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Abstract

Introduction. Mortality rates are an indicator of population health in various countries worldwide. They are influenced by
sociodemographic factors, the state of the healthcare system, and environmental factors, including exposure to ionizing radiation.

The aim of our study is to analyze mortality rates in the Abay and Beskaragay districts of the Abay region exposed to
radiation as a result of nuclear weapons testing from 1949 to 1975.

Materials and Methods. The study data consisted of cause-of-mortality certificates for the population of three districts in
the region from 1949 to 1975. The population of two districts (Abay and Beskaragay) was exposed to effective equivalent
doses of 625 to 870 mSv. The comparison group consisted of residents of the Kokpekty district. A total of 16,348 cause-of-
mortality certificates were copied and analyzed. Effective equivalent doses of radiation exposure for the population of the
study areas were obtained from the State Scientific Automated Medical Registry database.

Results. A significant increase in overall mortality rates for the population of all age groups in the Beskaragay district of
the Abay region was found 4-21 years after the onset of irradiation compared to the rates in the control Kokpekty district. No
significant differences were found in overall mortality rates in the Abay district compared to the control group. A modifying
effect of age on overall mortality rates was established for the population of the exposed groups. In subsequent years (26-49
years after the onset of irradiation), 6 to 8 peaks of significantly higher overall mortality rates were recorded among men and
women in the Beskaragay district compared to the control group. Among men and women in the Abay district, the overall
mortality rate did not differ significantly from the control group.

Conclusion. The overall mortality curve was remittent, with significant peaks alternating with plateaus in some years. No
dose-response relationship was found for overall mortality rates in the study areas.
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BBepeHue. okasaTeny CMEPTHOCTU SABMSKOTCA MHAMKATOPOM COCTOSIHWS 300POBbS HAaCENEHUs Pa3fnyYHbIX CTPaH Mupa.
Ha HWX OKa3biBalOT BAMSHWE COLManbHO-geMorpadmueckue hakTopbl, COCTOSIHUE CUCTEMBbI 3[4pPABOOXPAHEHUs CTpaHbl
NPOXMBAHUS, @ TaKKe 3KONOrnyeckme akTopbl, K KOTOPbIM OTHOCUTCS BO3AENCTBUE MOHWU3MPYIOLLEN pagmaLiy.

Llenbto Hallero nccnenoBaHus SBNSETCA aHanu3 nokasaTteneit cMepTHOCTH Hacenenns Abarickoro n beckaparaiickoro
paioHoB obnacti Abaii, MoABEprMXC pagnauMoHHOMY BO3LEWCTBUIO BCNEACTBME WCTIBITAHUIA SBEPHOTO OpYXMs, 3a
nepuog ¢ 1949 no 1975 rr.

Matepuansi n metoabl. Matepuanamu uccnefoBaHus NOCAYXMM akTbl-CEPTUCMKATLI MPUYMH CMEPTHOCTU HacemNeHns
Tpex paroHoB obnactu 3a nepuog ¢ 1949 no 1975 rr. Hacenenwe aByx paitoHoB (ABaickoro u beckaparaiickoro,)
noagepranock 00nyyYeHnto B AnanasoHe 3GhdEKTUBHbIX 3KBMBANeEHTHbIX 403 625 - 870 m3B. pynna cpaBHeHWs Obina
npeacTasneHa HaceneHnem KoknekTUHCKOro panoHa. BbikonupoBaHo 1 npoaHanuauposaHo 16 348 akTos- cepTudmkaToB
MPUYMH CMePTHOCTU. OPPEKTUBHBIE IKBUBANEHTHbIE JO3bl 0OMYYEHNS HACENEHNS UCCNEAYEMbIX PaiOHOB BbiNK B3ATHI U3
6a3bl JaHHbIX [0CYLapCTBEHHOTO HAY4YHOrO aBTOMATU3MPOBAHHOTO MEAMLIMHCKOTO PerucTpa.

PesynbTatbl. YCTaHOBMEHO [OCTOBEpHOE YBEnuueHue Ko3guuMeHTOB OOLLEn CMEepTHOCTW HaceneHns BCex
BO3pacTHbIX rpynn beckaparanckoro painioHa obrnactn Abai yepes 4-21 rog oT Havana 0bBnyvyeHns mo CPaBHEHWIO C
nokasaTensiMm KOHTPOMbHOrO KoKnekTUHCKOro paioHa. He 0OBHapyXeHO CyLIeCTBEHHbIX pasnuuuii B YpPOBHsX 06LLen
CMEepTHOCTM HaceneHust ABaickoro paioHa MO CPaBHEHUIO C KOHTPOSbHOM Tpynnoit. YCTAaHOBMEHO Moauduumpytollee
BNMsIHWE Ha nokasaTtenu obLUelt CMEPTHOCTM BO3pacTa HaceneHns 3KCNOHWPOBaHHbIX rpynn. B nocnegytowwe rogpl (26-49
neT OT Hayana obnyyeHns) Cpeam MyX4MH M XeHWWH beckaparaickoro paiioHa 3aperucTpupoBaHo OT 6 [0 8 nukos
CYLLECTBEHHOTO MPEBbILIEHNS YPOBHS 0OLIE CMEPTHOCTM NO CPaBHEHMIO C MOKa3aTensMu KOHTpons. Cpean MyX4uH u
KEHLMH Abalickoro paioHa ypoBeHb OOLLE CMEPTHOCTM CpeaM MYXYMH W JKEHLUWH CYLIECTBEHHO He OTnmdancs ot
nokasartenein KOHTPOnNs.

3akntoyeHue. Kpvsas ypoBHS 06LLUeil CMEPTHOCTW HOCUNAa PEMUTUPYIOLLMA XapaKTep C YepeaoBaHNEM CyLUECTBEHHbIX
NOABLEMOB C MOCMEAYHLLEeR HUBENMPOBKOM B OTAENbHbIE roAbl. He yCTaHOBMEHO 3aKOHOMEPHOCTEN «A03a-adhdhekT» Ans
nokasarenen obLLeln CMEPTHOCTW HAaCeNeHNs M3y4aemblX PanoHOB.

KniouyeBble cnoBa: o0was CMepTHOCTb, pagWauMoHHOe BO3OENCTBUe, 3(MEKTUBHBIE 3KBMBANEHTHbIE [03bl
0bnyyeHns, HaceneHue.
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Kipicne. ©nim-xiTiM kepceTkiluTepi onemHiH apTypni enaepiHaeri xanblk AeHCaynblfbHbIH, Xail-KyiiH CUNaTTanTbIH
MaHbl3abl MHAMKaTop Gonbin Tabbinagbl. OniM-XiTiv AeHrediHe aneymeTTik-gemorpadusansbik daktopnap, TYpFbIbIKTbI
enfiH [JeHcaynblK CakTay >XYMWeCiHiH XaFdaibl, COHAaM-aK 3Konorusnblk akTopnap, COHbIH, illiHAe WOHAAYLUbI
coyneneHyfiH, acepi biknan eTeai.

3epTTeyaiH MakcaTbl — SApONbIK Kapydbl ChHAY HOTWKECIHAE paguaumsanbik acepre yiubiparaH Abai 06MbIChIHbIH
Abait xaHe beckaparail ayaanaapbl XankbiHbiH, 1949-1975 xeingap apanbifbiHaarbl ©iM-XiTiM KOPCETKILUTEPIH Tanaay.

Marepuangap meH agictep. 3epTTey matepuangapbl petinae 1949-1975 xbingap apanbiFbiHaarbl 0BMbICTbIH, YL
ayhaHbl  XankbiHbIH - enim  cebenTepi XeHiHOeri akT-cepTudvkaTTap nanganaHbingsl. Aban xeHe beckaparai
ayAaHOapbIHbIH, Xankbl TWiMAi 3KBMBANEHTTIK CoyneneHy fosanapbiHbiH 625-870 M3B AnanasoHbiHOa CoyneneHyre
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yuwbiparaH. CanbicTblpy Tobbl peTiHae KeknekTi ayfaHbiHbIH, Xankbl anbiiabl. BapnbiFsl 16 348 enivm cebenTtepi xeHiHaer
aKT-cepTUcMKaT KeLwipinin, TanaaHgbl. 3epTTenreH aygaHdap XanKblHbiH, TUIMAI 9KBMBANEHTTIK CAynenieHy Aosanapbl
Typanbl ManiMETTEP MEMMEKETTIK FbiNbIMA aBTOMATTAHAbIPbINFAH MeauUMHAnNbIK PEerucTpaid, nepektep 6asacbiHaH
anblHapbl.

Hoatnxenep. CoyneneHy GactanFaHHaH keniH 4-21 xbin apanbifbiiga Abaii obnbichiHbIH, Beckaparaii ayaaHbiHaa
GapnblK xac TONTapbiHAAFbl XanblKTblH, Xannbl ©mniM-XiTiM koadduumeHTTepiHiH, 6akbinay 1066l 60MbIN TabbinatbiH
KeknekTi aygaHbiHbIH, KOPCETKILITEPIMEH CanbICThipFaH4a CeHiMAi TypAe XofapblnaFaHbl aHblkTanabl. Abai ayaaHbl
XanKblHbIH Xannbl eniM-xiTiM aeHreni Gakbinay TOObIMEH CanbICTbipFaHAa enieyni aibipMallbibIKTap KepceTnesi.
OKCMOHMPIIEHreH TOMTapAa Xac epeKWeniriHiH, Xannbl  eniM-XiTiv  KepceTkilTepiHe MoguduKaumanayllbl  acepi
aHbIkTangbl. KeniHri xbingapel (coynenery 6actanfaHHaH keiiiH 26—49 xbin) beckaparaii aygaHbiHaa epnep MeH aienaep
apacblHaa Xannbl eniM-XiTiM AeHremiHiH, 6akpinay kepceTkilTepiHeH 6-8 peT aiKblH apTy LekTepi Tipkengi. Abai
ayAaHblHAa epriep MeH ailenaepaiH xanmbl enivM-xiTiM aeHreii 6akpinay TobbiHaH eneyni Typae epekweneHoesi.

KopbITbIHABIL. XKannbl enim-xiTiM AeHrediHiH AMHamMukackl TONMKbIH Tapisai cunatta 6onbin, aliKbiH XOFapbinaynap
MEH KeWiHri Xblnaapaarbl KOpCeTKILITepAiH TericTenyi ke3ekTecin oTbipabl. 3epTTenreH ayaaHaap XankblHbIH, Xanmbl enim-
XITiM KepCeTKILUTEpI YLWUIH «403a—acep» TUNIHAEr anKblH 3aHAbIbIKTAP aHbIKTamNFaH XOoK.

Tytindi ce3dep: xannb! eniM-ximiv, paduayusinbiK acep, muiMoi skeusaneHmmik cayneneHy 0o3anapbl, XanbIK.
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Introduction

Mortality rates from various causes, primarily from
oncological diseases and diseases of the circulatory
system, as well as overall mortality, are indicators of the
health status of the population in various countries around
the world. These indicators are influenced by socio-
demographic factors, such as the level of national income,
the state of the healthcare system in the country of
residence, the age structure of the population, the level of
education of the population, nutrition, as well as
environmental factors. One of such environmental risk
factors for residents of some areas of the Abay region
(former Semipalatinsk region) over a long period of time,
starting in 1949, is exposure to ionizing radiation in the
range of medium and low doses. During the testing period
at the Semipalatinsk nuclear test site from 1949 to 1989,
468 nuclear charges were detonated, including 117 ground
and air explosions. As a result of the tests, hundreds of
thousands of residents of the territories adjacent to the test
site, including several generations, were exposed to
repeated external and internal irradiation [8, 14].
Undoubtedly, exposure to ionizing radiation had a negative
impact on the health of the exposed population.

The aim of our study is to analyze mortality rates of
the population of the Abay and Beskaragay districts of the
Abay region, exposed to radiation as a result of nuclear
weapons testing, for the period from 1949 to 1975.

Materials and Methods

Characteristics of the Study Population

The study was conducted using death certificates for
the causes of death in three districts of the Abay region
from 1949 to 1975. The population of two districts (Abay
and Beskaragay) was exposed to effective equivalent doses
of 625 to 870 mSv. The comparison group consisted of the
population of the Kokpekty district and was adequate in

/I Foimbim  xoHe [eHcaynblk cakray. 2025. Vol.27

(4), B. 257-265. doi

terms of size, age, and sex composition; residents of this
district were virtually not exposed to radiation (effective
equivalent doses ranged from 50 to 70 mSv).

Data from cause-of-mortality reports were entered into
the State Scientific Automated Medical Registry (SSAMR)
database, which contains information on individuals directly
exposed to ionizing radiation as a result of nuclear weapons
testing at the Semipalatinsk nuclear test site, as well as
their subsequent generations. In addition, for each registry
member, information is available on the calculated
individual equivalent dose of radiation, health status, the
presence of chronic diseases, causes of death, and the
presence of radiation and non-radiation health risk factors.
This information is necessary for the development of
strategies aimed at preserving and improving the health of
residents affected by the test site's activities. The registry
was created in 2002 in collaboration with Japanese
colleagues from the Radiation Effect Research Foundation
and with the support of the Ministry of Health of the
Republic of Kazakhstan [1,6].

Over the entire study period, male represented an
average of 46.9% of the population in the districts studied,
while female accounted for 53.1%. The population of the
Abay district varied from 12,000 to 18,000 people, while the
Abay and Kokpekty districts had a population of 24,000 to
32,000 people. Kazakhs predominated in the Abay and
Kokpekty districts, while Caucasians (Russians and
Ukrainians) predominated in the Beskaragay district. The
age groups from 0 to 19 years constituted an average of
46%. From 1949 to 1975, 16,348 death certificates were
copied and analyzed (Table 1). Causes of death were
coded according to the Statistical Classification of
Diseases, Injuries, and Causes of Death, 10th Revision
(ICD-10), indicating the underlying disease that led to
death.
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Table 1.
Number of acts of causes of death in the studied areas (1949-1975, absolute numbers).
District Male Female Total
Abay 1825 1560 3386
Beskaragaysky 3690 3099 6789
Kokpekty 3280 2893 6173

Effective equivalent doses to the population of the study
areas were selected from the State Scientific Automated
Medical Registry database. The dose calculations are
based on a joint US-Russian dose reconstruction

methodology developed based on the combined experience
of experts from various countries [4, 5, 12, 15]. The
characteristics of the effective equivalent doses to the
population of the study areas are presented in Table 2.

Table 2.

Characteristics of average effective equivalent doses of radiation to the population of the studied areas.

District External irradiation dose, Internal radiation dose, Effective equivalent dose,
mGy mSv mSv
Abay 355,0 270,0 624,0
Beskaragaysky 670,0 200,0 870,0
Kokpekty 50,0-70,0*
Statistical Analysis differences in dynamics between the exposed and control

Statistical data processing was performed using SPSS
(v.20) and Jamovi (v.2.5). Mortality rates per 100,000
population were calculated and subsequently standardized
(ASR). Standardized mortality ratios (SMRs) were
calculated. It was taken into account that the comparison
group (residents of the Kokpekty district) corresponded in
age structure to the entire population of men and women
exposed to radiation. Mortality analysis was conducted by
time period (1949-1975, 1975-1997). The level of statistical
significance was set at p < 0.05.

Results

An analysis of the obtained study results showed that
overall and oncological mortality rates for male and female
of different age groups in some cases had significant

A) Male, 1949-1975

groups. Therefore, the analysis of mortality rates was
conducted separately for men and women and for different
age and sex groups. Among both male and female, the
age-standardized overall mortality rates (ASR) for the
population of the Abay district did not differ significantly
from the control rates over the entire study period. The
mortality rate fluctuated within a small range, averaging
580.2-1250.3 per 100,000 population (Figure 1). It should
be noted that in the baseline period (1949-1952), due to
high infant and child mortality, as well as tuberculosis
mortality among the adult population, overall mortality rates
in the Abay district were quite high and averaged 1100-
2400 per 100,000 population.
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B) Female, 1949-1975.
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Figure 1. Mortality rates (ASR) in the residents of the Abay and Kokpekty districts.

Positive dynamics of standardized overall mortality rates
among male and female was established among residents of
the Beskaragay district in certain time intervals. Thus, among
women of the Beskaragay district, due to increased infant and
child mortality in the initial period, the overall mortality rate was
significantly higher than in the control district. Beginning in 1955
(5 years after irradiation), the standardized overall mortality rate
among female of the Beskaragay district increased
significantly. Thus, in 1957 it was 1306.9 (1096.7-1557.5) per
100,000 population, in the control district — 697.0 (570.5-851.6)

A) Male, 1949-1975.

per 100,000 population (P<0.05; SMR=187%). By 1963-1964,
the ASR in the exposed district leveled out with the control rate.
Since 1965, another significant increase in ASR was recorded
in the Beskaragay district - 1285.7 (1087.1-1520.5) per 100,000
population, in the control district - 621.7 (509.3-758.7) per
100,000 population (SMR = 207%). In 1971, the ASR of the
exposed group was 1655.6 (1430.0-1916.8) per 100,000
population, in the control district - 547.7 (447.5-670.9) per
100,000 population (P < 0.01; SMR = 180%) (Figure 2).
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B) Female, 1949-1975
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Figure 2. Mortality rates (ASR) in the residents of the Beskaragay and Kokpekty districts

Among male in the Beskaragay district, standardized
overall mortality rates significantly exceeded those in the
control district throughout almost the entire study period.
Three time periods with significant increases in ASR rates
were recorded: from 1952 (2 years after the start of
exposure) to 1962 (12 years after the start of exposure);
from 1965 (15 years after the start of exposure) to 1968 (18
years after exposure); from 1969 (19 years after exposure)
to 1975 (25 years after the start of exposure). In 1957, the
ASR in the exposed area was 1677.6 (1411.2-1985.7) per
100,000 population, in the control district- 910.8 (758.6-
1093.0) per 100,000 population (P < 0.05; SMR = 210%); in
1960 - 2068.5 (1810.7-2363.1) per 100,000 population, in
the control district- 718.5 (597.8- 863.5) per 100,000
population (P < 0.01; SMR = 290%) (Figure 2).

Thus, analysis of standardized overall mortality rates
among the populations of the exposed and control areas
revealed significant fluctuations depending on the temporal
distribution and gender of individuals in the study groups.
No modifying effect of radiation dose on changes in ASR
rates was detected. For example, among the population
exposed to an average dose of 625 mSv (Abay district), no
significant differences in ASR were found compared to the
control group. In another case, with exposure to an average
dose of 870 mSv (Beskaragay district), significant excesses
in standardized overall mortality rates were found at various
time intervals after exposure compared to control rates.

Discussion

A retrospective assessment (1949-1998) of the overall
mortality rate of the population of the Abay and Beskaragay
districts of the Semipalatinsk region exposed to radiation
allowed us to identify the characteristics and patterns of
influence of the main modifying factors (dose magnitude
and type of exposure, gender, age, time at risk) on

significant changes in mortality levels and structure.
Preliminary processing of the study results revealed the
lowest overall mortality rate among the population of the
control Kokpekty district throughout the entire period
compared to those in other districts.

Among the exposed districts, the lowest overall
mortality rates, not significantly different from the control
rates, were recorded among the population of the Abay
district (weighted average cumulative effective equivalent
dose of radiation to the population of 624.0 mSv).

An analysis of standardized overall mortality rates for
the populations of exposed and control areas revealed
significant fluctuations depending on the temporal
distribution and gender of individuals in the study groups.
No modifying effect of radiation dose on changes in ASR
rates was detected. We believe that most of our
calculations for reconstructing effective equivalent radiation
doses are rather arbitrary and subject to a certain degree of
error. The dose range established for the population of
specific areas can be classified as low and medium
radiation doses. Its variations within a range of up to 870
mSv significantly reduce the ability to determine sensitivity
thresholds for certain excess somatic and oncological
diseases that cause death. The insignificant variation in
minimum and maximum radiation doses in specific areas
complicates  the identification  of  dose-response
relationships for the dynamics of excess somatic diseases,
taking into account their temporal distribution.

In our radiation-epidemiological analysis of the study
results, we assumed that there can be no single cause for the
increase or decrease in overall mortality rates, even with such a
significant excess as ionizing radiation. The polymorphism of
causes of overall mortality in population groups of any size and
ethnic composition determines its level at any time, and is
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dependent on modifying factors such as gender, age, and a
combination of endogenous and exogenous factors.

At present, despite a significant number of publications,
the somatic effects of exposure to ionizing radiation on the
human body remain the least studied [3]. Early reports on
the life expectancy of bombing survivors noted the absence
of increased mortality from diseases not caused by
neoplasms; they even revealed a lower level compared to
the control cohort [13]. The situation changed with the
accumulation of data on the Life Span Study cohort [16].
For 1958-1990, the relative risk (RR) of myocardial
infarction for both sexes at a radiation dose of 1 Gy
compared to the control cohort was 1.17. The highest risk
was characteristic of individuals irradiated before the age of
40 years. Moreover, no dependence on gender or time
elapsed since the bombing was found [11]. There is an
association with radiation exposure of such manifestations
of atherosclerosis as stroke and isolated systolic
hypertension [7]. However, in terms of significance as a risk
factor, radiation is inferior to such well-known factors as
lifestyle and hypertension.

A study of mortality among atomic bomb survivors
revealed a statistically significant increase in non-oncologic
mortality rates depending on the radiation dose. Data were
summarized for 86,572 atomic bomb survivors [13]. Of
these, 27,000 non-oncologic mortality cases were
registered, which occurred in the cohort from October 1,
1950, to December 31, 1990 [10]. A clear dose-response
relationship was found in the excess of diseases such as
cardiovascular, respiratory, and gastrointestinal tract
diseases. The incidence of the above-mentioned diseases
increased with increasing dose. An assessment of
radiation-related non-oncologic mortality in the cohort
showed that these diseases account for 50-100% of the
number of solid cancers. However, these data did not
explain the dose-response relationship [2]. No evidence
was obtained against a linear relationship, but statistically
consistent indicators with  curvilinear dose-response
functions demonstrate zero risk for doses below 0.5 Sv. The
authors believe that the obtained data on reliable changes
in the excess relative risk depending on age and exposure
allow us to consider the dependence on these factors
statistically insignificant. At the same time, a significant
dependence on the dose level on the mortality rate from
blood diseases with an excess relative risk several times
greater than that for solid cancers was established [2].

Somewhat different results were obtained in a radiation-
epidemiological analysis of non-oncologic morbidity among
Chernobyl accident liquidators [9, 10]. The data were
obtained from a cohort of 68,309 liquidators with verified
medical data. It was established that, of all classes of non-
oncologic diseases, statistically significant radiation risks
were recorded in the first 3 years only for cerebrovascular
diseases (ERR Gy(-1)=1.17 at a 95% confidence interval of
(0.45; 1.88).

Conclusion

A significant increase in overall mortality rates was
observed in all age groups of the Beskaragay district of the
Abay region 4-21 years after the onset of irradiation
compared to the control Kokpekty district. No significant
differences were found in overall mortality rates in the
exposed Abay district compared to the control district. A

modifying effect of age on overall mortality rates was
established for the population of the exposed districts.

In subsequent years (26-49 years after the onset of
irradiation), six to eight peaks of significantly higher overall
mortality rates were recorded among men and women in
the Beskaragay district compared to control rates. Among
men and women in the Abay district, the overall mortality
rate did not differ significantly from the control rates. The
overall mortality curve was remitting, with alternating
significant increases followed by a plateau in some years.

No dose-response relationships were found for overall
mortality rates in the studied districts.
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