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ABSTRACT

Aim. To conduct an associative analysis between antipsychotic-induced metabolic disorders and the polymorphic
variant NQO! rs1800566.

Materials and methods. The study included 603 patients with schizophrenia, who underwent a comprehensive
clinical, anthropometric and laboratory examination. Metabolic syndrome (MetS) was established based on the
2005 International Diabetes Federation criteria. Genotyping of the polymorphic variant NOO! rs1800566 was
performed in the studied sample of patients. Statistical processing of the results was performed using Statistica 12.0
software package (StatSoft, Russia).

Results. Among patients receiving basic therapy with atypical antipsychotics, the T allele had an effect
predisposing to the development of MetS (odds ratio: 1.63, 95% confidence interval: 1.01-2.62), while the C
allele was statistically significantly more common among patients without metabolic syndrome (odds ratio: 0.61,
95% confidence interval: 0.38-0.99). In carriers of the 77 genotype, serum triglyceride levels are statistically
significantly higher than in carriers of the CC or CT genotypes (p = 0.049).

Conclusion. The results of the study for the first time revealed associations of the polymorphic variant NOOI
rs1800566 with MetS and hypertriglyceridemia in patients with schizophrenia receiving pharmacotherapy with
second-generation antipsychotics. The results of this study confirm the contribution of the genetic component to
the development of metabolic disorders in patients with schizophrenia and open up prospects for further search for
genetic markers for the prevention and correction of this undesirable phenomenon.
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Monumopoubin Bapnaut NQO17 rs1800566
M aHTUNCNXOTUK-NHAYLNPOBaHHbIe MeTabonnyeckre HapyLieHuA
y NaLMeHTOoB C WwnsodppeHnen

TuryHues B.B., MegHoBa U.A., Noxunaaes U.B., Muxanuukas E.B., Metkyn 1.A.,
Banosa H.M., MNapepuHa A.3., KopHetrosa E.l'., UBaHoBa C.A.

Hayuno-uccnedosamenvcxuti uncmumym (HUHU) ncuxuueckozo 300poswsi, Tomckuil HayuoHaibHoli
uccneoogamenvckuil meouyunckutl yenmp (HUMI]) Poccuiickotl akademuu HayK
Poccus, 634014, 2. Tomck, yn. Aneymckas, 4

PE3IOME

eunn. IIpoBecTr acCOLMATHBHBIH aHAIN3 MEXITY aHTUIICHXOTHK-HH/YIHPOBAaHHBIMH MeTa00IMYECKMMH HapyIIe-
HUSIMHA ¥ ToauMopdHbIM BapuaHToMm reHa HAJI(®)H-xunoHOKCcHI0peaykTassl-1 (NQOI) rs1800566

MarepuaJbl 1 MeTObl. B rccnenoBanne BIroueHs! 603 nanuenTa ¢ mu3oppeHneii, y KOTOpbIX ObIIIO MPOBEACHO
KOMIIJIEKCHOE KJIMHHUYECKOE, aHTPOIOMETpUUYECKoe U j1abopaTopHoe obcneoBanue. Metabosnyeckuii CuHAPOM
(MC) ycranaBnuBaics Ha OCHOBaHUM KputepueB MexayHapoanoit gpenepannu auadera (IDF), 2005. IIposexne-
HO TEHOTHNHUpoBaHue noauMopduoro Bapuanta NOO! rs1800566 B nccnemyemoii Beioopke manueHToB. CtaTtu-
cTryeckas 00paboTKa pe3yIbTaTOB OCYLIECTBIICHA C UCIIOIB30BAaHUEM IPOTPaMMHOT0 obecriedeHus Statistica for
Windows V.12.0 (StatSoft, Poccwust).

PesyabTatel. Cpeny manyeHToB, NPUHAMAIOIINX 0a30BYI0 TEPAIHIO aTUIMYHBIMH AHTUIICUXOTHKAMH, aJlleib
T obnanan s¢dexrom, npeapacronararomum K pazsutnio MC (otHomenue nrancos (OIID) 1,63; 95%-it noBepu-
tenbHbIN uHTEepBal ([AM1): 1,01-2,62), B To Bpems kak amiens C CTaTUCTUYECKU 3HAYMMO Yallle BCTPeyacs cpeiud
narnueHToB 6e3 Metabommuyeckoro cuaapoma (O 0,61; 95%-it JIN: 0,38-0,99). YV Hocuteneii renotumna 77 ypos-
HH TPHUTIIULEPUIOB B CBIBOPOTKE KPOBU CTATHCTHYECKHU 3HAUYMMO BBIle, 4eM y Hocutesel renorunoB CC mwim CT
(p = 0,049).

3aka04enne. B pe3ynbTaThl IPOBEICHHOTO HCCIIEJOBAHUS BIIEPBBIC ObIIN OOHAPYKEHBI aCCOIHAIMH TTOJIMOp-
¢uoro Bapuanta NQO! rs1800566 ¢ MC n runepTpurinnepuieMueii y 00JIbHBIX MU30(ppeHNeH, TPUHIMAIOMINX
(hapMakoTepanuio aHTUIICHXOTHKAMH BTOPOTO MOKOJEHHS. Pe3yiabTaTel JaHHOTO HCCIEIOBAHMS MOATBEPKAAIOT
BKJIaJ] TEHETHUECKOH KOMITOHEHTHI B Pa3BUTHE META0OIMIECKUX HApYIICHN y OOIBHBIX MN30(PEHHEH U OTKPHI-
BaIOT IIEPCIIEKTUBBI A JaJIbHEHIIEro NOUCKA TeHETUYECKUX MAPKEPOB C LIENIBIO IPEBEHIIMU U KOPPEKIUH ITOr0
HEKEJIATeIIbHOT'O SIBJICHUSL.

Kawuessble ciioBa: mosiekysipHas renetuka, NOO1, OHOHYKJICOTHIHBINA MOTUMOPPH3M, META00THICCKUE HAPY-
HICHUSI, W30 PEHNUS, aHTUIICHXOTHKH, HeXKelaTeabHbIe 3)(EKThI Teparum

KoHpaukT uaTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOHMOIUKTOB HHTEPECOB,
CBSI3aHHBIX C MyOJIMKAIMEl HACTOSIIEH CTaThH.

Hcrounuk ¢punancupoBanms. Pabora noxnepxana rpantom Poccuiickoro Haydnoro gonga Ne 23-75-10088
«Ponb aHTHOKCHAAHTHBIX (PEPMEHTOB M CHHTA3 OKCHJA a30Ta B MEXaHM3MaX (pOpMHUPOBAHHS METa0OINYECKOro
CHHApOMa TIpH 3o penun», https://rscf.ru/project/23-75-10088/

CooTBeTcTBHE NPUHIHMIAM THKH. Bee manmenTs!, BKIIOYEHHBIE B UCCIICIOBAHNE, TTOANKCAIN JOOPOBOIBHOE
napopMupoBanHoe cornacue. McciaenoBanue ogodpeHo studeckum komureroM HUU meuxmdeckoro 310poBbs
Tomckoro HUMII (mpotoxon Ne 165 ot 18.09.2023).

Jasi uutupoBanusi: Turynues B.B., Meanosa W.A., Tloxunaes W.B., Muxamuukas E.B., Ilerkyn .A.,
Bsimosa H.M., TTagepuna /1.3., Kopuerosa E.I'., isanosa C.A. [Tomumopdusiii Bapuant NQO1 rs1800566 u an-
TUTICUXOTHK-UHIyIIAPOBAHHBIC META0OINYCCKUE HAPYIICHUS Y TAIMCHTOB C MIU30(ppeHucii. broiiemens cubup-
ckoti meouyunwl. 2025;24(2):98-105. https://doi.org/10.20538/1682-0363-2025-2-98-105.
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INTRODUCTION

The ambiguity of the use of long-term
antipsychotic pharmacotherapy lies in its dual effect
on the organism of patients with mental disorders.
On the one hand, these drugs successfully reduce
the psychopathological symptoms of schizophrenia,
which has been proven by numerous studies [1, 2]. On
the other hand, antipsychotics, especially with long-
term use, cause serious somatic, neurological, and
other complications [2—4].

Both conventional and atypical antipsychotics
can lead to weight gain, although the pathogenesis
of this adverse effect is somewhat different.
Conventional antipsychotics more often lead to
hyperprolactinemia by blocking D2 dopamine
receptors in the tuberoinfundibular pathway [5],
while atypical antipsychotics cause dyslipidemia,
increase insulin resistance [6], and thereby contribute
to the development of obesity or metabolic syndrome
(MetS). Increased body weight significantly reduces
the quality of patients life, often leading to a decrease
in their compliance and even to a complete treatment
refusal [5].

Oxidative stress is characterized by increased
synthesis of free radicals, in particular active forms of
oxygen: singlet oxygen, superoxide radical, hydrogen
peroxide, etc., as well as disruption of the prooxidant
and antioxidant systems. Typically, free radical
oxidation plays an important role in the bactericidal
action of neutrophils, regulation of blood pressure,
polymerization of proteins, and lipid peroxidation. In
pathology, oxidative stress leads to the formation of
atherosclerotic plaques, the development of coronary
heart disease, hypercholesterolemia, carcinogenesis,
and a predisposition to thrombosis [7].

One of the aspects of schizophrenia pathogenesis
is considered to be the development of oxidative
stress [8], which leads to impaired neuroplasticity and
increased neurodegeneration and is detected regardless
of whether patients have taken antipsychotics [9] or
not [10]. There is evidence that oxidative stress is a
probable mechanism for the development of tardive
dyskinesia, one of the most severe adverse effects of
conventional and some atypical antipsychotics [11, 12].

It has also been shown that lipid peroxidation
processes occur rapidly in obesity [13], which in
itself can cause oxidative stress. Progressive growth
of adipose tissue leads to increased production
of reactive oxygen species and pro-inflammatory
mediators, disruption of the balance of prooxidant

and antioxidant systems and, consequently, to the
development of oxidative stress [14, 15], which forms
a vicious circle [7].

The NQOI gene encodes the flavoenzyme NAD(P)
H quinine oxidoreductase-1. This enzyme catalyzes
the reduction of quinones to less toxic hydroquinones
and is also involved in the detoxification of superoxide
radicals to hydrogen peroxide. NQOI expression
increases in oxidative stress [16]. There is also
evidence that NOO! is found in the brain, where it is
involved in dopaminergic neurotransmission [17] and
neuroprotection [18].

Genetic factors have been proven to play significant
role in the development of schizophrenia, the formation
of'its clinical picture and the severity of drug-induced
side effects of antipsychotic therapy [19, 20]. The
polymorphic variant NOQO! rs1800566 is functional:
it leads to the replacement of proline with serine and
a significant decrease in enzyme activity [21]. In this
regard, we hypothesized that polymorphic variants
of the NOOI gene may participate in the formation
of metabolic disorders in patients with schizophrenia
when they are receiving antipsychotic therapy.

Thus, the aim of the study was to analyze the
associations between antipsychotic-induced metabolic
disorders and the NQOI 151800566 polymorphic
variant.

MATERIALS AND METHODS

Patients. The study was conducted at the
Department of Endogenous Disorders of the Mental
Health Research Institute of Tomsk National
Research Medical Center. A total of 603 patients
with schizophrenia (302 men and 301 women)
were examined. All patients included in the study
underwent in-patient treatment, signed a voluntary
informed consent, and received antipsychotic therapy
in the average therapeutic doses recommended by the
manufacturer.

Inclusion criteria were as follows: age 18—55 years;
follow-up history of at least 1 year; Slavic ethnicity;
verified diagnosis of schizophrenia according to ICD-
10 criteria; consent to participate in the study.

Exclusion criteria were as follows: the presence
of organic, neurological, severe somatic diseases
leading to organ failure; the presence of concomitant
addictive or other mental disorders; refusal to
participate in the study.

All subjects completed the “Basic card of socio-
demographic and clinical-dynamic features for
patients with schizophrenia” [22], which we had
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previously tested in clinical trials.

Mental status assessment. The severity of the
mental state was verified using the Positive and
Negative Syndrome Scale (PANSS) [23] in the
adapted Russian version (SCI-PANSS) [24].

Anthropometric study. All subjects underwent
anthropometric  measurement, which included
the measurement of height, weight, and waist
circumference, and the calculation of body mass index
(BMI). Waist circumference was measured midway
between the lower rib and the iliac crest.

Laboratory parameters. Blood for biochemical
tests was taken on an empty stomach between 8.00
and 9.00 a.m. Glucose, triglycerides (TG), and high-
density lipoproteins (HDL) were measured in blood
serum samples using standard biochemical methods.

Metabolic syndrome. MetS was defined according
to the criteria of the International Diabetes Federation
(IDF) (2005) [25]:

— abdominal obesity: waist circumference > 94 cm
in men or > 80 ¢cm in women;

— dyslipidemia: elevated triglyceride (TG) levels >
1.7 mmol/l;

— dyslipidemia: low HDL levels < 1.03 mmol/l in
men or < 1.29 mmol/l in women;

— blood pressure > 130/85 mm Hg;

— fasting plasma glucose levels > 5.6 mmol/I.

Molecular genetic analysis. Genotyping of the
polymorphic variant NQO1 rs1800566 was performed
by real-time PCR using SNP Genotyping Assay kits
(ThermoFisher Scientific, USA) on a StepOnePlus
device (Applied Biosystems, USA).

Based on the genotyping results, patients were
divided into 3 groups according to the identified
genotypes for further comparison of quantitative
indicators.

Statistical analysis was performed using Statistica
for Windows V.12.0 software (StatSoft, Russia). The
Shapiro—Wilk test was used to test whether data set was
normally distributed. The obtained data did not obey the
normal distribution law. Therefore, they are presented
as the median with the interquartile range Me [Q,; O].
Qualitative data are presented as frequency indicators
in absolute and relative units n (%). When comparing
qualitative data, Pearson’s x2 was used, including taking
into account the Yates correction, and Fisher’s exact
test (if one or more of the study groups had less than
5 people). Quantitative data were compared using the
Kruskal-Wallis test (H). The odds ratio (OR) with the
calculation of the 95% confidence interval (CI) was used
as a quantitative measure of the degree of association

of a genetic marker with MetS. The threshold level of
statistical significance is p = 0.05.

This study did not use animals in the experiments.
All the procedures performed comply with the ethical
standards of the research institute and/or national
Ethics Committee and the Helsinki Declaration of
1964 and its subsequent amendments or comparable
standards of ethics.

RESULTS

Socio-demographic and clinical characteristics of
patients are presented in Table 1.

Table 1

Socio-Demographic and Clinical Characteristics of the
Examined Patients

Characteristic Parameter

Sample size, n 603
Men: 302 (50.1%)
Women: 301 (49.9%)

Gender, 1 (%)

Age, years, Me [Q; O,] 39 [31;49]
Age of manifestation, years
’ ? 24 [20; 30
Me[Q, 0] [20:301
Duration of disease, years, Me
’ ’ 13[7;21
[0,: 0] 7 21]

Total score: 102 [92; 102]
Positive symptoms: 23 [19; 27]
Negative symptoms: 25 [22; 29]

PANSS, points, Me [O; O,]

General psychological symptoms:
52 [46; 58]

Duration of basic therapy,
years, Me [O,; O,]
Chlorpromazine equivalent,
mg, Me [Q; O]
Pharmacological profile of
antipsychotics, n (%)

8[3; 17]

434.8 [225; 758.7]

Conventional: 370 (61.4)
Atypical: 234 (39.3)
Yes: 156 (25.9%)
No: 447 (74.1%)

Metabolic syndrome , 7 (%)

At the first stage of the study, an association
analysis was performed between the frequency of
occurrence of genotypes and alleles of the selected
single-nucleotide  polymorphic  variant NQOI
rs1800566 and MetS. No statistically significant
associations were found in the total sample of patients.
At the second stage, patients were divided into groups
depending on the pharmacological profile of the
basic antipsychotic. In the case of using conventional
antipsychotics, no relationship was found between
the selected polymorphic variant and MetS. Among
patients receiving basic therapy with atypical
antipsychotics, the T allele had an effect predisposing
to the development of MetS, while the C allele was
statistically significantly more common among
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patients without MetS (Table 2).

Anthropometric and laboratory parameters were
compared among patients receiving basic atypical
antipsychotic therapy, for which they were divided
into subgroups with different genotypes of the studied

polymorphic variant NQOI rs1800566. It was shown
that in carriers of the TT genotype, serum triglyceride
levels were statistically significantly higher than in
carriers of other genotypes (Table 3).

Table 2

Comparison of Genotype and Allele Frequencies of the NOOI Rs1800566 Polymorphic Variant in the Group of Patients Receiving
Basic Therapy with Atypical Antipsychotics, » (%)

OR
Pol hi i ithout M ith M */F
olymorphic variant Without MetS With MetS Value | 95% CI bt P
General sample
Cw cC 309 (65.7) 92 (57.1) 0.69 0.48-1.00
=
§ §u § CT 140 (29.8) 63 (39.1) 1.51 1.0-2.20 4.71 0.09
§ - T 21 (4.5) 6(3.7) 0.96 0.38-2.45
>3 C 0.806 0.767 0.79 0.58-1.07
2128 2.29 0.13
< T 0.194 0.233 1.26 0.93-1.72
Patients receiving conventional antipsychotics as basic therapy
- cC 182 (65.2) 52 (59.1) 0.77 0.47-1.26
gl 2a| cr 84 (30.1) 34 (38.6) 1.42 0.86-2.34 291 0.23
S| &
§ T 13 (4.7) 2(2.3) 0.54 0.12-2.46
>3 C 0.803 0.784 0.89 0.59-1.35
Sl=l 0.29 0.59
© T 0.197 0.216 1.21 0.74-1.69
Patients receiving atypical antipsychotics as basic therapy
o cC 111 (68.1) 37 (53.6) 0.54 0.30-0.96
=]
L\% §n § CT 46 (28.2) 28 (40.6) 1.83 1.00-3.32 434 0.11
§ B T 6(3.7) 4 (5.8) 2.00 0.53-7.48
Sl b ow C 0.822 0.739 0.61 0.38-0.99
i 4.13 0.04*
< T 0.178 0.261 1.63 1.01-2.62
* statistically significant differences (here and in Table 3).
Table 3

Comparison of Anthropometric and Biochemical Parameters in a Group of Patients Receiving Basic Therapy with Atypical
Antipsychotics with Different Genotypes of the NOOI Rs1800566 Polymorphic Variant, Me [0, O]

Genotype
Parameter cC CT TT H p

Waist size, cm 87 [78; 98] 87 [78; 100] 91 [83; 96] 0.61 0.73
BMI, kg/cm? 26.2 [22.5; 31.1] 23.2[20.5; 26.3] 27.6 [22.5;31.5] 0.31 0.86
Glucose, mmol/l 491 [4.5; 5.48] 5.1[4.5;5.42] 5.21[5;5.8] 1.78 0.41
Triglycerides, mmol/l 1.32[1; 1.92] 1.310.9; 1.84] 1.94 [1.6;2.3] 5.65 0.049*
HDL, mmol/l 1.01 [0.82; 1.25] 1[0.82; 1.3] 1.09 [0.6; 1.45] 0.003 0.999
DISCUSSION promoting the activation of adipocyte transcription

Along with the choice of the most effective
pharmacotherapeutic tactics in the treatment of
schizophrenia, the problem of genetic predisposition
to the development of certain undesirable metabolic
phenomena when using antipsychotic drugs has
remained no less relevant for biological psychiatry for
a long time.

It is assumed that NQO! acting as an antioxidant
enzyme prevents the overproduction of reactive
oxygen species, leading to vascular dysfunction,

factors and disruption of the regulation, and synthesis
of fatty acids and lipids [26]. The results obtained
in the course of the study may mean that carriers
of the mutant allele have reduced NQOI activity
and, consequently, a shift in the balance towards
the prooxidant system. Together with the increased
risk of cardiometabolic disorders when taking
some atypical antipsychotics and the development
of oxidative stress with increased formation of
adipose tissue, which could explain the differences
obtained.
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There is no information in the literature on studies
of'the association of polymorphic variants of the NQO1
gene with antipsychotic-induced metabolic disorders.
The overwhelming majority of publications regarding
the sought-after polymorphic variant are devoted to its
association with cancer [26—28], since oxidative stress
plays an important role in carcinogenesis processes.
Therefore, we consider the present study to be
a pilot. Anecdotal data on the presence or absence of
an association of this polymorphic variant, as well as
other polymorphic variants of the NOO! gene with the
development of metabolic disorders, obesity, or MetS
are presented.

A relationship was found between the T allele and
hypertriglyceridemia, and reduced HDL levels in a
Mexican population of patients suffering from MetS
[30]. Elevated triglyceride levels were associated
with carriage of the homozygous T allele [31]. Mice
homozygous for the knockout of the NQOI gene
have been shown to have increased TG levels [32].
While administration of beta-lapachone, a natural
NQOI substrate that activates the enzyme, to mice
was accompanied by a decrease in the concentration
of TG, cholesterol, free fatty acids, leptin, glucose,
insulin, and body weight in mice with an experimental
model of obesity and diabetes mellitus [33].

A number of studies involving patients with type
2 diabetes mellitus have not revealed associations
between this disease and the NQOI rs1800566
polymorphic variant [34, 35]. According to the authors,
the lack of associations may be due to the influence
of concomitant therapy with fibrates and statins [34].
This further emphasizes the importance of assessing
the effect of antipsychotic therapy in our study.

It is worth mentioning that one of the limitations of
this study is the fact that the sample was recruited from
patients with chronic schizophrenia. Patients received
long-term antipsychotic therapy; however, it cannot
be confirmed that all patients had high compliance in
the long term. However, the results were obtained on
a sufficient sample size and through correct statistical
processing and therefore reflect objective clinical
data. In the future, they can form the basis for a more
detailed study of the contribution of oxidative stress
to the development of antipsychotic-induced obesity
in patients with schizophrenia.

CONCLUSION

For the first time, we have found found associations
of the polymorphic variant NOQOI rs1800566 with
MetS and hypertriglyceridemia in patients with

schizophrenia receiving pharmacotherapy with
second-generation antipsychotics. The obtained data
confirm the contribution of genetics to the development
of metabolic disorders in patients with schizophrenia
and open up prospects for further search for genetic
markers for the purpose of preventing and correcting
this on-treatment adverse event.
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