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Abstract

Introduction. The relevance of this study is determined by the significant number of population groups in the regions of
Kazakhstan adjacent to the former Semipalatinsk Nuclear Test Site (SNS), who still live under environmental stress and the
associated medical and social consequences.

The aim of our study is to conduct a preliminary analysis of the health status and radiation doses of residents of the
Abay District of the Abay Region, who are second- and third-generation descendants of people exposed to radiation due to
nuclear weapons testing.

Materials and Methods. Study design: cross-sectional screening study. A physical examination and laboratory testing
were conducted, along with a study of sociodemographic factors and radiation doses among the parents and grandparents of
the target population of 233 people aged 18-65 years in the villages of Karaul and Sarzhal in the Abay District of the Abay
Region. Statistical analysis was performed using SPSS 20.0 (SPSS Inc., New York) and Jamovi (version 2.5.5;
https://www.jamovi.org).

Results. The vast majority of people included in the study were aged 29 years or younger and 30-39 years.
Approximately 70% had lived in the area since birth or for over 30 years. Enlarged peripheral lymph nodes were observed in
6.1% of women. Enlarged thyroid glands were observed in almost all study participants. The median ACTH level in men was
slightly elevated compared to normal values. The study results indicate a range of high radiation doses for both first- and
second-generation exposed individuals.

Conclusion. To determine the relationship between radiation doses and stochastic and deterministic health effects in the
study population, a comparative analysis is required across different dose groups and a control group of people not exposed
to radiation.
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NPEABAPUTENbHbLIA AHANN3 COCTOSAHUA 300POBbSA
M O3 OBNTYYEHUA XXUTENEU ABAUCKOIO PAMOHA
OBJIACTU ABAMU, ABNAIOWMNXCA NOTOMKAMM Nuu,
NOABEPriuMXca PAQUALLMOHHOMY BO3OEUCTBMUIO

BCNEACTBUE UCNbITAHUMA AOEPHOIO OPYXMUSA
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Anppen 10. OpexoB1, AnekcaHgpa B. Jiunuxunal, Mepyept P. MacabaesBal,
Acenb XK. BanbycuHosal, XXanapryns K. Cmaunosal, imana I'. birnesal,
FynoHapa B. BateHoBal, Bnagnena P. CaburoBa’, Cayne K. KoxaHogsal,
AuvHapa A. MykaHoBa', MaguHa B. A6eHoBa', Mypart H. Jlenecb6aes?,
Tokxxan A. AxmaagueBal, AuHaw C. OpasanuHal, Caynew A. An6acosal,
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! BonbHuua CKopow meguuuHckon nomowm r. Cemen, r. Cemen, Pecnybnuka KasaxcraH;
HAO «MeauumMHCKMit yHuBepcuTeT Cemeity, r. Cemeit, Pecny6nuka Kasaxcrau;
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BBepeHne. AKTyanbHOCTb [AHHOTO MCCMEAOBaHUs OBYCNoBMEHa 3HAYMTENBHOM YMCAEHHOCTBIO TPYMM HaceneHus
permoHoB KasaxcTaHa, npuneraiowux Kk Tepputopun ObiBwero CemunanatuHckoro spepHoro nommroHa (CAM),
NPOXMBAIOLLMX B YCMOBUSIX 3KOMOMMYECKOW HArpy3KM, 1 CBA3AHHBIMI C HEN MeSWKO-COoLManbHbIMM NOCNeaCTBUSAMM.

Llenbto Hawero wccnenoBaHus SBASETCA MPEABApUTENbHBIA aHanmM3 COCTOSHWS 3040POBbS W [A030BbIX HArpysok
xutenein Abaiickoro panoHa obnactu Abai, SBRSIOWMXCS NOTOMKaMU BTOPOTO-TPETHENO NMOKOMEHMIA NNL, NOABEPTLUMXCS
pajuaLvoHHOMY BO3ENCTBUI0 BCNEACTBUE UCTILITAHWUA AEPHOTO OPYXMS.

Matepuansi u metogbl. [l13ailH UccnefoBaHUs: NONEpeYHoe CKPUHUHIOBOE UccneaoBaHue. MpoBeaeHo dusukanbHoe
obcregosaHue 1 nabopaTopHOe WccrefoBaHue, a Takke MCCnefoBaHue colmarnbHO-aemorpadunyecknx aktopos 1 403
obnydyeHns pogutenei, gegywek n 6abywek uenesoro Hacenenus cen Kapayn wn Capxan Abaiickoro paiioHa obnactu
Abait, Bcero 233 yenoseka B Bo3pacte 18-65 net. CtaTMCTMYECKNA aHanu3 NPOBOAUNCS C NpUMEHeHueM nporpamm SPSS
20.0 (SPSS Inc., New York) u Jamovi (Bepcus 2.5.5; https://www.jamovi.org).

PesynbTatbl. AGCOMIOTHOE GOMBLIMHCTBO MWL, BKIIOYEHHbIX B MCCnegoBaHWe, Obino MpencTaBneHo BO3pacTHOM
rpynnoit 8o 29 net u 30-39 net. Okono 70% 13 HUX NPOXMBanM B AaHHOM MECTHOCTM C poxaeHus, nnbo, 6onee 30 nert. Y
6,1% XeHLWMH Habnpanoch yBenuyeHWe pas3MepoB nepudepuyeckux numdartmyeckux yanos. [pakTuyecku y Bcex
YYaCTHUKOB MCCMefoBaHNs Habnioganock YBenMYeHue pasmepoB LUMTOBMAHOW jxenesbl. MeauaHHbin ypoeeHb AKTT y
MYX4MH Oblfl  HECKOMbKO MOBbILEH B CPaBHEHWM C HOPMarbHbIMK MokasaTensamu. PesynbTaThl MCCNEAOBaHWS
CBWOETENBCTBYT O [AMAna3oHe BbICOKMX A03 OOMy4YeHWs Kak [71s1 SKCMOHWMPOBAHHBLIX MWL, NEPBOrO, Tak M BTOPOro
MOKOMNEHNA.

3aknoueHue. [1ns onpefeneHns CBA3M Mexay Ao3amu 00nyyeHus W CTOXaCTUYECKUMW W LETEePMUHMPOBAHHBIMM
3thchekTaMm B OTHOLLEHMM COCTOSIHUS 30OPOBbS UCCIIEdyEMbIX XuTenen TpebyeTcs NpoBeaeHWe CPaBHUTENBHOTO aHann3a
B pa3sHbIX JO30BbIX rPynnax W KOHTPOMbHOM rpynne NuL, He NOABEPraBLLUMXCS paauaLMOHHOMY BO3AENCTBUIO.

Knroyeebie crnosa: CemunanamuHckuli i0epHbIU NOMU2OH, CKPUHUHEO8ble uccnedogaHusi, cocmosiHue 300p08bs,
paduayusi, NOMOMKU.
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1 ¥epen MmeauuMHanbIK xopaem KepceTy 6omnbiHwa Cemen Kananbik aypyxaHacbl, Cemen K., KazakctaH
Pecnybnukacebl;
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Kipicne. byn 3eptreyain, esexiniri GypbiHesl Cemeir saponbik, nonuroxsl (CAM) aymarbiHa iprenec KasakcTaH eHjpnepiHae
TypaTblH XanblK TOMTapbIHbIH, alTapbIKTal CaHbIHbIH, KA3ipri YakbITKa AeriH aKONOTMANbIK, XYKTEMECH XOFapbl Xafaaiga eMip
CypiN Kene XaTkaHbIHa XaHe coraH GainaHbICTbl MeaULMHaIbIK-2NeyMETTIK canaapnapra 6ainaHbICTbI.

3epTTeyAin, MakcaTbl — SAPOMbIK KApy CbiHAKTapblHbIH, CanjapbiHaH pagnaunsnbik, acepre ylbiparaH agamaapablH
EKiHLLI XaHe yLLiHLi OybIH ypnakTapbl 60mbin TabbinatiH Abait 06rbickl, Abai ayaaHb! TyprbiHOAPbIHbIH, JEHCAYbIK, XaFaanbl
MEH Caynenik XKyKTemenepiH angblH ana Tangay.

Marepuangap MeH apictep. 3epTTey Au3aiHbl: KeNOEHEH, CKOMHUHITIK 3epTTey. Puankanbik Tekcepy MeH 3epTxaHanbik,
Tangay, COHOan-ak aneymeTTik-aemMorpadmsnbik, (pakTopnap MeH ata-aHanapblHbiH, SXernepi MeH atanapbiHbiH, CaynerneHy
[03anapblH 3epTTey Xyprisingi. 3epttey Abait obnbickl Abait ayaaHbiHbIH, Kapaybin xaHe Capxan aybingapbiHbiv, 18-aeH 65
Xacka femiHri 233 TyprblHbIH KamTbidbl. Ctatuctukanblk Tangay SPSS 20.0 (SPSS Inc., New York) xsHe Jamovi (Hycka
2.5.5; https:/lwww.jamovi.org) 6araapnamanapbl apKbirbl Kyprisingi.

Hatmxenep. 3eptTeyre katbickaH agampapablH, BackiM kenwiniri 29 xacka AediHri xsHe 30-39 xac apanbifblHgarbl
TonTapfa xatTbl. OnapablH, wamameH 70%-bl ocbl eHjpae TyraH Hemece 30 XbinpaH actam yakbiT B0Mbl Typbin Kenegi.
ovengepaiH, 6,1%-biHAa wWeTki mumda TyhiHgepiHiH, ynFaobl 6ankangel. 3epTTeyre KaTbiCylbinapablH, 6aprbiFbiHa Aepnik
KankaHwa 6esiHiH, yrketoi ToH Gonapl. Epnepgeri agpeHokopTukoTponTsl ropMoH (AKTT) AeHreniHiH, MeanaHanblk, kepceTkiLLi
KanbiNTbl MaHOepaeH Can xofapbl 6onabl. 3epTTey HaTwkenepi cayneneHyre yiubiparaH OipiHLI XaHe exiHLi ByblH ekingepi
YLLiH XOFapbl 4O3aMbIK ayKbIMHbIH, 6ap EKEHIH KepCeTTi.

KopbITbiHAbL. CayneneHy [o3anapbl MeH LeHCayrblK kargaiblHa aCep €TeTiH CTOXaCTUKamblK, XoHe AETEPMUHUCTIK
acepriep apacblHaarbl 6ainaHbICTbl aHbIKTaY YLUIH apTyphi 403arblK TONTap MeH paguaunsibik, aCepre ylbipamaraH bakpinay
TO6bI apacklHaa CanbICTbIPMasbl Tangay Xypridy Kaxer.

TyliHdi ce3dep: Cemeli A0ponbIK NOMUOHBI; CKPUHUHeMIK 3epmmeynep, OeHcaynblk xardalibl, paduayus, ypnakmap.
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Introduction media that does not always accurately reflect the real

The relevance of this study is determined by the  situation regarding radiation contamination and its
significant number of population groups in the regions of  consequences for public health. The population has lived
Kazakhstan adjacent to the former Semipalatinsk Nuclear ~ under the threat of radiation for many decades, fearing for
Test Site (SNTS), who still live under environmental stress  their lives, health, and the future of their descendants [10].
and the associated medical and social consequences [1]. Considering that nuclear weapons tests conducted over
Since the closure of the nuclear test site in 1989, a 40 years at the Semipalatinsk nuclear test site caused
considerable amount of information has appeared in the  significant damage to human health and the environment
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and led to an increase in overall morbidity and mortality
among the population, the areas adjacent to the test site in
the East Kazakhstan, Pavlodar, and Karaganda regions
were recognized as an environmental disaster zone [5, 8].
The long-term effects of nuclear testing, passed down from
generation to generation, continue to impact the population
today. Currently, the studied territories of the Abay region
are home not only to people who were directly exposed to
external gamma irradiation and internal chronic irradiation,
but also to their descendants of the second and third
generations, for whom the genetically determined effects of
ionizing radiation contribute to increasing damage to health
[2, 6]. While a significant number of domestic and
international studies have been directed toward examining
the health status of the descendants of the first and second
generations of the decreed population in previous years, the
children and grandchildren of exposed individuals currently
require a comprehensive assessment of both their somatic
health and genetic disorders that could lead to the
implementation of stochastic or non-deterministic effects in
the form of hereditary diseases or oncological problems.

A comprehensive assessment of the health indicators of
residents of ecologically unfavorable areas underlies the
development of primary and secondary prevention programs for
their health problems. This assessment requires a thorough
study of the demographic indicators and ecological trajectory of
the affected population [11].

The aim of our study is to conduct a preliminary
analysis of the health status and radiation doses of
residents of the Abay District of the Abay Region, who are
second- and third-generation descendants of people
exposed to radiation due to nuclear weapons testing.

Materials and methods

Object of study

The object of the study: residents of the Abay district of the
Abay region, who are descendants of the population exposed
to radiation as a result of nuclear weapons testing in the
second and third generations, living in areas of environmental
risk. Exclusion criteria: organic central nervous system
damage, decompensated somatic diseases; history of viral
hepatiis B and C; individuals not associated with nuclear
weapons testing at the SNTS for various reasons.

The study focused on the health status of individuals
living in environments at risk. Study design: cross-sectional
screening study.

A physical examination and laboratory testing were
conducted, along with a study of socio-demographic factors
and radiation doses of parents and grandparents that could
affect the health of the target population of 233 individuals
aged 18-65 in the villages of Karaul and Sarzhal in the Abay
District. These included on-site visits in accordance with the
study protocol and the addition of information on the
individuals to the State Scientific Automated Medical
Registry (SSAMR) database. The SSAMR is located at the
Research Institute of Radiation Medicine and Ecology and
is the official database of all individuals involved in past
radiation incidents related to nuclear weapons testing at the
SNTS.

Information on personal dose load was copied from the
SSAMR for parents, grandparents and relatives of
individuals included in the study (if information on them was
available in the SSAMR).
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Research methods. For each patient included in the
study of somatic and psychological health, an "Examination
Form" was created, including: the patient's informed consent to
participate in the health study; "Questionnaire for the participant
in the scientific research project” to assess the clinical condition
of the patient (anamnesis, chronic diseases, anthropometry,
lymph node status, thyroid gland size, physical examination,
complete blood count (CBC), biochemical parameters (calcium,
potassium, sodium, magnesium, glycosylated hemoglobin, total
protein, ALT, AST, creatinine, thyroid hormones - T4, TSH,
TPO antibodies, stress hormones - ACTH, cortisol, insulin).
The examination form also included parameters characterizing
the socio-demographic characteristics and bad habits of the
study participants.

The sample size was calculated based on the number of
residents of the area recorded in the SSAMR (the general
population for the study group) during the period of weapon
testing at the SNTS. The prevalence of somatic disorders
among individuals exposed to radiation is 30-40% [7]. The
Sample XS statistical program was used to determine the
sample size, with a margin of error of 5%; the design effect
is considered to be 1.0 by default.

The sample was representative, that is, it corresponded
to the main characteristics of the population being studied,
such as age, gender, and socio-professional status.

Statistical data processing:

Quantitative parameters were assessed for normal
distribution using the Shapiro-Wilk test (for fewer than 50
subjects) or the Kolmogorov-Smirnov test (for more than 50
subjects). Normally distributed quantitative parameters were
described using mean values (M) and standard deviations
(SD), along with 95% confidence intervals (95% Cl). In the
absence of normal distribution, quantitative data were
described using the median (Me) and interquartile range
(IQR). Categorical data were described using absolute
values and percentages. Comparisons between two groups
for a non-normally distributed quantitative parameter were
performed using the Mann-Whitney U test. Comparison of
percentages in the analysis of four-field contingency tables
was performed using the Pearson chi-square test (for
expected value greater than 10) and Fisher's exact test (for
expected value less than 10). Statistical analysis was
performed using SPSS 20.0 (SPSS Inc., New York) and
Jamovi (version 2.5.5; https://www.jamovi.org).

Results

Table 1 presents the socio-demographic characteristics of
the study population. The vast majority of people included in
the study were third-generation descendants of exposed
individuals, aged up to 29 years and 30-39 years (78.1% in
total). About 70% of them had lived in the given area since birth
or for more than 30 years. Differences in the parameter of
residence in the given area between men and women were
statistically significant (p=0.031). This selection of study
subjects was due to the fact that information for inclusion in the
study was taken from the SSAMR, which provides a high
degree of reliability of their belonging to radiation risk groups.
57.9% of study participants had a vocational secondary
education, and 10.3% had a higher education. About 70% of
men had previously served in the ranks of the army. Only
19.8% of men and 1.4% of women are nicotine dependent
(p<0.001), and alcohol consumption was noted in the survey by
14% of men and 7.5% of women.
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Table 1.
Socio-demographic characteristics of the studied population.
Parameter | Male (N=86) | Female (N=147) |  Total (N=233) p value
Age (years)
<29 56.0 (65.1%) 101.0 (68.7%) 157.0 (67.4%)
30-39 11.0 (12.8%) 14.0 (9.5%) 25.0 (10.7%) 0.8521
40-49 18.0 (20.9%) 31.0 (21.1%) 49.0 (21.0%)
> 50 1.0 (1.2%) 1.0 (0.7%) 2.0 (0.9%)
Duration of residence in the area
Since birth 66.0 (76.7%) 84.0 (57.1%) 150.0 (64.4%)
<1 year 14 0(16.3%) 46 0(31.3%) 60.0 (25.8%) 0.0311
Up to 10 years .0(0.0%) .0 (2.7%) 4.0 (1.7%) '
10-30 years .0(2.3%) .0(3.4%) 7.0 (3.0%)
>30 years 0(4.7%) .0(5.4%) 12.0 (5.2%)
Military service 59 0 (68.6%) .0(0.7%) 60.0 (25.8%) <0.0011
Education
Incomplete secondary 15.0 (17.4%) 31.0 (21.1%) 46.0 (19.7%)
Secondary vocational 49.0 (57.0%) 86.0 (58.5%) 135.0 (57.9%) 0.7351
Secondary 11.0 (12.8%) 17.0 (11.6%) 28.0 (12.0%)
Higher 11.0 (12.8%) 13.0 (8.8%) 24.0 (10.3%)
Dispensary registration 13.0 (15.1%) 29.0 (19.7%) 42.0 (18.0%) 0.2471
Currently smokes 17.0 (19.8%) 2.0 (1.4%) 19.0 (8.2%) <0.0011
Alcohol consumption 12.0 (14.0%) 11.0 (7.5%) 23.0 (9.9%) 0.1101

Pearson's Chi-squared test

the target range for both men and women. Heart rate
parameters were also within the normal range for both

The clinical parameters of the subjects and the median
laboratory values are presented in Table 2. Blood pressure

measurements showed that the median values were within SExes.
Table 2.
Clinical characteristics of study participants.
Parameter Male (N=86) Female (N=147) p value
Systolic blood pressure (Me, IQR) 110 (10) 110 (20) 0.039"
Diastolic blood pressure (Me, IQR) 80 (10) 70 (10) <0.001"
Heart rate/min (Me, IQR) 80 (2) 80 (5) 0.018"
Lymphadenopathy:
Enlargement 0.0 (0.0%) 9 (6.1%) 0.0292
Significant enlargement 1(1.2%) 0(0.0%)
Thyroid gland
Increase to 1-2 degrees 63 (73.25%) 106 (72.1%) 0.802
Increase to 3rd degree 23 (26.75%) 41 (27.9%)
Laboratory data

Ca, mmol|l (Me, IQR) 2.32(0.1) 2.29(0.13) 0.029
K mmol|l (Me, IQR) 4.1(0.37) (0.4) 0.144
Na mmol|l (Me, IQR) 141 (2.0) 141 (2.0) 0.415
Mg mmolll (Me, IQR) 0.79 (0.09) 0.78(0.07) 0.293
Glycated hemoglobin, % (Me, IQR) 5.24 (0.54) 5.15(0.38) 0.231
Total protein (Me, IQR) 72.18 (5.24) 71.2 (4.09) 0.613
ALT U/L (Me, IQR) 15.6 (15.46) 11.38 (8.73) 0.208
AST UL (Me, IQR) 18.12 (7.25) 12.45 (6.5) 0.813
Creatinine umol/l (Me, IQR) 64.56 (14.9) 54.87 (14.0) <.001
Thyroxine mlU/L (Me, IQR) 12.2 (1.9) 11.8 (1.6) 0.115
TSH mlU/L (Me, IQR) 1.52 (1.67) 1.79 (1.47) 0.993
ACTH pmol/l (Me, IQR) 19.9 (15.3) 13.4 (11.79) 0.114
Cortisol nmol/l (Me, IQR) 286 0(138.7) 256.9 (110.9) 0.097
Insulin mIU/ml (Me, IQR) 5(5.8) 7.1(5.8) 0.230

"Mann-Whitney U test; 2Pearson's Chi-squared test

ALT - alanine transferase, AST — aspartate transferase, TSH — thyroid-stimulating hormone,

ACTH - adrenocorticotropic hormone, HR — heart rate
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Enlarged peripheral lymph nodes were observed in
6.1% of women. Almost all study participants had an
enlarged thyroid gland, which is not typical for the general
population, as literature suggests that women are
significantly more likely to have thyroid disease than men
[12]. Median levels of calcium, potassium, sodium, and
magnesium, glycosylated hemoglobin, liver enzymes, and
creatinine were within normal limits in both men and
women. Creatinine levels in women were, on average,
statistically significantly lower than in men, consistent with
accepted norms for this laboratory parameter [9]. Free
thyroxine levels in both sexes were also within reference
limits, although closer to the lower limit of normal. The
median ACTH level in men was slightly elevated compared
to normal values (below 18 pmol/L in the morning, below 11
pmol/L in the evening), which may indicate stress in the
adaptation system. Cortisol levels were within normal limits

in both men and women. Insulin levels were also within
normal limits in both men and women.

When assessing the health status of second- and third-
generation descendants of individuals directly exposed to
ionizing radiation, we were particularly interested in
assessing the radiation doses to their immediate relatives
(parents and grandparents) since this could shed light on
the presence of a link between radiation-induced genetic
effects. The median radiation doses of the individuals
studied were 6.4 cSv for both sexes, 6.6 cSv for women
and 5.7 cSv for men. The parental doses were significantly
higher: 67.4 cSv and 50 cSv for women and men,
respectively, from the father, and 42.4 c¢Sv and 35 cSv from
the mother. It should be noted that the median radiation
doses to grandparents, both on the paternal and maternal
sides, were in the high-dose range of 95.8-100.0 cSv
(Table 3).

Table 3.
Characteristics of radiation doses of the subjects studied, as well as their previous generations (cSv, Median (IQR)).
Parameter Male Female Total p

Dose 5.7 (2.2-12.6) 6.6 (2.7-11.8) 6.4 (2.6-12.3) 0.588
Father's dose 50.0 (25.7-100.0) 67.4 (25.4- 100.0) 62.9 (25.7-100.0) 0.879
Mother's dose 35.0 (18.5-99.8) 42.4 (23.8- 100.0) 37.1(20.0- 100.0) 0.693
Paternal grandfather's dose 100.0 (93.8-100.0) | 95.8(87.9-100.0) 96.8 (90.0- 100.0) 0.073
Paternal grandmother's dose | 100.0 (95.2- 100.0) | 100.0 (92.3- 100.0) 100.0 (93.0- 100.0) 0.776
Maternal grandfather's dose 96.1 (91.4- 100.0) 96.8 (96.1- 100.0) 96.5 (92.6- 100.0) 0.677
Maternal grandmother's dose | 100.0 (100.0-100.0) | 98.1 (95.5- 100.0) 100.0 (96.2- 100.0) 0.561

When assessing the radiation doses to the descendants
of individuals exposed to radiation, depending on age, it
turned out that the highest doses were received by older
individuals: for second-generation descendants over 50

Under 30
years old -

30-39
years

Age, years

40-49
years

Over 50

years old, the average doses ranged from 15 to 22 ¢Sy, for
those 40-49 years old - from 10 to 20 cSv, while for third-
generation descendants, the peak radiation dose, on
average, was 4-5 cSv (Figure 1).

o~

years old |

0 10
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A

20 30 40
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Figure 1. Doses of descendants of persons exposed to radiation, depending on age.
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Discussion

Thus, our preliminary analysis of the health status of
second- and third-generation descendants of the radiation-
exposed population living around the nuclear testing site
revealed a high range of doses for both individuals directly
exposed to nuclear weapons testing and their second-
generation descendants. This is due to the fact that these
individuals were born to irradiated parents and were directly
exposed both in utero and during childhood, when target
organs are most sensitive to radiation exposure [4].
Furthermore, they received relatively high doses of internal
radiation through the food chain in the form of milk from
domestic cows consuming grass in radiation-contaminated
areas, which negatively impacted thyroid function [3]. This
is confirmed by our findings of thyroid enlargement in
vitually all study participants, even third-generation
offspring, despite the low-dose radiation dose range.
Although median levels of free thyroxine and thyroid-
stimulating hormone were within normal limits, the fact that
thyroxine levels were closer to the lower limits of normal, as
well as elevated ACTH levels, indicate stress on the
adaptive system of the study participants.

Our study has several limitations, due to the recent
completion of screening studies and the insufficient
availability of the database for the control area, which is not
associated with radiation events related to nuclear weapons
testing. Therefore, a comparative analysis of health
indicators for the different dose groups and the control
group will be conducted later.

Conclusion

This study presents the results of a descriptive analysis
of health indicators and radiation doses in second- and
third-generation descendants of residents of the Abay
District of the Abay Region exposed to radiation from
nuclear weapons testing. The study results demonstrate a
range of high radiation doses for both first- and second-
generation exposed individuals. To determine the
relationship between radiation doses and stochastic and
deterministic effects on the health of the study residents, a
comparative analysis is required across different dose
groups and a control group of individuals not exposed to
radiation.
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