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Multifactorial, biomarker-based model for assessing the state of patients
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ABSTRACT

Relevance. Objective comparison of biological markers and real clinical presentation is especially difficult in
mental disorders, which are classified according to a large number of diagnostic criteria and a wide variety of
symptoms. Therefore, the development of an effective system of biochemical markers and assessment of their
relationship to optimize the diagnosis and treatment of schizophrenia are relevant.

The aim of the study was to develop a statistical model that combines known and tested biochemical markers for
mental illnesses in patients with schizophrenia.

Materials and methods. The study included 47 women aged 18-50 years (median age — 22 years) with the
diagnosis of schizophrenia (ICD-10, F20) and 25 healthy women of the same age. The model was based on the
functional activity of complement, thrombodynamics parameters, markers of inflammation, glutamate and energy
metabolism, and antioxidant defense, which were shown to be associated with the severity of schizophrenia. The
listed markers were evaluated in plasma, platelets, and erythrocytes of sick and healthy individuals.

Results. Statistical software found pair correlations and features of the distribution of all markers as random vari-
ables in the examined groups and evaluated correlations between pairs of markers. Ten biomarkers were identified
and united into a system that was adequately described by the logistic regression model. The model was evaluated
using the Pearson’s test (y2(11) = 57.6, p = 0.001) and calculation of correct predictions (91 and 80%) for samples
of patients and healthy people, respectively.

Conclusion. Calculating the logistic equation resulted in the probability that the patient has schizophrenia involving
the immune system, hemostasis, and oxidative stress. This model can be considered as a new formalized approach
to the preclinical diagnosis of mental illnesses.
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MHorodakTopHaa mogesnib OLLleHKN COCTOAHNA 60/bHbIX WN30ppeHnen
Ha OCHOBe cucTeMbl GMomapkepos

Yepemubix E.Il'., CaBywkuna O.K., lpoxoposa T.A., 3o03yna C.A., OrmaH U.H.,
MosaHakosa A.H., Kapnosa H.C., lUunos. I0.E., KniowHuk T.I.

Hayunvui yenmp ncuxuueckozo 30oposvs (HLI13)
Poccus, 115522, 2. Mockea, Kawupckoe wiocce, 34

PE3IOME

AkTyansHOCTb. [IpobieMa 0OBEKTHBHOTO CONOCTaBICHHUS OHOIOTHIECKUX MAapKEPOB U PeabHON KIMHUIECKO
KapTHHBI 0COOCHHO CIIOKHA TIPH MICUXWIECKUX PacCTPOICTBAX, KOTOPBIE KIIACCH(DUIMPYIOTCS 110 OOIBIIOMY KOJIH-
94eCTBY JUArHOCTHIECKHX KPHTEpHEB U OOIbIIOMY pa3HooOpasmio cuMnToMoB. IToaTomy paspadorka 3¢ hexTus-
HOHM CHCTEMBI OMOXMMHYECKHX MapKepOB M OLEHKA WX B3aUMOCBSI3H JUIS ONTHMH3AIMH JUATHOCTUKH H JICICHHS
mr30(PEHNUN SBISIOTCS aKTyaIBHOM.

ean uccnenroBaHus — pa3padboTaTh CTATUCTHYECKYIO MOJIENb, 0OBEIMHSIONLYI0 H3BECTHBIE U IPOBEPEHHBIC IS
MICUXUYECKHX 3a00IeBaHUI OMOXUMHYECKHE MapKePHI TSI MAMEHTOB ¢ MU30()peHUEH.

Marepuannl 1 Meroabl. O6cnenoBano 47 GOJBHBIX JKEHINUMH B Bo3pacte 18—50 ner (MeauaHHOE 3HAUCHHE —
22 roga) ¢ auarso3oM «umzodpenus» (MKbB-10, F20) u 25 310poBBIX )KEHIIMH TaKOTo XKe Bo3pacTa. B kadecTse oc-
HOBBI MOJIEJIN OBUTH MCIIONIB30BaHbl (DYHKIIMOHATIbHAS aKTHBHOCTh KOMIIEMEHTA, II0Ka3aTelIl TPOMOOJMHAMUKH,
MapKephl BOCHAJICHHs, MapKephl TIIyTaMaTHOTO M SHEPreTHYECKOr0 MeTaboJIM3Ma U aHTHOKCHIAHTHOW 3aIlUTBhI,
CBsI3aHHBIC, KaK OBUIO IIOKAa3aHO paHee, C TSHKECThIO TeueHus mu3oppeHnn. [lepeurcieHHble MapKephl OLEHUBAIH
B IJIa3Me, TPOMOOIMTaX U SPUTPOLMTAX KPOBH OOJIBHBIX U 3[J0POBBIX.

PesyabTarel. C MOMOIIBIO CTATHCTHYECKOH NPOTPaMMbI BBISBICHBI ITapHbIE KOPPEISIIAM M OCOOCHHOCTH
pacmpernienieHuss BCeX MapKepoB KaK CIyYalHBIX BEIMYMH B OOCIENOBAHHBIX TPYINIax, a TaKXkKe OICHEHH
3aBHCHMOCTH MEXIy ITapaMH MapKepoB. BBISBIICHEI feciaTh OHOMapkepoB, 00BEAMHEHHBIX B CHCTEMY, KOTOpast
aJIeKBaTHO OIHMCHIBACTCS JIOTHCTHYECKON Moesbio. MoJielb oleHeHa ¢ nmoMmomipto kpurepus [Tupcona (3*(11) =
57,6; p = 0,001) u BeMUMCIICHNS TPaBWIBHBIX Tpenckazanuit (91 u 80%) mo BeIOOpKaM OOJIBHBIX M 3IOPOBBIX
COOTBETCTBEHHO.

3axurioueHue. Pe3ynbTaToM BEIYHUCIICHUS IOTHCTHYECKOTO YPaBHEHHUS SBISIETCS BEPOSTHOCTh HATTMYHSA Y TTAIlIEHTA
30 PEHMYECKOT0 TpoIiecca, B KOTOPHIA BOBJICYCHBI IMMYHHAs CHCTEMa, TeMOCTa3 U OKHCIHUTENBHBIN cTpecc.
Dra MOJENh MOXET pacCMaTpPHBATHCS KaK HOBBIM (POPMAaTM30BAaHHBIA IMOIXOM K AMATHOCTHKE NCHXHYECKUX
3a00J1€BaHUI HA JOKIMHUYECKOM JTarle.

KawueBrble cioBa: mm3ohpeHus, cucTeMa OHOMapKepOB, MapHbIe KOPPEISINH, JIOTUCTUIECKAsT PerpecCUOHHAs
MOJIENb

Konpaukt nHTEpecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBHE SBHBIX U IMOTEHIHAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOosIIeH CTaTbu.

Hcrounuk ¢uHaHCHPOBaHUSA. ABTOPHl 3asBISIIOT 00 OTCYTCTBHMM (MHAHCHPOBAHHMS IIPH IIPOBEICHUH
HCCIICIOBAHUSL.

CooTBeTcTBHE NMPUHIMIIAM ITHKH. Bce manueHTs! noamucand HHOOPMUPOBAHHOE COTJIACHE HA y4acTHE B HC-
cnenoBannu. Mccnenoanue onodpeno strmdeckuM komureroM @IBHY HIII3 (mpotokox Ne 301 ot 05.09.2016).

Jsa uutuposanus: Yepemusix E.I'., Caymkuna O.K., Ilpoxoposa T.A., 3o3ynsa C.A., Orman U.H., [To3nusko-
Ba A.H., Kapnosa H.C., IlTunos 1O.E., Kimommnux T.I1. MHOTOaKTOpHAS MOJETH OIEHKH COCTOSHHS OOJIBHBIX
mr30(ppeHreil Ha OCHOBE CHCTEMBI OMOMapKepoB. brontemens cubupckoti meduyunvl. 2024;23(1):85-93. https:/
doi.org/10.20538/1682-0363-2024-1-85-93.

INTRODUCTION large number of diagnostic criteria and a wide variety
of symptoms. The clinical status of patients with the

Objective comparison of biological markers and same diagnosis may differ.
real clinical presentation is especially difficult in Schizophrenia is a heterogeneous mental illness
mental disorders, which are classified according to a with a wide variety of clinical manifestations caused by
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different etiological factors and biological background.
Therefore, the development of an effective system
of biochemical markers and the assessment of their
relationship to optimize the diagnosis and treatment
of schizophrenia are relevant.

We suggest several groups of markers as a basis
for such system.

1. Complement and hemostasis.

These two evolutionarily allied systems,
complement system (CS) and hemostasis, have
numerous connections that allow to consider them as
a single system that regulates the entire set of immune
interactions.

In recent years, special attention of researchers has
been focused on the two processes—CS and coagulation
in the fluid phase as tools for an instant response to
external and internal threats and, at the same time, as
sources of adverse pathological processes.

Coagulation may increase uncontrollably, and
simultaneous amplification of the two systems
contributes to critical complications of various
pathologies. It is known that disseminated
intravascular coagulation and multiple organ failure
result from dysregulation of CS and increased positive
feedbacks between CS and coagulation [1]. However,
the interaction of these cascades contributes to the
intensification of pathological processes not only
in critical situations. A significant role of the CS —
coagulation interaction in increasing resistance to
therapy for atherosclerosis, cancer [2], mental illness
[3], and diabetes was revealed [4]. The direction
and overall level of interaction between CS and
coagulation are determined by genetic conditions and
the condition of the body at each time point.

2. Inflammatory markers

Among numerous pathogenetic hypotheses of
schizophrenia, an important place is attributed to the
study of the role of inflammation in the development
of the disease. Due to the existence of neuroimmune
relationships, activation of neuroinflammation in
the brain [5] is associated with the development
of systemic inflammatory responses, accompanied
by an increase in the level of various inflammatory
mediators in the patients’ blood [6]. It was previously
indicated that biomarkers which reflect the intensity
of the ongoing pathological process in the brain in
schizophrenia and interrelate with the severity of the
disease and the clinical state of patients are: [7, 8]:

— activity of leukocyte elastase (LE), a serine
protease released by activated neutrophils during
degranulation at the site of inflammation;

— functional activity of the main endogenous
inhibitor of LE — acute phase protein, al-proteinase
inhibitor (al-m), synthesized in the liver;

—level of antibodies to protein S-100b (abS100-b) —
a marker of astroglial activation, which also acts as a
neurotrophic factor for serotonergic neurons.

3. Glutamate metabolism and antioxidant defense
enzymes.

An important aspect of endogenous psychoses
(schizophrenia) is the involvement of the glutamate
system in the development of the pathological process
[9]. The reduction of NMDA receptor (NMDAR)
activity on inhibitory GABA interneurons leads to
an increase in glutamatergic neurotransmission and
various symptoms that occur in acute psychosis.
Evidence has been obtained that NMDAR
hypofunction is associated with oxidative stress
which also contributes to the development of mental
pathology associated with schizophrenia [10].

Pathophysiological processes associated with
disorders in the glutamatergic system, glutamate
metabolism, and oxidative stress, caused in particular
by disturbances in the glutathione system, are
involved in the formation of the acute phase response
with the manifestation of positive symptoms, as
well as in the emergence of negative symptoms and
cognitive deficits.

Abnormalities of the glutamatergic system and
glutamate metabolism have been detected in the
studies on the brain [11] and blood of patients with
psychosis [12].

Changes in the activity of the glutamate metabolic
enzyme glutamate dehydrogenase (GDG), glutathione-
dependent enzymes glutathione-S-transferase
(GST) and glutathione reductase (GR), as well as
mitochondrial complex IV — cytochrome c oxidase
(COX) in platelets were detected for mental illnesses
[13].

It is not possible to assess biochemical connections
in the entire set of interactions between the markers due
to the complexity of the overall system, which also has
positive and negative feedbacks, thus complicating the
decision-making process based on analytical data. So,
as a model that combines all of the listed markers, we
decided to consider a logistic regression model, whose
synthesis is aimed at providing objective grounds for
the psychiatric diagnosis of patients.

The aim of the study was to develop a statistical
model that combines known and tested biochemical
markers of mental illnesses in patients with schizo-
phrenia.
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MATERIALS AND METHODS

Clinical and biological research was carried out at
Mental Health Research Center. The study was ap-
proved by the Ethics Committee at Mental Health Re-
search Center (Protocol No. 301 of 05.09.2016) and
was carried out in compliance with the current ethical
standards and rules of biomedical research approved by
the WMA Declaration of Helsinki (1975/2000 edition).

The study included 47 women aged 18-50
years (median age — 22 years) with the diagnosis of
schizophrenia (ICD-10, F20) admitted to the hospital
at the acute stage of the disease and 25 healthy women
of the same age.

The listed markers were evaluated in plasma, plate-
lets, and erythrocytes of patients and healthy people.

Inclusion  criteria:  verified diagnosis  of
schizophrenia (F20) according to the ICD-10
classification, acute psychotic state. Exclusion criteria:
age under 18 and over 50 years, organic damage to the
central nervous system, brain injury, severe somatic
symptom disorders at the stage of decompensation,
exacerbation of inflammatory or infectious diseases,
use of psychoactive substances.

CS was assessed by the tailor-made method
for assessing the functional activity of CS in test
organisms — ciliates Tetrahymena pyriformis, the death
of which when exposed to blood plasma is associated
with activation of CS. The method described in [14]
consists in cyclic counting of living protozoan cells
in a blood plasma solution. The calculation is carried
out on the BioLat device [15] using the AutoCiliata
software developed by us.

The functional activity of the complement in
the blood plasma was assessed using the calculated

parameter: faCS=100x1/ T
of death of half of the cells.

Coagulation markers — clot density (D) and initial
speed of clot formation (Vi) were assessed by the
thrombodynamics method [16]. Inflammation markers
(LE activity and functional activity of a/-z, as well
as the level of antibodies to the S-100b protein) were
assessed in accordance with the methods presented in
the work [7].

A marker of glutamate metabolism and a parameter
of energy metabolism (the activity of GDH and
COX, respectively) were assessed in platelets.
Markers of antioxidant defense (the activity of
glutathione-dependent enzymes) were assessed in
platelets (GST, GR) and erythrocytes (GSTer, GRer)
in accordance with the methods presented in the works
[12, 13, 17].

Theresults of marker measurements in the examined
groups were assessed using the Statistica.10 program
tools, such as descriptive statistics, the Shapiro — Wilk
test, the Spearman’s rank correlation coefficients, the
quantile regression model, and logistic equations.

5» Where T, is the time

RESULTS

In accordance with the Shapiro — Wilk test
(W>0.946; p <0.05), only two predictors in the group
of 47 patients (COX and GDH) and only one predictor
in the group of 25 healthy people (GDH) (W > 0.918;
p < 0.05) followed a normal distribution. Therefore,
to analyze the statistical parameters in these groups,
medians, coefficients of variation, and interquartile
ranges were used (Table 1). To assess the relationship
between the predictors, the nonparametric Spearman’s
rank correlation coefficient was used (Table 2, 3).

Table 1

Descriptive statistics of predictors in the group of patients and healthy controls

88

Group of patients, n =47 Group of healthy controls, n = 25
Parameter Me (Q,5; O, Coefficient of variation Me (Q,; O,5) (iof:rﬁi;?g;
JfaCS 4.61 (3.12; 6.76) 50.9 6.75 (6;7.5) 15.32
Vi 54.5 (51; 57) 8.92 52.6 (47; 55) 11.78
D 22,480 (20,743; 24,671) 14.04 22,029 (20,623; 23,627) 11.23
LE 234.4 (210.5; 265.7) 16.69 197 (187; 200) 5.91
al-n 40.70 (33.7; 47.4) 20.31 33.7 (32; 35) 9.31
abS-100b 0.78 (0.69; 0.89) 17.86 0.77 (0.68; 0.79) 9.28
COX 5.10 (4.2;5.71) 22.34 5.47 (5.05; 6.27) 18.85
GDH 5.93 (5.11; 6.86) 22.97 6.87 (5.77; 8.28) 19.04
GR 9.12 (7.54; 10.32) 30.85 10.50 (8.86; 11.78) 27.24
GST 14.73 (11.54; 17) 24.27 17.25 (13.96; 19.22) 18.68
GRer 2.10 (1.66; 2.37) 19.74 1.65 (1.41;2) 27.71
GSTer 2.61(2.23;3.43) 35.69 2.09 (1.57;2.74) 41.2
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Table 2
Spearman’s rank correlations (SRC) of 12 markers for the group of patients
Parameter faCS Vi D LE al-7 abS-100b COX GDG GR GST GRer GSTer
faCS 1 —0.41 —0.23 —0.04 0.08 -0.12 0.01 0.06 0.04 0.09 —-0.05 0.01
Vi -0.41 1 0.26 0.1 —0.06 0.05 —0.15 -0.23 0.03 -0.17 -0.17 -0.17
D -0.23 0.26 1 0.05 0.23 -0.23 -0.01 —0.15 0.17 0.15 -0.01 0.08
LE —0.04 0.1 0.05 1 —0.14 —0.08 —-0.15 0.1 0.2 0.01 -0.07 -0.04
al-7 0.08 -0.06 0.23 -0.14 1 —-0.07 0.17 0.26 -0.01 0.12 0.12 0.21
abS-100b —0.12 0.05 -0.23 | -0.08 | -0.07 1 0.15 0.04 0.01 -0.22 0.1 0.03
COoX 0.01 —0.15 —0.01 —0.15 0.17 0.15 1 —0.13 -0.34 -0.13 0.13 0.01
GDG 0.06 -0.23 —0.15 0.1 0.26 0.04 —-0.13 1 0.19 0.21 0.17 -0.12
GR 0.04 0.03 0.17 0.2 -0.01 0.01 -0.34 0.19 1 0.49 0.17 0.13
GST 0.09 —0.17 0.15 0.01 0.12 —0.22 —0.13 0.21 0.49 1 0.15 0.37
GRer -0.05 | -0.17 | -0.01 -0.07 0.12 0.10 0.13 0.17 0.17 0.15 1 0.35
GSTer 0.01 -0.17 0.08 -0.04 0.21 0.04 0.01 -0.12 0.13 0.37 0.35 1
Note. Correlations in bold are significant at p < 0.05.
Table 3
Spearman’s rank correlations (SRC) of 12 markers for the group of healthy controls
Parameter faCS Vi D LE ol-7 abS-100b COX GDG GR GST GRer GSTer
faCS 1 0.25 -0.07 0.11 -0.35 0.19 -0.17 0.07 0.09 -0.04 0.15 0.13
Vi 0.25 1 0.15 0.04 -0.3 0.31 —0.32 -0.29 —0.26 —0.18 —0.04 0.11
D -0.07 0.15 1 0.1 -0.02 -0.16 0.14 —0.08 0.15 -0.22 —-0.08 —0.28
LE 0.11 0.04 0.1 1 0.07 —-0.05 0.36 0.54 -0.43 0.14 0.09 0.05
al-7 —-0.35 -0.3 —0.02 0.07 1 -0.45 0.07 0.1 —0.28 -0.09 0.1 0.01
abS-100b 0.19 0.31 —0.16 —0.05 —0.45 1 —0.15 —0.26 0.11 0.02 0.28 —0.05
COX -0.17 -0.32 0.14 0.36 0.07 -0.15 1 0.47 0.13 0.68 -0.11 0.07
GDG 0.07 —0.29 —0.08 0.54 0.1 -0.26 0.47 1 0.18 0.55 -0.27 -0.3
GR 0.09 -0.26 0.15 —0.43 —0.28 0.11 0.13 0.18 1 0.25 —0.03 -0.36
GST —0.04 —0.18 -0.22 0.14 -0.09 0.02 0.68 0.55 0.25 1 -0.19 0.08
GRer 0.15 —0.04 —-0.08 0.09 0.1 0.28 —0.11 -0.27 -0.03 -0.19 1 0.26
GSTer 0.15 0.11 -0.28 0.05 0.01 -0.05 0.07 -0.3 -0.36 0.08 0.26 1

Note. Correlations in bold are significant at p < 0.05.

Correlation modifications in the groups of patients
and controls presumably reflect changes in the stud-
ied system, which can be assessed by the analysis of
paired correlations due to numerous direct and indi-
rect relationships between the markers.

To identify the fact of similar distribution of the
predictor pairs for which at least a weak correlation
(SRC = 0.3) even in one group was detected, quantile
regression plots were constructed (O—Q). Figure shows
0-0 plots for pairs of predictors in the patient group
with a detected correlation compared to O—Q plots in
the healthy controls. Each plot is accompanied by two
equations — for a polynomial regression model and for
a linear equation model using the least squares method.

All biochemical markers are in complex rela-
tionships, the strength of which can vary random-
ly. Quantile regression shows how strong /weak
the correlation between pairs of markers is, and this
correlation is usually nonlinear. Therefore, quadratic
quantile regression plots make it possible to assess
the strength of the relationship. When accumulated,
this information can be the basis for constructing
network models of biochemical interactions. Such

BlonneteHb cubmpckoi MeauymHbl. 2024; 23 (1): 85-93

models for each specific pathology will help identi-
fy critical points of therapeutic intervention, which
optimization will reduce the number and side effects
from medications.

After assessing the statistical characteristics of
the two samples under study, an analytical equation
(model) was obtained that will contribute to evalua-
tion and classification of a set of markers character-
izing whether an individual belongs to the group of
patients or healthy controls.

For this purpose, we used the logistic regression
model with the following features: the regression re-
sult was calculated as a probability of event occur-
rence. The dependent variable must be categorical, in-
dependent variables may not be normally distributed,
or linearly related, or equally dispersed, which is typi-
cal of our measurement results (Table 1-3). The result
of the logistic regression equation (1) is the probabil-
ity of a person’s attribution to the group of patients or
healthy controls in accordance with the results of the
study of predictor markers. The variable P was add-
ed as a binary variable, which is equal to “0” for the
group of patients and “1” for the healthy group.

89



Cheremnykh E.G., Savushkina O.K., Prokhorova T.A. et al. Multifactorial, biomarker-based model for assessing the state of patients

Group of patients (47) Group of healthy controls (25)
. s Vi=41.15+3.27%(faCS) — | Vi=-10.86+12.94%(faCS) —
: e 0.115%(faCS)* ] || 0.53%(faCS)
: o Vi = 57.96-0.68*(faCS); v Vi = 44.1+1.14%(faCS);
#F r=-0.3771; p = 0.0090 | = r=-0.1937; p = 0.3536
v & | SRC=-0.41 e = | SRC=0.25
' == | GR=-13.17+6.29*(COX) — T GR =-10.2+4.58%(COX) —
o —0.35%(COX) | | 0.15%(COX)y
£ GR = 12.033-0.7*(COX); ool s GR = 10.51+0.05*(COX);
B r=-0.3002; p = 0.0403 B r=0.0178; p = 0.9326
= | SRC=-0.34 iy o+ SRC=0.13
T | GR=-10.22+1.91%(GST) - T 7| GR=1037-
1] 0.04%(GST) | | 0.91%(GST) + 0.05%(GST)
£ GR = 3.23+0.36%(GST); | Pk | GR=7.86+0.17*(GST);
r=0.4876; p = 0.0005 || ¥=0.1862; p=0.3728
—4| SRC =0.49 = 7 7 SRC=0.25
B GSTer = 0.61+0.02*(GST) + v — GSTer =-1.65+0.17*(GST) +
; o= 1] 0.01%GSTY : 1 0.003%(GST)?

i s GSTer = 1.52+0.09*(GST); i. P GSTer = 1.46+0.04*(GST);
i r=10.3189; p = 0.0289 || = r=0.1415; p = 0.4880
S| SRC=0.37 3 SRC =0.08

) 1| GRer=-0.6+0.26*%(GST) — = ]| GRer =0.44-0.003*(GST) +
7 || 0.004%(GSTY d Fo 0.004*(GST)?

3 P i | GRer = 1.77+0.02%(GST); vl i GRer =2.14-0.03*(GST);

1 Z || r=0.1584; p=0.2877 s r=-0.1880; p = 0.3680
SRC =0.35 e . 4 SRC=-0.19

GDH = 7.79-0.05%(LE) + 1 == GDH =-146.06+1.44*(LE) —
< 0.0002*(GST)? 1 I| 0.003*(LE)
e GDH = 4.56+0.006*(LE); e ) || GDH =-2.49+0.05*(LE);
g r=0.1770; p = 0.2340 , i| r=0.4226; p=0.0353
SRC=0.1 2 =4 SRC=0.54

—1| GR=-13.49+0.13*(LE) - 7 | GR =-89.3+0.76*(LE) -
-~ || 0.0001*LEy 4 ~ 1| 0.001%(LEy
= GR =4.5527+0.02*(LE); + - || GR=30.66—0.1%(LE);
| == | ¥=0.2513; p = 0.0883 | I| r=-0.3999; p =0.0477
Lo | SRC=02 A )l SRC=-043
T GST = ~7.1+5.4%(COX) — T T GST=-21.89+10.38%(COX) —
: 0.21%(COX)? 5 | 0.61%(COX)
| ,,.-""' GST = 15.85-0.26%(COX); ' | GST =5.5+2.0%(COX);
| o r=-0.0842; p=0.5737 | i| 7=0.6808; p =0.0002
4| SRC=-0.13 s | SRC =0.68
| GDH=-008+121%COX)+ | T | GDH=-13.49+58%COX) -
- 0.0002*(COX)? AT 1 0.378*(COX)
A GDH = 6.31-0.06*(COX); ! | GDH =3.73+0.56*(COX);
- r=-0.0453; p=0.7622 | 1 #=0.4553; p=0.0222
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Figure. Dependencies of pairs of predictors in two groups
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P=1/(1+e?), (1)
where Z=a +axx +a*x

The coeflicients a-a-..a were calculated using
the Logit Regression procedure in the Statistica 10
software. The general logistic equation for all twelve
markers is implausible:

x*(13)=--,p=1.0[18].

By removing one predictor at a time, a logistic
model was built to find predictors that lead to an im-
plausible result. Two parameters turned out to be such
predictors: clot density (D), reflecting the state of the
coagulation system, and leukocyte elastase (LE) ac-
tivity which is a marker of neutrophil degranulation.

The resulting equation included 10 independent
variables (faCS, Vi, al- &, abS-100b, COX, GDG,GR,
GST, GRer , GSTer) and the dependent binary vari-
able P (2).

P=1/(+e?, 2)

where Z = 5.78 + 0.399 x (faCS) — 0.014 x Ji —
0.4 x (al-m) — 8.24 x (abS-100b) + 1.9  (COX) +
0.58 x (GDG) + 0.33 x (GR) — 0.17 x (GST) — 2.02 x
(GRer) +0.27 x (GSTer)

The value of the loss function was 17.7; it was the
minimum value among all other variants of the equa-
tions. Pearson’s criterion y*(11) =57.6, p=0.001. The
significance of regression coefficients was assessed
using the Wald test (Table 4).

Table 4

Significance of regression coefficients

Parameter Wald test D
Intercept 1.84 0.175
faCS 5.49 0.019
Vi 3.95 0.046
al-m 134 <0.001
abS-100b 0.54 0.462
COX 10.5 0.001
GDH 4.80 0.029
GR 6.01 0.014
GST 3.56 0.059
GRer 2.32 0.127
GSTer 0.87 0.350

Note. Correlations in bold are significant at p < 0.05.

Estimating the likelihood of a logistic equation
gives a general idea of its coefficients. In accordance
with this criterion, predictors with their own coeffi-
cients were identified, the equation for which had the
smallest loss function value.

Correctly predicted value “0” (attribution to the
group of patients) — 91,5%.

Correctly predicted value “1” (attribution to the
group of healthy controls) — 80%.

DISCUSSION

Based on the coefficient of variation, it was
revealed that the markers in the group of patients have
greater variability than the markers in the healthy
group (Table 1). There are 8 highly variable markers
in the group of patients (faCS, al- x, GR, GST, COX,
GDH, GSTer, GRer), 3 moderately variable markers
(D, LE, abS-100b), and only one weakly variable
marker (V7). In the healthy group, the variability of
markers was as follows — only 3 markers (GR, GRer,
GSTer) were highly variable, 6 markers (faCS, Vi, D,
COX, GDH, GST) were moderately variable, and 3
markers (al- 7, LE, abS-100b) were weakly variable.
The lower / upper quartile ranges also differed for all
markers of the two groups. This result is quite typical
of biochemical markers when comparing groups of
patients and healthy controls.

Changes in the correlations in the patients and
controls presumably reflect modifications in the system
under consideration, which can be assessed using
the analysis of paired correlations due to numerous
direct and indirect relationships between the markers.
Pairwise Spearman’s rank correlation coefficient
revealed only a few weak correlations in the group
of patients and slightly stronger ones in the group of
healthy people. Therefore, at the next stages of the
study, the assessment of paired correlations together
with the quantile regression will help identify critical
correlations, which modifications are responsible for
the development of the pathological process.

To evaluate paired correlations of random
variables, quantile regression plots were constructed
(0-0), since it is known that two random variables
are distributed identically and have the dependence
similar to that of their quantiles. Quadratic quantile
regression plots make it possible to evaluate the
strength of the correlations. When accumulated, this
information may be the basis for constructing network
models of biochemical interactions. Such models for
each specific pathology will help identify critical points
of therapeutic intervention, which optimization will
reduce the number and side effects from medications.

For all pairs of predictors (Fig.), their dependencies
are optimally approximated by the quadratic equation,
while the nature of the equations for pairs from
2 groups is different.

The nonlinearity of dependencies of marker pairs
is most likely a general law for describing the inter-
actions of biochemical molecules. Thus, for CS / Vi,
nonlinearity arises due to feedback in the entire com-
plement — coagulation system. For LE/GDG and LE /
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GR pairs, the relationship is nonlinear due to complex
interactions of neutrophils and platelets, which serve
as a source of model markers for assessing modeled
brain cell enzymes.

When comparing individual markers in the patient
group with those in healthy people, it is impossible
to unambiguously determine whether an individual
belongs to the group of patients, i.e. there are patients
whose studied markers not always differ from the
normal values. Therefore, the assessment by individual
markers is not effective. A model that includes a set
of markers and their correlations is of interest from a
fundamental point of view, and the practical aspect of
this issue is related to the possible use of the results
obtained for early diagnosis of the disease.

The review of current literature showed that the
creation of biomarker panels for schizophrenia is a
relevant area for research. For example, models have
been developed using proteins of the NMDA receptor
signaling pathway and tryptophan metabolism [19], as
well as inflammatory and immune biomarkers [20].

At this stage, the developed model can demonstrate
a new formalized approach to the diagnosis of mental
illnesses. In general, for the practical application of
models, it is necessary to conduct studies on different
clinical groups of patients with schizophrenia with
a set of models that will be used for optimizing the
diagnosis and therapy.

CONCLUSION

Applying statistical procedures, ten biochemical
markers were identified and united into a system that
is described by the logistic model and reflects the
involvement of immune responses, hemostasis, and
oxidative stress in the development of the pathological
process in schizophrenia. These parameters are: the
functional activity of the complement system, the
initial rate of fibrin clot formation, the functional
activity of ol-proteinase inhibitor, the level of
antibodies to protein S-100b in the blood plasma, the
activity of glutamate dehydrogenase and cytochrome
¢ oxidase in platelets, and the activity of glutathione-
S-transferase and glutathione reductase in platelets
and erythrocytes. Two parameters (clot density when
assessing coagulation and leukocyte elastase activity)
were not included in this system, which is probably
due to the peculiarities of the course of schizophrenia
within the psychopathological syndrome considered in
the present work.

The model was assessed by the Pearson’s test
(x¥(11) = 57.6, p = 0.001) and calculation of correct

predictions (91 and 80%) for the entire sample
consisting of two groups (patients and healthy
controls).

This work can be considered as a new approach to the
diagnosis of mental illnesses. As a rule, most biochemical
markers are not specific; only their combination and
identification of the most critical correlations will help
create effective models demanded in clinical practice.
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