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Abstract
Background. In the previous studies, we compared the individuals who were almost identical to the average
value of LF/HF ratio and its dispersion, but with opposite deviations from the norm of immunity. Two profiles of
EEG have been created that reflect the differences between the two clusters. The first profile contains the
parameters that in stress-sensitive individuals are in the zone of narrowed norm, whereas in stress-resistant
individuals they are to some degree elevated, or at least exceed those in stress-sensitive individuals. The second
profile contains EEG parameters, each of which in stress-resistant individuals is lower than that of stress-
sensitive individuals. The purpose of this study is to clarify the features of the HRV, endocrine and metabolic
parameters in persons whose immune status is susceptible or resistant to chronic stress.Materials and Methods.
The object of observation were 32 men and 8 women with chronic pyelonephritis in remission. The criterion for
inclusion was the magnitude of the sympathico-vagal balance index LF/HF which exceeded the age norm by 0,5
σ. We determined spectral parameters of HRV, plasma levels of principal adaptation Hormones, plasma and
daily urine levels of the Electrolytes and Nitrous metabolites as well as plasma Lipoproteines spectrum. Results.
Discriminant analysis revealed that Testosterone is the main factor that conditioning the sensitivity of immune
status to sympathotonic shift in autonomic regulation in chronic stress. Sensitizing (immunosuppressive) factors
are also Ca/K-ratio of plasma and total Cholesterol, instead LD LP Cholesterol, Creatininuria, P/Ca-ratio of urine,
spectral power of VLF band HRV as well as entropy of HRV are desensitizing (immunoprotective) factors.
Conclusion. The susceptibility or resistance of the immune status to the stress sympathotonic shift of autonomic
regulation is conditioned by the combination of EEG, HRV, endocrine and metabolic parameters.
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INTRODUCTION

To elucidate the role of chronic stress-induced changes in sympatho-vagal balance in
changes in immunity, previosly we compared the individuals who were retrospectively
divided into two groups, almost identical to the average value of LF/HF ratio and its
dispersion, but with opposite deviations from the norm of the links of immunity. In stress-
sensitive individuals versus stress-resistant individuals integral state of Phagocytosis as Z-
scores was compiled: -1,82±0,39 and +0,76±0,43; of Cellular link: -1,69±0,21 and
+0,23±0,26, of Humoral link: +0,23±0,19 and +0,76±0,11 respectively [15].

In next study [16], after the EEG parameters screening, two profiles have been created
that reflect the differences between the two clusters of individuals. The first profile contains
the parameters that in stress-sensitive individuals are in the zone of narrowed norm, whereas
in stress-resistant individuals they are to some degree elevated, or at least exceed those in
stress-sensitive individuals. The second profile contains EEG parameters, each of which in
stress-resistant individuals is lower than that of stress-sensitive individuals.

The purpose of this study is to clarify the features of the HRV, endocrine and metabolic
parameters in persons whose immune status is susceptible or resistant to chronic stress.

MATERIALS AND METHODS

The object of observation were 32 men (aged 24-70 years old) and 8 women (39-71 years
old) with chronic pyelonephritis in remission. The criterion for inclusion was the magnitude
of the sympathico-vagal balance index LF/HF, which exceeded the age norm by 0,5 σ.

For this purpose, we recorded electrocardiogram in II lead to assess the parameters of
HRV (software and hardware complex "CardioLab+HRV" production "KhAI-MEDICA",
Kharkiv, Ukraine). For further analysis the following spectral parameters (Frequency Domain
Methods) were selected. Spectral power (SP) bands: 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) [1,3,7]. We calculated also the Entropy
(h) of normalized SP using CE Shannon’s formula [17]:
hHRV = -[SPDHF•log2SPDHF+SPDLF•log2SPDLF+SPDVLF•log2SPDVLF+SPDULF•log2SPDULF]/log24.

To assess endocrine status in the morning on an empty stomach we determined plasma
levels of principal adaptation Hormones: Cortisol, Testosterone and Triiodothyronine (by the
ELISA with the use of analyzer “RT-2100C” and corresponding sets of reagents from “Алкор
Био”, XEMA Co, Ltd and DRG International Inc).

According Instruction for the determination of Testosterone in human serum or plasma,
the following normal range (nM/L) is recommended: femals 0,15÷4,6; males 20-39 yrs
9,0÷38; 40-55 yrs 6,9÷21; >55 yrs 5,9÷18,1. Resting on this repering points, YL Hrytsak et al
[9] builded regressive model for calculation of normal averages for males from 20 to 69 years
(Fig. 1).
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Fig. 1. Testosterone normal averages for males various age

Then we determined the plasma and daily urine levels of the Electrolytes: calcium (by
reaction with arsenase III), magnesium (by reaction with colgamite), phosphates (phosphate-
molybdate method), chloride (mercury-rhodanidine method), sodium and potassium
(flamming photometry); Nitrous metabolites: creatinine (by Jaffe's color reaction by Popper's
method), urea (urease method by reaction with phenolhypochlorite), uric acid (uricase
method).

According to the parameters of electrolyte exchange, hormonal activity was evaluated:
parathyroid by coefficients (Сар/Рр)0,5 and (Pu/Cau)0,5, calcitonin by coefficients (Сар•Рр)-0,5
and (Cau•Pu)0,5 as well as mineralocorticoid by coefficients (Nap/Kp)0,5 and (Ku/Nau)0,5,
based on their classical effects and recommendations by IL Popovych [6].

We estimated also plasma Lipoproteines spectrum: total cholesterol (by a direct method
after the classic reaction by Zlatkis-Zack) and content of him in composition of α-lipoproteins
(by the enzyme method by G Hiller [8] after precipitation of notα-lipoproteins); prae-β-
lipoproteins (expected by the level of triacylglycerides, by a certain meta-periodate method);
β-lipoproteins (expected by a difference between a total cholesterol and cholesterol in
composition α-and prae-β-lipoproteins).

It is known that levels of uric acid and lipoprotein cholesterol are significantly dependent
on gender and age. Using reference data [10,11], we created a gender and age standard for
each patient (Figs. 2-5).
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Fig. 2. Age and sex standards of uricemia

Fig. 3. Age and sex standards of plasma total cholesterol

Fig. 4. Age and sex standards of hight-density lipoprotein plasma cholesterol
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Fig. 5. Age and sex standards of very law-density lipoprotein plasma cholesterol

The analyzes were carried out according to the instructions described in the manual [5].
The analyzers “Pointe-180” ("Scientific", USA) and “Reflotron” (Boehringer Mannheim,
BRD) were used with appropriate sets and a flamming spectrophotometer “СФ-47”.

Norms are borrowed from the database of the Truskavetsian Scientific School of
Balneology.

Results processed using the software package "Statistica 5.5".

RESULTS AND DISCUSSION

For the purpose of a one-scale evaluation of various parameters, all of them were
recalculated in the Z-score by the formula:

Z = (Variable/Norm -1)/Coefficient of Variation.
The endocrine profiles thus created (Fig. 6) can be divided into at least two networks. The

first set includes parameters that are almost identical in stress-sensitive and stress-resistant
individuals, namely: normal levels of triiodothyronine, mineralocorticoid and calcitonin
activities, estimated by both daily urine and plasma parameters, and parathyroid activity,
estimated by plasma levels .

The second set contains parameters that are more or less higher in stress-sensitive
individuals than in stress-resistant individuals. First of all, these are moderately elevated
levels of cortisol (actual) and testosterone (normalized by age and gender) in stress-sensitive
versus upper-border in stress-resistant men (+0,73±0,41 Z) and women (+0,56±0,30 Z).
Further, this is the Ca/K plasma ratio, which reflects the sympathetic-vagal balance [4], as
well as the parathyroid activity estimated by the parameters of daily urine. The discrepancy
between the two estimates of parathyroid activity was previously detected in rats [6] and is
interpreted respectively as situational (at the time of blood collection in the morning) and
stationary (daily). By the way, this applies to other hormones, moreover, they are also defined
in the hair and nails for the evaluation of permanent hormonal activity.
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Fig. 6. Endocrine profiles of persons sensitive (SS) and resistant (SR) to stress

The analysis of Fig. 7 we think it is logical to start with the HRV parameters. As we can
see, the entropy of HRV and SP VLF band is lower in stress-sensitive individuals than in
stress-resistant individuals. The sensitivity of the immune status to stress is also accompanied
by decreased excretion of creatinine, lower-bound natriuria, plasma sodium and potassium,
normal plasma chloride levels, and increased its urinary excretion.

Instead, immune resistance to stress is characterized by lower-bound creatininuria, normal
levels of natriuria, plasma sodium and potassium, upper-bound chloridemia, and elevated
chloriduria.

Fig. 7. HRV and Metabolic profiles of persons sensitive (SS) and resistant (SR) to
stress

The inverse set is formed by metabolic parameters that are lower in stress-resistant
individuals than in stress-sensitive individuals. In particular, in the first calciumemia and
phosphaturia are lowered, LDLP Cholesterol level is lower boundary, total cholesterol in the
lower area of normal, magnesiumuria is quite normal, plasma urea in the upper zone of
normal, and urea excretion is upper boundary. Instead, stress-sensitive individuals have
metabolic parameters listed in the lower, middle, or upper zones of the norm, upper limit, and
elevated, respectively.

The last set is formed by parameters that are practically identical for the individuals of
both clusters. In particular, elevated (daily diuresis and uricosuria), upper boundary (VLDLP
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Cholesterol and calciumuria), normal (potassium urine and plasma HDLP Cholesterol) and
decreased (phosphatemia and magnesiumemia).

The method of discriminant analysis forward stepwise [12] revealed 8 variables that
characterize the features of HRV as well as endocrine and metabolic profile of stress-sensitive
and stress-resistant persons. Another 9 variables are not included in the model, but they are
worth attention (Tables 1 and 2).

Table 1. Discriminant Function Analysis Summary for HRV, Endocrine and
Metabolic Variables of stress-sensitive and stress-resistant individuals
Step 8, N of vars in model: 8; Grouping: SS/SR; Wilks' Λ: 0,438; approx. F(8,3)=5,0; p<0,0005

Variables curre-
ntly in the model

Reference
level (30)

Cv SS
(20)

SR
(20)

Wilks
Λ

Parti-
al Λ

F re-
move

p-le-
vel

Tole-
rancy

Entropy HRV 0,79±0,02 0,127 0,62±0,02 0,69±0,02 ,485 ,903 3,3 ,077 ,742
VLF HRV, msec2 1411±148 0,578 741±134 1194±200 ,467 ,939 2,0 ,165 ,663
Creatinin E mM/d 11,0±0,52 0,300 6,50±0,68 9,44±0,79 ,445 ,985 ,5 ,498 ,719
(Pu/Cau)0,5 2,40±0,11 0,294 2,31±0,15 1,90±0,14 ,454 ,966 1,1 ,303 ,958
(Cap/Kp)0,5 0,71±0,01 0,104 0,74±0,03 0,69±0,01 ,484 ,905 3,2 ,082 ,702
Cholesterol, Z 0 0,25±0,21 -0,28±0,17 ,499 ,878 4,3 ,046 ,171
LDLP Cholest, Z 0 0,03±0,37 -0,66±0,29 ,469 ,934 2,2 ,150 ,181
Testosterone, Z 0 +1,30±0,36 +0,67±0,28 ,524 ,836 6,1 ,020 ,609
Variables curre-
ntly not in model

Reference
level (30)

Cv SS
(20)

SR
(20)

Wilks
Λ

Parti-
al Λ

F to
enter

p-le-
vel

Tole-
rancy

Sex Index 1,5 1,05±0,05 1,35±0,11 ,433 ,989 ,34 ,566 ,403
Urates Plasma, Z 0 -0,54±0,29 -0,87±0,20 ,438 ,999 ,02 ,899 ,829
Urates P, μM/L 366±8 0,181 345±21 291±18 ,438 ,998 ,05 ,824 ,651
Cholester, mM/L 5,48±0,08 0,184 5,77±0,22 5,15±0,15 ,434 ,990 ,31 ,582 ,156
LDLP Ch, mM/L 3,61±0,08 0,179 3,68±0,25 3,12±0,17 ,437 ,997 ,08 ,785 ,095
Calcium P, mM/L 2,30±0,02 0,065 2,25±0,05 2,13±0,03 ,437 ,998 ,07 ,795 ,551
Urea Plas, mM/L 5,00±0,26 0,330 6,39±0,31 5,68±0,17 ,432 ,987 ,40 ,532 ,863
Urea Excr., mM/d 458±13 0,186 584±64 523±44 ,437 ,996 ,11 ,743 ,347
Cortisol P, nM/L 405±20 0,315 590±72 492±36 ,425 ,969 ,95 ,337 ,364

Table 2. Summary of Stepwise Analysis for HRV, Endocrine and Metabolic
Variables ranked by criterion Λ

Variables currently in the model F to
enter

p-
level

Λ F-
value

p-
level

Testosterone normalized, Z 10,6 ,002 ,782 10,6 ,002
Entropy HRV 9,9 ,003 ,617 11,5 ,0001
Creatinine Excretion, mM/24h 4,0 ,053 ,555 9,6 10-4
(Pu/Cau)0,5 as Parathyroid Activity 1,7 ,198 ,529 7,8 ,0001
(Cap/Kp)0,5 1,0 ,323 ,514 6,4 ,0003
Cholesterol total normalized, Z 1,2 ,288 ,496 5,6 ,0004
LD LP Cholesterol normalized, Z 2,0 ,168 ,467 5,2 ,0005
VLF HRV, msec2 2,0 ,165 ,438 5,0 ,0005

Information about the variables included in the model is condensed in the canonical
discriminant root. The sum of products of raw coefficients on the value of discriminant
variables together with the constant (Table 3) gives the values of root for each person and
allow their visualization.
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Table 3. Standardized, Structural and Raw Coefficients and Constant for Canonical
Variables and their Z-scores for individuals whose immunity is susceptible or resistant
to stress

Variables currently
in the model

Stress-
sensitive

Stress-
resistant

Standar-
dized

Structural Raw

Testosterone +1,30±0,36 +0,67±0,28 ,691 ,466 ,078
(Pu/Cau)0,5 as PTA -0,13±0,21 -0,70±0,20 ,252 ,286 ,394
Cholesterol total +0,25±0,21 -0,28±0,17 1,126 ,284 1,331
(Cap/Kp)0,5 +0,34±0,39 -0,34±0,13 ,490 ,242 5,150
LD LP Cholesterol +0,03±0,37 -0,66±0,29 -,803 ,213 -,538
Creatinine Excretion -1,36±0,20 -0,47±0,24 -,192 -,405 -,058
Entropy HRV -1,63±0,23 -0,94±0,22 -,483 -,317 -4,848
VLF HRV -0,70±0,20 -0,29±0,22 -,406 -,264 -,00054

Eigenvalue=1,282 Constant -1,695
r*=0,749; Wilks' Λ=0,438; χ2(8)=28; p<10-3

As we can see (Fig. 8), in individuals whose immunity is sensitive to stress, the
discriminant root is usually higher than that of resistant individuals. This reflects, first and
foremost, significantly higher than the sex and age standards, the testosterone level in the
former, while in the latter it is in the upper normal range. Therefore, testosterone sensitizes
the immune system to stress suppression.

Fig. 8. Individual values of the HRV-Endocrine-Metabolic discriminant root of persons
whose immunity is susceptible (S) or resistant (R) to stress

Less influential sensitizing (immunosuppressive) factors are, apparently, total
cholesterol and Ca/K-ratio of plasma, levels of which in stress-sensitive individuals are in the
upper zone of normal, while in stress-resistant in the lower zone.

On the other hand, the significantly reduced spectral power of the VLF band HRV (as
well as the entropy of the HRV, apparently due to its major VLF component) gives grounds to
consider it a desensitizing (immunoprotective) factor.

It is speculated that VLF band HRV (0,04÷0,015 Hz) associated with oscillation blood
levels of renin (0,04 Hz) and epinephrine (0,025 Hz), reflects thermoregulatory cycles,
cerebral ergotropic and metabolotropic outflows, activation of cerebral sympathetic-adrenal
system [1,3,7,14], sympathetic activity [13]. Resently, we showed [2] that the absolute
spectral power of the VLF band correlate significantly with the markers of the vagus tone
directly, and with the markers of sympathetic tone inversely. This gives us reason to believe
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that VLF band is vagus marker. This is consistent with the interpretation of the increase in
plasma Ca/K-ratio as a reflection of sympathotonic shift of sympathetic-vagal balance.

Another desensitizing (immunoprotective) factor, following this algorithm, can be
considered creatinineuria, the level of which is significantly reduced in stress-sensitive
individuals, whereas in stress-resistant persons it is only in the lower zone of normal. The
latter, however, revealed lower boundary levels of parathyroid activity and LD LP Cholesterol,
whereas in stress-sensitive individuals they are quite normal. Therefore, these two factors can
also be considered desensitizing (immunoprotective).

In the analysis of gender differences, it is revealed that the discriminant roots are lower in
women than in men, but this is the case in each cluster (Fig. 9). Therefore, it is only fair that
gender was not included in the discriminatory model, that is, it is not a factor that determines
the nature of the effect of stress-induced sympathotonic shift of autonomic regulation on
immune status.

Fig. 9. Average values (Means±SE) of the HRV-Endocrine-Metabolic discriminant root
of males and females whose immunity is sensitive (S) or resistant (R) to stress

The accuracy of retrospective classification of persons whose immune status is sensitive
to stress is 85% (three errors), and stress-resistant persons 90% (two errors), ie an overall
accuracy of 87,5%.

A detailed analysis of the mechanisms of sensitization and desensitization of neural,
endocrine and metabolic factors will be the topic of the next article. And as a conclusion, let
us limit ourselves to the announcement of integral profiles (Fig. 10).
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Fig. 10. Average values (Means±SE) of the deviations in parameters constellations (n) of
patients whose immunity is sensitive (S) or resistant (R) to chronic stress
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