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METHODS OF DIAGNOSIS AND TREATMENT

V.A. Lazarenko, A.E. Antonov, A.V. Prasolov, M.I. Churilin
EVALUATING THE EFFICIENCY OF
NEURAL NETWORK PROGNOSIS OF
HEALTH QUANTITATIVE INDICATORS
IN PATIENTS WITH DISEASES OF THE
HEPATOPANCREATODUODENAL ZONE

ABSTRACT

Objective was in the public health study to select and assess practical application possibilities of optimal biosatistical methods
for monitoring the functioning of artificial neural networks trained for predicting the quantitative health indicators in patients with
hepatopancreatoduodenal zone diseases.

Methods. The study was conducted on materials of 385 patients with hepatopancreatoduodenal diseases who underwent
in-patient treatment in hospitals in the city of Kursk. There was used the internally developed information system “System of Intel-
lectual Analysis and Diagnosis of Diseases” (Certificate of State Registration of the Program for Computers n. 2017613090). The
application provides functionality for creation, configuration, training and practical application of the artificial neural network, multi-
layer perceptron. Hyperbolic tangent was used as an activation function.

Results. There is presented the experience of selection and practical application of mathematical methods for controlling the
operation of the artificial neural network in assessing the quantitative health indicators in patients with peptic ulcer, cholecysti-
tis and pancreatitis. There is shown the expediency of the primary interpretation of the output layer neuron OUT value where
OUT € RAOUT € (—1; 1) to the scale and units of measurement of the evaluated health indicator with subsequent statistical pro-
cessing of the array of obtained values. The optimal mathematical methods include: the calculation of the means (and their errors)
for the arrays of empirical and resulting from the neural network operation values, with subsequent comparison of the arrays using
the x2 criterion and determining the significance level a. The next step is to estimate the forecast mean error (ME), the forecast
mean square error (MSE), the forecast mean absolute error (MAE), the maximum forecast error for the 99" and 95" normal dis-
tribution percentiles, the mean percent error (MPE) and the average absolute percentage error (MPAE). An example of a tabular
representation of the analysis data is given.

Conclusion. The most convenient and informative mathematical methods for assessing the operation quality of the artificial
neural network predicting the quantitative health indicators in patients with hepatopancreatoduodenal zone diseases are various
types of forecast errors (mean error, mean absolute error, mean percentage absolute error, etc.). It is expedient to calculate the
maximum absolute error of the forecast (for p = 0.05 and p = 0.01), which increases the visibility of the results, as well as the x?
criterion, that allows the estimation of hypothesis’ significance that there are no differences between the arrays of calculated and

empirical quantitative indicators.

INTRODUCTION

The organization of public health in
modern society is based on the system-
atic approach to decision-making [12, 7,
11]. Adapted mathematical programme
complexes [4, 5, 6], as well as manage-
ment information systems based on the
principles of artificial neural networks
(ANN), gain importance in questions of
predicting health indices in patients with
peptic ulcer, cholecystitis and pancreati-
tis [13, 1, 10]. Such tools are considered
as the most promising and convenient
due to their ability to process complex
data [2, 8], demonstrating signs of cob-
web causality [3]. However, intelligent
systems require mechanisms to control
their functioning.

The purpose of our study was in the
public health study to select optimal
biosatistical methods for monitoring the
functioning of artificial neural networks
designed for predicting the quantitative
health indicators in patients with hepato-
pancreatoduodenal zone diseases and
assess their practical application possi-
bilities.

MATERIALS AND METHODS

The study involved 385 patients un-
dergoing in-patient treatement in hospi-
tals in the city of Kursk for the hepatopan-
creatoduodenal zone diseases — peptic
ulcer, cholecystitis and pancreatitis. The
mathematical apparatus was implement-
ed in the internally developed software —
“System of Intellectual Analysis and Di-
agnosis of Diseases” (Certificate of State
Registration of the Program for Comput-
ers n. 2017613090). The system posess-
es functionality to create, configure, and
train ANNs of multilayer perceptron type.
Hyperbolic tangent was selected as an
activation function. The dimension of the
input vector of the network was 16. There
was used the information on the pres-
ence of bad habits, sex, the year of birth,
the presence of disability, hereditary fac-
tor, the history of occupational hazards,
etc. The network included 10-14 neurons
in each of the 3 hidden layers. The age
of probable hospitalization was used as
the main output. Overtraining of the net-
work was monitored by cross-checking
method, for which the training set was

randomly broken into two parts. The in-
formation on 355 patients was used for
training, and control was carried out on
the material of 30 clients.

RESULTS AND DISCUSSION

The activation function — the hyper-

bolic tangent takes the values OUT €

AR A OUT € (-1; 1) that in this form
cannot be interpreted by the user for
evaluation of quantitative patient’s health
indexes. The obtained value (y) can be
adapted using the statistics of the training
set according to the formula (1):

)+ Mz,

where Mz, z__ and z_, - respectively,
the mean, maximum and minimum val-
ues of this output in the training set.

The adapted value of y is quite suit-
able for further practical processing and
has the same units of measure as the
output of the training set, for example,
years. Nevertheless, this value needs
statistical verification. In our study, we
applied the following calculated indexes:

1. The standard error mz of the mean

Yoy = yxmax(z,, —~Mz,Mz-z

min



empirical Mz, calculated from the objec-
tive data of the output z of the training set.

2. The average calculated My, and
its standard error my  are determined on
the base of the values of the y_ obtained
as a result of the ANN operation. Calcu-
lations of the means and their standard
errors are conducted traditionally.

3. The 2 criterion was chosen to con-
firm or refute the hypothesis that there is
no difference between the empirical and
forecasted indexes in the sample popula-
tion. Calculation of the criterion is carried
out according to the formula (2):

X2 _ Z(Z_de)z

Yan

Where z — empirical values of the in-
dex, y,, — the predicted value of the in-
dex.

The significance of the hypothesis (a)
is estimated by the comparison of the
criterion x? with the critical points known
from the tables for the degree of freedom
k=n-1.

4. The forecast mean error is calcu-
lated as the arithmetic mean of the differ-
ence between the empirical and predict-
ed value of the studied quantitative index
(with changes from [9]) (3):

i =2

n

whered =z -y,

The sign of this indicator allows
assessing whether the forecast is too
high or too low, and its absolute value
indicates the size of the error.

5. The forecast mean square error
MSE allows to evaluate the operation of
the ANN as a whole and is calculated as

(4):

2
wisg = 2

6. The fore’gast mean absolute error
MAE is calculated similarly to ME using
formula (5): Z| d|

MAE = =—

n

For MAE, it is possible to calculate the
standard error mMAE according to the
general rules.

7. The MAE and mMAE values
obtained in the previous calculation stage
are useful for calculating the visually
useful value — the maximum absolute
forecast errors |d__ | (6) and |d__ .| (7):

max9

| 0| = MAE + zpoy x mMAE

| axos| = MAE + zpys x mMAE

where zp,, n zp,, — 99" and 95"
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The results of the ANN training for forecasting the age of probable hospitalization in
patients with hepatopancreatoduodenal zone diseases, n = 385

Index Age of probable hospitalization

Mean empirical, Mz, years 52,86
Standard error, mz, years 0,83
Mean calculated, MydN, years 53,31
Standard error, mydN, years 0,83
%2 criterion 47,13
Significance level, a <0,001
Forecast mean error , ME, years —0,45
Forecast mean square error, MSE, years 2 6,02
Forecast mean absolute error, MAE, years 1,87
Standard error of MAE, mMAE, years 0,08
The error of the forecast will not exceed (p95 2.00
percentile), vears >
The error of the forecast will not exceed (p99 206
percentile), years >
Mean percentage error, MPE, % —1,01
Mean percentage absolute error, MPAE, % 4,03

percentiles of the standard normal
distribution, respectively.

|d,00l @ND |d, .| @re numbers that do
not exceed the forecast absolute error |d|
with a probability of 99 or 95%.

8. The mean percentage error MPE,
like ME, allows estimating the prediction
offset (8). d

MPE = —%2-x100
n

For properly trained ANN
should not exceed 5%.

9. The mean percentage absolute
error MPAE is similar to MAE, but allows
estimating the error in the scale of the
index (9). |d|

MPAE =—=2
n

If MPAE < 10%, the prediction accu-
racy is considered high, if 10% < MPAE
< 20% — good, if 20% < MPAE < 50% —
satisfactory and if MPAE > 50% — unsat-
isfactory. MPE and MPAE are normalized
and therefore can be used to compare
ANN outputs that have unequal units of
measurement and scale, as well as to
compare different ANNs.

It is possible to use both the entire
training set and a subset with smaller
number of units for statistical evaluation
of the ANN operation quality. If the latter
case the units for calculation are selected
randomly.

The results of the calculation can be
presented in the form of a table similar
to Table. 1. Such presentation of the
analysis’ results allows the researcher
lacking special mathematical knowledge
to get acquainted with the evaluation of
the quality of the ANN training in a visual
form, and also to monitor the operation of
the trained network in clinical conditions.

CONCLUSION

The most convenient and informative

[MPE|

x100

mathematical methods for assessing
the operation quality of the ANN predict-
ing the quantitative health indicators in
patients with hepatopancreatoduodenal
zone diseases are various types of fore-
cast errors (mean error, mean absolute
error, mean percentage absolute error,
etc.). It is expedient to calculate the maxi-
mum absolute error of the forecast (for
p = 0.05 and p = 0.01), which increases
the visibility of the results, as well as the
¥? criterion, that allows the estimation of
hypothesis’ significance that there are no
differences between the arrays of calcu-
lated and empirical quantitative indica-
tors.
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V.G. Banzaraksheeyv, Ya.G. Razuvaeva

PATHOMORPHOLOGICAL AND
PATHOPHYSIOLOGICAL EVALUATION OF
LIVER CHANGES IN WHITE RATS WITH
EXPERIMENTAL DYSLIPIDEMIA AND ITS

CORRECTION

In the experiment, a morphofunctional assessment of liver changes in rats with dyslipidemia and its phytotherapeutic correction was
performed. It was found that the appointment of an atherogenic diet is accompanied by an increase in the total blood cholesterol, triglycerides,
low density lipoproteins cholesterol and a decrease in the level of high density lipoproteins cholesterol. Against this background, the liver develops
pathomorphological changes in the form of fatty hepatosis, necrobiosis and circulatory disorders. In addition, an increase in malonic dialdehyde
concentration and inhibition of catalase activity are observed in rats liver homogenates. At the same time, the course introduction of phytoremedy
normalizes the lipid metabolism, raises the activity of catalase in liver homogenates and reduces the content of malonic dialdehyde, and also
reduces the severity of pathomorphological changes in the liver. Apparently, the polyvalent effect of phytoremedy is due to the content in its
components of a complex of biologically active substances that exert lipid-lowering, antioxidant and hepatoprotective effects.

Keywords: dyslipidemia, hepar, lipid peroxidation, phythoremedy.

INTRODUCTION

In the 21st century the steady
growth of atherosclerosis-associated
cardiovascular  pathology  continues

to be the main problem of Healthcare
all over the world including Russia [2].
Besides, in many regions dyslipidemia
is a common and significantly modified

risk factor of atherosclerosis [6]. It is well
known that the pathophysiological role of
dyslipidemia, regardless of its etiology
and pathogenesis, lies in its injuring



