis of H0;

•

Rank Sum Tj – sum of Tj sampling ranks ;

•

Z – normal approximation of Mann - Whitney
statistics for big samplings;

Fig. 4. Structure of acute poisonings depending on age for male and female.

•

Z adjusted – corrected normal approximation of Mann
- Whitney statistics;

B. The Results of the Data Statistical Analysis
The next stage of analysis is deeper data studying by
means of the statistical analysis methods.

•

Valid N – sampling volume;

•

2*1 sided exact p – probability of p are equal 1 minus
cumulative unilateral probability of the corresponding
Mann - Whitney statistics.

Fig. 3. Structure of the poisons which have caused acute poisonings.

According to statistical principles used in the basis, the
methods are subdivided in [26]:
•

parametric - applied mainly to the analysis of
normally distributed quantitative signs);

•

nonparametric - applied to the analysis of quantitative
signs irrespective of their distribution and to the
analysis of qualitative signs).

The critical value of criterion is found according to the
special table. Let the significance value be equal to 0.05. H0
hypothesis of insignificance of distinctions between points of
two classes is accepted if ukp<uemp. Otherwise, H0 is rejected
and distinction is defined as essential. Test results show the
significant distinction between quantity of poisonings for
males and females (р =0.0007 < 0.05).

Nonparametric methods are developed for those situations
when the researcher knows nothing about parameters of the
analyzed data. Owing to features of the medical data which are
listed above it is more effective to apply methods of the
nonparametric analysis to their processing [27].

Wald-Wolfowitz's criterion
Wald-Wolfowitz's criterion is the nonparametric criterion
also known as the test of series. It is based on the analysis of
regularities of the sequence of objects distribution of two
untied samplings [29]. It can be applied in the analysis of
quantitative, rank and alternative variations. Owing to ist
originality, has limited application though in some cases may
be more effective than other methods. The statistics of
criterion of Wald-Wolfowitz suggested in [30] is based on
coefficient of serial correlation and looks like this (Fig. 6):

The examples of data processing results with use of
nonparametric methods of the analysis executed in version
13.2 STATISTICA package are given below.
Mann-Whitney's criterion
Mann-Whitney's U-criterion is statistical criterion which is
used at an assessment of distinctions between two independent
samplings on the level of any sign measured quantitatively
[28]. The statistics of criterion looks as follows:
n m
1
U = W − m( m + 1 ) = ∑∑ δ ij
2
i =1 j =1

n −1

R1 = ∑ xi xi +1 + x n x1

(2)

i =1

(1)
Fig. 6. Wald-Wolfowitz's criterion.
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Test results also show the high importance of distinction
between poisoning indicators for males and females.
At the second analysis stage of data, deep interrelations
between data which can be used for decision-making are
detected. At the same time, both stages are intended for the
prospecting analysis, the best understanding of data and
hypotheses making which are preliminary steps for data
mining.
C. The Results of Data Mining Stage
The technology of data mining allows to discover such
patterns among large volumes of data which cannot be found
by statistical ways of data processing, but are objective and
practically useful. Using these methods. the researcher can
observe five main patterns in data [31], namely:
•

association – several events are connected with each
other;

•

sequence – a chain of the events connected in time;

•

classification – reference of an object to one of classes
with the known characteristics;

•

clustering – allocation of uniform groups of objects;

•

temporary templates - dynamics of behavior of target
indicators.

Fig. 8. The rules created for the decision tree.

The rules obtained are already the new, unevident
knowledge taken from data and suitable for use at decisionmaking.
IV.

CONCLUSION

The suggested technique of the medical data analysis in
the field of toxicology is geared toward supporting the process
of decision making and includes three main stages, such as
primary analysis of data, application of methods of
nonparametric statistics and data mining. For the analysis, a
sampling of the toxicological data collected in the Republic of
Bashkortostan during 2015-2016 was taken. At the first stage,
the visualization of the data for the best understanding of their
structure (in particular, the main reasons for acute poisonings,
structure of poisons and many others things are defined),
making the assumptions of existing interrelations in data,
receiving prior knowledge (for example, and age peaks of acute
poisonings for males and females) is carried out. At the second
stage, the hypothesis and assumptions are checked by the
means of statistical methods. As medical data are analyzed, the
nonparametric methods allowing processing the data which are
not submitting to normal distribution are applied. In the
reviewed examples by the means of Mann-Whitney’s and
Wald-Wolfowitz’s criteria existence of significant distinctions
between quantity of poisonings and indicators of poisonings
depending on gender is proved. Data mining allows to reveal
hidden patterns in the analyzed data and to find new, earlier
unknown knowledge. Formation of a decision tree for
definition of poisonings outcome is shown, and by means of
technology of data mining, 54 rules for the specified decision
tree are formulated. The authors intend to continue further
research in the field of expansion in data mining application for
extraction of implicit regularities and patterns from medical
toxicological data.

All listed patterns are applicable to medical data.
In Fig. 7-8, examples of results of the data processing with
use of decision trees executed in Deductor Studio Academic
5.3.0.88 are presented. In Fig. 7, the decision tree for
definition of poisoning outcomes depending on the MKB10
code, age and date of poisoning is presented.
The rules created for the decision tree presented in Fig. 7
are shown in Fig. 8.
In total, 54 rules have been created in this example. I.e.,
the rule № 9 is follows:
IF MKB10_code = T58 AND Age < 82,5 years AND
Date_of_poisoning < 24.08.2016 AND Date_of_poisoning >=
17.01.2017 THEN Lethal_outcome

Fig. 7. The decision tree for definition of poisoning outcomes.
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