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Abstract
For solving the problem of classification/prediction in science, alternative statistical methods have been proposed, such as discriminant
analysis, classification trees, neural network, factor analysis, logistic regression, support vector machines and some others tests, all these methods
constantly being compared in their performance power. But the results of comparison of abovementioned methods still remain controversial,
and hence comparative efficacy of those classifiers has not been established so far. When the authors of this paper explored biogenic amines
status in neurologic disorder named dystonia, we also applied some of such statistical methods for data analysis and for elaboration of diagnostic
test. The objective of the investigation was to elaborate discrimination of dystonia on the basis of biogenic amines exchange peculiarities. In
such situation of creating a new diagnostic tool, the researcher always faces not only the medical problem of identification of some disorder,
but also the mathematical problem of comparing efficacy of different methods of calculation, because he usually tries not one, but several
statistical approaches, whose accredited comparative power has not been accepted so far. And that is true, of course, for any other science,
when elaborating classification/determination tasks. That is why once we addressed ourselves to optimize the diagnosis of some disorder, we
unavoidably challenged to explore the mathematical enigma of properties of these alternative methods of calculation, and in our case these
alternative methods happened to be the classification tree and the discriminant analysis.
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Introduction
In medicine, as in any other science, when tackling the
classification problem, the researcher tries several alternative
statistical approaches, because the exact comparative power of
those approaches still remains unknown. The very demonstrative
example is comparison of several classifiers performed by
Reinberger G, et al. [1]. The author challenges the task of
discrimination chronic active hepatitis from chronic persistent
hepatitis on the base of some biochememical tests, and he
brings the number of correct/false classifications performed
by 3 methods – by neural network, by classification tree and by
discriminant analysis.
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On the base of obtained results of biogenic amines exchange
in our own research of neurological disorder dystonia, we faced
the similar task of detecting the optimal classifier for elaboration
of diagnostic test. We measured 6 substances in plasma of two
groups of patients – in the main group of 12 patients suffering
from dystonia, and in the second control group of 20 patients.
Those 6 substances, referred to biogenic amines, were the
following: tryptophan (TRP), 5-hydroxy-tryptophan (5-HTP),
serotonin (5-HT), hydroxiindolacetic acid (5-HIAA), tyrosin (TYR)
and homovanillic acid (HVA). Three from six substances appeared
to be significantly increased in the group of dystonia (Figure 1).
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Figure 1: The plasma level of 5 - hydroxytryptophan differed significantly between the main and the control groups.

Figure 2: Classification tree for plasma 5 – hydroxytryptophan.

Results of classification trees analysis
The results of classification trees analysis proved increased
plasma 5 - hydroxytryptophan to be the reliable diagnostic criteria
of dystonia (Figure 2 ) with its level- L0 5-HTP >73,4 favoring the
diagnosis of dystonia.
The diagnostic power of the classification tree test by 5 –
hydroxytryptophan plasma level is clearly seen from the following
matrix (Table 1).

Table 1: Matrix for plasma level of 5 – hydroxytryptophan in two
groups in relation to established threshold. Level of L0 5-HTP >73,4
favors diagnosis of dystonia. The diagnostic performance of this test for
dystonia is 100% sensitivity and 100% specificity
Control
5-HTP<=73,4
5-HTP>73,4

L0 5-TRP: Total

Absolute
20
0

20

Main
% control

Absolute

0,00%

12

100,00%
62,50%

0

12

Total
%case

Total

100,00%

12

0,00%

37,50%

20
32

Figure 3: Two most valuable variables derived from stepwise procedure and the meanings of coefficients of linear classification functions.
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Results of discriminate analysis
For discriminant analysis from 6 substances studied the most
valuable differential indicators were picked, namely the level of
5-HIAA in plasma and 5 HTP in plasma (Figure 3).

As a result of discriminate analysis, we derived equations of
canonical linear discriminate (classificational) functions (LCF),
that probably can detect or exclude dystonia at examination of
latent forms, so called “formes frustes”, of this disorder. These are
the equations formulas –
LCF 1 = -1,329 + 0,038 x 5-HTP + 0,009 x 5-HIAA equation for
control group without dystonia (G0)

LCF 2 = -14,95 + 0,155 x 5-HTP + 0,02 X 5-HIAA equation for
case group with dystonia (G1)
The significance of derived discriminative functions р<0,0000
turned to be below р<0,05 (Figure 4).

When we check the patient for probable form frustes of
dystonia, we just measure the level of 5 HTP и 5-HIAA in plasma,
and obtained data we substitute into these two equations and
then compare results of LCF 1 and LCF 2. If LCF 2 exceeds the LCF
1, our patient relates to the group G 1, suffering from dystonia and
if LCF 1 exceeds LCF 2, the patient is related to the group G 0, free
from dystonia.

Figure 4: Significance of discriminate functions derived by Discriminant analysis.

The diagnostic performance of the new test elaborated
by discriminant analysis could be seen from the Figure 5. The

discriminant analysis possesses 100% sensitivity and 100%
specificity.

Figure 5: The matrix of results of classification of total of subjects studied, to one from two groups –to the case group of dystonia patients
or to the control group.

It is remarkable, that either discriminant or classification tree
tests – both - include 5–HTP and both posses 100% sensitivity and
100% specificity.

In the such situation of creating a new diagnostic tool, the
joint use of several methods is frequently mentioned in scientific
reports - namely the method of classification trees (CTr) and a
method of discriminant analysis, these two methods proved to be
nearly equal in their diagnostic power [1-7]. The joint use of factor
and discriminant analysis is also reported [8-12] as well as some
other combinations of classifiers [13-22]. We carried comparison
of dystonia and control group by means of the decision tree
method and discriminant analysis, and we revealed their high
and almost equal efficacy. The efficacy of these two tests in our
study turned to be strikingly high – both demonstrated the same
100% sensitivity and 100% specificity. In addition, factor analysis
also coincided in our study with the results of discriminate and
099

classification trees analysis results [23-25]. From the classification
trees method and from discriminate analysis we derived
alternative and reliable tests, that can detect or exclude dystonia
at examination of latent forms so called “formes frustes” of this
disorder. Classification trees method is non-parametric classifier
that construct hierarchical decision trees by splitting data among
classes of the criterion at a given step (node) accordingly to an
“if-then” rule applied to a set of predictors, into two child nodes
repeatedly, from a root node that contains the whole sample [26].
Thus, CTr can select the predictors and its interactions that are
most important in determining an outcome for a criterion variable.
The development of a CTr is supported on three major elements:
I.
Choosing a sampling-splitting rule that defines the tree
branch which connect the classification nodes;

II. The evaluation of classification produced by the splitting
rule at each node and
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III. The criteria used for choosing an optimal or final tree for
classification proposes.
Accordingly, to the features of these major elements, the most
usual CTr can be classified into Classification and Regression
Tree (CART). Important thresholds were obtained in our study by
means this method.

Then we used discriminant analysis, developed by R Fisher in
1936 [27]. It demonstrated the same 100% sensitivity and 100%
specificity in differential diagnosis of dystonia and pointed the
same substance of 5 – HTP- for diagnosis of dystonia.

Conclusion

In the study of biogenic amines exchange we revealed
enhancement in most dystonic patients of such metabolites as
5-HPT, 5-HT, TYR, HIAA. In attempt to analyze these changes, we
matched control group and tried just two statistical approaches
from plenty of existing. And these attempted methods instantly
disclosed possibilities of differential diagnosis, based on analysis
of peculiarities of biogenic amines exchange, and that is more,
they appeared to be equal in diagnostic power. And this diagnostic
power of those tests appeared to be very high, up to 100%
sensitivity and 100% specificity. We expect, that sophistication of
statistical methods applied to this problem in future would allow
simplification of differential diagnosis. The main conclusion is that
these 2 statistical methods are effective for classification task, and
equal in their diagnostic power.
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