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Summary
Background. Earlier we found that plasma uric acid and urea causes modulating effects on neuro-endocrine parameters, as well as reactive
anxiety, but these effects are significantly different in men and women of different ages. The purpose of this study is to analyze the
relationships between the plasma creatinine level and some psycho-neuro-endocrine parameters in the same cohort.Materials and Methods.
The object of observation were almost healthy volunteers: 31 males (24÷69 y) and 30 females, from among them 18 postmenopausal (48÷76
y) and 12 of reproductive age (30÷45 y). In basal conditions we determined plasma levels of creatinine and adaptation hormones, estimated
the severity of the trait and reactive anxiety, recorded the ongoing HRV and EEG. After 4 or 7 days, repeated testing was performed. Results.
By building regression models with stepwise exclusion, it was found that in men plasma creatinine downregulates the level of Cortisol (r=-
0,41) while upregulates the levels of Testosterone (r=0,36) and Calcitonin (r=0,30). The degree of determination of endocrine parameters is
31,9%. In postmenopausal women, creatinine also upregulates Testosterone (r=0,43) while downregulates the amplitude and PSD of β-
rhythm in different loci as well as causes right lateralization of β-rhythm. The degree of determination of neuro-endocrine parameters is
61,2%. In women of reproductive age creatinine upregulates the PSD of ULF band HRV and α-rhythm in 5 loci as well as the Entropy of
EEG in F3 locus while downregulates the Entropy in T6 locus, F3-δ and T6-θ PSD as well as Cortisol level. The degree of determination of
neuro-endocrine parameters is 94,0%. Conclusion. Plasma creatinine has a modulating effect on neuro-endocrine parameters, but this effect
is significantly different in men and women of different ages.
Keywords: plasma creatinine, cortisol, testosterone, aldosterone, triiodothyronine, calcitonin, ongoing EEG,
HRV, anxiety, men, women.

INTRODUCTION

Earlier we found that plasma uric acid and urea causes modulating effects on neuro-endocrine parameters,
as well as reactive anxiety, but these effects are significantly different in men and women of different ages [4-
7,14].

The purpose of this study is to analyze the relationships between the plasma creatinine level and some
psycho-neuro-endocrine parameters in the same cohort.

MATERIAL AND METHODS

The object of observation were employees of the clinical sanatorium "Moldova" and PrJSC “Truskavets’
Spa”: 31 males (24÷69 y) and 30 females, from among them 18 postmenopausal (48÷76 y) and 12 of
reproductive age (30÷45 y). The volunteers were considered practically healthy (without a clinical diagnosis),
but the initial testing revealed deviations from the norm in a number of parameters of the neuro-endocrine-
immune complex as a manifestation of maladaptation [4,6].
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Testing was performed twice with an interval of 4 (in 11 men and 10 women; "Moldova") or 7 (in 10 men
and 10 women; “Truskavets’ Spa”) days.

We determined the plasma levels of the Creatinine (by Jaffe's color reaction by Popper's method) [8] as well
as main adaptation hormones Cortisol, Aldosterone, Testosterone, Triiodothyronine and Calcitonin (by the
ELISA with the use of corresponding sets of reagents from “Алкор Био”, XEMA Co. Ltd, and DRG
International Inc).

The analyzers “Pointe-180” ("Scientific", USA), “Reflotron” (Boehringer Mannheim, BRD) and “RT-
2100C” (PRCh) were used.

The levels of the trait and reactive anxiety estimated by STAI of Spielberger ChD [18] in modification of
Khanin YL [13].

The state of the autonomic and central nervous systems was evaluated according to the parameters of heart
rate variability [2,3,11,17] (software-hardware complex "CardioLab+HRV", KhAI-MEDICA, Kharkiv) and
QEEG (hardware-software complex “NeuroCom Standard”, KhAI MEDICA, Kharkiv).

In addition to routine parameters, Shannon’s CE [16] Entropy of HRV and EEG were calculated [10,15].
See the previous articles for details [5,14].

Results processed by using the software package "Statistica 6.4".

RESULTS AND DISCUSSION

At the first stage regression models were built by step-by-step exclusion of the variable until the maximum
value of Adjusted R2was reached.

For the cohort as a whole, the regression model includes two hormones out of 4 registered, only one HRV
parameter and 7 EEG parameters in the absence of anxiety parameters. The degree of determination of neuro-
endocrine parameters by plasma creatinine level was moderate (Table 1 and Fig. 1).

Table 1. Regression Summary for Creatinine plasma in total cohort
R=0,613; R2=0,376; Adjusted R2=0,320; F(10)=6,7; p<10-5

N=122 Beta St. Err.
of Beta

B SE
of B

t(111) p-
level

Variables r Intercpt 94,68 5,00 18,9 10-6
Testosterone, nM/L 0,40 0,340 0,078 0,640 0,147 4,36 10-4
ULF HRV PSD, msec2 0,22 0,209 0,077 0,0048 0,0018 2,73 0,007
Cortisol, nM/L -0,30 -0,227 0,077 -0,026 0,009 -2,93 0,004
T5-θ PSD, % -0,26 -0,153 0,094 -0,445 0,273 -1,63 0,106
Fp1-θ PSD, % -0,24 -0,144 0,107 -0,360 0,268 -1,35 0,181
Fp2-θ PSD, % -0,19 -0,139 0,109 -0,366 0,288 -1,27 0,206
C4-θ PSD, % -0,18 0,155 0,115 0,480 0,355 1,35 0,178
C3-β PSD, μV2/Hz -0,23 -0,185 0,083 -0,0324 0,0144 -2,23 0,028
F7-β PSD, % -0,16 -0,197 0,093 -0,168 0,079 -2,12 0,036
Entropy F7 -0,17 0,135 0,102 8,162 6,192 1,32 0,190
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R=0,613; R2=0,376; χ2(10)=54; p<10-6; Λ Prime=0,624
Fig. 1. Scatterplot of canonical correlation between Creatinine plasma (X-line) and Neuroendocrine
parameters (Y-line)

Linkage analysis in men alone also revealed a downregulation of cortisol (Fig. 2) and upregulation of
testosterone (Fig. 3) as well as calcitonin (Fig. 4).

Cort = 650 - 3,86*Cr
Correlation: r = -0,414
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Fig. 2. Scatterplot of correlation between Creatinine (X-line) and Cortisol (Y-line) plasma at Men
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Test = -1,75 + 0,166*Cr
Correlation: r = 0,358
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Fig. 3. Scatterplot of correlation between Creatinine (X-line) and Testosterone (Y-line) plasma at Men

CT = -3,1 + 0,150*Cr
Correlation: r = 0,296

65 70 75 80 85 90 95 100 105 110 115 120 125

Creatinine, ng/L

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

C
al
ci
to
ni
n,
 n
g/
L

0,95 Conf.Int.

Fig. 4. Scatterplot of correlation between Creatinine (X-line) and Calcitonin (Y-line) plasma at Men

In addition, a negative correlation of creatinine with relative PSD of VLF band HRV was found (Fig. 5),
which, in turn, is positively correlated with the level of cortisol (Fig. 6).
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VLF% = 88,8 - 0,457*Cr
Correlation: r = -0,339
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Fig. 5. Scatterplot of correlation between Creatinine plasma (X-line) and PSD of VLF band HRV (Y-line)
at Men

Cort = 130 + 3,57*VLF%
Correlation: r = 0,513
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Fig. 6. Scatterplot of correlation between PSD of VLF band HRV (X-line) and Cortisol plasma (Y-line) at
Men

There are opinions that VLF band (0,040÷0,003 Hz) directly reflects both vagal and sympathetic tone [1] or
vagal tone only [19] as well as saliva testosterone level [20] while inversely - renin-angiotensin-aldosterone
system activity [1,20]. It was reported that low VLF power has been correlated with low levels of testosterone,
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while other biochemical markers, such as those mediated by the hypothalamic–pituitary–adrenal axis (e.g.,
cortisol), have not [20].

However, in the cohort of men observed by us, the relationship of relative PSD of VLF band with
testosterone turned out to be close to zero, while with cortisol it was moderately positive, which is inconsistent
with the data of the cited authors. In the end, the VLF band turned out to be outside the regression model for
some reason.

The degree of determination of endocrine parameters by creatinine is 31,9% (Table 2 and Fig. 7).

Table 2. Regression Summary for Creatinine plasma in Men
R=0,564; R2=0,319; Adjusted R2=0,283; F(3,6)=9,0; p<10-4

N=62 Beta St. Err.
of Beta

B SE
of B

t(58) p-
level

Variables r Intercpt 87,0 6,3 13,8 10-6
Cortisol, nM/L -0,41 -0,319 0,114 -0,034 0,012 -2,80 0,007
Testosterone, nM/L 0,36 0,338 0,109 0,727 0,235 3,09 0,003
Calcitonin, ng/L 0,30 0,221 0,113 0,437 0,225 1,95 0,057
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Fig. 7. Scatterplot of canonical correlation between Creatinine plasma (X-line) and Endocrine parameters
(Y-line) at Men

In postmenopausal women, creatinine also upregulates Testosterone (Fig. 8) while downregulates the
amplitude and PSD of β-rhythm in three left loci as well as causes right lateralization of β-rhythm (Fig. 9). The
degree of determination of neuro-endocrine parameters is 61,2% (Table 3 and Fig. 10).
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Test = -5,1 + 0,108*Cr
Correlation: r = 0,432
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Fig. 8. Scatterplot of correlation between Creatinine (X-line) and Testosterone (Y-line) plasma at
postmenopausal Women

LIB = -154 + 1,81*Cr
Correlation: r = 0,604
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Fig. 9. Scatterplot of correlation between Creatinine plasma (X-line) and Laterality of beta-rhythm (Y-
line) at postmenopausal Women
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Table 3. Regression Summary for Creatinine plasma in postmenopausal (48÷76 y) Women
R=0,782; R2=0,612; Adjusted R2=0,515; F(7,3)=6,3; p=0,0002

N=36 Beta St. Err.
of Beta

B SE
of B

t(28) p-
level

Variables r Intercpt 81,1 7,0 11,5 10-6
Testosterone, nM/L 0,43 0,537 0,143 2,153 0,574 3,75 0,001
Laterality β, % 0,60 0,715 0,147 0,239 0,049 4,87 10-4
Amplitude β, µV -0,34 -0,337 0,300 -0,822 0,734 -1,12 0,272
T3-β PSD, μV2/Hz -0,37 0,473 0,254 0,047 0,025 1,86 0,073
F3-β PSD, μV2/Hz -0,33 -0,348 0,249 -0,054 0,038 -1,40 0,174
P3-β PSD, μV2/Hz -0,29 0,660 0,265 0,069 0,028 2,49 0,019
T3-θ PSD, µV2/Hz -0,26 -0,314 0,148 -0,049 0,023 -2,12 0,043
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R=0,782; R2=0,612; χ2(7)=29; p=0,0002; Λ Prime=0,388
Fig. 10. Scatterplot of canonical correlation between Creatinine plasma (X-line) and Neuro-endocrine
parameters at postmenopausal Women (Y-line)

In women of reproductive age creatinine upregulates the PSD of ULF band HRV and α-rhythm in 5 loci
(Table 4 and Fig. 11) and T6-β PSD while downregulates the PSD of θ-rhythm in T6 (Fig. 12) and P4 (Fig. 13)
loci and F3-δ PSD. In addition, a positive correlation with the trait anxiety (Fig. 14) and the Entropy of EEG in
F3 locus while negative correlation with the Entropy in T6 locus and Cortisol level (Table 4) was found. It is
interesting that two parameters were outside the regression model.

The physiological essence of the ULF band remains a subject of debate. It is speculated that ULF band
(0,015÷0,003 Hz) associated with oscillation blood level of norepinephrine (0,002 Hz) and 17-OKS (0,0019 Hz)
[12]. The latter assumption is inconsistent with our data on the lack of correlation between PSD of ULF band
and Cortisol level (r=-0,07).

The degree of determination of neuro-endocrine parameters by creatinine is 94,0% (Table 4 and Fig. 15).
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T4A% = -24,8 + 0,622*Cr
Correlation: r = 0,511
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Fig. 11. Scatterplot of correlation between Creatinine plasma (X-line) and PSD of alpha-rhythm in T4
locus (Y-line) at premenopausal Women

T6T% = 22,1 - 0,154*Cr
Correlation: r = -0,438
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Fig. 12. Scatterplot of correlation between Creatinine plasma (X-line) and PSD of theta-rhythm in T6
locus (Y-line) at premenopausal Women
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P4T% = 25,7 - 0,199*Cr
Correlation: r = -0,582

60 65 70 75 80 85 90 95 100 105 110

Creatinine, mcM/L

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

PS
D
 P
4-
th
et
a,
 %

0,95 Conf.Int.

Fig. 13. Scatterplot of correlation between Creatinine plasma (X-line) and PSD of theta-rhythm in T6
locus (Y-line) at premenopausal Women

TrAnx = 19,4 + 0,292*Cr
Correlation: r = 0,380
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Fig. 14. Scatterplot of correlation between Creatinine plasma (X-line) and Trait Anxiety (Y-line) at
premenopausal Women
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Table 4. Regression Summary for Creatinine plasma in premenopausal (30÷45 y) Women
R=0,969; R2=0,940; Adjusted R2=0,874; F(12,1)=14,3; p=0,00005

N=24 Beta St. Err.
of Beta

B SE
of B

t(11) p-level

Variables r Intercpt 128,9 13,7 9,42 10-6
ULF HRV PSD, msec2 0,51 0,616 0,098 0,0108 0,0017 6,27 10-4
T4-α PSD, % 0,51 -0,643 0,205 -0,528 0,169 -3,13 0,009
Entropy F3 0,48 0,523 0,138 36,26 9,542 3,80 0,003
F3-α PSD, % 0,42 0,567 0,187 0,424 0,140 3,04 0,011
T6-α PSD, µV2/Hz 0,42 -0,190 0,175 -0,0134 0,0123 -1,09 0,300
C4-α PSD, % 0,41 -0,421 0,284 -0,316 0,213 -1,48 0,166
P4-α PSD, % 0,39 0,544 0,296 0,347 0,189 1,84 0,093
T6-β PSD, μV2/Hz 0,43 0,689 0,114 0,1621 0,0268 6,04 0,0001
T6-θ PSD, % -0,44 0,395 0,172 1,124 0,489 2,30 0,042
Entropy T6 -0,43 -0,881 0,161 -112,5 20,53 -5,48 0,0002
F3-δ PSD, % -0,40 0,729 0,179 0,343 0,084 4,08 0,002
Cortisol, nM/L -0,38 -0,801 0,184 -0,068 0,016 -4,36 0,001
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Fig. 15. Scatterplot of canonical correlation between Creatinine plasma (X-line) and Neuro-endocrine
parameters at premenopausal Women (Y-line)

In order to visualize the strength and directionality of the relationships between plasma creatinine levels and
neuro-endocrine parameters at premenopausal and postmenopausal women as well as men, three profiles were
created (Fig. 16).

Next, the parameters were grouped into clusters (Fig. 17).
As in the case of urea [7], it seems that the differences between the neuro-endocrine effects of creatinine in

the three groups of people are related to the levels of sex hormones, but cannot be completely reduced to them.
This will be the subject of a separate study.
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Fig. 16. Profiles of relationships between plasma Creatinine and Neuro-Endocrine parameters at
premenopausal and postmenopausal Females as well as Males

Fig. 17. Clusters of relationships between plasma Creatinine and Neuro-Endocrine parameters at
premenopausal and postmenopausal Females as well as Males. The number of variables in the cluster is
given

ACKNOWLEDGMENT

We express sincere gratitude to administrations of clinical sanatorium “Moldova” and PrJSC “Truskavets’
Spa” as well as TA Korolyshyn and VV Kikhtan for help in carrying out this investigation.

ACCORDANCE TO ETHICS STANDARDS

Tests in patients are carried out in accordance with positions of Helsinki Declaration 1975 and directive of
National Committee on ethics of scientific researches. During realization of tests from all participants the
informed consent is got and used all measures for providing of anonymity of participants.

REFERENCES

1. Akselrod S, Gordon D, Ubel FA, Shannon DC, Barger AC, Cohen RJ. Pоwer spectrum analysis rate



997

fluctuation: a quantitative probe of beat-to-beat cardiovascular control. Science (NY). 1981; 213(4504):
220-222.

2. Baevskiy RM, Ivanov GG. Heart Rate Variability: theoretical aspects and possibilities of clinical
application. Ultrazvukovaya i funktsionalnaya diagnostika. 2001; 3: 106-127. [in Russian].

3. Berntson GG, Bigger JT jr, Eckberg DL, Grossman P, Kaufman PG, Malik M, Nagaraja HN, Porges
SW, Saul JP, Stone PH, Van der Molen MW. Heart Rate Variability: Origines, methods, and
interpretive caveats. Psychophysiology. 1997; 34: 623-648.

4. Bombushkar IS, Gozhenko AI, Badiuk NS, Smagliy VS, Korda MM, Popovych IL, Blavatska OM.
Relationships between parameters of uric acid metabolism and neuro-endocrine factors of adaptation [in
Ukrainian]. Herald of marine medicine. 2022; 2(95): 59-74.

5. Bombushkar IS, Gozhenko AI, Korda MM, Żukow X, Popovych IL. Relationships between plasma
levels of nitrogenous metabolites and some psycho-neuro-endocrine parameters. Journal of Education,
Health and Sport. 2022; 12(6): 365-383.

6. Bombushkar IS, Korda MM, Gozhenko AI, Żukow X, Popovych IL. Psycho-neuro-endocrine
accompaniments of individual variants of nitrogenous metabolites exchange. Journal of Education,
Health and Sport. 2022; 12(7): 994-1008.

7. Bombushkar IS, Anchev AS, Żukow X, Popovych IL. Sexual dimorphism in relationships between of
plasma urea and some psycho-neuro-endocrine parameters Journal of Education, Health and Sport.
2022; 12(8): 1198-1205.

8. Goryachkovskiy АМ. Clinical Biochemistry. Odesa. Astroprint; 1998: 608. [in Russian].
9. Gozhenko AI, Zukow W, Polovynko IS, Zajats LM, Yanchij RI, Portnichenko VI, Popovych IL.

Individual Immune Responses to Chronic Stress and their Neuro-Endocrine Accompaniment. RSW.
UMK. Radom. Torun; 2019: 200.

10. Gozhenko АІ, Korda MM, Popadynets’ OO, Popovych IL. Entropy, Harmony, Synchronization and
their Neuro-endocrine-immune Correlates [in Ukrainian]. Odesa. Feniks; 2021: 232.

11. Heart Rate Variability. Standards of Measurement, Physiological Interpretation, and Clinical Use. Task
Force of ESC and NASPE. Circulation. 1996; 93(5): 1043-1065.

12. Kotelnikov SA, Nozdrachov AD, Odinak MM, Shustov EB, Kovalenko IYu, Davidenko VYu. Heart
rate variability: understanding of the mechanisms [in Russian]. Fiziologiya cheloveka. 2002; 28(1):
130-143.

13. Practical psychodiagnostics. Techniques and tests [in Russian]. Samara. Bakhrakh; 1998: 59-64.
14. Popovych IL, Gozhenko AI, Bombushkar IS, Korda MM, Zukow W. Sexual dimorphism in

relationships between of uricemia and some psycho-neuro-endocrine parameters. Journal of Education,
Health and Sport. 2015; 5(5): 556-581.

15. Popovych IL, Gozhenko AI, Korda MM, Klishch IM, Popovych DV, Zukow W (editors). Mineral
Waters, Metabolism, Neuro-Endocrine-Immune Complex. Odesa. Feniks; 2022: 252.

16. Shannon CE. A mathematical theory of information. Bell Syst Tech J. 1948; 27: 379-423.
17. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. Front Public Health.

2017; 5: 258.
18. Spielberger CD. Manual for the State-Trait Anxiety Inventory (Form Y) Consulting Psychologists Press;

Palo Alto (CA): 1983.
19. Taylor JA, Carr DL, Myers CW, Eckberg DL. Mechanisms underlying very-low-frequency RR-interval

oscillations in humans. Circulation. 1998; 98(6): 547-555.
20. Theorell T, Liljeholm-Johansson Y, Björk H, Ericson M. Saliva testosterone and heart rate variability in

the professional symphony orchestra after "public faintings" of an orchestra member.
Psychoneuroendocrinology. 2007; 32(6): 660-668.


	RESULTS AND DISCUSSION

