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IMPACT OF THE COVID-19 PANDEMIC ON ALL-CAUSE MORTALITY M) Check for updates
IN THE OZERSK URBAN DISTRICT

Mikhail V. Osipov*

Southern Urals Federal Research and Clinical Center for Medical Biophysics, Ozersk, Russia

Introduction. In the context of the COVID-19 pandemic, which has impacted all-cause excess mortality, it appears relevant to evaluate the
synergistic effects of occupational radiation exposure and the SARS-CoV-2 infectious agent on the overall mortality in the population of a
nuclear industry city. This is especially important for increasing the effectiveness of health protection and prevention measures among popula-
tion and professionals.

Objective. A retrospective analysis of all-cause mortality rates in the population of the Ozersk urban district (OUD) during the COVID-19 pan-
demic, adjusted for the influence of radiation and non-radiation risk factors.

Materials and methods. A retrospective cohort study among residents of the Ozersk urban district who died from various causes in 2020—
2023 was conducted. Annual reports from Rosstat and the Municipal Statistics department were analyzed. Data on COVID-19 morbidity and
mortality were provided by the Center for Hygiene and Epidemiology No. 71 in Ozersk. The survival function was assessed depending on
COVID-19 status, with adjustment for age and external occupational radiation dose among workers of the Mayak Production Association,
using the Kaplan—Meier method. The impact of COVID-19, considering occupational radiation dose, on all-cause mortality rates was analyzed
using the Cox proportional hazards model.

Results. The analysis of mortality rate dynamics revealed the period associated with the peak of pandemic all-cause mortality in the OUD
population. A significant influence of COVID-19 (p < 0.05) on all-cause mortality during the pandemic period, dependent on attained age and
occupational radiation dose, was revealed. It was demonstrated that the pronounced effect of COVID-19 on all-cause mortality was a conse-
quence of the multiplicative influence of several risk factors, among which attained age and external radiation dose had a significant impact.
Conclusions. The excess all-cause mortality rate in the OUD population during the pandemic period compared to the corresponding rate
for the population of Russian Federation is a consequence of the impact of risk factors specific to population residing in the vicinity of nuclear
industrial facilities. The results obtained are of interest for forecasting the potential detriment associated with the emergence of possible future
pandemic situations.
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BIMAHUE NAHOEMWK COVID-19 HA OBLLYIHO CMEPTHOCTb CPEAVN HACEJIEHUA
O3EPCKOIo rorpoiCKOro OKryra

M.B. Ocunos™
HOXKHO-Ypanbckuii henepanbHblii HayYHO-KIMHNHECKUIA LIEHTP MeanumHckom buodmamkmn ®MBA, Osepck, Poccus

BeepeHue. B ycnosusax naHgemun COVID-19, okasasLuen BAnsHe Ha M30bITOYHYIO CMEPTHOCTb OT BCEX MPUHMH, MPeACTaBNseTCa aKTy-
anbHOM OLIEHKa KOMMIEKCHOMO BO34ENCTBUSA (PaKTOPOB MPON3BOACTBEHHOIO 06/1yHeHNS U MH(DEKUMOHHOro areHTa SARS-CoV-2 Ha cmepT-
HOCTb Cpefin Hacenernst ropoaa aTOMHON NPOMbILLNIEHHOCTY B LieNsix paspabdoTky 3pdeKTUBHbIX Mep NPOMUNaKTUKN 1 OXpaHbl 3L0POBbs
HaceneHnst 1 nepcoHana.

Llenb. PeTpocneKkTnBHbIA aHann3 NHTEHCMBHOCTM OBLLIEN CMepPTHOCTI HaceneHns O3epckoro ropoackoro okpyra (Or0O) B nepvion nange-
M COVID-19 B 3aBMCMMOCTI OT BNNSIHUS (DAKTOPOB pUCKa paamaLoHHON 1 HepaamaLyoHHON Npupoabl.

MaTepuanbl n Mmetoapl. [lpoBegeHO PETPOCMNEKTMBHOE KOrOPTHOE McchefoBaHne »xutener O3epckoro ropoacKoro oKpyra, YMepLumnx
OT pasfu4HbIX NprHrH B nepuog 2020-2023 rr. AHanM3npoBanu exerofHble oT4eTbl PoccTata n MyHMUMNanbHOro oTaena CTaTUCTUKA.
LaHHble o 3aboneBaemocTu 1 cmepTHocT oT COVID-19 npenoctaBneHsl LieHTpom rurneHsl 1 anuaemumonorin Ne 71 . Osepcka. OueHka
DYHKLUMM BbPKMBAEMOCTU B 3aBMCUMOCTM OT Hannyms 3abonesarus COVID-19 ¢ y4eTom BAMSIHWSA BO3pacTa 1 403bl BHELIHEro npodeccuo-
HanbHOro 0bny4eHnsa paboTHMkoB MO «Mask» BbINOMHEHa C MCMob3oBaHeM MeToaa KannaHa — Manepa. AHanvs BansHuS 3aboneBae-
MocTn COVID-19 ¢ y4eTom [03bl NpodeccnoHansHOro 06/1y4eHnst Ha UHTEHCMBHOCTb CMEPTHOCTI OT BCEX MPUHMH BbINOSIHEH METOA0M
nponopLMoHanbHbIX prckoB Kokca.

© M.V. Osipov, 2025
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Pe3ynbTatbl. Ha OCHOBaHWM aHanus3a OvHaMWKK nokasaTenen CMepTHOCTU OnpedeneH nepron, CBA3aHHbIM C MUKOM NaHAeMUYeCKom
CMEPTHOCTW OT Bcex MpuynH cpeaun HaceneHus O O. BbisiBneHo 3HadvmMoe BausiHWe 3abonesarHus COVID-19 (p < 0,05) B 3aBMCKMMOCTU
OT AOCTUIHYTOrO BO3pacTa 1 A03bl NPOGECCHMOHANBHOrO 061yHeHNss Ha CMEPTHOCTb OT BCEX MPUYMH B TEYEHME MaHAEMUYECKOro NepUoaa.
[TokazaHo, 4TO BblpaxkeHHbIn ahhexkT Hann4msa 3abonesaHns COVID-19 Ha 0bLLyt0 CMEPTHOCTb ABMSANCSA CNEACTBMEM MYNBTUMINKATUBHOIO
BIINSIHMS HECKOJbKINX (PaKTOPOB prCKa, U3 KOTOPbIX 3HAYMMOE BAVSIHNE OKadblBain JOCTUrHYThI BO3PACT M 403a BHELUHEro 001y4eHus.
BeiBogbl. [peBbilleHe nokasatens obLlen cMepTHOCTU cpeaun HaceneHust O3epCcKoro ropoAcKkoro oKpyra B maHAeMUYecKuin nepuon,
MO CPaBHEHWIO C aHanornyHbIM rokasaresnem rno Poccumn SBasieTcs crneacTenemM BNMsHUS hakTopoB pUCcKa, CneLnduyHbIX ANs HACENEHUs,
npoXxuBatoLLEero B6113n 06 beKTOB S4epHO-MPOMBILLNIEHHOrO KoMMekca. [NonydeHHble pesynsTaTbl MpeAcTaBAstoT UHTepeC ANs NporHosa
BO3MOXKHOIO yLep6a, CBA3aHHOro C BO3HMKHOBEHUEM BO3MOXXHbIX MaHAEMUYECKUX CUTYaLMNA.

KntoueBble cnosa: naHgemus; COVID-19; obulas cMepTHOCTb; MPOodeCccroHanbHoe 061yHeHNne; pUCK

Ons yutuposanus: Ocunos M.B. BnusiHne naHaemun COVID-19 Ha 06LLyto cMepTHOCTb cpeam HaceneHns O3epckoro ropoACcKoro okpyra.
MegunumHa akcTpemasibHbix cuTyaymi. 2025. https:/doi.org/10.47183/mes.2025-355

duHaHcupoBaHue: paboTa BbiNofiHeHa 6e3 CrIOHCOPCKON MOAAEPIKKM.

CooTBeTCTBME NPUHLUMNAM STUKU: HE Tpe6osanoob o,u,o6peH|/|e O1O3TNHECKOrO KOMUTETA, MOCKOJIbKY nccnenoBaHme BbINO/IHEHO Ha OC-
HOBe 00e3/IMYeHHbIX AaHHbIX MeANLMHCKIX KapT (apxv1BHble MaTepuanbl).

BnaropgapHoCTb: aBTop BbipaxkaeT 61arofapHOCTb COTPYAHMKAM OTAena CTaTMCTUKM agMuHMcTpaumm O3epCcKoro ropofcKoro oKpyra
3a NpefoCTaBneHHyo MHOPMAaLIMIO, a TakxKe NMYHO pykosoauTento LieHTpa ririeHsl n anuaemvonorin LLnpsiesy V1.B. 3a okasdaHHyto no-

MOLLb B NpOBeAeHnn nccnegoBaHns.

nOTeHLI,I/IaﬂbeIVI KOH(bHI/IKT WHTEepeCcoOoB: aBTOP 3adBNAEeT 06 OTCyTCTBMMN KOHd)J'II/IKTa NHTEPECOB.

<1 Ocvnos Muxawmn BUKTOPOBUY 0sipov@subi.su

Ctatbs noctynuna: 17.07.2025 MNocne popabotku: 19.09.2025 MpuHaTa kK nyénukauun: 15.10.2025 Online first: 27.12.2025

INTRODUCTION

The global spread of the novel SARS-CoV-2 coronavirus
infection led to the COVID-19 pandemic, which result-
ed in an increase in the all-cause mortality rate among
the population both in Russia and globally compared
to previous years [1, 2]. The main risk factors influenc-
ing all-cause mortality during the pandemic, aside from
COVID-19 itself, are considered to be attained age, male
sex, the presence of comorbid conditions, and racial/
ethnic disparities [3].

A distinctive feature of all-cause mortality in the pop-
ulation of the nuclear industry city of Ozersk is chronic
exposure to ionizing radiation among employees of the
Mayak Production Association (Mayak PA) [4]. Numerous
studies have established the influence of ionizing radia-
tion on the risk of mortality from malignant neoplasms
and other causes [5-7], which may be considered an
additional risk factor affecting mortality rates during the
pandemic.

A review of scientific publications in domestic
and international journals indexed in the eLibrary and
PubMed databases revealed no studies assessing the
risk associated with the impact of COVID-19, while ac-
counting for other risk factors including occupational
radiation doses, on all-cause mortality rates during the
pandemic.

The aim of this study is a retrospective analysis of
all-cause mortality rates in the population of the Ozersk
urban district (OUD) during the COVID-19 pandemic,
based on the influence of radiation and non-radiation
risk factors.

MATERIALS AND METHODS

A retrospective cohort study among residents of the
Ozersk urban district (OUD) who died from various caus-
es in 2020-2023 was conducted. The crude all-cause
mortality rate was calculated using official statistical
data for the period 2013-2023.'2? The all-cause mortal-
ity rate (u) per 1000 individuals (%o) was calculated ac-
cording to the standard methodology described in [1].
The mortality risk intensity analysis was performed in the
cohort of individuals who were alive at the date of the
COVID-19 pandemic declaration (11.03.2020) and who
died from different causes during the subsequent three-
year period.

The source of information for this study was data
on COVID-19 morbidity and mortality provided by the
Center for Hygiene and Epidemiology No. 71 in Ozersk.
Data on external occupational radiation dose for em-
ployees of the Mayak Production Association (Mayak
PA) were obtained from the Mayak Worker Registry [5,
6]. The Kaplan—Meier survival function for individuals
who died from all causes during the period 2020-2023
was estimated based on the attained age at the time of
death [8]. To characterize the attained age at the onset of
observation, a categorical variable was used, compris-
ing the following age intervals: 0-19 years, 20-39 years,
40-59 years, 60-79 years, and 80 years and older. The
use of broad age intervals was implemented to increase
statistical power for groups with a small number of ob-
servations (n < 30).

Based on employment status at the main or auxil-
iary production units of Mayak PA in 1948-2016, the

" Socio-Economic Development Statistics for Ozersk Urban District http://ozerskadm.ru/regulatory/passport/ (access data 22.02.2025).

2 Federal State Statistics Service (Rosstat) http://rosstat.gov.ru/ (access data 22.02.2025).
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OUD population was categorized into two groups:
“general population” and “occupationally exposed”
population. Data on the cumulative effective dose of
external gamma radiation for the occupationally ex-
posed persons were obtained using the Mayak Worker
Registry [10]. A comparative analysis of mortality risk
intensity across different age groups within the popu-
lation, considering occupational radiation dose, was
conducted using the Cox proportional hazards model
[11]. The all-cause mortality hazard (h) was defined by
the following equation:

h, = h,(t) x ", )
h, — all-cause mortality hazard at time t; h,(f) — base-
line hazard at time t; B, — regression coefficient; x, — the
value of the covariate determining the risk factor.

The regression model was developed by sequentially
adding predictors to the base model. The Likelihood
Ratio Test (LRT) was used to compare the base and
extended models. The proportional hazards assump-
tion was verified using the Cox proportional hazards
test, with a critical p-value of 0.05 for rejecting the null
hypothesis that the proportional hazards assumption
is violated. The statistical significance of the regression
coefficients was assessed using the Wald Chi-square
test. Multicollinearity among parameters was checked
by calculating the Variance Inflation Factor (VIF) using
formula (2):

’

- 2
VIF R @

where R? — coefficient of determination for the j-th vari-
able regression.

The permissible multicollinearity threshold for the j-th
variable in the model was set at VIF < 5. The statisti-
cal significance of differences between survival func-
tions for different risk factors was assessed using the
non-parametric log-rank test [9]. The conventional sig-
nificance level of a = 0.05, corresponding to a 95% con-
fidence interval, was used to determine statistical signifi-
cance. Results were considered statistically significant
atp < 0.05.

RESULTS

In this study, crude all-cause mortality rates (Crude
Mortality Rate, CMR) were calculated for the OUD and
the Russian Federation for the period 2013-2023, based
on population size and number of deaths from all caus-
es. The dynamics of the crude all-cause mortality rate in
the OUD compared to the Russian Federation data over
the period 2013-2023 are presented in Figure 1.

It was established that the dynamics of the all-cause
mortality rate in the OUD in 2020-2023 followed a pat-
tern similar to that of the Russian Federation. However,
the all-cause mortality rate in the OUD was consistently
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higher than the corresponding rates for the Russian
Federation since 2016 and throughout the pandemic
period (the maximum discrepancy was observed in
2021: 17.2%o for the Russian Federation and 18.3%o
for Ozersk) (Fig. 1). The higher all-cause mortality rate
in Ozersk compared to the Russian Federation data,
when comparing unstandardized rates, may be a con-
sequence of differences in the age distribution of the
populations.

A statistically significant excess in the all-cause mor-
tality rate in the OUD relative to its pre-pandemic aver-
age (13.7%o) [2] was recorded over the three-year pe-
riod of 2020-2022. A pronounced deviation of the OUD
all-cause mortality rate from its expected value was
observed in 2020 at 16.2%., peaked in 2021 (18.3%o),
followed by a sharp decline in 2022 to 14.6%o, returning
to pre-pandemic levels (12.7%o) in 2023. These findings
indicate the necessity for a more detailed examination of
the 2020-2022 period, which corresponds to the peak
pandemic activity.

For this purpose, a cohort of OUD residents who
were alive at the pandemic declaration date and
died from all causes during the period 11.03.2020-
31.12.2022 was selected. The distribution of the study
cohort by sex, age, presence of COVID-19 as the
underlying cause of death, and cumulative external
gamma radiation dose intervals among the personnel
is presented in Table 1.

The presented data indicate an almost equal dis-
tribution of male and female subjects among those
who died from all causes during the pandemic pe-
riod. The largest proportion of all-cause deaths dur-
ing the pandemic period (81.4%) corresponded to an
attained age over 60 years. The mean attained age
at the onset of observation was 70.9 + 0.25 years: for
male subjects — 65.9 + 0.35 years, for female sub-
jects — 75.8 + 0.32 years. The mean age at death in
the OUD population during the pandemic period was

19.0 9 —&— Ozersk CMR (all-cause)
18.04 ~™— Russia CMR (all-cause)

17.0
16.0
15.0
14.0

13.0
12.0 A

All-cause mortality rate, %o

11.0

100 T T T T T 1
2012 2014 2016 2018 2020 2022 2024

Calendar year
Figure prepared by the author

Fig. 1. All-cause mortality rates (CMR) in Russia and
the Ozersk urban district for the 2013-2023 period
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Table 1. Characteristics of the cohort of OUD residents who died during the pandemic period, by attained age,
sex, external occupational radiation dose, and COVID-19 status

Parameter Absolute number Proportion, % COVID-19 (%)*
Gender
Male 1961 49.4 459 (46.3)
Female 2008 50.6 532 (63.7)
Attained age, years
0-19 21 0.5 3(0.3
20-39 188 4.7 30 (3.0)
40-59 638 16.1 135 (13.6)
60-79 1695 42.7 477 (48.1)
80+ 1427 36.0 346 (34.9)
Cumulative dose, mSv
0 117 2.9 23 (2.9)
0-9 389 9.8 100 (10.1)
10-99 339 8.5 78 (7.9)
100+ 63 1.6 14 (1.4)
Not measured (general 3,061 774 776 (78.3)
population)
Underlying cause of death
U071, Uor.2 425 10.7 370 (37.9)
Other causes 3421 89.3 621 (62.7)
Total 3969 100.0 991 (25.0)

Table prepared by the author

Note: “* — the percentage is calculated from the total number of cases in each subgroup.

72.5 + 0.32 years: for male subjects — 67.5 + 0.35 years,
for female subjects — 77.3 + 0.32 years. The proportion
of the deceased for whom the underlying cause of death
was COVID-19 (including individuals without SARS-
CoV-2 identification) was 10.7%.

In the study cohort, the proportion of COVID-19
cases accumulated during the pandemic period was
25%, being higher among the female subjects (53.7%).
The distribution by attained age reached a maximum
of 48.1% among individuals aged 60-80 years. The cu-
mulative proportion of individuals who was diagnosed
with COVID-19 during the pandemic period and were
exposed to external gamma radiation was 21.7%. The
proportion of individuals who sought medical care for
COVID-19 during the pandemic period, for whom this
disease became the underlying cause of death, was
37.2%.

The all-cause mortality in the OUD population, strati-
fied by age, was assessed using the Kaplan—-Meier
survival function for the age intervals of 0-39 vyears,

40-59 years, 60-79 years, and 80 years and older.
The dynamics of the all-cause mortality among the
OUD population across age intervals are presented in
Figure 2.

The survival function represents the empirically ob-
served proportion (%) of individuals who survived to a
specific observation time point, depending on their at-
tained age. The data presented in Figure 2 indicate a
significant increase in all-cause mortality in the popula-
tion under 40 years of age, which was more pronounced
during the first two years of the pandemic period (2020—
2021). The working age (40-59 years) group exhibited
the lowest all-cause mortality rates throughout the entire
pandemic period. Pairwise comparison of survival func-
tions using the log-rank test revealed statistically signifi-
cant differences (p = 0.012) between the age subgroup
19-39 years (mean attained age 34 + 0.33 years) and
40-59 years (mean attained age 51.7 = 0.22 years).

The number of Mayak PA employees who died
during the study period was 908 (22.9%). The mean
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Kaplan—-Meier survival function
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Fig. 2. Survival function for different age subgroups
in the OUD population who died during the pandemic
period: the date (11.03.2020) is indicated by points

cumulative external gamma radiation dose for work-
ers (including 117 individuals with zero measured dos-
es) was 27.6 = 1.97 mSv (median 7.11 mSv, maximum
547.05 mSv). The Kaplan—Meier survival function was
constructed for the general population (“Population”)
and occupationally exposed persons (“Workers”) cat-
egories. The dynamics of all-cause mortality in the OUD
population, stratified by the population subgroups, are
presented in Figure 3.

The data presented in Figure 3 indicate an increase
in all-cause mortality among the Mayak PA occupa-
tional cohort compared to the general population, with
the greatest deviation observed during the peak of the
coronavirus infection spread in 2021. A comparison of
survival functions within the occupationally exposed
subgroup for marginal categories of cumulative external
radiation dose (measured dose of 0 mSv and individuals

Kaplan—-Meier survival function
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Fig. 3. Survival function for deceased individuals in
the OUD during the pandemic period, stratified by
the presence of exposure to external occupational
radiation

with accumulated doses greater than 100 mSv) using
the log-rank test showed a borderline statistically sig-
nificant difference in all-cause mortality during the pan-
demic period (p = 0.053).

The results of the regression analysis of all-cause
mortality hazard, considering age, sex, COVID-19 sta-
tus, and cumulative external gamma radiation dose, per-
formed using a multivariate Cox regression model, are
presented in Table 2.

The model parameter estimates indicate that the in-
fluence of sex is not a linear predictor when comparing
all-cause mortality during the pandemic period. The in-
fluence of the direct effect of cumulative external gamma
radiation dose, included in the model as a linear predic-
tor, showed a statistically significant increase (p = 0.033)
in all-cause mortality hazard ratio of 0.1% per 1 mSv
compared to the non-exposed subgroup.

Table 2. Results of the all-cause mortality hazard modeling, adjusted for age, sex, and cumulative external

radiation dose (95% confidence interval)

Parameter Coefficient Standard error p [95% CI]
Gender (male) 1.064 0.034 0.062 0.997 1137
Age (20-year categories) 1.093 0.022 <0.001 1.050 1.138
Cumulative dose, mSv 1.001 0.0005 0.033 1.0001 1.002
COVID-19 4.942 0.20 <0.001 4.560 5.357

Variable interaction

COVID-19 1.424 0.228 0.027 1.041 1.948
Influence of age and COVID-19 1.494 0.074 <0.001 1.356 1.647
Influence of dose and COVID-19 1.002 0.001 0.050 0.999 1.004

Table compiled by the author
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The exclusion from the analysis individuals for whom
the underlying cause of death was COVID-19 (U07.X) led
to an increase in the statistical significance of the radia-
tion dose effect (p = 0.01) and an increase in all-cause
mortality hazard ratio to 0.11% for each 1 mSv of external
gamma radiation dose. This result indicates that chronic
exposure to ionizing radiation among Mayak PA employ-
ees was a risk factor that, during the pandemic period,
was more specific for deaths other than COVID-19.

The all-cause mortality hazard increased by a factor
of 1.001 with each 1 mSv increase in cumulative exter-
nal radiation dose. Based on the predictive estimates
obtained from the model, for Mayak PA employees
exposed to a dose of 27.6 mSv (the mean value in the
study cohort), the all-cause mortality hazard increased
by 2.8% compared to the non-exposed subgroup. The
predicted effect of the cumulative external gamma ra-
diation dose on mortality intensity during the pandemic
period among Mayak PA workers hired at main and aux-
iliary productions in 1948-2000 is presented in Figure 4.

The Cox regression model (Fig. 4) shows differences
in the predicted all-cause mortality hazard during the
pandemic period among personnel with different cumu-
lative external gamma radiation doses — 10 mSv and
1 Sv. On this basis, accumulation of an external gamma
radiation dose of 1 Sv, considering the mean attained
age of 70 years, would have led to the death of 95% of
Mayak PA workers within the first two years of the pan-
demic period.

The influence of a diagnosed COVID-19 disease in
patients in 2020-2022 is presented in Figure 5.

The obtained results indicate that COVID-19 is a
significant predictor, increasing the all-cause mortal-
ity hazard in the OUD population, after accounting for
the influence of occupational external radiation dose

Cox proportional hazards model
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Fig. 4. Predictive estimates of cause-specific mortality
hazard during the pandemic period 2020-2023 for
Mayak PA personnel, by cumulative external gamma
radiation dose

and attained age. The assessment of the direct effect of
COVID-19 indicates a 4.9-fold increase in the all-cause
mortality hazard in the cohort for patients who sought
medical care for at least one episode of the COVID-19
disease.

Including the interaction between COVID-19 status
and attained age in the model showed that the direct
effect of COVID-19 is disguised by the influence of the
patient age. For every 20-year increase in age, the effect
of having had COVID-19 increases the all-cause mortal-
ity hazard by 49%, while the influence of the direct effect
remains statistically significant but decreases to a haz-
ard ratio of 1.42 (p < 0.05).

Including the interaction between occupational ra-
diation dose and COVID-19 in the model revealed that,
compared to the non-exposed general population,
the all-cause mortality hazard among exposed indi-
viduals with a history of COVID-19 was higher by 0.2%.
However, this coefficient had borderline statistical sig-
nificance (p = 0.05), indicating a potential non-linearity
of this interaction.

DISCUSSION

The increased all-cause mortality rate in the OUD popu-
lation during the COVID-19 pandemic compared to the
Russian Federation data indicates the influence of risk
factors specific to populations residing in nuclear in-
dustry cities [4]. In addition to the direct health impact
caused by SARS-CoV-2, a significant risk factor is the
aging population in Ozersk [12]. Another factor affect-
ing the crude all-cause mortality rate is chronic radiation
exposure of personnel of the nuclear industrial facility.
The influence of occupational radiation exposure on the
risk of death from various diseases, beyond cancer, has

Cox proportional hazards model

100
—— COVID-19 (-)

|
|
|
| —— COVID-19 (+)
|
|

~
o
Il

Survival probability, %
o0
o
1

N
&)
Il

|
|
|
0 1 1

2020 2021 2022 2023

Observation time, year
Figure prepared by the author

Fig. 5. Predictive estimates of cause-specific mortality
hazard during the pandemic period 2020-2023,
stratified by the presence or absence of a confirmed
COVID-19 disease
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been widely studied recently [7, 13]. The results of this
study indirectly suggest a substantial role of ionizing ra-
diation as a risk factor for mortality from both malignant
neoplasms and non-cancer diseases.

The structure of all-cause mortality during the pan-
demic period, beyond deaths directly from COVID-19
as the underlying cause (U07.1, UQ7.2), includes vari-
ous clusters of diseases, such as malignant neoplasms
(CO0-C97). The influence of radiation, considered a po-
tential cause of oncological diseases in the exposed oc-
cupational cohort [5], may explain the observed increase
in all-cause mortality in the study cohort after excluding
COVID-19-associated deaths from the analysis.

Potential limitations of this study include the dura-
tion of the observation period, which encompasses
only the first three years following the declaration of the
COVID-19 pandemic. Although the pandemic officially
lost its status as a public health emergency of interna-
tional concern in 2022, the persistent presence of the
highly mutagenic SARS-CoV-2 infectious agent in the
population [14] continues to pose a threat of potential
adverse health outcomes, especially for nuclear industry
personnel. This fact could be highly significant for the
manifestation of potential long-term consequences of
COVID-19, the impact of which on mortality risk remains
insufficiently studied. For a more comprehensive anal-
ysis of this issue, it would be advisable to incorporate
the data on the dynamics of novel coronavirus infection
spread (pandemic waves), as well as differences in vi-
ral strains, and the number of infected individuals who
experienced mild symptoms and did not seek medical
care.

For a deeper understanding of the mechanisms of
pandemic impact within the context of public and oc-
cupational health in nuclear industrial facilities, a de-
tailed examination of the relationship between radiation
risk factors and specific causes of death is necessary.
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