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IMMOCTPANIALIIMHU HEMPOKOTHITUBHUN NTE®IIINUT B
YYACHUKIB JIIKBIIALIIT HACJIIZIKIB ABAPIT HA
YOPHOBUJIBbCBHKIN AEC: TEPIATPMYHI ACITEKTH (YACTUHA 1)

MeTa. BuBYMTM 0COGNMBOCTI KOFHITMBHMX pO3NafiB BiffaneHoro nepioay nicns BniuBy i0Hi3yl04Oro BUNPOMiHIOBAH-
Ha (IB) B yyacHuKiB nikBigauii Hacnigkis aBapii Ha YopHobunbebkinn AEC noxunoro Biky 3 XpoHi4YHO LiepebpoBacky-
NSPHOIO NATONOTIE.
Marepianu Ta meToam. [pocnekTUBHe KNiHiYHE JOCNIMKEHHS i3 30BHiLIHIM Ta BHYTPIilWHiIM KOHTponeM. 06CTexeHa paH-
AOMi30BaHa BMOipKa yyacHMKiB NikBifaLii Hacnigkis aBapii (YIHA) Ha YopHobunbcbkiit AEC (YAEC) 1986-1987 pp. no-
xunoro Biky (noHag 60 pokiB Ha momeHT ornagy) 3 Kniniko-enigemionoriuHoro peectpy (KEP) [epxaBHoi ycTaHOBM
«HauioHanbHW1 HayKoBMI LIEHTP pagiauiliHoT MeauLMHKW, reMaTonorii Ta OHKonorii HauioHanbHoi akagemii MeanyHuxX
Hayk Ykpainu» (HHLIPMTO) (ocHoBHa rpyna, n = 52) 3 BepudhiKoBaHO XPOHiIYHOW LepeOpoBaCKyNAPHOIO NaToNOriE
(UBM). Tpyna nopiBHAHHA (n = 13) — HeeKCMoOHOBaHi ambOynaTopHi Ta CTalioHapHi nauieHTM/o6CTexyBaHI Bigginy
papiauiitHoi ncuxoHesponorii IHcTuTyTy KniHiyHoi pagionorii HHLPMIO. BHyTpiwHiit koHTponb — YJTHA, onpomiHeHi y
po3ax < 50,0 m3B (n = 12). BukopucraHi ncuxomeTtpuyHi metoam (wkana iHtenekty Bekcnepa ana gopocanx (WAIS) 3
npemop6iAHOI0 OLIIHKOI Ta NOAANbLIOK EKCMEPTHOI OLiHKOI HEMPOKOTHITUBHOTO cTaTycy). BukopuctaHi metoam aeck-
PUNTUBHOT i BapialifHOT CTAaTUCTUKK, NapaMeTPUUHi Ta HenapaMeTpUyHi KpuTepii, perpeciiHo-KopensLinHUin aHanis.
Pe3ynbratu. B ocHoBHiit rpyni Y/THA npu 3icTaBneHHi 3 HEeKCNOHOBAHOIO rPynot NOPiBHAHHA BUABNEHO LOCTOBIPHO
HWXYi MOKa3HUKM aKTyanbHUX (OTpUMaHUX npu Ge3nocepeHboMy TecTyBaHHi) 3aransHoro (fIQ) Ta BepbanbHOro
(vIQ) koediuieHTiB iHTenekTyanbHocTi (IQ) (p < 0,01) npu TeHAEHUiT [O 3HUXKEHHS aKTyanbHOro HeBepOanbHOro Ko-
ediuieHTa iHTenekTyanbHocti (pIQ) B 06cTENKYBAHUX OCHOBHOT rpynu. B ocHoBHiit rpyni YJIHA BusiBneHo goctoBipHo
BULWi piBHi AetiumTy 3aransHoro IQ nopiBHAHO 3 npemMop6igHUmMK piBHaAMKM (p < 0,01) nepeBa)HO 3a paxyHOK 3Hauy-
Wwe Buworo piBHa gediunty BepbansHoro IQ (p < 0,001). MpocTexeHe A0303aNEXKHE 3HUKEHHA NMOKA3HUKIB K BEp-
GanbHUX, TaK i HeBepOanbHUX ncuxomeTpuyHux TecTiB wWkanu WAIS B YJIHA noxunoro Biky. Mpu 6inbwux gosax on-
pomiHeHHs (> 50 M3B) cTyniHb KOTHiTUBHOIO AediuuTy 3pocTtae. B YJIHA, onpomineHux y go3ax > 50 m3B npw 3icTaB-
NEHH1 3 HEEKCMOHOBAHO TPYNO NOPiBHAHHA BUABJEHO AOCTOBIPHO HMXYi 3HAYEHHS MOKA3HWKIB aKTyanbHOro 3a-
rasbHoro Ta BepbansHoro IQ (p < 0,05) npu JOCTOBIPHO BULMX 3HAYEHHAX NOKA3HUKIB iHTENEKTYaNnbHOT fUCrapMoHii
(p < 0,05). Mpwu onpomiHeHHi B go3ax noHag 0,3 38 B YJIHA Bikom noHag 60 pokis Bneple OyB BUABNEHUIA XapaKTep-
HUW [,0303aN€XHUNA NCUXOMETPUYHUIA NATEPH, AKUIA NONAFAE Y AOCTOBIPHOMY 3HUMKEHHI aKTyasbHOro HeBepbasbHOrO
IQ (r =-0,46; p = 0,039) npu ogHoYaCHOMY 3pocTaHHi Aetiuuty HeBepbanbHoro IQ B NopiBHAHHI 3 npeMop6igHUMM
piBHamMu (r=0,55; p = 0,011).
BucHoBKuK. CBOEYACHE BUABNEHHS Ta MOHITOPUHT HEPOKOTHITUBHMX PO31ajiB B 0Ci6 NiTHLOTO BiKy, 30KpemMa B noCT-
paxpanux BHacnifok YopHobMnbCbKOT KatacTpotu, CTAHOBUTb HAZL3BMUYAIHO BENNKY MELUKO-COLiaNbHY 3HAUYLWiCTb Ta
MOXe 3anobirtu iHBanigusauii Ta couianbHiit gesantauii gaHoi kareropii nauieHTie. CyyacHi pelwesi Ta HeiHBa3UBHI
ncuxodizionoriyHi Ta HeMpoNCUxiaTpUyHi METOAN AiarHOCTUKM HEWPOKOTHITUBHUX ANCHYHKLIA MOXYTb YCMilHO 3ac-
TOCOBYBATUCH K B HAYKOBUX BOCNIIKEHHAX, TaK 1 B NOBCAKAEHHIW KNiHIYHIN NpaKTUL HEBPONOTiB, Ncuxiatpis, Helpon-
CUX0NOriB, KNiHIYHMX Helpodizionoris. MocTpagialiiHWUil HENPOKOTHITUBHMIA AediunT Mae cneundiyHi ocobanBOCTI,
AKi nonAraloTb y AUcY3HOMY OpraHiYHOMY ypaXkeHHi sk niBoi (AOMiHaHTHOT), Tak i npaBoi (cybpomiHaHTOT) remicdep
rOJI0OBHOTO MO3KY, WO MOXe 3aCBifjuyBaTu CUHEPriYHWUIA BNANB HA KOTHITUBHE (YHKLiOHYBAHHA BiKOBMX 3MiH Ta IB.
KniouoBi cnoBa: YopHoOunbcbka KaTacTpoda; ioHi3youa paaiauisn; noxunui BiK; KOTHITUBHI po3naau; WKana iHte-
nekty Bekcnepa gns gopocnux.
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POST-RADIATION NEUROCOGNITIVE DEFICIT IN THE
CHORNOBYL CLEAN-UP WORKERS: GERIATRIC ASPECTS (PART I)

Objective: to study the features of cognitive disorders in the remote period following exposure to ionizing radia-
tion (IR) in the elderly participants of the liquidation of the consequences of the Chornobyl NPP accident (Chor-
nobyl clean-up workers) with chronic cerebrovascular disorders.
Materials and methods. The retrospective and prospective cohort study with the external and internal control
groups. The randomized sample of the male elderly participants (attained age more than 60 years old) in liquidation
of the consequences of the accident (Chornobyl clean-up workers, liquidators) at the Chornobyl nuclear power plant
(ChNPP) in 1986-1987 (main group, n = 52) recruited from the Clinico-epidemiological registry (CER) of State
Institution «National Research Center for Radiation Medicine, Hematology and Oncology of The National Academy
of Medical Sciences of Ukraine» (NRCRMHO) with verified chronic cerebrovascular disorders (CVD) was examined.
The comparison group (n = 13) consisted of the unexposed in- and out-patients of the Radiation Psychoneurology
Department of Institute for Clinical Radiology (ICR) of NRCRMHO with the corresponding age and sex (the compar-
ison group). The internal control group included the liquidators irradiated at doses < 50.0 mSv (n = 12). The psy-
chometric methods (Wechsler Adult Intelligence Scale (WAIS) with premorbid IQ (pre-IQ) assessment and further
expert estimation of neurocognitive status) applied. The methods of descriptive and variation statistics, paramet-
ric and non-parametric criteria, regression-correlation analysis were used.
Results. In the main group of the Chornobyl clean-up workers, when compared with the non-exposed control group,
significantly lower actual (obtained during direct testing) full (fIQ) and verbal (vIQ) intelligence coefficients were
found (p < 0.01) with a tendency to the current performance intelligence coefficient (pIQ) decrease in the subjects
of the main group (p = 0.08). In the main group of clean-up workers, significantly higher levels of full IQ deficit were
found compared to premorbid levels (p < 0.01), mainly due to a significantly higher level of verbal IQ deficit (p <
0.001). A dose-dependent decrease in indicators of both verbal and performance (non-verbal) psychometric tests of
the WAIS scale was observed in the elderly Chornobyl clean-up workers. With higher radiation doses (> 50 mSv), the
severity of cognitive deficit increases. In the clean-up workers irradiated at doses > 50 mSv when compared to the
non-exposed comparison group, significantly lower values of actual full and verbal IQs were found (p < 0.05) with
significantly higher values of intellectual disharmony (p < 0.05). When exposed to doses of more than 0.3 Sv, in the
Chornobyl clean-up workers above 60 years old, a characteristic dose-dependent psychometric pattern was first
revealed, which consists of a significant decrease in actual performance IQ (r = -0.46; p = 0.039) with a simultane-
ous increase in performance IQ deficit in comparison with the premorbid levels (r=0.55; p=0.011).
Conclusions. Timely detection and monitoring of neurocognitive disorders in the elderly, specifically in victims of
the Chornobyl disaster, is of extremely great medical and social significance and can prevent the disability and
social maladaptation in this cohort. Modern cheap and non-invasive psychophysiological and neuropsychiatric
methods of diagnosing neurocognitive dysfunctions can be successfully used both in scientific research and in
everyday clinical practice of neurologists, psychiatrists, neuropsychologists, and clinical neurophysiologists. Post-
radiation neurocognitive deficit has its specific features consisting of diffuse organic damage to both left (domi-
nant) and right (subdominant) brain hemispheres, which can testify to the synergistic effect of age-related changes
and ionizing radiation on cognitive functioning.
Key words: Chornobyl disaster, ionizing radiation; elderly age; cognitive disorders; Wechsler Adult Intelligence Scale.
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BCTYII INTRODUCTION
IIBnnke mocTapiHHS HacelleHHS 3eMJTi € 3HauHOIo Me-  The rapid aging of the Earth’s population is a sig-
JUKO-colliaabHoio TIpooneMoro. Cepen ycix BikoBux  nificant medical and social problem. Among all age
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rpyn came jroau noxwioro (60—74 poku) Ta cTapeyoro
Biky (75 pokiB Ta Oijible) € HAOIIbII IIBUIKO 3pOCTa-
0400 YACTMHOIO HACEJEHHS CBIiTYy SIK B aOCOJIIOTHHUX,
TaK iy BimHocHuX udpax [1]. 3a ganumu BOO3, 3a me-
pion 3 2015 o 2050 pik yacTka Jitozieit BikoM rmoHan 60 po-
KiB y CBITOBOMY HaceJIeHHi Maiixke ImoaBoitbes — 3 12 %
10 22 %. biusbko 15 % nopociux y Billi 60 pokiB i 6iib-
1€ CTpaXJalTh Ha IMCHUXiYHI MOPYLIEHHS, MPU YOMY
HEWpOIICUXiaTpUYHI PO3JIaau Y OcCid JITHHOTO BiKy CTa-
HOBJIATH 6,6 % Bin 3araJbHOI iHBAJIMHOCTI Y 1Iiii BIKOBii1
rpyni. HalinomwupeHilmnuMu HelporncuxiaTpudHUMU
po3nagaMu y ocid MOXUJIOro BiKy € JeMeHIIisl Ta Aell-
pecist [2]. TMommpeHicTh aeMeHIIii y Billi 10 64 pOKiB €
Jy>Ke HU3bKOIO, B OAHOMY JOC/iIKEHHi piBeHb ii MOIIN-
peHocTi y Bili 45—64 pokiB ckiaB Menuie 0,02 %. s
ocib BikoM 64—69 pokiB BiH cTaHOBUB BxXe 1,3 %, a 1
70—74 pokiB — 2,9 %, 3pocrarouu IpUOJIU3HO BABIYi
KOXHi IT’SITh POKIB ITiCJISI LIbOTO BiKOBOTO Aiana3oHy [3].
Y 2015 pomi KiIbKiCTh XBOpHX 3 IEMEHIIIE€IO Y CBIiTi Oysa
Om3bKo 46 MinbiioHIB 0ci0b, mpuyomy 1o 2050 poky ix
KiJIbKiCTh MOXe CATHYTH 135 MisibitoHiB [4]. demMeHIliss —
e CUHIPOM, OOYMOBJICHMI 3aXBOPIOBAHHSM TOJIOBHOTO
MO3KY — 3a3BMYail XpOHiUHMM ab0 MpOrpecyrouyuMm, —
MpU IKOMY YBiIOYBa€ThCS TOPYIIEHHS 0araTboX BUILIMX
KipKOBUX (PYHKIIii1, 30KpemMa mam’siTi, MUCJIEHHS, pO-
3yMiHH$, MOBM, Opi€HTallii, 3M1aTHOCTi IO paXyHKY, ITi3-
HaHHS Ta MipKyBaHH# |5, 6]. Bizomo, 1110 BM3Ha4YalIb-
HOIO OCOOJIMBICTIO CHHAPOMY AEMEHIIii € Aerpamaiis
KOTHITUBHOI (PYHKIIii (TOOTO 31aTHOCTI MUCJIUTH) OiJTb-
1LI010 MipO10, HixK 11€ OUYiKYETHCS TPU HOPMATBLHOMY CTa-
piaHi [7]. CrieundiyHoro JiKyBaHHS IeMEHIIil Ha ChO-
romHi He icHye [8], 1110 00YMOBIIIOE HEOOXiAHICTh i CBO-
€4acHoOI NpodifakTUKKU Ta AiarHocTukuU. HelpokorHi-
TUBHI Ta MOpP@OJOriyHi 0COOJMBOCTI, acoliifoBaHi 3
HOpPMaJIbHUM CTapiHHSIM i XxBOpoOow AublreiiMepa
(XA), MaloTh SIK KiJIbKIiCHi, TaK i siKicHi BigMiHHOCTI. L1i
BiIMiHHOCTi OXOIUIIOIOTh Pi3HI KOTHITMBHi JOMEHU
(IHIIMMM CIIOBaMHU, TIPOSIBIISIIOTBCS Y Pi3HUX IMaTepHax
KOTHITMBHOTO IeilnTy), pi3Hi CTymneHi aTpodii cipoi Ta
0iJ101 peYOBMHU TOJIOBHOTO MO3KY, Pi3Hi CTyTIeHi Helpo-
aHAaTOMIYHOI iHBOJIOIii TOJIOBHOTO MO3Ky. BkaszaHi
SIKiCHi BIIMiHHOCTI 4iTKO BKa3ylOTb Ha T€, 1110 XA He MO-
Ke OyTM IIPOCTO OITMcaHa SIK IPUCKOPEHWUI IMpoIec
CTapiHHSI, a HaBNaKu — SIBJISIE CO00I0 OKpeMe siBulle [9].
3 BUHUKHEHHSM JAEeMEHIIil MOoB’3aHi TakKi (akTopH, SIK
BiK, €THIYHiCTb, CTaTh, T€HETUYHiI YMHHUKMU, (PizruHa
aKTUBHICTb, KYpPiHHSI, BXKMBAaHHSI HAPKOTUKIB, OCBITHil
piBeHb, CITOKMBAHHS aJlKOTOJII0, iHAEKC MacH Tina, cy-
MYTHi 3aXBOPIOBAHHSI, a TAKOX (DaKTOPYU HABKOJIUILIHbO-
ro cepeloBHIlA, IIPOTe BHECOK Ta SIKICHUI CKjam OcC-
TaHHIX 3aauiaTbesd MamoBuBdeHUMU [10]. TMoxummit

groups, the elderly aged (60—74 years) and the
senile aged (75 years and older) are the fastest
growing part of the world population both in
absolute and relative numbers [1]. According to the
WHO, from 2015 to 2050, the percentage of people
over the age of 60 in the world population will
almost double — from 12 % to 22 %. About 15 % of
adults aged 60 and over suffer from mental disor-
ders, with neuropsychiatric disorders in the elderly
accounting for 6.6 % of total disability in this age
group. The most common neuropsychiatric disor-
ders in the elderly are dementia and depression [2].
The prevalence of dementia under the age of 64 is
very low, with one study showing a prevalence of
less than 0.02 % between the ages of 45 and 64. For
people aged 64—69, it was already 1.3 %, and for
70—74 — 2.9 %, increasing approximately twice
every five years above this age range. [3]. In 2015,
the number of patients with dementia worldwide
was about 46 million, and by 2050 their number
may reach 135 million [4]. Dementia is a syndrome
caused by a disease of the brain — usually chronic
or progressive — in which there is a violation of
many higher cortical functions, including memory,
thinking, comprehension, language, orientation,
counting, cognition, and reasoning [5, 6]. It is
known that the defining feature of dementia syn-
drome is the degradation of cognitive function (i.e.,
the ability to think) to a greater extent than is
expected in normal aging [7]. There is currently no
specific treatment for dementia [8], which necessi-
tates its timely prevention and diagnosis. The neu-
rocognitive and morphological features associated
with normal aging and Alzheimer’s disease (AD)
have both quantitative and qualitative differences.
These differences comprise different cognitive
domains (in other words, manifest in different pat-
terns of cognitive deficit), different degrees of atro-
phy of the brain gray and white matter, and differ-
ent degrees of neuroanatomical involution of the
brain. These qualitative differences clearly indicate
that AD cannot simply be described as an acceler-
ated aging process, on the contrary, it represents a
separate phenomenon [9]. Such factors as age,
ethnicity, gender, genetic factors, physical activity,
smoking, drug use, education level, alcohol con-
sumption, body mass index, comorbidities, and
environmental factors are associated with the
onset of dementia, but the contribution and quali-
tative composition of the latters remain poorly
studied [10]. Advanced age and genetic factors are
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BiK Ta FeHETUYHUI (PaKTOp € ABOMA HAMOLIbIIT 3HAYIIU -
MU (pakTOopaMu, sIKi BILUIMBAalOTh Ha PO3BUTOK XBOPOOU
AnbureiiMepa, sika BBaXKa€eThCs HAUMOILIMPEHillo Gop-
moro aemeHiii [11]. Ciin 3a3HaYUTH, 110 B CUCTEMAaTHY -
HOMY omIsiAi 71 mochimKeHHs], MPUCBIYEHUX BUBYEHHIO
3B 13Ky MiX OCBITOIO Ta CJIaDOYMCTBOM i MepeliueHuX B
6azax manux PubMed ta PsycINFO Bin ciuns 1985 poky
1o aunHa 2010 poky, HU3bKUI piBEHb OCBITH OYB OB SI-
3aHUI 3 OUTBIIIMM PU3UKOM JIEMEHIIil y 0aratbox Jo-
CTIKEHHSIX, TIPOTe JAJIeKOo He Y Beix (mumme y 58 %) [12].

TenaeHList 10 MOCTapiHHSI KOMOPTU OCiO, MocTpaxkaa-
JINX BHACHIigoK YopHOOMIBCHKOI KaTacTpodu, € 3HAUHOIO
MEIUKO-COLIiaJIbHOIO Ta HAyKOBO-TIPAKTUYHOIO MpooJie-
Mo10. 3rigHo 3 BikoBuMu Kputepisimu BOO3, ctaHoM Ha
2024 pik 6inpiricts YJIHA na YAEC € ocobaMu TTOXHIIO-
ro Biky (60—74 poknu). IIpore maroreHes Ta 0coOJIMBOCTI
KOTHITMBHUX po3naaiB B YJIHA moxuioro BiKy, sKi 3a3-
HaJIi BIUTMBY MaJIMX J03 i0OHi3yl0uol pajiallii, JoTernep He
BUBYAIUCh. BigoMo, 110 nmocTpamgialiiHMii HEMpPOKOTHi-
TUBHUM AediuUT € OOJHUM i3 KIIOYOBUX HEWporicuxiaT-
pruuHuX edekTiB [13—18]. Ha Haury mymKy, BIUTUB iOHi3Y-
10401 pajialii, 30KpemMa B Aiala3oHi Majux 403, Ta BiKO-
BOro (hakToOpy MOXKYTb CIIPUUMHSATA CUHEPTIYHUM BILIAB
Ha PO3BUTOK TOCTpadiallifHUX KOTHITUBHUX TOPYILIEHbD.
3arponoHOBaHO, IO BIIMB MaJuX 103 € (haKTOPOM pU-
31MKYy acoLiiOBaHMX i3 BIKOM 3aXBOpIOBaHb, 30Kpema,
HelpojereHepaTUBHUX, a CTApiHHS i HelipoAereHepaTUB-
Hi TIpOLIECH ITiCJIST OTIPOMiHEHHSI MOXYTh MiICUTIOBATHCS
3aBISIKM CUHEPriYHOMY BIUIMBOBiI Ie€TEpOreéHHUX IaTo-
JIOTIYHUX YMHHUKIB, TAKMX SIK IMyHOJIOTiYHi, OKCUAATHB-
HUI cTpec i MOIEKYIsIpHO-TeHeTUIHi 3MiHu [19]. Pe3ynb-
TaTU MOJIEKYJISIPHO-0i0JIOTIYHUX i HeMPONCUXiaTpUUYHUX
JOCJTiIKEeHb KOTHITUBHUX Ta LIepeOpOBACKYISIPHUX ePeK-
TiB, IHAYKOBAaHUX MaJdMM J03aMM iOHi3yr04ol pamianii
BHACIiT0K YopHOOMIIBCHKOT KaTacTpodu, OTpUMaHi y Cy-
MicHOMY €BpoIieiicbkoMy ITpoeKTi «KOorHiTuBHi i 1eped-
POBACKYJISIpHi e(heKTU, BUKIMKAHI Ji€0 MaJIuX 103 iOHi-
3ytouoi pamiatii» (Cognitive and Cerebrovascular Effects
Induced by Low Dose Ionizing Radiation, CEREBRAD),
CBiYaTh MPO OB BUPAKEHUI KOTHITUBHUI 1eilUT B
oci0, ompomiHeHUX B 103ax nmoHan 500 M3B, BUSIBJIEHO 3a-
JIEXXHICTb KOTHITUBHOTO Ie(illMTYy Y BilgaaeHOMY Mepioai
MiCJIs1 ONPOMIHEHHSI Bij 103U, BiKy HA MOMEHT OITPOMi-
HEHHS Ta TeHHOI peryisuii dyHkuii Teaomep [20—22].
IcHY10TE IEPEKOHINBI €MiIeMiONIOTiIUHI T0Ka3U CTOCOBHO
TOrO, 110 BIUIMB iOHi3yl0UOr0 BUMPOMiIHIOBAHHS Y Aiarna-
30Hi MajiuX 103 acoUilioBaHMIA i3 [10303aJeKHUM 3POC-
TaHHSIM YacTOTHM JIEMEHIIil y 3KiHOK, $IKi MpaloloTh Ha
00’eKkTax aTOMHOI mpomuciaoBocTi [23]. KitiHiuHe BU3Ha-
YeHHsI IIpoliecy LepeOpajlbHOTO CTapiHHS B IIPOAPO-
MajbHili cTamil JeMeHLil € Haa3BMYailHO BaXKJIUBUM Y

the two most significant factors that influence the
development of Alzheimer’s disease, which is con-
sidered the most common form of dementia [11].
It should be noted that in a systematic review of 71
studies examining the relationship between educa-
tion and dementia, listed in the PubMed and
PsycINFO databases from January 1985 to July
2010, a low level of education was associated with a
higher risk of dementia in many studies, but far
from all (only in 58 % of studies) [12].

The tendency to aging of the cohort of victims of
the Chornobyl disaster is a significant medical-
social and scientific-practical problem. According
to WHOQO'’s age criteria, as of 2024, most of the
Chornobyl clean-up workers are elderly people
(60—74 years old). However, the pathogenesis and
features of cognitive disorders in the elderly
Chornobyl clean-up workers exposed to low doses of
ionizing radiation have not been studied to date. It is
known that post-radiation neurocognitive deficit is
one of the key neuropsychiatric effects [13—18]. In
our opinion, the influence of ionizing radiation,
particularly in the low-dose range, and the age fac-
tor can cause a synergistic effect on the develop-
ment of post-radiation cognitive disorders. It has
been proposed that exposure to low doses is a risk
factor for age-related diseases, in particular, neu-
rodegenerative diseases, and aging and neurode-
generative processes following exposure may be
enhanced due to the synergistic effect of heteroge-
neous pathological factors, such as immunological
ones, oxidative stress, and molecular genetic
changes [19]. The results of molecular biological
and neuropsychiatric studies of cognitive and cere-
brovascular effects induced by low doses of ioniz-
ing radiation as a result of the Chornobyl accident,
obtained in the joint European project «Cognitive
and Cerebrovascular Effects Induced by Low Dose
Ionizing Radiation», CEREBRAD), testify to a
more pronounced cognitive deficit in persons irra-
diated at doses of more than 500 mSy, the depend-
ence of cognitive deficit in the remote period fol-
lowing irradiation on the radiation dose, age at the
time of irradiation and gene regulation of telomere
function was found [20—22]. There is convincing
epidemiological evidence that exposure to ionizing
radiation in the low-dose range is associated with a
dose-dependent increase in the incidence of de-
mentia in women working at nuclear facilities [23].
Clinical determination of the process of cerebral
aging in the prodromal stage of dementia is

(1) 378



ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2024. Iss. 29.

CLINICAL

RESEARCH

3B’SI3KYy 3 MOXJIMBICTIO T€parieBTUYHOIO BTPYYaHHSI Ha
HaMOiIbII paHHIX eTamax 3 METOol0 3arnobiraHHss abo
YITOBiJIbHEHHS BUHUKHEHHST 3aXBOPIOBaHHS [24].

Ha nymky R. C. Petersen [25], BU3HaYaJIbHUM €JIeMEH-
TOM JIETKOTO KOTHITMBHOI'O TOPYIIEHHSI € OHA MeBHa
chepa, y SKili pO3BUBAIOTLCSI TOBUJILHO IIPOTpecyroui
KOTHITHUBHI TTOpYIIeHHS, TKa He TTOB’sI3aHa 3 MOTOPHUM
a00 CEeHCOPHUM JAeIilIUTOM i 10 SIKOi, MOXJIMBO, TOTY-
YaThCs MOPYIICHHS B iHIIMX KOTHITUBHUX JOMEHAX, SIKi
MepeayoTh MOPYIIEHHSIM y ColliaJibHOMY Ta/abo mpo-
deciitnoMy pyHKIIIOHYBaHHI (OCKITBKM 1X BHUHUKHEHHS
BU3HAvyae ne0loT AeMeHlii). 3 MosBO0 HeiHBa3MBHOIL
koMmm’rotepHoi ToMorpadii (KT) romoBHoOro Mosky, a
Mi3Hillle — TEXHOJIOTil MarHiTHO-Pe30HaHCHOI TOMOT-
padii (MPT), kniHidHe po3yMiHHS CYIMHHNX 3aXBOPIO-
BaHb noKpaiiuiaocs. Lle nmpu3Beno 10 HAKOMUYEHHS 10-
Ka3iB IIMPOKOTO CIIEKTPY illIEeMiYHUX 3MiH i aHOMaJIbHUX
3HAXilOK y HAaye0TO KOTHiTUBHO HOPMAaJIbHUX JIOaei
MOXWJIOrO BiKY, 110 111e OiJible 30€HTEXX1JI0 JOCTIIHUKIB
i kmiHinmcTiB [26]. IIpoTre BMKOpPHCTAHHS BUKJIIOYHO
HeMpoBi3yaTi3allifHUX TEXHOJIOTI He Ja€ 3MOTH PO3PO-
OUTHU BUYEPITHY OIMCOBY KJIiHiYHY (DEHOMEHOJOTiI0
HEeWPOKOTHITUBHUX PO3J1aJiB 32 YMOB il pi3HUX HECH-
pUATAUBUX (PAKTOPIiB PU3UKY, 30KpeMa iOHi3yl0uoro
BunpomiHoBaHHs (IB), a TakoX He Ja€ BUYEPITHOTO
YSBJIEHHS PO IXHi HelipodizionoriuHi MmexaHizmu. Taky
iH(opMalIilo MOXYTb HaJATH JaHi HEHPOTICUXiaTpUIHO-
ro oOCTeXEHHS, a TaKOX Helpo- Ta nmcuxodiziooriu-
HUX OOCHiIXeHb (30KpeMa, KiJdbKiCHa KOMII IOTepHa
enexktpoeHuedanorpadis (KEEI'), a Takox cliyXxoBi KO-
THiTUBHI BUKIMKaHi moreHuiaan P300) [27—31]. 3 mos-
BOIO TaKUX YMHHUKIB, SIK 30iIbIIIEHHS BUKOPMCTAHHS
peHTreHiBchbKoi KoMIT toTepHoi ToMorpadii (KT), mpo-
MEHEBOI Teparlii, 0yaiBHMLITBO OibILIOI KiIbKOCTI aTOM-
HUX €JIEKTPOCTaHLiil y BCbOMY CBITi Ta, SIK HACJiIOK, MO-
TeHIIiliHe saepHe 3a0pyaHeHHs abo aBapii, mpodeciiine
OIPOMiHEHHSI, YacTi aBianepeaboTH, MiJIOTOBaHI AOCIi/I-
JKeHHST KOCMOCY Ta MOXJIMBUM SIIEpHUI TEpOPU3M, IO-
ciimkeHHs e¢ekTiB 1B 3 HM3bKOIO 103010/TIOTYKHICTIO
03U Y Pi3HUX BiKOBMX KOTOpTax CbOTOAHI CTa€ Habara-
TO OITBII HEOOXIAHUM i aKTyaJbHWUM, HiX OyIb-KOJU
paimie [11]. Builie3azHaueHe 3yMOBJIOE aKTyaJlbHiCTb
JIAHOTO JOCJIIIXKEHHSI, a TAKOX HEOOXiAHICTh MYJIBTUMO-
JAJIbHOTO TTiIXOAY Y KOTHITUBHUX HEeMpOHayKax.

META JOCJIIJI2ZKEHHA

BuBuuTH 0COOJMBOCTI KOTHITUBHUX PO3JajiB Biggasie-
HOTO Mepioay TiC/s BIUIMBY iOHi3yl0UOTO BUIIPOMIHIO-
BaHHS B yYaCHUKIB JIiKBifaLlil HacaiaKiB aBapii Ha Yop-
HoOWJIbChbKit AEC moxuioro BiKy.

extremely important due to the possibility of ther-
apeutic intervention at the earliest stages to pre-
vent or slow down the onset of the disease [24].

According to R.C. Petersen, the defining element
of mild cognitive impairment (MCI) is one specif-
ic domain in which slowly progressive cognitive
impairment develops, which is not associated with
motor or sensory deficits and which may be accom-
panied by impairments in other cognitive domains
that precede impairments in social and/or profes-
sional functioning (because their occurrence deter-
mines the onset of dementia) [25]. With the advent
of noninvasive brain computed tomography (CT)
and later magnetic resonance imaging (MRI) tech-
nology, the clinical understanding of the vascular
disease has improved. This has led to accumulating
evidence of a wide range of ischemic changes and
abnormal findings in apparently cognitively normal
elderly people, further confounding researchers
and clinicians [26]. However, the use of neuro-
imaging technologies neither provides an opportu-
nity to develop a comprehensive description of the
clinical phenomenology of neurocognitive disorders
under the influence of various adverse risk factors,
in particular, ionizing radiation (IR) nor does it
provide a comprehensive understanding of their
neurophysiological mechanisms. Such information
can be retrieved from the data of a neuropsychiatric
examination, as well as neuro- and psychophysio-
logical studies (in particular, quantitative electroen-
cephalography (qEEG), as well as auditory event-
related potentials P300) [27—31] With the appear-
ance of such factors as the increase in the use of
computed tomography (CT), radiation therapy, the
creation of more nuclear power plants worldwide
and, as a result of the detection of nuclear contam-
ination or accident, occupational radiation, part of
air travel, manned space exploration and possible
nuclear terrorism, research on the effects of low
dose/low dose rate IR in different age groups today
becomes much more necessary and relevant than
ever before [11]. The above-mentioned determines
the relevance of this study and requires a multi-
modal approach in cognitive neuroscience.

OBJECTIVE

Study of features of cognitive disorders in the
remote period upon exposure to IR in the elderly
participants of liquidation of consequences of the
Chornobyl NPP accident (Chornobyl clean-up
workers) with chronic cerebrovascular disorders.
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MATEPIAJIM I METOIN

Ju3aitH pod0TH — ITPOCTICKTUBHE KJTiIHIYHE JOCITiIKEeH -
HsI 13 30BHIIIHIM Ta BHYTpillIHiM KOHTposieM. [TpoTsrom
2014—2018 pokiB Ha 0a3i Bimmisly pamialliiiHOi MCUX0-
HeBpoJtorii [HcTuTyTy KitiHiuHOi pamioorii (IKP) Hep-
JKaBHO1 ycTaHOBM «HalioHaaIbHUII HAyKOBMIA LIEHTP
paniauiiitHol meauuuHu HaiioHanbHOI akageMili Me-
JINYHUX HayK Ykpainu» (HHIIPMTIO) obcrexkeHa paH-
noMizoBaHa BuOipka YJIHA Ha YAEC moxwioro BiKy
(monanx 60 pokiB Ha MoMeHT orsgny) 3 KiiHiko-ermi-
nemionoriunoro peectpy (KEP) HHIIPMI'O (ocHoBHa
rpyna, n = 52) 3 BepudikoBaHOIO XPOHIUHOIO Liepedpo-
BacKyJISIPHOIO MAaTOJIOTi€0, MPUUYOMY BKa3aHUII KOH-
TUHTEHT 3HAXOOUTHCS Tl IPOCTIEKTUBHUM MEANIHUM
CIIOCTEPEXKEHHSIM IIPOTSITOM YCHOTO XKHUTTS B Iicisa-
BapiiiHi poKU.

KputepisiMu BKJIIOUEHHST 10 OCHOBHOI TpyINU OY/Iu:
1) nagBHicte y KEP HHIIPMTI'O; 2) yuyacTb B poboTax
3 miKBiganii HacainkiB YopHOOMIIBCHKOI KaTacTpopu y
1986—1987 pokax; 3) HasIBHICTb 3aITMCIB 1100 J103 OIT-
poMiHeHHsI; 4) yo0Biua CTaTh; 5) MPaBOPYKiCThb. 3 Me-
TOIO MiHiMi3alii BIUIMBY TpaauLIiHHUX (DAKTOPIB PU3U-
Ky Ha TIOKa3HUKU TMCUXOMETPUUHMX 1 Ncuxodizio-
JIOTIYHUX TECTiB HaMM OYJI1 pO3p0o0JIeHiI KpUTEPii BUK-
JIIOYEHHS 3 00cTexXeHHs. TakKuMu KpUTEpiIMU B OC-
HOBHIill rpynu OyJM: IepeHeceHa rocTpa IIpoMeHeBa
xBopobOa (I'TIX), HagBHICTP HA MOMEHT JIOCIIiIKeHHS
Yy B aHaMHe3i BUpaKeHOI COMAaTOHEBPOJIOTIYHOI Ta
TICUXiYHOI MaTOJIOTil y CTalii JeKOMITeHcallil; Yyeper-
HO-MO3KOBOI1 TpaBMU; HEHPOiH(PEKLiMHUX Ta JeMi€Ti-
Hi3yIOUMX 3aXBOPIOBaHb; 3JI0BXMBAHHS IICUXOAKTUB-
HUMU PEYOBUHAMM, a TAKOX HEBIiNMOBIIHICTb 10 KPpU-
TepiiB BKIIOYEHHS. JoCHiIKeHHs TpOBOAUIUCS 3Tif-
HO 3 ETUYHUMM cTaHaapTaMu [enbCiHChKOT aeKiapaltii
1975 poky Ta ii neperassaytoro Bapianty 2000 p.

3ajrydeHi MauieHTM OCHOBHOI IPyNY Ha MOMEHT OC-
TAaHHBOI'O OOCTEXEHHs 3Haxomuaucs y Biui 60,3—73,7
pokiB npu cepenubomy (M + SD) Biwi (64,1 % 2,9) poky.
[Minrpyma YJIHA, onpominenux y go3zax 0,6—50,0 M3B
(n = 12), BUKOpMCTaHa SK BHYTPIlIHIA KOHTPOJb
BimHOCHO ocHOBHOI rpynu YJIHA. /1031 30BHIIIHBOTO
onpomiHeHHs oocTexkeHux YJIHA na HAEC 3Haxonu-
Jmcd B gianmazoHi 0,002—1,1 3B ripu cepeaHiit apudpme-
THuHii no3i (M £ SD) (0,31 £ 0,29) 3B, cepenHiii re-
omeTpuuHiii mo3i 0,16 3B, MemianHiin nos3i 0,25 3B.
Posnonin obcrexenux YJIHA Ha YAEC 3a nozamu
30BHILIHBOTO ONIPOMiHEHHSI HaBeJeHO B TadJI. 1.

HeekcrionoBaHa rpymna mnopiBHsHHS (n = 13) Oyna
c(popMoBaHa 3 BUMIaIKOBAM YMHOM BifiOpaHUX aMOyma-
TOPHUX Ta CTAaLliOHAPHMX MAalliEHTiB/00CTEXKYBAaHUX OCi0
Biminy pamiamiiiHoi mcuxonesportorii IKP HHIIPMIO.

MATERIALS AND METHODS

A prospective clinical study with external and inter-
nal controls was the study design. During 2014—
2018, on the basis of the Radiation Psychoneu-
rology Department of the Institute of Clinical Ra-
diology (ICR) of the State Institution «National
Research Center for Radiation Medicine of the Na-
tional Academy of Medical Sciences of Ukraine»
(NRCRM), a randomized sample of the elderly
(over 60 years at the examination time) Chornobyl
clean-up workers was examined with Clinical-epi-
demiological register (CER) of the NRCRM (main
group, n = 52) with verified chronic cerebrovascular
pathology, and the specified contingent has been
under prospective medical observation throughout
their life in the post-accident years.

The inclusion criteria in the main group were:
1) presence in the CER of the NNCRM; 2) partici-
pation in liquidation of the consequences of the
Chornobyl accident in 1986—1987; 3) availability of
radiation doses records; 4) male gender; 5) right-
handedness. In order to minimize the influence of
traditional risk factors on the indices of psychometric
and psychophysiological tests, we developed exclu-
sion criteria for the study. Such criteria in the main
group were: experienced acute radiation sickness
(ARS), the presence at the time of the study or in the
anamnesis of pronounced somatoneurological and
mental pathology at the decompensation stage; brain
injury; neuroinfections and demyelinating diseases;
substance abuse, as well as failure to meet inclusion
criteria. The research was conducted in accordance
with the ethical standards of the Helsinki Declara-
tion of 1975 and its revised version of 2000.

The involved patients of the main group at the time
of the last examination were aged 60.3—73.7 years with
amean (M £ SD) age of 64.1 & 2.9 years. A subgroup
of the Chornobyl clean-up workers irradiated at doses
0f 0.6—50.0 mSv (n = 12) was used as an internal con-
trol relative to the main group of the Chornobyl
clean-up workers. The external radiation doses of the
examined clean-up workers were in the range of
0.002—1.1 Sv with an arithmetic mean dose (M % SD)
of 0.31 £ 0.29 Sy, a geometric mean dose of 0.16 Sy,
and a median dose of 0.25 Sv. The distribution of the
examined Chornobyl clean-up workers by their exter-
nal radiation doses in mSv is shown in Table 1.

The unexposed comparison group (n = 13) was
formed from randomly selected outpatients and in-
patients/subjects of the Radiation Psychoneurology
Department of ICR of NRCRMHO. The inclusion
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Ta6nuusa 1

Po3snopin VJIHA Ha YAEC 3a 03aMu 30BHilUHLOTO ONPOMiHEHHSA

Table 1

Distribution of the Chornobyl clean-up workers according to their external radiation doses

[Liana3ox po3, m38

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

Dose range, mSv n Arithmetic mean dose and standard deviation (M+SD), mSv
< 50 (0,6-50,0) 12 28,7+ 20,0
50,0-100,0 6 76,6 + 11,2
>100,0-250,0 7 181,4+42,3
> 250,0-500,0 14 336,3 + 82,0
> 500,0—1000,0 11 668,6 + 112,5
> 1000 (1000,0-5900,0) 2 1007,0 £ 42,4

KputepisiMu BKJIIOYEHHST 10 KOHTPOJIbHOI IPpyIU OYJIu:
1) BimCyTHICTh 3aylydeHHS IO pamiallifHUX Haa3BU4Yaii-
HUX CUTYyallili, iCIMTiB simepHOI 30poi Ta TepareBTUIHO-
TO ONPOMiHEHHS; 2) BiICYTHICTh TOJATKOBOI IO MPUPOI-
HOro ()OHY palioaKTUBHOCTI OIIPOMiHEHHSI 32 BUHSITKOM
MEIUYHUX JIarHOCTUYHMX PaJioJIOTIUHMX IPOLEeayp Ta
aBianepeaboTiB; 3) 4YoJsioBiYa cTaTh, 4) BiAMOBIZHICTH
BiKy 10 OCHOBHOI Ipynu. KpurtepisMu BUKIIOUEHHS,
KpiM TakKuXx, sIK y OCHOBHiil rpyri, Oyau: 1) HeBiamoBin-
HICTb KPUTEPISIM BKJIFOYEHHSI 10 KOHTPOJILHOI IPyIU Ta
2) 3ajlydeHHs 10 0araToLeHTPOBUX KJIiHIYHUX BUITPOOY-
BaHb. 3ay4YeHi NalieHTU HEEKCITOHOBAHOI KOHTPOJbHOIL
rpyny Ha MOMEHT OCTaHHbOI'O OOCTEXXEHHS 3HAXOAUIN -
cda y Bili 60,2—70,2 poky npu cepenHboMy (M £ SD)
Bii (63,3 £ 2,9) poky. 32 OCHOBHUMHU COIiO-AEMOT-
padiyHMMU MOKAa3HUKAMU IPYMU OOCTEKEHUX MPaKTUY-
HO He BiApi3HaaucCh (Tadia. 2), mpoTe MpUBEpPTAE yBary
TOM (haKT, IO CBilf COLiaTbHO-TTOOYTOBUI CTAaTyC OIiHN-
T K «HU3bKUi» 15 (28,8 %) ooctexxenux YJIHA, toni
SIK Y KOHTpOJIbHIM rpyni — jmie 1 (7,7 %) obcrexeHuit

Ta6nuusa 2

criteria for the comparison groupwere: 1) absence
of involvement in radiation emergencies, nuclear
weapons tests, and therapeutic exposure; 2) ab-
sence of irradiation additional to the natural back-
ground radioactivity, apart from medical diagnos-
tic radiological procedures and air travels; 3) male
gender; 4) matching the age to the main group.
Exclusion criteria, in addition to those in the main
group, were: 1) failure to meet inclusion criteria
for the comparison group and 2) involvement in
multicenter clinical trials. The involved patients of
the non-exposed comparison group at the time of
the last examination were aged 60.2—70.2 years
with a mean (M £ SD) age of 63.3 & 2.9 years.
According to the basic socio-demographic indica-
tors, the groups of the examined subjects did not
differ (Table 2), however, the fact that 15 (28.8 %)
of the examined clean-up workers rated their
social and household status as «low» attracts atten-
tion, while in the comparison group only 1 (7.7 %)

CouianbHo-gemorpaciyHa xapaKTepuCcTMKa 06CcTexeHoi BUGipKU

Table 2

Socio-demographic characteristics of the sample examined

OcHoBHa rpyna

t-kputepii CTblogeHTa,

HeekcnoHoBaHa rpyna

Xapakrepuctuka (n =52) ABOOIYHMIA TOYHWIA KpUTepii Piwepa p nopiBHsAHHS (n = 13)
Characteristic Main group Student’s t-test, Unexposed comparison
(n =52) two-tailed Fisher’s exact test group (n=13)
Bik, poku / Age, years (M + SD) 64,08 + 2,92 0,93 0,36 63,32 + 2,87
KinbkicTb pokis ocBiTi, poku (M + SD) }
Number of education years (M = SD) 14,33 £3,32 1,73 0,09 159+26
OcsiTHiit piseHb / Educational level
Buwa ocsita / Higher 26 (50,0 %) 0,03 0,03 11 (84,6 %)
CepenHsi cnellianbHa (cepeaHs TexHIYHa 0CBITa) 0 0
Secondary special (secondary technical education) 22 (42,3 %) 0,11 0.1 2 (15,4 %)
ba3osa cepenHs ocsita / Basic secondary 4.(7,7%) 0,58 0,58 0 (0,0 %)
CouianbHO-eKOHOMiYHMIA Ta NoOyTOBMIA cTaTyc / Socioeconomic and domestic status
Bucokuit / High 3 (5,8 %) 0,09 0,09 3 (23,1 %)
Cepepiit / Medium 34 (65,4 %) 1,0 1,0 9 (69,2 %)
Huabkuii / Low 15 (28,8 %) < 0,001 < 0,001 1(7,7 %)
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(p < 0,001 3a nBOGIUHMM TOuHUM Kputepiem Dimiepa).
Bci obcTexxeHi 0yau MiCbKUMUA XXUTEISIMU.

3 MeTOI0 BUBHAUYEHHS aKTyaJIbHUX (TOOTO, (PAaKTUUHUX,
OTpPMMaHUX TPU TECTYBaHHi) KoedilliEHTIB iHTEIEKTY-
anbHocTi (Intelligent Quotient, Q) BUKOpUCTOBYBaJIU
IMxany intenexty mwist nopocaux . Bekciaepa (Wechsler
Adult Intelligence Scale, WAIS) [32]. [Ipemop6inHi (moa-
BapiliHi) KoeillieHTU iHTEJIEKTY PO3paxOBYBaIM 3a PiB-
HsaHHAM perpecii B. Gao. PiBeHb KOTHITUBHOCTI BU3Ha-
yaji Ha MiACTaBi OLIIHKM SK akTyajibHOro IQ, Tak i Ha
MiICcTaBi OLIIHKY KOTHITUBHOTO Oe(illnTy ITiC/IsT aBapii Ha
YAEC 3a pizHuieo Mix rpemMopoinHuM (moaBapiiiHUM)
i aktyanpHUM 1Q [33]. EXCriepTHY OLIIHKY CTYIIeHSI KOT-
HITUBHOTO Ae(illMTy 3AiMCHIOBAIW iHAWBIAYyaabHO IS
KOXHOTO O0CTEXYBAaHOIO 3TiIHO 3 OoIlepaliiHUMU Kpu-
TepisIMU OLIIHKU KOTHITUBHOCTI gopocnux [30, 34].

3 MEeTOI0 HaKOIMMYYBaHHS, 30epiraHHs Ta MePBUHHOIO
aHaJli3y JaHUX BUKOPUCTOBYBAIM €JIEKTPOHHI Tabauii MS
Excel. CratuctTnuHmii aHali3 TPOBEACHO Y ITIporpaMax
Statistica 10.0 (StatSoft) Ta SPSS Statistics 17.0. IlepeBipky
CTaTUCTUYHOI TIMOTEe3U 1IOA0 BiIMOBIIHOCTI JaHUX HOP-
MaJIbHOMY PO3MOMiTY 3MiliCHIOBAIM 3a JOIIOMOIOI0 KpH-
tepiiB Komvoroposa-CmupHoBa 3 riortpaBkoio Lilliefors ta
Iamipo-VYinkca. J1yis1 BUBYEHHST MiKTPYITOBUX BiIMiHHOC-
TEi IIJIT YaCTOTHUX IOKA3HWKIB BUKOPHCTOBYBAIM KpH-
Tepil %? 3 MOMPaBKOIO Heiitca Ta 1BOGIYHMIT TOUHMIL KPU-
tepiti @imepa (Fisher’s exact test). JIixsgd MHOXWHHOTO
MIXTPYTIOBOTO TOPiBHSIHHS KiJIbKiCHUX TTOKa3HUKIB 3ac-
TOCOBYBaJIM OMHOMAKTOPHUI AucepciiHuii aHami3 (One-
Way ANOVA) y BUnaaky BiAITOBIAHOCTI JaHUX HOPMab-
HOMY PO3MOiJTy 3 MpeacTaBlIeHHsIM JaHuX Y (popmati M =+
SD Ta kputepiit Kpackena-Yommica (Kruskal-Wallis test) 3
npeacTaBIeHHSIM qaHux y popmati Me (Q1—Q3) y mpotu-
JIEXKHOMY BUMAanKy. JJist mepeBipKu TirmoTe3u 11oJ0 T'OMO-
TE€HHOCTI IUCIEPCiit y JOCIiIKYyBaHUX TpyHaxX 3aCTOCOBY-
Bay TecT JleBeHa (Levene Test for Equality of Variances).
Jn1s1 anocTepiopHUX MiXIPYIIOBUX IOPiBHSIHBL (post-hoc
aHaji3) BuxkopucroByBaau TecT Llledde (Scheffe test) y
BUMNAAKY BiIMOBIAHOCTI JaHUX HOPMaJIbHOMY PO3HOILTY. Y
BUITAIKY HEBIAMOBIIHOCTI JaHWX HOPMaJIbHOMY PO3ITOILTY
JUTSL alTOCTePIOPHUX MIKTPYIOBUX ITOPIiBHSIHb 3aCTOCOBY-
BaJIM KpuTepiii MaHHa-YiTHi 3 nonpaBkoo boHdeppoHi.
3acTocoBaHe CTaTUCTMYHE MOICIIOBAHHS 3a JOIIOMOIOIO
MHOXXHWHHOI'O PErpeciifHOro aHaJisy.

PE3VYJIBTATHU TA IX OBTOBOPEHHSA

IIpy nepBUHHOMY aHaji3i JaHUX TNCUXOMETPUUYHOTO
TecTyBaHHs 3a mKanoio WAIS Oyio BcTaHOBJIEHO, 11O
BEJIMYMHU aKTyaJIbHUX KOeDilliEHTIB iHTEJEKTYaTbHOCTI
3HAXONWJINCh B MeXax HOPMATUBHUX 3HAYEHb IJI
BiAIMOBIIHOTO BIKOBOIrO Aiana3oHy Yy BCiX OOCTEXEHUX.

examinee (p < 0.001 according to the Fisher’s two-
sided exact test). All examined were city residents.

To determine actual (obtained during testing)
intelligence quotients (Intelligent Quotient, 1Q),
we used the Wechsler Adult Intelligence Scale
(WAIS) [32]. Premorbid (pre-accident) intelli-
gence coefficients were calculated according to the
regression equation by B. Gao. The level of cogni-
tion was determined based on the assessment of
both current 1Q and the assessment of cognitive
deficit following the accident at the Chornobyl
nuclear power plant (ChNPP) by the difference
between premorbid (pre-accident) and actual 1Q
[33]. Expert estimation of cognitive deficit degree
was carried out individually for each examinee
according to the operational criteria for the assess-
ment of adult cognition [30, 34].

For accumulation, storage, and primary data
analysis, MS Excel spreadsheets were used.
Statistical analysis was performed in Statistica 10.0
(StatSoft) and SPSS Statistics 17.0. The verifica-
tion of the statistical hypothesis regarding the cor-
respondence of the data to the normal distribution
was carried out using the Kolmogorov-Smirnov
criteria with the Lilliefors and Shapiro-Wilks cor-
rections. The y? test with Yates’ correction and the
two-sided Fisher’s exact test were used to study
intergroup differences for the frequency indica-
tors. For the multiple intergroup comparisons of
the quantitative indicators, one-way ANOVA was
used in the case of data correspondence to a nor-
mal distribution with data presented in M£SD
format and the Kruskal-Wallis test with data pre-
sented in Me format (Q1—Q3) in the opposite
case. Levene’s test for equality of variances was
used to test the hypothesis of homogeneity of vari-
ances in the studied groups. For a posteriori inter-
group comparison (posthoc analysis), the Scheffe
test was used in the case of normal distribution of
the data. In case of non-conformance of the data
to a normal distribution, the Mann-Whitney test
with the Bonferroni correction was used for a pos-
teriori intergroup comparison. Statistical model-
ing using multiple regression analysis was applied.

RESULTS

During the primary analysis of the psychometric
testing data on the WAIS scale, it was established
that the values of the actual intelligence coefficients
were within the normative values for the correspon-
ding age range in all examinees. However, in the
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ITpote B ocHOBHIi rpyrti YJIHA 11pu 3icTaBiaeHHi 3 HEEKC-
TIOHOBAHOIO TPYIOIO TOPiBHSAHHS BUSBJICHO TOCTOBIPHO
HIDKYi TTOKA3HUKU aKTyaJIbHUX (OTpUMaHUX TpU 0e3ITo-
cepeaHbOMY TecTyBaHHi) 3araabHoro (f1Q) Ta BepbanbHO-
ro (vIQ) koediuieHTiB iHTenekTyanbHocTi (p < 0,01) mpu
TEHNIEHIIil 1O 3HWXEHHS aKTyaJbHOTO HEBEpOATBbHOTO
KoediuieHTy inTenexryaabHocTi (pIQ) B 00cTeXXyBaHMX
ocHoBHoI rpynu (p = 0,08). B ocHoBHilt Tpyni YIHA
BUSIBJIEHO TOCTOBIpHO BUIII PiBHi AeilUTy 3araJibHOTO
1Q B nmopiBHHHI 3 TpeMopOigHMMU piBHsIMU (p < 0,01)
TepeBaXkKHO 3a paXyHOK 3HAYYIIE BUIIOTO PiBHS Aediln-
Ty BepbanbHoro I1Q (p < 0,001). dediuut HeBepOATLHO-
ro (mepgomMancHoro) 1Q B mopiBHSHHI 3 MpeMOpOiTHN-
MU PiBHSIMU B OCHOBHIll TpYIli TaKOX BUSIBUBCS Oi/IbII
BUpPaK€HUM B ITOPiBHSIHHI 3 HEEKCIIOHOBAHMUM KOHTPO-
JieM, TIPUYOMY BKaszaHa Pi3HMLS Oysa Iyxe OJU3bKOIO
IO piBHSI cTaTUCTUYHOI 3HauymocTi (p = 0,059). Bera-
HOBJIEHO, 110 BEJIWYMHM aKTyaJlIbHOI iHTEJEeKTyaJlbHOIL
JUCrapMOHii (Pi3HUI MiXX aKTyaJbHUM HeBepOaIbHUM
Ta BepObanbHUM [Q), a TakoX pi3HULA MiX mpeMopoin-
HOIO Ta aKTyaJbHOIO iHTEJIEKTyaJIbHOIO TUCTapMOHIEI0
Oysiu poctoBipHO BuiMMHU y rpyni YJIIHA (p = 0,01 Ta
p = 0,001, BinmoBimHO). Y3araibHeHi 1aHi 1040 ITOKa3-
HukiB 1Q y OCHOBHIli IpyIli Ta HEEeKCIIOHOBaHiil Tpyri
MOPiBHSIHHS HaBeAeHi B Ta0J. 3.

Ta6nuusa 3

main group of the Chornobyl clean-up workers,
when compared with the non-exposed control
group, significantly lower actual (obtained during
direct testing) full (fIQ) and verbal (vIQ) intelligence
coefficients were found (p < 0.01) with a tendency to
the current performance intelligence coefficient
(pIQ) decrease in the subjects of the main group
(p = 0.08). In the main group of clean-up workers,
significantly higher levels of general 1Q deficit were
found compared to premorbid levels (p < 0.01),
mainly due to a significantly higher level of verbal
1Q deficit (p < 0.001). The deficit in non-verbal
(performance) 1Q compared to premorbid levels in
the main group was also more pronounced com-
pared to the unexposed control, and the mentioned
difference was very close to the statistical signifi-
cance threshold (p = 0.059). It was established that
the values of current intellectual disharmony (dif-
ference between actual performance and verbal 1Q),
as well as the difference between premorbid and
actual intellectual disharmony, were significantly
higher in the Chornobyl clean-up workers group
(p = 0.01 and p = 0.001, respectively). Summary
data on IQ scores in the main group and the unex-
posed comparison group are shown in Table 3.

MokasHukm akTyanbHoro (chaktuyHoro) IQ 1a pediuuty IQ B nopiBHAHHI 3 npeMop6iAHMMU PIBHAMMU Y OCHOBH

rpyni 1a rpyni NopiBHAHHA
Table 3

Indicators of current (actual) IQ and IQ deficit in comparison with premorbid levels in the main group and the

comparison group

OcHoBHa rpyna

Ipyna nopiBHSIHHS

t-kputepin

Moka3nuk 1Q Main group Stud eelt’ s g—tés’tj p Unexposed comparison group
n=52 (M = SD) ’ n=13 (M =SD)

AKTyanbHWiA 3aranbHuin KOediLIEHT IHTENEeKTYaNbHOCTI 106,9 = 12,0 t=-2,8 1173+ 11,8
Current full 1Q, flQ p = 0,007
AxTyanbHuii BepbanbHuin KOedILIIEHT IHTENEKTYaIbHOCTI 105,7 = 14,4 t=-3,0 1195+ 15,5
Current verbal 1Q, vIQ p =0,003
AxTyanbHuii HeepbanbHNIA KoediLlieHT IHTENeKTyanbHoCTI 107,5+ 10,0 t=-18 112,6 £6,8
Current performance 1Q, plQ p=0,08
AxTyasnbHa iHTenekTyanbHa AMCrapMoHist 1,8+ 11,1 t=25 (-6,8) = 10,6
Current intellectual disharmony plQ-viQ p=10,01
[JediunT 3aranbHOro koedilyieHTy IHTENeKTyanbHOCTI 12,3+ 10,6 t=34 21£53
Full 1Q deficit, pre-1Q-1Q p = 0,001
JNediumt BepbanbHOro KoediLlieHTy iHTENeKTyanbHOCTI 13,7+ 13,1 t=3,6 (-0,1) = 8,5
Verbal 1Q deficit, pre-viQ-viQ p = 0,0006
Jediumt HeBepOaNbHOrO KOEDILLIEHTY IHTENEKTYaNIbHOCTI 78+87 t=19 30x45
Performance 1Q deficit, pre-plQ-plQ p=10,059
3MiHM Mix npemMopbiaHOI0 Ta aKTyasbHOI0 (-5,8) £ 11,0 t=-27 3,1+9.2
iHTENEKTYaNIbHOIO AUCTapPMOHIEID p=0,001

Changes between pre-morbid and current intellectual
disharmony, (pre-plQ-viQ) - (plQ-vIQ)
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ExcnepTHa olliHKa CTyIIeHsI KOTHITUBHOTO Ae(ilIUTY B
MOPiBHSIHHI 3 TMpeMOpOiAHMMU PiBHSIMU B OCHOBHIil
rpyIli Ta HEEeKCIIOHOBAHI TpyIli MOPiBHSIHHS BUSIBUJIA,
mo B YJIHA mopiBHSIHO 3 HEEKCIIOHOBAHUMHU OOCTEXKY-
BaHMMU JOCTOBIpHO 30iJIbllIeHA YaCTOTa TSXKKOTIO i TJIM-
0okoro aediuuTy MepeBakHO 3a PaxyHOK BepOalbHOTO
KoedimieHnTa iHTenexkryanabHocTi (p < 0,01) mpu HasB-
HOCTi CTaTUCTUYHOI TEHAEHIIil JO 3pOCTaHHS TSKKOTO
Ta mMbokoro aediuurty 3arambHoro IQ (p = 0,06).
IToni6bHi 3aKOHOMiIPHOCTI MTPOCTEXKYIOTHCA i 1J1s1 nepium-
Ty HeBepOanabHOrOo 1Q, MpoTe BOHM BUSIBUIINCH CTaTHC-
TUYHO He3HAUyIIuMU (Tad. 4).

ITpu 6inbiMx no3ax ornpoMiHeHHs (> 50 M3B) CTymiHb
KOTHiTUBHOrO Aediuuty 3poctae. B YIIHA, onpomiHe-
HUX y go3ax > 50 M3B npu 3icTaBieHHI 3 HEEKCITOHOBA-
HOIO TPYIIOIO MOPiBHIHHS BUSIBJIEHO JOCTOBIPHO HUKYi
3HAYeHHS MOKAa3HMKIB aKTyaJIbHOTO 3arajlbHOro Ta Bep-
6anbHoro 1Q (ANOVA: F = 3,85—4,65; p < 0,05) nipu
JIOCTOBIpHO BUILIMX 3HAUYEHHSIX MOKA3HUKIB iHTEIEKTY-
anbHOi nucrapmodii (p < 0,05). OcobnuBy yBary Ipu-
BEpTalOTh CYTTEBO BUII PiBHiI Ae@ilUTy 3araJbHOTrO
(p =0,005) Ta, ocobnuBo, BepbanbHoro 1Q (p = 0,002) B
MOpPIiBHSIHHI 3 npeMopOigHuMu piBHsiMuU B YJIHA, on-
poMiHeHuX B go3ax > 50 M3B, Ta HEEKCITOHOBaHUX 00C-
TexeHuX. [lomiOHiI TeHIEeHIil MPOCTEXYIOThCSI i B
VIJIHA, ¢gxi 3a3Hanu aii po3 meHmux 50 mM3B (rpyna
BHYTPILIHLOIO KOHTPOJIIO), INPOT€ BOHU BUSIBUIUCH

Taonauusa 4

Expert assessment of cognitive deficit degree in
relation to premorbid levels in the main group and
the unexposed comparison group revealed that in
the Chornobyl clean-up workers compared to the
unexposed persons, the frequency of severe and
profound IQ deficits was significantly increased
mainly at the expense of the verbal intelligence
coefficient (p < 0.01) in the presence of statistical
trends towards severe and profound deficits in gen-
eral IQ (p = 0.06). Similar trends can be observed
for performance 1Q deficits; however, they were
not statistically significant (Table 4).

With higher radiation doses (> 50 mSv), the
degree of cognitive deficit increases. In the clean-up
workers irradiated at doses > 50 mSv when com-
pared to the non-exposed comparison group, signif-
icantly lower values of actual general and verbal 1Qs
were found (ANOVA: F = 3.85—4.65; p < 0.05) with
significantly higher values of intellectual disharmo-
ny (p < 0.05). Significantly higher levels of deficits
in general (p = 0.005) and, especially, verbal 1Q
(p = 0.002) compared to premorbid levels in the
Chornobyl clean-up workers irradiated at doses
> 50 mSv relative to unexposed examinees attract
special attention. Similar trends can be observed in
the clean-up workers exposed to doses of less than
50 mSv (internal control group), but they turned

EkcnepTHa ouiHKa cTyneHA KorHiTuBHoro pediuuty B NOpiBHAHHI 3 NpemMop6igHMMMU pPiBHAMM 33 3aranbHUM,
Bep6anbHuM i HeBep6anbHUM IQ y OCHOBHI rpyni Ta HEEKCNOHOBAHII KOHTPONIbHIN rpyni

Table 4

Expert assessment of cognitive deficit degree in relation to premorbid levels by general, verbal and perform-
ance IQ in the main group and the unexposed comparison group

CryniHb KorHiTMBHOrO AediumTy OcHoBHa rpyna

2 3 nonpaekoto Weiitca

HeekcnoHoBaHa rpyna

B NMOPIBHSAHHI 3 NpemopOigHUMK Mai ABOOIYHMIE TOYHMIA KpUTEPiii NOPIBHSAHHS
piBHAMM (z:lulg;gl)lp diwepa Unexposed comparison group
Cognitive deficit degree Yates’ corrected 2 (n=13)

0
in relation to premorbid levels abc./abs. (%)

two-tailed Fisher’s exact test

abc./abs. (%)

3aranbhuii koediuieHT inTenektyanbHocTi (Full_IQ_deficit)

BipcyTHiit / Absent 5(9,6 %) ¥2=4,62;p=0,03 5(38,5 %)
Jlerkwi / Mild 17 (32,7 %) x2=0,34;p=0,56 6 (46,1 %)
MomipHuii / Moderate 13 (25,0 %) p=0,32 2 (15,4 %)
Tsxkmii Ta ranbokuii / Severe and profound 17 (32,7 %) p=10,06 0(0,0 %)
Bepb6anbHuii koediuieHT inTenektyanbHocTi (Verbal_IQ_deficit)
BincyTHiii / Absent 10 (19,2 %) p = 0,001 9 (69,2 %)
Jlerkui / Mild 10 (19,2 %) p=0,44 1(7,7 %)
MomipHuii / Moderate 12 (38,5 %) p=1,0 3(23,1 %)
Tsxkmii Ta rabokuii / Severe and profound 20 (23,1 %) p = 0,006 0(0,0 %)
HeBepO6anbHuii koediuieHT iHTenektyanbHocTi (Performance_lQ_deficit)
BincyTHiii / Absent 9(17,3 %) p=0,27 4 (30,8 %)
Jlerkwi / Mild 27 (51,9 %) ¥2=0,1;p=0,76 8 (61,5 %)
IMomipHuid / Moderate 11 (21,2 %) p=0,43 1(7,7 %)
Tsuxkuid Ta rambokuid / Severe and profound 5(9,6 %) p=0,57 0(0,0 %)
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CTaTUCTUYHO HegocToBipHUMU (p > 0,05), 1o o0y-
MOBJIIOE HEOOXiMHICTh MOAANBIIOTO 30iJbILIECHHS
CTaTUCTUYHOI NOTYXKHOCTI MaliOYTHIX HOCHIIXKEHb.
Pesynsratu oaHO(paKTOpHOro AMCIIEPCIHHOTO
aHanizy mokaszHukiB IQ B rpymax YJIHA, on-
POMiHEHUX B 103ax 10 Ta rnmoHan 50 M3B BKIIIOUHO,
a TaKOX Yy HeeKCIOHOBAaHIii Ipyni NOpiBHSIHHS Ha-
BeJeHi B TabJ. 5, a TakoX Ha puc. 1 ta puc. 2.
AHaJi3 TpodiTio OLIIHOK 32 OKPEMUMM CyOTeCTaMK1
mkanu WAIS B ocHoBHiit rpymi YJIHA Ta HeeKcrioHo-
BaHili IpyIi MOPiBHSIHHSI BUSIBUB JOCTOBIPHO HIDKYi
MOKA3HUKU 3a OiIBIIIICTIO CyOTECTiB y 00CTEKEHMX OC-
HOBHOI rpynu, a came: «O06i3HaHicTh (p < 0,05), «T4-
myticte» (p < 0,01), «Apudpmernunuii» (p < 0,01),
«Cxoxicte» (p < 0,01), «Cnosaukosuii» (p < 0,05),

Ta6nuusa 5

out to be statistically insignificant (p > 0.05), which
makes it necessary to further increase the statistical
power in future studies. The results of univariate va-
riance analysis of IQ indicators in the clean-up workers
groups irradiated at doses up to and over 50 mSyv inclu-
sive, as well as in the non-exposed comparison group,
are shown in Table 5, as well as in Fig. 1 and Fig. 2.
The analysis of the score profile for individual subtests
of the WAIS scale in the main group of the Chornobyl
clean-up workers and in the unexposed comparison
group revealed significantly lower values for the most
subtests in the examined main group, namely: «In-
formation» (p < 0.05), «Comprehension» (p < 0.01),
«Arithmetic» (p < 0.01), «Similarities» (p < 0.01),
«Vocabulary» (p < 0.05), as well as «Digit-Symbol-

BigmiHHocTi noka3HukiB IQ mixk YJIHA, onpomiHeHumu B fo3ax noHaa 50 m3B Bka4HO; YJIHA, onpomiHeHMMH B

Ao3ax ao 50 m3B (rpyna BHYTPilUIHBOrO KOHTpPONIO),
TOpPHUM AucnepciitHum ananisom (One-Way ANOVA)

Table 5

Ta HEEKCMOHOBAHOIO rpynolo NOPiBHAHHA 3a OfHOG(AK-

Differences in the IQ indicators among the Chornobyl clean-up workers, irradiated at doses > 50 mSyv; the
Chornobyl clean-up workers, irradiated at doses < 50 mSv (internal control group), and the unexposed compar-
ison group according to one-way analysis of variance (One-Way ANOVA)

x U a x U =
g £ ® 8§ of S5_ ~
o = [
8 g2 8 58388 ¢ §B
@ 28 o 2a8° 4, > = 4 ©
— = = O = o a o
T TS o = 3 TS es = os @
MokasHuk 1Q 2 §%Y 2885w ES ¢ = 3 _
IQ indicator : o3l '§§ggg_§.‘3 §.8° 8% af  p
a8y 24238 <! 2;8" Sl
oMo T W gmancm: o,g: o »
.= 9 8 E > S22 8 E -~ 58 o EL
<g € = << o £ E (=% I~ I~ = S o
IR5,8 ZBE5,83 358: ¢35
s ERP PP P o0ocf ¥o
> NO o Al S>VoOoVDd TEDD Wi
AxTyanbHuiA 3aranbHuii KOedILIEHT IHTENEKTYaNbHOCTI 106,8 + 11,9* 107,5+ 12,9 1173+ 11,8 3,85 2 0,03
Current full 1Q, flQ
AxTyanbHuii BepbanbHUiA KOEILIEHT IHTENEKTYaNIbHOCTi 105,2 + 14,3* 107,2 £ 15,1 119,5 £ 15,5 4,65 2 001
Current verbal 1Q, vIQ
AxTyanbHuii HeepOaNbHUIA KOEPILIIEHT IHTENEKTYabHOCTI 107,7 £ 10,0 106,8 = 10,5 112,6 +6,8 1,55 2 0,22
Current performance 1Q, plQ
AKTyasnbHa iHTeNeKTyanbHa AUCrapMoHis 24 +114* -0,3 = 10,1 (-6,8) = 10,6 3,48 2 0,04
Current intellectual disharmony plQ-viQ
Nediumt 3aranbHOro KoedillieHTy iHTeNeKTyanbHOCTi 12,8 £ 10,8** 10,6 £ 9,8 2,1+53 5,86 2 0,005
Full 1Q deficit, pre-IQ-IQ
[Dediunt BepbanbHoro koedilieHTa iHTenekTyanbHOCTi 14,4 £ 13,5** 11,3+11,9 (-0,1) 8,5 6,71 2 0,002
Verbal 1Q deficit, pre-viQ-viQ
Dediunt HeBepOanbHOrO KOEMILLIEHTY IHTENEKTYaNIbHOCTI 8,088 72+8,6 3,045 1,86 2 0,16
Performance 1Q deficit, pre-plQ-plQ
3MiHmM Mix npemop6inHOI0 Ta aKTyaNlbHOIO IHTENEKTYaNbHOID (-6,4) £ 11,5* (-4,1) £ 9,6 3,1+9,2 3,83 2 003

[ZVICTapMOHiI€I0
Changes between pre-morbid and current intellectual disharmony,
(pre-plQ-viQ) - (plQ-vIQ)

TMpumitki. *[I0CTOBIPHICTb BiMIHHOCTEN 3 piBHEM CTAaTUCTUYHOI 3HaYywocTi p < 0,05 BifHOCHO rpynu NOPIBHSIHHS; **[OCTOBIPHICTb BiAMIHHOCTEN 3 PIBHEM CTATUCTU4HOI

3Hauywocti p < 0,01 BiEHOCHO rpyny NOPIBHSIHHS

Notes. *Differences with a level of statistical significance p < 0.05 relative to the comparison group; **differences with the level of statistical significance p < 0.01 relative to the

comparison group
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140 g Y/THA, onponikeni 6 fosax > 50 m3s
clean-up workers, irradiated at doses = 50 mSv

YNTHA, onpomiHeHi B fo3ax < 50 m3B
- clean-up workers, irradiated at doses < 50 mSv

I rpyna nopiBHsaHHA / control group

120

100 |- N - S - -

80

FIQ viQ plQ

PucyHok 1. flediuut nokasnukie IQ B nopiBHAHHi 3 npemop6igHumu piBHaMMu B YJIHA, onpomiHeHux B fo3ax
noHap 50 m3B BKkniouHo; YJIHA, onpomiHeHux B fo3ax Ao 50 m3B (rpyna BHYTPilUlHLOr0O KOHTPONIO) Ta HeeKc-
NOHOBAHii rpyni NOpiBHAHHA

*p < 0,05 BiGHOCHO rpynu NOPIBHAHHS

Figure 1. Actual IQ indicators in the Chornobyl clean-up workers, irradiated at doses > 50 mSy; in the
Chornobyl clean-up workers, irradiated at doses < 50 mSv (internal control group) and in the unexposed com-

parison group
*p < 0.05 relative to the comparison group

30 ,
mm JHA OnpomMiHeHi B Ao3ax = 50 m38
clean-up workers, irradiated at doses = 50 mSv
] A
mmmm Y/1HA onponineni B posax < 50 m3s
clean-up workers, irradiated at doses < 50 mSv
1) A N S IS I I rpyna nopieHaHHsA / control group

FIQ deficit VIQ deficit PIQ deficit

PucyHoK 2. leiuut nokasHukie IQ B nopiBHAHHi 3 npemop6igHMmMu pieHamu B YIIHA, onpomiHeHux B fo3ax
noHap 50 m3B BkatouHo; VJIHA, onpomineHux B fo3ax Ao 50 M3B (rpyna BHYTPilIHbOrO KOHTPOJIKO) Ta HEeKCNo-
HOBaHil rpyni nopiBHAHHA

*p < 0,05 BiGHOCHO rpynu NOPIBHAHHS

Figure 2. I1Q indicators deficit relative to the premorbid levels in the Chornobyl clean-up workers, irradiated
at doses > 50 mSv; in the Chornobyl clean-up workers, irradiated at doses < 50 mSv (the internal control

group) and in the unexposed comparison group
*p < 0.01 relative to the comparison group

a takoxX «IHudpysannas» (p < 0,01) (tada. 6, puc. 2). Coding» (p < 0.01) (Table 6, Fig. 2). A typical psy-
XapakTepHOIO TICUXOMETPUUHOI0 0CO0IMBICTIO Yy Tpyni  chometric feature in the clean-up workers group is
YJIHA € nocToBipHEe 3HMXKEHHS OLIIHOK MPaKTUYHO 3a  a significant decrease in the scores for almost all
BciMa BepObambHUMM cyOTecTamu mkamm WAIS, oco6-  verbal subtests of the WAIS scale, especially for the
JuBO 3a cybrectoM <«Tamymiicte», moctoBipHicTh  «Comprehension» subtest, for which the statistical

po30iXHOCTEN 3a IKMM BUsIBWIAch HaiBuiow (Z = -  significance of discrepancies was the highest (Z = -
2,95; p = 0,003) BimHOCHO HeekcrmoHoBaHoi rpynu  2.95;p = 0.003) relative to the unexposed compar-
nopiBHSAHHA (TabI. 6). ison group (Table. 6).
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Ta6nuuysa 6
Npodinb oyiHok 3a cy6Tectammu WAIS y ocHOBHiit rpyni Ta rpyni nopiBHAHHA

Table 6
Profile of WAIS subtest scores in the main and comparison groups

OcHoBHa rpyna, n = 52 HeekcnoHoBaHa rpyna nopiBHsiHHA, n = 13

Cyotect WAIS

Main group, n = 52 u z p Unexposed comparison group, n = 13
WAIS subtest
[Me (@1-Q3)] [Me (Q1-Q3)]
Q6iaHaHicTb / Information 13,0 (12,0-15,0) 2125 -2,12 0,03 14,0 (14,0-17,0)

Tamyuwyictb / Comprehension 9,0 (8,0-10,0) 160,5 -2,95 0,003 13,0 (10,0-16,0)
ApudmeTiynmii / Arithmetic 9,0 (7,0-11,0) 183,0 -2,60 0,009 13,0 (10,0-15,0)
CxoxicTb / Similarities 10,0 (7,0-12,0) 1770 -2,70 0,007 12,0 (12,0-13,0)
MosTopeHHs umdp / Digit Span 7,0 (6,0-9,0) 2350 -1,76 0,08 9,0 (6,0-10,0)

CnogHukosuii / Vocabulary 12,0 (10,0-14,0) 1995 -2,33 0,02 17,0 (11,0-18,0)
LLIndpysanHs / Digit-Symbol-Coding 6,0 (5,0-7,0) 1650 -2,88 0,004 9,0 (7,0-9,0)

BincytHi petani / Picture Completion 11,0 (9,0-12,0) 2930 -0,82 0,41 11,0 (11,0-12,0)
Ky6uku Koca / Block Design 10,0 (9,0-11,0) 226,5 -1,89 0,06 12,0 (10,0-14,0)
MocniposHi MantoHkm / Picture Arrangement 9,0 (7,0-10,0) 228,0 -1,87 0,06 10,0 (9,0-10,0)
CknapaHHs ¢iryp / Object Assembly 5,0 (4,0-7,0) 336,5 0,12 0,90 5,0 (4,0-7,0)

ITpu MHOXXMHHOMY TTOPiBHSIHHI OLIIHOK 33 OKPEMM -
mu cyorectamu 1mikaau WAIS B VJIHA, onpomMiHeHUX
B mo3ax > 50 M3B, 3 TPyHOI0 BHYTPIIlTHHOTO KOHTPO-
JIIO Ta HEEKCIIOHOBAHOI IPyIH MOpiBHSIHHS 3a H-Kpu-
tepieM Kpackena-Yomnica B miarpyni YJIHA, omnpo-
MiHeHMX B g03ax > 50 M3B 0OyJI0 BUSIBJIEHO 1OCTOBIp-
He 3HMXXEHHSI MeliaHHUX 3HaUeHb OLIiHOK 3a cy0Tec-
tamu «Tamymicte» (p < 0,01), «<ApudmeTnyHmIii»
(p < 0,05), «Cxoxicte» (p < 0,01), «C1oOBHUKOBUII»
(p < 0,05), a Takox «IIudpyBanus» (p < 0,01) Bin-
HOCHO HEEKCIIOHOBAHOI Tpynu IIOPiBHSIHHS, IIpH
TeHJEHIil J0 MOriplleHHs MOKAa3HMKIiB 3a JaHUMM
cydTecTaMy B MOPIBHSHHI 3 TPYIOI BHYTPIillIHHOTO
KoHTpoto (p > 0,05) (tabu. 7, puc. 3). Y rpyIi BHYT-
PIIIHBOTO KOHTPOJIIO OLIHKM 3a cyOrectamu «Tsi-
MYIIiCTb», «ApudpMeTnunuit» Tta «llludpyBanHs»
BUSIBUJIUCH JTOCTBOPIHO TipIIMMM, HiXkK B HEEKCITOHO-

In the clean-up workers subgroup irradiated at
doses > 50 mSv a significant decrease in the median
scores in the multiple comparisons of scores for the
individual subtests of the WAIS scale among the
Chornobyl clean-up workers irradiated at doses > 50
mSy, the internal control group, and the unexposed
comparison group according to the Kruskal-Wallis H
test was found, namely in the scores on the subtests
«Comprehension» (p < 0.01), «Arithmetic» (p < 0.05),
«Similarities» (p < 0.01), «Vocabulary» (p < 0.05), as
well as «Digit-Symbol-Coding» (p < 0.01) relative to
the non-exposed comparison group, with a tendency
to deteriorate for these subtests values in comparison
with the internal control group (p > 0.05) (Table 7,
Fig. 3). In the internal control group, the «Compre-
hension», «Arithmetic» and «Digit-Symbol-Coding»
subtests scores were significantly worse than those in

lMokazHuku cy6mecma "Tamywicms" wkanu WAIS
y epynax o6cmexeHHs

=
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T i PONYATL: KW-H(2;66) = 9,8874; p = 0,0071
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PucyHokK 3. Noka3Huku cybTecty
«TamywicTby» wranu WAIS y rpynax
06CTeXKEeHHS

*p < 0,05 BIGHOCHO rpynu NOPIBHAHHS
**p < 0,01 BIGHOCHO rpynu NOPIBHAHHS

Figure 3. The «Comprehension» subtest

scores of the WAIS scale in the study groups
*Differences with a level of statistical significance
p < 0.05 relative to the comparison group
**differences with the level of statistical signifi-
cance p < 0.01 relative to the comparison group
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Ta6nuua 7

BigmiHHoCTi 3a cy6Tectammn wkanu WAIS B VJIHA, onpomiHeHux B fo3ax noHapg 50 m3B BKknwuyHo; YJIHA, onpomi-
HeHux B fo3ax Ao 50 m3B (rpyna BHYTPilIHLOr0 KOHTPOJIIO), Ta HEEKCNOHOBaHiN rpyni nopiBHAHHA 3a H-Kkpu-

Tepiem Kpackena-Yonnica
Table 7

Differences in the WAIS scale subtests among the Chornobyl clean-up workers irradiated at doses > 50 mSv; the
Chornobyl clean-up workers irradiated at doses up to 50 mSv (the internal control group), and the unexposed
comparison group according to the Kruskal-Wallis H test

é U a x 1 3
2 B, S 25,.%5 N
T £ g8 585m e Swm -
m o 8= m B2a8°y > = 4 o
—— 5 —_ = 5 O = a © c D
I T T O ] T 7T @ = [™ as o+
CyGTect WAIS 2 %% s EEgRES s g< ET
S 35l 2ol 2y E go Se df p
WAIS subtest = 273 S222T E~ b O - S =
g ©og-= g -oo0g-= e &5 =D S
EasS8 > g 258 5| z ol s &=
ocMmMLaT ] S®m5283TAC - o5
~= 2 8 E T == Q2 8 E -~ S5z 8~ EQTw
<o EE <o 2EEg 2 20 x2 2%
ZBSxd TI2ESwB3 8883 g5 3
SN RN SVaooV D T 255 22
06i3HaHicTb / Information 13,0 12,0 14,0 4,76 2 0,09
(12,0-15,0) (12,0-14,0) (14,0-17,0)
Tamyuwiicte / Comprehension 9,0** 10,0* 13,0 9,89 2 0,007
(8,0-10,0) (9,0-12,0) (10,0-16,0)
Apudmetnynmin / Arithmetic 9,0* 9,0* 13,0 6,90 2 0,03
(7,0-11,5) (8,0-11,0) (10,0-15,0)
CxoxicTb / Similarities 9,5%* 10,0 12,0 7,75 2 0,02
(6,0-11,5) (9,0-12,0) (12,0-13,0)
MoeTopeHHs umdp / Digit Span 7,0 7,0 9,0 3,25 2 0,20
(6,0-9,0) (6,0-9,0) (6,0-10,0)
CnosHukosuii / Vocabulary 11,5% 12,0 17,0 5,53 2 0,06
(10,0-14,0) (11,0-13,0) (11,0-18,0)
LLindpysanHs / Digit-Symbol-Coding 6,0** 6,0* 9,0 8,61 2 0,01
(5,0-8,0) (6,0-6,0) (7,0-9,0)
BincytHi netani / Picture Completion 11,0 11,0 11,0 1,23 2 0,53
(9,0-13,0) (10,0-11,0) (11,0-12,0)
Kybukun Koca / Block Design 10,5 10,0 12,0 4,99 2 0,08
(9,5-12,0) (9,0-11,0) (10,0-14,0)
MocnigosHi Mantorkm / Picture Arrangement 8,0 9,0 10,0 4,78 2 0,09
(6,0-10,0) (8,0-10,0) (9,0-10,0)
CknapaHHs diryp / Object Assembly 55 5,0 5,0 2,78 2 0,25
(510_710) (410_610) (410_7v0)

MpumiTkn. *[OCTOBIPHICTb BIMIHHOCTEN 3 PIBHEM CTATUCTUYHOI 3HauywwocTi p < 0,05 BIAHOCHO rpyni NOPIBHAHHSY; **AOCTOBIPHICTb BiAMIHHOCTEN 3 PIBHEM CTATUCTUYHOI

3HauywwocTi p < 0,01 BiAHOCHO rpynu NOPIBHSHHS

Notes. *Differences with a level of statistical significance p < 0.05 relative to the comparison group; **differences with the level of statistical significance p < 0.01 relative to the

comparison group

BaHiii rpyni nopiBHaHH (p < 0,05) (Tada. 7). IIpoc-
TEeXYETHCSI TEHJAEHLIisI 10 MOTipIIeHHSI OLIIHOK 3a Bep-
O0anbHUM cyOTecTOM « TSIMYIIiCTh» 31 3pOCTAaHHSIM J0-
34 onpoMiHeHHsI: K B YJIHA, onpomiHeHUX B 103aX
> 50 M3B (p <0,01), Tak i B YJIHA, onpoMiHeHUX B
nmo3ax 10 50 M3B (p < 0,05) BimHOCHO HeeKCITOHOBA-
HOI I'PyIM MOPiBHAHHS (puc. 3).

ITpu onpomiHeHHi B no3ax moHan 0,3 38 B YJIHA
BikoM 1moHaj, 60 pokiB OyB BUSBJICHUI XapaKTEePHUIA
JI0303AJICKHUM TICUXOMETPUYHUI NATEepH, SIKUHA I10-

(1) 388

the unexposed comparison group (p < 0.05) (Table 7).
There is a tendency to deterioration of the verbal sub-
test «Comprehension» scores with radiation dose
increasing: both in the clean-up workers irradiated at
doses > 50 mSv (p < 0.01) and in those irradiated at
doses up to 50 mSv (p < 0,05) relative to the non-
exposed comparison group (Fig. 3).

When exposed to doses of more than 0.3 Sy, in the
Chornobyl clean-up workers above 60 years old, a
characteristic dose-dependent psychometric pattern
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LozozanexHe aKTy: 0

nbHoro IQ npu onpomiHeHHi B fo3ax noHan
0,3 38

plQ =118,89-16,10 * Dose Gy

Correlation: r = -0,46; p=0,039

plQ

0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1,0 Up1 1,2

0,95 Conf.Int.

Aediumnty p6. 0 1Q npu
P 1Q deficit = -3,521 + 17,132 * Dose Gy
Correlation: r = 0,55; p=0,011

i B po3ax noHaa 0,3 38

P_1Q_deficit

0,95 Conf.Int.

PucyHoK 4. CTaTuCTMYHO 3Hauywi NiHiiHi KopenauiiHi 3B'A3KM MiX 403010 ONPOMiHEHHA Ta NOKA3HMKaMM
HeBep6anbHoro iHTenekTy npu go3ax > 0,3 3B Ta y Biui > 60 pokie

Figure 4. Statistically significant linear correlations between the radiation dose and the indicators of non-
verbal intelligence at doses > 0.3 Sv and at age > 60 years

JISITa€ y JOCTOBIPHOMY 3HIDKEHHI aKTyaJlbHOTO He-
BepoasibHoro 1Q (r=-0,46; p = 0,039) npu ogHoOYac-
HOMY 3pocTaHHi aediuuty HeBepbOambHOro IQ B
MOPiBHSAHHI 3 MpeMopOinHuMu piBHgIMu (r = 0,55;
p =0,011) (puc. 4).

IIpn ompominenHi B go3ax autmie 1moHan 0,05 3B
BUSIBJICHO JTOCTOBIpHUIA 3BOPOTHIil JiHIMHUI Kope-
JISLiHO-perpeciiiHuii 3B’ 130K CepeAHbO1 CUIN OaliB
3a cyorectoM « TsaMymricTb» mkamu WAIS (rs = -0,33;
p < 0,05) 3 103010 OIIPOMIHEHHSI, BEIMIMHA SIKOTO
Habau3uIach 10 (YHKIIOHATBLHOTO TIPU OIPOMi-
HeHHi B go3ax noHaza 0,5 3B (rs = -0,60; p < 0,05)
(puc. 5, 6). IIpu onpomiHeHHi B go3ax rmoHan 0,3 3B
BUSIBJICHO JOCTOBIPHI J0303aJIeXHi 3BOPOTHI JIiHilH1
KOpeNSLiifHO-perpeciiiHi 3B I3KM CepeaHbOl CUIIN
0aJiB 3a HacTyIHi cyorectu mkaau WAIS: «CrnoBHU-
KoBuit» (rs = -0,45; p < 0,05); «ITocainoBHi MatOH-
km» (rs = -0,57; p < 0,01) ta «CxinaganHs ¢iryp»
(rs = -0,50; p < 0,05).

[o303anexHe 3HWKEHHA OUIHOK 3a cybTecToM "TAMYWCTL" Npu ONpoM iHeHHI B Ao3ax
noxapn 0,05 38

KoediuieHT kopensauii Cnipmena: rs=-0,33; p<0,05

was revealed, which consists of a significant de-
crease in actual non-verbal IQ (r =-0.46; p = 0.039)
with a simultaneous increase in non-verbal 1Q defi-
cit in comparison with the premorbid levels (r = 0.55;
p = 0.011) (Fig. 4).

When exposed to doses of only more than 0.05 Sv, a
significant inverse linear correlation-regression rela-
tionship of the average strength between the
«Comprehension» subtest scores of the WAIS scale
and the radiation dose was found (rs= -0.33; p < 0.05,
the strength of which came close to the functional
level when exposed to doses over 0.5 Sv (rs= -0.60;
p < 0.05) (Figs. 5, 6). When exposed to doses over 0.3
Sv, reliable dose-dependent inverse linear correlation-
regression relationships of the average strength for the
following subtests of the WAIS scale scores were
found: «Vocabulary» (rs = -0.45; p < 0.05); «Picture
Arrangement» (rs = -0.57; p < 0.01) and «Picture
Arrangement» (rs = -0.50; p < 0.05).

PONYATL

PUCyHOK 5. [lo303anexHe noripweHHsA oyiHOK 3a
cyb6TecTom «TAaMywWwicTb» NpU onpoMiHeHHi B A03ax
noHap 0,05 38

Figure 5. The dose-dependent «Comprehension»
subtest scores worsening when exposed to doses over
0.05 Sv

Dose_Sv
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[ o303anexHe 3HMWKEHHS OLHOK 3a cy6TecToM "TAMYWICTL" NpK ONpoMiHe HHI B Ao3ax
noHan 0,5 3
KoediuieHT kopensauiiCnipmera:rs=-0,60;p<0,05

PONYATL

Dose_Sv

TakuM 4MHOM, OTpUMaHI pe3yJbTaTh KOpesiiiiHO-
ro aHaJjli3y MOXYTb CBiTUMUTU MPO BHECOK pajaialliiHO-
ro (pbakTOpa y MOTipIIeHHI TOKAa3HUKIB HEBEPOAIHHOTO
1Q, a Takox oLiHOK 3a cyoTecTH « TaMy1icTb», «CaoB-
HUKOBMIT», «IlochaimoBHI MamioHKW» Ta «CKIIamaHHS
¢iryp» mkanu WAIS B YVJIHA na YAEC noxunoro
BiKY y BimgajaeHuid Mepiof Micysl BIUIMBY iOHi3YI0OUOTO
BUMNpPOMiHIOBaHHS B go3ax moHad 0,3 3B. OcobauBy
yBary mpuBepTaE A0303ajJeXKHEe 3HIDKCHHS OIIiHOK 3a
cyorectoM «Tamyinicte» mkanu WAIS, ske mpocte-
XyeThbesl B YJIHA nmoxuioro Biky BXe IpH 103aX ITOHA
0,05 3B, a mpu onpoMiHeHHi B go3ax roHan 0,3—0,5 3B
HabyBae Oinblll BUpaxkeHOTo XapakTepy. [IpocTexeHe
J10303aJIeXKHe 3HUXKEHHSI MOKA3HUKIB SIK BepOaTbHUX,
TaK i HeBepOAIbHUX MCUXOMETPUYHUX TECTiB IIKaIU
WAIS B VJIHA noxunoro Biky. BkaszaHi mcuxomer-
pUYHi 0COOJIMBOCTI BUSIBJIEHI Biepile, 1110 00YMOBIIIOE
HEOOXiMHICTh MOJATIBIINX TOCTIIKeHb OCi0 MOXMUJIOIro
BiKY, SIKi OyJIv IMiagaHi BIUIMBY iOHi3yI04Ol pafialiii, 3
METOI0 OCTAaTOYHOTO BCTAHOBJICHHSI MOXKJIMBOI IPU-
YMHHOI poJi pagialiiitHOro pakTopy B reHe3i BKa3aHUX
HelporcuxiaTpuuyHuX e(eKTiB.

Haiui nmonepenHi gocaimxkenHs [14—18, 27—31, 34]
BKa3yBaJy Ha KJIIOUOBY 3ay4eHiCTh KOPTUKO-JTiMOiU-
HOI CMCTeMH, a caMe JIiBOi (IOMiHaHTO) ITiBKYJIi B TTa-
TOTHEHE3 TOoCTpamiallifHOro HEHpPOKOTHITUBHOIO JIe-
(itmty. Takuit nediuuT XapakTepu3yBaBcs MepPeaycim
NOpYLIEHHSIM BepOaJibHOI MaM’dTi Ta HaBYaHHS,
apuMeTUYHUX oIlepalliii, aHATITUYHUX 3ai0HOCTe,
eJleMeHTaMM aKyCTUKO-MHecTU4Hoi arHo3sii. I1pore 3
METOIO KOHTPOJIIO BIUIMBY BiKOBOTO (DAKTOPY, V BUILIE-
3a3HAYEHUX JOCIIiIKEHHSIX MTOXUINUI BiK OYB OJHUM i3
KPUTEPiiB BUKJTIOUEHHS 3 MOAAbIIOr0 CTATUCTUYHOTO
aHanizy. /laHi, oTprMaHi HaMU B HUHIIIHbOMY JOCJiI-
JKEHHi, BKa3yl0Th Ha KOMOiHOBaHe OpraHiuHe ypaxKeH-
HS SIK JIiBOI (IOMiHAHTHOI), TaK i MpaBoi (CyOmoMi-
HaHTHOI) reMmicepu B YJIHA na YAEC y Bigmanenmii

PucyHOK 6. [lozo3anexHe noripweHHA oLiHOK 3a
cy6TecTom «TAamywicTb» Npu onpoMiHeHHi B Ao3ax
noHag 0,5 3B

Figure 6. The dose-dependent «Comprehension» sub-
test scores worsening when exposed to doses over 0.5 Sv

Thus, the obtained results of the correlation analy-
sis may indicate the radiation factor contribution in
the deterioration of non-verbal 1Q indicators, as well
as the subtests «Comprehension», «Vocabulary»,
«Picture Arrangement» and «Object Assembly» of
the WAIS scale in the elderly Chornobyl clean-up
workers in the remote period following exposure to
ionizing radiation at doses exceeding 0.3 Sv. Special
attention is drawn to the dose-dependent decrease
in the «Comprehension» subtest scores of the WAIS
scale, which can be traced in the elderly clean-up
workers at doses only above 0.05 Sv and becomes
more pronounced when exposed to doses above
0.3—0.5 Sv. A dose-dependent decrease in the indi-
cators of both verbal and non-verbal psychometric
tests of the WAIS scale was observed in the elderly
Chornobyl clean-up workers. The above-specified
psychometric features were revealed for the first
time, which necessitates further studies of the elder-
ly exposed to ionizing radiation, with the aim of
finally establishing the possible causal role of the
radiation factor in the genesis of the specified neu-
ropsychiatric effects.

Our previous studies [14—18, 27—31, 34] indicated
the key involvement of the cortico-limbic system of
the left (dominant) hemisphere in the pathogenesis
of post-radiation neurocognitive deficit. This deficit
was characterized primarily by verbal memory and
learning, arithmetic operations, and analytical abili-
ties disruptions, as well as by the elements of
acoustic-mnestic agnosia. However, to control the
age factor influence, the elderly age was one of the
exclusion criteria from further statistical analysis in
the aforementioned studies. The data obtained by us
in the current study indicates a combined organic
lesion of both the left (dominant) and right (sub-
dominant) hemispheres in the Chornobyl clean-up

(1) 390
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nepion micias BruiuMBy 1B, 1110 Ha piBHI KITiHIYHOI heHo-
MEHOJIOTil BMSIBJISIETBCSI HE JIMIIE MOPYIIEHHSIM Bep-
OanbpHOI TTaM’sTi (HaBYaHHS), a f TTIOPYIIEHHSIM HeBep-
0aJbHUX, 30POBO-MPOCTOPOBUX (yHKUIH. Taki 3MiHM
MOXYTh OYTU TIOSICHEHi CUHEPriYHMM MaTOJIOTiYHUM
BriMBoM IB Ta BiKOBOro crapiHHsI Ha TOJOBHMIA MO30K
moauHu. JlaHi TeHaeHil Oy BUSIBJCHI HAMU BIleplle,
1110 OOTPYHTOBYE HEOOXiTHICTh MOXUTTEBOTO CIIOCTEPE-
>KEHHS 3a oco0aMu, SIKi 3a3Hayiu BIUIMBY IB 3a pizHMX
pafgialliiiHUX CLeHapiiB.

Vci pemeHLil MaloTh 3arajbHi MOJIEKYJISIDHI Mexa-
Hi3MM, BIiAIIOBiZaJbHiI 3a €TiOJOTril0 Ta MPOrpecyBaHHS
3aXBOPIOBAHHS, Taki SIK TIiMOKCis Ta OKUCIIOBaJbHUM
cTpec, Heipo3arnajeHHs, MiTOXOHApiaabHa GioeHepre-
THKa, HelipoJereHepallis i TIpOHMKHICTh TeMaToeHIIeda-
JiyHoro 6ap’epy [35]. Ornsan enigeMionoTiYyHUX JOCTiI-
JKEeHb JI0Jel i TBApUH BUSIBUB, 10 TPUBAJIMIA CTpeC Ta
TeHETUYHI (paKTOpU MOXYTh BILJIMBATU Yyepe3 Tiroraia-
Mo-rintodizapHo-HagHUpKoBY (HPA) Bich — nursix y Mmo3-
Ky, IKWI1 OMOCEepeaKOBYE peakllii Ha CTpec, CIIPUSIOUn
PO3BUTKY XBOopoou AsblireiiMepa [36]. Bizomo, 110 Heii-
poaereHepaliisi, MoB’s3aHa 3 HOPMaJbHUM CTapiHHSIM
a0b0 3axXxBOPIOBAHHSIMU, TAKUMU SIK XBOpoOa XaHTIHITO-
Ha (HD), xBopoba Ilapkincona (PD) Ta memMeHIi€io
ajplreiiMepiBcbkoro Tuily (AD), MoXe BIIMBaTH Ha
iCHy104i LiepeOpaibHi acMMeTpii a00 HaBITh MOCUIIOBATU
ix [37]. KorHiTuBHEe cTapiHHSI BimoOpaxye He JuIle
BTpaTy, ajie i aganTalliio 10 BTpaTu, IpUIOMY JOPOCTUI
MO30K 3IaTHUI 10 MJIACTUYHMUX 3MiH: BCTAHOBJIEHO, 110
y THUX KipKOBHX 00JacCTX, IUIOLIA SIKUX HaWOLIbII
MOCIIOBHO CKOPOYYETHCS IIPOTSITOM JOPOCIOTO KUTTSI
(a came mpedpoHTaIbHI i TiM SIHI AiIASTHKU KOPU BEJIU-
KMX TIBKYJIb) CITOCTEPIra€TbCs HaMOiIbIIE 3pOCTAaHHS
perioHapHO1 akTUBaLlil Mpu cTapiHHi [38]. 3MiHU MiX-
MiBKYJIbHOI aCUMeETpii, 110 BMHMKAIOTh BHACJIIOK SK
MPOLIECiB OPraHiYHOTO YPaKeHHSI TOJIOBHOTO MO3KY, TaK
i KOMITEHCAaTOPHO-TIpUCTOCYBaJIbHUX IporieciB y THC
Opy CTapiHHI JIOOWHU, CbOTOIHI € MPEAMETOM iHTEH-
CUBHUX OOCTIMKeHb (PYHIAMEHTAIBHUX Ta KIIIHIYHUX
HelipoHayK. [IpoTe oTpuMaHi JaHi 3aJUIIAIOTHCS CyTie-
PEUTUBUMM.

IcHy10TB 1OKa3u TOTO, 1110 YpaxKeHHsI JiBO1 MiBKYJIi MO-
Ke TiepeBaXkaTu IIpy HOpMaJbHOMY cTapiHHi [38], xBo-
po6i Anbireiimepa [39,40], 1erkoMy KOrHITUBHOMY I1O-
pymenHi (Mild Cognitive Impairment, MCI) [41—43].
IIpote Ha OyMKy JesdKUX aBTOpiB, 30ijJblleHa Bpas-
JIMBICTB JIiBOT MiBKYJIi ITIpU HOPMaJbHOMY CTapiHHI MOXe
OyTM, TIpUHANMHI 4YaCTKOBO, TOSICHEHA TTOXMOKOI0 BU-
SIBIEHHSI, OCKUIBKM AWC(YHKIlIOHATbHA JIiBa MiBKYJIS
BUKJIMKAE CUMIITOMMU, $IKi KJTIHIYHO € OUTbII BUPA3HUMU
(HaTIpuKian, TOpYyIIeHHS MOBU Ta BepOaJbHOI eIi3o-

workers in the remote period following exposure to
IR, which at the level of clinical phenomenology is
manifested not only by a violation of verbal mem-
ory (learning) but also by a violation of non-verbal,
visual-spatial functions. Such changes can be
explained by the synergistic pathological effect of
IR and age-related senescence on the human
brain. These trends were found by us for the first
time, which justifies the need for lifelong observa-
tion of individuals exposed to IR under various
radiation scenarios.

All dementias share common molecular mecha-
nisms responsible for the etiology and progression
of the disease, such as hypoxia and oxidative stress,
neuroinflammation, mitochondrial bioenergetics,
neurodegeneration, and blood-brain barrier per-
meability [35]. A review of epidemiological studies
in humans and animals found that long-term stress
and genetic factors can act through the hypothala-
mic-pituitary-adrenal (HPA) axis, a brain pathway
that mediates stress responses, contributing to the
development of Alzheimer’s disease [36]. It is
known that neurodegeneration associated with
normal aging or diseases such as Huntington’s dis-
ease (HD), Parkinson’s disease (PD), and
Alzheimer’s disease (AD) can influence or even
exacerbate previously existing cerebral asymme-
tries [37]. Cognitive aging reflects not only loss
itself, but also adaptation to loss, whereby the
adult brain is capable of plastic changes: it has
been established that in those cortical areas, the
area of which is most consistently reduced during
adulthood (namely, the prefrontal and parietal
areas of the large hemispheres) there is the greatest
increase in regional activation during aging [38].
Interhemispheric asymmetry changes arising as a
result of both organic brain damage processes and
compensatory and adaptive processes in the cen-
tral nervous system during human aging are the
subject of intensive research in fundamental and
clinical neurosciences today. However, the data
obtained remains contradictory.

There is evidence that the left hemisphere dam-
age may predominate in normal aging [38],
Alzheimer’s disease [39,40], and mild cognitive
impairment (MCI) [41—43]. However, according
to some authors, the increased vulnerability of the
left hemisphere in normal aging may be, at least in
part, explained by detection error, since a dysfunc-
tional left hemisphere causes symptoms that are
clinically more pronounced (eg, impaired speech
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JUYHOI maM’sITi) i, IK HacJia0K, OiJibIlie TIpeacTaBie-
HUMU B 1iarHOCTUYHUX KpuTepisix [43]. MeTa-aHami3
159 HeilipoBizyanizalliiHUX TOCIIIKEHb BOKCEIbHUX
MopdomeTpiit (3aranom 4,469 mnaunieHrtiB Ta 4,307
00CTeXEeHMX y KOHTPOJbHMX IpyIlax) IMoKa3aB, IO
3HVKEHHSI 00’€MY Cipoi pe4OBMHU T'OJIOBHOTO MO3KY
BUSIBUJIOCSI aCUMETPUYHUM Ha PiBHI TpeHIB, ajie He
HaJaB XOOHUX J0Ka3iB CTOCOBHO OibIIOI Bpa3Jiu-
BOCTi JiBoi miBKyJi. llikaBo, 110 TMpuU JIETKOMY
KorHiTuBHOMY mopyiieHHi (MCI) BusiBUIIOCH mepe-
BaxkaHHsI aTpodii MpaBoro rirmokaMIty Haja JiBUM, a
npu xBopoOi AusblreiiMepa — HaBIaku. Ilpu Hop-
MaJIbHOMY CTapiHHi Ta TP XBOpoOi AsblrefiMepa Ta-
KOX OyJ1I0 BUSIBJIEHO MEpeBaXkHY BTpaTy Cipoi pevo-
BUHHU Y TIpaBiii BepXHLOCKPOHEBili 3BUBUHI [43]. Pe-
3yJAbTaT (PYHKLiOHAAbHOI MarHiTHO-pPE30HaHCHOI
toMorpadii (fMRI) m03BoJISIIOTH MPUITYCTUTH, IO
MOB’s13aHi 3 BIKOM MOTipILIEHHS SIK TPOCTOPOBOI, TaK
i 9aCOBOi KOHTEKCTHOI ITaM’SITi MOXYTb OYTH TTOB’SI-
3aHi 3 PyHKILIOHATLHUMHY 3MiHAMU B MpaBiii JOpco-
JlaTepajibHill Ta JiBili MedianbHiIi MpedpoHTATbHIN
Kopi [44].

BrpomoBx TpuBajaoro yacy BBaxajaoch, 110 TOJIOB-
HUI MO30K € pagiope3UCTEeHTHUM OPTraHOM, TIpoTe Iii
3acTapiji MOJ0XeHHS Hapa3si MiagaoThCsl KpUTUIHO-
My aHaui3y Ta neperisny [14—18, 27—31, 45]. Hare-
nep 3pOCTa€ KibKiCTh JOKA3iB HA MiATPUMKY TillOTe-
31 CTOCOBHO TOIO, III0 BIUIMB iOHi3ylOUOTO BHII-
POMiHIOBaHHSI MOX€ MPU3BOAUTU 10 PO3BUTKY Je-
MEHLI Ta, 30KpeMa, XBOpoOu AJblreiimMepa [46].
HeiiponanpHa 3armbenb i 1moB’s13aHa 3 HeEO BTpaTa
MiXXHEHPOHHUX 3B’3KiB BIIPOMOBXK XKUTTS iHAMBIIA
YUHUTHh BHECOK y 3POCTAaHHS MO3KOBOI TMC(YHKIII,
Ta, BilMIOBiAHO, MOTipILIEHHS MaM’SITi i KOTHITUBHUX
¢yHKLi, acouiiioBaHnxX 3 BikoM [23]. [1pu 30BHiI-
HbOMY TraMMa-OIpOMiHEHHI KIJIITMHHOI KYJIBTYpU
rimioosacromu 20 % onmpoMiHeHUX KIIITUH TMHE MpU
OINpoMiHeHHi B 1o3ax 6Ju3bko 250 mIp, a ekcTpano-
JISILig LUX JaHUX MOKe CBimuuTu mpo Te, mo 10 %
OIPOMiHEHUX KJIITUH MOXYTb 3aTMHYTH BX€ IPU OIl-
poMiHeHHi B go3ax 6au3bko 50 mIp [47]. i pamio-
0i0JIOTiUHI AaHi LWIJTKOM Y3TOKYIOThCS 3i BCTAHOBJIE-
HUM eITieMioaoTiyHnM moporoM y 50 M3B 3araiabHO-
r'o ONPOMiHEHHS JOCTOBIPHOTO 3POCTAaHHS padialliii-
HUX PU3UKIB JUISI LIepeOpOBACKYISIPHOI Ta HEPBOBO-
TICUXiYHOI 3aXBOproBaHOCTI [48—51]. BriuB ioHi3y10-
Yol pajialiii, 30KpeMa 4YaCTMHOK BMCOKOI eHepril i 3a-
psny (yactuHok HZE) moxe mMpu3BOOAUTH IO MOPY-
IIeHb KOTHITMBHOI MPOMYyKTUBHOCTI. Jleski aBTOpHM
3a3HayaloTh, 110 PU3MKU IJII 310POB’S, MOB’SI3aHi 3
BHUCOKMM PIBHEM pajialliiHOTO OMPOMiHEHHS Y KOC-
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and verbal episodic memory) and, as a result, is more
represented in the diagnostic criteria [43]. A meta-
analysis of 159 neuroimaging studies of voxel mor-
phometry (a total of 4,469 patients and 4,307 con-
trols) showed that gray matter volume reduction was
asymmetric at the trend level, but did not provide any
evidence for greater left hemisphere vulnerability. It is
interesting that in mild cognitive impairment (MCI) a
predominance of the right hippocampus atrophy over
the left one was found, and in Alzheimer’s disease -
the opposite. Predominant loss of gray matter in the
right superior temporal gyrus was also found in nor-
mal aging and in Alzheimer’s disease [43]. Functional
magnetic resonance imaging (fMRI) results suggest
that age-related impairments in both spatial and tem-
poral context memory may be related to the function-
al changes in the right dorsolateral and left medial
prefrontal cortices, with the given results suggesting
that older adults attempt to compensate for these
deficits by engaging the left dorsolateral prefrontal
cortex during spatial context retrieval and the right
anterior-medial prefrontal cortex during temporal
context retrieval [44].

For a long time, it was believed that the brain is a
radioresistant organ, but these outdated theses are cur-
rently subject to critical analysis and revision [14—18,
27-31, 45]. Currently, there is an increasing amount
of evidence supporting the hypothesis that exposure to
ionizing radiation can lead to the development of
dementia and Alzheimer’s disease [46]. Neuronal
death and the associated loss of neuronal connections
throughout an individual’s lifespan contribute to the
augmentation of brain dysfunction, and, accordingly,
to the deterioration of memory and cognitive func-
tions associated with age [23]. With external gamma
irradiation of glioblastoma cell culture, 20 % of irradi-
ated cells die at doses of about 250 mGy, and extrapo-
lation of these data may indicate that 10 % of irradiat-
ed cells can die already at doses of about 50 mGy [47].
These radiobiological data are fully consistent with the
established epidemiological threshold of 50 mSy of total
exposure for reliable radiation risks increase for cere-
brovascular and neuropsychiatric morbidity [48—51].
Exposure to ionizing radiation, specifically to particles
of high energy and charge (HZE particles), can lead to
impaired cognitive performance. Some authors note
that the health risks associated with a high level of
radiation exposure in space include so-called «cogni-
tive injuries» [52, 53].

Undoubtedly, the age factor impact on the
Chornobyl clean-up workers’ cohort should be con-
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MOCi, BKJIIOYAIOTh «KOTHITWBHi TpaBMM» (cognitive in-
jury) [52, 53].

be3yMoBHO, BILIUB BiKOBOTO (pakKTOpy Ha Koropty YJI-
HA mae BpaxoByBaTHCh IIpM BUBYEHHi HelporicuxiaT-
PUYHUX e(EeKTiB i0Hi3yI040oro BUMPOMIHIOBaHHS y BKa-
3aHOI KaTeropii nmorepmniinx BHacaigok aBapii Ha YAEC.
Ha namy nymKky, came 6aratoakTOpHUN TTIXiT, STKW
BpaxoBYy€ IMAaTOTeHHUI BIUIMB SIK iOHi3ylo4yoi pamialiii,
TaK i HepanialliitHUX (paKTOPiB, € HANOLIBI aIeKBaTHUM
i Ma€ CTAaHOBUTH KOHIICIITyaJIbHY OCHOBY IIPY BUBUCHHI
naToreHe3y HepBOBO-IICUXIYHUX PO3JIa/liB y MOCTpaXKaa-
JINX BHACHigoK YopHOOMIBCHKOI KaTacTpodu, a TaKOX
MpU TJITaHYBaHHI KOHTP3aXO[iB 3 METOIO 3aXUCTy 3M0-
pOB’sl HaceJeHHs NpU panialiiiHux aBapisx [54]. IoHizy-
[o4a pajialisl BIUIMBAa€ Ha OiNbIIICTh OpraHiB i cUCTEM
OpraHiaMy 4epe3 psil CKJIaIHUX IMaTOT€HETUYHMUX Me-
XaHi3MiB, 110 MOXe OyTH OIucaHe B 3aralbHOMY CEHCI
K «IepeadacHe crapiHHs» [55]. IcHye mpuryiieHHs,
110 CYTTEBY POJib Y BUHUKHEHHI paaioiHAyKOBaHOI Ae-
MEHIIii MOXYTh BifirpaBaTu peakTUBHiI (OPMU KHUCHIO
(MexaHi3M <«HEMPSIMOTro CTapiHHS»), SIKi YTBOPIOIOTHCS
Opu panionizi Bogud, a TaKOX B3a€EMOJii iOHi3yr04oi
paniauii 3 iHIIMMA BHYTPIIIHBOKJIITUHHUMU CKJ1aI0BU-
mu [23]. I1poBinHOIO JaHKOW Y KIITMHHUX Ta MOJIEKY-
JIIPHUX MeXaHi3Max, $sIKi JexkaThb B OCHOBI paJioiHIyKo-
BaHMX KOTHITUBHMX ITOPYILIEHb, MOXe OyTH ITOPYIICHHS
rimokaMnajbHOro HeliporeHesy [56—63]. TakuM 4rHOM,
BUBYEHHSI MeXaHi3MiB ITO€IHAHOTO BIUIMBY 1B Ta BikoBO-
TO CTapiHHS Ha TOJOBHUIA MO30K JIIOJUHU € aKTyaJIbHOIO
HayKOBO-IIPaKTUYHOIO IIPO0JIEMOIO, SIKa MOXe OyTH BU-
pilleHa y MapagurMi HOBOIO HAyKOBOTO HAIMpPSIMKY —
paniauiitHo1 HeliporepiaTpii.

Ocobu MoXUI0ro BiKy € COLiaJIbHO BPa3jJIMBOIO KaTe-
ropieto. IIpobGiaeMa BUBUEHHSI Ta MOHITOPUHIY CTaHy
HEHWPOTICUXiaTpUIHOTO 3I0POB’ST TaHOi KaTeropil mairi-
€HTIB Ha0yJ1a 0COOJIMBOI aKTyaJIbHOCTI Y 3B’SI3KY 3 BiliCh-
KOBOI0 arpecieto pociiicbkoi deaepatii (P®) mportu Yk-
painu. 3 24 motoro 2022 p. y AepxaBi OyB BBedeHUI
BoeHHMi ctaH (BC) [64], 1110 TprBa€ Ha MOMEHT BHXOIY
3 IpyKy naHoi myosikanii. CydacHi JOCTiIKeHHS ToKa3y-
[0Tb, 11O MICUXOJIOTIYHUI CTpec 3HAUHOIO MipOlo MOB’sI3a-
HUI i3 PO3BUTKOM JI€MEHIIii B TOAAIbIIOMY XKUTTi. 3a 1a-
nuMu BOO3 [65], noBHOMaciuTabHa BiiiHa y Oyab-sIKiii
KpaiHi € Hailbinbui MANCKOI HAO36UUALIHOW CUMYAUIE0
(HC), gxa xapaKTepu3y€eThCs MOPYIIEHHSIM HOPMaTbHUX
YMOB KUTTS i AiSTBHOCTI JIIOIEH Ha BCiX 3aIy4eHUX TepU-
TOPIsIX, 1O MPU3BOASITH A00 MOXYTb IMPU3BECTU 10 BEJIU-
KUX JIIOJCHKUX 1 MaTepiaJlbHUX BTpaT Y JOBIOCTPOKOBI
nepcnekTuBi. [TopyllleHHs peTysiiii oci «rinoTajaMmyc —
rinoiz — HAIHUPKOBI 3aJ103M» Ta IIiJBUILEHHS PiBHS
KOPTHU30JIy 3a3BMYali 3yCTPiYalOThCs Y TAIlieHTiB 3 XA i

sidered when studying the neuropsychiatric effects
of ionizing radiation in the given category of vic-
tims of the Chornobyl nuclear power plant acci-
dent. In our opinion, the multifactorial approach
that takes into account the pathogenic influence of
both ionizing radiation and non-radiation factors
is the most adequate and should form the concep-
tual basis for studying the pathogenesis of neu-
ropsychiatric disorders in the victims of the
Chornobyl disaster, as well as for planning coun-
termeasures for the purpose of protecting public
health during radiation accidents [54].

Ionizing radiation affects most organs and sys-
tems of the body through a number of complex
pathogenetic mechanisms, which can be generally
described as «premature aging» [55]. There is an
assumption that a significant role in the occurrence
of radio-induced dementia can be played by reac-
tive oxygen species (the mechanism of «indirect
aging»), which are formed during the radiolysis of
water, as well as the interaction of ionizing radia-
tion with other intracellular components [23].
Disruption of hippocampal neurogenesis may be a
principal link in the cellular and molecular mech-
anisms underlying radio-induced cognitive im-
pairment [56—63]. Thus, the study of the mecha-
nisms of the combined effect of IR and age-relat-
ed senescence on the human brain is a scientific
and practical problem of current interest that can
be solved in the paradigm of a new scientific area —
radiation neurogeriatrics.

The elderly are a socially vulnerable category.
The problem of studying and monitoring the state
of neuropsychiatric health of this category of
patients has become especially relevant due to the
military aggression of the Russian Federation (RF)
against Ukraine. On February 24, 2022, martial
law was introduced in the country [64], which is
valid at the time of publication of this paper.
Current studies show that psychological stress is
significantly associated with the development of
dementia later in life. According to the WHO [65],
a full-scale war in any country is the most severe
emergency situation (ES), which is characterized by
a violation of normal life conditions and activity of
people in all involved territories, which lead or
may lead to large human and material losses in the
long-term perspective. Dysregulation of the hypo-
thalamic-pituitary-adrenal axis and increased cor-
tisol levels are common in patients with AD and
contribute significantly to the disease process [66].
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POOJIATL 3HAUHUI BHECOK Y MPOLIEC 3aXBOPIOBaHHS [66].
Koptuzon 3naTHmit noaaTu reMatoeHuedatiyHuii 6ap’ep,
3B’SI3yBaTUCh 3 HEPBOBMMM pPELIETITOPAaMU, PO3TAIIOBa-
HUMMU B TilMOKaMITi, MUTJAJIENIOAIOHOMY TiJli Ta Tiped-
poHTaNbHIK Kopi [67, 68]. OcTtaTouHa peaxilisi op-
raHi3aMy Ha XpOHIYHHMI CTpec BKIIOUYAE 3aIyYEHHS iMyH-
HUX MeXaHi3MiB uepe3 BUPOOJIeHHS Mpo3analbHUX 1LIM-
TOKiHIB, SIKi MOXYTbh O0e3mocepeIHbO BIUIMBATHA Ha HEli-
POHHY aKTMBHICTb Y MO3KY [69]. AHayoriuHi mpoliecu,
ornocepeaKkoBaHi HeilpozanalieHHSIM, BigOyBarOThCs i
npu mii IB [13—17, 28, 31, 45, 49], 1o MoxXe BKa3yBaTH Ha
iMOBIpHUI CUHEPTiYHUI HETaTUBHUI BIJIUB XPOHIYHOTO
CTpecCy, BUKIIMKAHOTO HAI3BUYAiHUMM CUTYaLisIMU (CO-
HiaalbHUMM KaTacTpodamu, BiliHOIO Toulo) Ta aieo IB.
[aHa npobiieMa 3alIMILIAEThCSl TUCKYCIAHO 1 TTOTpedye
noJaiblIuX JOCHiIKeHb. PesyabraTé momynsiiiiHOTo
JochimakeHHs, mpoBeneHoro y MiHstH i, 3a yyacTio Maii-
ke 70 000 yyacHUMKIB MmoKaszaau, 110 CUMIITOMU MCHUXO-
JIOTIYHOTO AUCTPECY, SIKi BU3HAYAIOTHCS SIK MEePEeKUBAHHS
cTpecy abo AeNpeCUBHUIM HACTpili, BUCHAXKEHHS Ta Hep-
BO3HICTb IPOTSITOM OCTAHHBOTO MiCSI1LIsT, OYyJIU IMOB’sI3aHi 3
MiABUILIEHHSAM pU3UKY AeMeHLil Ha 20 % TakuM 4MHOM,
MCUXOJIOTIUHMUIA CTpec, UMOBIPHO, € €TiOJOoriYyHUM (ak-
TopoM pusuky aemeHwii [70]. Lli gani € Hag3BU4aiiHO
BAXJIMBUMM Y CBITJIi TOrO (hakTy, 110 HaA3BUYANHI CUTY-
awii (30poiiHi KOHMJIKTU, CTUXiiiHi Jinxa Ta iHII Ty-
MaHiTapHi Kp131), 3HAYHO TTOCUITIOIOTh PU3WK PO3JIaMIiB
TICUXiYHOTO 3A0pOB’sl. B yMoBax TpuBaioro BiliCbKOBOTO
KOHMJIIKTY MOXYTh BUHUKHYTHU 3HaYHi TPYIHOIL B OTPU-
MaHHi JTOCTyMy A0 IOCIyTI CUCTEMU OXOPOHU 3IOPOB’S.
Oco0mMBO Bpa3IMBUMM 33 TaHMX OOCTaBUH € KOHTWH-
TEHTH OCi0 JIITHBOTO BiKY, B IKMX Yepe3 TPYAHOLLI 3 TIepe-
CyBaHHSM, OOMEXKEHHSI COLiaJIbHUX KOHTAKTiB, HU3bKUI
piBeHb MaTepiaJIbHOTO 3a0e3MeYeHHS] pU3UK BUHUKHECH-
Hsl abo MmporpecyBaHHsI HassBHUX XPOHIUHMX pO3JaliB
HEPBOBOI CUCTEMU Ta MOBEAiHKM 3HAYHO 3POCTaE.

BUCHOBKU

TakyvMm 4yMHOM, CBO€YacHE€ BUSIBJIECHHS Ta MOHITOPMHT
HENMPOKOTHITUBHUX PO3IadiB B O0Ci0 JIITHHOTO BiKY, 30K-
pema B mocTpaxaaiux BHAcaiZoK YopHOOUIbCHKOI Ka-
TacTpopu, CTAHOBUTHh HAA3BUYAWHO BEJIMKY MEIUKO-
colliaJibHY 3HAUYYLIIiCTh i MOXe 3aMo0irT¥ iHBaliaM3alii
Ta CoOliaJbHil me3amnTallii JaHOi KaTeropii Mali€eHTiB.
CyyacHi JnemieBi Ta HeiHBa3MBHI HeWpOICUXiaTpUYHi
METOJIM AiarHOCTUKU HEUPOKOTHITUBHUX AUCKHYHKIIIN
MOXYTh YCITIIIHO 3aCTOCOBYBaTHCH SIK B HayKOBUX JIO-
CJIIIKEHHSIX, TaK i MOBCSAKIEHHIN KIIHIUHIN TpaKTULli
HEBPOJIOTIB, MCUXiaTpiB, HEHPOMCUXOJOTIB, KAiHIYHUX
Heipodizionoris. ITocTpamiauiiHuii HEMPOKOTHITUB-
HU gedinuT Mae crieudiaHi 0COOMMBOCTI, SIKi MTOJISATa-

Cortisol is able to cross the blood-brain barrier,
and bind to nerve receptors located in the hip-
pocampus, amygdala, and prefrontal cortex [67, 68].
The final body response to chronic stress includes
the involvement of immune mechanisms through
the production of pro-inflammatory cytokines,
which can directly affect neuronal activity in the
brain [69]. Similar processes mediated by neu-
roinflammation also occur under the influence
of IR [13—17, 28, 31, 45, 49], which may indicate
a possible synergistic negative effect of chronic
stress caused by emergency situations (social disas-
ters, war, etc.) and the impact of ionizing radia-
tion. This problem remains debatable and requires
further research. Results from a population-based
study in Finland with nearly 70,000 participants
showed that symptoms of psychological distress,
defined as experiencing stress or depressed mood,
exhaustion, and nervousness in the past month,
were associated with a 20 % increased risk of
dementia. Therefore, psychological stress is prob-
ably an etiological risk factor for dementia [70].
These data are extremely important in light of the
fact that emergency situations (armed conflicts,
natural disasters, and other humanitarian crises)
significantly increase the risk of mental health dis-
orders. In the conditions of a prolonged war con-
flict, there may be significant difficulties in obtain-
ing access to the services of the health care system.
The cohorts of elderly persons are especially vul-
nerable under these circumstances, in whom the
risk of occurrence or progression of existing
chronic disorders of the nervous system and
behavior increases significantly due to difficulties
with movement, limitations of social contacts, and
low levels of financial support.

CONCLUSIONS

Timely detection and monitoring of neurocogni-
tive disorders in the elderly, specifically in victims
of the Chornobyl disaster, is of extremely great
medical and social significance and can prevent
the disability and social maladaptation in this
cohort. Modern cheap and non-invasive psy-
chophysiological and neuropsychiatric methods of
diagnosing neurocognitive dysfunctions can be
successfully used both in scientific research and in
everyday clinical practice of neurologists, psychia-
trists, neuropsychologists, and clinical neurophys-
iologists. Post-radiation neurocognitive deficit has
its specific features consisting of diffuse organic
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I0Thb Y AM(y3HOMY OpraHiYHOMY Ypaxke€HHi K JIiBoi (J10-
MiHAHTHOI), TaK i MpaBoi (CyoaoMiHaHTOI) remicep ro-
JIOBHOTO MO3KY, 1110 MOX€ 3aCBiIuyBaTU CUHEPriYHUM
BIUIMB Ha KOTHITMBHE (PYHKIIIOHYBaHHS BiKOBUX 3MiH
Ta i0OHI3yI0UOro BUIIPOMiHIOBaHHS. [laHi TeHAeHIlii Oy-
JIM BMSIBJIEHI HaMM BIeplle, 110 OOIPYHTOBYE HEOO-
XiAHICTb MOXUTTEBOTO CIIOCTEPEXKEHHSI 32 0CO0aMMU, SIKi
3a3Hajau BILIMBY IB 3a pizHuX panmialliiHUX clieHapiiB.
Ponb ncuxosnoriyHoro aUucTpecy BHACHiIOK MOBHOMAC-
mrabHoi BiftHu 3 P® y moganbiioMy maroMop@o3i moct-
pamiaiifHOTO HEWPOKOTHITUBHOTO JedinnTy 3ain-
11a€ThCcsl HeBimoMoro. HeoOxXinHi mogaablii 10CTiIKeH-
HsI 3 METOIO 30iIbLIEHHS CTATUCTUYHOI IMTOTYXKHOCTi BU-
0ipoK OMPOMiHEHUX OCi0 Ta HEONMPOMIHEHUX IpyM IO0-
PiBHSIHHSI MTOXUJIOTO BiKY 3 BUKOPUCTAHHSIM SIK HEUPO-
(izioIoriyHNX Ta HEHPONCUXiaTpPUIHUX, TaK i HEMPOBi-
gyanizauiitnux Meroguk (pMPT, ITET Ttoio).

IHdpopmauia npo piHaHCyBaHHSA

HocnimkeHHs BUKOHYBaIuCh y cTpykTypi HJP Bigminy
pazialiifHol TICUXOHEBPOJIOTil [HCTUTYTY KJTiHiYHOI pa-
nionorii HHIIPMTI'O «Heiiponcrxo06ionoriyHi MexaHi3-
MU a(EeKTUBHUX i KOTHITUBHUX PO3/1adiB y OITPOMiHEHUX
BHacHinok YopHoOMIBCHKOI KaTacTpodu 3 ypaxyBaH-
HIM TtoniMop@disMy reHis» (2016—2018 pp.; Ne mepx-
peectpanii 0116U003572).

Bupas Bga4HOCTI

ABTOpPH BUCJIOBIIOIOTH NOASIKY MPOBiIAHOMY HAayKOBOMY
CHiBPOOITHUKY Bimily pamialiiiHOI €HIOKPUHOJOTI1
Iacturyty kninianoi pamiosorii HHIIPMI'O . €. Ada-
HachEBY 3a JOIMOMOTY y MiATOTOBLI iTIOCTPAaTUBHOTO
MaTepiaty 10 naHoi ImyOJTikartii.

KoHdnikT iHTepecis

ABTOpH HE PO3roJoIIyIOTh KOHGMIiAeHLiHY iHpopMa-
11i10 Ta HE MAIOTh XKOJHOI MTPUHAJIEKHOCTi a00 (hiHaHCO-
BOI 3alliKaBJIEHOCTi B OyJb-sIKili opraHizaliii, sika Morjia
0 cTBOpUTH KOHQITIKT iHTepEeCiB.
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damage to both the left (dominant) and right (sub-
dominant) brain hemispheres, which can testify to
the synergistic effect of age-related changes and
ionizing radiation on cognitive functioning. These
trends were identified by us for the first time, which
justifies the need for lifelong monitoring of persons
who have been exposed to IR under various radia-
tion scenarios. The role of psychological distress as
a result of a full-scale war with the Russian
Federation in the subsequent pathomorphosis of
post-radiation neurocognitive deficit remains
unknown. Further research is needed in order to
increase the statistical power of samples of irradiat-
ed persons and non-irradiated comparison groups
of the elderly using neurophysiological, neuropsy-
chiatric, as well as neuroimaging methods (fMRI,
PET, etc.).
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