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HEVPOIICUXOBIOJOITYHI MEXAHI3MU A®EKTUBHUX
I KOTHITUBHUX PO3JIAIIB B YYACHUKIB JIIKBIJIALIIT
HACJIIJIKIB ABAPIT HA YOPHOBMJIbCBHKIN AEC

3 YPAXYBAHHAM ITOJIIMOP®I3MY I'EHIB

AKTyanbHiCTb p060TH 3yMOBNIEHA 3HAYHOKO MOWMPEHICTIO Y NOCTPAXKAANMUX BHACTIAOK YOPHOOMABCHKOT KaTacTpodu
a(heKTUBHMX 1 KOTHITUBHUX PO31ajiB, NaToreHe3 AKMX BUBYEHO HeJOCTaTHbO.
MeTta focnigkeHb — BU3HAUNUTU HEPONCMX06i0N0riuHi MexaHi3Mu popMyBaHHA aheKTUBHUX i KOTHITUBHUX PO3najiB
BifAaneHoro nepiogy nicna BNAWBY iOHi3yl04OTrOo BUNPOMIHIOBAHHA 3 YypaxyBaHHAM CneunmdiyHUX TreHHUX
noniMmopdismie.
Iu3aitH, 06'eKT i MeTOAM NOCNiAXKEHHS — PETPOCNEKTUBHO-NPOCMNEKTUBHE KOTOPTHE [OCHIIXKEHHS i3 30BHilIHIM Ta
BHYTPilWHiM KOHTponeM. 06cTexeHa paHAoMi30BaHa BUGipKa yyacHuMKiB nikBigauii Hacnigkis asapii (YIHA) Ha YopHo-
6unbcbkinn AEC (HAEC) 1986-1987 pp. yonosiyoi ctati (n = 198) 3 KniHiko-enigemionoriyHoro peectpy HHLPM y Bii
39-87 pokis (M £ SD: 60,0 + 8,5 poky), 403V 30BHiLWHbOrO onpoMiHeHHs — 0,6—5900,0 m3B (M + SD: 456,0 + 760,0 m3B).
[pyna nopiBHAHHA (n = 110) — HeeKCNOHOBaHi NauieHTU BigAiny paaiauiitHoi ncuxoHeBponorii BiANOBIAHOIO BiKy i
cTaTi (30BHilWHi KOHTPONb). BHYTPiWwHiA koHTponb — YJTHA, onpomiHeHi B go3ax < 50,0 m3B (n = 42). Bukopucrani
CTaHAAPTHI AIarHOCTUYHI HEMPONCUXIATPUUHT WKANW, MTCUXOLIATHOCTUYHT OMUTYBANbHUKK 1 TECTU, HEMPONCMXONOTiYHi
MeTofnu (BK/OYAOUM WKany iHTenekty Bekcnepa gns gopocnux (WAIS) 3 npemop6ifHOi0 OLiHKOI), HEpo- i ncu-
xogizionoriyHi metoan (komn'totepHa EEI Ta KOrHiTMBHI ciyXoBi BUKNMKaHi noTeHuianu). BusHayeHi reHotunu reHa
TpaHcrnopTepa cepoToHiHy SLC6A4 3a nonimopdizmamu 5-HTTLPR Ta rs25531. BukopucTaHi MeToamM AeCKpUNTUBHOT i
BapiauiliHOT CTAaTUCTUKM, HenapaMeTpUyHi KpuTepii, perpeciiiHo-KopensALiiHWiA aHanis, aHani3 BuxuBaHocTi 3a Ken-
neHom-MeitepomM, pu3nK-aHanis.
Pesynbratu. B Y/IHA goMiHyi0Th LepebpoBacKyNsApHi 3aXBOpIOBAHHS, OpraHiyHi NCMXiyHi Ta JenpecuBHi po3naam ne-
peBaXHO pajiaLiiHO-CTPECOPHOTo XapakTepy. 3aranbHuii pu3nK HelponcuxiatpuyHoi natonorii 3pocrae (Pv < 0,001)
3 103010 ONpOMiHeHHs. MNopylweHa BepbanbHa Nam’aTh Ta HaBYaHHA, 3MeHWeHKi I1Q 3a paxyHOK BepbanbHoro. 36inb-
leHa YacToTa IErKOro KOTHiTUBHOrO po3nafy i aemeHuii. KorHitTuBHI nopylweHHs npu go3ax > 0,3 3B 3anexatb
(r=0,4-0,7; p=0,03-0,003) Big f031 onpomiHeHHs. AdeKTUBHI po3napu (Aenpecis) i HENPOKOTHITUBHMI pediunT
BULWi Npyu 6inblKUx fo3ax onpoMiHeHHs (> 50 M3B). Y niBiii 3afHil CKpoHeBiil AinaHUi (30Ha BepHike) napametpu EET
3anexarb Bif f03U Npu onpoMiHeHHi B fo3ax noHag 0,25-0,3 38. MopyweHi iHhopmaLiiiHi npoLecu ronoBHOro M03-
Ky 3 natepanisali€eio fo 3041 BepHike Bxe npu fo3ax > 50 m3B. Hocii npoMixHNUX Ta HU3bKOAKTUBHUX reHoTuniB (La/S,
La/Le, Le/Le, Le/S, S/S) reny TpaHcnopTepa cepoToHiHy SLC6A4 matoTb Ginblue aenpecuBHUX po3nagis, 0co06n1BO, TAXK-
KWUX Ta TeHAEHLito [0 6iNblOoT YacTOTM i BUPAXKEHOCTi KOTHITUBHMX i CTpeCcoBMX po3naais. [eboT aenpecuBHuUX pos-
NafiB y HOCIiB NPOMiXHUX Ta HU3bKOMYHKLIOHANbHUX reHOTUNIB BifbyBaETbCA 3HaUYHO paHiwe (Log-Rank Test = 4,43,
p=0,035) NOpPiBHAHO 3 HOCIAMMW BUCOKODYHKLiOHANbHOTO reHoTUNy La/La.
BucHoBku. PapiauiiHo-iHgyKoBaHa AUChYHKLIA KOPTUKO-NiMOIYHOT cuCTEMM NiBOT AOMiIHAHTHOT NiBKYNi roN0BHOTO
MO3KY 3 0COOAMBMM 3aNyyeHHAM FiNoKamny, € KNo4oBUM LiepebpanbHUM 6a3UCOM OPraHiyHOro ypaweHHs MO3KY
nicna onpomiHeHHA. Acouiauis reHotunie 3 nonimopdizmamu 5-HTTLPR i rs25531 reHa SLC6A4 3 apeKTUBHUMMU i
KOTHITUBHUMM pO3NafiaMi CBiAYUTL NPO HAABHICTb HEMPONCUX06i0NOriYHMX 0COONUBOCTEN LIMX PO3NaaiB, NOB'A3aHNX
3 fi€lo i0Hi3ylo40T pafialii, 3anexHo Big NeBHUX reHHUX nonimopdiamie.
KntouoBi cnoBa: YopHobunbcbka Katactpoda, ioHi3yloua paaiauis, KOrHiTUBHI po3nagu, aheKTUBHI po3nagu, reHHi
nonimopgizmu.
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NEUROPSYCHOBIOLOGICAL MECHANISMS OF AFFECTIVE
AND COGNITIVE DISORDERS IN THE CHORNOBYL CLEAN-UP
WORKERS TAKING INTO ACCOUNT THE SPECIFIC GENE
POLYMORPHISMS

Relevance of the present work is determined by the considerable prevalence of both affective and cognitive disor-
ders in the victims due to the Chornobyl accident, the pathogenesis of which is insufficiently studied.
Objective is to identify the neuropsychiobiological mechanisms of the formation of the remote affective and cog-
nitive disorders following exposure to ionizing radiation taking into account the specific gene polymorphisms.
Design, object and methods of research. The retrospective and prospective cohort study with the external and
internal control groups. The randomized sample of the male participants in liquidation of the consequences of the
accident (Chornobyl clean-up workers, liquidators) at the Chornobyl nuclear power plant (ChNPP) in 1986-1987
(n =198) recruited from the Clinico-epidemiological registry (CER) of NRCRM aged 39-87 (M + SD: 60.0-8.5 years)
with the external irradiation dose ranged 0.6-5900.0 mSv (M + SD: 456.0 + 760.0 mSv) was examined. The compar-
ison group (n = 110) consisted of the unexposed patients of the Radiation Psychoneurology Department with the
corresponding age and sex (the external control group). The internal control group included the liquidators irradi-
ated at doses <50.0 mSv (n = 42). The standard diagnostic neuropsychiatric scales, psychodiagnostic questionnaires
and tests, neuropsychological methods (including the Wechsler Adult Intelligence Scale (WAIS) with premorbid IQ
(pre-IQ) assessment), neuropsychiatric and psychophysiological methods (quantitative EEG (qEEG) and the audito-
ry cognitive evoked potentials (Event-Related Potentials, ERP) were applied. The genotypes of the serotonin trans-
porter gene SLC6A4 were determined by the 5-HTTLPR and rs25531 polymorphisms. The methods of descriptive and vari-
ation statistics, non-parametric criteria, regression-correlation analysis, survival analysis by Kaplan & Meier and risk
analysis were used.
Results. Cerebrovascular diseases, organic mental and depressive disorders, mainly of radiation-stress-related
nature, prevail among the liquidators. The overall risk of neuropsychiatric pathology increases (Pv < 0.001) with the
irradiation dose. The verbal memory and learning are impaired, as well as the full IQ is reduced at the expense of the
verbal one. The frequency of both mild cognitive impairment and dementia is risen. The cognitive impairment at
doses > 0.3 Sv is dose-dependent (r = 0.4-0.7; p = 0.03-0.003). Affective disorders (depression) and neurocogni-
tive deficit are more severe at higher doses of irradiation (= 50 mSv). In the left posterior temporal region
(Wernicke's area) the qEEG indices changes become dose-dependent at doses greater than 0.25-0.3 Sv. The dis-
turbed brain information processes lateralized to the Wernicke's area are observed even at doses > 50 mSv. The car-
riers of intermediate and low-level genotypes (La/S, La/Ls, Le/Le, Lo/S, S/S) of the serotonin transporter gene SLC6A4
have more depressive disorders, especially severe ones, and tend to have more frequent and severe cognitive and
stress-related disorders.
The debut of depressive disorders in the carriers of the intermediate and low-activity genotypes occurs much earli-
er (Log-Rank Test = 4.43, p = 0.035) in comparison with the carriers of the high-performance genotype La/ La.
Conclusions. The radiation-induced dysfunction of the cortico-limbic system in the left dominant hemisphere of
the human brain with a specific involvement of the hippocampus is considered to be the key cerebral basis of post-
radiation organic brain damage. The association of genotypes by 5-HTTLPR and rs25531 polymorphisms of the SLC6A4
gene with affective and cognitive disorders suggests the presence of neuropsychobiological features of these dis-
orders associated with ionizing radiation depending on the certain gene polymorphisms.
Key words: Chornobyl disaster, ionizing radiation, cognitive disorders, affective disorders, gene polymorphisms.
Problems of radiation medicine and radiobiology. 2018;23:373-409. doi: 10.33145/2304-8336-2018-23-373-409.
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BCTYII

OcTaHHIM 4acoM 3’SBJISIIOTBCSI BCE HOBI MiATBEPIXKEHHS
paaioBpa3aMBOCTI TOJIOBHOTO MO3KY 1 pafialiliHo-
acolliiioBaHUX MOPYIIEHb MCUXiYHOTO 3I0POB’S, 1110 00-
MEXY€E pamialliiiHy 06e3MeKy Ta paJioJIOTiYHUI 3aXUCT, a
iOHi3yI0Ua pagiallist po3TJISITa€ThCS SIK TOJIOBHUIM JIIMITY-
IOUYMiA YMHHUK IPU JOBIOTPUBAINUX KOCMIYHHUX ITOJIBO-
Tax i KoJIOHi3alii iHIMX raHeT [1—5], iHTepBeHLiiHii
pamiosorii [6—9], mpodeciitHomy [10, 11] Ta aBapiitHoMy
onpomiHeHHi [11—13].

HaxkonunuyoThcst HOBI JaHi 111010 HEUPOOIOIOTTYHUX Me-
XaHi3MiB pagiouyTIIMBOCTI TOJJOBHOTO MO3KY i TTAaTOTeHE3y
pamionepeOpaTbHUX eeKTiB: iHTiOilisT HeporeHesy, me-
PEBaXXHO Y TiMOKaMIIi; 3MiHU TeJIOMEP i eKCIIpecCil TeHiB;
aroITo3; Helipo3arajleHHsI; ayTOIMyHHI ITPOLIeCH; «CydUH-
HO-TJIiaIbHUI COI03»; MyJITUOpPraHHA TUCHYHKIIIS Ta iH.
[14—16]. ¥ 7-i1 pamouHiit iporpami €Bpocoro3y «SnepHe
poslleruieHHs i pamialiiHuii 3axuct» («Nuclear Fission
and Radiation Protection») BMKOHaHO cymicHMit €Bpo-
neficbkuii ipoektT CEREBRAD, Cognitive and Cerebro-
vascular Effects Induced by Low Dose Ionizing Radiation
(«KorHiTuBHiI i LIepeOpPOBACKYJISIPHI €(PeKTH, iHIyKOBaHi
MaJIMM J03aMU iOHi3yI04oi pamialiii»), y SsKoMy My Opaiu
y4acTh, BCTAHOBJIEHI KJIiHiUYHi Ta HOBIi MOJIEKYJISIPHO-
0ioJI0TiUHI 0COOIMBOCTI KOTHITUBHUX i LIepeOpOBACKYJISIP-
HUX e(EeKTiB ONPOMiHEHHS Y Maiux ao3ax [17—19].

HagBHicTb JOBrocTpOKOBUX HECIPUSITIIMBUX HACHIIKiB
YopHoOMIIbCHKOI KaTacTpohy Ha MICHXiYHE 3I0POB’s1 HA0y-
Jla MibxxHapogHoro Bu3HaHHs [20—24]. OpraHiyHe ypaxkeH-
Hs1 TOJIOBHOTO MO3KY B yYaCHUKIB JiikBinaitii aBapii (YJIHA)
Ha Yoproomnbecekiiit AEC (HAEC) Bu3HaueHO OnmHi€O 3
MPiIOPUTETHUX MPOOIIEM, sIKi HeoOXimHo BuBuYatu [20].

3pocTae KiJbKIiCTh emigeMioJIOTiYHUX OKAa3iB 11010
pafgialifHUX PU3MKIB LIEPEOPOBACKYISIPHUX MOPYILIEHb
HaBiTh MiCAs BIJIMBY MaJlUX 03 10Hi3yHOUOro BUII-
poMiHtoBaHHs [13, 25—39]. BcraHoBieHi pamialiiiHo-
acouifoBaHi HeiporncuxiatpuuHi [40, 41], Heii-
podizionoriuHi [40—44], HeliporicuxoJoriyHi [45] i Heli-
poBisyaiizaliiiHi [46] mopylIeHHsT py 103ax OibLINX
3a 0,3 Ip, a Takox Helipodiszionoriuni [41, 47] i Hell-
poBisyaizaniiiHi [46] pamiaiiitHi MapKepu TIpu J03ax
Oinbmie 1 Ip [48]. Ilicasg ompoMiHEHHSI BCTaHOBJIEHO
JeiuuT 3araibHOTO KoedillieHTa iHTeIeKTyaJabHOCTI
(IQ) 3a paxyHok 3HMKeHHs BepOaibHoro 1Q [49, 50]. B
yJyacHUKIB JikBigauii Hacainkis aBapii (YJIHA) Ha Yop-
HoOwbcbKit AEC (HAEC) BuSIBIIEHI 3MiHU aMILTIiTyI-
HO-9aCOBMX ITapaMeTPiB KOTHITUBHUX CIYXOBUX BUKJIM -
KaHMX moTeHUiamiB [51, 52|, g9Ki mepeBaxaroTh y JiBiil
JIOOHO-CKPOHEBIli AiISHIl, a caMe KOPTUKAJbHi 30Hi
Bepnike [53—55]. Ha mincTaBi gocaigkeHb KOTHITUBHUX
BUKJIMKAHWX IMOTEHIIIaJIiB (TTOTeHIIiaJliB, TTOB’I3aHUX 3 T10-

INTRODUCTION

There has recently been new growing evidence
pointing to the brain radiosensitivity and radia-
tion-associated mental health impairments limit-
ing radiation safety and radiological protection
requirements, and ionizing radiation is considered
as the main restricting factor for the long-term
cosmic flights and the other planets colonization
[1-5], interventional radiology [6—9], profession-
al [10, 11] and accidental irradiation [11—13].

New data on neurobiological mechanisms sup-
porting the human brain radiosensitivity and the
pathogenesis of various radiocerebral effects is
being acquired including as follows: inhibition of
neurogenesis, mainly in the hippocampus; telo-
mere length and gene expression changes; apopto-
sis; neuroinflammation; autoimmune processes;
«vascular-glial union»; multi-organ dysfunction,
etc. [14—16]. In the 7" EU Framework Program
«Nuclear Fission and Radiation Protection», a
conjoint European project CEREBRAD,
Cognitive and Cerebrovascular Effects Induced by
Low Dose Ionizing Radiation, in which we partic-
ipated, the clinical and modern molecular-biolo-
gical features of low-dose irradiation cognitive and
cerebrovascular effects were found [17—19].

The existence of the various long-term adverse
effects of the Chornobyl disaster on mental health
has been internationally recognized [20—24]. The
organic brain damage in the Chornobyl clean-up
workers at the ChNPP has been identified as one
of the priority issues that needs to be studied [20].

Epidemiological evidence regarding the radiation
risks of cerebrovascular disorders, even following
the exposure to low doses of ionizing radiation, is
increasing [13, 25—39]. The radiation-associated
neuropsychiatric [40, 41], neurophysiological
[40—44], neuropsychological [45] and neuroima-
ging [46] disturbances at doses greater than 0.3 Gy,
as well as neurophysiological [41, 47] and neu-
roimaging [46] radiation markers at doses greater
than 1 Gy [48] were established. After irradiation
the deficit of the full intelligence quotient (1Q) was
found at the expense of the verbal 1Q decline [49,
50]. The changes in the amplitude-time parameters
of the cognitive auditory evoked potentials [51, 52],
which dominate in the left fronto-temporal area,
namely the Wernicke’s cortical zone [53—55], were
detected in the Chornobyl clean-up workers. Based
on the event-related potentials (ERP) research, the
extreme radiosensitivity of the human brain was
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niero, Event-Related Potentials, ERP) minTBepmxeHa Bu-
COKa PaJiouyTIUBICTb TOJIOBHOTO MO3KY IPU OMPOMiHEH-
Hi HaBiTh Y MaJIUX J03aX, OCOOJUBO Y KOPTUKO-JIIMOIUHIi
CHCTeMi JOMiHAHTHOI MiBKYJIi Ta 30Hi BepHike. 3HaiineHi
HOBI J10303aJIeXKHi e(DeKTH TS ICUXOi3ioNoTiYHIX 3MiH
y mroAeit npu go3ax > 0,05 Ip [53-53].

IIpoBeneHo ©OaraTto nAOCIHiIXEHb, MNPUCBIUYEHUX
acouialnii TeHHMX ToJiiMmopdi3MiB 3 HEPBOBO-
MCUXiYHUMU posnagaMu [56—59], 30KpemMa KOTHiTHB-
Humu [60, 61] ta adextuBHuMu [62, 63]. Cepo-
TOHIHEpPriyHa cUcTeMa € OJHIEI0 3 KJIIOUOBUX HEUPOT-
PaHCMITEPHUX CHUCTEM FOJOBHOIO MO3KY, ITOPYILIESHHS
SIKOI BilirpaloTh KJIIOYOBY POJIb y MAaTOTeHEe3i 6araTbox
HelporncuxiyHux poananiB. IlomimMopdismMu reHiB
TpaHCOOPTEPIB CEPOTOHIHY PO3IJISAAKTHCS K Mpe-
JUKTOPH JIIKYBaHHSI IENPEeCUBHUX po3yamiB [64—67].
VYV martoreHe3i aeKTMBHUX i KOTHITUBHUX pO3JaliB
3HalileHa CyTTEBA POJIb MOJIMOP(PHUX BapiaHTiB reHa
TpaHcmoprepa cepoToHiny SLC6A4 (solute carrier
family 6 member 4), a came 0To BUPOAXKEHOI ITOBTO-
proBaHoi mojiMopdHoi mingHku S-HTTLPR (sero-
tonin-transporter-linked polymorphic region) [68-72].
Bognouac momm@ikyioua pojib iOHiI3yI0OYOTO BUII-
POMIiHIOBAHHS Yy peaJji3allii TeHEeTUYHOI CXMUJILHOCTI 10
HEPBOBO-TICUXiYHUX PO3JIa/liB BUBYEHA HEIOCTATHHO.
[linoTHMii aHaii3 po3mnoxiny reHoTuIrB reHa SLC6A4
3a moyiMopdizmamur S-HTTLPR i rs25531 B YIIHA Ha
YAEC nokaszaB nepCneKTUBHICTh MOAAbIINX TOCTi]I-
JKeHb BHECKY reHOTHITiB Lo/LA i S/S B po3BUTOK Hep-
BOBO-TICUXiYHMX PO3JaAiB MiCasg BIJIMBY iOHi3yl04Oi
pamiaiii [73]. Tomy BuUBYEeHHS TTOJiMOpQi3My TEHIB,
IO KOIYIOTh (PYHKIIiOHaJAbHI BJIACTUBOCTI CepoO-
TOHiHY, € 3HAYHUM Y PO3YMiHHi MaTOT€HEe3y KOTHiTUB-
HUX i a)eKTUBHUX PO3JIaAiB Iic/as onpoMiHeHHs. Ta-
KM UMHOM, HEAOCTATHS BU3HAYEHICTh LlepedpaibHO-
ro i MOJIEKYJISIPHO-T€HETUYHOTr0 0a3UCY — OCHOBHU 1LIMX
MOPYIIEHb — 3YMOBJIIOE aKTYyaJbHICTh JaHOTO JOCi/I-
JKEHHSI.

META

Merta poOOTH — BU3HAYUTU HEUPOTICUXOOiIOJOTiUHI Me-
XaHi3Mu popMyBaHHS aPEKTUBHUX i KOTHITUBHUX PO3-
JlafiB BigganeHOro mepioay Iicisl BILUIMBY iOHi3yHOUOTro
BUIIPOMIHIOBaHHS 3 ypaxXyBaHHSIM CITelI(bidHUX TeHHUX
noJyiiMmopdi3MmiB.

JIN3ANH, OB’€EKT I METOIU

JOCIIIZKEHHA

Huzaiin docaidncerHs

Hu3ailH poOOTH — PEeTPOCHEKTUBHO-MPOCHEKTUBHE
KOropTHE JOCHiIXEeHHS i3 30BHIIIHIM Ta BHYTPilIHIM

(1) 376

confirmed following irradiation even in the low
doses range, especially of the cortical-limbic sys-
tem in the dominant hemisphere and the
Wernicke’s area as well. The new dose-dependent
effects for psychophysiological changes in humans
at doses > 0.05 Gy have been found [53—55].

The various studies devoted to the association of the
gene polymorphisms with the neuropsychiatric disor-
ders [56—59], in particular cognitive [60, 61] and
affective [62, 63] ones, were conducted. The sero-
toninergic system is one of the key neurotransmitter
systems of the brain and its violations play a key role
in the pathogenesis of many neuropsychiatric disor-
ders. The serotonin transporter genes polymorphisms
are thought to be the predictors for the depressive dis-
orders treatment [64—67]. The essential role of poly-
morphic variants of the serotonin transporter gene
SLC6A4 (solute carrier family 6 member 4), specifi-
cally its degenerate serotonin-transporter-linked
polymorphic region 5-HTTLPR [68—72], has been
found regarding the pathogenesis of both affective and
cognitive disorders. At the same time, the modifying
role of ionizing radiation in the implementation of
genetic predisposition to neuropsychiatric disorders
has not sufficiently been studied. The pilot analysis of
the distribution of the gene SLC644 genotypes by
5-HTTLPR and rs25531 polymorphisms in the
Chornobyl clean-up workers demonstrated the per-
spective of further research onto the contribution of
La/La and S/S genotypes to the development of neu-
ropsychiatric disorders following the radiation expo-
sure [73]. Therefore, the study of the polymorphisms
of the genes encoding the serotonin functional prop-
erties is crucial in understanding the pathogenesis of
cognitive and affective disorders after irradiation.
Thus, the lack of certainty concerning the cerebral
and molecular genetic basis of the given disorders
determines the relevance of the present study.

OBJECTIVE

The objective of the present work is to determine the
neuropsychobiological mechanisms of the formation
of affective and cognitive disorders in the remote
period following the ionizing radiation impact taking
into account the specific gene polymorphisms.

DESIGN, OBJECT AND METHODS

OF RESEARCH

Study design

A retrospective and prospective cohort study with the
external and internal control groups was conducted.
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KOHTpoJeM. ¥ Biaaini pagiauiiiHoi MICUXOHEBPOJOTii
Inctutyty kuiniuHoi pagionorii (IKP) epxxaBHoi1
ycTaHOBU «HanioHalbHUIA HayKOBUU LIEHTp pania-
niitHoi MenuuuHu HanioHanbHOI akameMii Menuy-
HUX HayK Ykpainnm» (HHLPM) obGcrexkeHa paH-
nomizoBaHa BubOipka YJIHA na YAEC 3 KiiHiko-
emigemionoriunoro peectpy (KEP) HHIIPM (ocuos-
Ha epyna, n = 198), 3 akux 43 (21,7 %) Oynu Takox
eBaKkyiloBaHUMHU 3 YHOpHOOUIBCHKOI 30HU BiTUyXEH-
Hs. i mocTtpaxkgai 3HaAXOASIThCS ITiJl IPOCHEKTUB-
HUM MEIUYHUM CIIOCTEPEXEHHSM MHPOTSATOM YChOI'O
XKUTTS Y MicasgaBapiiiHi poku. MoiekylsapHO-
0ioJIOTivyHi JOCHiIXeHHsS BUKOHaHi B JlabopaTopil
MOJIEKYJISIPHOI 0i010ril Biaaiay KJIiHiYHOI iMyHOJIOTil
IKP HHIIPM.

KpurepissmMmu BKIIOYEHHSI 1O OCHOBHOI Ipynu OyJu:
1) nepedyBatoTh Ha 0071iky y KEP HHIIPM; 2) yyacts
B poboTax 3 JikBigauii HacligkiB HopHOOUIbCHKOIL
Katactpodu y 1986—1987 pokax; 3) HasIBHIiCTb 3aIlu-
CiB Ipo 1031 oMpoMiHeHHs; 4) YojoBivya ctaTh. Kpu-
TepieM BUKIIOYEHHS Oyjaa HEBiAMOBIAHICTbH KpHU-
TepisIM BKIIIOUCHHSI.

3ajydeHi mamieHTH OCHOBHOI IPYITM HA MOMEHT OCTaH-
HBOI0 00CTeXXEHHsI 3Haxonwiucs y Bili 39—87 pokiB, B
cepeanaboMy (M = SD) — (60,0 £ 8,5) poky. Bonu Ha Mo-
MeHT YopHOOWIbChKOI KaTacTpodu Oynu y Bimi 18—56
pokiB ripu cepeanbomy (M £ SD) Biui (32,1 £ 7,6) poky.

J1o31 30BHIITHBEOTO onpoMiHeHHs obcTexkeHux YJIHA
Ha YAEC s3naxomwnucs y aiamazoni 0,6—5900,0 m3B
Mpu cepeaHiit apumernuHiii 1o3i (M = SD) (456,0 £
760,0) M3B. Posnonin oocrexxenux YJIHA na YAEC 3a
pagialiifHMMu1 103aMu HaBeneHo y Taomuwi 1. [Tinrpyna
VJIHA, onpominenux y no3ax 0,6—50,0 M3B (n = 42),
BUKOPHMCTaHA SIK BHYTPIIlIHii1 KOHTPOJIb OCHOBHOI IPYITA
YJIHA.

Ipyna nopisnanus (n = 110) Oyna copmMoBaHa 3 BU-
MaJKOBUM YMHOM BimiOpaHUX aMOyJaTOPHMX i CTallio-
HapHMX ITalliEHTIB/00CTeXXyBaHUX OCi0 Bimmilmy pamia-

Taoauusa 1

The randomized sample of the Chornobyl clean-up
workers from the Clinical and Epidemiological
Registry (CER) of the State Institution «National
Research Center for Radiation Medicine of the
National Academy of Medical Sciences of Ukraine»
(NRCRM) (the main group, n = 198) has been exam-
ined at the Department of Radiation Psychoneurolo-
gy of Institute for Clinical Radiology (ICR) of
NRCRM, 43 (21.7 %) persons thereof were also evac-
uated from the Chornobyl exclusion zone. These vic-
tims have been under prospective medical surveillance
across their life-span for the post-accidental years. The
molecular biological studies have been performed in
the Laboratory of molecular biology of the Depart-
ment of Clinical Immunology of ICR of NRCRM.
The inclusion criteria in the main group were as
follows: 1) are registered in the CER of NRCRM;
2) participation in the works on the liquidation of
the consequences of the Chornobyl disaster in
1986—1987; 3) the radiation doses records avail-
ability; 4) males. The exclusion criterion was the
non-compliance with any of the inclusion criteria.
The patients in the main group at the moment of
the last survey were aged 39—87 years with an aver-
age (M £ SD) age of 60.0—8.5 years. By the time
of the Chornobyl disaster they were at the age of
18—56 with a mean (M % SD) age (32.1 £ 7.6) years.
The doses of the external exposure of the examined
clean-up workers were within the range of 0.6—5900.0
mSyv with an average arithmetic dose (M £ SD) of
456.0 £ 760.0 mSv. The radiation dose distribution of
the examinees is shown in Table 1. The clean-up
workers subgroup irradiated at doses of 0.6—50.0 mSv
(n = 42) was designated as the internal control group
in relation to the main clean-up workers group.
The comparison group (n = 110) was randomly
formed from the ambulatory and inpatient
patients/subjects of the Radiation Psychoneu-

Po3nogin VJIHA Ha YAEC 3a g03aMu 30BHilUHbOrO ONPOMiHEHHSA

Table 1

Clean-up workers of the Chornobyl catastrophe distribution by doses of external exposure

Liana3oH no3, m38

CepepHsa apudmeTnyHa A03a Ta CTaHAapTHe BigxuneHHs (M + SD), m3B

Doses range, mSv n Dose mean and standard deviation (M + SD), mSv
< 50 (0,6-50,0) 42 21,3+ 16,4
50,0-100,0 27 68,6 £ 13,7
>100,0-250,0 42 180,8 = 42,3
> 250,0-500,0 45 334,9+79,9
> 500,0-1000,0 19 691,4 = 144,0
> 1000 (1000,0-5900,0) 23 2183,9 + 1084,1
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nirtHoi mcuxoHeBpouiorii IKP HHIIPM. Kpurepismu
BKJIIOUEHHSI 10 TPYIU MOPiBHSHHS Oyau: 1) BiICYTHICTb
3aJlydeHHsl A0 padialliiHUX Haa3BUYaMHUX CUTYyalliid,
BUMNPOOYBaHb SIIEPHOI 30pOi UM TeparneBTUYHOTO OIT-
pOMiHEHHSI; 2) BiICYTHICTh JOJATKOBOI O MPUPOTHOTO
¢oHYy palioaKTUBHOCTI OIIPOMiHEHHS 32 BUHSITKOM Me-
JUYHMX JiarHOCTUYHUX PadioJIOTiYHUX MpoLeayp Ta
aBianepeaboTiB; 3) 4YoJsioBiya cTaTh, 4) BiAMOBIZHICTH
BiKy TaIlieHTiB OCHOBHOI Ipynu. KpuTepissMu BUKIIO-
yeHHs1 Oysiu: 1) HEeBiAMOBIMHICTb KPUTEPisIM BKITIOUEHHS
IO TPYIU TIOPiBHSIHHS Ta 2) 3aJy4eHHsS OO0 0araToleHT-
pOBUX KJiHIYHMX BUMNPOOYBaHb. 3ajydyeHi Malli€HTH
TrpYyNU MOPiBHSIHHS HA MOMEHT OCTAaHHBOTO OOCTEXEHHS
3Haxoauaucs y Biui 45—70 pokiB nipu cepeaHboMy (M +
SD) Biui (53,6 £ 5,3) poky. Bonu Ha MmomeHT YopHO-
OubCchKoi KaTacTpodu Oynu y Biui 18—39 pokiB npu ce-
peanbomy (M + SD) Biui (24,7 *+ 4,7) poky.

Memodu docaidncenus

VHigikoBaHe HeliporcuxiarpuyHe obcrexeHHs YJIHA
Ta Tpynu TOPIBHSIHHS 3[ificCHeHe Ha 0a3i Bimmimty
paniauiitHoi nicuxoHeBposorii IKP HHIIPM vy Biamno-
BimHOCTI 10 KpuTepiiB MKX-10 [74] 3 BUKOpUCTaHHSIM
pO3pO0IEHUX Y BiAmili METOOMYHUX PEKOMEHIAIliil i
KJIIHIYHMX HACTaHOB 3 JiarHOCTUKU Ta Bepuikallii op-
TaHIYHOIO ypaXXeHHS TOJIOBHOTO MO3KY MIiCJISI OIl-
pomineHHs BHachigok aBapii Ha YAEC. JlochimkeHHS
MpoBeIeHi 3a iH(hOPMOBAHOIO 3rOJ0I0 OOCTEKYBAHUX Y
BiAMOBiAHOCTI 0 eTMYHUX HOpM [enbciHKebhKoi dekiia-
pauii.

KuiniyHe HeBpoJjoriyHe i ncuxiaTpuuHe AOCIIiIXKEHHS
NpOBOAWJIM Ha IIiJCTaBI TUMOBUX HEBPOJOTIYHUX OT-
JISIMIB i ICUXiaTPUYHMX IHTEPB 10 i3 32CTOCYBaHHSIM CTaH-
JApTHUX JiarHOCTUYHUX IIKAJI:
> pO3IIMpEHa IlKajla OLIHKW CTyIMeHs iHBajliau3alii
(Expanded Disability Status Scale, EDSS) [75];
> 1IKajia HeBpoJioriyHoro aediuuty Kyptuke (Functio-
nal Systems Scores, FSS) [76];
> KOpOTKa TIcMxiaTpuuHa oliHouHa mKana (Brief Psy-
chiatric Rating Scale, BPRS) nns yHicdikoBaHO1 KiJlbKic-
HOI OL[IHKU TCHUXOIATOJIOTIYHUX CUMMOTOMIB i TCHUXOIa-
ToJioTii 3aranoM [77, 78].

JInis1 IKicHOI 1 KiIbKiCHO1 OLIIHKU CTPYKTYpPU MCUXOMa-
TOJIOTIYHOTO CHUHIPOMY, TeBHUX TMCUXIYHUX PO3JIAMIiB,
TMICUXiYHUX (DYHKILiH, KOTHITUBHOCTI Ta iHTEJIEKTY i OCO-
OMCTOCTI BUKOPMUCTOBYBAJIM TaKi MCUXOMiarHOCTUYHi
OIMUTYBaJbHUKM i TECTH:
> OINUTYBaJbHUK 3arajbHoro 310poB’s (General Health
Questionnaire, GHQ-28) a1 BUB4YeHHSI coMaTo(hOpM-
HUX CHUMIITOMIiB, TpMBOI'M/0€3COHHS, COLiaJIbHOI AMC-
dyHKUii i TSEKKOI genpecii [79];

(1) 378

rology Department of ICR of NRCRM. The
inclusion criteria in the comparison group were as
follows: 1) no involvement in any radiation emer-
gencies, nuclear tests and therapeutic exposure; 2)
absence of the extra irradiation in relation towards
the background radioactivity with the exception of
the medical diagnostic radiological procedures
and air flights; 3) males; 4) age comparable to the
main group. The exclusion criteria were as follows:
1) non-compliance with any of the inclusion crite-
ria for the comparison group and 2) involvement in
multicenter clinical trials. The patients in the
comparison group at the time of the last survey
were aged 45—70 years with a mean (M £ SD) age
of (53.6 £ 5.3) years. At the moment of the
Chornobyl disaster they were at the age of 18—39
with a mean (M = SD) age of (24.7 + 4.7) years.

Methods

The unified neuropsychiatric examination of the
Chornobyl clean-up workers and the comparison
group was carried out at the Radiation Psychoneuro-
logy Department of ICR of NRCRM in accordance
with the ICD-10 criteria [74] using the methodical
recommendations and clinical guidelines for diagnos-
tics and verifying organic brain damage following
radiation exposure as a result of the Chornobyl acci-
dent developed in the Department. The studies have
been conducted with the informed consent of each
involved subject according to the Declaration of
Helsinki.

Clinical neurological and psychiatric studies
were performed on the basis of the typical neuro-
logical examinations and psychiatric interviews
using the standard diagnostic scales:
> Expanded Disability Status Scale (EDSS) [75];
> Functional Systems Scores (FSS) [76];
> Brief Psychiatric Rating Scale (BPRS) for a
unified quantitative assessment of psychopatho-
logical symptoms and psychopathology in general
[77, 78].

For the qualitative and quantitative assessment of
the structure of psychopathological syndrome, cer-
tain mental disorders, mental functions, cognition,
intelligence and personality traits the following
psychodiagnostic questionnaires and tests were
used:
> General Health Questionnaire (GHQ-28) for
studying somatoform symptoms, anxiety /
insomnia, social dysfunction and severe depres-
sion [79];
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> IIIKaJla caMOOLIiHKH aenpecii 3yHra (Zung Self-Rating
Depression Scale, SDS) m1s1 BUsHa4eHHSI HEMaCKOBaHO1
nmerpecii [80];
> OMNUTYBaJIbHUKU JUIS OLIIHKY ITOCTTPaBMaTUYHOTO CTpe-
coBoro posnany, IITCP (Posttraumatic Stress Disorder,
PTSD): mikana rumBy moniii Ioposita (Impact of Events
Scale, IES) [81] i mkana «/IpaTiBamBicTh, IeTpecis, TPUBO-
ra» (Irritability, Depression, Anxiety, IDA), siKy Bukopuc-
TOBYBAJIU JUIS1 OLLIHKY 30ymkeHHs Yy 3B’513Ky 3 PTSD [82];
> JUISI CKPUHIHTOBOI AiarHOCTUMKM PiBHS KOTHITUBHUX
posianiB BUKopucToByBajacsa KopoTka 1ikanaa OLiHKU
ncuxiyHoro crartycy (Mini-Mental State Examination,
MMSE) [83].
> TEeCT ayAMTOpHO-BepOaibHOro HaBuyaHHs1 Pes (Rey
Auditory Verbal Learning Test, RAVLI) nna ominku
MHECTUYHUX (YHKIii# — BepOaJbHOTO HaBYaHHS i
naMm’sITi, BKJIIOYalouH iHTi0illit0, peTeHIit0, KOTyBaHHS i
BUJTyYEHHS CIyXOMOBHOI iH¢opMmaliii [84];
> I BU3Ha4YeHHsI KoedilieHTiB iHtenekty (Intelligent
Quotient, 1Q) BuxkopucrosyBanu ILlxany iHTeneKTy mst
nopocaux 1. Bekciepa (Wechsler Adult Intelligence Scale,
WAIS), ananroBany B 2012 p. AIT «Imaton» (Cankt-ITe-
Tepoypr) [85]. IlpemopOigHi (moaBapiitHi) KoedilieHTH
iHTEJIEKTY PO3paxoByBajiy 3a piBHIHHIM perpecii B. Gao.
PiBeHb KOTHITUBHOCTI BU3HAYAIU 32 ONEepalliitHUMU KpU-
TepisIMA KOTHITMBHOCTI Ha TiACTaBi OLIHKMU K aKTyallb-
Horo IQ, Tak i Ha TTiACTaBiI OIIHKY KOTHITUBHOTO Aeiln-
Ty micas aBapii Ha YAEC 3a pizHulero MixK mpeMopOigHUM
(moaBapiitHum) i aktyasibHUM 1Q [49, 50];
> METOIMKA HiaTHOCTUKM XapaKTepPOJOTiYHUX OCOOJIH-
Bocreit ocobuctocti I. IIMuineka — K. Jleonrapaa s
BU3HAYEHHSI aKLIEHTYHOBaHUX 0COOMCTICHUX puc [86];
> ocobucticHuil onuTyBaibHUK I. Aiizenka (EPI) ms
OL[IHKM HeWpoTU3My (eMOLiiiHOI CcTabilbHOCTI) Ta
eKkcTpaBepcii/inTpoBepcii [87];
> 1IuKana TncuxojiorivuHoro ctpecy (PSM-25) nnsa
OLIIHKM CTPECOBUX BiAUYTTiB y COMAaTUYHMX, TOBEIiHKO-
BUX Ta eMOLiMHUX MoKa3HuKax [88, 89];
> METOJIMKa BU3HAUYEHHSI CTPECOCTIMKOCTI Ta colliab-
Hoi aganTaiii T. XonmMca i P. Pare 1151 BUsHaueHHsI HasiB-
HOCTIi IHIIUX TPaBMYIOUMX IOl B XUTTi PECTIOHAEHTIB
Ta OLiIHKU CTYIIeHd iX cTpecoreHHocTi [90];
> OINMUTYBaJbHUK KomiHr-cTpareriit P. Jlazapyca ta C.
®onkmaHa 1711 BUBYEHHSI KOTHITUBHUX Ta IMOBEIiHKO-
BUX CITIOCO0iB momojiaHHs auctpecy [91].
> OnuTyBaJbHUK OCOOMCTICHO-CUTYaTHBHOI TPUBOX-
Hocti I. Cminbera — 0. Xanina (State-Trait Anxiety
Inventory, STAI) [92, 93]

HeiipodizionoriuyHi mocaiaXeHHS MTPOBOAWIN ISt
OLIiHKM AisIbHOCTi TOJJOBHOTO MO3KY Y CTaHi CITOKOIO Ta
B mpolieci 00poOKu ceHcopHoi iHdopmatii. i mo-

> Zung Self-Rating Depression Scale (SDS) to
measure the non-masked depression [80];
> Posttraumatic Stress Disorder Question-
naires (PTSD): Impact of Events Scale (IES)
[81] and Irritability, Depression, Anxiety (IDA)
used to assess the agitation associated with
PTSD [82];
> Mini-Mental State Examination (MMSE) [83]
used for the screening diagnosis of cognitive
impairment;
> Rey Auditory Verbal Learning Test (RAVLT)
for assessing mnestic functions — verbal learn-
ing and memory, including inhibition, reten-
tion, coding, and extraction of auditory infor-
mation [84];
> Wechsler Adult Intelligence Scale (WAIS),
adapted in 2012 by the Imaton (St. Petersburg)
[85], was used to measure Intelligent Quotients
(IQ). Premorbid (pre-emergency) intelligence
quotients (pre-1Q) were calculated using the
regression equation by B. Gao. The level of cog-
nition was determined by the operational crite-
ria of cognition based on the estimation of both
the current IQ and the cognitive deficit after the
Chornobyl accident by the difference between
premorbid (pre-emergency) and current 1Q
[49, 50];
> Questionnaire for the determination of accen-
tuated personalities by H. Schmieschek and K.
Leonhard in order to evaluate the accentuation of
personality traits [86];
> Eysenck’s Personality Inventory (EPI) to assess
neuroticism (emotional stability) and extraversion /
introversion [87];
> Psychological Stress Measurement (PSM-25)
to assess stress by means of the somatic, behavioral
and emotional indices [88, 89];
> Methodology for determining the stress and
social adaptation of Holmes and Rage to identify
the presence of other possible traumatic events in
the respondents life and assess their degree of
stress [90];
> Ways of Coping Questionnaire (WCQ) by R.
Lazarus and S. Folkman for the study of cogni-
tive and behavioral ways for overcoming dis-
tress [91].
> State-Trait Anxiety Inventory (STAI, Spielberg-
Hanin’s scale) [92, 93].

Neurophysiological studies were conducted in
order to evaluate the brain activity in a state of
rest and when processing sensory information.
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CIIIDKEHHS BUKOHYBaJM B €KpaHOBAaHOMY KaOiHETi
enexTtpoeHuedanorpadii (EEI) Bimminy pamiauiliHoi
ncuxoHeBposiorii IKP HHIIPM y nepuiiii moJjioBUHi
JIHS y CTaHi MAaCMBHOrO HECIaHHS MalliEHTa 3a YMOBU
BiICYTHOCTI MpPUIIOMY MEIMKAMEHTIB i TICMXOAKTUBHUX
peuyoBrH. 3anuc Komir 1otepHoi EET (KEET') BukonyBa-
JIN 3a JOITOMOTOI0 24-KaHAaJIbHOTO eJIeKTpoeHIIedaor-
pada «BRAINTEST» BupobHMIITBA HAyKOBO-BUPOOHM -
yoro mignpueMctBa «DX-cuctemu» (M. XapkiB, YK-
paiHa). PeecTpaliito 6ioeleKTpUYHOI aKTUBHOCTI TOJIOB-
HOTO MO3KY HPOBOAWIM 3a AOIOMOTOI0 YallleYKOBMX
cpibHO-Xx0pcpioHNX enekTpordiB (Ag-AgCl), Haknane-
HUX 3a goriomoroto JitieBoro remto. EEIT 3anucyBanu
MOHOTIOJISIPHO BiAMoOBiAHO A0 MiXHapOAHOI CUCTEMU
«10—20», xoHcTaHTy 4acy BcTaHoBmioBaau Ha 0,3,
¢insrpu — 75 1. EET peectpyBanu y 1) cTaHi macuBHO-
TO HECITaHHS i3 3aIUTIOIIEHUMU OYMMa MPOTATOM 1 XB; 2)
CTaHi MaCUBHOTO HECIMaHHS 3 PO3ILIIOIIEHUMU OYrMMa
npotsiroM 30 ¢; 3) TimepBeHTUIISLIT TPU 3aTUTIOIIEHUX
oyax mpoTsroM 3 xB; 4) cTaHi MAaCMBHOIO HeCITaHHS
TICJIS TIMepBEeHTWIALLI i3 3aIUTIOIEHUMU OYMMa TIPOTS-
roM 1 xB. OuiHKY Ta iHTeprnpeTalilo 0a3yBajiu Ha Kja-
CUYHUX migpydyHukax i atnacax 3 EEI' [94—96].

3aificHIOBaIM BidyalbHU i ciekTpaabHuil aHami3 EET.
Enoxa crniekTpaibHOro aHaiizy craHoBmiIa 60 ¢, 4acToT-
Huit gianazoH — 1—32 Ii1. I3 ycix EEI'-3anuciB 1o mpose-
IeHHS aHalli3y BHUAaingan apTedakTHiI (pparMeHTH.
CriekTpaJibHUI aHajli3 BUKOHYBAJIM i3 3aCTOCYBaHHSIM
3araJbHOINPUIHSATOTO METOAY LIBUIKOTO MEPETBOPEHHS
®yp’e (Fast Fourier Transformation, FFT). OrpumyBanu
MNOKa3HUKU abCOJNIOTHOI CIIEKTpaibHOI MOTYXKHOCTI
(MxB*Iir") i nominyrouoi yacroru (Iix) A1 Bchoro aiamna-
30HY 4acToT (1—32 Iir), a TakoX JOMiHYIOUY YacTOTY, a0-
COJIIOTHY i BiTHOCHY (Y BiICOTKax 10 BChOTO CIEKTpasb-
HOIO CKJaay) CheKTpaabHY IMOTYXKHICTh 32 OCHOBHUMU
YaCTOTHMMM IianazoHamu: 6 (1—4 Iir), 0 (> 47 Ii1), o
(> 7—12 Tin) i B (> 12—32 Iix). AHastizyBas YMCIOBI TO-
Ka3HUKM i KapTu TonorpacivHOro po3noiiay CreKTpaib-
HOI NOTY>KHOCTi ocHOBHUX aiana3oHiB EEI mo ckanabny.

PeecTpallito KOTHITUBHUX CIYXOBUX BUKIMKAHUX
noteHuianiB P300 BUKOHYBaJu 3a JOMOMOIOI0 KOM-
m’I0TepHOro 24-kaHajlbHOro eJjiekTpoeHledanorpada
«BRAINTEST» BupoOHMIITBA HAyKOBO-BUPOOHWYOTO
nignpuemctBa «DX-cuctemu» (M. XapkiB, YkpaiHa).
BusHauanu sk aGCOIOTHI MOKAa3HUKMW aMILTITyIu Ta Ja-
teHTHOTO Tepiony (JIIT) kommonenTta P300 y 16 BinBe-
neHHsx EEI [97], Tak i KoeillieHTH laTepaJbHOCTI
(MiXTTiBKYJIBHOI acCUMeTpil) BiIMOBiZHMUX MCcUX0]i3ioo-
riYHUX MOKa3HUKIB 3a (popMysioto (1):

Keam = (L-R) / (L+R) - 100, (1)

These studies were carried out in the shielded
electroencephalography (EEG) room at the
Radiation Psychoneurology Department of ICR
of NRCRM in the morning time in the state of
passive wakefulness of the patient provided the
absence of any drugs and psychoactive substances
intake. Recording of quantitative EEG (qEEG)
was performed using the 24-channel electroen-
cephalograph «BRAINTEST» manufactured by
the scientific and production enterprise «DX-sys-
tem» (Kharkiv, Ukraine). The registration of the
brain bioelectric activity was carried out applying
the Ag-AgCl cup electodes positioned according
to the International 10—20 System, the time con-
stant was set to 0.3, filters to 75 Hz. The EEG was
recorded in 1) the state of passive wakefulness
with closed eyes for 1 min; 2) the state of passive
wakefulness with opened eyes for 30 seconds;
3) hyperventilation with closed eyes for 3 min-
utes; 4) the state of passive wakefulness after
hyperventilation with closed eyes for 1 min. The
EEG assessment and interpretation were based
on the classical textbooks and atlases [94—96].
The visual and spectral analysis of EEG was
done. The spectral analysis epoch was 60 s, the fre-
quency range was 1—32 Hz. All artifact fragments
were removed prior to the analysis from all EEG-
records. The spectral analysis was performed using
the conventional Fast Fourier Transformation
(FFT). The absolute spectral power (uV> - Hz™")
and the dominant frequency (Hz) indices for the
entire frequency range (1—32 Hz), as well as the
dominant frequency, absolute and relative (in %
related to the entire spectrum) spectral power of
the main frequency ranges: 6 (1-4 Hz), 6 ( > 4—7
Hz), oo ( > 7—12 Hz) and B ( > 12—32 Hz) were
collected. The numerical indices and the topo-
graphic maps of the spectral power distribution for
the main EEG ranges over the scalp were analyzed.
The auditory cognitive evoked potentials P300 re-
gistration was performed using a 24-channel compu-
ter electroencephalograph «BRAINTEST» manu-
factured by the scientific and production enterprise
«DX-system» (Kharkiv, Ukraine). The absolute val-
ues of the amplitude and latency of the P300 compo-
nent in 16 leads of the EEG [97] were determined,
and the Laterality Factors (the inter-hemispheric
asymmetry coefficients) of the identical psychophys-
iological parameters were derived by the formula (1):

LF=(L-R) / (L+R) - 100, (1)

(1) 380
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ne Kim — KoedilieHT jaTepalibHOCTi; R — mapameTp
P300 cumeTpuyHOI OUISIHKY MpaBoi IMiBKYJi TOJOBHOTO
MO3KYy, L — niBoi.

3HaK «+» B OTpMMaHOMY 3HAa4YeHHi BKa3yBaB Ha JaTe-
pasizalito 30iIbIIIEHHS TTOKa3HUKA JI0 JIiBOI MiBKYJIi, «-» —
BiIMOBiNHO, 301bIIEHHS 0 MPaBOi.

IIpu peectpallii C1yXOBUX KOTHITUBHUX BUKIMKA-
HUX ITOTeHIliaJiB BUKOPUCTOBYBAJIN KJIaCUYHY IBOC-
TUMYJbHY ITapaguTrMy BUIIaJKOBO BUHMKAIOUOT MOIi1
(oddball paradigm), sixa nependavana npea’ ssBACHHS
Yy BUIIQJIKOBii MOCJiJOBHOCTI cepil ABOX CTUMYIJIiB,
OIVH 3 SIKUX OyB «HE3HAayylmuM» (4acTUM), a iH-
Ui — «3Hauymwum» (piakum). IlinpaxoByBanau
KiJIbKiCTh MOMUJIOK IPU MiApaxyHKY 3HAUYLIMX CTHU-
MyJiB. BUKOpUCTOBYBaIU CAYXOBi CTUMYJIM Y BUTJISII1
KJIallaHb 3 YacTOTOMO IICEBIOBUMNAIKOBOTO IIpen’ siB-
JeHHs ¢oHoBoro ctumyay 1000 Iir ta BiporigHicTio
70 %, 3nauymioro ctumyiay 2000 I Ta BiporigHicTio
30 %. Ilepen 0oOCTeXXEHHSM IMALIEHTY JEMOHCTPYBaIU
3HAYymui i (GpoHOBUI CTUMYIM Ta HagaBalu iH-
CTPYKIIiI0 MOAYMKM paxyBaTH «3HAdyIIi» CTUMYIH i
He pearyBaTu Ha (poHOBi. OOCTEKEeHHS MTPOBOAUIOCH
y Hepliiii NoJoBUHI 100U B CTaHi aKTUBHOTO HEeCHaH-
HS 3a YMOBM BiJICYTHOCTI MPUIHOMY JiKapChbKMX 3a-
co6iB. KommnoneHT P300 KOTrHiTMBHOTO CJIIyXOBOTO
BUKJIMKAHOTO MOTEHIIiaJy BU3HAYAIN 32 MAaKCUMaJlb-
HOK aMIJIiTygol Big i30jiHil B jgianmazoni JIIT
250—400 Mmc [98, 99].

st BU3HaYeHHS MOJIMOP(GHUX BapiaHTIB TeHa
SLC6A4 NHK Buminsiay 3 MOHOHYKJIeapiB mepudepud-
HOI KpoBi 3a goromoroio Habopy QIAamp Blood Mini
Kit (Qiagen, Crawley, Benuka bpuranis). [ToriMmopdizm
5-HTTLPR Bu3HayalIu METOAOM MOJiMepa3Hol JaHLO-
rosoi peakuii (ITJIP), sKy mpoBoauav 3 BAKOPUCTAHHSIM
npaiiMmepiB, 110 MapKylOTb IpaHULi TaHAEMHOI ITOCIi-
JIOBHOCTI:
> npamuit: 5'-TTGCCGTCCCAAGCAATGGAT-
GA-3';
> 3BopotHuit: 5'- " TCTGGGAAGGGACAGAAGAT-
GAC -3'.

TIJIP nmpoBoauin B HACTYMTHOMY PEXMMi: iHilliallis:
94 °C, 7 xB, miotiMm 35 nukiiB amrurigikamii (94 °C — 30
cek; 67,5 °C — 45 cek; 72 °C — 45 cek), piHajbHA €JIOH-
rauisg 72 °C — 10 xB. Ckynag cyminni ajs amrutidikariii
(3aranpHuit 06’eM 20 mk): 3pa3zok JJHK — 3 Mk, npaii-
mepu — 0,5 Mk, cyMimn aig amiutidikaiii Master Mix
(«biomabrex», Ykpaina) — 10 MK, Boga JieioHi30oBaHa —
6 MKJI.

IIpu npoBeneHHi enexkrpodopesy B 3 % arapo3HoOMy
remi S-amenb (485 map HykiaeoTwmiB, m. H.) i L-ajens
(529 1. H.) PO3PI3HSINCH 32 PYXOMICTIO.

where LF — Laterality Factor; R — P300 parameter of
a symmetrical region of the right hemisphere, L — the
same of a symmetrical region of the left hemisphere.

The «+» sign in an obtained value means the later-
alization of index increment to the left hemisphere,
the «-» sign to the right hemisphere, respectively.

When recording auditory cognitive evoked poten-
tials, the classic two-stimuli oddball paradigm was
used, which included the presentation of a series con-
sisting of two random stimuli: the former was
«insignificant» or «background» (the frequent one),
and the latter was «significant» (the rare one). The
number of errors when calculating significant stimuli
was estimated. Acoustic stimuli were presented in the
form of clicks sounding pseudo-randomly with a fre-
quency of 1000 Hz and 70 % probability for a back-
ground stimulus, as well as a frequency of 2000 Hz
and 30 % probability for a significant stimulus. Before
the survey, the investigator performed a demonstra-
tion of significant and background stimuli, then gave
instructions to mentally calculate «significant» stimuli
and not respond to the background ones. The exami-
nation was carried out in the first half of the 24-hour
period in the state of active wakefulness providing the
absence of any drugs intake. The P300 component of
the auditory cognitive evoked potential was defined by
the maximum amplitude from the baseline in the
latency range within 250—400 ms [98, 99].

In order to identify polymorphic variants of the
SLC6A4 gene DNA was isolated from peripheral
blood mononuclear cells using the QIAamp Blood
Mini Kit (Qiagen, Crawley, UK). The 5-HTTLPR
polymorphism was determined by the polymerase
chain reaction (PCR) method, which was per-
formed using the primers marking the boundaries
of the tandem sequence:
> direct: 5’-TTGCCGTCCCAAGCAATGGAT-
GA-3%;
> reverse: 5 -"TCTGGGAAGGGACAGAA-
GATGAC -3°.

The PCR was performed in the following mode:
initiation: 94 °C, 7 min, then 35 cycles of amplifica-
tion (94 °C — 305, 67.5°C — 455, 72 °C — 453), final
elongation 72 °C for approximately 10 min. The
composition of the amplification mix (total volume
of 20 ul): DNA sample — 3 pl, primers — 0.5 pl,
amplification mix Master Mix («Biolabtekh»,
Ukraine) — 10 pl, water deionized — 6 pl.

When conducting an electrophoresis in a 3 %
agarose gel, S-alleles (485 pairs of nucleotides,
p.n.) and L-alleles (529 bp) differed by motion.
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J1st BU3HaYeHHs TTosTiMopdismy 525531 6 MKIT OTpH-
manoro ITJIP-nipoayKTy po3lueriroBaiu 5 of. peCTpUK-
tazoro Hpall y BinnosigHomy Oydepi («biomadrex», YK-
paiHa) npotsaroM 3 rog npu temnepatypi 37 °C ta igeH-
TiKyBaJu ajielli 3a JOITOMOToIo ejleKTpodopesy B 3 %
arapo3Homy reni [100]. Cnig 3a3HauuTH, 1O BCi
aMmIutipikoBaHi ajieli Malu OAWH iJeHTUYHHUUA CcauT
pPeCTpUKILii, TOMY MicJisI 00POOKM pecTPUKTA30I0 iX py-
XOMICTh 3MiHIOBasiack. Kpim Toro, y ckiani Lg-anens
3HAXOIMBCS JOAATKOBUI CaliT peCTpUKIIii, 11O TIPHU3BO-
JUJIO J0 PO3LIENJeHHs ajeas OpuOJIM3HO HaBMiJ.
Poamipu nipoayKTiB peakiiii micist pecTpUKILii HaBeAeHO
y Tabauii 2.

Ta6auuysa 2

To identify the rs25531 polymorphism 6 ul of the
obtained PCR-product were being cleaved with 5
units of restriction enzyme Hpall in the appropri-
ate buffer («Biolabtekh», Ukraine) for 3 hours at a
temperature of 37 °C and the alleles were identified
by electrophoresis in a 3 % agarose gel [100]. It
should be noted that all amplified alleles had one
identical restriction site, therefore, after process-
ing by restriction, their mobility was altered. In
addition, in the Lg-allele, there was an additional
restriction site, which led to splitting the allele by
about half. The sizes of the reaction products after
restriction are shown in Table 2.

DoBxuHa amnnidikoBanux ginanok JHK npu BusHadeHHi nonimopdyiamiB 5-HTTLPR i rs25531 rena SLC6A4, n. H.

Table 2

Length of amplified alleles in determining the polymorphisms of 5-HTTLPR and rs25531 of the SLC6A4 gene, bp

[loBXuHa A0 pecTPUKLii

HoexuHa nicna pectpukuii Hpall

Anens / Allele Length before restrict Length after restriction Hpall
S 485 296 + 61 + 128
La 529 340 + 61+ 128
Ls 529 166 + 174 + 61 + 128

JJ1st cTaTUCTUYHOTO aHali3y JAaHUX BUKOPHUCTOBYBAIU
METOAM AECKPUIITUBHOI, BapiallifHOI CTaTUCTUKU, PEr-
peciitHo-Kopesiiiinuii aHaini3 3a Ilipconom-Cripme-
HOM, aHaJi3 BxKMBaHOCTI 3a KenieHoM-MeiiepoM, Me-
TOAW MHOXWHHOI JIiHI{HOI Ta KBaIpaTHUYHOI perpecii,
aHaJjli3 BiTHOCHUX PU3UKIB Ta BiIHOILIEHHS IIAHCIB, HE-
nmapaMeTpUdHi KpHUTepii, 3acodm rpadidyHoTrOo aHami3y i
nomaHHs pe3ynbrari. [lepeBipka cTaTUCTUYHOI TiTlloTe-
34 111010 BiAMTOBIAHOCTI JaHUX HOPMAJILHOMY PO3IOIiTY
3AilicHIOBazach 3a JOIMOMOrow KpurepiiB Konmoropo-
Ba-CvupHoBa 3 momnpaBkoio Lilliefors ta Illamipo-
Vinkca. 3 MeTo10 HaKONMMWYyBaHHS, 30epiraHHs Ta Tep-
BUHHOIO aHadidy JaHWX BUKOPUCTOBYBAJIUCH €JIEKT-
ponHi Tabauui Excel 8.0. CtaTucTUYHUI aHaJli3 TpoBe-
neHo y rporpamax Statistica 10.0 (StatSoft) [101], SPSS
Statistics 17.0 [102] Ta EPICURE (HiroSoft
http://www.hirosoft.com/).

PE3VIJIBTATU

Kniniuna xapakmepucmuxa

Sk HaBefeHO y Tab1. 3, B OCHOBHIl I'pyIli Oible B3arai
COMAaTOHEBPOJIOTIYHMX PO3JIaiB Ta 1X KOMOPOIAHOCTI, a
TaKOX Oijbllla yacToTa LiepeOpOBaCKYJISIPHUX PO3jaliB
(3a paxyHOK LiepeOpabHOI0 aTepPOCKIEPO3y i XpOHIYHO1
ileMii TOJJOBHOIO MO3KY); OCTEOXOHApPO3y XxpeOTa Ta
Jopconartiii. B OCHOBHili IpyIli TakoX BMIIMUIA pPiBeHb
NCUXiYHUX 1 TMOBEIiHKOBUX PO3JIadiB 3a PaxyHOK Op-

(1) 382

For statistical data analysis the descriptive,
variational statistics, regression-correlation
analysis by Pearson & Spirmen, Kaplan-Meier
survival analysis, multiple linear and quadratic
regressions, relative risk analysis and odds ratios,
nonparametric criteria as well as the tools for the
graphical analysis and the results presentation
were made used of. The verification of the statis-
tical hypothesis regarding the data correspon-
dence to the normal distribution was carried out
using the Kolmogorov-Smirnov criteria adjusted
by Lilliefors and Shapiro-Wilkes. Excel 8.0
spreadsheets were used to collect, store and ana-
lyze the data. Statistical analysis was performed
in Statistica 10.0 (StatSoft) [101], SPSS
Statistics 17.0 [102] and EPICURE (HiroSoft
http://www.hirosoft.com/).

RESULTS

Clinical characteristics

As shown in the Table 3, there were more soma-
toneurological disorders and their comorbidity in the
main group in general, as well as more frequent cere-
brovascular disorders (due to cerebral atherosclerosis
and chronic cerebral ischemia); spine osteochondro-
sis and dorsopathy. The main group also has a higher
level of mental and behavioral disorders at the
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TaHiYHUX AENPECUBHUX, TPUBOXKHMX 1 ACTEHIYHUX TICH-
XiYHMX PO3Ja/iB; OPraHiYHOTO po3jaay OCOOMCTOCTI Ta
NOBEAIHKU, a TAKOX JIENIPECUBHUX PO3IaLdiB.

Ta6nuusa 3

expense of organic depressive, anxiety and asthenic
mental disorders; organic personality and behavioral
disorder, as well as depressive disorders.

KniniyHa ncuxoHeBponoriyHa xapaktepuctuka 3a kputepiamm MKX-10 ocHOBHO1 rpynu i rpynu nopiBHAHHA

Table 3

Clinical neuropsychiatric characteristics according to the criteria of the ICD-10 of the main group and the

comparison group

OcHoBHa rpyna

%%, TOuHMii kpuTepin  pyna nopisHSHHS

HOiarnos, MKX-10 / Diagnosis, ICD-10 Main group Oiwepa, p Comparison group

n=198 x?, Fisher exact p n=110
COMATOHEBPOJIOIM4HI, BK/TOYAKO4YU LIEPEBPOBACKYJIPHI, PO3J1AOU / SOMATONEUROLOGICAL,
INCLUDING CEREBROVASCULAR, DISORDERS

ComartoHeBponoriuHi po3naay / Sonatoneurological disorders 169 (85,3 %) x%=16,4; p< 0,001 72 (65,4 %)

ComartoHeBponoriyHa koMmopoiaHicts / Sonatoneurological comorbidity 110 (55,6 %) x% = 217,5; p< 0,001 27 (24,5 %)

LlepebpanbHuii atepocknepos / Cerebral atherosclerosis, 167.2 106 (53,5 %) x%=22,7; p< 0,001 28 (25,4 %)

lnepreHsuBHa eHuedanonaris / Hypertensive encephalopathy, 167.4 9(4,5%) p=10,07 1(0,9 %)

XpoHiyHa ilwemis ronoHoro Mo3ky, 167.8, 167.9 122 (61,6 %) x?=0,81; p=0,37 62 (56,4 %)

Chronic cerebral ischemia, 167.8, 167.9

Eninencis / Epilepsy, G40 2 (1,0 %) p=0,7 1(0,9 %)

Monineiiponaris / Polyneuropathy, G63 2 (1,0 %) p=0,7 1 (0,9 %)

Po3anagu BeretatvsHoi HepBOBOI cuctemm, G90 2 (1,0 %) p=0,7 1 (0,9 %)

Disorders of autonomic nervous system, G90

OcteoxoHppo3 xpebTa / Spinal osteochondrosis, M42 20 (10,1 %) p=10,03 4 (3,6 %)

[Dopconarii / Dorsopathies, M54 10 (5,0 %) x?=16,4; p< 0,001 72 (65,4 %)

MCUXIYHI | NOBEAIHKOBI PO3JIAOW / MENTAL AND BEHAVIOURAL DISORDERS

Mewxiuwi | noBenjHkoBi po3namm / Mental and behavioural disorders 151 (76,3 %) x%=80,1; p< 0,001 26 (23,6 %)

MeuxiatpryHa komopoipHicTs / Psychiatric comorbidity 11 (5,6 %) p=011 2(1,8%)

CynuHHa Ta iHwi pemeHui / Vascular and other dementias, FO1, FO2 106 (53,5 %) p=0,2

OpraHiyHuit MasiuHmid posnag, / Organic delusional disorder, F06.2 1(0,5 %) p=0,6

OpraHiyHuin fenpecusHmii poanag, F06.32 13 (6,6 %) p=10,003

Organic depressive disorder, F06.32

OpraHiyHuin TpuBOXHUIA po3nag / Organic anxiety disorder, F06.4 13 (6,6 %) p=0,003 -

OpraHiyHuin acteHiynmii poanag, / Organic asthenic disorder, F06.6 53 (26,8 %) x%=13,6; p< 0,001 10 (9,1 %)

MomipHuit korHiTBHKIA po3nap, / Mild cognitive disorder, F06.7 29 (14,6 %) x2=2,73; p=0,09 9(8,2%)

OpraHiyHuit poanag, 0cobucTocTi i noBeaiHku, FO7 13 (6,6 %) x%=29,3; p< 0,001 10 (9,1 %)

Organic personality and behavioural disorder, FO7

[JenpecusHi po3nagu / Depression, F33.11, F34.1 6 (3,0 %) p=0,007

Poanap, apantauji / Adjustment disorder, F43.2 2 (1,0 %) p=04

Hespacrenia / Neurasthenia, F481 (0,5 %) p=0,6

AxueHTyitoBaHi puck ocobuctocti / Accentuation of personality traits, Z73.1 3(1,5 %) p=03 3(2,7%)

3a 4acToTOoI0 KJIiHIYHMX IICUXOHEBPOJIOTIYHX TiarHO3iB
yacTMHA OCHOBHOI I'pymnu y no3ax > 50 M3B maiixe He
Bimpi3HsaIack Bim BHYTpilmHLOro KoHTpoo (< 50 M3B),
SIK HaBeJeHO y Tao1. 4.

s aHamizy BuxkuBaHocTi (3a KeruteHom Ta Meiie-
pOM) y SKOCTi IoJii BUKOPUCTAIU Yac (B pokax) ae-
00Ty OYAb-51IKO1 HEMpOICUXiaTpUUYHOI NATOJIOTIT Mmics
YopHoOMIBCHKOI KaTacTpodu, TOOTO TepMiH, depes
SIKMIA TicJIsT KaTacTpody BUHMKIA 151 MaTojoris. Ak
HaBeleHO Ha puc. 1, HellporncuxiaTpuyHi po3iaau B
VJIHA 3’aBunuca Habarato padime — depe3 3—5

The part of the main group at doses > 50 mSy al-
most did not differ from internal control (< 50 mSv)
in terms of the frequency of clinical psychoneuro-
logical diagnoses, as shown in Table 4.

For the survival analysis (by Kaplan and Meier) we
considered the time of the onset of any neuropsychi-
atric pathology after the Chornobyl accident meas-
ured in years as the event, i.e. the term after which the
pathology arose after the catastrophe. As shown in
Fig. 1, neuropsychiatric disorders in the Chornobyl
clean-up workers appeared much earlier — 3—5 years
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Ta6aumus 4

KniniyHa ncuxoHeBponoriyHa xapakrepuctuka 3a Kputepiamu MKX-10 ocHOBHOI rpynu y nOpiBHAHHI 3

BHYTPilHiM KOHTposieM (fo3u < 50 M3B)
Table 4

Clinical neuropsychiatric characteristics according to the criteria of the ICD-10 of the main group with

internal control (doses < 50 mSv)

BHYTDILLHIN KOHTPONb %, TOYHWI KpUTEPiii OcHoBHa rpyna
Diarno3, MKX-10 / Diagnosis, ICD-10 Internal control Oiwepa, p Main group
< 50 m38/mSv; n = 198 7 Fisher exactp  >50 M38/mSv; n = 156

COMATOHEBPOJIOI4HI, BKJIIOYAIOYUW LLEPEBEPOBACKYJIIPHI, PO3JIALW / SOMATONEUROLOGICAL,
INCLUDING CEREBROVASCULAR, DISORDERS

ComartoHeBponoriuHi poanamy / Sonatoneurological disorders 38 (90,5 %) x>=1,12, p=0,29 131 (84,0 %)
ComaToHeBpoNoriyHa KOMOPODIAHICTL 24 (57,1 %) x>=0,05p=0,8 86 (55,1 %)
Sonatoneurological comorbidity

LiepebpanbHuii atepocknepos / Cerebral atherosclerosis, 167.2 20 (47,6 %) x>=1,36;,p=0,24 90 (57,7 %)
lnepreHsuBHa eHuedanonaris, 167.4 1(2,4%) p=0,73 8(51%)

Hypertensive encephalopathy, 167.4

XpOHiyHa ileMisi ronoBHoro Mosky, 167.8, 1 67.9 26 (61,9 %) p=0,56 96 (61,5 %)

Chronic cerebral ischemia, 167.8, 167.9

Eninencis / Epilepsy, G40 p=0,6 2 (1,3 %);
MoniHeiiponaria / Polyneuropathy, G63 p=06 2(1,3%)
Poananu BeretatBHoi HepBOBOI cuctemu, G90 p=0,6 2 (1,3 %)
Disorders of autonomic nervous system, G90
OcreoxoHapo3 xpe6Ta / Spinal osteochondrosis, M42 7(11,9%) x%>=2,03; p=0,15 13 (8,3 %)
[Dopconarii / Dorsopathies, M54 5(11,9 %) x%>=5,22; p< 0,02 5(3,2%)
MCUXIYHI | NOBELQIHKOBI PO3JIAAW / MENTAL AND BEHAVIOURAL DISORDERS
Mcuxiyni | noBeaiHkosi poanaaym / Mental and behavioural disorders 32 (76,2 %) x%=0,03; p=0,87 117 (75,0 %)
MeuxiatpryHa komopbigHicTb / Psychiatric comorbidity 1(2,4 %) p=0,31 10 (6,4 %)
CynwhHa Ta iHwi aemenuii / Vascular and other dementias, FO1, FO2 p=0,38 4(2,6 %)
OpraHiyHnin masumin posnag, / Organic delusional disorder, F06.2 p=0,79 1 (0,6 %)
OpraHiyHuin fenpecuBHuin posnag, F06.32 p=0,04 13 (8,3 %)
Organic depressive disorder, F06.32
OpraHiynunin TpuBoxHuiA poanag, / Organic anxiety disorder, F06.4 - p=0,62 2 (1,2 %)
OpraHiyHuin acTeHiynmin po3nap, / Organic asthenic disorder, F06.6 11 (26,2 %) x2=0,07;,p<0,9 42 (26,9 %)
MomipHuit korHiTBHKIA po3nap, / Mild cognitive disorder, F06.7 9 (21,4 %) x>=1,96;, p=0,16 20 (12,8 %)
OpraHiynunin poanap, ocobuctocTi i nosenjHku, FO7 11 (26,2 %) x%=3,09; p< 0,08 64 (41,0 %)
Organic personality and behavioural disorder, FO7
[JenpecueHi po3nanu / Depression, F33.11, F34.1 p=0,23 6 (3,8 %)
Poanap apanTauii / Adjustment disorder, F43.2 - p=10,62 2(1,2%)
Hespactetis / Neurasthenia, F48 1(2,4 %) p=0,21 -
AxuenTyitoBani pucy ocobuctocri, Z73.1 - p=10,49 3(1,9%)

Accentuation of personality traits, Z73.1

pokiB micnst karactpodu (Log-Rank Test = 4,96; p =
0,000) i nume yepe3 30 pokiB i po3yiaad BUHUKAIU
npubau3Ho ogHakoBo B YJIHA i HeekCliOHOBaAaHOMY
koHTpoJi. KpiM Toro, B YJIHA, sKi Oynu Takox it eBa-
KyiioBaHi 3 HOpHOOUIBCHKOI 30HU BiTUy>KEHHS, HEW -
porncuxiaTpUdyHUX pO3JadiB CTajJl0 BUHUKATU Oilb-
me BxXe yepe3 7—10 poxkiB (Log-Rank Test = -3,13;
p = 0,002) micng katactpodu, Hix y Tux YJIHA, xTo
He OyB eBakyiioBaHuM. Lle, 663yMOBHO CBiIUUTH MPO
HeTaTUBHUU BIJIMB eBaKyallii HA HEPBOBO-TICUXiUYHUI
craH. [Tpotsirom nepiux 15 micasiaBapiiHUX POKiB BU-

(1) 384

after the disaster (Log-Rank Test = 4.96; p = 0.000),
and only ~30 years later they occurred approximately
with the same frequency both in the Chornobyl clean-
up workers and unexposed control group. In addition,
in the Chornobyl clean-up workers, who were also
evacuated from the Chornobyl exclusion zone, neu-
ropsychiatric disorders began to emerge more just
7—10 years following the disaster vs. in not evacuated
(Log-Rank Test =-3,13; p = 0,002). This undoubted-
ly indicates the negative influence of evacuation on
both nervous and mental state. During the first 15
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MopisHanHs YJTHA, onpoMiHeHUX y pi3HNX A03aX NPOTAroM
nepwmx 15 pokie nicns YopHoGunbCbKOT KaTacTpodu
Comparison of liquidators exposed to different radiation doses
during the first 15 years after the Chornobyl catastrophe

MopisHanHsa YJTHA, onpomiHeHuX y pi3HUX A03aX NPOTAroM ycix
POKiB COCTEPEXEHHS

Comparison of liquidators exposed to different radiation doses
during the whole observation period

PucyHoK 1. Kpusi BuxxuaHocti (3a KenneHom-Meitepom) ans pebioty HeMponcuxiatpuyHoi natonorii nicns
YopHo6UNbCbKOi KaTacTpochu

Figure 1. Survival curves (Kaplan & Meier) for neuropsychiatric pathology onset after the Chornobyl
catastrophe

post-accidental years, the dependence of the terms of
the occurrence of neuropsychiatric pathology upon
the irradiation dose was detected — at doses > 300
mSy it appeared most early — almost immediately
after the disaster; at doses of 50—300 mSv — 2 years
later, and at doses < 50 mSv — in 10 years (> = 8,74;
p =0.01). Subsequently, this dependence disappears.

SIBJCHUN 10303ajesKHUi ePeKT TepMiHiB BUHUKHEHHS
HEWpONCUXiaTPUYHOI TATOJOTil — MpU A03aX OiuIbIIe
300 M3B 1151 MaTOJIOTis BAHMKAJIA HalipaHillle — MpaKTUy-
HO oxpasy Tricys Karactpodu; ipn mo3ax 50—300 m3B —
yepe3 2 poku, a npu go3ax meHure 50 Mm3B — yepe3 10
pokiB (x> = 8,74; p = 0,01). Hagani us 3anexHicTb
3HUKAE.

Puzuk-ananiz

Pusurk-aHai3z qaHUX BUKOHYBAJIU 3a JIOITIOMOTOIO BilIOMOTO
eIiAeMiOIONiYHOro CTaTUCTUYHOrO Mnakety nporpam EPI-
CURE. I'Ipu 150My BUKOPUCTOBYBAJIN OJMH 3 MOAYJIIB 11b-

Risk analysis

The risk analysis was performed using the well-
known epidemiological statistical software EPI-
CURE. Herewith, one of the modules of this epi-
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oro enigemiosorigHoro maketry PEANUTS, npuzHaueHuii
J71s1 00poOKM JaHux y KOCOBCHKUX MPOMOPLIHUX MOJIe-
JISIX BVDKMBAHHSA 3 TIeH3ypoBaHnMy nanuMn [ 103—105].

Ilepen oOpoOKoI0 AaHi OyaM Kpoc-KiaacugikoBaHi 3a
no3o10 onpomiHeHHs (< 0,1; 0,1-0,2; 0,2—0,4; 0,4—0.8;
0,8—1,8; > 1,8 Ip), 1OCATHYTUM BiKOM (BiK Ha MOMEHT
BUSIBJICHHSI HEHpOIICUXiaTpUUHOI MaTOJIOril 4YM BiK Ha
MoOMeHT 1eH3ypyBaHHs) (< 30; 30—40; 40—50; 50—60; >
60 pokiB), a TaKOX 3a HAasBHICTIO ITOCTTPaBMATUYHUX
CcTpecoBMX posiafiB (0ynau He Oynu). IIpu ubomy y pu-
3uK-aHani3i oynm 3amigHi Tinbkn YJIHA na YAEC, axi
Oynu crapuri 18 pokiB Ha MOMeHT aBapii. Takum YuHOM
y pusuk-aHami3i Oyno 3amissHo 137 YJIHA na YAEC,
npu uboMmy B 115 3 HuX Oyy0 I1iarHOCTOBAaHO HEPBOBO-
MNCUXiYHi po3naau.

J71s1 KoKHOI TpyTiv OyJ10 po3paxoBaHO BiIHOIIIEHHSI IIIaH-
ciB (Odds Ratio) cuxiuHmx po3namnis, ixHiit 95 % mosipunii
iHTepBaJI, a TAKOX CTaTUCTUYHMIA TECT JOCTOBIPHOCTI Ha OC-
HoBi ¢yHK1Iil BiporimHocTi (Likelihood Ratio Test). Lli mani
BimoOpaxkeHi y TabJ1. 5, 3 IKOI BUITHO, 1110 3aTaIbHUI pU3NUK
HEPBOBO-TICUXIYHMX 3aXBOPIOBAaHb CTATUCTUYHO JOCTOBIp-
HO CTPiMKO 3pocTae 3 103010 onpomiHeHHs (Pv < 0,001) ta
3HIDKYETBCS 3 OOCSTHyTUM BikoM (Pv < 0,001). Pusuk y
MalLi€HTIB 3 TOCTTPaBMAaTUYHUM CTPECOBHM PO3JIagoM
(ITTCP) y 1,5 pa3za BUIIMIA HiX y TALIEHTIB 6€3 HHOTO, O/I-
HaK CTaTUCTMYHA TOCTOBIPHICTh TAKOTO 3POCTAHHST PU3UKY
3HAXOAUThCS Ha Mexi BiporinHocTi (Py = 0,065).

Kpim Toro, 3a gonmomororo EPICURE oniHioBanu na-
paMeTpH JiHiliHO1 Ta KBagpaTu4HOi KOKCOBCHKUX TpoO-
NOPLiMHUX MoJeiel BifTHOCHOTO pu3uky [103—105]:

demiological package PEANUTS, designed for
data processing in the Cox Proportional Hazards
Model for Censored Data, was used [103—105].

Before treatment, the data were cross-classified by
the radiation dose ( <0.1;0.1-0.2; 0.2—0.4; 0.4—0.8;
0.8—1.8; > 1.8; Gy), attained age (age at the moment
of the neuropsychiatric pathology finding or at the
censorship time) ( < 30; 30—40; 40—50; 50—60; > 60;
years), as well as by the presence of post-traumatic
stress disorder (was or was not). At the same time,
only the Chornobyl clean-up workers aged more
than 18 at the time of the accident were included in
the risk analysis. Thus, 137 liquidators were included
in the risk analysis, wherein 115 of them were diag-
nosed with neuropsychiatric disorders.

The Odds Ratio for mental disorders, its 95 %
confidence interval (CI), as well as the Likelihood
Ratio Test, were calculated for each group. These
data are shown in Table 5, from which it is evident
that the overall risk of neuropsychiatric diseases
statistically significantly rapidly increases with the
radiation dose (Pv < 0.001) and decreases with the
attained age (Pv < 0.001). The risk in patients with
post-traumatic stress disorder (PTSD) is 1.5 times
higher than in patients without it, but the statisti-
cal significance of such growth is out of the proba-
bility limits (Pv = 0.065).

In addition, using the EPICURE, the parame-
ters of the linear and quadratic Cox proportional
models of relative risk were estimated [103—105]:

A = ﬁ“O,L (t)'exp(aL,i " S; +:BL,i ca )1+ p, D] (2)
/1Q = io,Q(t)'exP(aQ,i "5 +ﬂQ,i ’ai)[1+pQ 'Dz] (3)

Ie AL, Ag — 3aXBOPIOBAHICTh HA HEPBOBO-IICUXiUHI pO3-
JIany 'y JIiHiAHIM Ta KBagpaTU4YHIid MOAEISIX PU3UKY
BIiIITOBiTHO; Aoz(?), Aoo(?) Ga30BUIT pU3KK Y MOMEHT Yacy
t, IKMI He OLIHIOEThCS; §; T @; — KaTeropiajibHi 3MiHHI,
1110 BM3HAYaloTh HasgBHiCTh 4K BincyTHicTh IITCP, a Ta-
KOX BiKOBY I'pyIy (3 IlepepaxoBaHUX BUIIE), Y SIKY IIOT-
panuB YJIHA na YAEC; D — no3a onpomineHHs (3B);
ouzi, Bri, Ooi, Poi, PLis Po — TTAPAMETPH, 110 OLIIHIOIOTHCS Y
pe3yJbTaTi pu3MK-aHai3y.

3MicT mapameTpiB Pz Ta Pg — €KCLECU BITHOCHOTO pU-
3uKy (Excess Relative Risk) y miniitHiit (2) Ta KBagpaTna-
Hilt (3) Mmoaensx, BianoBigHo. OLiHKa eKClecy BiTHOCHO-
TO PU3MKY P y JiHiitHii Moneni (2) ckinana 3,7 387, i 3Ha-
XOIUThbCI B Mexax 95 % nosipyoro intepsany 0,13—7,3.
Owinka € cratuctiuyHo goctoBipHOO (Pv = 0,04). OgHak
CTAaTUCTUYHMIA TECT Ha OCHOBI (PYHKIIii BipOTiZHOCTI IO-

where Az, Ag — the neuro-psychiatric morbidity
rates in linear and quadratic risk models, respec-
tively; Aor(?), Aoo(?) — a basic risk at a time 7 that is
not assessed; s; and a; — categorical variables deter-
mining the presence or absence of PTSD, as well
as the age group (from the above-mentioned) in
which a Chornobyl clean-up worker was; D —
radiation dose (Sv); oui, Bri, o, Bois PLi, Po —
parameters evaluated as a result of risk analysis.
The sense of the parametrs p; and po — excess rel-
ative risks in linear (2) and quadratic (3) models,
respectively. The estimation of the Excess Relative
Risk in the linear model (2) was 3.7 Sv' and falls
within the 95 % confidence interval of 0.13—7.3. This
score is statistically significant (Pv = 0.04). However,
the statistical test based on the probability function

(1) 386
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BipHoweHHs waHciB (OR), 95 % posipuuin iHtepsan (95 % CI), Ta Tect pocToBipHOCTi Ha 6a3i yHKuii

BiporigHocti (LRT) ana pisHux rpyn VIHA Ha YAEC
Table 5

0dds ratio (OR), 95 % confidence interval (95 % CI), and Likelihood Ratio Test (LRT) for different groups of

clean-up workers

Mapametp Kareropia KinbkicTb 3axBopioBaHb  3aranbHa KiNbKiCTb OR 95 % Cl LRT
Parameter Category Number of cases Total number ?
<0,1 33 42 1,00 -
0,1-0,2 " 16 0,86 0,17-4,20
0,2-0,4 31 35 1,80 0,79-4,12
b H b H b <
Hlosa, 3o / Dose, ¢ 04-0.8 17 20 249 | o0g7-639 |7 <00
0,8-1,8 13 14 7,06 3,02-16,4
1,8+ 10 10 448 15,4—-130
He 6yno / no 44 57 1,00 - _
fITCP /PTSD Bynm / yes I 80 1,50 0,97-2,27 Pv=0,065
<30 12 12 1,00 -
30-40 9 9 0,29 0,10-0,87
[Locsrnytuid Bik, pokw / Attained age, years 40-50 33 40 0,12 0,05-0,30 | Pr< 0,001
50-60 37 a4 0,02 0,01-0,04
60+ 24 32 0,01 0,002-0,02

Kas3aB, 110 KBagpaTW4YHa Mozaelb (3) CTaTUCTUYHO JOC-
ToBipHO (Pv < 0,001) Kkpaie omucye naHi emigemio-
JIOTIYHMX JOCTIIKeHb HEPBOBO-TICUXiYHMX 3aXBOPIOBAaHb.
IIpn oMy OLIIHKa €KCLECYy BiITHOCHOTO PU3HKY Pr Y
KBampatuuHiii mogeni (3) ckiana 3,94 3B i 3HAXOAUTHCS
y 95 % nosipuomy intepsaii 0,66—7,2. CtatucTuyHa 10C-
TOBipHiCTb LIbOro KoedilieHta — Pv = 0,02, TOOTO BOHa €
BIIBiYi BUILIOIO, HiXK JUIS JIiHIMHOI MOJeTi.

Ha puc. 2 HaBegeHa KBaapaTHM4Ha 3aJIeXXHICTh Bim-
HocHoro pu3uky (RR) BMHUKHEHHSI HEPBOBO-IICU-
XiYHUX 3aXBOPIOBAaHb Bia 103U onpoMiHeHHs1 YJIHA Ha
YAEC, BigHomenHs manciB (OR) Ta 95 % nosipui
iHTEpBaIu.

has showed that the quadratic model (3) is statistical-
ly significantly (Pv < 0.001) better describes the data
on epidemiological studies of neuropsychiatric dis-
eases. In this case, the estimation of the Excess Re-
lative Risk in the quadratic model (3) was 3.94 Sv?
and falls within the 95 % confidence interval of
0.66—7.2. The statistical significance of this coeffi-
cient is twice as high as for a linear model (Pv=10.02).

In Fig. 2 the quadratic dependence of the relative
risk (RR) of the occurrence of the neuropsychi-
atric diseases related to the radiation dose in the
Chornobyl clean-up workers, the odds ratio (OR)
and 95 % confidence intervals are given.

po3a, 3B/ dose, Sv

X 60 ‘ :
§ @ BigHoWeHHA waHcis / odds ratio (OR) | , ’
T ) . . R [
% = sl — BiAHOCHWMI1 pu3nk / relative risk (RR) L
E g ---2,5%T1a 97,5 % kaHTuni / 2.5 & 97.5 quantiles L/
c 2 ‘ ‘ ‘ R
& S w S — o -
om = 0 | | ' //
ax9o ;
Qg S ! ! .
o g w B 1 2
IaS9 : :
xo=x.2 !
sSof3g 1 | |
2T W oo A
= '2 I | d
R
o T 10F------mmdmmmm e e et b
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r & | 7 /7 -
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PMCYHOK 2. 3anexHictb PU3UKY BUHUKHEHHA HepBOBO-ﬂCMXi‘-IHMX 3aXBOpPOBaHb Big posu OﬂpOMiHEHHﬂ B

VIHA Ha YAEC

Figure 2. Dose-effect dependence on neuropsychiatric disorders in liquidators
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Heiipo- i ncuxomempuuna xapakmepucmuka

Heiipo- i ncuxoMeTpruuHi JOCTiIKeHHST BUSIBUINA OaraTto
pO30iXKHOCTE!t MiXK OCHOBHOIO TpyIlOI0 Ta 30BHILIHIM i
BHYTpIILIHIM KOHTpOJIEM, SIK HaBeleHO y Tabi. 6 i 7,
BiamoBigHo. B YJIHA miaTBepakeHO HasIBHICTh HEMPO-
KOTHITUBHOTO  JgediuuTy (MOpyLIeHHSI 30pOBUX,
mipaMiTHUX, CEHCOPHUX i 1epeOpasbHIX (YHKIIi) Ta
eMOLIITHO-TIOBEAIHKOBUX TICUXIYHUX po3aadiB (mepe-
BaXKHO 3a paxyHOK coMmaTu3allil, TPUBOTU i JTUCOMHIl,
couianbHoi aucdyHkuii, aenpecii, IITCP Tta iH.).
KornitmBua muchynkuig B YJIHA minTBepmKyeThcs
MPaKTUYHO YCiMa 3aCTOCOBAaHMMMU T€CTaMU i XapaKTepu-
3Y€EThCS TTOPYIIEHHSIMU BepOabHOI ITaM'sITi Ta HaBYaH-
Hsl, @ TAKOX 3MEHIIEHHSIM akTyajlbHOro IQ 3a paxyHoK
BepbOanbHoro. Kpim Toro, B YJIHA 3HayHO Oijibliie
MOTiplIeHHsI aKTyaJlibHOro IQ y MOpiBHSIHHI 3 Tpe-
MopOigHuM 1Q.

st YVIIHA xapakTepHi HeraTUBHi 3MiHU OCOOMCTOCTI,
necuMisM, IaCHUBHICTb, HAIJIMIIKOBA YYTJIMUBICTH Ta
Bpa3IMBICTh, BUCOKA CYy0'€KTUBHICTh OL[IHOK, BiTUyTTS
0e3nmopaaHOCTi, HEBIIEBHEHOCTI B MallOyTHbOMY, TOC-
J1abJIeHHSI CAMOKOHTPOJII0, KOH(JIIKTHICTb Ta 6€3KOMII-
POMICHICTb, IpaTiBIMBICTb, MaHIYHI peakilil Ha 3MiHU
couianbHoro craHonuina. YJIHA Bigpi3HSIOTbCS Bif
rpynu KOHTPOJIIO HEBPiBHOBAXKEHICTIO TICUXIYHUX MPO-
1IeciB, €MOLIHOI0 HECTiiKicTIo, JabiIbHICTIO Berera-
TUBHO1 HEPBOBOI CUCTEMU, HASIBHICTIO COMAaTUYHUX, MO-
BEeIiHKOBMX Ta €MOIIMHUX IPOSIBIB CTpeCy, HU3BKOIO
couianbHo amantauieto. Takox mis YJIHA xapakrep-
Ha HEIOOLIHKAa MOXJIMBOCTEH mIi€BOro IIOJOJaHHS
npoOJEeMHUX CUTYaLili; HAIKOHTPOJIb 32 CBOIMU BiluyT-
TIMU Ta OisIMUA, 11O CHpUsE (HOPMYyBaHHIO HEPBOBO-
TMCUXiYHOI HAIpYyrd; HEKOHCTPYKTUBHiI (Gopmu mo-
BEHiHKM, $SKi BUSBIISIIOTBCSI B irHOPYBaHHiI IpoOJieM,
YXUJIEHHI Bif BillIOBigaJIbHOCTI Ta IIACUBHOCTI.

Sk HaBegeHo y Taby. 7, mpu OiNbIIMX J03aX OIl-
pomiHeHHs (> 50 M3B) BHUIIl piBeHb HEUPOKOTHITUB-
HOTO Je(diluTy Ta BUpaXKeHiCTh eMOLIIMHO-TTOBEAiHKO-
BUX pO3JaliB (TaKOX MepeBaKHO 32 PaXyHOK COMaTH-
3allii, TPMBOTM i OMCOMHII, coliaJibHOI AUCGHYHKIII,
nenpecii, IITCP ta iH.). KpiMm Toro, piBeHb mcuxo-
JIOTIYHOTO CTpeCy, CUTyaTUBHOI Ta OCOOMCTICHOI TpU-
BOXHOCTI Buluuii cepen YJIHA, onpoMiHeHUX y OiJib-
LLIMX T03aXx.

Ha mincraBi KJ1iHiYHMX, MCUXOAiaTHOCTUYHUX 1 HEMi-
POINCUXOJOTIYHUX JaHMX Oyjla mpoBeleHa eKCIepTHa
OIliHKa KOTHITUBHMX, apeKTUBHUX i CTPECOPHUX PO3-
JIafiB y BimokpeMyeHux rpymnax (tada. 8§19). B VJIHA y
MOPiBHSIHHI 3 HEEKCITOHOBAHUM KOHTPOJIEM 3Hauylle
OijibllIe KOTHITUBHUX pO3JaAiB, OCOOJUBO, JETKOTO
KOTHITMBHOI'O pO3Jiady, ajie TakoX i AeMeHLlii. Takox B

Neuro- and psychometric characteristics

Neuro- and psychometric studies revealed many dif-
ferences in the main group compared to both the
external and internal control groups, as shown in
Tables 6 and 7, respectively. The presence of neu-
rocognitive deficit (disruption of visual, pyramidal,
sensory and cerebral functions), emotional and
behavioural mental disorders (mainly at the expense
of somatization, anxiety and dyssomnia, social dys-
function, depression, PTSD, etc.) was confirmed in
the liquidators. Cognitive dysfunction in the Chor-
nobyl clean-up workers has been verified by virtually
all applied tests and is characterized by violations of
verbal memory and training, as well as a reduction of
the actual IQ at the expense of the verbal 1Q. In addi-
tion, the liquidators have significant worsening of the
current 1Q compared to the premorbid 1Q.

The liquidators are characterized by negative per-
sonality changes, pessimism, passivity, excessive sen-
sitivity and vulnerability, substantial subjectivity of
judgments, feeling of helplessness, uncertainty in the
future, self-control attenuation, conflict and uncom-
promisingness, irritability, panic reactions to social
status changes. The Chornobyl clean-up workers dif-
fer from the control group by unbalanced mental
processes, emotional instability, lability of the auto-
nomic nervous system, the presence of somatic,
behavioral and emotional manifestations of stress,
low social adaptation. Likewise, they are characte-
rized by underestimation of effective coping with
problematic situations; excessive control over their
feelings and actions, which promotes the formation
of nervous and mental tension; non-constructive
behavioral forms which manifest themselves in
ignoring problems, avoiding liability and passivity.

As shown in Table 7, at greater doses of irradia-
tion (> 50 mSv) a higher level of neurocognitive
deficit and the severity of emotional and beha-
vioral disorders (mainly due to somatization, anx-
iety and dyssomnia, social dysfunction, depres-
sion, PTSD, etc. as well) is observed. In addition,
the level of psychological stress, situational and
personal anxiety is higher among the liquidators
irradiated at higher doses.

On the basis of clinical, psychodiagnostic and neu-
ropsychological data an expert assessment of cogni-
tive, affective and stress disorders in the separated
groups was carried out and given in Tables 8 and 9. In
the liquidators in comparison with the unexposed
control group there are significantly more cognitive
disorders, specifically, mild cognitive impairment,
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Ta6nauuysa 6°
Cratuctuuno Biporigni (p < 0,05) Heipo- i ncuxomeTpuyHi po36ixHOCTI MiX OCHOBHOI rpynoto i rpynoio
NOpiBHAHHA

Table 6*
Statistically significant (p < 0,05) neuro- and psychometric differences between the main group and the
comparison group

OcHoBHa rpyna  t-kputepiit; Tpyna nopiBHSIHHS

LLikana / Scale Main group t-criterion; Comparison group
n=198, M = SD p n=110, M =+ SD
PoswwwupeHa Lwkana owjHku cTyneHto iHBaniamaauii / Expanded disability status scale, EDSS 1,7+0,7 t=2,3;p=0,02 1,3+0,5

CTAH ®YHKLIIOHAJIbHUX CUCTEM 3A XK. KYPTLIKE / J. KURTZKE FUNCTIONAL SYSTEMS SCORES, FSS

3oposi ¢yHkuji / Visual functions 03+0,5 t=2,0; p<0,05 0,08 0,5
NipamigHi GyHkuii / Pyramidal functions 09+0,7 t=2,2; p=0,03 06=+0,6
CencopHi dyHkuii / Sensory functions 0,6+0,7 t=2,2; p=0,02 03+04
LiepebpanbHi dyHkuji / Cerebral functions 0,4+0,6 t=2,9; p=0,004 0,04 +0,2
KOPOTKA NMCUXIATPUYHA OLIIHOYHA LLKAJIA / BRIEF PSYCHIATRIC RATING SCALE, BPRS
Posnap, po3ymosux npouecis / Conceptual disorganization, BPRS-4 0,7=1,0 t=24;, p=0,01 0,1+0,3
Inei Benwui / Grandiosity, BPRS-8 0,3%0,7 t=-3,2; p=10,002 0,7=1,0
MNipo3pinictb, NapaHoiyHmin amicT / Suspiciousness, BPRS-11 05+0,8 t=-2,1, p=0,03 09+1,0
lanoumHauii / Hallucinations, BPRS-12 0,105 t=-2,3; p=0,02 0,407
PyxoBa 3aranbmoBaHicTb / Motor retardation, BPRS-13 08+1,1 t=2,0; p<0,05 0,2+0,6
XumepHicTb mucnents / Unusual thought content, BPRS-15 0,2+0,6 t=-2,1;, p=0,04 0,6 +0,7
36ymxenHs / Excitement, BPRS-17 1,011 t=23,1; p=10,002 0,1£0,5
OMUTYBAJIbHUK 3ATAJIbHOIO 310POB’A / GENERAL HEALTH QUESTIONNAIRE, GHQ-28
Comarw3aLlist / Somatization, GHQ-28A 9,7+43 t=9,2, p<0,001 47+3,7
Tpueora i amcomnisi / Anxiety and disomnia, GHQ-28B 8,052 t=6,5, p<0,001 52+38
CoujanbHa aucdyHkuis / Social dysfunction, GHQ-28C 93+3,7 t=5,1; p< 0,001 3,727
Taxka penpecia / Severe depression, GHQ-28D 3640 t=4,6, p<0,001 14+22
3aranbHuii 6an / Total score, GHQ-28 30,2+ 14,3 t=7,7, p< 0,001 14,3 +10,2
HEMACKOBAHA AEMNPECIF / UNMASKED DEPRESSION
LLikana camoouiHku menpecii B. 3yHra / W. Zung Self-rating depression scale, SDS 50,8 + 13,6 t=23; p=0,02 445+93
NOCTTPABMATUYHUIA CTPECOBUIA PO3JIALL, MTCP / POSTTRAUMATIC STRESS DISORDER, PTSD
LLikana BnnmBy nogiii M. Toposiua / Impact of events scale, IES 16,5+ 9,6 t=6,3; p<0,001 45+55
Lkana «[ipatiBnuBicTb, Aenpecia, Tpusora» / Irritability, depression, anxiety, IDA 39+28 t=2,6; p=0,01 28+2,0
KOTHITUBHI TECTU / COGNITIVE TESTS
KopoTka Lkana ouiHku ncuxiyHoro ctarycy / Mini-mental state examination, MMSE 26,2 +2,0 t=-2,9; p=0,004 214+16
Tect ayanTopHO-BepOanbHOrO HaB4aHHS Pesi, cybikana A2 6,117 t=-2,27; p=0,02 70+21
Rey Auditory Verbal Learning Test, RAVLT, A2 subscale
TecT ayamTopHO-BepOanbHOro HaB4aHHs Pesi, cyblukana A3 7525 t=-1,98; p=0,049 86+25
Rey Auditory Verbal Learning Test, RAVLT, A3 subscale
Tect ayamTopHO-BepOanbHOro HaB4aHHs Pesi, cyblkana A6 69+29 t=-2,44; p=10,02 84+25
Rey Auditory Verbal Learning Test, RAVLT, A6 subscale
Tect ayanTopHO-BepOanbHOr0 HaB4aHHS Pesi, pisHuLs Mix nokasHukamu cyblkan A5 Ta A6 2319 t=2,33; p=0,02 1,4+16
Rey Auditory Verbal Learning Test, RAVLT, the difference between A5 and A6 subscales
3aranbHa KinbKiCTb 3aBYEHMX CNiB 32 TeCTOM Pes (B 06CTeXyBaHUX BikoM 10 65 pokiB) 36,3+9,1 t=-2,24; p=0,03 41,0+98
The total sum of the memorized words measured by RAVLT, Asum (in the examinees aged less than 65)
AxTyanbHuii 3aranbHuii koediuieHT iHTenektyansHocTi / Current full 1Q, flQ 106,7=114 t=-23,p=0,01 13,7+ 11,2
AxTyanbHuii BepbanbHuiA koedillieHT iHTenektyanbHocTi / Current verbal 1Q, vIQ 1045+ 14,1 t=-2,9, p=0,004 114,6 £ 13,7
AxTyanbHa iHTenekTyanbHa aucrapmoisi / Current intellectual disharmony plQ—vIQ 42+96 t=3,2, p=0,002 -3,6 9,4
3MiHK Mix npemMopbiaHUM Ta akTyaslbHUM 3araibHUM KOediLlieHTaMM iHTENeKTyaIbHOCTi 9,7+10,3 t=2,8; p=0,006 3,7+6,3
Changes between pre-morbid and current full 1Q, pre-IQ-I1Q
3MiHN MiX npemMopbiaHUM Ta akTyanbHUM BepOanbHUM KOEdILEHTOM iHTENeKTYaNlbHOCTi 11,2+£122  t=3,4; p<0,001 26+8,0
Changes between pre-morbid and current vIQ, pre-viQ—vIQ
3MiHK Mix MpemMopBiaHOI0 Ta aKTyalbHOIO IHTENEKTYabHOIO AVNCTaPMOHIEID 59+£102 t=-295 p<0,01 0,6 +8,4

Changes between pre-morbid and current intellectual disharmony, (pre-plQ-viQ) — (plQ-vIQ)

MpumiTka. "MpoaoBXeHHs TaBML Ha HACTYMHIBIA CTOPIHL.
Note. 'Continued next page.
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Ta6auus 6 (NpoAOBKEHHA)

CratuctuuHo BiporigHi (p < 0,05) Henpo- i ncuxomeTpuyHi po36iKHOCTI MiX OCHOBHOIO rpynot i rpynoto

NopiBHAHHA
Table 6 (continued)

Statistically significant (p < 0,05) neuro- and psychometric differences between the main group and the

comparison group

LLikana / Scale

OcHoBHa rpyna  t-kputepiii;
Main group t-criterion;
n=198, M = SD p

Fpyna nopiBHAHHS
Comparison group
n=110, M+ SD

AKLEHTYALIIi OCOBMCTOCTI 3A T'. LUMULUEKOM — K. JIEOHTAP,OM / ACCENTUATED PERSONALITIES
BY H. SCHMIESCHEK & K. LEONGARD

lneptumHa / Hyperthymic 10,92 £ 5,76 t=-3,68; p=10,001 13,73 £ 4,63
EmotusHa / Emotional 1714430 t=354; p=0,001 14,71 = 6,04
[Inctumua / Dysthymic 15,46 £ 5,61 t=4,03; p=0,001 12,49 = 4.33
Linknotumiyna / Cycloid 14,68 £ 5,18 t=15,69; p< 0,001 10,77 £ 4,24
36ymmea / Excitable 13,20 £ 5,07 t=5,76; p< 0,001 9,16 £4,84
TpuBoxHa (HansikaHa) / Anxious (fearful) 10,92 +5,82 t=5,10; p= 10,001 6,78 £ 5,77
NCUXONOTIYHWUIA CTPEC / PSYCHOLOGICAL STRESS
LLikana ncuxonoriyHoro ctpecy / Psychological stress measurement, PSM-25 106,9+350 t=9,7, p<0,001 60,7 £+ 23,1
CTPECOCTIVKICTb TA COL|IAZIbHA ABANTALIS / STRESS RESISTANCE AND SOCIAL ADAPTATION
LLIkana cTpecocTiikoCTi Ta coujanbHoi ananTadji T. Xonmca Ta P. Pare 150,8 +110,7 t=24; p=10,02 108,3 = 79,7
Stress and social adaptation scale T. Holmes & R. Rahe
OCOBUCTICHWUIA ONMUTYBAJIbHUK I'. AN3EHKA / EYSENCK'S PERSONALITY INVENTORY, EPI
HeiipoTnam — emoujiiHa ctabinbHicTb / Neuroticism — stability 147+45 t=9,1; p<0,001 91+44

CTPATETi NOAONAHHS CTPECY 3A P. JIA3APYCOM TA C. ®OJIKMAHOM / STRESS COPING WAYS BY R. LAZARUS & S. FOLKMAN

[vcraHujiopaHHs / Distancing 93+3,0 t=23,8;, p< 0,001 75+3,6
CamoxkonTpons / Self-controlling 135+£3,6 t=24; p=0,02 12,1 £4,0
YHukaHHs / Escape — Avoidance 10,5£3,5 t=4,2; p<0,001 8,3+3,8

OCHOBHIll Tpymi 30iJbllleHa YacToTa aeKTUBHUX PO3-
JIaJiB, MPUYOMY 3a paxyHOK Baxkoi genpecii. CTpecopHi
po3Jiaau TakoX mepeBaxaroTb B YJIHA, sk nerkoro tak
i BasKKOTo CTyreHs (Taou. §).

B VJIHA, onpoMiHeHux y mo3ax >50 M3B, y IopiB-
HSIHHI 3 THMU, XTO 3a3HaB Ail 703 MeHIIuX 50 M3B, 30i1b-
ImeHa 4YacToTa apeKTMBHUX i CTPECOPHUX PO3JNIAImiB i
MpocTexXeHa TeHIEHIIisI 10 OibII0l YACTOTH KOTHIiTUB-
HUX po3aniB (Tabi. 9).

BusBieHa cTaTUCTMYHO 3Hauylla JiiHiliHa per-
peciiiHo-KopesliiiHa 3aJieXkHICTb 3HMXKEHHSI KOTHi-
TUBHOro (PyHKIIiOHYyBaHHS 3a ImKajoilo MMSE Bin
3pOCTaHHS 1031 onpoMiHeHHs (r = -0,43; p = 0,03) npu
ekcrio3ulii B mo3ax nmoHan 0,3 3B. IIpocrexeHa TeH-
JIeHIlisT 10 3HIDKEHHS BepOalbHO-ayIMTOPHOI Tam’sITi
Ta HaBYaHHS (Oe3IMocepeaHbOro 3aram’ SITOBYBaHHS,
KOPOTKOTPHUBAJIOI Ta JOBroTpUBajIoi mam’aTi) 3a RAVLT
BXe npu po3ax oiabiie 50 M3B, SIKi MpU ONPOMiHEHHI B
nozax rmoHan 0,3 38 B YJIHA BikoM 10 65 pokiB HaOyBa-
I0Th J0303ajiexkHoro xapakrtepy (r = (-0,51)—(-0,66);
p =0,03-0,003).

ITpu ompomiHeHHi B go3ax moHan 0,3 3B B YJIHA
BiKOM J10 65 poKiB OYB BUSIBJIEHUI XapaKTEPHUI 10303a-

(1) 390

and dementia as well. There is also increased per-
centage of affective disorders, mainly due to severe
depression. Both mild and severe stress-related disor-
ders prevail in the clean-up workers as well (Table 8).

In the Chornobyl clean-up workers exposed at
doses > 50 mSv compared to those exposed at doses
< 50 mSy, the incidence of affective and stress disor-
dersis increased and a tendency to a greater incidence
of cognitive impairment is observed (Table 9).

The statistically significant linear regression dose-
dependent relationship for the cognitive function-
ing decline according to MMSE scale (r = -0,43;
p = 0.03) was found when exposed at doses of
more than 0,3 Sv. A tendency towards the reduc-
tion of verbal-auditory memory and learning
(immediate memorization, short-term and long-
term memory) by RAVLT even at doses greater
than 50 mSv has been observed, which becomes
dose-dependent when irradiated at doses of more
than 0.3 Sv in the liquidators aged less than 65
inclusively (r = (-0.51)—(-0.66); p = 0.03—0.003).

When irradiated at doses of more than 0.3 Sy, the
specific dose-dependent psychometric pattern has
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Ta6nuua 7

CratuctuyHo BiporigHi (p < 0,05) Helfpo- i ncuxomeTpuyHi po36ixKHOCTI B OCHOBHiN rpyni y NOpiBHAHHI 3
BHYTPilHiM KOHTponem (po3m < 50 m3B)

Table 7

Statistically significant (p < 0,05) neuro- and psychometric differences in the main group in comparison with
the internal control (doses < 50 mSv)

BHyTpilLHiiA KOHTPONL  t-KpUTepiIi; OcHoBHa rpyna
LLikana / Scale Internal control t-criterion; Main group
(< 50 m3B/mSv), n = 42 p (> 50 m3B/mSv), n = 156
CTAH ®YHKLIOHAJIBHUX CUCTEM 3A K. KYPTLKE / J. KURTZKE FUNCTIONAL SYSTEMS SCORES, FSS
Mo3oukoBi ¢yHkuii / Cerebellar functions 05+0,6 t=-2,9; p=10,005 09+0,7
KOPOTKA NCUXIATPUYHA OLIIHOYHA LLKAJIA / BRIEF PSYCHIATRIC RATING SCALE, BPRS
Tpwueora / Anxiety, BPRS-2 1,5+1,3 t=-2,8; p=10,006 22+1,2
MouytTa nposunHk /Guilt feelings, BPRS-5 04=06 t=-2,1;, p=0,03 09+12
[lenpecmBhuii HacTpii / Depressive mood, BPRS-9 05=1,1 t=-2,2; p=0,03 1,113
3aranbHui 6an ncuxonatonorii 1-16 / General BPRS score 1-16 9570 t=-2,1;, p=0,03 13,2+8,5
3aranbHuin 6an ncuxonatonorii 1-18 / General BPRS score 1-18 10,45=7,0 t=-23; p=0,02 14,4 8,7
ONMUTYBAJIbHUK 3ATAJIbHOIO 3[10POB’S / GENERAL HEALTH QUESTIONNAIRE, GHQ-28
Comatu3aulig / Somatization, GHQ-28A 71+£3,6 t=-4,1; p< 0,001 10,4+ 4,3
Tpueora i amcomnisi / Anxiety and disomnia, GHQ-28B 46+ 31 t=-4,3; p<0,001 8,8+53
CoujanbHa aucdyHkuis / Social dysfunction, GHQ-28C 76+22 t=-3,0; p= 10,003 97+39
Taxka penpecisi / Severe depression, GHQ-28D 1,8 £2,1 t=-3,0; p= 10,003 41+42
3aranbhuii 6an / Total score, GHQ-28 215+84 t=-4,1; p< 0,001 326+ 146
HEMACKOBAHA LENPECIA / UNMASKED DEPRESSION
LLikana camoouiHkm fenpecii B. 3yHra / W. Zung Self-rating depression scale, SDS 42,5 = 10,7 t=-4,0; p< 0,001 529+134
NMOCTTPABMATUYHWI CTPECOBWIA PO3JNIAL, MTCP / POSTTRAUMATIC STRESS DISORDER, PTSD

LLikana BnmBy nogiii M. Toposiua / Impact of events scale, IES 10,9+ 8,6 t=-3,6; p < 0,001 179+94
LLkana «[ipatiBnuBicTb, Aenpecia, Tpusora» / Irritability, depression, anxiety, IDA 2,7 £ 2,1 =-2,6; p=10,01 42+29

CUTYATUBHA (PEAKTUBHA) TA OCOBUCTICHA TPUBOXXHICTb 3A Y. CMIJIBEPTOM — 0. XAHIHUM / STATE (REACTIVE) AND
TRAIT (PERSONALITY) ANXIETY BY CH. SPIELBERG & YU. KHANIN

OcobucricHa TpMBOXHICTb / Trait anxiety 37,8+£93 t=-2,2,p=0,03 459+ 124
NCUXONOTIYHUHA CTPEC / PSYCHOLOGICAL STRESS

LLikana ncuxonoriyHoro ctpecy / Psychological stress measurement, PSM-25 93,1 £30,2 t=-2,0; p< 0,05 108,6 + 35,2

Ta6nuusa 8

EKkcnepTHa ouiHKa KOFHITUBHUX, a)eKTUBHMX i CTPeCOPHMX PO3NaAiB B OCHOBHiN rpyni i rpyni nopiBHAHHA

Table 8
Expert assessment of cognitive, affective and stress-related disorders in the main group and the comparison group

OcHoBHa rpyna 7, TouHmii kpuTepiin Giwepa pyna nopieHAHHS

Po3anap / Disorder Main group x?, Fisher exact test Comparison group
n=198 p n=110
KorwitueHi poanagm (yci) / Cognitive disorders (all) 99 (50,0 %) x2=4,11; p=0,04 20 (18,1 %)
Jlerkui korniTBHMiA po3nag, / Mild cognitive impairment 79 (39,9 %) x%=21,31; p< 0,001 16 (14,5 %)
[JewmeHuis / Dementia 20 (10,1 %) p=0,03 4 (3,6 %)
AdexTueHi poanaam (yci) / Affective disorders (all) 96 (48,3 %) x%2=1,17, p= 0,007 36 (32,7 %)
Jlerki / Mild 43 (21,6 %) x%>=2,09; p=0,15 32 (29,1 %)
Baxki / Severe 53 (26,7 %) p < 0,001 4 (3,6 %)
CrpecopHi posnaam (yci) / Stress-related disorders (all) 115 (58,4 %) x%=76,1; p< 0,001 8(7,3%)
Jlerki / Mild 98 (49,5 %) x% = 55,8; p< 0,001 8 (7,3 %)
Baxki / Severe 17 (8,9 %) p=0,002 -
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Ta6nuusa 9

EEkcnepTHa ouiHKa KOTHiTUBHUX, aheKTUBHMUX i CTPECOPHUX PO3NaAiB B OCHOBHiW rpyni y NOpiBHAHHI 3

BHYTPilWHiM KOHTposiem (A03M < 50 mM3B)
Table 9

Expert assessment of cognitive, affective and stress-related disorders in the main group with internal control

(doses < 50 mSv)

BHyTDIlLHiN KOHTPONbL %, TOuHMIA KpuTepin Diwepa

OcHoBHa rpyna

Po3anap / Disorder Internal control x?, Fisher exact test Main group
(< 50 m3B/mSv), n = 42 p (> 50 m3B/mSv), n = 156

KorwitueHi poanagm (yci) / Cognitive disorders (all) 19 (45,8 %) x%=10,48; p=0,47 80 (52,3 %)
Jlerkuin korHiTMBHMIA po3nag, / Mild cognitive impairment 15 (36,3 %) x%=10,39; p=0,53 64 (41,0 %)
[emenuis / Dementia 4(9,5%) p=0,58 16 (10,3 %)
AdexTtusHi posnagu (yci) / Affective disorders (all) 7(19,1 %) x2= 23,27, p < 0,001 89 (56,4 %)
Jlerki / Mild 2 (4,8 %) p=0,001 41 (26,3 %)
Baxxi / Severe 5(11,9 %) p=10,009 48 (30,8 %)
CrpecopHi poanaam (yci) / Stress-related disorders (all) 117 (40,4 %) x%=6,79; p= 0,009 98 (62,8 %)
Jlerki / Mild 14 (33,3 %) x%=5,57; p=0,02 84 (53,9 %)
Baxki / Severe 3 (7,1 %) p=0,49 14 (8,9 %)

JICKHUN TICUXOMETPUYHMUN MAaTEpH, SKUM IOJISTaE y
JOCTOBIPHOMY 3HMKE€HHi MOKAa3HUKIB aKTyaJlbHOTO 3a-
rajibHoOro, BepOajibHOro Ta HeBepOaabHOro I1Q mpu oj-
HOYAaCHOMY 3pOCTaHHi AedilnTy maHWUX ITOKA3HUKIB B
MOPiBHSIHHI 3 MPeMOpPOiTHUMU (J0aBapiiHUMM) PiBHSI-
mu. JIiHiliHI perpeciliHi 3aJleXKHOCTi BUILEIepepaxoBa-
HUX 3MiHHUX HaBeAeHi Ha puc. 3.

Heiipo- i ncuxogizionociuna xapakmepucmuka

ITpu anani3i mokasHnukiB KinbKicHoi EET y rpyni YJIHA
B TIOPIiBHSIHHI 3 HEEKCIIOHOBAHOIO TPYIIOI0 BUSIBICHO
JOCTOBIPHUM €KCLEC BiIHOCHOI AeJIbTa-IMOTY>XXHOCTI
(p < 0,05), marepanizoBaHuil y JiBy 3aJHBOCKPOHEBY
ninstHKy (ta6a. 10). Ilpu 3icTaBieHHi MOKa3HUKiB
kinbkicHoi EEI y miarpynmax YJIHA, onpoMiHeHUX B
no3ax 1o 50 M3B ta moHan 50 M3B BK/IIOYHO, Big3Ha-
Ya€EThCS JOCTOBipHE 3pPOCTAHHS BiTHOCHOI TETa-IMOTYK-
HocTi (p < 0,05), natepanizoBaHe y nmpaBy JOOHO-CKPO-
HeBY HiAgHKY (Tabu. 11).

IIpu aHani3i cnoHTaHHOI LiepedpaabHOI 0i0eIeKTPUY-
HOI aKTMBHOCTI OyJia BUSIBJIEHA 0303ajiexKHa Jerpecis
BiTHOCHOI aiba-notyxkHocti B YJIHA, Bikom mo 65
POKiB, 3 MOXJIMBUM Moporom ao3u 0,25 3B y mpoekiii
JIiBOi 3aMHBOCKPOHEBOI OistHKU (r = -0,34; p = 0,048).
ITpu onpomineHHi y no3ax nmoHax 0,3 3B BimMidaeThcs
MOCWJICHHSI KOPEJISILiitHOTO 3B'SI3KY Aerpecii BimHOCHOT
anb(a-noTy>KHOCTI Yy 30Hi BepHike (3agHs1 CKpoHeBa
IiJIsSTHKA) 3 103010 onpomiHeHHs (r = -0,54; p = 0,007),
KU TIpU oIpoMiHeHHi B go3ax moHax 0,5 3B ctae
OM3bKUM 10 (pyHKUioHaIbHOTO (r = -0,72; p =0,03), Ta
CYIIPOBOJIKYETHCS 10303aJI€XKHOIO ACTPeciero abCcolIoT-
Hoi anbda-noryxHocTi (r = -0,68; p = 0,044).

(1) 392

been discovered in the liquidators aged up to 65,
which includes the significant decrease of the actu-
al general, verbal and performance 1Q along with
the simultenous growth of those indices deficit in
comparison with the premorbid (pre-emergency)
levels. Linear regression relationships for the
above-mentioned variables are shown in Fig. 3.

Neuro- and psychophysiological characteristics
A significant excess of the relative delta-power (p <
0.05) laterarized to the left posterior temporal area
was detected reviewing the quantitative EEG (QEEG)
parameters in the liquidators group compared to the
non-exposed group (Table 10). When comparing the
gEEG indices between the subgroups of the clean-up
workers irradiated at doses up to 50 mSv and more
than 50 mSy inclusively, there is a significant notable
increase in the relative theta-power (P < 0.05) later-
arized to the right fronto-temporal region (Table 11).
The dose-dependent depression of the relative -
power in the clean-up workers aged <65 has been
detected in the projection of the left posterior tem-
poral region with a possible dose threshold of 0.25 Sv
(r =-0.34; p = 0.048). When irradiated at doses
> 0.3 Sy, there is a significant increase of the correla-
tion relationship between the relative alpha-power in
the Wernicke’s area (the left posterior temporal re-
gion) and the irradiation dose (r = -0,54; p = 0,007),
which becomes close to the functional one when irra-
diated at doses > 0.5 Sv (r = -0.72; p = 0.03), and is
accompanied by the dose-dependent depression of
the absolute alpha—power (r = -0.68; p = 0.044).
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Ta6nuua 10
CratuctuyHo BiporipHi (p < 0,05) Heipodizionoriuni po36ixHocTi 32 aaHUMK KinbkicHoi EET Mix ocHoBHOtO
rpymnoio Ta rpynoto nopiBHAHHA

Table 10
Statistically significant (p < 0,05) neurophysiological differences based on the quantitative EEG data
between the main group and the comparison group

OcHoBHa rpyna t-kputepiii; Tpyna nopiBHAHHS

MokasHuk kinbkicHoi EET / quantitative EEG index Main group t-criterion; Comparison group
n=198, M = SD p n=110, M+ SD

BinHocHa cnekTpanbHa AenbTa-noTyxHICTb Y BingeaeHHi C4, % 30,6 £ 15,3 t=2,0; p=0,04 243+ 11,2

Relative spectrum delta-power in the C4 lead, %

BigHocHa cnekTpanibHa AenbTa-NoTyXHICTb Y BiageaeHHi 15, % 27,3 = 16,1 t=1,99; p=0,05 20,9+ 11,6

Relative spectrum delta-power in the T5 lead, %

BinHocHa cnexTpanbHa AenbTa-noTyXHICTb Y BingeaeHHi T6, % 29,7+ 153 t=2,2;p=0,03 226+11,9

Relative spectrum delta-power in the T6 lead, %

BinHocHa cnekTpanbHa AenbTa -MoTyXHICTb Y BingeaeHHi P3, % 26,5+ 15,0 t=2,1;p=0,04 19,9+ 125

Relative spectrum delta -power in the P3 lead, %

BigHocHa cnekTpanbHa AenbTa-noTyXHICTb Y BifeaeHHi P4, % 26,9 = 15,0 t=2,1;p=0,04 20,5+ 14,7

Relative spectrum delta-power in the P4 lead, %

BinHocHa cnexTpanbHa AenbTa-noTyXHICTb Y BingeaeHHi 02, % 25,8 £ 15,2 t=24;p=0,02 186+ 11,4

Relative spectrum delta-power in the 02 lead, %

AGCONIoTHA CriekTpanbHa AeNbTa-NoTYXHICTb Y BinseaeHHi P3, MkB2- Iy 38,5+20,7 t=2,1;p=0,04 29,8 £ 153

Absolute spectrum delta-power in the P3 lead, uV2-Hz'!

ABCONIOTHA CrieKTpasbHa AeNbTa-NoTYXHICTb Y BinseaeHHi P4, MkB2/y 415+ 26,2 t=2,0; p=0,04 30,9+ 159

Absolute spectrum delta-power in the P4 lead, puV?/Hz

Ta6nuusa 11
CratuctuyHo BiporiaHi (p < 0,05) Heipodisionoriyni po36ixHocTi 32 paHuMu KinbKicHoi EET B ocHoBHiW rpyni
y NOPiBHAHHAM 33 BHYTPilIHiM KOHTponem (po3mu < 50 m38B)

Table 11
Statistically significant (p < 0,05) neurophysiological differences based on the quantitative EEG data in the
main group in comparison with the internal control (doses < 50 mSv)

BHyTpIilLHiiA KOHTPONL  t-KpUTEPI; OcHoBHa rpyna
Moka3Huk KinbkicHoi EET / quantitative EEG index Internal control t-criterion; Main group
( <50 m3B/mSv), n = 42 p (>50 m38), n = 156
BigHocHa cnekTpasibHa TeTa-NoTYXHICTb Y BiggeaeHHi Fp1, % 146 £5,5 t=-22;p=0,03 19,3+ 10,2
Relative spectrum theta-power in the Fp1 lead, %
BinHocHa cnekTpanbHa TeTa-noTyxHICTb Y BifgeaeHHi F4, % 15,2 £ 4,8 t=-2,2,p=0,03 186 £7,3
Relative spectrum theta-power in the F4 lead, %
BinHocHa cnekTpanbHa TeTa-noTyXHICTb Y BiBeaeHHi F8, % 13,9+4,0 t=-2,1;p=0,03 17477
Relative spectrum theta-power in the F8 lead, %
BigHocHa cnekTpasibHa TeTa-noTyXHICTb Y BifgeaeHHi T4, % 125+3,4 t=-22;p=0,03 16,179
Relative spectrum theta-power in the T4 lead, %
BinHocHa cnekTpanbHa TeTa-noTyxHICTb Y BingeaeHHi C3, % 14,1 £35 t=-2,1;p=0,03 174+74
Relative spectrum theta-power in the C3 lead, %
ITpu mopiBHSIHHI MOKA3HMKIB BUKIMKAHOI 0iO€IeKT- When comparing the indices of the brain evoked

pUYHOI aKTUBHOCTI TojloBHOTO MO3KY B YJIHA BusBime-  bioelectric activity in the liquidators, the significant
HO IOCTOBipHe nudy3He 3pocTaHHs JaTeHTHUX nepiomiB  diffuse lengthening of the cognitive component P300
KorHituBHoro KomnoHeHTy P300 (p < 0,05), narepanizo-  latencies (p < 0.05) lateralized to the left posterior
BaHe y JIiBY 3agHBOCKPOHeBY HiISIHKY (p < 0,01) (tadn.  temporal region (p < 0.01) has been found (Table 12).
12). ¥V rpyni YJIHA BigMidaeTbcst TeHaeHIisT mo 30inb-  In the clean-up workers group there is a tendency to
IIEHHS KiJbKOCTI MOMUJIOK TPU MiapaxyHKy 3Hauymux the number of errors increase when calculating sig-
cTuMyiB y ipobax (t = 1,7; p = 0,09). I[Ipu onnpominenHi  nificant stimuli in samples (t = 1.7; p = 0.09). At
B gosax noHan 0,3 3B B YJIHA, Bikom mo 65 pokiB irradiation at doses of more than 0.3 Sv in the lig-
BKJIIOYHO, BUSIBJIEHA TOCTOBipHa JiiHiliHa perpeciiiHa 3a-  uidators aged up to 65 inclusively, the substantial
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Ta6auusa 12

Cratuctuuno BiporigHi (p < 0,05) po36ixHOCTi aMNAiTYAHO-YaCOBMX XapaKTEPUCTUK Ta KoedilieHTiB mixnis-
KynbHOT acumeTpii komnoHeHTa P300 ciyX0BUX KOFHITUBHUX BUKJIMKAHUX NOTEHLiaNiB MiXX OCHOBHOIO Fpynoto

Ta rpynoio nopiBHAHHA
Table 12

Statistically significant (p < 0,05) differences of amplitude-time characteristics and interhemispheric asym-
metry coefficients of the P300 component of auditory cognitive evoked potentials in the main group com-

pared to the comparison group

EET sinBenenns 3a MixnapoaHoio cucremoio 10—20 oﬁ:i?‘";rg:}:)"a t,t'gl”rt'::::;:’ (rtg‘r,rll-I:arrli(; g':';:::
< - ;
EEG lead according to International 10—20 system n=198 (M = SD) p n=110, (M = SD)

JIATEHTHUIA NEPIOJ KOMMOHEHTY P300, MC / P300 COMPONENT LATENCY, MS

Fp1 3444 + 42,9 t=26; p=0,01 322,1+317
Fp2 341,3+42,8 t=24; p=0,02 320,7 = 32,6
F3 341,7 £ 421 t=23;p=0,02 322,1+£29,9
F4 339,6 + 43,8 t=2,1;p=0,04 321,1£29,8
F7 343,5 + 44,2 t=23;p=0,02 322,8 +£30,9
F8 339,3 +43,3 t=2,0;,p=0,05 321,9+ 31,6
C3 345,1 £ 44,7 t=2,5; p=0,01 322,8 + 30,9
c4 342,7+459 t=23;p=0,03 322,0 + 32,0
T3 347,0+ 444 t=3,0; p=10,003 320,1 £30,9
T4 3415+448 t=2,1;p=0,04 322,9+ 32,0
T5 350,6 + 45,5 t=3,2; p=0,002 321,2+ 34,3
T6 345,5 + 44,6 t=22;,p=0,03 3259 + 34,7
P3 349,3 + 46,7 t=2,8; p= 0,006 323,1 £34,3
P4 348,4 + 479 t=24; p=0,02 325,6 + 33,0
01 350,9 + 45,6 t=3,1; p=0,002 322,0 £ 37,8
02 349,9 + 45,6 t=2,9; p=0,004 322,3 +37,0

KOE®ILIEHT JIATEPAJIbHOCTI 3A JIATEHTHUM MEPIOAOM P300, % / LATERALITY FACTOR BY P300 LATENCY, %
T3-T4 08+26 t=23; p=0,02 -04+21
T5-T6 0,7+27 t=2,5;p=0,01 -0,7+27

JIEXXHICTb 3pOCTaHHS KiJIbKOCTI MOMUJIOK IPU HigpaxXyH-
Ky 3HaUyIIUX CTUMYJIiB y Ipo0ax Bill 1031 OIIPOMiHEHHS
(r=20,49; p=0,014). TakoxX y 00CTeK€HUX OCHOBHOI Ipy-
MY BiI3HAYAIOTHCS TEHAEHLIi1 10 Ar(y3HOTO 3MEHIIEHHS
aMILTITYIu KOTHITUBHOTO KoMIToHeHTa P300, mepeBak-
HO y MpaBili LIeHTpaJbHO-TiM'SIHi#l TiNSgHIII, BITHOCHO
HEEeKCITOHOBaHOI KOHTpOJIbHOI Tpymu (t = -1,06—1,73;
p =0,08—0,15).

I1pu criBcTaBiaeHHI TTICMX0(i310JIOTIYHINX MOKA3HUKIB
y migrpymnax YJIHA, onpomineHux B 1o3ax 10 50 M3B Ta
noHan 50 M3B BKJIIOYHO, BUSBJEHiI MOAIOHI 3aKO-
HOMIPHOCTi y BUIVISIAI CTATUCTUYHMX TEHIOCHLI A0 AU-
¢y3noro 3poctanHst JII1 KOrHiTUBHOTO KOMITOHEHTA
P300 (t =-1,1-2,3; p = 0,02—0,31), nmepeBaxkHO y JiBiit
JIOOHO-CKPOHEBIli AUTSHII, 30KpeMa y LiepeOpaIbHilt mi-
s Beprike (M * SD: (342,4 + 39,4) mc ta (353,6
47,5) Mmc, BigmosigHo, t = -1,2; p = 0,25), ne cepenHe Ta
MediaHHe 3HauyeHHs JIaTeHTHOro Tepioay y Miarpymi
VIJIHA, onpomiHeHux B mo3ax nmoHan 50 M3B BKJIIOYHO,
BUSIBWJIOCh HaWBUIIUM. [IpoCTeXy€eThCcsl TEHIOCHIIIS IO
I(Yy3HOTO 3MEHILIEHHS aMILIITyI KOTHITUBHOTO KOM-

dose-dependent linear regression relationship for
the number of errors growth when calculating signif-
icant stimuli in samples has been detected (r = 0.49;
p =0.014). In the main group there are also tenden-
cies to a diffuse decrease in the amplitude of the cog-
nitive component P300, mainly in the right central
parietal region compared to the unexposed control
group (t =-1.06—1.73; p = 0.08—0.15).

When matching the psychophysiological indices in
the subgroups of the liquidators irradiated at doses
< 50 mSv and > 50 mSv the similar patterns such as
the statistical tendencies to the diffuse growth of the
cognitive component P300 latencies (t = -1,1-2,3;
p=0,02—0.31) have been found preferably in the left
fronto-temporal region, particularly in the cerebral
Wernicke’s area (M £ SD: (342.4 + 39.4) ms and
(353.6 £ 47.5) ms, respectively, t = -1.2 ; p = 0.25),
where the mean and median latency values are high-
est in the subgroup of the clean-up workers exposed
at doses > 50 mSv. There is a tendency towards a dif-
fuse decrease in the amplitude of the cognitive com-
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noneHTa P300 y miarpymi YJIHA, onpoMiHeHUX B 103aX
noHan 50 M3B BKJIIOUHO, SIKa MPOTEe HE A0CSIIa PiBHS
cTaTUCTUYHOI 3Hauymocti (p > 0,05). CraTUCTUYIHO
BiporigHi po30ixXKHOCTI y BKazaHuX miarpynax YJIHA Ha-
BeleHi y Taou. 13.

Ta6auusa 13

ponent P300 in the subgroup of the liquidators irra-
diated at doses > 50 mSyv, which, however, did not
reach the statistical significance level (p > 0.05). The
statistically significant differences between the main
group and the internal control are given in Table. 13.

CratuctuyHo BiporiaHi (p < 0,05) po36ixkHOCTi aMnNiTYyAHO-4acoOBMX XapaKTepuCTMK KomnoHeHTa P300 cnyxo-
BMX KOTHiITUBHMX BUKNMKAHMX noTeHuianiB mix rpynamu YJIHA, onpomineHux y posax < 0,05 lp (BHyTpiwHii

KOHTponb) Ta y pgo3sax > 0,05 p
Table 13

Statistically significant (p < 0,05) differences of the amplitude-time characteristics of the P300 component of
auditory cognitive evoked potentials in the main group in comparison with the internal control (doses < 50 mSv)

EET BipBepeHHs 3a MixHapopHoto cuctremoro 10—20 B"ﬂﬂ":n";rc?n'ngmb ttlt(;l:lvtlzrerol :;'_; O(I:\;lllzi?;r:)%ypna
. - _ = H
EEG lead according to International 10—20 system (< 50 m38/mSv), n = 42 p (> 50 m38/mSv), n = 156
C3 328,1 +29,6 t=-2,4; p=10,02 351,1£475
T4 325,0 + 32,0 t=-1,3; p=0,03 347,0 + 47,4

Locnioncenns eeHnux noaimopgizmie 6 acouiauii

3 Hellponcuxiampu4Hor namono2ier

Posnonin reHoTtumniB ob6ctexeHnux YJIHA 3a
nonimopdizmamu  S-HTTLPR i rs25531 reHa
SLC6A4 6yB TaKMM: HOCiiB BUCOKOAKTUBHUX (OPM
uboro reHa (redorun La/La) — 18 (20,0 %),
npomixHoi rpynu (reHotunu La/S, La/Lg) — 45
(50,0 %), a Hu3bKoOi akTUBHOCTI (reHoTunu Lg/Lg,
Ls/S, S/S) — 27 (30,0 %). Posnonin Binmosimae
€BPOMENCHKOMY.

Jo3a onmpoMiHeHH:, SIKy oTpuMaiu ooctexeHi YJIHA,
Hocii pi3HUX TeHoTHIIiB TeHa SLC6A4 3a monmiMmopdizma-
mu S5-HTTLPR i rs25531, cTaTUCTUYHO BipOTiZHO He
pO3pi3HAIACE.

Ta6nuusa 14

Investigation of the gene polymorphisms in
association with the neuropsychiatric pathology

The genotype distribution of the examined clean-up
workers by the 5-HTTLPR and rs25531 polymor-
phisms of the SLC6A44 gene was as follows: the carriers
of the highly active forms of this gene (La/La geno-
type) — 15 (19.0 %); of the intermediate group (La/S,
La/Lg genotypes) — 39 (49.4 %) and of the low activ-
ity (Ls/Lg, Ls/S, S/S genotypes) — 25 (31.6 %). The
distribution corresponds to the European one.

There was no statistically significant differ-
ences in the irradiation dose in the liquidators
having various genotypes of the SLC6A44 gene by
5-HTTLPR i rs25531 polymorphisms.

Pu3snk noABm penpecMBHUX CTaHiB y HOCITB OKpeMux reHoTUniB reHa SLC6A4

Table 14

Risk of appearance of depressive states in carriers of certain genotypes of the gene SLC6A4

bes penpecii Oenpecia  BigHoweHHs wancis (95 % [l)
Moaenk/Model Fexorun/Genotype Without depression  Depression OR (95 % CI)' P
KopominanTHa / Codominant NN 12 (31,6 %) 13 (30,2 %) 1.00 0,054
LaN 14 (36,8 %) 25 (58,1 %) 1.65 (0.59-4.58)
Lala 12 (31,6 %) 5(11,6 %) 0.38 (0.10-1.42)
[omiHaHTHa / Dominant NN 12 (31,6 %) 13 (30,2 %) 1.00 0,9
LaN + Lala 26 (68,4 %) 30 (69,8 %) 1.07 (0.41-2.74)
PeuecueHa / Recessive LaN + NN 26 (68,4 %) 38 (88,4 %) 1.00 0,026
Lala 12 (31,6 %) 5(11,6 %) 0.29 (0.09-0.91)
OseppominaHTHa / Overdominant NN + Lala 24 (63,2 %) 18 (41,9 %) 1.00 0,054
LaN 14 (36,8 %) 25 (58,1 %) 2.38 (0.97-5.83)

Mpumitka. "N - HU3bKO dyHKLiOHANLHi aneni (Lg Ta S).
Note. 'N - low-functional alleles (Lg and S).
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Pusuk po3BUTKY ACMpecUBHUX pO3iadiB (3a eKCIepT-
HOIO KJIHiHiIKO-TICUXOMETPUYHOIO OIiHKOIO, TWUB. TaOJI.
8, 9) OyB IOCTOBIpHO HMXXYMM 3a HOCIliCTBA BHUCOKO-
¢ysxkuioHanbHOro aneist (La) y TOMO3UTOTHOMY CTaHi
(tabm. 14)

Hocii npoMixXHUX i HU3bKOAKTUBHUX T€HOTUIIB Ma-
JIM BiporigHO Oinblile TSIKKUX ASOPECUBHUX PO3JIaliB
(p = 0,037), mo moka3zaHo Ha puc. 4 i B Tabi. 15.

The risk of appearance of depressive disorders
(according to the expert clinical and psychometric
evaluation, see Table 8, 9) was significantly lower
in the carriers of the high- functional allele (La) in
a homozygous state (Table 14).

The carriers of intermediate and low-activity
genotypes were significantly more likely (p = 0.037)
to have severe depressive disorders (Fig. 4, Table 15).

80% PucyHoK 4. Yactota penpecuBHMX po3naaiB y HOCiiB pisHUx
. L | reHotuniB reHa SLC6A4. I — penpecuBHi ctaHmu BigcyTHi; II -
M LN +NN nomipHuii ctyninb Aenpecii (SDS 50-59 6aniB), III — BaXKKkut
6%~ cTyninb pgenpecii (SDS > 60 6anis). LaLa — BUCOKothyHKLiOHaNb-
Hui reHotun; LaN - npomixHi reHotunu (La/S, La/Le); NN -
Hu3bKoakTuBHi reHotunu (Le/Ls, Le/S, S/S)

0% --

50% - - - - -

40% - - g - - - me oo
Figure 4. Frequency of depressive disorders in carriers of dif-
ferent genotypes of the gene SLC6A4. I — depressive states are
absent; II - moderate degree of depression (SDS 50-59
points), III - severe degree of depression (SDS > 60 points).
LaLa — highly functional genotype; LaN - intermediate geno-
types (La/S: La/Lc); NN - low-level genotypes (L¢/Le, Le/S, S/S)

30% --
20% - -
10% - -

0%

Ta6nuua 15
Po3noain HeitponcuxiaTpuyHoi natonorii y 3anexHocti Big reHoTuniB reHa SLC6A4 3a nonimopdizmamu

5-HTTLPR i rs25531
Table 15

Distribution of neuropsychiatric pathology related to genotypes of gene SLC6A4 according to polymorphisms

5-HTTLPR and rs25531

BucokoakTUBHUI reHoTUN

x’, TouHMi KpuTepiii Piwepa

MpoMiXXHO-HU3bKOAKTUBHMIA FEHOTUN

Poanap / Disorder Strong genotype x’, Fisher exact test Weak genotype
(La/La) p (Ly/S, Ly/Ls, L/Le, Le/S, S/S)
KorituHi / Cognitive 6 (0,4) x?=1,85p=0,17 38 (0,59)
[enpecisi / Depression 4(0,11) p=10,03 37 (0,58)
Tsxka menpecis / Severe depression 1(0,07) p=10,03 21 (0,33)
MTCP / PTSD 7(0,47) x>=0,8; p=0,17 38 (0,59)

Kpim TOro y Hux npocrexeHa TeHACHIiS 10 OiabIIoi
YaCcTOTU i BUPAXKEHOCTI SIK KOTHITUBHUX, TaK i CTpeco-
BuUX posnagiB. IIpocrexxeHa TeHAeHLisT OO0 OinbIIOL
acolianii apeKTUBHUX i KOTHITUBHUX PO3JadiB B OM-
POMiHEHMX HOCiiB TMPOMiKHOrO TEHOTUNY TreHa
SLC6A4 3a monimopdizmamu S-HTTLPR i rs25531
(Tabn. 15).

AK HaBeoeHO Ha pUC. 5, HellporncuxiaTpyuuHi po3a-
au B YJIHA 3 npoMixXHO-HU3bKOGMYHKIIIOHAJIBHUM Te-
HotunoM reHa SLC6A4 3a monimopdizmamu 5-HTTL-
PRirs25531 3’ asunucs Ha 10 pokiB paHillle, HiXK BUCO-
KOAKTUBHUM. Y MOJaJbIIOMY i pO30i>XKHOCTI HiBeJIIO-
IOTBhCH.

Furthermore, they tended to have a greater fre-
quency and severity of both cognitive and stress-
related disorders. A tendency towards a greater
association of affective and cognitive disorders in
the irradiated carriers of the intermediate genotype
of the SLC6A4 gene by the 5-HTTLPR and
rs25531 polymorphisms was traced (Table 15).

As shown in Fig. 5, the neuropsychiatric disorders
in the liquidators with an intermediate-low-func-
tional genotype of the SLC6A4 gene by 5-HTTLPR
and 1525531 polymorphisms appeared 10 years earli-
er than in those with the high-activity polymor-
phism. In the future, these differences are offset.
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Cumulative Proportion Surviving (Kaplan-Meier)
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Time
after the Chornobyl catastrophe
and onset of neuropsychiatric disorders, years

SIK HaBeneHO Ha puc. 6, y HOCIiB MPOMIXHUX Ta HU3b-
KO(YHKIIIOHAJBHUX T€HOTHUIIIB IOsSBa IENPECUBHUX
CTaHiB (32 €KCIIEPTHOIO KJIIHiKO-TICUXOMETPUYHOIO
OlliHKOI0, nuB. Taby. 8, 9) crnocrepirajiach 3HAYHO
panime (Log-Rank Test = 4,43, p = 0,035) nopiBHsIHO 3
HOCisSIMU BUCOKO(YHKIIIOHATBLHOTO TeHOTUITY La/La.

1,0
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JUCKYCIA TA BUCHOBKU

VJIHA na YAEC maioTh Tipmmii ctaH TICUXiYHOTO 370-
pOB’Sl i HEPBOBOI CUCTEMH, HixK HEEKCITOHOBAHUI KOHT-
pOJib, IO Y3rOMXKYETHCS 3 pe3yJibTaTaMU IOMepeaHix
Jocimkens [21, 27, 28, 37, 48]. Cepen HeliponcuxiaTpyuu-
Hoi natosorii B YJIHA nomiHyloTh LiepeOpoBacKyIsIpHi
3aXBOPIOBAHHS, OPraHiuHi MCUXiYHi Ta IeNpeCcrBHi po3Ja-
au. Ili po3nagu € TMOJieTiONOriYHMMU BHACIAOK He-
pamiauiiHuUX i pamgiauiiHUX YMHHMKIB HOpPHOOUIBCHKOI
KatacTpodu, TpaguLiiHux dakropiB pusuky [36]. Kio-
YOBMMU YMHHMKAMU PU3UKY HETraTMBHOIO COLliaJIbHO-
MCUXOJIOTTYHOTO i MEAWYHOIO BIUIMBY padialliiiHOI Haa3-
BUYAHOI CUTYyallil (Ha BiAMiHY BiA paaioTepaneBTUYHUX i
pamiomiarHOCTUYHUX TTPOIIEAYP) € TICUXOJIOTIYHUIA CTpeC,

PucyHoK 5. Kpusi Buxusanocti (3a KenneHom-
Meiiepom) Ana pe6loTy HeMponcuxiaTpuyHoi naro-
norii nicna YopHo6unbCbKoi KaTacTpodu B 3anex-
HOCTi Bifi BUCOKO- Ta MPOMiXKHO-HU3bKOAKTUBHMUX
reHoTUniB

Figure 5. Survival curves (Kaplan & Meier) for
neuropsychiatric pathology onset after the
Chornobyl catastrophe in dependence of strong
and weak genotypes

As shown in Fig. 6, the onset of depressive states
(according to the expert clinical and psychometric
evaluation, see Table 8, 9) was observed much earlier
(Log-Rank Test = 4.43, p = 0.035) in the carriers of
the intermediate and low-functional genotypes com-
pared to those with highly functional La/La genotype.

PucyHoK 6. Kpusi BuxkusaHocti (3a KenneHom-
Meitepom) ana pebloty penpecii nicna YopHo-
OUNbCbKOT KaTacTpodu y 3aneXHOCTi Big BUCOKO-,
NPOMiXXHO- Ta HU3bKOAKTUBHUX reHOTUNIB

Figure 6. Survival curves (Kaplan & Meier) for
depression onset after the Chornobyl catastrophe
in dependence of strong and weak genotypes

DISCUSSION AND CONCLUSIONS

The Chornobyl clean-up workers have worse men-
tal health and nervous system status than unex-
posed controls, which is consistent with the results
of our previous studies [21, 27, 28, 37, 48].
Cerebrovascular diseases, organic mental and
depressive disorders prevail among neuropsychi-
atric pathologies in the liquidators. These disor-
ders are polyethiologic as a result of both non-
radiation and radiation factors of the Chornobyl
disorder as well as traditional risk factors [36]. The
main risk factors for the negative effects of a radi-
ological emergency (in contrast to radiotherapeu-
tic and radiodiagnostic procedures) are psycholog-
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CTIPUITHATTS PU3MKY Ta iOHi3ylo4a pajiallisi, sIKi MpU3BO-
JSITh A0 MOPYILIEeHb MCUXIYHOTO i (hizuyHOro 310poB’s. To-
JIOBHMMM Me€XaHi3MaM1 BMHUKHEHHSI HeliporncuxiaTpuy-
HUX pO3J1aiiB BHACJIIIOK paiialliiiHOl HaA3BUYaiHOI CUTY-
allii € Taki: 1) cTpecopHMil/TICUXOCOMaTUYHUI (BHACTITOK
MCUXOTEHHOTO BIUIMBY HaA3BMYalHOI CUTYallii); 2) coMa-
TOTICUXIYHWT i TIepeOpaTbHO-OpraHiYHNI (BHACTITOK BH-
HUKHEHHS COMaTOHEBPOJIOTiYHO1, 0COOIMBO 1IepedpoBac-
KYJISIpHOI, TTaToJIoTi1) Ta 3) paaioliepedpaibHi ehekTH. Yci
i edekTH ApaMaTUYHO MiACUIIOIOTHCS pPaauKaJIbHUMU
3MiHaMM i KOH(IIIKTaMU y CYCITiIIBCTBI BHACTIZOK
COLIiaJIbBHO-CTPeCOBUX po3namis [37].

HeitiponcuxiarpuuHi po3naagu B YJIHA BuHMKAIOTH
BXe uepe3 3-5 pokiB micas Katactpodu. EBakyauis 3
YopHOOUIBLCHKOI 30HM BiAUYyKEHHSI € O0JaTKOBUM
YUHHUKOM pU3UKY 1ux pos3naniB B YIHA na HAEC.
Ho3o03anexXHuil epeKT TepMiHiB BUHUKHEHHS Hel-
poICcUXiaTpUYHOI IMATOJOTil MPOCTEXYETHCS JMILE
npoTtsaroM nepimnx 15 micngaBapiiiHux pokiB. Oopasy
micas KkaTacTpodu s MaToJoTisi BUHUKAE TPU J03aX
> 300 m3B, uepe3 2 poku — 50—300 m3B, a yepe3 10
pokiB — < 50 m3B. Ile Mae BpaxoByBaTUCs MPU €KC-
nepTu3i 3B’SI3Ky HelpoIcuxiaTpuyHol KatacTpodu 3
HacainkamMu YopHoOuIbCchbKOi KaTacTpodu. OTpuMaHi
pe3yabTaTU CBigyaTh IMpPO IepeBaXXHO paialliiiHO-
CTPECOPHUI XapaKTep HEWUPOTICUXiaTPUYHOI MaTo-
Jorii B YJIHA.

Ponb onpoMiHeHHST y reHe3i HelpomncuxiaTpU4HOI
natojorii B YJIHA na HAEC niarBepakeHa pe3yib-
TaTaMU pU3MK-aHalidy. 3arajJjbHUil pU3UK HEPBOBO-
MNCUXIYHUX 3aXBOPHOBAaHb CTAaTUCTUYHO JOCTOBipHO
CTPIMKO 3pOCTa€ 3 103010 OMPOMiHEHHS Ta 3HMU-
KYETBCS 3 BIKOM Ha MOMEHT OOCTEXXEHHS, 1110 y3TO/I-
KYETBhCS 3 pe3yjbraTaMM MOMNepPeaHiX MOCIiIXEeHb
[26—29, 36].

Heiipo- i mcuxoMeTpuuHi JOCTiIKEHHS MiATBEPANIN
HasgBHicTh B YJIHA HeHpOKOTrHITUBHOTO AeMiluTy i
€MOLIIHO-TTOBEIiHKOBUX po3aadiB (MepeBaxHo adek-
TUBHUX i cTpecopHmux). KorHitmBHa mucyHKIIS B
VIIHA xapakTepu3yeTbCsl TOPYILIEHHSIMU BepOabHOIL
maMm’sITi Ta HaBYaHHSI, a TaKOX 3MeHIIeHHsIM [Q 3a paxy-
HOK BepOaJibHOro. 30ijbllleHa 4acToTa JIETKOro KOTHi-
TUBHOTO po3Jiany i geMmeHlLii. [Ipuuomy, piBeHb HElpo-
KOTHITMBHOTO Ae(illUTy BUILIAH TIPU OIIBIITNX J03aX OTI-
poMiHeHHs (> 50 M3B). Y 11iJToMy, TaKi MMOPYIIEHHS KOT-
HITUBHUX (PYHKIIiM CBiIUaTh MPO HAsIBHICTh OpraHiyHO-
IO ypaxKeHHS TOJIOBHOTO MO3KY 3 IOPYIIEHHSIMM KOPTH-
KO-JIiMOiYHOi CUCTEMU JIiBOi, JOMiHAHTHOI IMiBKYJi ro-
JIOBHOTO MO3KY ITiCJIST OTIPOMiHEHHS.

Kpim Toro, B YJIHA BusiBiaeHa criiika gedopmaliis
0COOUCTOCTi, HASIBHICTh IICUXOJOTiYHOTO CTpecy,

ical stress, ionizing radiation risk perceptions,
which lead to mental and physical health disor-
ders. The main mechanisms for the emergence of
neuropsychiatric disorders as a result of a radiation
accident are as follows: 1) stress / psychosomatic
one (due to emergency emergency psychogenic
effect); 2) somatopsychic and cerebro-organic one
(due to the emergence of somato-neurological,
especially cerebrovascular, pathology) and 3)
radiocerebral effects. All these effects are dramati-
cally enhanced by radical changes and conflicts in
society due to social and stress disorders [37].

Neuropsychiatric disorders in the Chornobyl clean-
up workers occur as early as 3—5 years after the disas-
ter. The evacuation from the Chornobyl exclusion
zone is considered to be an additional risk factor for
these disorders in liquidators. The dose-dependent
effect for the emergence of neuropsychiatric patholo-
gies has been traced only during the first 15 post-acci-
dental years. Immediately after the disaster, this
pathology occurs at doses > 300 mSy, in 2 years — 50—
300 mSy, and in 10 years — < 50 mSv. This should be
taken into account in the expertise of the neuropsy-
chiatric catastrophe relationship with the Chornobyl
disaster consequences. The obtained results indicate
the predominantly radiation-stress nature of neu-
ropsychiatric pathology in the liquidators.

The role of irradiation in the genesis of neu-
ropsychiatric pathology in the Chornobyl clean-up
workers is fairly confirmed by the risk analysis
results. The overall risk of the neuropsychiatric
diseases statistically significantly increases with the
dose of radiation and decreases with an age at the
moment of the examination, which is consistent
with the results of previous studies [26—29, 36].

Neuro- and psychometric studies confirmed the
presence of neurocognitive deficit and emotional-
behavioral disorders (mostly affective and stress-relat-
ed) in the liquidators. Cognitive dysfunction in the
clean-up workers is characterized by the violations of
verbal memory and learning, as well as the IQ decrea-
se at the expense of the verbal 1Q. There is an increa-
sed frequency of mild cognitive impairment and de-
mentia. Moreover, the degree of neurocognitive defi-
cit is higher at higher doses of irradiation (> 50 mSv).
In general, such violations of cognitive functions indi-
cate the presence of organic brain damage along with
disruption of the cortical-limbic system in the left,
dominant brain hemisphere after irradiation.

Furthermore, in the Chornobyl clean-up workers
the persistent personality deformation, the presence
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3HUXEHa CTPECOCTIHKIiCTh i colliajbHa ae3anar-
Tauisi. 3pPOCTaHHS BUPAXKEHOCTI €MOLIMHO-TIO-
BEJiHKOBUX pPO3JIaJiB Ta ICUXOJOTIYHOTO CTpecy
npu OiNBIINX J03aX, MOXE CBIiIYUTU TIPO pOJIb
CIIPUUHSTTS PU3UKY OUIBIINUX 103 ONPOMiHEHHS SIK
HeOe3MeYHUX Y po3BUTKY aeKTUBHUX i CTPECOPHUX
po3najuisb.

HasgBHicTb 3aJIe3KHOCTI KOTHITUBHUX MOPYLIEHb Bil
031 ompoMiHeHHs1 (mpu go3ax > 0,3 3B) CBiZYUTH
Opo poJib i0HiI3yOUOl padialii B iX MOXOMXeHHi. 3a
YMOB BUKJIIOUEHHS 3aTaIbHOBITOMUX YNHHUKIB PU3H-
Ky BUSIBJIEHO HEraTMBHMI BIUIMB Ha MicjsiaBapiiiHe
KOTHITUBHE (PYHKIIOHYBAaHHS MOJOAOIO BiKy Ha MO-
MEHT OINPOMiHEHHS (MeHIIe 35 pOKiB Ha MOMEHT
aBapii) Ta BIUIMB iOHI3yI0UOTO BUIIPOMiIHIOBAaHHS B J10-
3ax nmoHazx 0,3 3B.

HefipodizionoriyHi 1oCaiaKeHHS MiATBepIKYIOTh Ha-
SIBHICTb TUC(PYHKIiI KOPTUKO-TiIMOIYHOI CUCTEMMU JIiBOL
JIOMiHAHTHOI MiBKYJIi TOJIOBHOTO MO3KY 3 OCOOJIMBUM 3a-
JIVUEHHSIM TillOKaMITy, SIK KJIFOYOBOTO liepeOpaabHOIo
0asncy OpraHiYHOro ypaxkeHHsS MO3KYy IIiClas Om-
poMiHeHHs. Ile y3romxyeThcs 3 HalllMMU MONEepeaHIiMU
pesynbratamu [41, 42]. HasgBHICTh 1030BUX 3aJIEXKHOC-
Teil TapaMeTpiB CIOHTAaHHOI 0iOEJIeKTPUUYHOI AKTUB-
HOCTi TOJJOBHOTO MO3KYy Vy JiBiil reMicdepi B 30Hi
BepHike (3amHs CKpoHeBa IUTSIHKA) MOXE CBiIUMTH PO
pamiamiitHy Tipupony INCcGYHKIII KOPTHKO-JTIiMOiYHOI
CUCTEMHU JIiBO1 JOMiHAHTHOI IMiBKYJIi IPY OMPOMiHEHHI B
no3ax moHan 0,25—0,3 3B. KpiMm Toro, mpu onpoMiHeHHi
B no03ax noHan 50 M3B mpocTexxeHa KOMIIEHCAaTOpHa
rinepakTuBallisi KOPTUKO-JiMOIYHOI CUCTEeMHU MpaBoi
MiBKYJi, 110 MOXe OyTH LiepeOpabHUM 0a3ucoM adek-
TMBHOI MaTOJIOTiI.

BusBieHi 0co0aMBOCTI CIyXOBUX KOTHITUBHUX BUK-
mmkanux nmoteHmianiB (Event Related Potentials, ERP)
CBigyaTh TIPO MOpYyLIeHHS iH(OpMaLiiiHUX TIPOLECiB
TOJIOBHOTO MO3KY Y €KCITOHOBaHMX OOCTEXYBaHMX 3
JlaTepasizali€lo g0 JiBOi 3aAHbOCKPOHEBOI IiISTHKU
(3oHU BepHike), 10 y3TOIKYETHCI K 3 pe3yabTaTaMu
HalIKX MOMNepeaHiX focaiaxeHb [53, 54|, Tak i JTaHUMU
iHmmx aBTopiB [51, 52]. Jlo3o3aiexHi 3MiHU aMILTITY/I -
HO-YaCOBHUX IMapaMETpPiB CIIYXOBUX KOTHiTUBHHUX BUK-
JIMKaHUX MOTEHLiaJiB MPOCTEKEHO BXe IpPU J03ax
oinpme 50 m3B. BusgBneHo nmoso3anexxHuit aediuuT
YBaru y €KCIOHOBAaHUX OOCTEXXEHUX MPU OMIPOMiHEHHI
B no3ax noHan 0,3 3B.

AHaJli3 TaHWX CIOHTAHHOI Ta BUKJIMKAHOI 0ioeeKT-
PUYHOI aKTUBHOCTI T'OJOBHOI'O MO3KY BUSIBUB CIIe-
udiyHi HeWpo- Ta NMCUxodi3ioNoriyHI 3aKOHOMiIpHOCTI
B YJIHA, 110 MOXYTb CBiIUMTU Ha KOPUCTbH TiMOTE3U
110JI0 PadioYyTJIMBOCTI TOJIOBHOTO MO3KY JIIOAUHU, TIe-

of psychological stress, reduced stress resistance and
social disadaptation have been revealed. The
increase in the severity of both emotional-behav-
ioral disorders and psychological stress at higher
doses may indicate the role of the risk perception for
the higher doses of radiation as more dangerous in
the development of affective and stress disorders.

The presence of dose-dependent cognitive
impairment (at doses > 0.3 Sv) indicates the role of
ionizing radiation in their origin. Providing the
exclusion of well-known risk factors, the negative
effects of the young age at the time of exposure
(less than 35 years at the time of the accident) on
the post-accident cognitive functioning has been
found and the effect of ionizing radiation at doses
greater than 0.3 Sv has been detected.

Neurophysiological studies confirm the presence of
the dysfunction of the cortical-limbic system in the
left dominant hemisphere of the brain with the specif-
ic involvement of the hippocampus as the key cerebral
basis of post-irradiation organic brain damage. It cor-
responds to our previous results [41, 42]. The pres-
ence of dose-dependent relationships for the parame-
ters of spontaneous bioelectric activity of the brain in
the left hemisphere in the Wernicke’s area (the left
posterior temporal region) may indicate the radiation
nature of dysfunction of the cortico-limbic system in
the left dominant hemisphere following irradiation at
doses greater than 0.25—0.3 Sv. Moreover, with irradi-
ation at doses above 50 mSv the compensatory hyper-
activation of the cortical-limbic system in the right
hemisphere has been observed, and may be regarded
as the cerebral basis of affective pathology.

The revealed features of the Event-Related
Potentials (ERP) imply the brain information
processes disturbance lateralized to the left poste-
rior temporal region (the Wernicke’s area) in the
exposed subjects, which is consistent with the
results of our previous studies [53, 54], as well as
with the data of other authors [51, 52]. The dose-
dependent changes in the amplitude-time param-
eters of the auditory cognitive evoked potentials
have been traced even at doses greater than 50
mSv. The dose-dependent attention deficit has
been detected in the exposed patients following
irradiation at doses higher than 0.3 Sv.

The spontaneous and evoked brain bioelectric
activity data analysis revealed specific neuro-psy-
chophysiological patterns in the liquidators, which
may support the hypothesis concerning the
radiosensitivity of the human brain, mainly the
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peBaxkKHO KOPTUKO-JIiMOIYHOI CUCTeMU JIiBO1 JOMiHAHT-
Hol remicdepu.

IIpoctexxeHna acowiauist reHotuniB B YJIHA 3 momni-
mopdizmamu S-HTTLPR i rs25531 rena SLC6A4 3 Heili-
pOICUXiaTPUYHOIO MATOJIOTiEID, 0COOIMBO aPEKTUBHU-
MU po3iagaMu (AeNpeci€ro) i KOTHITUBHUM (DYHKIIIOHY-
BaHHsIM. Hocii mpoMixKHO-HU3bKOAKTUBHOTO F€HOTUITY
MaloTh BipoTigZHO Oijbllie AeTPEeCUBHUX PO3JaIiB, 0CO0-
JIUBO TSLKKUX. KpiM TOro y HUX MpoCTexkeHa TeHASHLIis
JI0 OLIBIIOT YACTOTH i BUPAXKEHOCTI SIK KOTHITUBHUX, TaK
i ctpecoBux posnaniB. IIpocrexeHa TeHAEHLis 10 Oilb-
o1 acomianii aeKTUBHUX i KOTHITUBHUX PO3JAMIiB Y
OMPOMiHEHUX HOCIIB MNPOMIXKHOIO TE€HOTHMITy TeHa
SLC6A4 3a momimopdizmamu S-HTTLPR i rs25531. Jle-
OI0T JENPEeCUBHUX PO3JIadiB y HOCIIB NPOMIXHMX Ta
HU3bKO(YHKIIIOHATLHUX T€HOTUIIIB BilOYBa€ThCS 3HAY-
Ho paHimre (p = 0,035) MopiBHSHO 3 HOCISIMU BHUCOKO-
(yHKI1IIOHATBEHOTO TeHOTHUITY La/LA.

Lle cBiguuTH PO HASIBHICTH HEUPOMCUXOOIOMOTTUHUX
0COOJIMBOCTEN Ta MEBHUX KOPESLIMHUX 3B’SI3KiB MiX
nposiBaMU KOTHITUBHUX Ta a¢eKTUBHUX pPO3JaliB,
MOB’SI3aHUX 3 Ai€I0 10HI3yHOYOi paniallii, 3aJeXXHO BiJ
TMEBHUX TeHHUX MMOJIMOPQi3MiB.

TakyuMm 4yMHOM, BU3HA4YeHi IMEBHI HEMpPOICUX00iom0-
TiYHI MexaHi3MU opMyBaHHS a(PEKTUBHMUX i KOTHITUB-
HUX pO3JIadiB BimJaJeHOTro Mepioay Micias BIJIUBY
10HI3yIOUOTO BUIIPOMIHIOBAaHHSI 3 ypaxyBaHHSIM CIie-
HU(PIYHUX TEHHUX MOJIiMOPQi3MiB.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. NASA. Evidence Report: Risk of acute and late central nervous system.
Effects from radiation exposure : Human research program. Space radiation
program element. Houston, Texas : National Aeronautics and Space
Administration. Lyndon B. Johnson Space Center, April 6, 2016. 68 p.

2. Cucinotta F. A., Wang H., Huff J. L. Risk of acute and late central nerv-
ous system effects from radiation exposure. Chapter 6. In: Human health
and performance risks of space exploration. Evidence reviewed by the NASA
Human Research Program. NASA SP-2009-3405 / ed. by J. C. McPhee, J.
B. Charles. Houston, Texas : National Aeronautics and Space Adminis-
tration; Lyndon B. Johnson Space Center, 2009. P. 191-213.

3. Cucinotta F. A., Alp M., Sulzman F. M., Wang H. Space radiation risks
to the central nervous system. Life Sci. Space Res (Amst). 2014. Vol. 2.
P. 54-69. doi: 10.1016/j.Issr.2014.06.003.

4. Cacao E., Cucinotta F. A. Modeling heavy-ion impairment of hippocam-
pal neurogenesis after acute and fractionated irradiation. Radiat Res. 2016.
Vol. 186 (6). P. 624-637. doi: 10.1667/RR14569.1

5. Aip M., Cucinotta F. A. Biophysics model of heavy-ion degradation of
neuron morphology in mouse hippocampal granular cell layer neurons.
Radliat Res. 2018. Vol. 189 (3). P. 312-325. doi: 10.1667/RR14023.

6. Neuropsychological testing in interventional cardiology staff after long-
term exposure to ionizing radiation / D. Marazziti, F.Tomaiuolo, L.

cortico-limbic system of the left dominant hemi-
sphere.

The association of genotypes in the clean-up work-
ers with 5-HTTLPR and 1525531 polymorphisms of
the SLC6A4 gene with neuropsychiatric pathology,
especially with affective disorders (depression) and
cognitive functioning, was found. The intermediate-
low-level genotype carriers are more likely to have
depressive disorders, especially severe ones.
Moreover, they tend to have a greater frequency and
severity of both cognitive and stress disorders. The
tendency towards a greater association of affective and
cognitive disorders was traced in the irradiated carri-
ers of the intermediate genotype of the SLC6A4 by the
5-HTTLPR and rs25531 polymorphisms. The debut
of depressive disorders in the carriers of intermediate
and low-function genotypes originates much earlier vs
high-functional genotype La/La carriers (p = 0.035).

It indicates the presence of neuropsychiobiological
features and certain correlation between the man-
ifestations of cognitive and affective disorders
associated with the ionizing radiation impact
depending on the certain gene polymorphisms.

Thus, certain neuropsychiobiological mecha-
nisms of the formation of affective and cognitive
disorders in the remote period following the
impact of ionizing radiation have been determined
taking into account specific gene polymorphisms.
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