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EVALUATION OF THE IMPACT OF COVID-19 PANDEMIC ON OVERALL MORTALITY
IN OZYORSK URBAN DISTRICT
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COVID-19 pandemic announced by World Health Organization in March 2020 raised concern on potential demographic losses. This retrospective study was
aimed to analyze the pandemic-related changes in the demographic status of the Ozyorsk urban district located close to the nuclear industry facility — the “Mayak”
Production Association. Population changes in the Ozyorsk urban district over the last decade were analyzed based on the open-access demographic data. The
impact of the COVID-19 pandemic on the demographic status of the Ozyorsk urban district was assessed using the crude overall mortality rates. Comparison of the
overall mortality rates has been performed between 2020 and each previous year to assess the deviation of mortality from the forecasted value. The overall mortality
rate in 2020 has been found increased significantly by 19%. Excess mortality attributed to the impact of the pandemic was 13.4%. The expected absolute number
of excess deaths from COVID-19 being the main cause of death was 60 (4.2%). The COVID-19 pandemic had a significant negative impact on the demographic
status of the Ozyorsk urban district; however, the role of COVID-19-associated deaths in overall mortality was not predominant.

Keywords: pandemic, coronavirus infection, COVID-19, SARS-CoV-2, population changes, mortality rate, Ozyorsk

Acknowledgements: the authors would like to express their appreciation to Yulia V. Tzareva, PhD, research fellow at the Department of Epidemiology, Southern
Urals Biophysics Institute, for discussing the study results.

Author contribution: Osipov MV — concept, design, research coordination, statistical analysis and data interpretation, drawing conclusions, manuscript writing,
and translation; Sokolova VA — analysis, study planning, data interpretation, discussion; Kushnir AS — literature analysis, data interpretation, manuscript writing.

P><] Correspondence should be addressed: Mikhail V. Osipov
Ozyorskoe shosse 19/1, k. 108, Ozyorsk, 456780, Russia; osipov@subi.su

Received: 10.03.2022 Accepted: 02.04.2022 Published online: 21.04.2022
DOI: 10.47183/mes.2022.011

OLIEHKA BNUAHNA NAHOEMUU COVID-19 HA OBLLUUIA KO3®®ULIMEHT CMEPTHOCTU
HACEJIEHUA O3EPCKOI'O rOPOICKOIO OKPYTA

M. B. Ocvnos'™, B. A. Cokosnosa?, A. C. KylHmp?

T KOXKHO-YpanbCKuii MHCTUTYT Brodmrarkin defepanbHoOro Meamnko-6ronorndeckoro areHTcTea, O3épcek, Poccust
2 KnuHnyeckas 6onbHuua «PXKO-MeavupyHar, YensouHek, Poccurst

MaHpoemust COVID-19, obbsiBneHHas BcemypHol opraHusaupmen 3npaBooxpaHeHns B Mapte 2020 r., obycnosuna HeoOXoaUMOCTb OLEHKM MOTEHLMaNbHOro
nemorpacduyeckoro yulepba ans HaceneHus. Llenbto paboTbl ObI10 MPOBECTU PETPOCMEKTUBHbIN aHannM3 U3MeHeHUst demorpadmryeckon cutyaunum B
O3epCKOM rOpOACKOM OKpPYre, PacronoXeHHOM BOIM3N NpeanpusiTus aToMHon npombituneHHocTv MO «Masik». Ha ocHoBe ony6nmMkoBaHHbIX B OTKPbITOM
[0CTyne AeMorpauyecKx JaHHbIX 6bI10 PETPOCNEKTVBHO NPOaHaM3MPOBaHO N3MEHEHWE YMCNIEHHOCTI HACEeNeHNs 3a AECATUNETHII Nepuos. YpoBeHb obLLeln
cMepTHOCTY B 2020 . cpaBHUBANCS C KaxkAbIM NMPeablayLLVIM rOA0M B TeHeHVe NCCRedyeMoro Neprnoaa A1 OLEHKM BENMHMHbB! OTKIIOHEHWS YPOBHS CMEPTHOCTM
OT €ero MporHoavpyemoro 3HadeHns. OueHka BanaHus nangemun COVID-19 Ha pemorpadudeckuin ctatyc O3epCKOro ropoAckoro OKpyra BbINMOMHANACh
C VCronb3oBaHnem rpyboro nokasatens obLiei CMepTHOCTM. [oka3aHo CTaTUCTUYECKM 3HaYMMOE MOBbILIEHWE YPOBHSI 0bLuein cmepTtHocT B 2020 I no
CPaBHEHNIO C ero OXXMaaeMoin oLeHKoM Ha 19%. AGCOMIOTHbIA N36LITOK 0OLLIEI CMEPTHOCTH, OTHECEHHbIN K BIMSHUIO NaHaemun, coctaBun 13,4%. Oxunpaemoe
HMCII0 N3ObITOYHBIX Cly4aeB CMepTU B pedynsTtarte 3abonesaHna COVID-19 kak 0OCHOBHOM Npu{mnHbI cMepTr cocTasuno 60 (4,2%). Mangemna COVID-19 okasana
CTaTUCTUYECKM 3HAYMMOE HeraTUBHOe BAMSIHKE Ha aeMorpadmdeckuii ctatyc O3epckoro ropofckoro okpyra, OfHaKo ee BMsSHME Ha OBLLY0 CMEPTHOCTb He
Ob1110 NPEBaANVPYIOLLIAM.

Knto4yeBble cnoBa: naHaemusi, KopoHasmpycHast nHdekums, COVID-19, SARS-CoV-2, nokasatenn obLuelt cmepTHocT, O3epck
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On March 11, 2020 the World Health Organization (WHO)
announced a new global threat, the outbreak of COVID-19
caused by the novel coronavirus infection SARS-CoV-2, the
spread of which had become a pandemic. The COVID-19
associated atypical severe acute respiratory syndrome (SARS)
[1], prone to progression towards severe forms in 20% of
infected [2] and characterized by high probability of lethal
outcome [3], has become a subject of concern for clinicians
and epidemiologists all over the world. As of December 31,
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2020, the total number of diseased due to infection of novel
coronavirus SARS-CoV-2 in the world was about 83,200,000
[4], with over 1,815,000 deaths from various causes among
them. Case fatality rate among patients with confirmed cases
of COVID-19 varied greatly from country to country within a
range of 0.3-5.8% [5].

The global spread of the novel coronavirus infection
associated with increased morbidity and mortality is a risk
factor potentially affecting the population changes. This could
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be particularly important for the sparsely populated areas and
small urban districts, such as the closed administrative territory
Ozyorsk, located close to the “Mayak” nuclear complex [6].
The sanitary and epidemiologic wellbeing of the Ozyorsk urban
district population is an important task of the Federal Target
Program “Nuclear and Radiation Safety in 2016-2020, and
until 2030” [7], that is why evaluation of possible sanitary losses
due to impact of the pandemic becomes especially important.

Since the announcement of the pandemic, a number of
research studies has been conducted by Russian and foreign
scientists, including those aimed to assess the COVID-19-
associated demographic losses [3-5, 8-12]. Specific mortality
rates such as infection fatality ratio (IFR) and case fatality ratio
(CFR) based on the number of deaths among infected has
been widely used by the epidemiologists to characterize the
impact of the pandemic to population. However, these specific
indicators used to characterize the prevalence of infection
depend on certain demographic and economic conditions
which may vary from country to country. According to WHO,
the true level of transmission is frequently underestimated
because a substantial proportion of people with the infection
are undetected either because they are asymptomatic or have
only mild symptoms [13]. Therefore, the use of specific fatality
rates (IFR and CFR) to assess true level of the pandemic spread
could be compromised by underestimation {11, 12].

On the other hand, an in-patient specific mortality indicator
used to monitor the infection spread [14] which is calculated for
patients seeking medical care, would be obviously higher than
among the rest of the population. Thus, the consequences of
the SARS-CoV-2 spreading in the population estimated using
specific indicators are likely to be overestimated [15]. The fatality
rates calculated in different periods of the epidemic process
may vary greatly, which could result in erroneous interpretation
of the comparison results in various populations at different
time [8] and make it difficult to predict the expected sequelae
[16]. The use of different methods for fatality rates calculation
implemented in different countries serves as a source of bias
that led to wide variability (0.1-25% and more) [13], which
could mislead researchers when comparing the data reported.

The one of the possible ways to minimize the impact of
these uncertainties is the use of the non-specific crude overall
mortality rate indicator, which, unlike specific indicators, is
insensitive to the use of different calculation methods, since
it is a proportion of deaths from all causes in the population.
According to that, in this study the pandemic-associated
excess mortality in the population of the Ozyorsk urban district
has been evaluated using the comparison of the crude overall
mortality rates.

93.000

METHODS

A retrospective cohort study has been conducted among the
population of the Ozyorsk urban district during the period from
2010 to 2020. The statistical analysis has been performed
using the data from official statistics [17]. The number of deaths
from all causes (M,) and the population size (P) given by the end
of the year (f) were used to calculate the overall crude mortality
rate (u,) per 1000 using equation:

=M 1000
He = P, .

The annual increase in the crude mortality rate was calculated
using equation:

(1)

Ht — He-1

Ap = X 100% , )
He-1
where p, — crude overall mortality rate in the current year,
H,, — crude overall mortality rate in the previous year. Excess

mortality was calculated as the difference between the 2020
crude mortality rate and the average mortality rate during
the decade before the COVID-19 pandemic announcement,
assuming the static demographic trend over the years. Trend
estimation was performed using the linear correlation coefficient
(n and approximation coefficient R? [18].

To characterize the mortality rate per 1000 (%o), a conventional
scale was used [19]. According to that scale, the mortality rate
in the Ozyorsk urban district was ranged:

(1) < 10%0 — low,

10%0 < (|Jt) < 15%0 — medium,

15%o < (1) < 25%0 — high.

The statistical hypothesis on the existing impact of the
CQOVID-19 pandemic on the mortality rate in the Ozyorsk urban
district population was tested against the null hypothesis using
the comparison of the overall crude mortality rates given by
previous decade. Statistical significance of the differences
between the annual mortality rates was assessed by frequency
analysis of binary outcomes (presence or absence) in 2 x 2
contingency tables using Pearson Chi-square test implemented
in the “WinPepi” statistical software package [20]. The results
were considered significant at p < 0.01. The probability of
replication of the results (P-rep) [21] was considered sufficient
reaching 80% with the significance level a = 0.05.

©)

RESULTS

The dynamics of population changes in the Ozyorsk urban
district during the study period is shown in Fig. 1.
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Table 1. Population size and mortality in the Ozyorsk urban district, 2010-2020
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Year Population Deaths Deaths increase Mortality rate (u,) Ay, %
2010 97,832 1309 - 13.38 -
2011 92,335 1243 -66 13.46 0.6
2012 91,744 1226 -17 13.36 -0.74
2013 91,285 1181 -45 12.94 -3.14
2014 90,567 1240 59 13.69 5.8
2015 90,029 1237 -3 13.74 0.37
2016 89,724 1279 42 14.25 3.71
2017 89,545 1227 -52 13.7 -3.86
2018 89,230 1241 14 13.91 1.53
2019 88,835 1197 -44 13.47 -3.16
2020 88,399 1430 233 16.18 20.12

The dynamics of population changes in the Ozyorsk urban
district over a 10-year period show a clear downward trend
which can be approximated using linear quadratic model
(R? = 0.99). The linear correlation coefficient is 0.84 (p < 0.05).
The linearity of the trend was within 0.7 < r < 0.9 (R*> = 0.97),
which points to the distinct linear component.

Annual overall crude mortality rates (u), as well as annual
absolute and relative mortality rate increase (Ay, %) during
2010-2020 are shown in Table 1.

The increase in the absolute number of deaths by 2020
in Ozyorsk urban district population was 233, compared to the
previous year, or 192 deaths, compared to the average number
of deaths for the previous decade (2010-2019). The expected
number of excess deaths that could be related to the first year of
the pandemic was 2.17 per 1000, or 13.4% of the overall mortality.

The increase in the overall mortality rate (Ap) in the Ozyorsk
urban district in 2020 was 20.12%, compared to the 2019. The
overall mortality ratio, p,,, /M,o10.0010 COMPared to the previous
decade was 1.19 (95% Cl: 1.1-1.28; p = 6.0 x 10 which
corresponds to 19% average excess mortality.

According to the mortality range scale (3), the mortality level
observed in the Ozyorsk urban district remained “medium” until
2019, and increased to a “high” level since 2020. The changes
in the overall mortality rates in the Ozyorsk urban district
compared to similar indicators for Chelyabinsk region in the
recent decade (2010-2020) are shown in Fig.2.

During the recent decade, a linear downwardl trend of
the overall mortality rate (R° = 0.9) in Chelyabinsk region has

persisted, compared to the same in the Ozyorsk urban district
which fluctuates between 12.5 and 14.5 showing a weak
upward trend (linear correlation 0.69). It is noteworthy that in
recent years mortality rates in the Ozyorsk urban district exceed
that of the region.

According to the official demographic data, the mortality
rate in Chelyabinsk region in 2020 reached 15.9, compared
to the Ozyorsk urban district (16.2) [22], which showed a
substantial deviation from the predicted value calculated based
on linear extrapolation. Pairwise comparisons of the annual
2020 mortality with the previous decade were performed in
order to test the null hypothesis, using the 2019 mortality as a
reference value.

Comparisons of the 2020 overall mortality within the
decade, significance testing and reproducibility of the results
are shown in Table 2.

Pairwise comparisons of the 2020 mortality with the each
mortality rate for the non-pandemic years revealed significant
differences in all pairs (p <<0.05) with the high level of
reproducibility (> 80%). At the same time, comparison with the
reference value (2019) revealed no significant differences in any
of the pairs (p > 0.05), except for the 2020.

DISCUSSION
Our findings show a significant increase of crude mortality rate

by 20.1% in the Ozyorsk urban district compared to the 2019,
and by 19.0% compared to the average estimate for the non-
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Fig. 2. Annual changes in the crude overall mortality rate per 1000 in the Ozyorsk urban district and Chelyabinsk region, years 2010-2020
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Table 2. Comparison of the overall mortality rates in the Ozyorsk urban district within the decade

2 2
Year PF‘:;/S;E eX P-rep, % Year Pjif;zex P-rep, %
2010 5.8 x 107 93 2010 0.86 -
2011 1.8 x10° 92 2011 0.98 -
2012 7.6 x107 93 2012 0.84 -
2013 1.0x10® 94 2013 0.32 67
2014 1.4 x10° 92 2014 0.69 -
2015 2.3x10° 91 2015 0.63 -
2016 9.3 x10* 89 2016 0.16 28
2017 1.7 x10°° 92 2017 0.68 -
2018 8.7 x 10°° 91 2018 0.43 89
2019 2.6 x10° 92 2019 - -
2020 - - 2020 2.6 x10° 92

pandemic decade (2010-2019). This suggests that in 2020 a
new negative factor appeared in the study population which
has significantly affected the mortality.

These results are consistent with the national statistics
data. According to the Russian Government Statistical Service
(“Rosstat”) [23], 288,000 more people died in 2020 in the
Russian Federation compared to the average number of deaths
over the previous 5-year period, and the excess mortality was
18.9% compared to the previous year (2019), which was
confirmed by recent studies [10-12]. The estimated proportion
of deaths caused by the COVID-19 as the main cause of death in
the 2020 in the Russian Federation (excess mortality) was 31%.

In this study we have limited access to the information on
the number of fatal cases among infected with SARS-CoV-2
in the Ozyorsk urban district. However, the COVID-19 specific
mortality for the Ozyorsk population can be estimated using the
“Rosstat” excess mortality coefficient, in the assumption that
there are no substantial differences in age and gender structure
between the populations of the Ozyorsk urban district and the
Russian Federation, and the changes in mortality rate with time
at risk, as well. Assuming the aetiological fraction of 31%, the
expected number of deaths due to COVID-19 in the Ozyorsk
urban district would be 59.5, and the expected annual specific
mortality rate per 100,000 would be 67.3.

In comparison with the crude mortality from cardiovascular
diseases (CVD) and cancer, as the most socially significant
disorders, ranked as the leading causes of death in the Russian
Federation, the role of COVID-19 in the overall mortality was
not predominant. In case of main cause of death, COVID-19
mortality would be 8.5 lower compared with the CVD-associated
mortality rate for 2019 (573.2 deaths per 100,000 population)
[24], and 3.0 times lower (203.5 deaths per 100,000 compared
to cancer-induced deaths.

According to that, the expected number of related to the
pandemic but not induced by the COVID-19 excess deaths in
the Ozyorsk urban district in 2020 would be about 132. These
excess fatal cases may be associated both with SARS-Cov-2
infection, and the other causes that are not related to COVID-19
itself, but significantly related to the pandemic.

Due to the rapid spread of the pandemic in early 2020,
according to WHO recommendations governments of the

majority of the countries, including Russia, imposed certain
restriction measures aimed to reduce the number of SARS-
CoV-2 infected individuals and improve medical care to
CQOVID-19 patients. Despite these mandatory measures,
the healthcare system forced real difficulties because the
number of in-patient beds for patients with non-communicable
diseases in the Chelyabinsk region decreased rapidly in favour
of COVID-19 beds (Table 3).

Repurposing of many hospital departments and clinics into
the infectious in 2020 has led to insufficiency of healthcare
providing to patients with chronic non-communicable
diseases, e. g. cardiovascular pathology and cancer, which has
the highest prevalence in the population [24]. Such healthcare
interventions are particularly sensitive for people older than
60 [12, 25] who shared 29% of the Ozyorsk urban district
population at the end of 2020, due to severe chronic diseases
and comorbidities [26] which can result in excess mortality. The
situation was further complicated by the quarantine measures
implemented in many medical hospitals, along with the
shortage of specialists engaged in fighting against COVID-19.
All this showed that healthcare system experienced serious
difficulties when working in a pandemic mode [27] that could
result in the increased mortality from non-infectious diseases.

Thus, in the context of the pandemic, along with the
specific COVID-19-associated mortality, it is necessary to
distinguish the excess mortality not directly related to the
SARS-CoV-2 infection, but resulted from the impact of socio-
economic factors and preventive measures, the effectiveness
of which in reducing the COVID-19 related mortality is widely
discussed [28]. Based on the above considerations, planning
sanitary anti-epidemic measures during the pandemic requires
the assessment complex character of potential sanitary losses.

CONCLUSIONS

Announcement of the global COVID-19 pandemic in 2020
had a distinct negative impact on the demographic status of
the Ozyorsk urban district. A significant increase in the overall
mortality rate of population has been found compared to
the previous non-pandemic decade. The overall mortality
rate increase observed during the first pandemic year was

Table 3. Number of in-patient beds in medical hospitals of the Chelyabinsk region, 2016-2020

Number of beds per year Difference
Hospital bed profile
2016 2017 2018 2019 2020 2019-2020
Non-infectious 20,064 19,525 19,124 19,035 15,846 -3189
Infectious 1230 1209 1180 1134 6355 5221
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19%. Excess overall mortality attributed to the impact of the
pandemic was 13.4%, and the expected COVID-19-associated
specific mortality rate was 4.2%. The significant impact of
CQOVID-19, however, doesn’t play a predominant role in the
total demographic losses of the Ozyorsk urban district. Taking
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