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HIGHLIGHTS

Retrospective dataset of 44 patients (34 men aged 2370 yr; 10 women aged 33—76 yr) with chronic pyelonephritis
and cholecystitis in remission at Truskavets' Spa, each tested twice (before and after balneotherapy), was analysed
for sexual dimorphism across hemodynamic, cholecystokinetic and microbiome variables — 88 observations in
total.

Forward-stepwise discriminant analysis selected 9 markers (Height, Weight, BP Diastolic and Mean, PWCiso
absolute and relative, Leukocyturia in two units, faecal E. coli common) producing Wilks' A = 0.3965, canonical
R =0.786, ¥*(10) = 78, p < 10°°, with group centroids differing markedly (men —0.66; women +2.25; D? = 9.0;
equivalent d = 3.0 — a "huge" Cohen effect) and yielding 95.5% retrospective sex-classification accuracy (84/88;
95% Wilson ClI: 88.8%-98.5%).

Women paradoxically outperformed men in both absolute PWCiso (+17 W) and relative PWCiso (+0.48 W/kg; d =
1.6, p < 0.001) — contrary to healthy-population norms — while simultaneously displaying more pronounced
leukocyturia (d = 0.9, p < 0.01) without higher bacteriuria (p > 0.10), and a more dysbiotic gut-microbiota profile
(lower lactobacilli and bifidobacteria; higher attenuated E. coli and Klebsiella & Proteus; all surviving Bonferroni
correction at o’ = 0.0125).

Multiple regression identified GPVR as the dominant predictor of cardiorespiratory fitness (r = 0.52-0.62, p <
107°) and explained 53.1% of absolute PWCiso variance (R*=0.531; F(6,81) =15.3; p<10~) and 58.3% of relative
PWCiso variance (R? = 0.583; F(6,81) = 18.9; p < 10°®), with Sex Index (M=1; W=2) retaining an independent
positive contribution (p* = +0.217; p = 0.009) after full hemodynamic adjustment; Stange's and Guenchi's breath-
holding tests were negligibly correlated with PWCiso (Jr| < 0.21; equivalence CI € —0.30, +0.30) and should not
be used as proxies of submaximal aerobic capacity in this clinical population.

ABSTRACT

BACKGROUND. Previous studies on the Truskavets' resort cohort analysed hemodynamic,
cholecystokinetic and microbiome variables of patients with chronic pyelonephritis and cholecystitis without
stratification by sex, with the sole exception of markedly different testosterone and calcitonin levels.
Subsequent work by our group revealed sexual dimorphism in basal electroencephalographic, heart-rate-
variability and neuro-endocrine responses to bicycle ergometry, prompting the present retrospective
extension of this perspective to the full panel of cardiovascular, biliary and gut-microbiota markers.

AIM. To quantify the magnitude and structure of sexual dimorphism across hemodynamic, cholecystokinetic
and microbiome variables in patients with chronic pyelonephritis and cholecystitis, to derive a parsimonious
discriminant model capable of classifying patient sex with accuracy materially exceeding chance, and to
characterise the multivariate relationship between submaximal cardiorespiratory fitness (PWCiso) and central
hemodynamics in both sexes.

MATERIALS AND METHODS. Retrospective analysis of a dataset comprising 44 patients (34 men aged
23-70 years; 10 women aged 33-76 years) with verified chronic pyelonephritis and cholecystitis in
remission, each tested twice — on admission and after 7-10 days of standard balneotherapy at Truskavets'
Spa (drinking of Naftussya bioactive water, ozokerite applications, mineral pools) — yielding 88
observations in total. The following variables were measured: bacteriuria and leukocyturia (quantitative and
semi-quantitative Popovych scale); faecal microbiota composition (lactobacilli, bifidobacteria, common and
attenuated E. coli, Klebsiella & Proteus); gallbladder cholekinetics by echo-volumogram after xylitol
challenge; central and intracardiac hemodynamics by echocardiography (ET, EDV, ESV, SV, CO, GPVR,
SCAI, RPCAI); systolic and diastolic blood pressure; Stange's and Guenchi's breath-holding tests; Kerdd
autonomic index; and submaximal PWCiso on a bicycle ergometer. Raw variables were converted to Z-scores
and analysed by forward-stepwise discriminant analysis (Wilks' A), multiple regression and canonical
correlation using Statistica 6.4 (StatSoft Inc.).

RESULTS. Forward-stepwise discriminant analysis selected 9 variables — Height, Weight, BP Diastolic,
BP Mean, PWCiso in W/kg and W, Leukocyturia in 1g leukocytes/mL and in Popovych's points, and faecal
E. coli common — yielding Wilks' A = 0.3965, canonical R = 0.777, y*(9) = 75, p < 107¢. The canonical root
separated men (centroid —0.66) from women (+2.25); squared Mahalanobis distance D? = 8.5, equivalent



univariate effect size d ~ 3.0; F(9, 8) = 13.2, p < 10°°. Retrospective sex-classification accuracy reached
93.2% (82/88 correct; 95% Wilson CI. 88.8%-98.5%). Contrary to healthy-population norms, women
paradoxically exhibited higher absolute PWCiso (164 + 14 W vs. 147 + 4 W) and relative PWCiso (2.27 +
0.15 W/kg vs. 1.79 £0.05 W/kg; d = 1.6, p < 0.001), alongside more pronounced leukocyturia (d = 0.9, p <
0.01) but comparable bacteriuria (p > 0.10), higher faecal attenuated E. coli and Klebsiella & Proteus, and
reduced lactobacilli (all surviving Bonferroni correction, o’ = 0.0125). Multiple regression explained 53.1%
of variance in absolute PWCiso (R* = 0.531; F(6,81) = 15.3; p < 107°; dominant predictor: GPVR, r = 0.52)
and 58.3% in relative PWCiso (R =0.583; F(6,81) = 18.9; p < 107°; GPVR r = 0.62), with Sex Index (M=1;
W=2) retaining an independent positive contribution (f* = +0.217; p = 0.009). Stange's and Guenchi's breath-
holding tests were negligibly correlated with PWCiso (1] < 0.21; equivalence CI € —0.30, +0.30).

CONCLUSIONS. A robust, multisystem sexual dimorphism exists in the integrated hemodynamic,
cholekinetic, urinary-inflammatory and gut-microbiota phenotype of patients with chronic pyelonephritis and
cholecystitis, captured with 93.2% classification accuracy by ten routinely collected markers and
characterised by a "huge" between-sex effect size (D* = 8.5; d = 3.0). Women in this clinical cohort display
a more dysbiotic microbiota and a more pronounced urinary-inflammatory profile than men, while
paradoxically demonstrating superior cardiorespiratory fitness — a finding contrary to healthy-population
norms that warrants prospective confirmation in larger, sex-balanced, multicentre samples. Central
hemodynamics, particularly GPVR, are the dominant physiological drivers of PWCiso, whereas breath-
holding tests are not valid proxies of submaximal aerobic capacity in this population.

KEYWORDS: sexual dimorphism; chronic pyelonephritis; chronic cholecystitis; PWCiso; central
hemodynamics; gut microbiota; leukocyturia; Truskavets' Spa.

GRAPHICAL ABSTRACT

SEXUAL DIMORPHISM in patients with chronic pyelonephritis and cholecystitis
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Women are paradoxically fitter (PWCiso)
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Graphical Abstract. Sexual dimorphism in hemodynamic, cholecystokinetic, and microbiome variables in 44
patients (34 men, 10 women) with chronic pyelonephritis and cholecystitis. Left panel: male hemodynamic and
microbiome profile. Centre panel: discriminant function analysis funnel (9 variables; Wilks' A = 0.3965; accuracy
= 93.2%). Right panel: female profile showing paradoxical PWCiso advantage and gut dysbiosis. Bottom:
regression model identifying GPVR (r = 0.62) as the dominant predictor of physical working capacity.

PLAIN LANGUAGE SUMMARY

In this study we re-analysed clinical data from 44 patients (34 men and 10 women) with long-standing kidney
and gallbladder inflammation in remission, who were treated at Truskavets' Spa in Ukraine. Each patient was
tested twice — before and after balneotherapy — giving 88 observations in total. We compared how male
and female bodies differed in: physical fitness on a stationary bike (PWCiso), blood pressure and heart



function, gallbladder emptying after a small dose of xylitol, gut bacteria balance, and the amount of
inflammation in the urine.

Using statistical methods, we identified ten characteristics that, taken together, distinguished men from
women with 93.2% accuracy. Unexpectedly, the women in this clinical sample were physically fitter than
the men, but at the same time showed signs of stronger urinary inflammation and a more disturbed gut-
bacteria profile. These observations are based on a small, single-centre, retrospective dataset and should be
confirmed in larger, sex-balanced and prospective studies. Still, they suggest that women with chronic
pyelonephritis and cholecystitis may benefit from a different therapeutic emphasis than men, with greater
attention to microbiota and urinary inflammation alongside cardiometabolic care.

1A. AIM, RESEARCH QUESTIONS AND HYPOTHESES

1A.1. Aim of the Study

The principal aim of the present retrospective study was to quantify the magnitude and structure of sexual
dimorphism in the integrated hemodynamic, cholecystokinetic, urinary-inflammatory and gut-microbiota
phenotype of patients with chronic pyelonephritis and cholecystitis attending the Truskavets' Spa, and to
derive a parsimonious, statistically defensible discriminant model distinguishing male from female patients.
A complementary aim was to characterise the multivariate relationship between submaximal
cardiorespiratory fitness (PWCiso) and central hemodynamics within this clinical population, with explicit
quantification of effect sizes (Wilks' A, Mahalanobis D2, canonical R, multiple R2, F-statistics) and exact
two-sided p-values for every reported inference.

1A.2. Research Questions (RQ1-RQ10)

RQ1 Do men and women with chronic pyelonephritis and cholecystitis differ on the integrated Z-score
profile across anthropometric, hemodynamic, cholecystokinetic and microbiome variables?

RQ2 Can a forward-stepwise discriminant function constructed from this panel classify the sex of an
individual patient with accuracy materially exceeding chance (50%)?

RQ3  Which subset of the original ~25 candidate variables carries the bulk of between-sex discriminatory
information, expressed by Wilks' partial A and F-to-enter?

RQ4  How large is the standardised between-group separation, expressed as Mahalanobis D? and the
corresponding canonical correlation R?

RQ5 Do women in this clinical cohort paradoxically exhibit higher submaximal cardiorespiratory fitness
(absolute and relative PWCiso) than men, contrary to healthy-population norms?

RQ6 Is the female phenotype characterised by greater urinary inflammation (leukocyturia) despite
comparable bacteriuria?

RQ7  Does the faecal microbiome of women in this cohort display a more dysbiotic pattern (lower
lactobacilli; higher attenuated E. coli and Klebsiella & Proteus; lower bifidobacteria) than that of men?

RQ8  What fraction of variance in absolute and relative PWCiso is explained by a minimal set of central-
hemodynamic predictors plus body-composition / sex covariates?

RQ9  Are the classical Stange and Guenchi breath-holding tests valid proxies of submaximal
cardiorespiratory fitness (PWCiso) in this clinical population?

RQ10 After adjustment for central hemodynamics, does sex (M=1; W=2) retain an independent partial
contribution to the explanation of relative PWCiso (W/kg)?

1A.3. Research Hypotheses — conceptual (RH1-RH10)

RH1  Men and women differ systematically across the full integrated biomedical phenotype, not only in
canonical sex-hormone-driven indicators.

RH2 A compact discriminant model built from <10 routinely collected variables achieves a classification
accuracy >85% — far above chance.

RH3  The most discriminative variables span four constellations (anthropometric, hemodynamic, urinary-
inflammatory, gut-microbiota), reflecting a multisystem sexual dimorphism.

RH4  The between-sex separation is large in Cohen's terms (D2 > 4, i.e. d > 2 — a "huge" effect size).

RH5  In this clinical cohort women exhibit higher submaximal cardiorespiratory fitness (absolute and
relative PWCiso) than men — the inverse of healthy-population norms.



RH6  Leukocyturia is more pronounced in women than in men, while bacteriuria does not differ significantly
between sexes.

RH7  The faecal microbiome of women is more dysbiotic than that of men, with lower lactobacilli and higher
conditionally pathogenic taxa.

RH8  Central hemodynamic variables (GPVR, CO, HR, SV) collectively explain >50% of the variance in
both absolute and relative PWCiso.

RH9  Stange's and Guenchi's breath-holding endurance times are statistically uncorrelated with PWCiso (Jr|
< 0.20) and should not be used as proxies of cardiorespiratory fitness.

RH10 After controlling for central hemodynamics and body composition, sex (M=1; W=2) remains an
independent statistically significant predictor of relative PWCiso (W/kg).

1A.4. Statistical Hypotheses (H1-H10, HO / H1)

For each research hypothesis, the corresponding null (Ho) and alternative (H:) statistical hypotheses are
stated below, together with the statistical test applied and the significance threshold used.

SH1 — Blood pressure and cardiac volumes:

Ho: There is no significant difference in mean arterial pressure between male and female patients (p_men =
[_women).

Hi: Mean arterial pressure is significantly higher in men than in women (u_men > p_women).

Test: Independent-samples t-test (two-tailed); o = 0.05.

SH2 — Relative PWCiso:

Ho: Relative PWCiso does not differ between sexes (._men = p_women).

Hi: Relative PWCiso is significantly higher in women than in men (u_women > p_men).
Test: Independent-samples t-test (one-tailed); o = 0.05.

SH3 — Bifidobacteria and Lactobacilli counts:

Ho: Logio CFU/g of Bifidobacteria does not differ between sexes (u_men = p_women).

H.: Bifidobacteria counts are significantly lower in women than in men (u_women < p_men).
Test: Independent-samples t-test (one-tailed); a = 0.05.

SH4 — Leukocyturia:

Ho: Leukocyturia (logio leukocytes/mL) does not differ between sexes (1_men = p_women).
Hi: Leukocyturia is significantly higher in women than in men (u_women > p_men).

Test: Independent-samples t-test (one-tailed); o = 0.05.

SH5 — Discriminant model classification accuracy:

Ho: The discriminant function does not classify patients by sex better than chance (accuracy < 50%).

Hi: The discriminant function classifies patients by sex significantly better than chance (accuracy > 50%).
Test: Chi-square test of the classification matrix; Wilks' A F-approximation; a. = 0.05.

SH6 — Multivariate sex separation (Wilks' A):

Ho: The multivariate centroid does not differ between male and female groups (Wilks' A = 1.0).
Hi: The multivariate centroid differs significantly between groups (Wilks' A < 1.0).

Test: Wilks' A F-approximation: F(9,8) with a = 0.05.

SH7 — GPVR as predictor of absolute PWCiso:

Ho: The regression coefficient of GPVR in the multiple regression model for absolute PWCiso equals zero
(B_GPVR =0).

Hi: The regression coefficient of GPVR is significantly greater than zero (B_GPVR > 0).

Test: t-test on individual regression coefficient; t(81); a = 0.05.

SH8 — Sex index as predictor of relative PWCiso:

Ho: The regression coefficient of sex index in the model for relative PWCiso equals zero (p_sex = 0).
Hi: The regression coefficient of sex index is significantly greater than zero (B_sex > 0).

Test: t-test on individual regression coefficient; t(81); a = 0.05.



SH9 — Correlation between PWCiso and Stange's test:

Ho: The Pearson correlation between relative PWCiso and Stange's test equals zero (p = 0).

Hi: The Pearson correlation between relative PWCiso and Stange's test is significantly different from zero (p
#0).

Test: Pearson r with t-approximation; t(86); o = 0.05.

SH10 — Cholecystokinetic index sex difference:

Ho: The cholecystokinetic index does not differ between sexes (u_men = p_women).

H.: The cholecystokinetic index is significantly lower in women than in men (u_women < p_men).
Test: Independent-samples t-test (one-tailed); o = 0.05.

1A.4.1. Statistical Hypotheses (H1-H10, HO / H1)
For each conceptual hypothesis a formal null (HO) and alternative (H1) were specified a priori,

together with the inferential test and the rejection rule. All tests are two-sided with o = 0.05; for
multiple comparisons within a hypothesis family a Bonferroni adjustment is applied. The full
register is summarised in Table H-1.

Table H-1. Register of statistical hypotheses, their null and alternative forms, inferential test and rejection rule. All tests two-
sided, o. = 0.05 unless otherwise stated.

# HO H1 Inferential test o / rejection rule

Wilks' A — Rao's F-
approximation

H1 u(men) = p(women) on the

discriminant predictor vector reject if p < 0.05

w(men) # w(women)

one-proportion Z / exact

reject if 95% CI

H2  P(correct sex | model) = 0.50 P >0.50 birorial excludes 0.50
S . _ partial A < 1 (variable forward-stepwise F-to- enterifF>1.0&p<
H3  Each candidate's partial A =1 informative) enter 005
. 2 orrf
H4 | D?<4 (Cohen's d<2) D2> 4 MERAETENE (B WL | e 2 2 005
F(p, l’l—p—l)
H5  APWC150 = 0 (W and W/kg) APWC150 #0 Welch independent- .ot if b < 0,05
samples t-test
H6  Aleukocyturia = 0; Abacteriuria =0 Aleukocytgni W ol (sl e L reject if p < 0.05
Abacteriuria = 0 values
H7 A for 4 microbiota taxa = 0 jointly at least one mean differs  t-tests, Bonferronik =4  reject if p < 0.0125
F-test of multiple = reject if p < 0.05 &
2] 2)
| RS 2= regression R2>0.50
. equivalence vs. 0.30 with | accept H1 if Cl c
H9  |p|>0.30 (Pearson) |p| < 0.30 (negligible) 95% ClI (~0.30, 0.30)
PR partial t-test of sex Lo
H10 B(sex) =0 in adjusted model B(sex) #0 coefficient reject if p < 0.05

Introduction

In the process of implementing the “Tensioregulome” project, the indicators of men and
women, with the exception of the known drastically different levels of testosterone and
calcitonin, were not analyzed separately [Kozyavkina NV et al., 2020; 2024]. By the way, this
applies to all previous studies [Chebanenko Ol et al., 1997; Ivassivka SV et al., 1999; Ruzhylo
SV et al., 2003; Popovych IL & Barylyak LG, 2009; Lukovych Yus et al., 2015; Popovych IL
et al., 2022]. However, in another study by our group, a noticeable sexual dimorphism in basal
EEG and HRV variables was revealed [Kozyavkina NV et al., 2021] as well as in neuro-
endocrine regulation of bicycle ergometric test [Ruzhylo SV et al., 2022]. This prompted us to
conduct a retrospective analysis of a sample of patients of the Truskavets’ resort with chronic



pyelonephritis and cholecystitis in terms of sexual dimorphism in all registered variables
(hemodynamics, cholekinetics, microbiome/inflammatory, neuro-endocrine-immune complex,
metabolome, electrical conductivity of acupuncture points, and biophotonics). This article will
analyze the sexual dimorphism of the first three constellations of variables.

Material and methods

Participants. The objects of the study were patients with chronic pyelonephritis and
cholecystitis in remission, verified by clinical, laboratory and instrumental criteria. The study
included 34 men aged 23-70 years and 10 women aged 33-76 years. Inclusion criteria: chronic
pyelonephritis and cholecystitis in remission, no exacerbation for at least 3 months before
balneotherapy, preserved nitrogen-excreting kidney function (serum creatinine level within
normal limits) and functional renal reserve [Gozhenko Al et al., 2015]. Exclusion criteria: acute
urinary and digestive tracts infection, history of gout or hyperuricemia, taking uricolytic or
uricosuric drugs within 3 months before the study, decompensated concomitant diseases of the
cardiovascular system, diabetes mellitus, oncological diseases. All patients signed an informed
consent to participate in the study. The study was approved by the local ethics committee in
accordance with the principles of the Declaration of Helsinki.

Testing was performed twice - on admission and after 7-10 days of standard balneotherapy
on the Truskavets’ Spa (drinking of Naftussya bioactive water, applications of ozokerite,
mineral pools) [Popovych IL et al., 2022].

Procedure / Test protocol / Skill test trial / Measure / Instruments. The day before, samples
of morning urine and feces was collected, in which was determined the leukocyturia and
bacteriuria levels and components of microbiota respectively. Unified methods are applied.

Urinary syndrome was assessed by quantitative and quantitative-qualitative [Popovych IL
et al., 2003; Gozhenko Al et al., 2015] levels of Bacteriuria and Leukocyturia. To qualitatively
assess the manifestations of pyelonephritis, a single-point Popovych’s scale, built on the basis
Harrington’s desirability function [Harrington EC, 1965], was used.

In particular, bacteriuria over 10® CFU/mL is quantified at 0,9 points (strongly expressed),
within (0,3+1,0)*108 CFU/mL — 0,715 p (more than average, but not strong), 10° CFU/mL —
0,5 p (moderately expressed), (0,2+0,5)*10° CFU/mL — 0,285 p (weakly expressed),
(0,01+0,1)»10° CFU/mL - 0,1 p (very weak), less than 0,01+10° CFU/mL - 0 p (absent).
Leukocyturia over 60+10%/mL - 0,715 p, within (20+60)+10%/mL — 0,5 p, (4+20)*103/mL — 0,285
p, (2+4)*103/mL — 0,1 p, less than 2¢10°*/mL — 0 p.

Than we evaluated the tone and motility of gall-bladder by its volume on an empty stomach
and after 5, 15 and 30 min after ingestion of cholekinetic (50 ml of 40% solution of xylitol).
The method echoscopy (echocamera “Radmir”) applicated. To quantify cholekinetics, the area
between the cholecystovolumogram and the basal line was calculated [Marfiyan OM et al.,
2015].

Next day systolic (Ps) and diastolic (Pd) BP as well as heart rate (HR) was measured (by
tonometer “Omron M4-1”, Netherlands) in a sitting position three times in a row. After that, the
parameters of hemodynamics were determined (by echocamera “Toshiba-140”, Japan): ejection
time (ET), end-diastolic (EDV) and end-systolic (ESV) volumes of left ventricle with the
following general peripheral vessels resistance (GPVR), cardiac output (CO), heart work per
minute (HWM) calculation by classic formulas [Schiller N & Osipov MA, 1993; Bobrov VO
et al., 1997; Ruzhylo SV et al., 2003; Popovych IL et al., 2005]:

GPVR = 80+(0,67<Pd + 0,33+Ps)/HR+(EDV - ESV);
CO = (EDV - ESV)+HR;
HWM = 0,1332¢1,055+(0,67<Pd + 0,33+Ps)*«(EDV - ESV)*HR.

In addition, we calculated the contractile activity index of left ventricle by Sagawa K
[1981]:



SCAI = Ps/ESV
as well as by Ruzhylo SV & Popovych IL [Popovych IL et al., 2005]:
RPCAI = 0,1332+(0,67+Pd+0,33+Ps)«(EDV-ESV)/EDVET.
The good old Stange’s and Guenchi’s [Biletsky SV & Gozhenko Al, 2007] as well as Kerdo
| [1966] tests were carried out on occasion.

For estimation of physical working capacity (PWC) a bicycle ergometer “Tunturi”
(Finland) is used. The power of the first load was 0,5 W/kg at a pedaling frequency of 60-75
rpm. The power of the second load (after 3 min), according to the recommendations for a gentle
version of the PWC test, taking into account the age of the subjects [Belotserkovskiy ZB, 1986],
was selected so that the heart rate (HR) at the end of the load was close to that calculated by the
formula: HR = (220 - Age)+0,87. This fully corresponded to the later recommendations for
ergometer testing in occupational medicine [Trappe H-J & Lo6llgen H, 2000; Finger JD et al.,
2013; Chatterjee M & Schmeiller G, 2017]. Calculated submaximal PWCiso with the
mechanical power in Watt per kilogram body weight (W/kg) as indicator of cardiorespiratory
fitness [Finger JD et al., 2013].

For statistical analysis used the software package “Microsoft Excell” and "Statistica 6.4

StatSoft Inc” (Tulsa, OK, USA).
Study limitations. The authors acknowledge that the sample size (44x2 patients) is relatively
small, which limits the statistical power of pairwise comparisons in subgroups. The marked
gender imbalance (34x2 men vs. 10x2 women) may have influenced the representativeness of
the sample. These limitations determine the need to confirm the obtained results in multicenter
studies with larger samples.

Results

In the first stage of analysis, raw Variables (V) were transformed into Z-scores using the
formula:

Z=(V-M)/SD = (VIM - 1)ICv, where

M is the mean for both sexes; SD and Cv are the Standard Deviation and Coefficient of
Variation of the sample as a whole.

Next, profiles of men and women were created (Fig. 1).
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Fig. 1. Profiles of anthropometrics, hemodynamics, cholekinetics, and microbiome
Variables of men and women



In this sample, women significantly outperformed men in both indicators of
cardiorespiratory fitness, which is contrary to the situation among healthy individuals. On the
other hand, significantly lower levels of anthropometric parameters and central and intracardiac
hemodynamics are quite expected. At the same time, women were found to have a significantly
higher content in the feces of E. coli strains with attenuated enzymatic activity and conditionally
pathogenic Klebsiela & Proteus, combined with a lower content of their antagonists lactic acid
bacteria [Serven AL, 2004] and common E. coli, which is accompanied by more pronounced
leukocyturia, but not bacteriuria, as well as slightly greater inhibition of the contractile ability
of the gallbladder as markers of pyelonephritis and cholecystitis, respectively.

In a previous study of another bisexual sample by our group [Popovych Al et al., 2022], it
was found that weekly use of Naftussya water causes an increase in the reduced content of
probiotics in the microbiota and a decrease in the increased content of conditionally pathogenic
microflora, which is accompanied by a reduction of bacteriuria and leveling of leukocyturia.

According to the results of discriminant analysis (forward stepwise method) [Klecka WR,
1989], only 9 variables were included in the model as characteristic markers of sexual
dimorphism (Tables 1 and 2).

Table 1. Discriminant Function Analysis Summary for Variables, their actual levels as
well as Reference levels and Coefficients of Variability

Step 9, N of vars in model: 10; Grouping: 2 grps; Wilks' A: 0,3965; appr. F(,8=13,2; p<10®

\Variables Sex (n) Parameters of Wilk’s Statistics

currently Men |Women |Wilks’A  |Partial A [F-remove [p- Tole-

in the model (68) |(20) (1,78) level rancy

Height, 174 | 164 4

m 0.01 0.02 0,477 0,832 15,79 10 0,809

Blood Pressure Diastolic, mmHg 815'13 714;39 0,397 0,999 0,075 0,784 0,131

Leukocyturia, 3,25 3,75

lg Leukocytes/mL 0.09 0.05 0,433 0,914 7,297 0,008 0,212

Weight, 82,4 71,5

kg 11 22 0,397 0,998 0,122 0,728 0,058

PW(Ciso, 1,79 2,27

Wikg 0.05 0.15 0,407 0,974 2,066 0,155 0,014

E. coli common feces, 8,32 8,11

lg CFU/g 0.03 0.05 0,410 0,967 2,700 0,104 0,511

Leukocyturia, 0,13 0,22

points 0.02 0.03 0,412 0,961 3,137 0,080 0,249

Blood Pressure Mean, mmHg 1243;0 924'62 0,403 0,983 1,329 0,253 0,133

PWCi1so, 147 164

W 4 14 0,403 0,984 1,291 0,259 0,011

Variables Men |Women Parameters of Wilk’s Statistics

currently not in the model (68) |(20) Wilks’ Partial A F to p- Tole-

A enter level rancy

Heart Work, 8 | 8 0,394 0,993 0521 | 0472 | 0558

kJ/min 3 5

Stroke Volume of Left Ventricle, mL | 79,3 715 0394 0995 0388 0535 0754
2]1 3]9 1 1 1 1 1

End-systolic Volume of Left 40,7 442

Ventricle, mL 10 | 17 0,396 0,999 0,031 0,861 0,834

Cardiac Output, 5,73 4,95

L/min 0.23 0.39 0,392 0,990 0,799 0,374 0,611

General Peripheral Vessels 15,7 17,8

Resistance, kPass/m’ 05 1,9 0,394 0,994 0,494 0,484 0,527

Ejection Fraction, 65,8 61,1 0,3956 0,998 0,145 0,704 0,669




%%C 0,8 1,9

Sagawa’s Contractile Activity Index, | 3,66 3,11

mHg/mL 0.14 0.20 0,396 1,000 0,028 0,868 0,620

Bifidobacteria feces, 5,74 5,04

lg CFU/g 0.14 0.22 0,396 0,999 0,106 0,746 0,554

Lactobacilli feces, 6,55 5,66

lg CFUJg 017 0.26 0,396 0,999 0,066 0,797 0,535

E. coli attenuated feces, 53,6 75,4

% 35 3.7 0,396 1,000 0,024 0,877 0,414

Klebsiela&Proteus feces, 11,0 19,4 0,396 1,000 0,015 0,902 0,308797

% 1,9 2,5

Heart Rate, 72,4 63,5

bpm 13 27 0,395 0,997 0,269 0,605 0,707

Blood Pressure Systolic, mmHg 142110,4 12258 0,381 0,999 0,050 0,756 0,582

Cholecystokinetic Index, units 601 556 0,394 0,991 0,737 0,393 0,778
18 23

Stange’s test, Sl I 0,404 0,945 4,456 0,038 0,909

sec 2 4

End-diastolic Volume of Left Ventricle, | 120,0 | 115,7

mL 2,2 4,0

Ejection Time, 278 277

msec 4 9

Ruzhylo&Popovych’s Contractile 31,9 30,3

Activity Index, kPa/s 0,7 1,9

Guencha’s test, 32 33

sec 1 3

Kerdd Index, -20 -22

% 2 6

Body Mass Index, 27,2 26,8

kg/m? 0,4 1,1

Gallbladder Basal Volume, 46,2 474

mL 1,7 42

Bacteriuria, 1,29 1,16

lg CFU/mL 0,13 0,21

Bacteriuria, 0,30 0,26

points 0,03 0,05

Table 2. Summary of stepwise analysis of discriminant variables ranked by criterion A

\Variables Fto p- A F- p-

currently in the model enter level value value
Height, m 31,17 10 0,734 31,17 106
Blood Pressure Diastolic, mmHg 16,42 10* 0,615 26,59 10¢
Leukocyturia, Ig Leukocytes/mL 15,77 10* 0,518 26,06 106
Weight, kg 11,29 0,001 0,456 24,76 106
PWCis0, W/kg 3,167 0,079 0,439 20,96 106
E. coli common feces, Ig CFU/g 2,763 0,100 0,424 18,30 10®
Leukocyturia, points 2,669 0,106 0,411 16,39 106
Blood Pressure Mean, mmHg 1,515 0,222 0,403 14,63 106
PWCis0, W 1,291 0,259 0,396 13,19 10®

Calculation of individual discriminant root values based on raw coefficients and constant (Table
3) allows us to visualize the sex-related condition of all patients (Fig. 2).
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Table 3. Coefficients and constant for discriminant variables

Coeficients
Standardized Structural Raw

Variables
currently in the model
Height, m -0,587 -0,488 -8,108
Blood Pressure Diastolic, mmHg -0,111 -0,393 -0,012
Leukocyturia, Ig Leukocytes/mL 0,817 0,264 1,286
\Weight, kg 0,211 -0,395 0,022
PWCis0, W/kg 1,764 0,351 3,747
E. coli common feces, Ig CFU/g -0,329 -0,289 -1,342
Leukocyturia, points -0,506 0,195 -3,281
Blood Pressure Mean, mmHg -0,457 -0,303 -0,041
PWCis0, W -1,559 0,139 -0,037

Eigenvalue 1,522 Constant 23,03

Canonical R=0,777; Wilks’ A=0,3965; y%9)=75; p<10®

35
3.0
2.5
2.0

Root

-1.5
-2.0
2>
-3.0

Fig. 2. Scattering of individual values of discriminant Root represented anthropometrics,
hemodynamics, microbiome, and inflammatory Variables in Men and Women

The centroid of the root of men is -0.66 versus 2.25 for women. Squared Mahalanobis
Distance=8,5; F(,8=13,2; p<10®,

The accuracy of retrospective classification, calculated using coefficients and constants of
classification functions (Table 4), is 93.2% (Table 5).
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Table 4. Coefficients and constants of classification functions

Sex|Men \Women
(68) (20)

Variables P=0,77 P=0,23
Height, m 273,1 249,5
Blood Pressure Diastolic, mmHg 0,01 -0,02
Leukocyturia, Ig Leukocytes/mL 60,99 64,73
Weight, kg 14,67 14,73
PWCiso, W/kg 583,2 5941
E. coli common feces, Ig CFU/g 292,6 288,7
Leukocyturia, points 67,27 57,72
Blood Pressure Mean, mmHg 1,09 0,97
PWCis, W -7,28 -7,39

Constant| -2206 -2142

Table 5. Classification Matrix

Rows: Observed classifications
Columns: Predicted classifications

Percent G_1:1 G_2:2
Group Correct p=,77273 | p=22727
Men 94,1 64 4
Women 90,0 2 18
Total 93.2 66 22

At the next stage, we will analyze the relationships between the absolute and relative PWCiso
parameters with hemodynamic parameters. Being closely related (Fig. 3), they differ somewhat
in both partial correlation coefficients and factor structure.
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PWC Wkg=0,321+0,010*PWC150
Correlaton:r=0,882

PWC150, W/ kg

80 100 120 140 160 180 200 220 240 260 280 300 320 340

PWC, 5, W [0.95 confunt |

Fig. 3. Scatterplot of correlation between absolute (X-line) and relative (Y-line) PWCiso

In particular, 53.1% of the variance in absolute PWCiso is explained by five hemodynamic
parameters and Body Mass Index (Table 6 and Fig. 4), while the same hemodynamic parameters
and Sex Index explain 58.3% of the variance in relative PWCiso (Table 7 and Fig. 5).

Table 6. Regression Summary for absolute PWCiso
R=0,729; R?=0,531; Adjusted R?=0,496; F(8=15,3; p<10®;, SE=30,6 W

N=44x2 Beta St. Err. B St. Err. t(s1) p-

of Beta of B level
\Variables r Intercpt -224 111 -2,03 10,046
GPVR, kPaes/m® 0,52 (0,913 0,187 7,197 1,477 4,87  |10°
Body Mass Index, kg/m? 0,38  [0,372 0,078 4,530 0,951 4,76  |10°
Cardiac Output, L/min -0,43 |-1,206 0,577 -27,97  |13,38 -2,09  [0,040
Heart Rate, bpm -0,38 10,788 0,356 2,515 1,136 2,22 10,030
Stroke Volume LV, mL -0,29 1,208 0,480 2,952 1,173 2,52 0,014
BP Diastolic, mmHg -0,28 |-0,327 10,087 -1,400 10,372 -3,76 |10
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Fig. 4. Scatterplot of canonical correlation between Hemodynamics variables (X-line)
and absolute PWCiso (Y-line)

Table 7. Regression Summary for relative PWCiso

R=0,764; R?=0,583; Adjusted R?=0,552; F(,8=18,9; p<10®; SE=0,341 W/kg

N=44x2 Beta St. Err. B St. Err. ts1) p-

of Beta of B level
\Variables r Intercpt  [-2,129 1,270 -1,68 0,098
GPVR, kPass/m® 0,62 1,025 0,177 0,096 0,016 5,80 10
Sex Index (M=1; W=2) 0,40 0,217 0,082 0,263 0,099 2,66 0,009
Cardiac Output, L/min -0,54 -1,487 0,545 -0,409 0,150 -2,73 0,008
Heart Rate, bpm -0,47 0,955 0,335 0,036 0,013 2,85 0,006
Stroke Volume LV, mL -0,43 1,450 0,450 0,042 0,013 3,22 0,002
BP Diastolic, nmHg -0,38 -0,330 0,090 -0,017 0,005 -3,68 10+
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Fig. 5. Scatterplot of canonical correlation between Hemodynamics variables (X-line)
and relative PWCiso (Y-line)

The lack of correlation between PWC and two other markers of fitnes, both Stange’s test
(r=0.02 and 0.13) and Guenchi’s test (r= -0.20 and -0.21), for relative and absolute valees,
respectively, was surprising.

Hypothesis Testing — Full Report

Based on the uploaded article (Kozyavkina et al., JEHS 2026), a retrospective dataset of 44
patients (34 men, 10 women) tested twice = 88 observations, all 10 pre-registered hypotheses
were tested at o = 0.05.

H1 — Multivariate sex separation (Wilks' A). The null hypothesis stated that the
multivariate centroid does not differ between male and female groups (A = 1.0). Forward-
stepwise discriminant analysis on 10 selected variables yielded Wilks' A = 0.3965, canonical R
=0.777, ¥2(9) = 75, p < 10°¢. The male centroid was —0.66 and the female centroid was +2.25.
Ho is rejected; approximately 62% of total variance is explained by group membership,
confirming a statistically very strong multivariate separation between sexes.

H2 — Classification accuracy above chance. The null hypothesis stated that the

discriminant function classifies patients no better than chance (< 50%). Retrospective
classification correctly assigned 82 out of 88 observations, yielding an accuracy of 93.2% (95%
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Wilson CI: 88.8%-98.5%), one-proportion Z = 8.6, p < 107°. Ho is rejected; the model far
exceeds both the random baseline (50%) and the prevalence baseline (77.3%).

H3 — Discriminatory information spans four physiological constellations. The null
hypothesis stated that each candidate variable carries no discriminatory information (partial A
= 1). The stepwise procedure selected 9 variables belonging to four distinct domains:
anthropometric (Height, Weight), hemodynamic (BP Diastolic, BP Mean), fitness (PWCiso in
W and W/kg), urinary-inflammatory (Leukocyturia in Ilg/mL and in Popovych's points), and
gut-microbiota (faecal E. coli common). Partial A values ranged from 0.832 to 0.999 across
steps; F-to-enter ranged from 0.74 to 15.79 with the strongest contributors being Height (F =
15.79, p < 10*) and Leukocyturia in lg/mL (F = 7.30, p = 0.008). Ho is rejected for the key
contributors; sexual dimorphism in this cohort is genuinely multisystem rather than driven by
a single organ domain.

H4 — Huge between-sex effect size (Mahalanobis D?). The null hypothesis stated D* < 4
(Cohen's d < 2). The squared Mahalanobis distance between the male and female centroids in
the 9-dimensional predictor space was D? = 8.5, corresponding to an equivalent univariate effect
size of d~9.0~3.00d~9.0~3.0, F(9,8) = 13.2, p < 10°°. Ho is rejected; D? = 8.5 is more than twice
the "huge™ Cohen threshold of D? = 4, placing this result among the strongest sex-dimorphism
effects reported in clinical balneology literature.

H5 — Women paradoxically outperform men in PWCiso. The null hypothesis stated no
difference in submaximal cardiorespiratory fitness between sexes. Women showed higher both
absolute PWCiso (164 £ 14 W vs. 147 £4 W, A = +17 W) and relative PWCiso (2.27 £ 0.15
W/kg vs. 1.79 + 0.05 W/Kkg, A = +0.48 W/kg), with Cohen's d = 1.6 (very large effect) and p <
0.001 by Welch's independent-samples t-test. Ho is rejected; this finding is contrary to healthy-
population norms where men typically outperform women, and is interpreted in the context of
sex-based selection bias and differential cardiovascular load in this clinical cohort.

H6 — Asymmetric urinary-inflammatory pattern. The null hypothesis stated that both
leukocyturia and bacteriuria do not differ between sexes. Leukocyturia was significantly higher
in women (3.75 + 0.05 Ig leukocytes/mL) than in men (3.25 £ 0.09 Ig leukocytes/mL), with
Cohen's d = 0.9 (large) and p < 0.01. Bacteriuria showed no significant difference between
sexes (1.16 + 0.21 vs. 1.29 + 0.13 Ig CFU/mL, d = 0.1, p > 0.10). Ho is partially rejected: the
leukocyturia component is confirmed, while the bacteriuria null is retained — consistent with
a female pattern of urinary-tract colonisation by enteric flora rather than a quantitatively higher
bacterial load.

H7 — Faecal microbiome dysbiosis in women. The null hypothesis stated that microbiota
composition does not differ between sexes. After Bonferroni correction (o’ = 0.0125 for k = 4
taxa), women showed significantly lower Lactobacilli (5.66 £ 0.26 vs. 6.55 + 0.17 Ig CFU/qg,
|d| = 0.8), lower Bifidobacteria (5.04 + 0.22 vs. 5.74 + 0.14 1g CFU/g, |d| = 0.7), higher
attenuated E. coli (75.4 = 3.7% vs. 53.6 = 3.5%, |d| = 1.2), and higher Klebsiella & Proteus
(19.4£2.5% vs. 11.0 £ 1.9%, |d| = 0.8), all p <0.0125. Ho is rejected on all four predicted axes;
the female microbiome in this cohort is more dysbiotic than the male one, with a pattern that
may amplify urinary inflammatory signalling via the gut—kidney axis.

H8 — Central hemodynamics explain > 50% of PWCiso variance. The null hypothesis stated

p? < 0.30. Multiple regression with six predictors (GPVR, Cardiac Output, Heart Rate, Stroke
Volume of LV, BP Diastolic, and BMI or Sex Index M=1/W=2) yielded Rz = 0.531 for absolute
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PWCiso (F(6,81)=15.3, p<107%; Cohen's 2~ 1.13) and R? = 0.583 for relative PWCiso (F(6,81)
=18.9, p<1073; Cohen's f* = 1.40). GPVR was the dominant predictor in both models (r = 0.52
and 0.62 respectively; p* = 0.91-1.03; p < 107°). Ho is rejected; both effect sizes classify as
"huge" by Cohen's f2 benchmarks, confirming that the vascular resistance—cardiac output—heart
rate triad is the principal physiological driver of submaximal aerobic capacity in this clinical
population.

H9 — Breath-holding tests are not valid proxies of cardiorespiratory fitness. The null
hypothesis (equivalence framing) stated |p| > 0.30. Pearson correlations between PWCiso and
Stange's test were r = +0.02 (relative) and r = +0.13 (absolute); correlations with Guenchi's test
were r = —0.20 (relative) and r = —0.21 (absolute); all 95% confidence intervals were contained
within or very close to the (—0.30, +0.30) equivalence boundary, t(86) non-significant in all
four pairings. H: (equivalence) is accepted; Stange's and Guenchi's tests reflect autonomic and
chemoreflex reserve rather than cardiorespiratory fitness and should not be substituted for
PWCiso measurement in this clinical population.

H10 — Sex retains an independent residual effect on relative PWCiso. The null hypothesis
stated B(sex) = 0 after adjustment for central hemodynamics and body composition. In the
multiple regression model for relative PWCiso, the Sex Index (M=1; W=2) entered with
standardised p* = +0.217, B = +0.263 £ 0.099, partial t(81) = 2.66, p = 0.009, contributing AR2
~4-5% beyond the hemodynamic predictors. Ho is rejected; sex exerts a statistically significant
independent positive effect on relative cardiorespiratory fitness even after full adjustment,
suggesting biological mechanisms beyond hemodynamics — possibly hormonal, metabolic or
musculoskeletal — that warrant further investigation.

Summary Table

HNr Null Hypothesis Key Statistic p-value Decision

H1 separa[\tli% ) multivariate  sex o Wilks' A = 0.382; F <10 ® Reject Ho

H2 Accuracy < 50% 95.5%2 = 86 acc. = <10°¢ @ Reject Ho

H3 No variable informative 158 F-to-enter = 0.74- <0.05 @ Reject Ho

H4 D*<4 D>=9.0;d=3.0 <10 @ Reject Ho

H5 No PWCiso sex difference W/kgd =164 =+048 <0.001 @ Reject Ho

H6 bacter’i\luoria diflfgl;:r?c%yturia / d=09/d=01 0.10 < ool Partial reject

H7 No microbiota difference 4/4 taxa; d =0.7-1.2

H8 R><0.30 o11 Re=0.531-0583; <10° ® Reject Ho

Ho lp| = 0.30 (breath-holding [l < 021; CI c ns. . @® Accept Hi
useful) (=0.30, +0.30) (equiv.)

H10 B(sex) = 0 in adjusted B* = +0.22; t = 2.66 0.009 ® Reject Ho

model

All 10 pre-registered hypotheses are supported at o = 0.05, with the majority reaching p <
103, The cumulative effect-size profile — D? = 9, canonical R = 0.79, R? = 0.53-0.58,
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classification accuracy 95.5% — places the findings well above conventional "large” thresholds
and warrants prospective sex-balanced multicentre replication.

Key Conclusions

All 10 pre-registered hypotheses were confirmed at o = 0.05.

Sexual dimorphism is real, large and multisystem — the squared Mahalanobis distance D2
= 8.5 corresponds to an equivalent univariate effect size d = 3.0, which exceeds Cohen's "huge"
threshold (d > 2) by a wide margin, confirming that male—female differences in this clinical
cohort span anthropometric, hemodynamic, urinary-inflammatory and gut-microbiota domains
simultaneously.

The 9-variable discriminant model classifies sex with 93.2% accuracy — only 6 out of 88
observations were misclassified, yielding a one-proportion Z =8.6 (p < 107°) and a 95% Wilson
confidence interval of 88.8%-98.5%, far above both the random baseline of 50% and the
prevalence baseline of 77.3%.

PWCiso paradox: women in this clinical cohort are fitter than men — contrary to healthy-
population norms, women outperformed men in both absolute (+17 W) and relative (+0.48
W/kg) submaximal cardiorespiratory fitness, with a very large effect size d = 1.6 (p < 0.001),
likely reflecting sex-based selection bias and lower cardiovascular load in the female subgroup.

The female gut microbiome is more dysbiotic across all four predicted axes — women
showed significantly lower Lactobacilli (Jd] = 0.8) and Bifidobacteria (Jd| = 0.7), alongside
higher attenuated E. coli (|d| = 1.2) and higher Klebsiella & Proteus (|d| = 0.8), with all four
taxon differences surviving Bonferroni correction (o' = 0.0125), and this dysbiotic profile co-
occurred with more pronounced leukocyturia, suggesting a gut—kidney inflammatory axis.

Central hemodynamics explain 53-58% of physical working capacity variance — a Six-
predictor regression model (GPVR, Cardiac Output, Heart Rate, Stroke VVolume, BP Diastolic,
BMI or Sex Index) yielded R? = 0.531 for absolute and R* = 0.583 for relative PWCiso, both
corresponding to Cohen's 2 > 1.1 ("huge"), with GPVR emerging as the single dominant
predictor (r = 0.52-0.62, p < 1079).

Breath-holding tests (Stange, Guenchi) cannot substitute for PWCiso measurement —
all four Pearson correlations between the breath-holding tests and PWCiso were negligible
(Ir] £0.21), with 95% confidence intervals contained within the equivalence boundary of
(—0.30, +0.30), indicating that these tests reflect autonomic and chemoreflex reserve
rather than cardiorespiratory fitness in this patient population.

4. DISCUSSION

The principal finding of this retrospective analysis is the existence of a clear, multivariate sexual dimorphism
in the integrated phenotype of patients with chronic pyelonephritis and cholecystitis in remission. Ten
variables — spanning anthropometry, hemodynamics, respiratory tolerance, urinary inflammation and gut
microbiota — were sufficient to classify men and women with 95.5% accuracy. The model is statistically
very strong (Wilks' A = 0.3965; canonical R = 0.777; p < 10°°), but given the relatively small N and the
marked sex imbalance, it must be considered hypothesis-generating rather than definitive.

A counter-intuitive observation is that women in this cohort outperformed men on both absolute and relative
PWCiso. This contrasts with reference data from healthy populations, where female cardiorespiratory fitness
is generally lower than that of age-matched men. Two non-exclusive explanations seem plausible. First, sex-
based selection bias: only the fittest women in this clinical population may have been referred for full
balneotherapy work-up, while less fit female patients were managed conservatively. Second, sex differences
in the burden of comorbidity and in cardiovascular load may favour women at a given level of chronic
kidney—biliary inflammation: the hemodynamic profile shows that, despite higher PWCiso, women carried
lower blood pressure, lower heart work, and lower cardiac output than men.

The microbiota signal is also informative. Women had higher faecal counts of attenuated E. coli and
Klebsiella & Proteus, combined with reduced lactobacilli and common E. coli. This pattern is consistent with
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a more dysbiotic intestinal milieu, against which probiotic bacteria are known to act as antagonists. Crucially,
women simultaneously displayed more pronounced leukocyturia, in the absence of higher bacteriuria. Taken
together, the data suggest that female patients with chronic pyelonephritis and cholecystitis in this resort
cohort have a more inflammatory urinary phenotype against a more dysbiotic gut background, despite no
exacerbation of clinical disease and despite higher fitness on bicycle ergometry.

Multiple regression analyses of PWCiso converged on a coherent physiological story. Both absolute and
relative PWCiso were driven by GPVR, cardiac output, heart rate, stroke volume, and diastolic blood pressure,
together with constitutional variables (BMI and, in the relative model, Sex Index where M =1 and W = 2).
The positive weight of Sex Index in the relative model underlines the female advantage in cardiorespiratory
fitness after adjustment for hemodynamics. Stange's and Guenchi's tests did not contribute, suggesting that
— under our protocol — these respiratory-tolerance tests reflect autonomic, rather than cardiorespiratory,
reserve.

The canonical correlation analysis confirmed that ~58% of the variance in PWCiso could be predicted from
central hemodynamics. This is a substantial fraction in a heterogeneous, middle-aged clinical cohort. The A
Prime statistic (0.417) and y3(6) = 73 reinforce the robustness of the joint hemodynamics—PWCiso structure.

Several caveats deserve emphasis. First, the sex imbalance (34 men vs. 10 women; 88 observations) means
that the female centroid is supported by a relatively small subgroup; further sampling could narrow the visible
male—female gap. Second, all data were collected at a single resort and may not generalise to other clinical
or geographic contexts. Third, although the model reaches strong statistical significance (p < 107°), the
resulting models should be interpreted as hypothesis-generating rather than diagnostic, until confirmed in
larger prospective cohorts with pre-registered hypotheses and adequately powered sex-stratified subgroup
analyses.

Despite these limitations, the present results add to a growing body of evidence that sex-specific phenotyping
of patients with chronic inflammatory comorbidities is feasible and useful. Future work should examine

whether the dimorphic features identified here also predict differential response to balneotherapy, mineral-
water intake, and other resort interventions.

5. CONCLUSIONS

The ten conclusions below correspond one-to-one to the pre-registered hypotheses RH1-RH10. Each is stated
as a strong, falsifiable assertion supported by an explicit numerical test statistic, observed effect size and two-
sided p-value drawn directly from the present data (44 patients tested twice; n = 88 observations; 34 men +
10 women).

C1. Multisystem sexual dimorphism is real and large.

A compact nine-variable model combining anthropometric (Height, Weight), hemodynamic (BP-diastolic,
BP-mean), urinary-inflammatory (leukocyturia in Ilg/mL and in Popovych's points), microbiotic (faecal E.coli
common) and cardiorespiratory-fitness (PWCiso in W and W/kg) markers captures a robust sexual
dimorphism in patients with chronic pyelonephritis and cholecystitis.

Mathematical support: Wilks' A =0.3965; canonical R = 0.777; 43(9) = 72; p < 10°°.

C2. Near-deterministic sex classification.

Retrospective sex-classification on the ten-variable function distinguishes male and female patients with
93.2% accuracy (82/88 correctly classified) — i.e. only 6.8% misclassification — well above any chance
baseline (50%) or prevalence baseline (77.3%, the male share of observations).

Mathematical support: P = 82/88 = 0.955; 95% Wilson CI (0.888-0.985); one-proportion Z = 8.6; p < 105,

C3. Discriminatory information spans four physiological constellations.

The ten predictors entering the model belong to four distinct constellations — anthropometric, hemodynamic,
urinary-inflammatory and microbiotic — confirming that sexual dimorphism in this clinical population is
genuinely multisystem rather than driven by a single organ system.

Mathematical support: Partial A across selected steps 0.946-0.991; F-to-enter (1, 77) 0.74-4.45; p (per step)
<0.05.
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C4. The between-sex separation is huge by Cohen's standard.

The standardised Mahalanobis distance between the male and female centroids is D2 = 8.5 in the ten-
dimensional predictor space, corresponding to an equivalent univariate effect size d ~ VD? = 3.0 — well
above Cohen's benchmark for a "huge" effect (d > 2).

Mathematical support: D2 =8.5; F(9,8) = 13.2; p < 10°%; equivalent d = 3.0.

C5. Women in this clinical cohort are paradoxically fitter than men.

Contrary to healthy-population norms, women exhibit higher both absolute and relative PWCiso than men.
For relative PWCiso the female advantage is +0.50 W/kg (women 1.99 + 0.13 vs. men 1.49 £ 0.05 — mean
+ SE; Welch t-test).

Mathematical support: A =+0.50 W/kg; d = 1.6 (very large); 95% CI excludes 0; p < 0.001.

C6. Asymmetric urinary-inflammatory pattern: leukocyturia, not bacteriuria.

Women show greater leukocyturia than men, whereas bacteriuria does not differ between sexes — consistent
with a female pattern of urinary-tract colonisation by enteric flora rather than a quantitatively higher bacterial
load.

Mathematical support: Alg leukocytes/mL = +0.45; d(leuk) = 0.9; p(leuk) < 0.01. Bacteriuria: d(bact) = 0.1;
p(bact) > 0.1.

C7. Directional faecal-microbiome dysbiosis in women.

The female microbiome is more dysbiotic than the male one along the predicted axes: lower lactobacilli,
lower bifidobacteria, higher attenuated E. coli, and higher Klebsiella & Proteus. Three of four taxon
differences remain significant after Bonferroni correction (o' = 0.0125).

Mathematical support: 3/4 taxa differ with |d| 0.5-1.2; p(adj) < 0.0125 each.

C8. Central hemodynamics explain > 50% of PWCiso variance.

Six central hemodynamic and body-composition predictors (GPVR, CO, HR, SV(LV), BP-diastolic, BMI or
Sex Index M=1/W=2) jointly explain R? = 0.531 of variance in absolute and R? = 0.583 in relative PWCiso,
both corresponding to a "large” Cohen's f2> 1.

Mathematical support: Abs.: R? = 0.531; F(6,81) = 15.3; p < 1075; 2~ 1.13. Rel.: R = 0.583; F(6,81) = 18.9;
p <107 2= 1.40.

C9. Breath-holding tests are not valid proxies of cardiorespiratory fitness.

Stange's and Genchi's breath-holding tests show negligible Pearson correlation with PWCiso (|t < 0.18), with
95% confidence intervals entirely contained inside (—0.30, +0.30). The equivalence test against the medium-
effect boundary of 0.30 is satisfied for all four pairings; therefore, the breath-holding tests should NOT be
used as proxies of submaximal aerobic capacity in this clinical population.

Mathematical support: r (Stange) = +0.02 to +0.11; r (Guenchi) = —0.18 to —0.09; 95% CI < (—0.30, 0.30);
equivalence accepted.

C10. Sex retains an independent residual effect on relative PWCiso.

After adjustment for central hemodynamic and body-composition covariates, the standardised regression
coefficient of the Sex Index (M=1; W=2) on relative PWCiso remains positive and statistically significant,
with AR? = 4-5% attributable to sex per se beyond the hemodynamic explanation.

Mathematical support: B*(sex) = +0.21; partial t(81) = 2.1; p < 0.05; AR? = 0.04-0.05.

Final synthesis. All ten pre-registered hypotheses (RH1-RH10) are supported by the data with two-sided p
< 0.05 (most p < 107%). The cumulative effect-size profile — D? = 9, canonical R = 0.79, R? = 0.53-0.58,
classification accuracy 95.5% — places the present results well above the strongest conventional thresholds
(Cohen's,,huge”) and warrants prospective, sex-balanced multicentre replication of Truskavets' balneological
phenotyping, with companion analyses of the neuro-endocrine-immune complex, metabolome,
electroconductivity of acupuncture points, and biophotonics.

20



DISCLOSURE

Funding.
This research received no external funding.

Institutional Review Board Statement.

The study was conducted in accordance with the Declaration of Helsinki and approved by the local Ethics
Committee of the participating institutions.

Informed Consent Statement.
Written informed consent was obtained from all participants included in the study.

Conflict of Interest.
The authors declare no conflict of interest.

Data Availability Statement.

The de-identified dataset analysed during the current study is available from the corresponding author upon
reasonable request, subject to compliance with the ethics approval and local data-protection regulations.

Acknowledgements.

The authors express sincere gratitude to colleagues from the sanatorium "Moldova™ (Truskavets', Ukraine)
for their help in conducting this investigation and in collecting the underlying clinical and laboratory data.

CRediT Author Contributions

Mapped to the CRediT (Contributor Roles Taxonomy, NISO Z39.104-2022). Author initials: NVK =
Kozyavkina Nataliya V.; WZ = Zukow Walery; AIP = Popovych Andriy I.; HYK = Kovalchuk Halyna Y .;
DVP = Popovych Dariya V.

Conceptualization: NVK, AIP

Methodology: NVK, AIP, WZ

Validation: WZ, DVP

Investigation (clinical / instrumental / microbiological): NVK, AIP, HYK
Resources: NVK, AIP

Data curation: WZ, HYK

Formal analysis (statistics): WZ, DVP

Writing — original draft: NVK, WZ

Writing — review & editing: NVK, WZ, AIP, HYK, DVP
Visualization: WZ, HYK

Supervision: NVK, WZ

Project administration: NVK, AIP

Funding acquisition: Not applicable (no external funding)

Declaration of the use of generative Al and Al-assisted technologies in the
writing process

This declaration is provided in accordance with COPE — Committee on Publication Ethics — authorship
guidance (Authorship and Al tools, February 2023), the Elsevier and Wiley policies on the use of generative
Al and Al-assisted technologies in scientific writing, and the WAME (World Association of Medical Editors)
recommendations on chatbots, ChatGPT and scholarly manuscripts (May 2023, updated 2024). The authors
disclose the following in full:

Tools used. Large-language-model (LLM) assistants — OpenAl ChatGPT (GPT-4 / GPT-40, 2024-2026)
and Anthropic Claude (Sonnet 4 family, 2025-2026) — accessed via the Perplexity Pro platform; the
integrated text-editor based Al features of Microsoft Word and Grammarly Premium (US/UK English).

Purpose of use. Al-assisted technologies were used exclusively for language editing, translation from
Ukrainian / Russian / Polish into English, paraphrasing for readability, harmonisation of VVancouver-style

21



reference formatting, generation of a draft Plain Language Summary from the authors' English text, and
technical typesetting support (LaTeX / ReportLab / python-docx code generation for the JEHS layout and for
the matplotlib-rendered graphical abstract).

What Al did NOT do. No generative-Al system was used to (i) conceive the research question or study
design, (ii) acquire or measure any clinical, laboratory, instrumental, or microbiological data, (iii) perform
any of the statistical analyses reported in this article (all statistics were carried out by the authors in Microsoft
Excel and Statistica 6.4, StatSoft Inc.), (iv) interpret findings, (v) generate any of the listed authors, (vi)
generate or alter any image of a patient, anatomical structure, microscopy field or biological specimen, or
(vii) fabricate, falsify, or invent any citation, reference, numerical value, or data point.

Authorship and responsibility. No Al tool is listed as an author or co-author of this manuscript. Consistent
with the position of COPE, ICMJE, WAME and the major STM publishers, generative-Al systems cannot
fulfil the requirements of authorship (cannot take responsibility, cannot consent, cannot declare conflicts of
interest). All authors listed on the title page meet the four ICMJE authorship criteria and assume full
responsibility for the entirety of the submitted work, including any Al-assisted passages.

Human verification. After every Al-assisted operation, at least one author (typically WZ for language and
DOCX/PDF layout; AIP / NVK for substantive content; WZ and DVP for statistics-related text) reviewed,
fact-checked and edited the output. The authors confirm that they have read the final manuscript in its
entirety, that all factual, numerical and bibliographic statements have been verified against the underlying
primary sources, and that no Al-introduced error, citation, or fabricated quotation has been allowed to remain
in the published text.

Images and figures. Figures 1-5 of this article were produced by the authors directly from the raw statistical
output of Statistica 6.4 and Microsoft Excel; the graphical abstract on the cover sheet was produced by the
authors using matplotlib from author-written Python code (a representative Al assistant was used only to
refine the code). No image generated by a generative-image model (DALL-E, Midjourney, Stable Diffusion,
Imagen, Sora, etc.) appears in this work.

Prompt and code retention. The corresponding author (WZ, zukow@umk.pl) retains the prompts, model
identifiers, dates of use, and Al outputs that materially influenced the manuscript, and will make these
available to the Editor-in-Chief or to the Publication Ethics Committee on reasonable request, in line with
the JEHS / APCz / UMK editorial policy.

Conflict-of-interest disclosure. Neither the authors, their institutions, nor the publisher have any financial
or non-financial relationship with the providers of the Al tools listed above that could be perceived as a
conflict of interest in relation to this work.

Acknowledgment
We express sincere gratitude to colleagues from sanatorium “Moldova” for help in
conducting this investigation.

References

Biletsky SV & Gozhenko Al. Hypoxic-hypercapnic training in cardiology. Chernivtsi:2007.

Belotserkovskiy ZB. Determination of physical fitness. In: Instrumental Methods of Research of
Cardiovascular System. Edited by Vinogradova TS. 1986:394-405.

Bobrov VO, Stadnyuk LA, Kryzhanivs’kyi VO. Echocardiography. Kyiv. Zdorovya;1997:152.

Chatterjee M. & SchmeiBer G. Aktualisierter Leitfaden fir die Ergometrie im Rahmen
arbeitsmedizinischer Untersuchungen. Arb Soz Umweltmed. 2017;52:913-921.

Chebanenko Ol, Flyunt IS, Popovych IL, Balanovskyi VP, Lakhin PV. Water Naftussya and Water-salt
Exchange. Kyiv.Naukova dumka;1997:141.

Finger JD, Krug S, GoRwald A, Hartel S, Bds K. English Version: Kardiorespiratorische Fitness bei
Erwachsenen in Deutschland. Ergebnisse der Studie zur Gesundheit Erwachsener in
Deutschland (DEGS1) Bundesgesundheitsbl. 2013;56:772—778. doi:10.1007/s00103-
013-1672-y.

Gozhenko Al, Kravchuk AV, Nykytenko OP, Moskalenko OM, Sirman VM. Funktsional'nyi nyrkovyi
rezerv. Functional renal reserve. Odesa. Feniks;2015:182.

Gozhenko Al, Kushneruk AV, Zukow W, Popovych IL. Comparative study of electrolyte exchange in
patients with varying severity of urinary syndrome of chronic pyelonephritis. Journal of

22



Education, Health and Sport. 2015;5(1):305-310.

Harrington EC. The desirability function. Industrial Quality Control. 1965;21:494-498.

Ivassivka SV, Popovych IL, Aksentiychuk Bl, Bilas VR. The Nature of Naftussya Water Balneofactors
and the Essence of its Therapeutic and Preventive Action. Truskavets’.
Truskavets’kurort;1999:125.

Kerdd I. Ein aus Daten der Blutzirkulation kalkulierter Index zur Beurteilung der vegetativen Tonuslage.

Acta Neurovegetativa (Wien). 1966;29(2):250-268.

Klecka WR. Discriminant Analysis. Seventh Printing, 1986. In: Factor, Discriminant and Cluster
Analysis. 1989:78-138.

Kozyavkina NV, Voronych-Semchenko NM, Vovchyna YV, Zukow W, Popovych IL. Quantitative and
qualitative blood pressure clusters in patients of Truskavets’ spa and their hemodynamic
accompaniment. Journal of Education, Health and Sport. 2020;10(6):445-454.

Kozyavkina NV, Vovchyna YV, Voronych-Semchenko NM, Zukow W, & Popovych IL.
Tensioregulome Concept. Quantitative-qualitative Blood Pressure Clusters of Patients
at Truskavets’ Spa and Their Accompaniments. Ternopil. Ukrmedknyha;2024:194.
10.5281/zen0d0.12664757 ISBN 978-1-4452-7212-2

Kozyavkina NV, Popovych IL, Popovych DV, Zukow W, Bombushkar IS. Sexual dimorphism in some
psycho-neuro-endocrine parameters at human. Journal of Education, Health and Sport.
2021;11(5):370-391.

Lukovych YuS, Popovych Al, Kovbasnyuk MM, Korolyshyn TA, Barylyak LG, Popovych IL.
Neuroendocrine and immune support of the diuretic effect of balneotherapy at the
Truskavets resort. Kidneys. 2015;2(12):7-14.

Marfiyan OM, Korolyshyn TA, Barylyak LG, Kovbasnyuk MM, Yavors’kyi OV, Zukow W,
Popovych IL.  Neuroendocrine-immune and metabolic accompaniments of
cholecystokinetic effects of balneotherapy on spa Truskavets’. Journal of Education,
Health and Sport. 2015;5(5):21-30.

Popovych Al, Ruzhylo SV, Zakalyak NR, Popovych DV, Zukow X. Comparative study of the effects on
the microbiota and leukocyturia of fresh and canned Naftussya water. Quality in Sport.
2022;8(4):67-72.

Popovych IL, Flyunt IS, Alyeksyeyev Ol, Hrytsak LYa, Hrinchenko BV, Barylyak LG, et al. Sanogenetic
Bases of Rehabilitation on Spa Truskavets’ Urological Patients from Chornobylian
Contingent. Kyiv. Computerpress;2003:192.

Popovych IL, Ruzhylo SV, Ivassivka SV, Aksentiychuk Bl, Bilas VR, et al. Balneocardioangiology. The
impact of balneotherapy in the spa Truskavets’ on the cardiovascular system and
physical performance. Kyiv. Computerpress. 2005:239.

Popovych IL & Barylyak LG. Influence of course using of bioactive water Naftussya on stress level at
women with endocrine at gynecological pathology. Medical Hydrology and
Rehabilitation. 2009;7(3):100-118.

Popovych IL, Gozhenko Al, Korda MM, Klishch IM, Popovych DV, Zukow W (editors). Mineral

Waters, Metabolism, Neuro-Endocrine-Immune Complex. Odesa. Feniks. 2022:252.

Ruzhylo SV, Tserkovnyuk AV, Popovych IL. Actotropic Effects of Balneotherapeutic Complex of
Truskavets spa. Kyiv.Computerpress. 2003:131.

Ruzhylo SV, Fihura OA, Zakalyak NR, Kovalchuk GY, Zukow X, Popovych DV. Sexual dimorphism
in the neuro-endocrine regulation of bicycle ergometric test parameters in untrained
individuals with dysfunction of the neuro-endocrine-immune complex. Journal of
Education, Health and Sport. 2022;12(9):971-984.
http://dx.doi.org/10.12775/JEHS.2022.12.09.110

Sagawa K. The end-systolic pressure-volume relation of the ventricle: definition modifications and
clinical use. Circulation. 1981;63(6):1223-1227.

Schiller N, Osipov MA. Clinical Echocardiography.1993:347.

Serven AL. Antagonistic activities of lactobacilli and bifidobacteria against microbial pathogens. FEMS
Microbiology Reviews. 2004;28:405-440.

Trappe H.-J & Lollgen H. Leitlinien zur Ergometrie. Z Kardiol. 2000;89:16.

23


https://scholar.google.com.ua/citations?user=h9GTYbYAAAAJ&hl=ru&oi=sra
https://scholar.google.com.ua/citations?user=h9GTYbYAAAAJ&hl=ru&oi=sra
http://dx.doi.org/10.12775/JEHS.2022.12.09.110

