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ABSTRACT

INTRODUCTION. Antipsychotic-induced metabolic syndrome (AIMetS) is a common adverse reaction to the phar-
macotherapy of psychiatric and addiction disorders. However, interindividual variability in the metabolism of an-
tipsychotics may limit the sensitivity and specificity of known blood-based biochemical biomarkers of AlMetS for
assessing the safety of psychopharmacotherapy and the risk of AIMetS in patients with schizophrenia spectrum
disorders. In recent years, circulating microRNAs have been considered as new and promising epigenetic biomark-
ers of AIMetS.

AIM. This study aimed to evaluate the potential of circulating microRNAs as epigenetic biomarkers for the predic-
tion and early diagnosis of AlMetS.

DISCUSSION. The authors analysed the results of academic and clinical research published from 2012 to 2024
with a focus on the role of circulating microRNAs involved in the key AIMetS pathogenesis and progression path-
ways. This review presents novel international approaches to using primary and additional clinical and biochemi-
cal biomarkers of AIMetS and demonstrates the advantages of microRNAs as epigenetic biomarkers of AIMetS. The
article summarises data on the roles of microRNAs in the mechanisms of AlMetS development (oxidative stress,
systemic inflammation, adipocyte differentiation, lipid and glucose metabolism, appetite regulation, and changes
in neuropeptide Y and orexin expression, leptin sensitivity, and testosterone, thyroid and parathyroid hormone
levels).

CONCLUSIONS. Detecting changes in the expression of circulating microRNAs in easily accessible samples (blood,
saliva, urine, etc.) is a promising alternative method for predicting and diagnosing AlMetS. The second part of this
review will explore the role of circulating microRNAs as epigenetic biomarkers for developing the main manifes-
tations of MetS and AlMetS and will classify microRNA signatures according to the risk of developing AlMetS.
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PE3IOME

BBEOEHUE. AHTUNCUXOTUK-MHAYLUMPOBAHHBIN MeTabonnuyecknit cuHapom (AMMetC) aenseTcs pacnpocTpaHeHHOM
HeXxenaTenbHOM peakumen npu dapMakoTepanmm NCUXMYECKUX pacCTpoOnCTB u bonesHen 3aBucumocTu. OgHako YyBCT-
BUTEIbHOCTb U CNeLUdUYHOCTb M3BECTHBIX BUOXMMUYECKMX BUOMAPKEPOB B KPOBU MOTYT GbITb HEAOCTAaTOUYHbIMU ANS
OueHKM 6e3onacHocTM ncuxodapMakoTepanmu M pucka passutus AMetC B CBS3U C MHAMBMAYANBbHBIMK PA3IUYUAMM
MeTabonmM3Ma aHTUNCUXOTUKOB Y NALMEHTOB C PACCTPOMCTBAMM LWM30(dPpEHMYECKOro cnekTpa. Lmpkynupyowme mu-
KpoPHK B KpoBM paccMaTpmBaloTCs Kak HOBble NepCrneKTUBHbIEe anureHeTuyeckne buomapkepbol AUMetC.

LENb. OueHnTb BO3SMOXHOCTb MCNONb30BAaHNA LUMPKYAMpytowmx MUKpoPHK kak anureHetuyecknux 6uomapkepos
LN NPOrHO3MPOBAHMA M paHHel anarHoctukn AMetC.

OBCY)XAEHME. MNMpoBeneH aHanu3 pe3ynbratoB GyHAAMEHTANbHbIX U KIIMHUYECKUX UCCNELOBAHUI pPONv LMPKYIU-
pytoLwmx MMKpoPHK, BansIOWMX Ha OCHOBHbIE 3BEHbs naTtoreHesa u nporpeccupoanms AMetC, ony6aMKOBaHHbIX
B nepuog 2012-2024 rr. MNpeactaBneHbl HOBble MEXAYHAPOAHbIE MOAXOAbl K UCMOMNb30BaHWIO OCHOBHbIX M AONON-
HUTENBbHBIX KIMHUYECKMX U Bruoxummnyeckmnx dBnuoMapkepos AMMeTC, nokasaHbl NPeNMYLLECTBA MCMOMNb30BAHNS MU-
KpoPHK B kauecTBe anureHetnyeckmnx 6uomapkepos AMetC. MprBeneHbl 0606LLeHHbIe AaHHble 0 ponn MUKpPOPHK
B MexaHu3Max pa3sutna AUMeTC, BKtOYas OKUCUTENbHBIW CTpecc, CUCTEMHOE BocCnaneHune, andpdepeHuMpoBKy
aaMnNoLMTOB, METab0M3M IMMUAOB U FHOKO3bl, PErYASALMIO anNneTuTa, U3SMEHEHWE 3KCnpeccumn HelponenTuaa Y, vys-
CTBUTE/IBHOCTU K IENTUHY, SKCMPECCUU OPEKCMHA, YPOBHEH TeCTOCTEPOHA, TUPEOUHBIX FOPMOHOB U NAapaTMPEOUaHO-
ro ropMoHa.

BbIBO[bI. BuisneHne namMeHeHM ypoBHS 3KCNpeccun umpkynmpyowmx MukpoPHK B goctynHbix 06pasuax (kpoBb,
C/IHOHA, MOYa) NEePCNeKTUBHO Kak O4HA M3 aNibTEPHATUBHbIX METOLONOIMI MPOrHO3MPOBaHUA 1 guarHoctnkn AMetC.
Bo BTOpOM Yactn 0630pa GyaeT paccMoTpeHa ponb uMpkyaupytowmx MMkpoPHK kak anureHetuyecknx ruomapke-
pOB pa3BUTMS OCHOBHbIX NposeneHuin MetC, AUMeTC, a Takxe pacnpenenerune curHatyp MukpoPHK B 3aBucumoctu
ot pucka passutns AMetC.

KniouyeBble cnoBa: aHTUNCUXOTUKMU; aHTUNCUXOTUK-UHAYLUPOBAHHbBIA MeTabonM4yeCcKUn CUHAPOM;
MeTaboNMyYeCcKUn CUHAPOM; PAaHHAS AMATHOCTMKA; LMpKyaupylowne MUkpoPHK; HexenatenbHasa peakuns;
3NUreHeTU4YeCcKkMin 6MoMapkep; NePCoOHaNM3MpPOBaHHAs OLLEHKA pUCKa; NCUXMUYECKME PAaCCTPOMCTBA

Ona untuposanmsa: WHaroep H.A., HacbipoBa P.@., MNMekapeu H.A., TpeykuHa B.B., lNeTtpoBa M.M.
Unpkynupyrowme MukpoPHK — nepcnekTtuBHble 6oMapKepbl A5 OLEHKM PUCKA Pa3BUTMS aHTUMMCUXOTUK-
MHOYUMPOBAHHOrO MeTabonmyeckoro cuHapoma (0630p): yactb 1. bezonacHocme u puck ¢apmakomepanuu.
2025;13(3):344-356. https://doi.org/10.30895/2312-7821-2025-478

345 GesonacHocTb U puck dpapmakoTepanmm. 2025. T.13. N2 3


mailto:naschnaider%40yandex.ru?subject=
https://doi.org/10.30895/2312-7821-2025-478

Shnayder N.A., Nasyrova R.F., Pekarets N.A.,, Grechkina V.V., Petrova M.M.
Circulating MicroRNAs Are Promising Biomarkers for Assessing the Risk of Antipsychotic-Induced Metabolic...

®MuHaHcupoBaHue. PaboTa BbinosHeHa 6e3 CNOHCOPCKOW NOAAEPXKKM.

MoTeHUManNbHbI KOHGAUKT UHTEPECOB. ABTOPbI 3aBNSAIOT 06 OTCYTCTBUM KOHMAMKTA UHTEPECOB.

INTRODUCTION

Antipsychotics (APs) are treatment of choice
for schizophrenia spectrum disorders (SSD);
however, they are associated with a higher risk
of antipsychotic-induced metabolic syndrome
(AlMetS) [1]. Metabolic syndrome (MetS) is a clus-
ter of pathological conditions, including central
(abdominal) obesity, high blood pressure (BP),
fasting hyperglycaemia, triglyceridaemia, and
decreased serum high-density lipoprotein cho-
lesterol (HDL-C) [2]. Increased MetS prevalence
in many countries [3] leads to higher mortality
rates [4] and the economic burden [5]. According
to the International Diabetes Federation (IDF),
20-25% of the world adult population has MetS,
and the probability of premature mortality in
MetS patients is three times higher than without
the syndrome".

AlMetS prevalence is high and ranges from
37 to 63%, including its main components:
weight gain / waist circumference, dyslip-
idemia, insulin resistance / type 2 diabetes
mellitus, and arterial hypertension [6]. AIMetS
plays a crucial role in increased risk of prema-
ture mortality in SSD patients, mainly of car-
diovascular diseases [7]. Negative metabolic
AP effects affect more than half of psychiatric
patients, children and adolescents being the
highest-risk groups, which is a serious obsta-
cle to long-term treatment of socially signifi-
cant diseases, including SSDs [8, 9].

Since prolonged use of APs (more than
3 months) can contribute to AlMetS, interna-
tional clinical guidelines underline the need
for initial physical and laboratory examina-
tion of naive patients (prior to AP prescription),
as well as subsequent monitoring of clini-
cal and laboratory (biochemical, hormonal)
markers for the early detection and treatment
of this adverse drug reaction (ADR) [10]. Ex-
panding knowledge about the individual toler-
ance of well-established typical / atypical APs
and the search for new AlMetS biomarkers can
help improve the safety of SSD pharmacothe-

rapy and minimise the risk of a drug-induced
metabolic disorder [11, 12].

The AlMetS mechanisms are not yet clear
enough, therefore psychiatrists have access
to only a few mitigating (reduced AP dosage
or discontinued active SSD therapy with the
AP that caused this condition) or alternative
actions (optimised lifestyle and diet of an SSD
patient) for correcting this AP-induced ADR
[13]. This highlights the importance of find-
ing new ways to predict and timely diagnose
AlMetS, using, among others, epigenetic bio-
markers that predict the risk of adverse reac-
tions following psychopharmacotherapy with
a higher sensitivity than classical approaches
do [14]. Such promising epigenetic biomarkers
include circulating small non-coding ribo-
nucleic acids (microRNAs) [15-17] that play
an important role in the regulation of various
physiological and pathological processes.

The aim is to evaluate the potential of cir-
culating microRNAs as epigenetic biomarkers
for the prediction and early diagnosis
of AlMetS.

The analysed fundamental and clinical
studies concentrated on circulating micro-
RNAs as epigenetic biomarkers of the main
MetS and AlMetS mechanisms, which was in-
cluded in the Google Scholar, PubMed, Scopus,
elLibrary.ru databases for 2014-2024. Search
keywords: “MeTabonmMyeckuit cMHapoMm”, “aH-
TUNCUXOTUK’, “@HTUNCUXOTUK-MHAYLMPOBAHHbIN
MeTaboNMYecknit CMHAPOM”, “3NUreHeTUYECKMIA
6uomapkep”, “MnkpoPHK”, “metabolic syn-
drome”, “antipsychotic”, “antipsychotic-induced
metabolic syndrome”, “epigenetic biomarker”,

“microRNAs”. Inclusion criteria: access type -

open access to the full-text publication in
the Russian or English language; publica-
tion type - original article, systematic review,
meta-analysis, and Cochrane review. Exclusion
criteria: duplicate publications, dissertations,
and thesis abstracts published under the copy-
right.

! The IDF consensus worldwide definition of the metabolic syndrome. IDF; 2006.

https://idf.org/media/uploads/2023/05/attachments-30.pdf
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The analysed publications assessed changes
in the expression levels of circulating micro-
RNAs (plasma, serum, exosomes, mononuclears).

MAIN PART

Diagnostic criteria for antipsychotic-
induced metabolic syndrome

According to the new IDF’ definition (2023),
to diagnose MetS, a patient must have cen-
tral obesity (increased waist circumference
(Table 1, published on the journal website®)
compared with ethnic norms) plus any two
of the following markers: serum triglyce-
rides (TG) >150 mg/dL (1.7 mmol/L) or specific
treatment of triglyceridemia; serum HDL-C
<40 mg/dL (1.03 mmol/L) in men and <50 mg/
dL (1.29 mmol/L) in women or specific treat-
ment of this lipid metabolism disorder; in-
creased systolic blood pressure 2130 mmHg,
increased diastolic blood pressure 285 mmHg
or treatment of previously diagnosed hyper-
tension; fasting plasma glucose >100 mg/dL
(5.6 mmol/L) or previously diagnosed type 2
diabetes mellitus (if >100 mg/dL (5.6 mmol/L),
a glucose tolerance test is strongly recommen-
ded). In 2023, the IDF experts also developed
additional clinical and laboratory (biochemical,
hormonal) MetS markers (Table 2, published
on the journal website*; the Table also adap-
ted materials from [14, 18, 19].

Biomarkers can be used not only to clas-
sify and assess the individual risk of develop-
ing and progressing mental disorders and
comorbid diseases in a patient, but to assess
the safety and risk of standard and novel
therapeutic strategies [20], including the
risk of both primary and secondary MetS in
SSD patients (drug-induced), as is the case
with AlMetS [8]. In recent years, the pattern
of AlMetS laboratory biomarkers has expanded
significantly as a result of Russian and foreign
fundamental and clinical studies (Table 3).

Considering the study results of these labo-
ratory biomarkers, it is proposed to diagnose
three degrees of AlMetS in SSD patients re-
ceiving AP for 3 months or more: specific, pos-
sible, and probable [14].

Specific AIMetS is marked by: 23 MetS clini-
cal criteria (according to the current IDF inter-
national criteria or the National Cholesterol
Education Program Adult Treatment Panel
[11 (ATP I11) / National Cholesterol Education
Program Adult Treatment Panel Ill-advanced
(ATP 111-A)> while taking APs for 23 months as
a mono- or polytherapy; 23 additional AlMetS
blood biomarkers (plasma and serum) and 23
AlMetS markers of in urine.

Possible AIMetS shows 1 to 3 MetS clinical
criteria in accordance with current interna-
tional criteria (ATP IIl, ATP IlI-A or IDF) while
taking APs for 23 months as a mono- or poly-
therapy; 1 to 3 blood biomarkers (plasma and
serum) or 1 to 3 biomarkers in urine.

Probable AIMetS is marked by the lack
of MetS clinical criteria (in accordance
with ATP IIl, ATP IlI-A or IDF criteria) after
23 months of taking APs as a mono- or poly-
therapy; the presence of individual (single)
biomarkers of MetS in blood (plasma and se-
rum) and/or single biomarkers in urine.

However, absence of the above clinical
and laboratory MetS biomarkers in patients
with mental disorders within 3 months of AP
therapy does not exclude the risk of AIMetS
in the future if AP is continued. Dynamic moni-
toring of these biomarkers is important in pa-
tients with possible AlMetS (once every three
months) and with probable AlIMetS (once every
six months) [14].

Sensitivity and specificity of laboratory
(biochemical and hormonal) AIMetS biomark-
ers can vary in a wide range depending on
the environmental factors (geography and cli-
mate, nutrition, and sociocultural factors), age
and gender of patients with mental disorders,

2 The IDF consensus worldwide definition of the metabolic syndrome. IDF; 2006.

https://idf.org/media/uploads/2023/05/attachments-30.pdf

* https://doi.org/10.30895/2312-7821-2025-478-tabl1-2
* https://doi.org/10.30895/2312-7821-2025-478-tabl1-2

® National Cholesterol Education Program High Blood Cholesterol ATP Il Guidelines At-A-Glance: Quick Desk
Reference. https://www.nhlbi.nih.gov/files/docs/guidelines/atglance.pdf
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Table 3. Primary and additional blood-based laboratory biomarkers of antipsychotic-induced metabolic
syndrome® [14, 21-26]

Biomarker Reference value Levels in MetS MetS symptom
Primary laboratory biomarkers
Glucose, mg/dL <100 High Insulin resistance
Insulin, yU/mL 2.6-249 High Insulin resistance
Apolipoprotein B, g/L 0.6-1.33 High Insulin resistance

Dyslipidaemia
Central obesity

High-density lipoproteins, mmol/L 0.7-1.7 Low Insulin resistance
Low-density lipoprotein cholesterol, mmol/L <2.6 High Dyslipidaemia
Central obesity
Uric acid, ymol/L M:202.3-416.5 High Obesity
F:142.8-339.2
Aldosterone, pg/mL 25-315 High High blood pressure
C-peptide, ng/mL 1.1-44 High Insulin resistance
Additional laboratory biomarkers
Sialic acid, mmol/L 2.00-2.33 High Coronary heart disease
Systemic inflammation
Adiponectin, g/L 0.6-1.33 Low Insulin resistance
Chimerin, ng/mL 116.00-157.50 High Central obesity
Coronary heart disease
Ghrelin, ng/L 0-100 Low Central obesity
Leptin, ng/mL M:2-5.6 High Insulin resistance
F:3.7-11.1 Leptin resistance
Omentin, ng/mL M (18-29 years): 200-960 Low Central obesity
M (30-39 years): 252-712 Endothelial dysfunction
M (40-49 years): 272-784 Coronary heart disease

F (15-29 years): 242-764
F (30-37 years): 236-560
F (38-49 years): 220-600

Parathyroid hormone, pg/mL 15.0-65.0 High Cardiovascular diseases
Testosterone, nmol/L M (18-55 years): 8.64-29.0 Low Central obesity
F (18-55 years): 0.29-1.67
Thyroid-stimulating hormone, ulU/mL 0.27-4.2 High Cardiovascular diseases
Total bilirubin, umol/L <21 Low Oxidative stress
Adipocyte fatty acid-binding protein, <6.2 High Central obesity
ng/mL Cardiometabolic diseases
Serum soluble ligand CD40, ng/mL <35 High Systemic inflammation
Coronary heart disease
Cystatin C, mg/L 0.5-1.2 High High blood pressure
Ferritin, pyg/L M:20-250 Contradictory |Oxidative stress
F:10-120
Fibrinogen, g/L 1.8-3.5 High High blood pressure
Coronary heart disease
Fibroblast growth factor 21, pg/mL M:3.6-1021.4 High Central obesity
F:65.3-1209.8 Atherosclerosis

® https://www.biovendor.com/file/5881/PDS_67_HOME_ENG.004.A_EV.pdf?version=202303080807
https://www.abcam.com/products/elisa-kits/human-mcp-1-elisa-kit-ab179886.html
https://practical-haemostasis.com/Fibrinolysis/pai_1.html
https://www.athensresearch.com/products/human-proteins/retinol-binding-protein-human-plasma-rbp-4
https://www.randox.com/superoxide-dismutase-ransod/
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Biomarker
Monocytic chemotactic protein-1, pg/mL
Plasminogen activator inhibitor-1, ng/mL

Retinol-binding protein 4, yg/mL
Tumour necrosis factor alpha, pg/mL
Oxidised low-density lipoprotein, IU/L

Apolipoprotein A1, g/L

Free fatty acids, ng/mL

Superoxide dismutase type 1
(in red blood cells), U/g

Gamma-glutamyl transferase, U/g

Lipoprotein-associated phospholipase A, ng/
mL

Vitamin D (25-hydroxycholecalciferol), ng/mL
Vitamin E (tocopherol), ug/mL

Table 3 (continued)

Reference value Levels in MetS MetS symptom
4.7-300.0 High Coronary heart disease
5.0-40.0 High Insulin resistance
Coronary heart disease
11.0-40.0 High Central obesity
Insulin resistance
Cardiovascular diseases
<8.1 High Coronary heart disease
26.0-117.0 High Oxidative stress
Systemic inflammation
M:>1.2 Low Insulin resistance
F:>1.4 Dyslipidaemia
Central obesity
M:8.3-10.9 High Insulin resistance
F:11.4-13.6
1200.0-2000.0 Low Oxidative stress
Systemic inflammation
M:10.0-71.0 High Oxidative stress
F:6.0-42.0 Systemic inflammation
<200.0 High Cardiovascular diseases
30.0-100.0 Low Cardiovascular diseases
5.0-18.0 Low Oxidative stress

The table is prepared by the authors
Note. MetS, metabolic syndrome; M, male; F, female.

as well as sampling and storage of samples.
This encourages researchers to look for new
AlMetS biomarkers that would have a better
stability profile in blood samples, as well as
a good reproducibility of research results in vari-
ous laboratories. Circulating microRNAs are
promising epigenetic biomarkers [15-17] that
may contain data on the environment and life-
style impact on the health of an SSD patient, and
also allow monitoring the effectiveness of treat-
ments applied for this mental disorder [27-30].

Epigenetic biomarkers of antipsy-
chotic-induced metabolic syndrome
Advance in epigenomics opened up new
possibilities, allowing SSD diagnosis and
control and predicting an adverse response
to psychopharmacotherapy more accurately,
efficiently, and quickly [30, 31] than using
standard approaches based on the previously
proposed clinical and biochemical MetS and
AlMetS markers [15, 16]. Candidate epigenetic
biomarkers are selected from a huge number

of molecules produced by cells and tissues
in case of MetS and AlMetS during preclini-
cal and clinical studies, including microRNAs
and histone posttranslational modifications
that can be analysed in a wide range of bio-
logical samples (blood plasma, serum, saliva,
urine, breast milk, fresh and frozen tissues,
formalin-fixed paraffin-embedded tissues, etc.).
MicroRNAs are stable and reproducible during
sample processing and can be used for MetS
and AlMetS prediction and their early diagno-
sis (identification) in SSD patients, as well as
for clarifying natural course and outcome [30].

MicroRNAs are small non-coding single-
stranded RNAs (19-25 nucleotides) involved
in transcriptional and post-transcriptional
regulation of gene expression through specific
interactions with target genes [32]. MicroR-
NAs play an important role in the regula-
tion of various physiological and pathologi-
cal processes involved in MetS and AlMetS
mechanisms, including oxidative stress [33,
34], systemic inflammation [35, 36], adipocyte
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Table 4. Roles of circulating microRNAs in the mechanisms of antipsychotic-induced metabolic syndrome

pathogenesis

Pathogenetic mechanism

Role of circulating microRNAs

References

Oxidative stress

Inhibition of oxidative stress: miR-19b, miR-20a, miR-24,
miR-99a, miR-125b, miR-141, miR-152, miR-200a, miR-200c,
miR-210, miR-221, miR-455, miR-601, miR-626

Induction of oxidative stress: miR-1, miR-21, miR-23b, miR-27a,
miR-28, miR-29, miR-34a, miR-92a, miR-93, miR-101, miR-106b,
miR-128, miR-129, miR-140, miR-142, miR-144, miR-146,
miR-148, miR-153, miR-155, miR-181c, miR-193b, miR-320,
miR-365, miR-375, miR-383, miR-495, miR-503, miR-802

[33,34]

Systemic inflammation

Anti-inflammatory effect: miR-7, miR-9, miR-10a, miR-15a,
miR-16, miR-24, miR-31, miR-124, miR-125, miR-126, miR-142,
miR-143, miR-146, miR-149, miR-150, miR-210, miR-223,
miR-363

Pro-inflammatory effect: miR-21, miR-23a, miR-27a, miR-293,
miR-34a, miR-34c, miR-92a, miR-132, miR-138, miR-155,
miR-200, miR-let7a

[35,36]

Regulation of adipogenesis,
development of central obesity

Inhibition of adipogenesis and prevention of central obesity:
miR-27, miR-27a, miR-30c, miR-33a, miR-33b, miR-130, miR-145,
miR-146a, miR-155, miR-181, miR-182, miR-200b, miR-236,
miR-363, miR-344, miR-448, miR-4429

Induction of adipogenesis and central obesity: miR-17, miR-20a,
miR-21, miR-103, miR-128-1, miR-143, miR-144, miR-146b,
miR-148a, miR-194, miR-210, miR-322, miR-375, intronic
miR-378

[35,37-39]

Changes in lipid metabolism

Inhibition of lipid metabolism: miR-30c, miR-33a, miR-33b,
miR-34a, miR-128-1, miR-144, miR-148a, miR-223, miR-246b

Induction of lipid metabolism: miR-7, miR-27a, miR-27b, miR-122

[38,60]

Changes in high-density
lipoprotein cholesterol
homeostasis

Upregulation of high-density lipoprotein levels: no data

Downregulation of high-density lipoprotein levels: miR-33a,
miR-33b, miR-128-1, miR-144, miR-148b

[38,40, 41]

Changes in low-density
lipoprotein cholesterol
homeostasis

Upregulation of low-density lipoprotein levels: miR-128-1,
miR-148a

Downregulation of low-density lipoprotein levels: miR-30c

[40,42]

Changes in atherogenesis

Inhibition of atherogenesis: miR-30c

Induction of atherogenesis: miR-33,miR-144

[38,41,42]

Development of fatty hepatosis
(fatty liver disease)

Contribution to fatty hepatosis development: miR-34a

Prevention of fatty hepatosis development: miR-27a, miR-122,
miR-223

(38]

Changes in insulin sensitivity

Reduction of insulin sensitivity: miR-let7 (muscle tissue),
miR-15b, miR-19, miR-29, miR-33a/b (liver), miR-103 (adipose
tissue), miR-107 (adipose tissue), miR-143, miR-155, miR-223,
miR-378 (liver), miR-451-1, miR-802 (liver)

Improvement of insulin sensitivity: no data

[35,38,43-45]

Changes in insulin expression
and secretion by B-cells in the
islets of Langerhans

Inhibition of insulin expression and secretion: miR-7a, miR-26a,
miR-29, miR-124a, miR-130a, miR-130b, miR-152, miR-187,
miR-200, miR-204, miR-375, miR-802

Activation of insulin expression and secretion: miR-24, miR-26,
miR-30d, miR-148, miR-182

[38,46-50]
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Pathogenetic mechanism

Changes in glucose
metabolism

Changes in appetite regulation

Changes in neuropeptide Y
expression

Changes in leptin sensitivity

Changes in orexin expression

Changes in testosterone
expression

Changes in thyroid hormones
expression

Table 4 (continued)

Role of circulating microRNAs

Inhibition of gluconeogenesis and glucose metabolism: miR-73,
miR-26a, miR-27, miR-29, miR-33b, miR-103, miR-107, miR-124,
miR-130a, miR-130b, miR-143, miR-152, miR-155, miR-187, miR-
200, miR-204, miR-336, miR-375, miR-378, miR-451-1, miR-466b,
miR-802

Induction of glycogenesis and glucose metabolism: miR-19,
miR-24, miR-26, miR-27a, miR-30d, miR-33, miR-148, miR-182
Suppression of appetite: miR-33, miR-103

Stimulation of appetite: miR-let7a, miR-7a, miR-9, miR-30e,
miR-100, miR-132, miR-141, miR-145, miR-200a, miR-218,
miR-342, miR-383, miR-384-3p, miR-429, miR-488

Increased of the neuropeptide Y expression: miR-708, miR-2137
Downregulation of NPY expression: miR-let7b, miR-29b, miR-33,
miR-140- miR-143, miR-503

Improvement of leptin sensitivity: miR-let7a, miR-9, miR-30e,
miR-132, miR-145, miR-218, miR-342

Reduction of leptin sensitivity: miR-15a, miR-16, miR-33,
miR-200a, miR-200b, miR-223, miR-363, miR-429, miR-532
Upregulation of orexin expression: HeT faHHbIX / no data
Downregulation of orexin expression: miR-137, miR-637,
miR-654, miR-665

Upregulation of testosterone expression: miR-15a, miR-320
Downregulation of testosterone expression: miR-150
Upregulation of thyroid hormone expression: miR-21, miR-146,
miR-214

Downregulation of thyroid hormone expression: miR-27, miR-
155, miR-181, miR-200a, miR-221, miR-224, miR-246, miR-383,

References

[38,43-50]

[51-54,56]

[51, 55]

[35,56]

[58,59]

(60]

(61]

miR-425
Changes in parathyroid
hormone expression

Upregulation of parathyroid hormone expression: miR-27b,
miR-136b, miR-146b, miR-503

[62]

Downregulation of parathyroid hormone expression: miR-24

The table is prepared by the authors
Note. miR, microRNA.

differentiation and central obesity [35-37],
lipid and glucose metabolism [35, 38-50],
regulation of appetite changes [51-54, 56],
changes in: neuropeptide Y (NPY) expres-
sion [51, 56, 57], leptin sensitivity [36, 56, 57],
orexin expression [58, 59], testosterone levels
[60], thyroid hormones [61] and parathyroid
hormone [62] (Table 4). The signature of circu-
lating microRNAs in AlMetS patients receiving
AP differs from that in naive patients (before
AP prescription) and in healthy people [33-56,
58-62].

Over the recent years, an extensively dis-
cussed hypothesis is that circulating microRNAs
can participate in initiation and modification

of the development and severity [36, 63, 64]
for both AIMetS and MetS associated with SSD
itself [65-67]. In addition, polymorphic variants
in microRNA-coding genes and/or in the bind-
ing sites of target genes and microRNAs can al-
ter the expression levels of circulating microR-
NAs in the blood, which is also associated with
MetS and AlMetS risk and severity in patients
with mental disorders [68, 69].

Circulating microRNAs are promising bio-
markers of AIMetS occurrence and severity
in SSD patients due to the simple and acces-
sible obtaining of biological samples. Over
the past 10 years, Russian and foreign studies
have demonstrated that circulating micro-
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RNAs and their mediated regulation of the
metabolic response to APs can be considered
as a basic level of epigenetic control for vari-
ous pathogenetic AIMetS mechanisms and
individual variability in AP safety in general,
including the risk of therapeutic resistance to
APs [70].

CONCLUSIONS

Despite its frequent occurrence in psy-
chopharmacotherapy, the problem of early
AlMetS detection is far from being resolved.
The first part of this review describes ap-
proaches to the spectrum and assessment of
the main and additional clinical / laboratory
MetS markers in SSD patients in general and
AlMetS in particular. Previously used classical
biomarkers (biochemical, hormonal) are indi-
vidually variable and influenced by both en-
vironmental factors and sample preparation /
storage of biological samples, which affects
their ex vivo stability.

Circulating microRNAs are involved in the
initiation and modification of the development

of all AIMetS manifestations, including oxida-
tive stress, systemic inflammation, adipocyte
differentiation, lipid and glucose metabolism,
appetite regulation, changes in neuropeptide Y
expression, leptin sensitivity, orexin expres-
sion, testosterone levels, thyroid hormones,
and parathyroid hormone. MicroRNAs are
promising as AlMetS prognostic and diagnos-
tic biomarkers, as they are detected in easily
accessible samples (blood, saliva, urine), are
highly stable in the stored biological samples
(including during multiple cycles of freezing
and thawing), better reproducibility, and higher
sensitivity in individual patients compared with
classical biomarkers.

The second part of the review will consider
the role of specific circulating microRNAs
as epigenetic biomarkers of the main AlMetS
domains. The authors will also describe their
ideas on the gradation of microRNA signatures
in SSD patients depending on AlMetS risk (Low,
medium, high) and discuss the prospects for
their clinical use in the psychiatric practice.
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