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Background. Previously, we have shown that in patients the enropy of HRV and spectral 

power density (SPD) of loci of EEG as well as of Immunocytogram (ICG) and 

Leukocytogram (LCG) is characterized by a large variation. The method of cluster analysis 

is revealed that in members of the major cluster (60%), the entropy of EEG, HRV, ICG and 

LCG varies within the normal range (-0,5σ ÷ +0,5σ). The members of the next largest 

cluster (23%) are characterized by a moderately increased entropy of the SPD of EEG in 

combination with the normal entropy of the ICG and the moderately reduced entropy of 

HRV and LCG. The members of the third cluster (9%) noted a significantly lower entropy 

(negentropy) of the SPD in loci F3, F4, T3 and C4; in addition, there is a moderate decrease 

in the entropy of the LCG. Instead, members of the last cluster (8%) noted the negentropy of 

SPD in paired loci Fp1 and Fp2, T5 and T6, T3 and T4, F7 and F8 as well as O1 and O2; in 

addition, there is a moderate decrease in entropy of the ICG. The entropy of other EEG 

locus as well as of HRV and LCG is within the normal range. The purpose of this study is to 

analyze variants of changes in entropy under the influence of natural adaptogens and to 

determine the possibility of their prediction. Material and methods. In basal conditions in 

37 men and 14 women with chronic pyelonephritis and cholecystitis in remission as well as 

without clinical diagnose but with dysfunction of neuro-endocrine-immune complex and 

metabolism, we recorded twice, before and after balneotherapy at the spa Truskavets’, EEG 

(“NeuroCom Standard”) and HRV (“Cardiolab+VSR”). In blood we determined relative 

content of components (RCC) of Immunocytogram (ICG) (T helper, T cytolytic, B and NK 

lymphocytes) and Leukocytogram (LCG) (Eosinophils, Stub and Segmentonucleary 

Neutrophils, Lymphocytes and Monocytes). Than we calculated for each locus of EEG and 

HRV as well as for ICG and LCG the Entropy (H) of normalized SPD or RCC using 

Shannon’s formula. Results. Three groups of persons were created, significantly different 

from each other in terms of entropy changes, while the differences between the members of 

each group were much smaller. Balneotherapy has a generalized negentropic effect on EEG 

of 66,7% patients (members of first cluster). On the other hand, the members of the other 

two clusters have substantially increased EEG entropy overall, but there are significant 

differences with respect to individual loci. The entropy changes of HRV, ICG, and LCG are 

within ±0,5 σ, which we consider to be insignificant. According to the results of the 

discriminant analysis, changes in entropy only 11 loci EEG and ICG were identified as 

characteristic of the clusters. It is shown that both the decrease in entropy in the first cluster 

and its increase in the third cluster (13,7% of patients) is normalizing. Instead, in the second 

cluster (19,6%), like the first cluster, only 4 EEG parameters change, whereas the entropy of 

most parameters rises above the upper limit of the norm, ie the true proentropic effect of 

balneotherapy takes place. The entropy change directionality is driven by 19 predictors, 
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primarily the initial entropy levels of EEG, HRV, ICG, and LCG, as well as Popovych’s 

Adaptation and Strain Index and gender, but not the age of the patients. Conclusion. 

Differentially directed entropy changes under the influence of natural adaptogens are, as a 

rule, normalizing in nature and predetermined by both its initial levels and other predictors. 

Keywords: EEG, HRV, Leukocytogram, Immunocytogram, Entropy, Balneotherapy, 

Clusters, Women and Man. 

 

INTRODUCTION 
 

Previously, we have shown that in patients the enropy of HRV and SPD of loci of EEG 

as well as ICG and LCG is characterized by a large variation, which corresponds to the 

known wide variance of parameters of the ICG and LCG, which are subordinate to the 

regulatory influences of the central and autonomic nervous system [25,27]. The method of 

cluster analysis is revealed that in members of the major cluster (60%), the entropy of EEG, 

HRV, ICG and LCG varies within the normal range (-0,5σ ÷ +0,5σ). The members of the 

next largest cluster (23%) are characterized by a moderately increased entropy of the SPD 

of EEG in conjunction with the normal entropy of the ICG and the moderately reduced 

entropy of HRV and LCG. The members of the third cluster (9%) noted a significantly 

lower 43entropy (negentropy) of the SPD in loci F3, F4, T3 and C4; in addition, there is a 

moderate decrease in the entropy of the LCG. Instead, members of the last cluster (8) noted 

the negentropy of SPD in paired loci Fp1 and Fp2, T5 and T6, T3 and T4, F7 and F8 as well 

as O1 and O2; in addition, there is a moderate decrease in entropy of the ICG. The entropy 

of other EEG locus as well as of HRV and LCG is within the normal range [26]. 

Accepting the entropy (h) of EEG&HRV as a factors, using the correlation analysis 

with step-by-step exclusion, we obtain the equations for immune parameters as dependent 

variables. Canonical correlation between hEEG&HRV, on the one hand, and 

hLCG&Immunity, on the other hand, is strong: R=0,814; R2=0,663; χ2
(240)=296; p=0,008 

[43]. Thus, the enropy of EEG and HRV significantly correlate with the entropy and 

parameters of immunity, which testifies to their modulating regulatory effects. 

The findings led us to seek answers to the question, do the changes in the SPD EEG 

entropy caused by external factors affect the immunity parameters? 

The purpose of this preliminary study is to analyze variants of changes in entropy 

under the influence of balneofactors of Truskavets’ spa as natural adaptogens [16,21,32] and 

to determine the possibility of their prediction. 
 

MATERIAL AND METHODS 
 

The object of observation were 37 men and 14 women aged 23-76 years old, who came 

to the spa Truskavets’ (Ukraine) for the treatment of chronic pyelonephritis and 

cholecystitis in remission as well as without clinical diagnose but with dysfunction of neuro-

endocrine-immune complex and metabolism. The survey was conducted twice, before and 

after standard balneotherapy (drinking bioactive water Naftussya three times a day, 

ozokerite applications, mineral baths every other day for 7-10 days) [28,29]. 

We recorded electrocardiogram in II lead (hardware-software complex 

"CardioLab+HRV" produced by "KhAI-MEDICA", Kharkiv) to assess the parameters of 

heart rate variability (HRV). For further analysis (Frequency Domain Methods) were 

selected normalized (%) spectral power (SP) bands of HRV: high-frequency (HF, range 



0,4÷0,15 Hz), low-frequency (LF, range 0,15÷0,04 Hz), very low-frequency (VLF, range 

0,04÷0,015 Hz) and ultra low-frequency (ULF, range 0,015÷0,003 Hz) [2,5,11]. 

Simultaneosly we recorded EEG (hardware-software complex “NeuroCom Standard”, 

KhAI Medica, Kharkiv) monopolar in 16 loci (Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, 

P4, T5, T6, O1, O2) by 10-20 international system, with the reference electrodes A and Ref 

on the tassels of ears. Among the options considered the normalized (%) spectral power 

density (SPD) in the standard frequency bands: β (35÷13 Hz), α (13÷8 Hz), θ (8÷4 Hz) and 

δ (4÷0,5 Hz) in all loci, according to the instructions of the device. 

We calculated for HRV and each locus EEG the Entropy (h) of normalized SPD using 

formulas [30,42] based on CE Shannon’s formula [40]: 
 

hHRV = - [SPDHF•log2SPDHF+SPDLF•log2SPDLF+SPDVLF•log2SPDVLF+SPDULF•log2SPDULF]/log24; 

hEEG = - [SPDα•log2SPDα+SPDβ•log2SPDβ+SPDθ•log2SPDθ+SPDδ•log2SPDδ]/log24 
 

In portion of capillary blood we counted up Leukocytogram (LCG) (Eosinophils, Stub 

and Segmentonucleary Neutrophils, Lymphocytes and Monocytes) and calculated two 

variants of Adaptation Index as well as two variants of Strain Index by IL Popovych [4,24].  

Strain Index-1 = [(Eo/3,5-1)2 + (SN/3,5-1)2 + (Mon/5,5-1)2 + (Leu/6-1)2]/4 

Strain Index-2 = [(Eo/2,75-1)2 + (SN/4,25-1)2 + (Mon/6-1)2 + (Leu/5-1)2]/4 

Immune status evaluated on a set of I and II levels recommended by the WHO as 

described in the manual [23]. For phenotyping subpopulations of lymphocytes used the 

methods of rosette formation with sheep erythrocytes on which adsorbed monoclonal 

antibodies against receptors CD3, CD4, CD8, CD22 and CD56 from company "Granum" 

(Kharkiv) with visualization under light microscope with immersion system.  

We calculated also the Entropy (h) of Immunocytogram (ICG) and LCG using formulas: 
 

hICG = - [CD4•log2CD4+CD8•log2CD8+CD22•log2CD22+CD16•log2CD16]/log24 

hLCG = - [Lymp•log2Lymph+Mon•log2Mon+Eos•log2Eos+SNN•log2SNN+StubN•log2StubN]/log25 

Results processed using the software package "Statistica 5.5". 

 

RESULTS AND DISCUSSION 
 

In the first stage, following the previously created algorithm [26], a cluster analysis of 

the entropy changes of EEG, HRV, ICG, and LCG was performed using the k-mean 

clustering [1] method. As a result, three groups of persons were created, significantly 

different from each other in terms of entropy changes (Table 1), while the differences 

between the members of each group were much smaller (Table 2). 
 

Table 1. Euclidean Distances between Clusters 
Distances below diagonal 

Squared distances above diagonal 
 

Clusters No. 1 No. 2 No. 3 

No. 1  ,039 ,040 

No. 2 ,196  ,024 

No. 3 ,200 ,156  

 

Table 2. Members of Clusters and Distances from Respective Cluster Center 
 

Cluster Number 1 contains 34 cases 
 



Case No C_1 C_4 C_5 C_7 C_9 C_10 C_11 C_12 C_14 C_15 C_17 C_18 

Distance ,159 ,225 ,379 ,103 ,095 ,062 ,125 ,072 ,061 ,175 ,112 ,075 

Case No C_19 C_20 C_21 C_23 C_24 C_25 C_26 C_27 C_28 C_33 C_35 C_38 

Distance ,142 ,061 ,342 ,251 ,064 ,185 ,143 ,053 ,097 ,061 ,152 ,094 

Case No C_39 C_40 C_42 C_44 C_45 C_46 C_48 C_49 C_50 C_51   

Distance ,116 ,111 ,162 ,101 ,071 ,129 ,271 ,064 ,061 ,069   
 

Cluster Number 2 contains 10 cases 
 

Case No C_2 C_3 C_6 C_16 C_22 C_29 C_34 C_36 C_37 C_47 

Distance ,140 ,107 ,270 ,112 ,117 ,120 ,094 ,236 ,135 ,148 
 

Cluster Number 3 contains 7 cases 
 

Case No C_8 C_13 C_30 C_31 C_32 C_41 C_43 

Distance ,122 ,164 ,153 ,220 ,126 ,125 ,153 

 

The maximum contributions to the distribution of individuals, more precisely the 

changes in their entropy, to the clusters give changes in the entropy of SPD at loci C3 and 

C4, the minimal but significant contributions give changes in the loci of F8 and T6, while 

the contributions of entropy changes in ICG, LCG and HRV are not significant (Table 3). 
 

Table 3. Analysis of Variance for Changes in Entropy (H) 
 

Change in  

Variables 

Between  

SS 

Within  

SS 
η2 R F signif.  

p 

C3H ,584 ,552 0,514 0,717 25,4 10-6 

C4H ,650 ,758 0,462 0,679 20,6 10-6 

O1H ,867 1,174 0,425 0,652 17,7 10-5 

Fp2H ,751 1,314 0,364 0,603 13,7 10-4 

P3H ,292 ,567 0,340 0,583 12,4 10-4 

O2H ,539 1,172 0,315 0,561 11,0 10-3 

F3H ,340 ,770 0,306 0,553 10,6 10-3 

F4H ,557 1,453 0,277 0,526 9,20 10-3 

F7H ,961 2,551 0,274 0,523 9,04 10-3 

P4H ,253 ,789 0,243 0,493 7,68 ,001 

T5H ,534 1,677 0,242 0,491 7,65 ,001 

T4H ,412 1,314 0,239 0,489 7,53 ,001 

Fp1H ,523 1,672 0,238 0,488 7,51 ,001 

T3H ,416 1,400 0,229 0,479 7,13 ,002 

F8H ,885 3,250 0,214 0,463 6,54 ,003 

T6H ,486 1,805 0,212 0,461 6,47 ,003 

ICG H ,003 ,036 0,077 0,277 1,75 ,185 

LCG H ,004 ,127 0,031 0,175 ,72 ,494 

HRV H ,014 ,708 0,019 0,139 ,49 ,618 

 

In Fig. 1 shows the profiles of changes in the actual entropy values for individuals of 

different clusters, and in Fig. 2 shows the profiles of changes in normalized values. 

As can be seen, individuals in the major first cluster (66,7% of the cohort) are 

characterized by a moderate and approximately equal decrease in SPD entropy at all EEG 

loci in the absence of significant changes in HRV, ICG, and LCG entropy. 



In individuals in the second cluster (19,6% of the cohort), the scope for the absence of 

significant entropy changes in HRV, ICG and LCG is supplemented by loci C4, C3, F3, F4, 

T4 and T3, and in the other 10 loci the entropy level is moderately increased. 

In members of the third cluster (13,7% of the cohort), with the similar entropy 

stability of HRV, ICG and LCG, balneotherapy does not significantly affect the entropy of 

SPD at F8 and O2 loci, increasing it at Fp2, T6, O1 loci to a lesser extent than in the second. 

clusters, at the F7, T5, Fp1, P3, P4, and T4 loci are almost similar, and at the T3, F4, F3, C3, 

and C4 loci are much more pronounced. The integral proentropic effect of balneotherapy is 

greater in the members of the third cluster, but insignificantly (Fig. 3). 
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Fig. 1. Actual mean values (M±SE) of changes in the entropy of SPD in loci of EEG as 

well as of HRV, LCG and ICG in members of different clusters 
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Fig. 2. Z-scores (M±SE) of changes in the entropy of SPD in loci of EEG as well as of 

HRV, LCG and ICG in members of different clusters 
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Fig. 3. Changes in normalized entropy of SPD of loci of EEG, HRV, Immunocytogram 

and Leukocytogram in members of different clusters 
 

Therefore, balneotherapy has a generalized negentropic effect on EEG of 2/3 patients. 

On the other hand, the members of the other two clusters have substantially increased EEG 

entropy overall, but there are significant differences with respect to individual loci. The 

entropy changes of HRV, ICG, and LCG are within ±0,5 σ, which we consider to be 

insignificant. 

According to the results of the discriminant analysis (method forward stepwise [14]), 

changes in entropy only 11 loci EEG and ICG were identified as characteristic of the 

clusters. The other 5 loci of EEG as well as changes in entropy of LCG and HRV were not 

included in the discriminant model (Tables 4 and 5). 
 

Table 4. Discriminant Function Analysis Summary for Changes in Variables of 

Entropy in Clusters 

Step 12, N of vars in model: 12; Grouping: 3 grps 

Wilks' Lambda: 0,119; approx. F(24,7)=5,8; p<10-6 
 

Variables 

currently in 

the model 

Cluster 

No. 3 

(7) 

Cluster 

No.1 

(34) 

Cluster 

No.2 

(10) 

Wilks' 

Λ 

Parti- 

al Λ 

F-re- 

move 

p- 

level 

Tole- 

rancy 

C3H ,253 -,065 -,012 ,178 ,670 9,10 ,001 ,432 

C4H ,269 -,065 ,009 ,121 ,991 ,17 ,842 ,470 

F4H ,241 -,060 ,053 ,146 ,818 4,10 ,025 ,224 

T3H ,156 -,111 -,055 ,124 ,960 ,78 ,466 ,626 

P3H ,144 -,039 ,103 ,152 ,786 5,05 ,012 ,435 

T4H ,093 -,127 ,038 ,132 ,907 1,89 ,165 ,553 

O1H ,108 -,071 ,251 ,140 ,852 3,22 ,051 ,386 

Fp2H ,063 -,108 ,190 ,129 ,924 1,52 ,231 ,185 

T5H ,147 -,049 ,181 ,134 ,890 2,28 ,116 ,330 

Fp1H ,145 -,052 ,175 ,125 ,957 ,83 ,442 ,295 

F8H -,117 -,111 ,220 ,131 ,910 1,82 ,176 ,433 

ICG H -,002 -,000 ,018 ,124 ,966 ,66 ,525 ,781 

Variables 
currently not 

Cluster 

No. 3 

Cluster 

No.1 

Cluster 

No.2 

Wilks' 
Λ 

Parti- 
al Λ 

F to 
enter 

p- 
level 

Tole- 
rancy 



in the model (7) (34) (10) 

F3H ,193 -,049 -,017 ,114 ,958 ,79 ,460 ,608 

F7H ,176 -,060 ,262 ,116 ,973 ,50 ,610 ,550 

T6H ,077 -,066 ,172 ,119 1,000 ,00 ,995 ,282 

P4H ,098 -,054 ,093 ,118 ,988 ,22 ,805 ,476 

O2H ,022 -,071 ,191 ,116 ,976 ,45 ,643 ,533 

LCG H -,015 -,001 -,022 ,119 ,997 ,06 ,941 ,835 

HRV H ,011 ,030 -,012 ,116 ,974 ,49 ,619 ,789 
 

Table 5. Summary of Stepwise Analysis for Changes in Entropy, ranked by criterion 

Lambda 
 

Changes in 

Variables 

F to 

enter 

p- 

level  
Λ F-

value  

p- 

level  

C3H 25,4 10-6 ,486 25,4 10-6 

O1H 14,8 10-5 ,298 19,5 10-6 

T3H 3,8 ,030 ,256 15,0 10-6 

ICG H 3,0 ,060 ,226 12,4 10-6 

C4H 2,2 ,122 ,206 10,6 10-6 

P3H 1,5 ,228 ,192 9,2 10-6 

T4H 1,3 ,273 ,180 8,1 10-6 

F8H 2,7 ,077 ,159 7,7 10-6 

F4H 1,2 ,302 ,150 7,0 10-6 

Fp1H 1,7 ,191 ,138 6,6 10-6 

T5H 1,2 ,300 ,129 6,2 10-6 

Fp2H 1,5 ,231 ,119 5,8 10-6 
 

The 12-dimensional space of discriminant variables transforms into 2-dimensional space 

of a canonical roots. The canonical correlation coefficient is for Root 1 0,839 (Wilks' 

Λ=0,119; χ2
(24)=90; p<10-6), for Root 2 0,773 (Wilks' Λ=0,402; χ2

(11)=39; p<10-6). The 

major root contains 61,5% of discriminative capabilities, the minor contains 38,5%. 

The calculation of the discriminant root values for each person as the sum of the 

products of raw coefficients to the individual values of discriminant variables together with 

the constant (Table 6) enables the visualization of each patient in the information space of 

the roots (Fig. 1). 
 

Table 6. Standardized and Raw Coefficients and Constants for Changes in Variables 
 

Coefficients Standardized Raw 

Variables Root 1 Root 2 Root 1 Root 2 

C3H -1,003 ,306 -9,345 2,848 

O1H -,010 -,802 -,063 -5,127 

T3H -,300 ,049 -1,756 ,286 

ICGH ,071 -,260 2,560 -9,425 

C4H -,117 -,130 -,931 -1,035 

P3H ,378 -,811 3,478 -7,460 

T4H -,216 -,475 -1,308 -2,871 

F8H ,466 ,302 1,791 1,159 

F4H -,670 ,909 -3,853 5,225 

Fp1H ,450 -,079 2,413 -,425 

T5H -,340 ,649 -1,817 3,470 

Fp2H ,191 -,803 1,155 -4,850 

 Constants -,237 -,082 



 Eigenvalues 2,370 1,485 

Cumulative Properties ,615 1,000 
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Fig. 4. Individual values of the two roots of the changes in entropy of the members of 

the three clusters 
 

As you can see, all three clusters are quite clearly separated from each other. The visual 

impression is documented by the computation of Mahalanobis distances between clusters 

(Table 7). 
 

Table 7. Squared Mahalanobis Distances between changes in Entropy for Clusters, F-

values (df=12,4) and p-levels 
 

Clusters III I II 

III 0 20 27 

I 6,6 

<10-5 

0 10 

II 6,1 

<10-5 

4,5 

<10-3 

0 

 

Table 8 shows the correlation coefficients of entropy changes (discriminant variables) 

with canonical discriminant roots, the cluster centroids of both roots, and the normalized 

entropy change values of the discriminant variables, as well as not included in the 

discriminant model. 
 

Table 8. Correlations Variables-Canonical Roots, Means of Roots and Z-scores of 

changes in Variables for Clusters 
 

Change in 

Variables 

Correlations 

Variables-Roots 

III 

(7) 

I  

(34) 

II  

(10) 

Root 1 (61,5%) R1 R2 -3,74 +0,53 +0,80 

C3H -,645 -,219 +2,68 -0,89 -0,13 

C4H -,569 -,245 +2,82 -0,91 +0,09 

F4H -,352 -,246 +2,21 -0,77 +0,49 



T3H -,336 -,139 +1,51 -1,24 -0,53 

P3H -,294 -,457 +1,16 -0,46 +0,83 

T4H -,235 -,351 +0,78 -1,27 +0,32 

F3H currently not in model +1,74 -0,57 -0,15 

Root 2 (38,5%) R1 R2 -0,21 +0,72 -2,31 

O1H -,118 -,690 +0,60 -0,56 +1,38 

Fp2H -,111 -,604 +0,50 -1,10 +1,51 

T5H -,154 -,420 +1,15 -0,59 +1,42 

Fp1H -,157 -,414 +1,17 -0,62 +1,41 

F8H ,096 -,411 -0,68 -0,78 +1,29 

ICG H ,057 -,209 -0,03 -0,01 +0,31 

F7H currently not in model +1,10 -0,59 +1,64 

T6H currently not in model +0,52 -0,61 +1,16 

P4H currently not in model +0,70 -0,52 +0,66 

O2H currently not in model +0,12 -0,53 +1,06 

HRV H currently not in model +0,11 +0,41 -0,10 

LCG H currently not in model -0,31 -0,03 -0,47 

 

The localization of the members of the third cluster in the extremely left zone of the 

axis of the first root (Fig. 4) reflects the maximum for sampling the growth of SPD EEG 

entropy at the loci that represent the root inversely. The members of the other two clusters 

are localized in the opposite zone of the axis and are practically unbound, reflecting the 

absence of clear differences between the quasi-zero entropy changes. 

At the same time, these clusters are clearly delineated along the axis of the second root. 

In particular, the lower zone is occupied by a second cluster, reflecting a significant 

increase in the entropy of SPD EEG at loci that represent the root inversely. Instead, the 

members of the first cluster are localized in the upper zone of the axis, reflecting a 

moderate decrease in entropy at these loci. 

The use of the values of the centroids of the clusters for the labeling of the abscissa 

axis, and for the ordinate axis of the normalized mean values of the entropy changes makes 

it possible to visualize their patterns (Figs. 5 and 6). 
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Fig. 5. The pattern of changes in the entropy of SPD EEG at the loci that represent the 

first root 
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Fig. 6. The pattern of changes in the entropy of ICG and SPD EEG at the loci that 

represent the second root 

 

In Fig. 7 shows the mean values of both roots (the abscissa axis) and the mean entropy 

changes (ordinate) for the three clusters. In this case, thick lines contain information about 

variables included in the discriminant model, and thin lines refer to variables not included in 

the model. As we can see, for each root they are almost indistinguishable. 
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Fig. 7. Patterns of integral Entropy Changes for first and second Roots 
 

The calculation of the classification functions by the coefficients and constants given in 

Table 9 allows us to retrospectively identify the members of the third cluster without error, 

the first cluster with one error and the second cluster with two errors (Table 10). 
 

Table 9. Coefficients and Constants for Classification Functions for Changes in 

Entropy 
 

Clusters III I II 



Variables p=,137 p=,667 p=,196 

C3H 31,48 -5,746 -16,92 

O1H 4,249 -,801 14,72 

T3H 1,333 -5,896 -7,240 

ICG H 5,526 7,664 36,91 

C4H 4,459 -,479 2,403 

P3H -12,67 -4,784 18,76 

T4H 3,253 -5,006 3,335 

F8H -7,201 1,523 -1,501 

F4H 16,81 5,237 -11,64 

Fp1H -5,110 4,792 6,738 

T5H 10,108 5,589 -5,420 

Fp2H -11,81 -11,40 3,608 

Constants -8,576 -1,487 -5,111 

 

Table 10. Classification Matrix for Changes in Entropy 
Rows: Observed classifications; Columns: Predicted classifications 
 

Clusters Percent  

correct  

III II I 

p=,137 p=,196 p=,667 

III 100 7 0 0 

II 80,0 0 8 2 

I 97,1 0 1 33 

Total 94,1 7 9 35 

 

Now let's try to give a qualitative physiological assessment of the detected changes in 

the entropy of SPD of EEG loci. The petal diagrams give a general impression (Figs. 8-10), 

and more detailed information is provided by Fig. 11. 
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Fig. 8. Petal diagram of entropy of SPD of EEG loci before and after balneotherapy in 

members of the third cluster 
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Fig. 9. Petal diagram of entropy of SPD of EEG loci before and after balneotherapy in 

members of the second cluster 
 

-1,000

-0,500

0,000

0,500

1,000

Fp1

Fp2

F3

F4

F7

F8

T3

T4

C3

C4

T5

T6

P3

P4

O1

O2

I Before

I After

 
Fig. 10. Petal diagram of entropy of SPD of EEG loci before and after balneotherapy 

in members of the first cluster 
 

As we can see, in the members of the third cluster increase both the reduced and the 

lower boundary entropy levels of SPD of 15 loci out of 16 registered, with 13 loci up to a 

range of -0,5 ÷ +0,5 σ, which we adopted as a narrowed norm. On the other hand, in the 

members of the first cluster, the upper boundary and moderately elevated entropy levels 

decrease to a narrowed area or slightly below. In general, both the increase in the initially 

significantly reduced entropy in the third cluster individuals and the decrease in the 

initially moderately increased entropy level in the first cluster individuals are normalizing 

(Fig. 12). In other words, 80,4% of patients have EEG entropy changes according to the 

classic “initial level law” [3,15]. 
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Fig. 11. Normalized mean entropy levels of SPD of EEG loci before (X-axis) and after 

(Y-axis) balneotherapy in members of different clusters 
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Fig. 12. Normalized integral entropy levels of EEG before and after balneotherapy in 

members of different clusters 
 

Normalizing effect on body parameters deviated from the norm is considered one of 

the attributes of classical plant adaptogens (ginseng, eleutherococcus, rhodiola, etc.) [16,32]. 

The Truskavetsian Scientific School has revealed the normalizing effects of 

balneotherapeutic complex in general and in particular of bioactive water Naftussya as its 

major components on the parameters of exchange of electrolytes and lipids, gastric and 

pancreatic secretion, cholekinetics, central and peripheral hemodynamic, physical work 

capacity, endocrine, immune and autonomic nervous systems [3,6,7,10,12,13,16-22,28-

30,33-39,41]. It is these balneological effects, together with their stress limiting effect 

similar to that of phytoadaptogens, that have made them a class of adaptogens [31,32]. 



It is also known that parameters of the immune and autonomic nervous systems respond 

to the hypoxia, hypothermia, hyperthermia ander the “initial level law” [15]. 

Instead, in the second cluster, like the first cluster, only 4 EEG parameters change, 

whereas the entropy of most parameters rises above the upper limit of the norm, ie the true 

proentropic effect of balneotherapy takes place. Similar excessive effects of balneotherapy 

have been observed previously with regard to the parameters of autonomous regulation and 

have been interpreted by the authors as a manifestation of a reactivity disorder [8,9,21]. 

The entropy responses of HRV (Figs. 13 and 14), ICG (Figs. 15 and 16), and LCG (Figs. 

17 and 18) also occur under “entry-level law” but they are little expressed, especially 

against the backdrop of EEG entropy changes.  
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Fig. 13. Normalized mean entropy levels of HRV before (X-axis) and after (Y-axis) 

balneotherapy in members of different clusters 
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Fig. 14. Normalized integral entropy levels of HRV before and after balneotherapy in 

members of different clusters 
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Fig. 15. Normalized mean entropy levels of ICG before (X-axis) and after (Y-axis) 

balneotherapy in members of different clusters 
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Fig. 16. Normalized integral entropy levels of ICG before and after balneotherapy in 

members of different clusters 
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Fig. 17. Normalized mean entropy levels of LCG before (X-axis) and after (Y-axis) 

balneotherapy in members of different clusters 
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Fig. 18. Normalized integral entropy levels of LCG before and after balneotherapy in 

members of different clusters 
 

It follows from the foregoing that the directionality of entropy responses to 

balneotherapy is due to its initial levels. Indeed, the discriminant analysis program selected 

entropy of SPD 12 from 16 EEG loci as well as ICG, LCG and HRV as predictors. In 

addition, both variants of Popovych's Strain Index of LCG and second but not the first 

variant of Popovych's Adaptation Index of LCG were well predicted as well as gender but 

not age of patients (Tables 11 and 12). 

 



Table 11. Discriminant Function Analysis Summary for initial Variables, their actual 

Levels for Clusters as well as Norm and Coefficients of Variability 
Step 19, N of vars in model: 19; Grouping: 3 grps 

Wilks' Lambda: 0,041; approx. F(38,6)=6,2; p<10-6 
 

Variables 

currently in 

the model 

II 

(10) 

I 

(34) 

III 

(7) 

Wilks' 

Λ 

Parti- 

al Λ 

F-re-

move 

(2,3)  

p- 

level 

Tole- 

rancy 

Norm 

level 

(88) 

 

Cv 

C4H 0,907 0,887 0,583 ,046 ,906 1,57 ,226 ,233 0,830 0,115 

C3H 0,901 0,888 0,593 ,045 ,913 1,43 ,256 ,160 0,827 0,114 

F4H 0,838 0,843 0,506 ,054 ,763 4,65 ,017 ,316 0,828 0,131 

T3H 0,884 0,870 0,634 ,049 ,837 2,92 ,069 ,231 0,823 0,126 

F3H 0,855 0,844 0,654 ,062 ,662 7,66 ,002 ,217 0,810 0,137 

Sex Index 1,50 1,24 1,14 ,054 ,763 4,65 ,017 ,341 1,5 0,250 

ICG H 0,945 0,960 0,974 ,048 ,864 2,36 ,112 ,407 0,960 0,059 

PSI-2 0,70 0,23 0,24 ,047 ,881 2,02 ,150 ,157 0,065 0,618 

PSI-1 0,47 0,19 0,25 ,044 ,942 ,93 ,406 ,162 0,067 0,722 

LCG H 0,679 0,654 0,655 ,049 ,837 2,91 ,070 ,445 0,681 0,070 

O1H 0,581 0,818 0,736 ,045 ,928 1,16 ,326 ,235 0,682 0,266 

Fp2H 0,678 0,864 0,762 ,047 ,879 2,06 ,145 ,269 0,782 0,161 

F7H 0,576 0,816 0,659 ,061 ,674 7,26 ,003 ,193 0,772 0,207 

F8H 0,572 0,813 0,746 ,057 ,725 5,68 ,008 ,130 0,757 0,226 

O2H 0,634 0,802 0,688 ,048 ,856 2,52 ,097 ,193 0,688 0,261 

T4H 0,806 0,871 0,721 ,054 ,759 4,76 ,016 ,322 0,809 0,146 

P4H 0,776 0,845 0,686 ,047 ,880 2,04 ,148 ,243 0,761 0,184 

HRV H 0,687 0,712 0,691 ,046 ,906 1,55 ,228 ,463 0,788 0,127 

PAI-2 0,81 0,70 0,88 ,044 ,937 1,00 ,379 ,569 1,70 0,147 

Variables 

currently not 

in the model 

II 

(10) 

I 

(34) 

III 

(7) 

Wilks' 

Λ 

Parti- 

al Λ 

F to 

enter 

p- 

level 

Tole- 

rancy 

Norm 

level 

(88) 

 

Cv 

T6H 0,651 0,871 0,731 ,041 ,989 ,16 ,849 ,240 0,742 0,199 

PAI-1 1,27 1,10 1,22 ,041 1,000 ,00 ,999 ,467 1,70 0,147 

Fp1H 0,709 0,848 0,685 ,041 ,983 ,26 ,777 ,235 0,781 0,157 

T5H 0,664 0,840 0,648 ,040 ,956 ,67 ,522 ,284 0,756 0,169 

P3H 0,770 0,845 0,661 ,041 ,987 ,19 ,827 ,126 0,782 0,159 

Age, ys 54,6 48,8 48,1 ,039 ,955 ,68 ,512 ,691 49,8 0,275 

 

Table 12. Summary of Stepwise Analysis for Variables-Predictors, ranked by criterion 

Lambda 
 

Variables F to 
enter 

p-
level  

Λ F-va- 
lue  

p-
level  

C4H 32,4 10-6 ,425 32,4 10-6 

O1H 9,8 10-3 ,300 19,4 10-6 

Sex Index 4,0 ,026 ,255 15,0 10-6 

T4H 2,9 ,064 ,226 12,4 10-6 

F8H 3,8 ,031 ,193 11,2 10-6 

PSI-2 3,8 ,031 ,164 10,5 10-6 

F7H 4,1 ,024 ,137 10,2 10-6 

Fp2H 2,3 ,109 ,123 9,5 10-6 

C3H 2,5 ,097 ,110 9,0 10-6 

F3H 2,9 ,070 ,096 8,7 10-6 

F4H 3,9 ,029 ,080 8,8 10-6 



LCG H 2,1 ,135 ,071 8,5 10-6 

O2H 1,8 ,175 ,065 8,1 10-6 

P4H 1,7 ,189 ,059 7,8 10-6 

PSI-1 1,2 ,326 ,055 7,4 10-6 

T3H 1,0 ,378 ,052 7,0 10-6 

ICG H 1,6 ,215 ,047 6,8 10-6 

HRV H 1,1 ,340 ,044 6,5 10-6 

PAI-2 1,0 ,379 ,041 6,2 10-6 

 

The prognostic information is condensed in two roots, including a major 68,3% 

(r*=0,922; Wilks' Λ=0,041; χ2
(38)=124; p<10-6), a minor 31,7% (r*=0,851; Wilks' Λ=0,276; 

χ2
(18)=50; p<10-4). 

Applying the previous algorithm, we visualize the initial state of each member of the 

three clusters (Fig. 19) by the raw coefficients and constants in Table 13. 
 

Table 13. Standardized and Raw Coefficients and Constants for Variables-Predictors 
 

Coefficients Standardized Raw 

Variables Root 1 Root 2 Root 1 Root 2 

C4H -,691 ,010 -7,441 ,111 

O1H -,480 ,389 -3,540 2,871 

Sex Index -,610 -,723 -1,372 -1,627 

T4H -,795 ,541 -7,815 5,325 

F8H 1,392 -,805 7,345 -4,248 

PSI-2 -,732 -,644 -1,584 -1,393 

F7H -,177 1,516 -,889 7,628 

Fp2H ,308 ,713 2,506 5,794 

C3H -,528 ,651 -5,833 7,191 

F3H ,951 -1,046 7,804 -8,582 

F4H -,842 ,452 -7,473 4,017 

LCG H -,632 -,188 -13,81 -4,101 

O2H -,654 -,726 -4,487 -4,975 

P4H ,517 ,604 4,448 5,196 

PSI-1 ,644 -,112 1,746 -,303 

T3H -,168 -,970 -1,893 -10,96 

ICG H -,120 -,666 -2,053 -11,40 

HRV H ,344 ,375 2,860 3,119 

PAI-2 ,157 ,351 ,431 ,962 

 Constants 24,91 5,675 

 Eigenvalues 5,671 2,628 

Cumulative Properties ,683 1,000 

 

As we can see, the normalizing increase of the entropy of SPD EEG in members of the 

third cluster, which localize in the extreme right zone of the axis of the first root, is 

conditioned by its minimum initial levels (maximum negentropy) at the loci C4, C3, F4, T3 

and F3, which is negatively related to the root as well as the maximum for sampling level 

ICG entropy, which is positively related to the root (Table 14). 

Another predictor is gender (6 males out of 7 members), which is quantified by the 

minimum sex index (male = 1, female = 2). The members of the other two clusters are 

located in the opposite zone of the axis and their projections are mixed. 

These clusters are demarcated along the axis of the second root, which reflects the 

increased entropy levels of SPD EEG in loci O1, Fp2, F7, F8, O2, T4 and P4 in combination 



with minimally reduced HRV entropy and maximum reduced Popovych's Adaptation Index-

2 in the members of the first cluster, whereas in the members of the second cluster, the 

entropy levels of SPD at these loci are reduced and the negentropy of HRV is maximum. 
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Fig. 19. Individual values of the two roots of the predictors for the members of the 

three clusters 
 

Table 14. Correlations Variables-Canonical Roots, Means of Roots and Z-scores of 

Variables-Predictors 
 

Variables 

initial 

Correlations 

Variables-Roots 

II  

(10) 

I  

(34) 

III 

(7) 

Root 1 (68,3%) R 1 R 2 -2,10 -0,53 +5,59 

C4H -,481 ,120 +0,80 +0,60 -2,59 

C3H -,473 ,131 +0,79 +0,64 -2,48 

F4H -,420 ,160 +0,09 +0,14 -2,97 

T3H -,391 ,101 +0,59 +0,45 -1,82 

F3H -,228 ,059 +0,40 +0,30 -1,41 

Sex Index -,076 -,122 0,00 -0,71 -0,95 

PSI-2 -,077 -,232 +15,9 +4,12 +4,26 

LCG H -,039 -,123 -0,04 -0,56 -0,55 

PSI-1 -,035 -,176 +8,24 +2,60 +3,78 

ICG H ,059 -,118 -0,27 0,00 +0,25 

Root 2 (31,7%) R 1 R 2 -2,84 +1,05 -1,04 

O1H ,049 ,392 -0,51 +0,75 +0,30 

Fp2H ,003 ,366 -0,83 +0,65 -0,16 

F7H -,015 ,298 -1,23 +0,27 -0,71 

F8H ,051 ,290 -1,08 +0,33 -0,06 

O2H -,018 ,287 -0,30 +0,64 0,00 

T4H -,158 ,211 -0,02 +0,53 -0,74 

P4H -,147 ,196 +0,11 +0,60 -0,54 

HRV H -,009 ,053 -1,01 -0,76 -0,97 

PAI-2 ,046 -,099 -3,55 -4,01 -3,29 



 

In the information space of two roots, all three clusters are delineated very clearly (Fig. 

19 and Table 15). 
 

Table 15. Squared Mahalanobis Distances between Predictors for Clusters of changes 

in Entropy, F-values (df=19,3) and p-levels 
 

Clusters II III I 

II 0 66 19 

III 7,8 

<10-6 

0 44 

I 4,4 

<10-3 

7,4 

<10-6 

0 

 

This means that, with the help of predictors and classification functions (Table 16), the 

identity of a particular person to one or another cluster of entropy changes is almost 

unmistakable (Table 17). 
 

Table 16. Cofficients and Constants for Classification Functions for Predictors of 

Changes in Entropy 
 

Clusters II III I 

Variables p=,196 p=,137 p=,667 

C4H 384,1 327,1 372,8 

O1H 249,6 227,5 255,2 

Sex Index 21,48 8,00 12,99 

T4H 297,8 247,3 306,3 

F8H -236,7 -187,9 -241,7 

PSI-2 55,48 40,80 47,56 

F7H -55,26 -48,37 -26,94 

Fp2H -7,88 21,81 18,63 

C3H -126,0 -157,9 -107,1 

F3H -143,3 -98,72 -164,4 

F4H 121,95 71,72 125,85 

LCG H 1166 1053 1128 

O2H 152,8 109,4 126,4 

P4H -389,7 -346,1 -362,4 

PSI-1 -53,55 -40,67 -51,98 

T3H 381,3 347,1 335,7 

ICG H 792,8 756,5 745,2 

HRV H -108,7 -81,10 -92,05 

PAI-2 ,59 5,63 5,01 

Constants -1038 -847,0 -970,4 
 

Table 17. Classification Matrix for Predictors of Changes in Entropy 
Rows: Observed classifications; Columns: Predicted classifications 
 

 Percent  

correct  

II III I 

Clusters p=,196 p=,137 p=,667 

II 90 9 0 1 

III 100 0 7 0 

I 100 0 0 34 

Total 98 9 7 35 

 



The following article will analyze the associated changes in the immunity parameters 

specific to each of the three entropy change clusters. 
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