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OLIHKA BIUVINBY CTPECOBUX YNMHHMUKIB TA BAPIAHTIB
IHOJIIMOP®I3MY 5-HTTLPR I'EHA TPAHCIIOPTEPA CEPOTOHIHY
(SLC644) HA TPUBOXHICTD Y IITEV B YMOBAX BOEHHOI'O
CTAHY

Bcrtyn. MoBHomacwTabHa BiltHa B YkpaiHi cTBopuna Ge3npeleaeHTHUI NCMXOCOLianbHUiA CTPEC ANs AiTeid, Wo npus-
BOAMTb [0 NiABULLEHOT TPUBOXKHOCTI. [l0AATKOBUM HECPUATNAUBUM YNHHUKOM MOXKe OYTU NPOXKMUBAHHA Ha pafiallinHo
3abpyaHeHux TepuTopisx. BopHouac iHauBigyanbHa reHeTudHa Bpasnueictb (nonimopdism 5-HTTLPR reHa cepo-
TOHIHOBOTO TPAHCMOPTEPA) 3aTHA MOAY/IIOBATU PeaKLitlo Ha XPOHiIYHUIA cTpec. MeToto Lboro LOCHifAXKeHHS Oyno 3'acy-
BaTW, K BOEHHI Ta pafialliiHi cTpecopu BNAMBalOTb Ha piBEHb 0COOMCTICHOT TPMBOXKHOCTI y [iTel i Yu MOfyNIOE Liei
38'30K reHotun 5-HTTLPR.
MeTa: oUiHNTK B3aEMOAII0 MiX CTPECOBMMM YUHHUKAMMU, NOB'A3AHMMM 3 BiIHOIO, Ta BapiaHTaMu nonimopgismy
5-HTTLPR reHa TpaHcnopTtepa cepoToHiHy (SLC6A4) won0 piBHA TPUBOXKHOCTI y AiTel WKiNbHOro Biky.
MeTtoau. MNpoBefeHo Kpoc-cekLinHe ob6cTexeHHs 231 AnTUMHM Bikom 10—17 pokiB i3 TpboX perioHis YkpaiHu, o 3a3-
Hanu 60110BMX Al (YaCTMHA y4aCHMKIB NPOXMBaANA Ha paaialinHo 3a6pyaHEHUX TepUTOPisAX). AHKETYBAHHA OXOMJI0-
BaJI0 AaHi NPo BOEHHi cTpecopy (BUMYLLEHe NepeMilleHHs, nepebyBaHHA B OKynauii, YacToTa NoBiTpAHNUX TPUBOT TO-
Ll0) Ta NCUXOMETPUYHI WKanu, 3okpema STAI (ocobuCTiCHa TPMBOXKHICTb). BUkoHaHO reHoTunyBaHHsa 5-HTTLPR meTo-
aom anenb-cneundivHoi MNP, [laHi npoaHanizoBaHo perpeciiHMMM MeToAaMM 3 OLiHKOW acouialii Ta B3aeMopmii
«reH x cepegosue» (G x E).
Pe3ynbratu. [liTy, AKi nepexunu iHTEHCUMBHI BOEHHT cTpecopu abo perynspHo 3a3HaBanu BMAMBY NOBITPSHUX TPUBOT,
Manu [OCTOBIPHO BUWMIA PiBEHb 0COOMCTICHOT TPMBOXHOCTI (p < 0,01). HalicunbHilWMM NpefuKTOPOM BUCOKOT TpU-
BOXHOCTi OyB BUCOKMIA piBeHb peakuii Ha nosiTpsHi Tpusoru (OR = 31; p < 0,001). MpoxuBaHHA y 30Hi pagiaLinHo-
0 KOHTPOJIIO HE MaJio 3HAuyLWOoro BMAKUBY Ha TPUBOXHICTb (p = 0,48). BnauB CyKynHOro CTpecy Ha TPUBOXHICTb OyB
Maixe BABIYT CMAbHIWKM Y AiTer-HOCITB S-anens 5-HTTLPR, Hix y HociiB reHoTuny L/L (ecdekt G x E, p < 0,001).
BuCHOBKU. XpOHiYHi BOEHHI CTPECOPM CyTTEBO MifLBULLYIOTb PiBEHb TPUBOXHOCTI AiTeil, NPUYOMY reHeTUYHO BPa3JInBi
0cobu (Hocii S-anens 5-HTTLPR) pearytoTb Ha CTpec 3HaYHO CuibHilwe. Pe3ynbTatu nigkpecntoTs HEOOXiaHICTb ypa-
XyBaHHS reHeTUYHMX (haKTOPiB Y NCUXOCOLiaNbHii ONOMO3i AiTAM, Ki NEepeXnBatoTh BiliHy, 3 aKLEHTOM Ha HainbinbLw
ypa3nueux (nepeceneHui, cimi BilicbKoBKX).
KniouoBi cnosa: 5-HTTLPR; gitv Ta nigniTku; 0coOuCTiCHa TPUBOXHICTb; BOEHHI CTPECOPU; TEHETUYHA BPa3/IMBiCTb;
B3aEMO[if reH-cepeaoBulle; pafialiiHo 3abpyaHeHi Teputopii.
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ASSESSMENT OF THE IMTACT OF STRESS FACTORS AND
VARIANTS OF POLYMORPHISM OF THE 5-HTTLPR GENE
OF THE SEROTONIN TRANSPORTER (SLC644) ON ANXIETY
IN CHILDREN IN WAR CONDITIONS

Introduction. The full-scale war in Ukraine has created unprecedented psychosocial stress for children, leading to
increased anxiety. An additional adverse factor may be living in radiation-contaminated areas. At the same time,
individual genetic vulnerability (5-HTTLPR polymorphism of the serotonin transporter gene) can modulate the
response to chronic stress. This study aimed to determine how war and radiation stressors affect the level of trait
anxiety in children and whether this relationship is modulated by the 5-HTTLPR genotype.
Objective: to assess the interaction between war-related stress factors and variants of the 5-HTTLPR polymorphism
of the serotonin transporter gene ( SLC6A4) on anxiety levels in school-age children.
Methods. A cross-sectional survey included 231 children aged 10-17 from three regions of Ukraine that had been
affected by military operations (some of the participants lived in radioactively contaminated areas). The question-
naire covered data on war stressors (forced displacement, occupation, frequency of air raid alerts, etc.) and psycho-
metric scales, in particular STAI (trait ity anxiety). Genotyping of 5-HTTLPR was performed using allele-specific PCR.
The data were analysed using regression methods to assess associations and gene x environment (G xE) interactions.
Results. Children who experienced intense war stressors or were regularly exposed to air raid sirens had significant-
ly higher levels of trait anxiety (p < 0.01). The strongest predictor of high anxiety was a high level of response to
air raid sirens (OR = 31; p<0.001). Living in a radiation control zone had no significant effect on anxiety (p = 0.48).
The effect of cumulative stress on anxiety was almost twice as strong in children carrying the S allele of 5-HTTLPR
than in those carrying the L/L genotype (G x E effect, p < 0.001).
Conclusions. Chronic war stressors significantly increase children’s anxiety levels, with genetically vulnerable indi-
viduals (carriers of the S allele of 5-HTTLPR) responding much more strongly to stress. The results emphasise the
need to take into account genetic factors in psychosocial assistance to children experiencing war, with a focus on
the most vulnerable (displaced persons, military families).
Key words: 5-HTTLPR; children and adolescents; trait anxiety; war stressors; genetic vulnerability; gene-environ-
ment interaction; radiation-contaminated territories.
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BCTYII

IToBHOMacIuTabHe BTOprueHHs: PO B YkpaiHy npu3Beino
JIO Pi3KOro 3pOoCTaHHS MCUXiYHOI 3aXBOPIOBAHOCTI cepe
JiTeil Ta MiMIiTKiB. 3a JaHUMM penpe3eHTaTUBHUX J0-
caimkeHb 2023—2024 pokiB, 32 % yKpaiHCHbKUX ITiIJIiT-
KiB BigmoBigaiau Kputepism nenpecii, 17,9 % manu mo-
MipHY a00 TSIKKY TPUBOXHICTB, a 35 % — KJIiHiYHO 3Ha-
yylIMii TpaBMaTUYHU ctpec [1, 2]. 3rimHo 3i 3BeAeHU-
MU gaHuMHU opranizaiii Save the Children 3a mepie
miBpiuust 2024 poky, 43 % niTeil, OXOIICHUX IIporpama-
MU MiATPUMKHU, JAEMOHCTPYBaJIM IICUXOCOLiaJbHUIA
JUCTPEC i3 CUMIITOMaMU TPUBOTU, CTPaxy Ta ApaTiBiIu-
BOCTI; Maitke 10 MJIH YKpaiHIliB, BKJIIIOYHO 3 1,4 MJTH Ti-
Tei, MaloTh a00 PU3NKYIOTh MaTH TMICUXiYHi posnann [3].

B« Vitalii Y. Vdovenko, e-mail: xrisk06@yahoo.com

INTRODUCTION

The full-scale invasion of Ukraine by the Russian
Federation has led to a sharp increase in mental
illness among children and adolescents. According
to representative studies conducted in 2023—2024,
32 % of Ukrainian adolescents met the criteria for
depression, 17.9 % had moderate or severe anxi-
ety, and 35 % had clinically significant traumatic
stress [1, 2]. According to Save the Children’s
consolidated data for the first half of 2024, 43 % of
children covered by support programmes showed
psychosocial distress with symptoms of anxiety,
fear and irritability; nearly 10 million UKkrainians,
including 1.4 million children, have or are at risk
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AHaoriyHi pe3yabTaTu HaBOIOAThCs y 3BiTi Plan
International, ne onurcaHO IMUPOKUIA CIIEKTP €MOLLili-
HUX pPO3IadiB cepel AiTel, sIKi 3a3Hau BILUIMBY BilAiHU
B YKpaiHi [4]. BificbKoBi 1ii MpuU3Bean 10 TPUBAJIUX MO~
BITpSIHMX TPUBOT, pyIHYBaHHS KWTJa, IIepepB Y HaB-
YaHHi Ta pO3pUBY COLliaIbHUX 3B SI3KiB; OJIM3bKO 4 MJIH
JIiTeld BTpaTUJIM MOXKJIMBICTbH PeryJjisipHO BiIBigyBaTu
mkoiny [5]. Y koroptHomy nocaimkeHHi «<AUDRI» Oy-
JIO BCTAHOBJIEHO, 110 BHYTPIIIIHE TMEPEeMIllleHHS CYT-
TEBO MiABUINYE PU3UK PO3BUTKY MOCTTPABMATUIHOIO
ctpecoBoro posnany (ITTCP) i TpuBoxxHMX po3namiB
MOPIiBHSHO 3 IITbMM, SIKi He Oyiau IepemilieHi [6].
HaHi HemogaBHIX HOCHIIXEHb Cepell YKpaiHChbKUX
CTYIEHTIB TaKOX CBifyaTh IMPO 3HAYHE MiABUILEHHS
piBHIB TpMBOXHOCTI, meripecii Ta cumnToMiB [TTCP
BHACJIiJOK BOEHHOTO KOH(MJIIKTY, 11O IMiIKPECTIOE aK-
TyaJbHICTh BUBUYEHHSI IICUXOJOTIYHMUX HACiAKiB BiiHU
B YKpaiHChKil momyJsuii [7].

Pazom 3 UM, peakilisi Ha CTPeCOBi IOJil HE € Of-
HOPIAHOIO: TeHETUYHI YUHHUKU MOXYTb iCTOTHO MO-
IyJIIOBATU iHAWBIAyaldbHY Bpa3auBicTh. OgHUM i3
HaoinbLI nocaiaxKyBaHuX € noaiMopdizm 5S-HTTLPR
y IIPOMOTOPHIM OUISIHLI TI'eHa TpaHCIopTepa Cepo-
ToHiny SLC6A4. Josruii anensb (L) acouiroeTbes 3 BU-
11010 TPAHCKPUIILIIAHOIO aKTUBHICTIO, TOMi SIK KOPOT-
Kuii anenb (S) — 31 3HMKEHOIO €KCIpecielo reHa Ta
MiABUIIIEHOIO YYTIUBICTIO 10 cTpecy [8]. Becranonime-
HO, 11O Hocii S-anenas MamTh MiABUILEHY peak-
TUBHICTb MUTIaAeNoAiOHOro Tija Ta rimotajaMo-
rinodizapHo-HaAHUPHUKOBOI OCi y BilMOBiAbL Ha 3ar-
pPO3JIMBI CTUMYIU, 11O 3YMOBIIOE OiJbII BUpPaXEHY
eMolliliHy peakuiwoo [9]. Knacuune nociimkenHs: Caspi
3i cmiBabT. [ 11] mokasaio, 1o Hocii reHoTumiB S/S a6o
S/L y pa3i 3HaUHOTO CTPECOBOIO BIUIMBY JEMOHCTPY-
I0Th 3HAYHO OijIblile IeNPEeCUBHUX CUMIITOMIB, HiX ro-
mosurotu L/L [10]. ITomanbini MeTaaHami3u IiaTBep-
JIAJIA iICHYBaHHS B3a€EMO/Iii TUITY «T€H X CEPEIOBUILIC»
(G x E): BB noaiMopdiszmy 5-HTTLPR nposis-
JISIETBCSI JIMIIE 3a YMOB XPOHIYHOIO CTpecy, TOHi sIK
MpU FOCTPUX CTPECOBUX BILJIMBAX BiH € MiHiMaJIbHUM
abo BiacyTHiil. BogHoYac BCTaHOBJIEHO, IO e(eKTU
G x E MOXyTh MaTH 4acOBi OOMeXXeHHSI — HaIlpuKIai,
OyTH 3HAUYIIMMMU JIMIIIE TIPOTSITOM OIHOIO POKY ITiCJISI
3aBeplIeHHSs cTpecoBoi momii [11].

OkxpiM 0i0J0TiYHOI CXUJBHOCTI, BaXXJIMBY pOJb Yy
¢ opMyBaHHI TPUBOXHOCTI BilirparoTh iHAUBIAyaIbHO-
MCUXOJIOTIYHI YMHHUKU: PiBEHb AUCTPECY, SIKiCTb CHY,
HasIBHICTb JENPECUBHUX CUMITOMIB, 3arajbHa caMo-
ouinka [12]. Tak, y HOCHiIXEHHi AOPOCIUX OIS~
JaJlbHUKIB BCTaHOBAEHO, 10 S-anenb 5S-HTTLPR
acolliloBaBCsl 3 TOTIPLIEHHSIM SIKOCTi CHY JIMILE 3a
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of mental disorders [3]. Similar results are reported
in a Plan International report, which describes a
wide range of emotional disorders among children
affected by the war in Ukraine [4]. Military actions
have led to prolonged air raid alerts, destruction of
homes, interruptions in education and the break-
down of social ties; about 4 million children have
lost the opportunity to attend school regularly [5].
The AUDRI cohort study found that internal dis-
placement significantly increases the risk of devel-
oping post-traumatic stress disorder (PTSD) and
anxiety disorders compared to children who have
not been displaced [6]. Data from recent studies
among Ukrainian students also indicate a signifi-
cant increase in levels of anxiety, depression and
PTSD symptoms as a result of the armed conflict,
highlighting the relevance of studying the psycho-
logical consequences of war in the Ukrainian popu-
lation [7].

However, the response to stressful events is not
uniform: genetic factors can significantly modulate
individual vulnerability. One of the most studied is
the 5-HTTLPR polymorphism in the promoter
region of the serotonin transporter gene SLC6A4.
The long allele (L) is associated with higher tran-
scriptional activity, while the short allele (S) is asso-
ciated with reduced gene expression and increased
sensitivity to stress [8]. It has been established that
carriers of the S allele exhibit increased reactivity of
the amygdala and hypothalamic-pituitary-adrenal
axis in response to threatening stimuli, resulting in a
more pronounced emotional reaction [9]. A classic
study by Caspi et al. showed that carriers of the S/S
or S/L genotypes demonstrate significantly more
depressive symptoms than L/L homozygotes when
exposed to significant stress [10]. Further meta-
analyses confirmed the existence of a gene x envi-
ronment (G x E) interaction: the effect of 5S-HTTL-
PR polymorphism is only evident under conditions
of chronic stress, whereas under acute stress it is
minimal or absent [11]. At the same time, it has been
established that G x E effects may be time-limited —
for example, they may only be significant for one
year after the end of a stressful event [11].

In addition to biological predisposition, individual
psychological factors play an important role in the
development of anxiety: level of distress, sleep quali-
ty, presence of depressive symptoms, and overall self-
esteem [12]. Thus, a study of adult caregivers found
that the S-allele of 5S-HTTLPR was associated with
impaired sleep quality only under conditions of
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YMOB XpPOHIYHOTO CTpECY, ITOB’S13aHOTO 3 IOIJISIIOM; 3a
BiJICYTHOCTI CTpecy 3B’SI30K MiX T'€HOTMUIIOM i CHOM He
croctepiraBcs [13]. Lli gaHi y3romKyioThCsT 3 ySIBIICH-
HSIM, 1110 TEHETUYHA CXUJIbHICTh peai3yeThes JMIIe 3a
YMOB CWJIBHOTIO CEpPEAOBUIIIHOIO HaBaHTaXKEHHs, TOMIi
K Cy0’€KTUBHI YMHHUKMU (AUCTpPEC, MOPYLIEHHSI CHY,
JeTIPECUBHI CUMIITOMM, HU3bKa CAMOOIIIHKA) MOXYTh
BUCTyIIaTU MediaTopaMu y (OpPMyBaHHiI TPUBOXKHUX
po3nafdiB. ¥ MimIiTKiB, SKi € HOCIIMU S-ajensi, piBeHb
TPUBOXXHOCTI JOCTOBIPHO 3pOCTA€E 32 YMOB MEPEKUTOTO
TpaBMaTUYHOIO AOCBIiAYy, BKJIIOYHO 3 BHYTPIlLIHIM Ie-
peMillleHHsIM abo 6oiioBUMU moaissMu [14].

ITo3a BoeHHUMU (haKTOpaMu, TOJATKOBUM IKEPETOM
XPOHIYHOIO CTpecy B YKpaiHi € MPOXMBAHHS Ha TEPU-
TOPisiX, KOHTaMiHOBaHMX paJiOHYK/IiZaMM BHACJiI0K
YopHoOMIBCHKOT KaTacTpodu. MixkHapodaHi Orisian
CBiUaTh, 110 MCUXOEMOLIMHI HACIiAKM TaKUX KaTacT-
pod — nenpecis, TpuBoxHicTh, ITTCP, comaTopopMHi
CKapru — 4acTo 3yMOBJIEHI HE CTiIbKM JO30BUM HaBaH-
TaxK€HHSIM, CKIJIbKM CTpaxoM Iepe HeBUIMMOIO 3arpo-
3010 Ta COLiaJIbHOIO CTUTMaTu3alli€lo. ¥ niteit, sKi BU-
pociiM B yMOBax pafiallilHOTO KOHTPOJIO, 3arajloM
CIIOCTEPIra€ThbCsl HOPMaIbHUI €MOLIMHUI 1 KOTHITUB-
HUI PO3BUTOK, OAHAK BOHU MOTPEOYIOTh MiATPUMKU Y
3B’3KY 3 TPUBAJIUM CiMEMHMM AUCTPECOM i CTUTMATU-
zauiero [15, 16]. ¥V mochimkeHHSIX Opyroi reHeparii
SIMOHCHKMX Xi0aKyllla BUSIBJIEHO, 110 CTpax Iepes reHe-
TUYHUMU HaCTigKaMu OTTPOMiHEHHS i pU3UK COLliaIbHOL
TUCKPUMiHALIil CIOHYKaJIM 0aThKiB MPUXOBYBATH (haKT
OIMPOMiHEHHSI; Le TMPU3BOAWUIIO A0 MOYYTTS i30JIsLil,
TPUBOTHU LIOA0 3A0POB’S i MaltOYTHHOTO JiTei, He3BaXKa-
J0YM Ha BiICYTHIiCTb peajbHUX OiOJOTiUHMX HACHTIIKiB
[17]. Cxoxi cmocTepexXeHHsT HaBEAEHO i 11010 TTOCTYOP-
HOOWJILCHKOIO MOKOJiHHS B YKpaiHi: MiABUILEHI piBHi
TPUBOTU Ta JeTpecii yacTile MmoB’sg3aHi HE 3 JO30BUM
HaBaHTaXEHHSIM, a 3 OaraTopiyHUM CTpaxoM, He-
JOBipo0 A0 O(MiUifiHMX AXepea Ta ColiaJbHO-EKO-
HOMIYHO0 HecTabinbHicTIO [18, 19].

Hes3Baxarouu Ha BeJIUKY KiJIbKICTb 1OCTIIKEHb, MPUC-
BSIYEHUX OKpPEeMO TCHXiYHWM HaclligKaMm BilfHU, TIOJIi-
mop@dizmy S-HTTLPR rena SLC6A44 ta BriiuBy YopHo-
OMJILCHKOI KaTacTpodu, KOMIJIEKCHI pOOOTH, 1110 iHTer-
PYIOTb 11i YUHHUKM Y CITIJIBHY MOAENIb IICUXOT€HETUIHO-
ro pU3UKY, 3aJUINAIOThCS TMOOAWHOKUMU. BuUBUEHHS
B3a€EMOJIil MK TEHETUYHOIO BPa3JIUBICTIO, CEPEIOBUIIIL-
HUMU CTpecopaMu (30KpeMa, BOEHHUM JOCBiIOM i MPo-
JKMBaHHSIM Ha pamialiitHO 3a0pyIHEHUX TEPUTOPIsIX) Ta
IHAUBIAYyaTbHO-TICUXOJIOTIYHMMU XapaKTepUCTUKAMU €
HEOOXiTHUM IS TJIMOIIOTO PO3YMiHHS MEXaHi3MiB
(dopMyBaHHS TPUBOXHUX PO3JaiB Yy AiTei Ta MiITiTKiB,
SIKi TTOCTpaXkaaaud BHACTiAOK BiliHU.

chronic stress related to caregiving; in the absence
of stress, no association between genotype and
sleep was observed [13]. These data are consistent
with the idea that genetic predisposition is realised
only under conditions of severe environmental
stress, while subjective factors (distress, sleep dis-
turbances, depressive symptoms, low self-esteem)
may act as mediators in the development of anxiety
disorders. In adolescents who are carriers of the S-
allele, anxiety levels increase significantly in the
context of traumatic experiences, including inter-
nal displacement or combat events [14].

Apart from military factors, an additional source
of chronic stress in Ukraine is living in areas con-
taminated with radionuclides as a result of the
Chornobyl disaster. International reviews show
that the psycho-emotional consequences of such
disasters — depression, anxiety, PTSD, somato-
form complaints — are often caused not so much
by radiation exposure as by fear of an invisible
threat and social stigmatisation. Children who
grew up under radiation control generally show
normal emotional and cognitive development, but
they need support due to prolonged family distress
and stigmatisation [15, 16]. Studies of the second
generation of Japanese hibakusha have found that
fear of the genetic consequences of radiation expo-
sure and the risk of social discrimination prompt-
ed parents to conceal the fact of exposure; this led
to feelings of isolation and anxiety about health
and the future in children, despite the absence of
real biological consequences [17]. Similar observa-
tions have been made regarding the post-
Chornobyl generation in Ukraine: increased levels
of anxiety and depression are more often associat-
ed not with radiation exposure, but with years of
fear, distrust of official sources, and socio-eco-
nomic instability [18, 19].

Despite the large number of studies devoted sep-
arately to the psychological consequences of war,
the polymorphism of the 5-HTTLPR gene
SLC6A4 and the impact of the Chornobyl disaster,
comprehensive works integrating these factors into
a common model of psychogenetic risk remain
rare. Studying the interaction between genetic vul-
nerability, environmental stressors (in particular,
war experience and living in radiation-contami-
nated areas) and individual psychological charac-
teristics is necessary for a deeper understanding of
the mechanisms of anxiety disorders in children
and adolescents affected by war.
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META

OLiHUTU B3aEMOJiI0 MiX CTPECOBMMU YMHHUKAMU,
MOB’SI3aHUMM 3 BiifHOIO, Ta BapiaHTaMM TTOJTiMoOpdiZMy
5-HTTLPR rena tpancnoptepa cepoToHiny (SLC6A4)
y (popMyBaHHi piBHSI TPMBOXHOCTI Y AiTEH IIKiTBHOTO

BiKY.

MATEPIAJIN TA METOJIN

Bubipka Ta an3aiH JoCig)KeHHSa

HocnimxeHHs npopoauau y 2023—2025 pp. 3a yvacTi
miteit mikinbHOTro BiKy (10—17 pokiB), SKi HA MOMEHT
00CTeXXeHHS TIpoXuBalu Ha TepuTopii KuiBchKoOi,
Kuromupchekoi Ta PiBHEHCHKOI 001acTelt YKpaiHu min
yac J1il BOEHHOTO CTaHy. YUaCHUKIiB HaOuUpaiu 3 Hace-
JIEHMX NYHKTIB, $IKi iCTOTHO Biipi3HSIMCSI 3a €KO-
JIOTIYHMMU XapaKTepUCTUKAMU — Bi 30H 0€3yMOBHO-
ro (000OB’SI3KOBOI0) BiJiceJIEHHS, 1110 NepeOyBaroTh Mif
MOCTIMHUM pafialliiHUM KOHTPOJIEM Micjs aBapii Ha
Yopuoounbewkiiit AEC, 10 YMOBHO «UHCTUX» TEPHU-
Topiit. YacTuHa miTel TakoX MellIKajia B palloHaX, 1110
y 2022 poui 3a3Hanu 00iOBUX Aili pi3HOI iHTEHCUB-
HOCTi, BKJIIOYAIOUM HaceJIeHi MYyHKTHU, SIKi TUMYacOBO
nepeOyBay MiJ oKyHawi€. ¥ TaKuX yMOBaXx IiTH CTU-
Kanucs 3 00MeXXeHUM JOCTYIOM JI0 OCBiTH, MEANYHOL
JIOTIOMOTHU Ta 0a30BUX PECYPCiB.

ITing yac ankeTyBaHHSI OyJ10 3i0paHO iH(OpMaLLito PO
JIOCBiJ, €BaKyallil, BAMYILIEHOIO TIepeMillleHHS Ta Iepe-
OyBaHHS B OKyTallii. 3a3HavyeHi MOKa3HUKM Hajasli Bpa-
XOBYBAJIM SIK OKPEMi CTPECOBi MPEIUKTOPU B aHATIi3l.

HocnimkeHHS Majlo KpPOCCEeKUiMHUI au3aiH 3
NOCJIiIOBHUM HabopoMm ydyacHMKiB. KommiekcHe Me-
JUKO-TICUXOJIOTiYHEe OOCTEeXKeHHST TTPOBOAMIN Ha 0a3i
BiIainy pagialiitHol meaiaTpii BpoIKeHOi Ta CITaIKOBO1
natoJorii JlepxkaBHoi yctaHOBU «HauioHaabHMiA Hay-
KOBMU LIEHTP padialliiHOI MEAULIMHU, reMaToJIOTil Ta
oHkoJjorii HaiioHanbHOi akagemii MeIWYHUX HayK
Ykpainn» (HHIIPMI'O) 3rimHo 3i cTaHAapTU30BaHUM
OpOTOKOJOM. 3arajaoM Oyjo obcTexkeHo 231 TUTHHY,
SIKi Hagaay MMMChbMOBY iH(DOPMOBaHY 3rofy Ha y4acTb y
JOCIIiI;KeHHI Ta repeaady 0ioI0oTriyHOro MaTepiaiy.

711 KOXXHOTO yJaCcHMKa 3aIllOBHIOBaIacsl po3lIMpeHa
aHKeTa, 1110 BKJIIoYaia coliaabHO-aAeMorpadiuHi aaHi,
XKUTTEBUM aHaMHE3, HasIBHICTb BOEHHUX CTPECODIB,
YMOBM TIPOXXMBAHHS, a TaKOX BaJlifOBaHi TICUXOMET-
pUYHI IIKadW [JI OLIiHKM TPUBOXKHOCTI, JEMpecii,
SIKOCTi CHY Ta eMoliifHoi perysiii. KpiMm Toro, y Bcix
PECIOHEHTIB OyJ10 3AiliCHEHO 3a0ip 0i0I0riYHOTO Ma-
Tepially ISl MOJIEKYJSIpHO-TeHeTUYHOro aHanizy. Ot-
pUMaHi JaHi OXOIUIIOIOTH MoHaa 60 3MiHHUX i BUKO-
PHUCTOBYIOTBCSI IIJISI  MYJIBTU(MAKTOPHOIO aHaJi3y
B3a€EMO3B’SI3KiB MiXX T€HETMYHUMM, CEPEIOBUITHUMU

(1) 376

OBJECTIVE

The aim of the study was to assess the interaction
between war-related stressors and variants of the 5-
HTTLPR polymorphism of the serotonin trans-
porter gene (SLC6A4) in the formation of anxiety
levels in school-age children.

MATERIALS AND METHODS

Sample and study design

The study was conducted in 2023—2025 with the
participation of school-aged children (10—17 years
old) who, at the time of the survey, lived in the Kyiy,
Zhytomyr, and Rivne regions of Ukraine during
martial law. Participants were recruited from settle-
ments that differed significantly in terms of environ-
mental characteristics — from areas of uncondition-
al (mandatory) resettlement, which are under con-
stant radiation control after the Chornobyl nuclear
accident, to conditionally «clean» territories. Some
of the children also lived in areas that experienced
combat operations of varying intensity in 2022,
including settlements that were temporarily under
occupation. In such conditions, children faced lim-
ited access to education, medical care and basic
resources.

During the survey, information was collected on
experiences of evacuation, forced displacement and
occupation. These indicators were subsequently
taken into account as separate stress predictors in
the analysis.

The study had a cross-sectional design with a
sequential sample of participants. A comprehensive
medical and psychological examination was con-
ducted at the Department of Radiation Paediatrics
of Congenital and Hereditary Pathology of the State
Institution «National Research Centre for Radiation
Medicine, Hematology and Oncology of the
National Academy of Medical Sciences of Ukraine»
(NRCRMHO) in accordance with a standardised
protocol. A total of 231 children were examined,
who provided written informed consent to partici-
pate in the study and transfer biological material.

An extended questionnaire was completed for each
participant, including socio-demographic data,
medical history, presence of war stressors, living
conditions, as well as validated psychometric scales
for assessing anxiety, depression, sleep quality and
emotional regulation. In addition, biological materi-
al was collected from all respondents for molecular
genetic analysis. The data obtained covers more than
60 variables and is used for multifactorial analysis of
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Ta MCUXOJOTIYHUMU YMHHUKAMU (POPMYBaHHSI MICUXO-
€MOLIIITHOro CTaHy B yMOBax 30pOHOI0 KOH(MIIKTY.

Kpwutepii BkaouenHs: BiK Big 10 o 17 pokiB Ha MO-
MEHT 00CTeXXEeHHS; MMChbMOBa iH(opMOBaHa 3roaa M-
TUHU ab0 ii 3aKOHHOTO MPEICTaBHMKA; BiICYTHICTh
FOCTPUX MCUXIYHUX PO3JaAiB, 1110 NOTPEOYIOTh HEBIMd-
KJIaIHOI MEIMYHOT TOTTOMOTH.

KpuTtepii BUKITIOUeHHSI: BiICYyTHICTb 3TOAM Ha y4acTh
y JOCIiIKEHHI; TSDKKi COMaTUYHI ab0 HEBPOJOTIYHI
3aXBOPIOBAHHSI, BiIMOBa BijJ HagaHHS 0iOJOTiYHOIrO
marepialy.

CTpecoBi YHHUKM Ta TX BUMipIOBAHHS

KioyoBuM 3aBIaHHSM AOCHIAXEHHS OYJI0 OLIHUTH
KOMIUIEKCHWI BIUTMB CTPECOBUX (haKTOpiB, OB ’sI3a-
HUX i3 BilfHOIO Ta MPOXWBAHHSM Ha pafialliiiHO 3a-
OpyIHEHMX TEpPUTOpisiX. 3 OIJIAMy Ha TilmoTe3y B3ae€-
Mojii «reH x cepenopuile» (G x E), M1 po3risinanu Taki
MOAYJIi CTpecy:

1. BayrpimHe mnepemimenHss (BI1O) — 6GinapHa
3MiHHa (1 — Tak, 0 — Hi), 1110 TTo3HaYayla (HaKT BUMY-
LIIEHOro MepecesieHHs! BHacuigok OoitoBux niit. Lleit
YUHHUK aCOLIIETbCS 3 IMiABUILIEHUM PU3UKOM PO3-
BUTKY TPMBOXHUX i JEMPecUBHUX po3iamiB [6].

2. HanexHicTb 10 ciMeil BiiCbKOBOCTYKOOBIIiB — Oi-
HapHa 3MiHHa, 1110 Mo3Havyaja HasiBHICTh 0aTbhKiB, SIKi
OpOXOsiTh BiACHKOBY cCiayxO0y. JlaHi 3 iHIIMX KpaiH
CBigUaTh MPO MiABUIIEHY €eMOLIiITHY Bpa3JUBiCTb TAKMX
niteit, 3okpema go ITTCP [20].

3. TumuacoBa eBakyallisi — 3MiHHa, 1110 (pikcyBaia 10-
CBiJl KOPOTKOCTPOKOBOI'O MepeceleHHs (HalpuKJial,
TUMYACOBUI BUi3I y Oe3neyHi perionn). JlocmimkeHHs,
npoBeaeHi micist aBapii Ha AEC DykyciMma, 1eMOHCTPY-
IOTb 3B’SI30K HaBiThb KOPOTKOYACHOI eBaKyallii 3 IiJBU-
IIeHNM piBHEM TPUBOXKHOCTI Ta Ienpecii y miteit [21].

4. IlepeOyBaHHSI HA OKYIOBAHUX TEPUTOPISIX — 3MiH-
Ha, 110 BimoOpaxkasa JOCBiJ XXUTT IiJi KOHTPOJIEM OKY-
naliifHuX BiliCbK, 3 00MEXEHUM JOCTYIIOM JI0 PECYpCiB
Ta DiABUILIEHUM piBHEM 3arpo3u. Takuii J0CBig CyTTEBO
MiABMIIYE PU3UK PO3BUTKY TPUBOXHUX CTaHIB [22].

5. TuxxHeBU iHAEKC cTpecy (sirens_week) — cyKym-
Ha KiJIbKiCTb CTPECOBUX IOIil 32 OCTaAHHIN TUKACHD,
110 BKJIIOYAE YACTOTY MOBITPSHMX TPMUBOI, BHUIIAIKU
nepedyBaHHSI B YKPUTTIi, KiJIbKICTb BUOYXiB Ta iHIII
Moil MPOTATroM OCTAaHHBOTO THXKHS. Bullli 3HaUeHHS
BKa3yBaJIi Ha iHTEHCUBHIIIIE CTPECOBE HABAaHTAXKCHHSI.

6. IIpoxuBaHHs y 30HI pamiallifHOr0O KOHTPOJIIO —
OiHapHa 3MiHHa, 1110 TTO3HAaYaJja MPoXMUBAaHHS Ha TepU-
TOpisiX, 3a0pynHeHnXx BHacainoK aBapii Ha YHAEC. Ilo-
nepenHi AOCHIIKEHHS CBimyaTh, IO MPOXWBAHHS Ha
palioaKTUBHO 3a0pYIHEHUX TEPUTOPISIX ACOLIIIOETHCS 3

the relationships between genetic, environmental,
and psychological factors in the formation of the
psycho-emotional state in conditions of armed con-
flict.

Inclusion criteria: age 10 to 17 at the time of exam-
ination; written informed consent of the child or
their legal representative; absence of acute mental
disorders requiring urgent medical attention.

Exclusion criteria: lack of consent to participate in
the study; severe somatic or neurological diseases;
refusal to provide biological material.

Stress factors and their measurement

The key objective of the study was to assess the com-
bined impact of stress factors associated with war and
living in radiation-contaminated areas. Based on the
gene x environment (G x E) interaction hypothesis, we
considered the following stress modules:

1. Internal displacement (IDP) — a binary variable
(1 — yes, 0 — no) indicating forced relocation due to
hostilities. This factor is associated with an increased
risk of developing anxiety and depressive disorders [6].

2. Belonging to military families — a binary vari-
able indicating the presence of parents serving in the
military. Data from other countries indicate
increased emotional vulnerability of such children,
particularly to PTSD [20].

3. Temporary evacuation is a variable that records
the experience of short-term displacement (e.g.,
temporary departure to safe regions). Studies con-
ducted after the Fukushima nuclear accident
demonstrate a link between even short-term evacua-
tion and increased levels of anxiety and depression in
children [21].

4. Staying in occupied territories — a variable
reflecting the experience of living under the control
of occupying forces, with limited access to resources
and an increased level of threat. Such an experience
significantly increases the risk of developing anxiety
disorders [22].

5. Weekly stress index (sirens_week) — the total
number of stressful events over the past week,
including the frequency of air raid sirens, instances
of staying in shelters, the number of explosions, and
other events during the past week. Higher values
indicated more intense stress.

6. Living in a radiation control zone — is a binary
variable that indicates living in areas contaminated
as a result of the Chornobyl accident. Previous stud-
ies show that living in radioactively contaminated
areas is associated with an increased prevalence of
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MiABUIIIEHOIO MOIITMPEHICTIO TPUBOXHUX PO3JIAIiB Y AiTei
i mopocaux [23]. Kpim Toro, 6aTbKu IiTeil, HApOIKEHUX
Bij 0ci0, sIKi 3a3Ha/IM BIUIMBY pajiallii, 4acTO AEMOHCTPY-
JOTh BUPaXKEeHY TPUBOTY 3a 300POB’s HAIAAKiB [24].

McuxonorivyHi IHCTPYMEHTHn

OCHOBHOIO METOIMKOIO OIIiIHIOBAHHS TPWBOXHOCTI B
LIbOMY OOCIHigKeHHi OyB onuTyBajdbHUMK State-Trait
Anxiety Inventory (STAI), sikuii BUMipIo€e ABa KOMIIO-
HeHTU TpuBOxXHOCTI: cutyatuBHy (STAI-CT) Ta oco-
oucricay (STAI-OT).

LlinboBol0 3MiHHOIO B aHali3i BUCTyMaja caMe OCO-
oucricHa TpuBoXHicTh (OT), OCKiabKM BOHa, Ha Bil-
MiHY Bill CUTyaTHMBHOI, BimoOpaxa€ CTiliKy CXWJIbHIiCTb
iHOMBiIA 1O TPUBOXHOTO pearyBaHHS Ta € iHIMKATOPOM
TpUBaJIOi ICUXOEMOILIMHOI Bpa3jauMBOCTI. Y BMOipILi
Jiteit i migmiTkiB BikoM 10—17 pokiB Leil MOKa3HUK €
0C00JIMBO iH(DOPMATUBHUM, OCKiJIbKU MEpedyBaE y Mpo-
neci hopMyBaHHSI Ta YyTJIMBO pearye Ha CepeJOBUIIHI
YMHHUKM, 30KpeMa XpOHiuHMi cTpec. daHi yrMcieHHUX
JOCTiIXeHb CBiAYaTh, 1110 BUCOKUIA piBEHb OCOOUCTiICHOI
TPUBOXXHOCTI B MiIJITKOBOMY Billi ACOLIIIOETHCS 3 MiIBU-
IIEHUM PU3UKOM PO3BUTKY a(PeKTUBHMUX i TPUBOXKHMX
po3nadiB y MaiiOyTHbOMY Ta XapaKTepU3ye iHAUBIAyalb-
HY YyTJIUBICTh 10 TPMBAJIOTO MICUXOCOIiaIbHOTO HaBaH-
TaxkeHHs [25, 26]. TakuM 4MHOM, y MeXKaX MO «IeH ?
cepenoputie» (G x E) mkama STAI-OT moxe po3rnsiga-
TUCS SIK BaJliTHa pe3yJbTaTMBHA 3MiHHA JJISI BUBYEHHS
B3a€EMOJIii TE€HETUYHOI BPa3JIMBOCTI Ta 30BHIIIHIX
BIUIMBIB y MiJITKOBOMY Billi.

YKpaiHcbKa ajganTallis ONMTyBaJbHMKA BKIodae 20
MYHKTIB 3 BiIMOBiASIMU 32 YOTUPUOATBLHOIO IIKAIOIO.
MaxkcumanbHa cyma 6ajiB — 80, 110 BiTIOBia€ BUCOKO-
MY PiBHIO TPUBOXKHOCTI. [Toporose 3HaueHHs > 53 6anu
BUKOPHCTOBYBAJIOCS IS BUOKPEMJICHHSI TPYITU 3 BUCO-
KMM piBHEM TPUBOXHOCTI [27].

Oxpim mkanu STAI, a1 KOMIUIEKCHOTO OMUCY MCU-
XOEMOLIITHOro CTaHy 3aCTOCOBYBAJIMCS TaKi YKPaiHCBKi
Bepcii onmMTyBabHUKIB Ta mmKanm: Strengths and Dif-
ficulties Questionnaire (SDQ) — o1inka eMol11iliHOi ce-
pu Ta ToBeniHKOBUX ocobauBocTteit [28]; Perceived
Stress Scale (PSS-10) — BUMipioBaHHSI Cy0’€KTUBHOIO
piBHs cTpecy [29]; Patient Health Questionnaire (PHQ-
9) — ckpuHiHT AenpecuBHoi cumitomaTuku [30]; Gene-
ral Self-Efficacy Scale (GSE) — ollinka caMmoedheKTuB-
HocrTi [31]; Pittsburgh Sleep Quality Index (PSQI-U) —
oliHKa gkocTi cHy [32]. Lli iHCTpyMEeHTH BUKOPUCTOBY-
BaJIMCsl HacaMIlepe. IJIsl JOAAaTKOBUX aHali3iB, 1100 Je-
TaJbHillle oXapaKTepu3yBaTU TICUXOEMOLIIHHUI cTaH
JiTei.
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anxiety disorders in children and adults [23]. In
addition, parents of children born to individuals
exposed to radiation often show marked anxiety
about the health of their offspring [24].

Psychological tools

The main method of assessing anxiety in this study
was the State-Trait Anxiety Inventory (STAI)
questionnaire, which measures two components of
anxiety: state (STAI-S) and trait (STAI-T).

The target variable in the analysis was trait anx-
iety, since, unlike state anxiety, it reflects an indi-
vidual’s persistent tendency to react anxiously and
is an indicator of long-term psycho-emotional
vulnerability. In a sample of children and adoles-
cents aged 10—17, this indicator is particularly
informative, as it is in the process of formation
and is sensitive to environmental factors, in par-
ticular, chronic stress. Numerous studies show
that high levels of trait anxiety in adolescence are
associated with an increased risk of developing
affective and anxiety disorders in the future and
reflect individual sensitivity to prolonged psy-
chosocial stress [25, 26]. Thus, within the gene ?
environment (G x E) model, the STAI-T scale can
be considered a valid outcome variable for study-
ing the interaction of genetic vulnerability and
external influences in adolescence.

The Ukrainian adaptation of the questionnaire
includes 20 items with answers on a four-point
scale. The maximum score is 80, which corre-
sponds to a high level of anxiety. A threshold value
of > 53 points was used to identify the group with
a high level of anxiety [27].

In addition to the STAI scale, the following
Ukrainian versions of questionnaires and scales
were used for a comprehensive description of the
psycho-emotional state: Strengths and Difficulties
Questionnaire (SDQ) — assessment of the emo-
tional sphere and behavioural characteristics [28];
Perceived Stress Scale (PSS-10) — measurement
of subjective stress levels [29]; Patient Health
Questionnaire (PHQ-9) — screening for depressive
symptoms [30]; General Self-Efficacy Scale
(GSE) — assessment of self-efficacy [31]; Pit-
tsburgh Sleep Quality Index (PSQI-U) — assess-
ment of sleep quality [32]. These instruments were
used primarily for additional analyses to charac-
terize the psycho-emotional state of children in
more detail.
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leHoTUNyBaHHSA

3a6ip nepudepuyHOi BEHO3HO1 KpPOBi B 00’eMi 2,5 M
3MiICHIOBAIM B CTEPUJIbHI MPOOIPKKU 3aKPUTOI CUCTEMU
«MonoBer» 3 EIITA (BupoOHuUK: «Sarstedt», Himeuuu-
Ha). Buginenns JIHK i3 LibHOT KpOBi MPOBOAMIIM 3 3aC-
TOCYBaHHSIM KoMepliilHoro Hab6opy Quick-DNA
Miniprep Plus Kit («Zymo Research», CIIIA). [1poueny-
pa eKCTpaKllii BKJIIoYasia MoeTarmHuii Ji3uc, 3B’ I3yBaHHS
JHK i3 cunikareieBUM HOCIEM, IBOpPa30Be MPOMUBAH-
Hs Ta ¢iHanbHy emouiro B 50 Mk 6ydepa. OTpumani
3pa3ku Mictuiu JIHK Bucokoi KoHLieHTpallii, TpuaaTHy
JJ1s1 aMTILTicpikartii.

ITeHotunyBaHHs noJjiimopcdHoro BapianTy S-HTTLPR
reHa SLC6A4 (nokyc 17q11.1—ql2) mpoBoauIn METOIOM
ajiesib-cneu@iyHol moJjiiMepa3Hol JaHIIOrOBOI peakilil
(I1JIP) BigmoBigHO o0 CTaHAAPTHOI OIepaLiiiHoI TTpolie-
Jypu, alanToOBAaHOI Ha OCHOBI BinKpuTux mxepen [33].

Ammnidikauilo 3aificHIOBaIM 3a AOMNOMOIOI0 CIie-
mudignanx npaitMepis: Forward: 5’-TCCTCCGCTTTG-
GCGCCTCTTCC; Reverse: 5’-TGGGGGTTGCAGG-
GGAGATCCTG.

PeakuiifHy cyMil 3arajbHUM 00’€MOM 18 MKJI roTyBa-
qm 3a HactymHuM ckiaamoM: 4 Mmkan 5 x FIREPol
MasterMix 3 MgCl («Solis BioDyne», Ectonis), 0,3 mxa
KoxHoro mnpaitmepa, 13,4 mxn DEPC-Boau, 2 Mk MaT-
puyHoi [IHK.

IIJIP mpoBommnmm Ha tepMormkiepi FlexCycler BU
(«Analytik Jena», HimeyunHa) 3a TaKuM TeMIiepaTypHUM
npodinem: nepeaaeHarypauist: 94 °C — 2 xB; 30 LUMKIiB:
nenarypauis: 94 °C — 30 ¢, signman: 69 °C — 30 ¢, eoH-
ramis: 72 °C — 30 ¢, ¢inanpHa riposonTanis: 72 °C — 2 xB.

IMponykTn amrutidikaliii aHamizyBaJu METOIOM €JIeKT-
podope3sy B 2 % arapo3HoMy Tejli, 3a0apBJIeHOMY €TUIII0
opomimom («Cleaver Scientific», Benmuka bpuranist), 3 Bu-
KOPUCTaHHSAM MapKepa MoJiekysspHoi macu GeneRuler
DNA Ladder («Thermo Scientific», CILIA). Bisyaniza-
1ito npoBoauan B Y®-cBiTai 3 momaibiiow ¢GoTodik-
calli€ro.

[eHOTMIT KOXHOTrO 3pa3ka BU3HAYAIM 3a ITOBXWHOIO
amrutipikoBaHux ¢parmenTiB: LL — 512 map HykJeo-
tiais, LS — 512 ta 469 m.H., SS — 469 1.H.

CtaTucTM4HMIA aHani3

Cratuctuuny o6pooKy BukoHyBaiun y R 4.4.1 (RStudio).
OcHoBHY Moaenb G x E OynyBanu 6aratohakToOpHOIO
JniHiiHOW perpecieo 3 STAI-OT gk 0e3nepepBHOIO
3aJIeXKHOI 3MiHHOMW. /o Moaeni BKIIIOYaJId T€HOTUII
5-HTTLPR sk ¢dakrtop 3 Tpboma piBHsIMu (S/S, L/S,
L/L; 6azoBuii piBenb — L/L), naTeHTHU iHAEKC CTpecy
(LatentStress_z) Ta ix B3aemofilo (FEHOTUI X
LatentStress z). LatentStress z ¢oopMmyBanu IK cTangap-

Genotyping

Peripheral venous blood was collected in a volume
of 2.5 ml into sterile Monovet closed system tubes
with EDTA (manufacturer: Sarstedt, Germany).
DNA was extracted from whole blood using a
commercial Quick-DNA Miniprep Plus Kit
(Zymo Research, USA). The extraction procedure
included stepwise lysis, DNA binding to a silica gel
carrier, double washing, and final elution in 50 ?I
of buffer. The resulting samples contained high-
concentration DNA suitable for amplification.

Genotyping of the polymorphic variant of the 5-
HTTLPR gene SLC6A44 (locus 17q11.1—q12) was
performed by allele-specific polymerase chain
reaction (PCR) according to a standard operating
procedure adapted from open sources [33].

Amplification was performed using specific
primers: Forward: 5’-TCCTCCGCTTTGGCGC-
CTCTTCC; Reverse: 5’-TGGGGGTTGCAGG-
GGAGATCCTG.

A reaction mixture with a total volume of 18 pl
was prepared with the following composition: 4 pl
of 5 x FIREPol MasterMix with MgCl (Solis
BioDyne, Estonia), 0.3 pul of each primer, 13.4 pl
of DEPC water, and 2 pl of template DNA.

PCR was performed on a FlexCycler BU ther-
mocycler (Analytik Jena, Germany) using the
following temperature profile: pre-denaturation:
94 °C — 2 min; 30 cycles: denaturation: 94 °C — 30 s,
annealing: 69 °C — 30 s, elongation: 72 °C — 30 s,
final extension: 72 °C — 2 min.

The amplification products were analysed by
electrophoresis in 2 % agarose gel stained with
ethidium bromide (Cleaver Scientific, UK) using
the GeneRuler DNA Ladder molecular weight
marker (Thermo Scientific, USA). Visualisation
was performed under UV light followed by photo-
fixation.

The genotype of each sample was determined by
the length of the amplified fragments: LL — 512
nucleotide pairs, LS — 512 and 469 bp, SS — 469 bp.

Statistical analysis

Statistical processing was performed in R 4.4.1
(RStudio). The main G x E model was construct-
ed using multivariate linear regression with STAI-T
as a continuous dependent variable. The model
included the 5-HTTLPR genotype as a factor with
three levels (S/S, L/S, L/L; baseline level — L/L),
latent stress index (LatentStress_z) and their inter-
action (genotype x LatentStress_z). LatentStress z
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TU30BaHUI KOMITO3UT TPhOX MapKepiB: KyMYJISITUBHUX
«KOPCTKMX» BOEHHUX cTpecopiB (0—4), KiJIbKOCTi
NOBITPSIHUX TPUBOT 3a TUXKIEHb Ta 3arajbHOro Oana
MOBeAiHKOBO-iH(opMaliliHOI peakilii Ha TPUBOTH;
KOXEH KOMITOHEHT IOIepeaHbO MEPETBOPIOBAIN Y Z-
OLiHKY, OOYMCIIIOBATIN CEPENHE TPHOX Z Ta MOBTOPHO
crangaptusyBasmm (M = 0; SD = 1). o KoBapiaTiB
BKJIIOYAJIM BiK (z), cTtaTh (4 = 1, 3k = 0) Ta perioH (¢pak-
TOpHA 3MiHHA). AHAJIi3 TaHWX TPOBOAWIM 32 MPUHIIU-
oM TOBHOro BuIaaky (complete-case), To6TO0 06€3
iMiTalil BiICYTHiIX 3Ha4€Hb; CTATUCTUYHY 3HAUYIIICThb
ouiHtoBanu nBoo6iyHo ripu oo = 0,05. HopManbHicTh 3a-
JUIKiB nepeBipsiin TectoM lanipo—Binka, oqHopia-
HicThb Agucnepciii — tectoM bpoiiina—Ilarana; y pasi
BiAXUJeHb MOBIIOMJISLIA POOACTHI CTaHIAPTHI MOXUO-
Ku. MynbsTuKoJiHeapHicTh oniHoBanu 3a VIF (mopo-
rose 3HaueHHs1 < 5), BIUIMBOBI CIOCTEpeKeHHS — 3a
Cook’s distance.

JlonaTkoBO MPOBOIMIM HOIIOMiXKHi/IIOSCHIOBaJIbHI
aHaJli3M, sIKi y3roJXeHi 3 OCHOBHOI MOJEJUIIO Ta CIIy-
TYIOTh IS iHTepnpeTalii edekTiB cepenoBuia: 1)
JIOTICTUYHY perpecito s pU3UMKy BUCOKOI TPUBOXK-
HocTi (STAI-OT > 75-T0 mepueHTUIs) 3 KOBapiaTaMnu
(BiK, cTaThb, peTioH), Ie IJIs iHTepIpeTallii mopsia 3 Bim-
HouleHHsIMH 1aHciB (OR) HaBonwIu cepenHi MapKu-
HanbHi eekTn (AME), sKi Bupaxaiucs y BilICOTKO-
BUX ITyHKTaX (B. 11.) Ta AUC; 2) KopensiiitHuii aHai3
(ITipcon) mix STAI-OT Ta uncioBUMHU iHAUKATOpaAMU
cepenoBuUIla; 3) MiXTPYITOBi TOPiBHSHHS (7-TecT Yen-
ya) 3i 3BiToM po3Mipy edekty KoeHa d i Kopekli€lo
MHOXWHHHMX TIOpiBHIHBb (Benjamini—Hochberg
FDR). Vci HenepepBHi mpeauKTopH, 110 BXOIAWIN 10
PU3UK-MOJIENEN, CTAHIAPTUIYBAIH (Z) JIS MOPiBHSIH-
HOCTI KoedilieHTiB; 1S Bidyasizallii BAKOPUCTOBYBa-
1m ggplot2.

JocnigkeHHsT OyJ10 CXBaJIeHO KOMITETOM MEIUYHOI
etuku HHIIPMI'O (ITporokoa Ne 7 Bix 15.06.2022 p.).
B uboMy nocigkeHHi BAKOPUCTOBYBAIU AaHi, SKi Ha-
JaBaJINCh 0e3 Oymb-sIKOTO imeHTudiKaTopa abo Tpynn
iTeHTU(}iKaToOpiB, 110 MO3BOJSIAU BepudiKyBaTU
¢iznuHy ocoby 3a 0cOOUCTOIO iH(OpMalli€l0. YYacTb y
JociigkeHi Oyna goOposiibHO. Ilepen mouaTkom
JOCHiIXKEHHS yCi ydJaCHUKU OyJiM MoiH(GOPMOBaHi Mpo
LiJi Ta METOOM MOCTIIXKEHHS Ta HaJadud MHHUCHBMOBY
3rofly Ha HOro MpoBeneHHs, s ocid mosoame 14
POKiB, KpiM 3roayd y4acHMKIiB, OyJIO OTPMMaAHO 3romay
0aTbKiB/OIIIKyHiB. YCi mpoueaypu HOPOBOIUINCS
3TiIHO 3 MPUHIMINAMHU MiHIMaJILHOTO PU3UKY Ta CTaH-
JapTiB iIHCTUTYLIIHAHOTO KOMIiTETY 3 MEIMYHOI €TUKHU, a
TakoX IenbciHchbKol aeknapauii 1975 p., nepernisiHyToi
B 2008 p.

(1) 380

was formed as a standardised composite of three
markers: cumulative «severe» military stressors
(0—4), the number of air raid alerts per week, and
the total score of behavioural and informational
responses to alerts; each component was first con-
verted into a z-score, the mean of the three z-scores
was calculated, and then re-standardised (M = 0;
SD =1). Covariates included age (z), gender (m =1,
f=0) and region (factor variable). Data analysis was
performed on a complete-case basis, i.e. without
imputing missing values; statistical significance was
assessed bilaterally at oo = 0.05. The normality of the
residuals was tested using the Shapiro—Wilk test, and
the homogeneity of variances was tested using the
Breusch—Pagan test; in case of deviations, robust
standard errors were reported. Multicollinearity was
assessed using VIF (threshold value < 5), and influ-
ential observations were assessed using Cook’s dis-
tance.

Additionally, auxiliary/explanatory analyses were
performed, which are consistent with the main
model and serve to interpret environmental effects:
1) logistic regression for the risk of high anxiety
(STAI-T > 75" percentile) with covariates (age, gen-
der, region), where, for interpretation, along with
odds ratios (OR), average marginal effects (AME)
were given, expressed in percentage points (pp) and
AUC; 2) correlation analysis (Pearson) between
STAI-T and numerical indicators of the environ-
ment; 3) intergroup comparisons (Welch’s #-test)
with Cohen’s effect size d and multiple comparison
correction (Benjamini—Hochberg FDR). All con-
tinuous predictors included in the risk models were
standardised (z) for comparability of coefficients;
geplot2 was used for visualisation.

The study was approved by the Medical Ethics
Committee of the NRCRMHO (Protocol No. 7 of
15 June 2022). This study used data provided with-
out any identifier or group of identifiers that would
allow the verification of an individual based on trait
information. Participation in the study was volun-
tary. Before the start of the study, all participants
were informed about the objectives and methods of
the study and gave their written consent to its con-
duct. For persons under the age of 14, in addition to
the consent of the participants, the consent of par-
ents/guardians was obtained. All procedures were
conducted in accordance with the principles of min-
imal risk and the standards of the institutional med-
ical ethics committee, as well as the 1975 Helsinki
Declaration, revised in 2008.
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Ho ¢diHanbHOro aHajizy Oyja0 BKIOUYeHO 231 JIUTUHY
BikoM Bim 10 mo 17 pokiB (M = 13,7; SD = 2,08). Po3-
MOiN 3a CTaTTIoO OyB MpUOJM3HO 30aiaHcoBaHUM: 120
yuacHUKiB (51,9 %) cranoBwiu nisuara, 111 (48,1 %) —
XJIOMLIi.

binbuicTs aiTeil mpoxuBaja y CibChbKill MiCLIEBOCTI —
136 ocib (58,9 %), Toxi K y MiCbKMX HaceJIeHUX IMyHK-
Tax Metkaio 95 yyacHukis (41,1 %).

3a perioHaJlbHUM pO3MoJijioM mnepeBaxaia KuiBcbka
obnactb (134 mutunu; 58,0 %), manxi — 2Kuromupcbka
obJactb (66 miteii; 28,6 %) ta PiBHeHCcbKa obmacThb (31
mutuHa; 13,4 %).

Cepen obOcTexXeHUX OiTell Maiixe rojoBuHa (49,8 %)
MaJlu JOCBiJl TUMYACOBOI €BaKyallil 3 MiCLI$sl TIOCTIiMHOTO
MPOXUBAHHA y Oe3meuHimni perionn. CraTyc BHYT-
pimrHbO nepeMmiineHoi ocoou (BITO) 6yB 3adikcoBaHuMit
y 21,21 % yuyacHuKiB, Tofi 1K 28,1 % Hanexanu 1o ciMeit
BIlICBKOBOC JTy:kK00BIIiB 30poiiHnX crui Ykpainu. [lepe-
OyBaHHSI Ha OKYNOBaHUX TepuUTOpisx Bimmituau 12,1 %
IiTein.

KymynaTuBHMI iHAEKC KOPCTKUX BOEHHUX CTPECOPIB
MaB cepenHe 3HadyeHHs 1,8, mpuuomy 14,3 % pecrnoH-
JIEHTIB He 3a3Haju >KOJHOrO 3 BU3HAUYEHUX CTPECOPIB,
44,1 % manu onuH cTpecop, a 41,6 % — nBa a6o Gijiblie.
Lleii po3moaia CBiAYMTh MPO 3HAYHY YACTKY HiTeii 3 BU-
COKMM pIBHEM CTPECOBOrO HaBaHTaXXEHHs, 110 € KpH-
TUYHO BaXKJIMBUM JIJIS1 aHAJTi3y Y MeXaX MOJIEJIi «TeH X ce-
penosuiie» (G x E).

JlomaTKoBUM KOMIIOHEHTOM CEPEIOBUIIHOIO BIUIMBY,
110 XapaKTepU3y€E iHTEHCUBHICTh MMOTOYHOI'O BOEHHOIO
cTpecy, 0COOIMBY yBary NpUIiJIeHO KiJIbKOCTi CUTHAJIiB
TMOBITPSTHOI TPUBOTU. 3a TVXKIEHD, 1110 TIepeayBaB o0CTe-
JKEHHIO, cepedHE 3HauyeHHs cTaHoBwio 11,47 £ 6,81
CHOBIillIEHb, TOJI SIK YIIPOJOBX 00U A0 TeCTyBaHHSI —
2,58 £ 2,14. i naHi 1eMOHCTPYIOTh 3HAUHE BapiloBaHHS
CTPECOBOI'0 HaBaHTaXKE€HHSI HaBiTb y MexXax OJHi€l
BUOIpKM, 11O CTBOPIOE IIATPYHTS MJIs1 AOCTiIKEHHS
BIUIMBY $SIK TOCTPHUX, TaK i XpOHIYHUX (PaKTOPiB 3arpo3u.

ITokasnuku ocobucticHoi TpuBoxHocTi (STAI-OT)
y BUOipLi KonauBaBcs Bix 24 mo 73 6anis (M = 45,09;
SD = 9,86). [lepiua KBapTuiIbHA MexXa cTaHOBWIIA 38 Ga-
JIiB, TpeTs — 53 Ganu; BiaIoOBiIHO 0yJI0 BUOKPEMIICHO TPU
PiBHi TPMBOXKHOCTI: HU3bKY (< 38 GamiB) — 64 TUTUHU
(27,7 %); npomixny (39—53 Gamun) — 119 miteit (51,5 %)
Ta BUCOKY (> 53 6anum) — 48 aiteii (20,8 %). Ha pucynky 1
nomaHo ricrorpaMy posnomainy mokazanka STAI-OT Bo-
Ha IEMOHCTpPYE MPUOJIU3HO HOPMaJIbHUM pO3MOALI 3 HE-
BEJIMKWM 3MillleHHSIM BITPaBO.

ITpu uboMy cepenti 3HaueHHs1 STAI-OT y niBuat 6yau
JIOCTOBIpHO BUILI, HIXX y XxyomnuiB (48,46 £ 9,83 npotu

RESULTS

The final analysis included 231 children aged 10 to
17 years (M = 13.7; SD = 2.08). The gender distri-
bution was approximately balanced: 120 partici-
pants (51.9 %) were girls and 111 (48.1 %) were
boys.

Most of the children lived in rural areas — 136
(58.9 %), while 95 participants (41.1 %) lived in
urban areas.

In terms of regional distribution, the Kyiv region
prevailed (134 children; 58.0 %), followed by the
Zhytomyr region (66 children; 28.6 %) and the
Rivne region (31 children; 13.4 %).

Almost half (49.8 %) of the children surveyed
had experienced temporary evacuation from their
place of permanent residence to safer regions. The
status of internally displaced person (IDP) was
recorded in 21.21 % of participants, while 28.1 %
belonged to families of servicemen of the Armed
Forces of Ukraine. Staying in the occupied territo-
ries was reported by 12.1 % of children.

The cumulative index of severe military stressors
had an average value of 1.8, with 14.3 % of respon-
dents not experiencing any of the identified stres-
sors, 44.1 % experiencing one stressor, and 41.6 %
experiencing two or more. This distribution indi-
cates a significant proportion of children with high
levels of stress, which is critical for analysis within
the gene x environment (G x E) model.

An additional component of environmental influ-
ence reflecting the intensity of the current military
stress is the number of air raid sirens. In the week
preceding the survey, the average number of alerts
was 11.47 £ 6.81, while in the 24 hours prior to test-
ing, it was 2.58 * 2.14. These data demonstrate sig-
nificant variation in stress levels even within a single
sample, which provides a basis for studying the
impact of both acute and chronic threat factors.

The indicators of trait anxiety (STAI-T) in the
sample ranged from 24 to 73 points (M = 45.09;
SD = 9.86). The first quartile limit was 38 points,
the third was 53 points; Accordingly, three levels of
anxiety were identified: low (< 38 points) — 64
children (27.7 %); intermediate (39—53 points) —
119 children (51.5 %); and high (> 53 points) — 48
children (20.8 %). Figure 1 shows a histogram of
the STAI-T distribution, which demonstrates an
approximately normal distribution with a slight
shift to the right.

At the same time, the mean STAI-T scores for
girls were significantly higher than those for boys
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PucyHoK 1. Po3noain nokasHukiB ocobucricHoi puBoxkHocTi (STAI-OT) cepep o6cTexxeHux pitei
Figure 1. Distribution of trait anxiety (STAI-OT) among the examined children

41,45 £ 8,92; p < 0,001). AHani3 BiKkoBUX TI'pyIl TOKa-
3aB, 110 piBeHb TPUBOXHOCTI MPAKTUYHO HE BiApi3-
Hs1Bes Mixk rpynamu < 11, 11—15 ta >16 pokis.
YacToTa Ta iHTEHCMBHICTb BOEHHHUX E€KCITO3MIIil
icToTHO BIUIMBaM Ha piBeHb OT. 3HAUYHO OiNbIIOIO
OyJia TPUMBOXHICTb Yy AiTeli, Yui OaTbKu OyaU BiliCh-
KoBocayx6oBugamu (48,9 = 10,3 npotu 43,6 £ 9,3;
p < 0,001) Ta TUX, XTO 3aJIMIIIABCS HA OKYIOBAHUX Te-
puropisix (51,3 £ 9,9 npotu 44,2 £ 9,6; p = 0,001).
Hditu, gxi manu craryc BI1O, BugBmgnm BUIIMIT Oan
STAI-OT (46,8 £+ 10,6), HixX Ti, XTO OYB Y TUMYaCOBIii
eBaKyatlii (44,6  9,6), xoua pi3HULISA He OyJ/1a 3HAYYIIIOIO.
OuiHKa YMHHUKIB, TTOB’SI3aHUX 3 MOBITPSIHUMU TPU-
BOTaMM, 3aCBiTumja BUpPa3HUIA 3B’SI30K 3 PiBHEM 0CO-
OUCTICHOI TPUBOXKHOCTI. 3araJbHUN KOMITO3UTHUM
0an aHKeTM MaB CUJIbHY MO3UTUBHY KOPEJALil0 3i
STAI-OT (r = 0,764). KiabKicTb CHOBIIICHb 32 THX-
IleHb KopelroBaja rmomipHo (= 0,529), Tomi sk 3a 10-
0y — cmabo, ane 3Hauyme (» = 0,157). ¥ 6aratodax-
TOPHili Mojeni, 110 BKJIloYaja BiKOBi, cTaTeBi Ta
perioHajbHi KoBapiaTu, He3aJesKHUMU IIPeINKTOpaMu
pumioro STAI-OT 3anmumramucst: oTpuMaHHS TeJie-
donHux criosieHs (B = +6,39; 95 % J1: 4,35—8,43;
B = 0,65), mepexia y 3axuIiieHe MPUMIIIEHHST BIOMa
(B =+4,60; 2,77—6,44; B = 0,47), KiJIbKiCTb TPUBOT 32
TiKaeHs (B = +0,49 Ha KOXHY HOJATKOBY TPHUBOTY;
0,31-0,67; B = 0,34), mepexin 10 yKPUTTS BHOYI
(B=+3,20; 1,50—4,90; B = 0,33) Ta uyTHicTh TeeDOH-
Hux curHatiB (B =+2,79; 0,80—4,78; B = 0,28); momesb
nosicHioBasia R?> = 0,663 BapiabenbHocti STAI-OT.
BennurHu MiXTrpyroBUX BiIMiHHOCTEN y3roaXKylOTh-
csl 3 HUMU pe3ysbraTaMu. 30Kpema, JiTH, SIKi OTpUMY-

(48.46 £ 9.83 vs. 41.45 + 8.92; p < 0.001). Analysis
of age groups showed that anxiety levels did not dif-
fer significantly between the <11, 11-15, and > 16
age groups.

The frequency and intensity of war exposure sig-
nificantly affected OT levels. Anxiety was signifi-
cantly higher in children whose parents were mili-
tary personnel (48.9 £ 10.3vs. 43.6 £9.3; p=10.001)
and those who remained in the occupied territories
(51.3£9.9vs.44.2 £9.6; p = 0.001). Children with
IDP status had higher STAI-T scores (46.8 & 10.6) than
those who were temporarily evacuated (44.6 + 9.6),
although the difference was not significant.

The assessment of factors related to air raid alerts
showed a clear association with the level of trait anxiety.
The total composite score of the questionnaire had a
strong positive correlation with STAI-T (r = 0.764).
The number of alerts per week correlated moderately
(r=0.529), while per day — weakly but significantly
(r = 0.157). In a multivariate model that included
age, gender, and regional covariates, the independ-
ent predictors of higher STAI-T remained: receiving
telephone alerts (B = +6.39; 95 % CI: 4.35—8.43;
B = 0.65), moving to a protected room at home
(B = +4.60; 2.77—6.44; B = 0.47), number of alarms
per week (B = +0.49 for each additional alarm;
0.31-0.67; B = 0.34), moving to a shelter at night
(B =+3.20; 1.50—4.90; B = 0.33) and audibility of te-
lephone signals (B = +2.79; 0.80—4.78; B = 0.28); the
model explained R> = 0.663 of STAI-T variability.

The values of intergroup differences are consistent
with these results. In particular, children who

(1) 382
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BaJIM TTOBIZOMJICHHSI TIpO TPUBOTY Ha TesiedOH BIEHb,
Manu cytreBo Bulli 3HaueHHs STAI-OT (50,7 £ 9,9;
n = 119) mopiBHSIHO 3 TUMM, XTO iX HE OTPHUMYBaB
(39,1 £5,2;, n=112); A= +11,7 6ana, d = 1,47,
g = 1,110 micig FDR-xopexkuii. [Tepexin y 3axuiiie-
HE MPUMIIICHHS BIOMa BISHb TAKOX acOIlil0OBaBCS 3
MinBUILIEeHOI TpuBOXHICTIO (49,7 £ 10,3; n = 118)
BiIIHOCHO BifCYTHOCTI Takoi nmoseainku (40,3 £ 6,5; n
=113); A=+49,4,d= 1,08, g = 5,2-10"*. AnanoriuHo,
CHUTHAJIM 3 BYJIMYHOT'O T'YYHOMOBIISI BICHb IOB’SI3yBa-
muca 3 summM STAI-OT (52,2 = 10,4; n = 8)5)
MOPiBHSIHO 3 BicyTHIicTIO ekcro3uiii (41,0 £ 6,7; n =
146); A = +11,2, d = 1,35, ¢ = 1,7-10"*. CykynHo 1e
BKa3ye, IO $IK iHTEHCUBHICTb €KCITO3MIil (4acToTa
CIIOBIllIeHb), TaK i MOBeAiHKOBA/iH(bopMalliliHa 3aIIy-
YeHIiCTh (CIOBIlLIEHHSI, CUTHAJIU, TIEPEeXOIUu IO 3aXh-
ILIEHUX MPOCTOPiB) MOB’sI3aHi 3 BUIIIOI0 OCOOUCTICHOIO
TPUBOXHICTIO y AiTe#l i mimniTKiB. BogHouac, 3 orisioy
Ha TepeXpecHWM IM3aiiH, BCTAHOBJIEHI 3B’SI3KU €
acoliaTUBHUMM i He JOBOISTH MPUUMHHOCTI, ajie BCi
Ili YUHHUKKU OyayTh BpaxXxoByBaTUCS Hajli SIK Cepeno-
BUIIHI KOBapiaTu npu oliHui B3aemonii G x E.

ITocTiiiHe mpoXXMBaHHSI B 30HI padialliiHOrO KOHT-
pOJIIO CYTTEBO HE BILIMBAJIO Ha PiBEHb TPUBOXKHOCTI
(45,43 = 9,78 npotu 44,44 + 10,05; p = 0,477). ¥
pO3pi3i perioHiB HalBUILI TOKA3HUKU Mau OiTh 3 Ku-
iBcbkoi obsacti (46,1 £ 9,5), HaliHnK4i — 3 PiBHEHCH-
Koi (43,3 £ 8,7); ogHaK 1i BiAMiHHOCTI He JOCSATIN
CTaTUCTUYHOI 3HauylocTi (p = 0,21).

OxpeMo MpoBEeACHO aHali3 PiBHSI OCOOMCTICHOI TPU-
BOKHOCTI y AiTei, IKi IpOX1BalOTh HA TEPUTOPISIX, 11O
MigIsAraoTh pagiallifHOMy KOHTPOJIIO TicIs aBapii Ha
YAEC. ITonpu noivpeHe MpUITYILIEHHS TTPO XPOHiu-
HUI MCUXOCOLiaJIbHUI BIUIMB padialliiHOro (oHy, y
BUOIpLIi HE BUSBJICHO CTAaTUCTUYHO 3HAYYLIUMX Bil-
MiHHOCTE MiX HiTbMU, SIKi MEIIKaloTh Y 30Hi pania-
HiriHoro koHTpoato (M = 45,43; SD =9,78; n = 152),
Ta TUMH, XTO IIPOXKMBAE Ha TEPUTOPIsIX O€3 TAKOTO CTa-
Tycy (M = 44,44; SD = 10,05; n = 79; 1(229) = 0,71;
p = 0,477). Lle 103BoJIsIE 3pOOMTU BUCHOBOK, 1110 TIPO-
JKWBaHHS Ha 3a0pyqHEHIl TepuTOpii HE YMHUTH J0IAaT-
KOBOTO BILIMBY Ha (DOpMYBaHHSI OCOOMCTICHOI TPUBOXK-
HOCTi Yy KOHTEKCTi BOEHHOI'O CTaHy, NP MOPiBHSIHHI 3
IHIIIMMM TOTY>KHUMM ICUXOCOLIaTbHUMU CTPECOPaMMU.

Kopensuilinuii aHani3 MpoaeMOHCTPYyBaB, 1O 0CO-
OUCTiCHA TPUBOXHICTh TiCHO MOB’s3aHa 3 iHILIUMU
MICUXOMETPUYHUMHM TOKa3HMKamMu. HaliBuly mo3u-
TUBHY KOPEJALil0 OTPUMAHO 3i IIKaJ0I0 PeaKTHUBHOL
TpuBoXHOCTI STAI-RT (r=0,77), 1110 Y3rOIXKY€ETHCH 3
KOHILETITYaJbHOIO OJIM3BKIiCTIO IMX KOHCTPYKTiB. 3Ha-
YyIIi TO3UTUBHI 3B’ 13KM BUsABIeHO MixX STAI-OT i

received anxiety messages on their phones during the
day had significantly higher STAI-T values (50.7 = 9.9;
n = 119) compared to those who did not receive
them (39.1 £5.2;n=112); A=+11.7 points, d=1.47,
g = 1.1-10?'. Moving to a safe room at home during
the day was also associated with increased anxiety
(49.7 £ 10.3; n = 118) compared to those who did
not engage in such behaviour (40.3 = 6.5; n = 113);
A =494, d=1.08, g = 5.210" Similarly, signals
from a street loudspeaker during the day were asso-
ciated with higher STAI-T (52.2 £ 10.4; n = 85) com-
pared to no exposure (41.0 £6.7; n=146); A=+11.2,
d=1.35,qg= 1.7-10". Taken together, this indicates
that both exposure intensity (frequency of alerts)
and behavioural/informational involvement (alerts,
signals, transitions to protected spaces) are associat-
ed with higher trait anxiety in children and adoles-
cents. At the same time, given the cross-sectional
design, the established relationships are associative
and do not prove causality, but all these factors will
be further considered as environmental covariates in
the assessment of G x E interaction.

Permanent residence in the radiation control
zone did not significantly affect the level of anxiety
(45.43 £9.78 vs. 44.44 + 10.05; p=0.477). In terms
of regions, the highest scores were among children
from the Kyiv region (46.1 + 9.5), and the lowest
among those from the Rivne region (43.3 = 8.7);
however, these differences were not statistically sig-
nificant (p = 0.21).

A separate analysis was conducted of the level of
trait anxiety in children living in areas subject to
radiation control after the Chornobyl accident.
Despite the widespread assumption of chronic psy-
chosocial effects of background radiation, no statis-
tically significant differences were found in the sample
between children living in the radiation control zone
(M =45.43; SD = 9.78; n = 152) and those living in
areas without such status (M = 44.44; SD = 10.05;
n=79; 1(229) = 0.71; p = 0.477). This allows us to
conclude that living in a contaminated area does not
have an additional impact on the formation of trait
anxiety in the context of martial law, compared to
other powerful psychosocial stressors.

Correlation analysis demonstrated that trait anxi-
ety is closely related to other psychometric indica-
tors. The highest positive correlation was obtained
with the STAI-S state anxiety scale (»=0.77), which
is consistent with the conceptual proximity of these
constructs. Significant positive associations were
found between STAI-T and increased stress on the
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MiABUIIEHUM BiTuyTTSAM cTpecy 3a mkaioio PSS-10
(r=0,66). PazoMm 3 TUM, ITOKa3HUK CaMOe(PEKTUBHOCTI
3a mkajoio GSE maB HeratuBHy Kopensamnito (» = -0,51),
TOOTO AiTH, SKi Majau 3JaTHICTh OO KOHCTPYKTHBHOTO
MOJ0JIAaHHS CTPECY, MEHII CXWJIbHI 10 BiA4yTTs TPUBOTH.
Bucoki moka3HUKU TPUBOXKHOCTI aCOLIiIOI0ThCS 3 MPOO-
JIEMHOIO TIOBEIiHKOIO Ta 3arajJlbHUMU TPYTHOIIAMHU 3a
SDQ (r = 0,55). dxictb cHy 3a iHmekcoM PSQI Takox
MOMIipHO KOpeJtoBaia 3 TpuBoxHicTio (# = 0,51), To6TO
MOraHuii COH MOB’I3aHU 3 MiABUIIEHOI TPUBOXHICTIO.
Bucoky nosutuBHy Kopeisiiio (r = 0,64) 3adikcoBaHO
mix STAI-OT i nenpecuBHumMu cumnTomamu 3a PHQ-9
(puc. 2). KiiHiuyHO MO€aHaHHS BUCOKOI OCOOMCTICHOL
TPUBOXKHOCTI 31 3HAUYIIUMU AETIPECUBHUMM CUMIITOMA-
MU Yy MiAJIIiTKIB O3Haya€e OiNbIUM 3arajbHUN TITap
BHYTPIILIHBOI'O TMCTPECY Ta IIUMPIIUI KOHTUHYYM Hera-
TUBHOTO aekTy. Taka KOMOpPOiAHICTh MOB’sI3aHa 3 BU-
pa3HIlIMM 3HWXEHHSIM (bYHKIIOHAJbHOCTI: CAa0LIUMU
HaBYaJbHUMU JOCSITHEHHSIMM i YaCTIillIMMM MPOITyCKa-
MU 3aHSTb, MOPYIIEHHSIMU CHY, COMAaTUMHUMU CcKapra-
MU, HaIlpyXEHUMHU CTOCYHKAaMU 3 OJIHOJITKAMHU Ta
ciM’€10, OiIBIIOI0 TTOTPeOOI0 Y MeIUYHil Jormomosi. Bo-
Ha TaKOX IIPOrHOCTUYHO HECIPHUSITIMBA: IIOB’SI3aHa 3
TPUBAIIIINM i pELIUAUBHUM TepediroM BHYTPIlIHIX pPO3-
JIafiB, BUIIOIO MMOBIPHICTIO CyIIMIATBHUX TyMOK / TIO-
BEIiHKM Ta PU3MKOM €KCIIEpMMEHTYBaHHS 3 IICMXOaK-
TUBHMMM DPEUOBMHAMU SIK HEAZallTUBHOIO CTPATETI€I0
nogosaHHSA. B ymoBax MOCTiHHUX CUTHAaIiB 3arpo3u
(TIOBITpPSIHi TPUBOTU) MOETHAHHS TPUBOTM W MENPECUB-

PSS-10 scale (r = 0.66). At the same time, the
GSE self-efficacy score had a negative correlation
(r = -0.51), i.e. children who had the ability to
constructively cope with stress were less prone to
anxiety. High anxiety scores are associated with
problem behaviour and general difficulties on the
SDQ (r = 0.55). Sleep quality according to the
PSQI index also correlated moderately with anxiety
(r =0.51), i.e. poor sleep is associated with increased
anxiety. A high positive correlation (» = 0.64) was
found between STAI-T and depressive symptoms
according to PHQ-9 (Fig. 2). Clinically, the com-
bination of high trait anxiety with significant
depressive symptoms in adolescents means a
greater overall burden of internal distress and a
broader continuum of negative affect. Such
comorbidity is associated with a more pronounced
decline in functioning: poorer academic perform-
ance and more frequent absences from school,
sleep disturbances, somatic complaints, strained
relationships with peers and family, and a greater
need for medical care. It is also prognostically
unfavourable: it is associated with a longer and
recurrent course of internal disorders, a higher
likelihood of suicidal thoughts/behaviour, and the
risk of experimenting with psychoactive substances
as a maladaptive coping strategy. In conditions of
constant threat signals (air raid sirens), the combi-
nation of anxiety and depression intensifies hyper-

® faHi/ observed data
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Figure 2. Relationship between STAI-OT and PHQ-9 depression scores
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HOCTi MiICUIIOE TiMepIWIbHICTh, YHUKAHHS Ta «IIOBE-
JiHKM Oe3IeKU», 1110 3aKPiIlJIIoE JUCTPEC i 3BYXKYE HOP-
MaJlbHY ITiIJTIITKOBY aKTUBHICTb.

3 METOI0 OLIHKM PU3UKY BHCOKOI OCOOUCTICHOI TPU-
BOXXHOCTi BUKOHAHO 6aratoakTOpHY JIOTICTUYHY per-
pecito 3 6iHapHo10 Lo STAI-OT > 53 (75-i nepuLeH-
TIb; n = 231). Jlo Mozenti BKIITOYeHO CTaHIapTU30BaHi
Oe3repepBHi MPEIUKTOPU: XKOPCTKiI BOEHHI CTpecopu
(kymynatuBHMI iHAEKC 0—4; Z), KiIBKICTh MOBITPSIHUX
TPUBOT 3a TWXKAEHb (Z), 3araJbHUit 61 peakilii Ha TpU-
BorM (z), TIOKa3HUK CHY (z), camMmoeeKTUBHICTh (Z), a
TaKOX KoBapiaTu BiK (z), ctath (4 = 1; x = 0) i obmacTtb
(kaTeropianbHo). 1S iHTEpIIpeTallii Mopsia 3 BiTHOIIEH-
HaMu 1aHciB (OR) momaHo cepenHi MapXWHaJIbHI
edpextn (AME), mo BimoOpaxaioTh 3MiHY iHIWBIiTyalb-
Hoi fimoBipHOCTi Bucokoi STAI-OT mnpu 3miHi mpeauk-
topa Ha +1 SD (abo 0—1 m1s 6iHapHUX). JIMCKprUMiHAHT-
Ha 3JaTHIiCTb Mojeli € ayxe Bucokor: AUC = (0,971.

HajinotyXHilnuMm He3aJleXXHUM MNPeIUKTOPOM BUCTY-
MUB 3arajbHUil 0an peakilii HA MOBITPSIHI TPUBOTU:
OR = 31,35 (95 % AI: 12,19—-80,66; p < 0,001) i3 AME
=+18,8 B. 1. (95 % [I: +14,9...+22,7). ZKopcTKi BOEHHI
crpecopu: OR = 2,09 (1,27-3,42; p = 0,003) 3 AME =
+5,0 B.11. (+1,8...4+10,1). KinbKicTb TpUBOT 3a TUXIEHb
npoaeMoHcTpyBaia TeHaeHLio (OR = 1,80; 0,98—3,30;
p=0,058; AME = +2,7 B. .), OTriplIEHHS CHY — OJIU3b-
Ky 10 3HauymocTi acouiauiio (OR = 1,34; 0,92—1,97;
p = 0,128; AME = +3,3 B. 1.), TOozi IK camMmoe(eKTUB-
HicTb He BUsiBUJIAa caMocTiitHoro epekty (NS). Crath Ma-
Jla BUpa3HMii 3aXUCcHU 3B’ 130K mj1s1 xJronuiB (OR =0,17;
0,06—0,52; p = 0,002; AME = -13,4 B. 1.). CyKynHoO 1i¢
BKa3ye, 1110 pU3MK BUCOKOI TPUBOXKHOCTI BU3HAYAETHCS
nepenyciM MOBEeAiHKOBO-iH(popMaLiiiHOW 3alyyeHic-
TIO / peaKiliIMK Ha TPUBOTH, TOMI SIK KOPCTKIi IoIii po0-
JIITh JOJATKOBUM, HEe3aJIEXKHUIA BHECOK.

TakuMm yMHOM, pe3yJbTaTh JOCIiIKEHHS CBig4aTh, 1110
piBeHb OCOOMCTICHOI TPUBOXHOCTI Yy MiTeHl i MimTiTKiB
3HAYHOIO MipOI0 BM3HAYAETHCS IMOENHAHHSIM K CTPYK-
TYpPHHUX BOEHHMX cTpecopiB (eBakyatist, BITO, mepeOy-
BaHHS Ha OKYIIOBAHUX TEPUTOPIsIX, HaNEXKHICTh IO
ciMell BiliICbKOBOCITY>XKOOBIIiB), TaK i MTOTOYHUX €KCITO-
3UIiiA 3arpo3u (4acToTa TOBITPSIHUX TPUBOT) Ta TIO-
BeIiHKOBO-iH(OpMAILifHUX peakIiii Ha Ii CUTHAJIM.
I[TcuxomeTrpuuHi 3B’SI3KM MiATBEPAXYIOTH Oarato-
BUMIpHICTh (DEHOMEHY: TPUBOXHICTb aCOILIIOEThCS 3
MiIBUIIEHUM BiT4YTTSIM CTPECY, AEIIPECUBHOIO CUMIITO-
MAaTHUKOIO, TipIIOI0 SKIiCTIO CHY, HM3BKOIO caMoedek-
TUBHICTIO Ta OiNbLI BUpaXXeHUMU TPYAHOIIAMHU anari-
tauii. He3anexHi 6araTogakTopHi Mojesi MiIKpecio-
[0Th, 110 HAWBAroMilllMM IIPeIUKTOPOM BMCOKOI TpH-
BOXXHOCTI € peaklil Ha MOBITPSIHI TPUBOTHU, a «KOPCTKi»

vigilance, avoidance, and «safety behaviours,»
which reinforces distress and narrows normal ado-
lescent activity.

To assess the risk of high trait anxiety, a multiva-
riate logistic regression was performed with a bina-
ry target of STAI-T > 53 (75" percentile; n = 231).
The model included standardised continuous pre-
dictors: severe war stressors (cumulative index
0—4; z), number of air raid alerts per week (z),
total anxiety response score (z), sleep index (z),
self-efficacy (z), as well as covariates age (z), gen-
der (m = 1; f = 0) and region (categorical). For
interpretation, along with odds ratios (OR), aver-
age marginal effects (AME) are presented, reflect-
ing the change in the individual probability of high
STAI-T when the predictor changes by +1 SD (or
0—1 for binary). The discriminant ability of the
model is very high: AUC = 0.971.

The most powerful independent predictor was
the total score for reaction to air raid sirens:
OR = 31.35 (95 % CI: 12.19—80.66; p < 0.001) with
AME =+18.8 p.u. (95 % CI: +14.9...+22.7). Severe
war stressors: OR =2.09 (1.27—3.42; p = 0.003) with
AME = +5.0 p.u. (+1.8...+10.1). The number of
anxieties per week showed a trend (OR = 1.80;
0.98—3.30; p =0.058; AME = +2.7 p.u.), sleep de-
terioration showed a near-significant association
(OR=1.34;0.92—1.97; p=0.128; AME=+3.3p.u.),
while self-efficacy did not show an independent
effect (NS). Gender had a clear protective effect
for boys (OR = 0.17; 0.06—0.52; p = 0.002;
AME = -13.4 p.u.). Taken together, this indicates
that the risk of high anxiety is primarily deter-
mined by behavioural-informational involve-
ment/reactions to anxiety, while traumatic events
make an additional, independent contribution.

Thus, the results of the study show that the level
of trait anxiety in children and adolescents is large-
ly determined by a combination of both structural
war stressors (evacuation, IDPs, staying in occu-
pied territories, belonging to military families) and
current exposure to threats (frequency of air raid
sirens) and behavioural and informational reac-
tions to these signals. Psychometric links confirm
the multidimensionality of the phenomenon: anx-
iety is associated with increased feelings of stress,
depressive symptoms, poorer sleep quality, low
self-efficacy, and more pronounced difficulties in
adaptation. Independent multivariate models
emphasise that the most significant predictor of
high anxiety is reactions to air raid sirens, and that
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nojii poOJsATh MOJAaTKOBUUM BHECOK y (OpMyBaHHS
IHTErpaJibHOTO MOKA3HUKA «JIATEHTHOTO CTPECY».

BonHouac yacTtuHa AiTeit, HaBiTh 3a YMOB 3HAYHOTO
CepEeIOBUIITHOIO CTPECY, I€MOHCTpYyBaja BiTHOCHY eMO-
LiliHY cTabUIbHICTh, 11O CBIAYMTD MPO HASIBHICTh iHIUBI-
IyalbHUX MEXaHi3MiB cTpecocTilikocTi. Lle BimkpuBae
MNepCIieKTUBY MNOAAbIIOr0 BUBUEHHS Oi00TYHUX Map-
KepiB Bpa3IMBOCTI Ta Pe3UJIIEHTHOCTI, 30KpeMa — r'eHe-
TUYHUX Bapialliil, Takux 5K nojgimopdizm 5-HTTLPR
reHa SLC6A4, mo BU3HAYa€ aKTUBHICTh TpaHCIIOpPTEpa
CEpPOTOHIHY Ta MOAYJIOE YYTJIMBICTH AO Hii CTPECOBUX
YUHHUKIB.

OCKiTbKM HACTyIHI aHali3uW CIIpsSIMOBaHi Ha Me-
peBipKy B3aeMoJii reHoTUIl x cepenonuiie (G x E), mepe-
nyciMm y3aranbHoeMo cTpykTypy S-HTTLPR y BuGipii
Ta ii BiAMOBIAHICTb TEOPETUYHUM OUiKyBaHHSIM. Y Ha-
it Bubipii (N = 231) cnoctepiraBcsi TaKUA PO3MOIIT
redorumniB: S/S — 38 oci6 (16,5 %), L/S — 97 oci6
(42,0 %), L/L — 96 oci6 (41,5 %). Ha ocHOBI ajienbHUX
gactoT p(L) = 0,626 ta q(S) = 0,374 ouikyBaHUWii 3a
piBHoBaroto Iapni—Baitn6epra (HWE) po3mnonin craHo-
BuB: L/L — 90,4; L/S — 108,2; S/S — 32,4. IlepeBipka
HWE He BusiBWIa CTaTUCTUYHO 3HAUYYILIMX BiIXWUIeHb
(x? = 2,48; p = 0,115), m10 cBiMYUTH MPO BiACYTHICTb
CUCTEMAaTUYHUX 3CYBiB y BHUOIpIIi Ta KOPEKTHICTh ITO-
JaJIbIIUX acOLiaTUBHUX OLIHOK. AHaJi3 i3 cTpaTudi-
Kalli€lo 3a CTaTTIO Ta PerioHOM IIPOXHUBaHHS HE TT0Ka3aB
iCTOTHMX BiZMiHHOCTe# y yacToTax ajnefiB (p > 0,05). 3a-
rajoM 1ie CBiIYWTb, IO €MIIipUYHi YaCTOTU BiIMoBima-
IOTb TEOPETUYHUM OUiKYBAHHSM i HE MIiCTSITb OYEBMJI-
HUX CTPYKTYPHMX apTedakTiB, sIKi MOIJIM O CITOTBOPIO-
Batu G x E-ouliHKU.

Posnonin piBHiB ocoducTicHoi TpuBoXHOCTI (STAI-OT)
3anexHo Big reHotuny 5S-HTTLPR y aBox rpymax ai-
Ted — MEUIKAHLIB paJioaKTUBHO 3a0pyIHEHUX Tepu-
TOpIil Ta «<4UCTUX» PETIOHIB iITIOCTPYE PUCYHOK 3.

«traumatic» events contribute to the formation of
an integral indicator of «latent stress.»

At the same time, some children, even under con-
ditions of significant environmental stress, demon-
strated relative emotional stability, indicating the
presence of individual stress resistance mechanisms.
This opens up the prospect of further study of bio-
logical markers of vulnerability and resilience, in
particular genetic variations such as the 5>-HTTLPR
polymorphism of the SLC6A44 gene, which deter-
mines the activity of the serotonin transporter and
modulates sensitivity to stressors.

Since the following analyses are aimed at testing
the genotype x environment (G x E) interaction,
we first summarise the structure of 5-HTTLPR in
the sample and its correspondence to theoretical
expectations. In our sample (N = 231), the follow-
ing genotype distribution was observed: S/S — 38
individuals (16.5 %), L/S — 97 individuals (42.0 %),
L/L — 96 individuals (41.6 %). Based on allele fre-
quencies p(L) = 0.626 and q(S) = 0.374, the
expected Hardy—Weinberg equilibrium (HWE) dis-
tribution was: L/L —90.4; L/S — 108.2; S/S — 32.4.
The HWE test did not reveal any statistically signif-
icant deviations (y? = 2.48; p = 0.115), indicating
the absence of systematic shifts in the sample and
the correctness of further associative estimates.
Analysis stratified by gender and region of residence
showed no significant differences in allele frequen-
cies (p > 0.05). Overall, this indicates that empirical
frequencies correspond to theoretical expectations
and do not contain obvious structural artefacts that
could distort G x E estimates.

The distribution of trait anxiety levels depending
on the 5S-HTTLPR genotype in two groups of chil-
dren — residents of radioactively contaminated
areas and «clean» regions — is illustrated in Figure 3.
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PucyHoK 3. KopobkoBa pgiarpama piBHA
STAI-OT 3a reHotunom 5-HTTLPR y rpynax
AiTen — MewKaHuie paaiauinHo 3abpyaHe-
HUX TEPUTOPIN Ta KYUCTUX» TePUTOPiii

Figure 3. Boxplot of STAI-Trait levels by

L s 5/
feHoTun 5-HTTLPR / 5-HTTLPR genotype

5-HTTLPR genotype in groups of children -
residents of radiation-contaminated
areas and «clean» territorie
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K BUIHO 3 pUCYHKa, CepeIHi 3HAYeHHS Y MiArpynax
He JEMOHCTPYIOTb CUCTEMAaTUYHUX BiIMiHHOCTEN: KO-
JIMBaHHSI PiBHIB TPUBOXHOCTI B M€Xax OJHOTO IeHO-
TUITY € TIOAIOHMMU HEe3aJIeKHO BiJl TEPUTOPil TTPOKU-
BaHHsA. JIBoakTOpHMIT aHaji3 Bapiallii MiATBEPAUB
BiICYTHICTh CTATUCTUYHO 3HAUYILIOTO BIUIUBY (pakTOpa
«pamioakTUBHe cepenmoBuie» (p = 0,62) Ta iioro
B3aemoii 3 reHoTunoM (p = 0,47).

OTXxe, MPOXMBAHHS Ha PadiOaKTUBHO 3a0pYyIHEHUX
TEPUTOPISIX HE aCOLIIOETHCS 31 3MiHAMU PIiBHS OCO-
OMCTICHOI TPUBOXHOCTI y JiTeii. BusiBieHuit po3nomain
CBiIUUTH, IO TE€HETUYHO 3YMOBJIEHI BiIMiHHOCTI y
YYTJIMBOCTI 10 CTPECY MPOSIBISIOTHCS HE3aJIeXHO Bil
daxTty nmepedyBaHHs Y 30Hi palioaKTUBHOTO BILIMBY.

Hnst ouinku BHecky reHotuny 5S-HTTLPR vy iiMo-
BipHIiCTh ITiABUIIEHOI TPUBOXHOCTI OKpeMO IIpoa-
HaJli30BaHO YacTKy AiTeil 3 BUcokuM piBHeM STAI-OT
(> 75-1 NepuUeHTWIb) Y Pi3HUX TE€HOTUITHUX Tpyrax,
10 BigoOpaXkeHO Ha PUCYHKY 4.

3 pucyHka 4 BUIHO, 1110 TMOBIpHiCTh BUCOKOTO PiBHS
tpuBoxkHocTi (STAI-OT > 75-i nepueHTUIb) CYyTTEBO
BinpizHsaacs Mixk reHoTunHUMM rpynamMu S-HTTLPR.
¥ HociiB L/L 1ieit noka3HuK OyB HAallHMKIMM, Y HOCIiB
L/S 3aiimMaB npoMixHe MOJIOKEHHSI, TOAi SIK Y HOCIiB
S/S mepeBullyBaB IOJOBUHY BUOiIpKU. BimmiHHOCTI
MiX rpynamu miaTBepikeHi y2-rectom (p < 0,001).

TakuM YMHOM, pe3yJbTaTu CBig4aTh IPO J10303a/1eXK-
HUlt epekT S-ajens: BiACYTHICTh ajiesisd acolliloBaiacs
3 MiHIMaJJbHUM PU3MKOM BUCOKOI TPUBOXHOCTI, TOIi
SIK HasIBHICTb OJHOro abo ABOX S-ajesiB MOCTYIIOBO
nigBUILlyBajla MMOBIPHICTh BUPaAXKEHUX TPUBOXHUX
MPOSIBIB Y AiTel Ta MiTiTKiB

1 TepeBipKy TiMoTe3u Mpo B3aEMOIiI0 T€HOTUITY
5-HTTLPR Ta piBHS cepeaoBUILIHOTO cTpecy y (op-
MyBaHHI OCOOMCTICHOI TPMBOXHOCTI MOOYIOBaHO
bararoakToOpHY JIiHiiiHY perpecito. 3aJexXHO0 3MiH-

0.8

Yactka / Proportion
o o
S D

o
N

0.0

LL LS S/S
leHotun 5-HTTLPR / 5-HTTLPR genotype

intervals

As can be seen from the figure, the mean values in
the subgroups do not show systematic differences:
fluctuations in anxiety levels within the same geno-
type are similar regardless of the area of residence.
A two-factor analysis of variance confirmed the
absence of a statistically significant effect of the
«radioactive environment» factor (p = 0.62) and its
interaction with the genotype (p = 0.47).

Therefore, living in radioactively contaminated
areas is not associated with changes in the level of trait
anxiety in children. The distribution found indicates
that genetically determined differences in sensitivity
to stress manifest themselves regardless of whether the
individual is in a zone of radioactive exposure.

To assess the contribution of the 5-HTTLPR
genotype to the likelihood of increased anxiety, the
proportion of children with high STAI-T levels (> 75"
percentile) in different genotype groups was ana-
lysed separately, as shown in Figure 4.

Figure 4 shows that the probability of high anxiety
(STAI-T > 75" percentile) differed significantly
between S-HTTLPR genotype groups. In L/L carri-
ers, this indicator was the lowest, in L/S carriers it
was intermediate, while in S/S carriers it exceeded
half of the sample. The differences between the
groups were confirmed by the 2 test (p < 0.001).

Thus, the results indicate a dose-dependent effect
of the S allele: the absence of the allele was associat-
ed with a minimal risk of high anxiety, while the
presence of one or two S alleles gradually increased
the likelihood of pronounced anxiety symptoms in
children and adolescents.

To test the hypothesis about the interaction
between the S-HTTLPR genotype and the level of
environmental stress in the formation of trait anxi-
ety, a multivariate linear regression was constructed.

PucyHoK 4. Yactka piteit i3 BMCOKMM piBHEM TPMBOXHOCTI
(STAI-OT > 75-# nepueHTunb) 3a reHotunom 5-HTTLPR 3 95 % po-
BipunMmu iHTepBanamm

Figure 4. Proportion of children with high anxiety (STAI-Trait >
75™ percentile) by 5-HTTLPR genotype with 95 % confidence
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Hoto 0yB noka3HuK STAI-OT. HezanexHi 3MiHHI BKJTIO-
yaiu KateropiajbHy 3MiHHY Genotype (6a3oBuil pi-
BeHb — L/L), cranmapTu3oBaHUII JAaTEHTHUI iHIEKC
ctpecy (LatentStress z), uneH B3aemopii Genotype x
LatentStress_z, a TakoxX KoBapiaTW: BiK (z-OlliHKa),
CTaTh Ta PETioH IPOXUBaHHS. Moaenb MPOAESMOHCTPY-
BaJla BUCOKUII piBeHb MmosicHeHHs Bapiamii (R? = 0,709;
ckopurl. R? =0,697) i Oy/a CTaTUCTUYHO 3HAYYIIOO 3a-
raqtom (F(9,221) = 59,8; p < 0,001). Tectu Iarmi-
po—Binka (W = 0,990; p = 0,12) ta bpoiima—Ilarana
(2 = 9,28; p = 0,41) He BUSIBWIN BiIXWIEHb BiIl HOP-
MAaJIbHOCTI 3aJIMIIKIiB 1 T'OMOCKEIACTUYHOCTI; BCi KO-
edilieHTn nepeBipsuIucs 3 BUKOPUCTAHHAM pPOOAaCTHUX
craHgapTHUX noxuook. KoediuieHTn HaBeneHi y Taod-
Ji 1.

IIpu cepennvomy piBHi cTpecy (LatentStress z = 0)
Hocii reHoTHITy L/S Manu B cepeqHbomy Ha 3,3 Gaja BU-
it pisenb STAI-OT (p = 0,001), a Hocii S/S — Ha 6,6
bana (p < 0,001) mopiBHsAHO 3 Tpynor L/L. Takum uu-
HOM, BXE 3a YMOB CEPEeIHbOTO CTPECY IiTH 3 Xoua O o1-
HUM S-ajieJleM IeMOHCTPYBAIM ITiABUILIEHY Oa30BY TpH-
BOXHICTb.

IMo3utnBHI Koe(dillieHTH B3a€EMOIil BKa3ylOTbh, IO
yyTauBicTb STAI-OT 10 3pocTaHHS JaTEHTHOI'O CTPeCy
Oysa BuIOIO y HOCiiB S-anens. Y rpymi L/L nmigBuiieH-
Hs LatentStress_z Ha OAHY CTaHAAPTHY OAWHUIIIO CYII-
poBomxkyBanocs 3poctaHnHIM STAI-OT na 4,53 6ana
(95 % 11: 3,04—6,02; p < 0,001). ¥ rpyni L/S anainoriu-
HUi pupict ctaHoBuB 7,02 6ana (95 % JI: 5,70—8,35;
2<0,001),aBrpymi S/S — 7,09 6ama (95 % AI: 5,70—8,49;

Ta6nauusa 1
KoediyieHTn 6aratoakropHoi mogeni G x E

Table 1
Coefficients of the multivariate G x E model

The dependent variable was the STAI-T score. The
independent variables included the categorical
variable Genotype (baseline level — L/L), the stan-
dardised latent stress index (LatentStress z), the
interaction term Genotype x LatentStress_z, as well
as covariates: age (z-score), gender, and region of
residence. The model showed a high level of varia-
tion explanation (R? = 0.709; adj. R* = 0.697) and
was statistically significant overall (F(9,221) = 59.8;
2 <0.001). The Shapiro—Wilk (W =0.990; p = 0.12)
and Breusch—Pagan (y? = 9.28; p = 0.41) tests did
not reveal any deviations from normality of resid-
uals and homoscedasticity; all coefficients were
tested using robust standard errors. The coeffi-
cients are shown in Table 1.

At an average stress level (LatentStress z = 0),
carriers of the L/S genotype had an average STAI-T
score 3.3 points higher (p = 0.001), and carriers of
the S/S genotype had a score 6.6 points higher
(p <0.001) compared to the L/L group. Thus, even
under conditions of average stress, children with at
least one S allele showed increased baseline anxiety.

Positive interaction coefficients indicate that
STAI-T sensitivity to latent stress increase was high-
erin S allele carriers. In the L/L group, an increase in
LatentStress z by one standard unit was accompa-
nied by an increase in STAI-T by 4.53 points (95 %
CI: 3.04—6.02; p < 0.001). In the L/S group, the
corresponding increase was 7.02 points (95 % CI:
5.70—8.35; p < 0.001), and in the S/S group, it was

95 % [l (hnxHsa) 95 % [l (sepxHs)

MapameTtp / Term B/ Coef. SE/Std.Err. t p 95 % CI (lower) 95 % CI (upper)

Intercept 44,021 1,110 39,668 < 0,001 41,83 46,208

Genotype L/S vs L/L 3,271 0,944 3,466 0,001 1,412 5132

Genotype S/S vs L/L 6,585 1,193 5,522 < 0,001 4,235 8,936

LatentStress _z 4,526 0,824 5,494 < 0,001 2,903 6,151

L/S x LatentStress_z 2,498 0,980 2,548 0,012 0,566 4,430

S/S x LatentStress_z 2,566 1,075 2,387 0,018 0,447 4,685

Bik z / Age z 1,088 0,397 2,741 0,007 0,306 1,871

Crarb (xnonuj vs aigyata) / Sex (male vs female) -2,860 0,836 -3,421 0,001 -4,508 -1,213

Perion 1 / Region 1 0,076 1,143 0,067 0,947 2,177 2,329
(Kutommpcbka / PiBHEHCHKa)
(Zhytomyrska vs. Rivnenska)

PerioH 2 / Region 2 -0,759 1,019 -0,746 0,457 -2,767 1,248

(KviiBcbka / PiBHEHCbKa)
(Kyivska vs. Rivnenska)
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Ta6nauuysa 2
MpocTi Haxunu edheKTy CTpecy 3a reHOTUNAMM

Table 2
Simple slopes of stress effects by genotype

Haxun / Slope  SE / Std.Err. 95 % [l (hnxusa) 95 % [l (BepxHs)
FeHo Genotype
HoTun / Genotyp (B.E|g) p 95 % Cl (lower) 95 % CI (upper)
S/S (0) 9,134 0,5925 15,3812 < 0,001 7,9459 10,2809
S/L(1) 7,0102 0,3829 18,3095 < 0,001 6,2558 7,7647
L/L(2) 4,9071 0,5945 8,254 < 0,001 3,7357 6,0786

p <0,001). OTxe, MPUCYTHICTH X0ua O OOHOTO S-anesns
MOABOIOBAJa YYyTJIMUBICTh 10 cTpecy. [TpocTi Haxuin Ha-
BeJeHo y Tabnui 2.

JI1s1 HAOUHOCTI Ha PUCYHKY 5 ITOKa3aHO IIPOTHO3HI
ninii STAI-OT 3anexHo Bin LatentStress z y Tpbox re-
HOTUIHUX rpynax. Haxuau JiHiil AeMOHCTPYIOTh, 1110 Y
niteir 3 reHotunom S/S Ta L/S TpuBOXHICTH 30i/b-
LIYETHCS BABIYI IIBUALLIE 3 IiABUILIEHHSIM CTPECY, HiX Y
HociiB L/L.

OTtxe, Ipy HU3bKOMY piBHi cTpecy (LatentStress z=-1)
nporHo3Hi 3HaueHHs1 STAI-OT cranoBuau 39,49 Gana
st rpynu L/L, 40,27 6ana st L/S ta 43,51 6ana mist
S/S. 3a cepegnworo ctpecy (0 z) 1i 3HauYeHHS OyIu
BimmosigHo 44,02, 47,291 50,61 6ana; 3a BUCOKOIO CTpe-
cy (+1 z) — 48,55, 54,32 i 57,70 6ana. TakuM YMHOM,
Pi3HMLST MiX FeHOTUIIaMU 301/IbLIYETHCS 31 3pOCTaAHHSIM
CTpECY.

3naueHHs1 VIF mis Bcix mpeauKTopiB Oy MEHIIUMU
3a 4,5, 1110 BUKJIIOYA€E MYJIbTUKOJiHeapHicTh. I[lepeBipka

7.09 points (95 % CI: 5.70—8.49; p < 0.001). Thus,
the presence of at least one S allele doubled sensitiv-
ity to stress. Simple slopes are shown in Table 2.

For clarity, Figure 5 shows the STAI-T predic-
tion lines depending on LatentStress z in three
genotype groups. The slopes of the lines show that
in children with the S/S and L/S genotypes, anxi-
ety increases twice as fast with increasing stress
than in L/L carriers.

Thus, at low stress levels (LatentStress z = -1),
the STAI-T predictive values were 39.49 points for
the L/L group, 40.27 points for L/S, and 43.51
points for S/S. At medium stress (0 z), these values
were 44.02, 47.29, and 50.61 points, respectively;
at high stress (+1 z), they were 48.55, 54.32, and
57.70 points. Thus, the difference between geno-
types increases with increasing stress.

The VIF values for all predictors were less than
4.5, which excludes multicollinearity. Checking

fenotun (aputusHo) / Genotype (additive)
551 —e—5/5(0)

STAI-OT / STAI-T

*************************************************

R R L s

06 04 02 00

JlaTteHTHUMM cTpec (z) / Latent stress (z)

02 04 06 08

PucyHok 5. MporHo3Hi ninii STAI-OT 3a piBHAMYW reHoTMNy, 3 ypaxyBaHHAM iHTepakuii G x E

Figure 5. Predicted STAI-T by genotype, taking into account the G x E interaction
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BIUIMBOBHUX criocTepexXeHb 3a KpurepieM Cook’s distan-
ce (moporoBe 3HaueHHs 4/n = 0,017) BusgBmia 10 1mo-
TeHLIHO BIJIMBOBUX CIOCTEPEXEHD, OJHAK IX YCYHEH-
HS1 HE 3MiHIOBAJIO SIKiCHUX BUCHOBKIB.

OTpuMaHi pe3yJbTaTd BKa3yloThb, 10 T€HETUYHUIA
BapianT 5-HTTLPR 3HauHO MOayJl0€ BIUIMB cepeao-
BUILIHOTO CTpECy Ha OCOOUCTICHY TPUBOXKHICThb: HOCI1
S-anens IeMOHCTPYIOTh BUILY 0a30BYy TPUBOXKHICTH Ta
OiTBII BUpa3Hillly peakililo Ha 30iablIeHHsT cTpecy. Lle
CBiIYUTH PO BaKJIMBICTb ypaXyBaHHS TeHETUYHOI Bpa3-
JIMBOCTiI MpU po3poOLi mporpam IiATPUMKM OiTEH, sKi
MPOXNBAIOTh Y 30HaX 00MOBMX Ailt Ta MiA pamialliiHUM
KOHTPOJIEM.

OBI'OBOPEHHAA

Hamre gociimkeHHsT mokasaljio, IO BapiaHT IOJIiMOP-
(izmy 5S-HTTLPR € BaxXnuBUM MpeauKTOPOM TPUBOXK-
HOCTI Yy IiTel, SKi XKUBYTh B yMOBax BilitHU. Hocii KopoT-
Koro ajens S (reHoTurl S/S) Majau HaliBUILI PiBHi SIK pe-
aKTMBHOI, TaK i ocoOucTticHOi TpuBoxXHOCTI. Lleit pe-
3YJIbTAT Y3TOMKYEThHCS 3 TTOMEPEIHIMI TOCITIIKEHHSIMU,
SKi TTOKa3aiu, 1110 S-ajieJib AaCOLI0ETHCS 3 MiABUILEHOIO
eMOLIIHOI0 PeaKTUBHICTIO Ta OiJIbIIUM PU3UKOM JIEIIpe-
CUBHUX i TPMBOXXHMX PO3J1aJiB 32 YMOB cTpecy [14]. Me-
Ta JIOCHiIXEHHS, sIKe IpoaHaslidyBajo IMOHAId TUCSIYY
po0iT, miinuio BUCHOBKY, 1110 BriuB S-HTTLPR Ha pu-
3UK JeNpecii MPOosIBISIETHCS JIUILIE 32 XPOHIYHOI'O CTPECY,
MpUYOMy HOCIi S-ajens OiblI Bpa3iauBi A0 MCUXIYHUX
nopyuieHsb [11]. ¥V Hawiit BUOipLi, 110 nepexuia KoM-
OiHOBaHMIA TArap BOEHHUX i pamgialliiHUX YMHHUKIB, i
TeHEeHLII MiATBepANINUCS.

BoeHHi cTpecopu BUSBUINCS CUIBHUMU He3aesKHU-
MU TIpeIuKTOpaMu TpUBOXHOCTI. JliTh, sgKi cTaau
BHYTPIiLIHBO MEepeMillleHUMU 0CO0aMU, Main OibII HixX
Y YOTHUPHU pa3u BUILI IIAHCU HA BUCOKUI piBEHb TPU-
BOXXHOCTiI MOPIiBHSIHO 3 TUMM, XTO HE 3MiHIOBaB MicClIsl
npoxuBaHH. Lle Kopesoe 3 TaHMMKU CKPUHIHTY, OTPH-
MaHuMU B YKpaiHi y 2022—2023 pp., e ToHa MOJOBU-
Ha BITO-migniTkiB maau o3naku [1TCP, a maitke TpeTn-
Ha — TPUBOXHOCTI Ta genpecii [2, 22]. Takox Haiii pe-
3yJILTaTU CBiAYaTh, 110 AiTH BilicbKOBOCTYK00BLiB 3CY
MaloTh MiABUILEHUI piBeHb TPUBOXHOCTI. BimcyTHiCTb
Oarbka abo TpuBajie mepedyBaHHsSI OMHOTO 3 0aTbKiB Ha
¢poHTI MOXe MPU3BOAWUTU OO HEBMU3HAYEHOCTI Ta
MOCTIMHOTO MepesKUBaHHS 3a 3I0POB’S 0JIM3bKO1 JTIOAU-
HU. IToaioHi BUCHOBKM oTpuMaiu gociaigHuku y CIIIA,
BUSIBUBIIM, 110 iHTEHCUBHICTb OOMOBUX CTpPECOpiB Yy
ciM’ax BilicbkkoBHUX Kopenoe 3 cumrnromamu [ITCP Ta
nenpecii y miteit [20].

IlikaBo, mo dakT MpoxXuWBaHHS y 30HI padialiiiHOro
KOHTpPOJIIO caM 110 co0i He OYB CTAaTUCTUYHO 3HAYYILIUM

(1) 390

influential observations using Cook’s distance cri-
terion (threshold value 4/n = 0.017) revealed 10 po-
tentially influential observations; however, their
removal did not change the qualitative conclusions.

The results indicate that the 5S-HTTLPR genetic
variant significantly modulates the effect of envi-
ronmental stress on trait anxiety: carriers of the S
allele show higher baseline anxiety and a more
pronounced response to increased stress. This
highlights the importance of considering genetic
vulnerability when developing support program-
mes for children living in war zones and under
radiation control.

DISCUSSION
Our study showed that the 5S-HTTLPR polymor-
phism variant is an important predictor of anxiety
in children living in war conditions. Carriers of the
short S allele (S/S genotype) had the highest levels
of both state and trait anxiety. This result is consis-
tent with previous studies showing that the S allele
is associated with increased emotional reactivity
and a higher risk of depressive and anxiety disor-
ders under stressful conditions [14]. A meta-study
that analysed more than a thousand papers con-
cluded that the influence of 5-HTTLPR on the risk
of depression manifests itself only under chronic
stress, with carriers of the S allele being more vul-
nerable to mental disorders [11]. These trends were
confirmed in our sample, which had experienced
the combined burden of war and radiation factors.
War stressors proved to be strong independent
predictors of anxiety. Children who became inter-
nally displaced persons were more than four times
more likely to have high levels of anxiety than those
who did not change their place of residence. This
correlates with data obtained in Ukraine in
2022—2023, where more than half of IDP adoles-
cents screened positive for PTSD, and almost a
third — for anxiety and depression [2, 22]. Our
results also show that children of Ukrainian Armed
Forces servicemen have elevated levels of anxiety.
The absence of a father or the prolonged stay of one
of the parents at the front can lead to uncertainty
and constant worry about the health of a loved one.
Similar conclusions were reached by researchers in
the United States, who found that the intensity of
combat stressors in military families correlates with
symptoms of PTSD and depression in children [20].
Interestingly, the fact of living in a radiation con-
trol zone was not in itself a statistically significant
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(hakTOpoM minBuUIIEHOT TPUBOXHOCTI. Lle Moxe mosic-
HIOBaTUCS $SIK aJanTalli€lo HaceJeHHS N0 XPOHIYHUX
HU3BKUX 03 OMPOMIHEHHS, TaK i afeKBaTHOIO iH(Op-
MallifiHOIO MiATPUMKOIO B cydacHUX yMoBax. OmHaxk
JliTepatypa MiaKpecioe, 10 MCUXiYHI HACTIAKU saep-
HHUX KaTacTpod MPOSIBISIOTHCS Yepe3 KOMILIEKC COLli-
aJIbHUX Ta €KOHOMIYHMX UYMHHUKIB. JloChiaxKeHHs,
npoBeaeHi yepe3 35 pokiB micast YopHoOMIbCHKOI KaTa-
cTpodu, MoKa3aay BUCOKY MOIIMPEHICTh AeMpecii, TpU-
BOXXHMX PO3J1aJliB Ta KOTHITUBHUX MOPYILUEHb Y JIiKBiga-
TOPIB 1 JKUTENIB TTOCTpaXKIaanx Tepurtopiii [34]. BomHo-
yac oI TCUXoJoriyHuX HacaigkiB aBapii Ha YAEC
MiIKPEeCAUB, IO HaWOUTBIIMM BIUIUBOM CTajla came
MCUXiYHA TpaBMa, Ky MiACUJIIOBAJIM CTUIMaTU3allisl Ta
HEBU3HAUYEHICTb 11010 padialiiHuX pu3uKiB [15].

Hami paHi 1ipo BiICYTHICTb CYTTEBOI Pi3HUILI Y piBHI
TPUBOKHOCTI MK XKUTEJIIMU 3a0pyTHEHUX i YMCTUX Te-
pUTOpiii, MOXJIMBO, MEBHOI Mipol0 BigoOpaxaloThb
e(eKTUBHICTb IIporpaM iH(MOpPMyBaHHSI Ta IMiATPUMKMU,
SIKi peani3yroTbesl ocTaHHIiMU pokamu. IlonidoHo 10 Ha-
IIMX pe3yJbTatiB, y fAnoHii micns aBapii Ha AEC ®y-
Kycima-1 TexX He BUSIBJIEHO MPSIMOTO 3B’SI3KY MiX 103010
OINPOMIiHEHHS Ta TICUXOJOTIYHUMU MpodieMaMU JiTel;
HATOMICTh, BUCOKi ITOKA3HUKM €MOLIITHO-IIOBEIiHKO-
BUX npo6ieM (22 % y monoamux i 16 % y ctapiimx Kko-
JIgpiB) Oyau MOB’s13aHi 31 CITOCOOOM KUTTS — BilACYT-
HicTIO (Di3MYHOI aKTUBHOCTI, KOPOTKMM CHOM, TTOTaHM-
MU B3aeMuUHaMu 3 poBecHukamu [35]. IT’atupiune
CIOCTEPEXKEHHS 3a CiM’'SIMU Y HU3bKOKOHTaMiHOBaHMUX
paitonax DykyciMM MoOKa3ajo, IO XOo4a CHUMIITOMU
IITCP Ta menpecii 3MeHIIIYIOTECS 3 YaCOM, BOHU 3aJIH-
1L1aI0ThCSl BUILIUMM TTOPiBHSIHO 3 KOHTPOJIbBHMMM 30Ha-
MU, OCOOJIMBO Y MaTepiB, sIKi MepexKIn eBakyailito [21].
ToMy BaxxJIMBO po3misigaTy HE TiAbKU (Di3UYHY €KCIO-
3UIIiI0, a ¥ IIMPOKUIA CIIEKTP COLiaIbHNX (DaKTOPIB.

KpiM BoeHHUX i TeHETUYHUX YMHHUKIB, Ha TCUXiY-
HUI cTaH AiTeil BIUIMBAIOTh MOOiIUYHI (DaKTOpHU: SIKICTb
CHY, JIENPECUBHI CUMIITOMM, BiIUyTTsSd camMoe(eKTUB-
HOCTIi Ta coljiajJibHa MiATpuUMKa. Y Haluiii BuOipLi ce-
penHiii 6an 3a iHgmekcoM skocti cHy (PSQI) ctanoBuB
8,6 Gasa, 110 MEPEBUILYE PEKOMEHAOBAHUI MOPIr AJIst
niteit. BinoMo, 1110 moraHa sIKiCTb CHY MOXe MiACUJIIO-
BaTu TPUBOXKHICTb. I1o310BXHI mocmigkeHHs y Dy-
KyciMi BMSIBUIM, 1110 HEIOCTaTHili COH i BiICYTHIiCTb
(hismyHUX BIpaB MOB’S3aHi 3 BUIIMM PU3UKOM EMO-
LwiitHux i moBeniHKoBuX mpo6iem [36]. Kpim Toro, y
HalllaaKiB JlikBigaTopiB HopHOOWMIIS, sIKi TAKOX 3pOCcTa-
JI B YMOBaX MOCTIHOTO CiMEIHOTO IUCTpecy, Bin3Ha-
Ya€eThCs MiABUIIIEHUI PiBEHb AETIPECii Ta CYIIUAATBHUX
TyMOK [37], 1110 Y3roaXy€e€ThCs 3 HALLIMMU JAHUMM PO
MiABUILEHWI cepenHiit 6an 3a PHQ-9.

factor in increased anxiety. This can be explained
both by the population’s adaptation to chronic low
doses of radiation and by adequate information sup-
port in modern conditions. However, the literature
emphasises that the psychological consequences of
nuclear disasters manifest themselves through a
complex set of social and economic factors. Studies
conducted 35 years after the Chornobyl disaster
showed a high prevalence of depression, anxiety dis-
orders and cognitive impairments among liquida-
tors and residents of the affected areas [34]. At the
same time, a review of the psychological conse-
quences of the Chornobyl accident emphasised that
the greatest impact was psychological trauma,
which was exacerbated by stigmatisation and uncer-
tainty about radiation risks [15].

Our data on the absence of a significant difference
in anxiety levels between residents of contaminated
and clean areas may reflect the effectiveness of infor-
mation and support programmes implemented in
recent years. Similar to our results, in Japan, after
the Fukushima accident, no direct link was found
between radiation exposure and psychological prob-
lems in children; Instead, high rates of emotional
and behavioural problems (22 % in younger and 16 %
in older schoolchildren) were associated with
lifestyle factors such as lack of physical activity, short
sleep duration, and poor peer relationships [35].
A five-year follow-up of families in low-contamina-
tion areas of Fukushima showed that although symp-
toms of PTSD and depression decrease over time,
they remain higher than in control areas, especially
among mothers who experienced evacuation [21].
It is therefore important to consider not only physi-
cal exposure but also a wide range of social factors.

In addition to military and genetic factors, second-
ary factors such as sleep quality, depressive symp-
toms, feelings of self-efficacy, and social support also
influence children’s mental health. In our sample,
the average score on the Sleep Quality Index (PSQI)
was 8.6 points, which exceeds the recommended
threshold for children. It is known that poor sleep
quality can increase anxiety. Longitudinal studies in
Fukushima have found that insufficient sleep and
lack of physical activity are associated with a higher
risk of emotional and behavioural problems [36].
In addition, the descendants of Chornobyl liquida-
tors, who also grew up in conditions of constant
family distress, show increased levels of depression
and suicidal thoughts [37], which is consistent with
our data on the increased average PHQ-9 score.
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Hamri pesynsraté miaATBepIKyOTh, 110 MOJIiMOPdizM
5-HTTLPR B3aemojie 3i ctpecoBUMM (haKTOpamMU cepe-
JIOBUIlAa, BHW3HAyalwuUM piBeHb TPUBOXHOCTI Ta
KOTHITUBHO-EMOILiiHOI Bpa3iaMBOCTI mimJiTKiB [38].
IToniOHi 3aKOHOMIpHOCTI ONMUCaHi ¥ y IHIIUX TIOIY-
JISILIAHMX BUOipKax: JOBFOTPUBAJi CIIOCTEPEKEHHS MO-
KazaJju, 1110 TeHeTUYHO AeTepMiHOBaHA YyTJIUBICTb IPO-
SIBJISIETHCS JIMILIE 32 HASIBHOCTI CTPECOBUX MOil, TOAI IK
3a BiJICYTHOCTI CTpeCy pi3HUII MiX T€HOTUIIaMU Maiixke
He (ikcyeTbes [14]. Y KOHTEKCTi TpaBMAaTUYHUX BILIM-
BiB OiNBIIICTH pOOIT BKa3dye Ha S-ajielib K Ha (akTop
MiIBUILIEHOIO PU3MKY PO3BUTKY TPUBOXHUX i TOCTTPaB-
MaTUYHUX CUMIITOMIB [39], a TaKOX KOTHITUBHUX ITOPY-
1IeHb y aiteil Ta migniTkiB [40]. OTpuMaHi HaMu pe3yJib-
TaTU y3roIXKYyIOThCS 3 MixKHAPOJIHUMU JAHUMM, MiATBeE-
pmxyoun kmwoudoBy posb 5S-HTTLPR y dopmyBanHi
TMICUXOEMOLIITHOI Bpa3JIMBOCTI IMiJ Ai€l0 XPOHIYHUX Ta
eKCTpeMaJIbHUX CTPECOPIB.

TakuM yMHOM, Hallla poOOTa 111e pa3 HiAKPeCII0E BaxkK-
JIUBICTh MOJAEJi «IeH X CepeloBMIIE» Y PO3YMiHHI
BapiabeIbHOCTI MCUXIYHUX HACIKiB CTPECY B MiTITKO-
BOMY Billi Ta HEOOXiAHICTh iIHTErPOBAHOIO aHai3y reHe-
TUYHUX i cepeTOBUIITHUX (PAKTOPIiB MPU ITPOTHO3YBAHHI
PU3UKY TPUBOXHMX PO3IAIiB.

Haie gocnimkeHHsT Mae HU3KY oOMexeHb. [To?mep-
11e, Au3aiiH OyB MOMNEPEUHUM, 1110 0OMEXKYE MOXKJIUBICTh
poONTH TIPUYMHHO?HACTIIKOBI BUCHOBKHU. [lo-mpyre,
JaHi TPYHTYBaJuCsl Ha CaMOOIIIHIOBaHHi, IO MOXKe
COPUYUHSITH YMNEPEIKEeHICTh 4Yepe3 colliadbHy Oa-
KaHicTb a0o cturMmy. ITo-TpeTe, BUbipKa BKIOUaia Ju-
e Tpu o0JiacTi YKpaiHu, TOMY pe3yJbraTh He MOXHa
aBTOMATUYHO y3arajbHIOBaTH Ha Bcio KpaiHy. [To?yer-
BepTe, MU OLIiHIOBAJIM BOEHHI CTpecopu 6e3 ypaxyBaHHS
TakuxX (pakTopiB, SIK iHTEHCUBHICTb OOMOBUX Hilf y
perioHi, BTpaTy B POAMHI UM yac nepedyBaHHSI B €BaKy-
alii. AHajoTiyHO, pafialliiHUMIi YMHHUK BUMIipIOBaJIN
Juiie (GakToM MPOXWBAaHHS Y KOHTPOJBHIN 30Hi, 6e3
OLIiHKM iHAMBIiAYyaJbHUX 103 a00 Yacy MpOKUBaHHSI.

Hes3Baxaroun Ha 3a3HauyeHi OOMEXEHHsI, pe3yJibraTu
MiAKPECTIOITh HEOOXiAHICTh iIHTErPOBAHOI MCUXOJIOTIU-
HOI IOTTIOMOTHU AiTsIM Y BOEHHUI 4yac. Oco0auBoOi yBaru
NOTPeOYIOTh BHYTPILIHBO MepeMilleHi OiTh Ta AiTH
BilICbKOBOCJTY>K0O0B1IiB, OCKiJIbKI B HUX CIIOCTEPITa€ThCs
HaMBUIIMI piBeHb TPUBOXHOCTI. Po3poOieHHs mpor-
paM TICUXOJIOTIYHOI MiATPUMKM, TCHUXOeayKallil st
0aThKiB Ta PEryasspHOro MOHITOPUHIY MCUXiYHOTO CTaHY
€ KJIIOYOBUM JJid 3amo0iraHHsi OOBrOCTPOKOBUM
HacligkaMm. BpaxoByiounm posb TeHeTMYHUX (PaKTOpiB,
MOXHa PO3TJASHYTH MOXXJIMBOCTI TMepCcCOHaTi30BaHUX
MigXodiB, Xxoua €TUYHI I MpakKTU4Hi acreKTU reHeTU4-
HOI0 TeCTyBaHHS y AiTelt mOTpeOyIoTh 00ePEKHOCTI.

Our results confirm that 5S-HTTLPR polymor-
phism interacts with environmental stressors to
determine the level of anxiety and cognitive-emo-
tional vulnerability in adolescents [38]. Similar
patterns have been described in other population
samples: long-term observations have shown that
genetically determined sensitivity manifests itself
only in the presence of stressful events, while in the
absence of stress, there is almost no difference
between genotypes [14]. In the context of traumat-
ic influences, most studies point to the S-allele as a
factor of increased risk for the development of anx-
iety and post-traumatic symptoms [39], as well as
cognitive impairments in children and adolescents
[40]. Our results are consistent with international
data, confirming the key role of 5-HTTLPR in the
formation of psycho-emotional vulnerability under
the influence of chronic and extreme stressors.

Thus, our work once again emphasises the
importance of the «gene x environment» model in
understanding the variability of the psychological
consequences of stress in adolescence and the
need for an integrated analysis of genetic and envi-
ronmental factors in predicting the risk of anxiety
disorders.

Our study has a number of limitations. First, the
design was cross-sectional, which limits the ability
to draw causal conclusions. Second, the data were
based on self-assessment, which may cause bias
due to social desirability or stigma. Third, the sam-
ple included only three regions of Ukraine, so the
results cannot be automatically generalised to the
entire country. Fourth, we assessed war stressors
without taking into account factors such as the
intensity of hostilities in the region, family losses,
or time spent in evacuation. Similarly, the radia-
tion factor was measured only by the fact of living
in the control zone, without assessing individual
doses or length of residence.

Despite these limitations, the results underscore
the need for integrated psychological support for
children in wartime. Internally displaced children
and children of military personnel require particu-
lar attention, as they exhibit the highest levels of
anxiety. The development of psychological support
programmes, psychoeducation for parents and
regular monitoring of mental health are key to pre-
venting long-term consequences. Given the role of
genetic factors, trait ized approaches may be con-
sidered, although the ethical and practical aspects
of genetic testing in children require caution.
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BUCHOBKU

1. B yMoBax moBHoMacIITabHoOI BiliHM B YKpaiHi cy-
KyIIHUI BIUIMB CTPYKTYPHUX BOEHHUX CTPeCOpiB (Ta-
KMX SIK BUMYIIEHE TIepeMillleHHs, TepeOyBaHHS il
OKYITalli€lo a00 HaJeXHICTh A0 CiM’1 BiHCHKOBOCITYX-
0OBIIs) Ta MOCTiHOI eKCIO3Ullii 3arpo3u (4acTi MOBiT-
pPSIHI TPUBOTU) ACOLIIOETHCS 3 AOCTOBIPHUM ITiBU-
IIEHHSIM PiBHS OCOOMCTICHOI TPUMBOXHOCTI y AiTei Ta
MiITITKIB.

2. BusiBneHoO 3Hauylly B3a€EMOJil0 «T€H X CepeloBU-
me»: moaiMopdizm 5S-HTTLPR rena ceporoHiHOBOTO
TpaHcnopTepa Moau(iKye peakliilo Ha cTpec — HOCii
KOpOTKOTO (S) ajieyisi MaloTh BUIILY OCOOUCTICHY TpU-
BOXHICTb Ta Maii>ke BABiUi OUIBILINI IPUPICT TPUBOXK-
HOCTi pU 3pOCTaHHI CTPECOBOTO HABAHTAXKEHHSI MO-
PiBHSIHO 3 IiThbMM 3 reHoTUIoM L/L.

3. ITpoxxuBaHHS Ha padialliifHO 3a0pyaHEHI TepuTo-
pii He MoKa3ajao CaMOCTifHOrO BIUIMBY Ha PiBeHb TPU-
BOKHOCTI Ha (POHI MOTY>XKHUX BOEHHUX CTPECOPIB.

4. OTpuMaHi pe3yabTaTU MiATBEPIXKYIOTh KIIOUOBY
pOJIb TEHETUYHOI BPa3IMBOCTi Y (hOpMyBaHHI MICUXOE-
MOLIIAHOTO CTaHy [iTeit 32 yMOB XPOHIYHOTO BOEHHO-
ro cTpecy Ta IiIKpecoTh HEOOXiAHICTh KOMILIEKC-
HOTO BpaxyBaHHS CEPENOBUIIHUX i TEHETUYHUX YMH-
HUKIB IIPY OLiHII PU3NKY TPUBOXHUX pO37aiB, a Ta-
KOX IUIaHYBaHHI NMPEeBEHTHMBHUX i KOPEKILIiMHMUX 3a-
XOmiB. 3 MPaKTUYHOI TOYKHU 30Dy, AOLIIBHUM € HaJaH-
HsI TIPiOPUTETHOI MICUXOJIOTIUHOI JOMTOMOTY HANOIIbIIT
ypa3aIuBUM KaTeropisiM — MepenyciM BHYTPILIHBO Me-
peMillleHUM AiTSIM Ta AiTSIM BiliCbKOBOCTY>KOOBLIiB, SIKi
JIEMOHCTPYIOTh HaliBUILIi PiBHI TPUBOXKHOCTI.

diHaHcyBaHHA AOCNIAKEHHS

Ile mocnigxeHHs ¢ginaHcyBanocsa HalioHanbHOIO aka-
JeMi€l0 MeIMUYHUX HayK YKpaiHU B MexXaX OIoIKeTHO-
ro (iHaHcyBaHHSI (yHAAMEHTaJbHUX IOCIiIXEHb
HepxaBHO1 ycTaHOBU <«HallioHanbHUII HayKOBMIA
LEHTp padialliiiHOI MEAULIMHU, TeMaTOoJIOril Ta OHKO-
Jorii HamioHanbHOI akageMii MeIUUYHMX HayK YKpa-
iHnn» (Ne nmepxpeectpauii 0123U101256). Binnosi-
JAJIbHICTh 3a 3MICT CTaTTi HECYTh BUKJIIOUHO aBTOPH, i
BOHa He OOOB’SI3KOBO BimoOpaxkae O(illiliHy IyMKY
CITIOHCODIB.

Moasku

ABTOpPHU BUCJIOBIIIOIOTH ITOASIKY MEAUYHOMY IIEPCOHAITY
BigdiaeHHs pagialliiiHOl IeaiaTpii Ta BigdiaeHHS JUTSI-
401 eHJOKPUHOJIOTI, a TAKOX YCiM yJaCHUKAaM JOCIiI-
JKEHHSI.

CONCLUSIONS

1. In the context of full-scale war in Ukraine, the
cumulative impact of structural military stressors
(such as forced displacement, living under occupa-
tion, or belonging to a military family) and constant
exposure to the threat of (frequent air raid sirens) is
associated with a significant increase in trait anxiety
levels in children and adolescents.

2. A significant gene x environment interaction has
been identified: polymorphism of the 5-HTTLPR
gene of the serotonin transporter modifies the
response to stress — carriers of the short (S) allele
have higher trait anxiety and almost twice the
increase in anxiety when stress levels rise compared
to children with the L/L genotype.

3. Living in a radiation-contaminated area did not
show an independent effect on anxiety levels against
the backdrop of powerful military stressors.

4. The results confirm the key role of genetic vul-
nerability in shaping the psycho-emotional state
of children under conditions of chronic war stress
and emphasise the need for comprehensive con-
sideration of environmental and genetic factors
when assessing the risk of anxiety disorders and
planning preventive and corrective measures.
From a practical point of view, it is advisable to
provide priority psychological assistance to the
most vulnerable categories — primarily internally
displaced children and children of military per-
sonnel, who demonstrate the highest levels of anx-
iety.
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KoHdnikT iHTepeciB
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