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Abstract (in English) 
 
Objective. To investigate seroprevalence, spectrum of COVID-19 cases and factors associated 

with COVID-19 morbidity, severity, and mortality in a population-based sample of adults in 

Arkhangelsk, Northwest Russia. 

Methods. Participants in the Know Your Heart study (2015-2017) were enrolled in a COVID-19 

seroprevalence study (N=1348) in 2021 and followed up for COVID-19 diagnosis, vaccination, 

and all-cause mortality using registry data. Regression models were used to investigate factors 

associated with seropositivity, vaccination, adherence to non-pharmaceutical interventions 

(NPIs), symptomatic infection, hospitalization, and risk of death. 

Results. One year after the start of the pandemic in Arkhangelsk, two-thirds of adults aged 40-74 

years were seropositive, mainly due to infection. Those with infection-acquired immunity were 

more likely to be employed and less likely to smoke compared to seronegative individuals. Low 

adherence to NPIs was associated with male sex, employment, and low confidence in NPIs. 

Vaccination early in the pandemic was positively associated with older age and smoking, and 

negatively associated with low adherence to NPIs.  

COVID-19 cases were 52.9% asymptomatic and 47.1% symptomatic, with 18.3% of 

symptomatic cases being hospitalized. Older age was associated with being symptomatic, 

whereas smoking was associated with being asymptomatic. Individuals older than 65 years and 

those with poor self-rated health were more likely to be hospitalized. 

During the pandemic, the risk of death was 41.0% higher than in the pre-pandemic period. A 

greater increase in age-standardized all-cause mortality was observed in women than in men. 

Compared with the pre-pandemic period, women with obesity, angina, and kidney dysfunction 

and men with asthma and elevated cardiovascular biomarkers had a higher risk of death during 

the pandemic. Diabetes and smoking were factors associated with a higher risk of death in both 

sexes in both periods. 

Conclusion. The results could contribute to the development of targeted prevention strategies to 

improve surveillance and health outcomes during future outbreaks. 
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Sammendrag (in Norwegian) 

Formål. Å undersøke seroprevalens, spekteret av COVID-19-tilfeller og faktorer assosiert med 

COVID-19 sykelighet, alvorlighetsgrad og dødelighet i et befolkningsbasert utvalg av voksne i 

Arkhangelsk, Nordvest-Russland. 

Metoder. Deltakere i “Know Your Heart”-studien (2015-2017) ble rekruttert til en COVID-19 

seroprevalensstudie (N=1348) i 2021 og fulgt opp for COVID-19, vaksinasjon og mortalitet ved 

bruk av registerdata. Regresjonsmodeller ble brukt for å undersøke faktorer assosiert med 

seropositivitet, vaksinasjon, etterlevelse av ikke-farmasøytiske tiltak (NPIer), symptomatisk 

infeksjon, sykehusinnleggelse og risiko for død. 

Resultater. Ett år etter pandemiens start i Arkhangelsk var to tredjedeler av voksne i alderen 40-

74 år seropositive, hovedsakelig på grunn av infeksjon. De med immunitet oppnådd gjennom 

infeksjon var mer sannsynlig å være i arbeid og mindre sannsynlig å røyke sammenlignet med 

seronegative. Lav etterlevelse av NPIer var assosiert med mannlig kjønn, sysselsetting og lav 

tillit til NPIer. Vaksinasjon var positivt assosiert med høyere alder og røyking, og negativt 

assosiert med lav etterlevelse av NPIer. 

COVID-19-tilfellene var 52.9% asymptomatiske og 47.1% symptomatiske, hvorav 18.3% av de 

symptomatiske tilfellene ble innlagt på sykehus. Høyere alder var assosiert med å være 

symptomatisk, mens røyking var assosiert med å være asymptomatisk. Individer eldre enn 65 år 

og de med dårlig selvrapportert helse hadde større sannsynlighet for å bli innlagt på sykehus. 

Under pandemien var risikoen for død 41.0% høyere enn i før-pandemisk periode. En større 

økning i aldersstandardiserte mortalitetsrater ble observert hos kvinner enn hos menn. 

Sammenlignet med før-pandemisk periode, hadde kvinner med fedme, angina og 

nyrefunksjonsfeil og menn med astma og forhøyede kardiovaskulære biomarkører en høyere 

risiko for død under pandemien. Diabetes og røyking var faktorer assosiert med høyere risiko for 

død i begge kjønn i begge periodene. 

Konklusjon. Resultatene kan bidra til utviklingen av målrettede forebyggingsstrategier for å 

forbedre overvåkning og helseutfall under fremtidige utbrudd. 
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Abstract (in Russian)   

Цель. Оценить серопревалентность, спектр клинических форм COVID-19 и факторы, 

связанные с заболеваемостью, тяжестью течения и смертностью от COVID-19 среди 

взрослого населения Архангельска, Северо-Запад России. 

Методы. Участники исследования “Узнай свое сердце” (2015-2017 гг.) были включены в 

исследование серопревалентности к COVID-19 (N=1348) в 2021 году. Сведения о 

перенесённой COVID-19, вакцинации и смертности от всех причин собирались по данным 

регистров. Регрессионные модели использовались для изучения факторов, связанных с 

серопозитивностью, вакцинацией, приверженностью профилактическим мерам, 

симптоматической формой COVID-19, госпитализацией и риском смерти. 

Результаты. Через год после начала пандемии в Архангельске две трети взрослого 

населения в возрасте 40-74 лет были серопозитивны к SARS-CoV-2, в основном за счет 

перенесённой инфекции. Постинфекционный иммунитет чаще наблюдался у 

трудоустроенных и реже у курящих. Мужской пол, трудоустроенность и неуверенность в 

эффективности профилактических мер были связаны с низкой приверженностью 

профилактическим мерам. Пожилые люди и курящие чаще вакцинировались в начале 

пандемии, а лица с низкой приверженность профилактическим мерам – вакцинировались 

реже. В 52.9% случаев COVID-19 протекала бессимптомно, в 47.1% - с симптомами, 

18.3% участников с симптоматической формой COVID-19 были госпитализированы. 

Шансы симптоматического течения были выше у пожилых людей, а бессимптомного – у 

курящих. Лица старше 65 лет и участники с низкой самооценкой здоровья чаще 

госпитализировались. В период пандемии риск смерти от всех причин был на 41.0% выше, 

чем в предпандемическом периоде. У женщин наблюдалось более значительное 

увеличение стандартизованной по возрасту смертности в сравнении с мужчинами. Во 

время пандемии риск смерти был выше у женщин с ожирением, стенокардией и 

нарушением функции почек, а также у мужчин с бронхиальной астмой и повышенным 

уровнем биомаркеров сердечно-сосудистого риска. Диабет и курение были связанны с 

риском смерти, вне зависимости от пола, как в препандемический период, так и во время 

пандемии. 

Заключение. Полученные результаты могут быть использованы для разработки стратегии 

оптимизации эпидемиологического надзора и минимизации последствий для здоровья 

населения при возникновении вспышек инфекционных заболеваний в будущем. 
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Terms and definitions 

As the PhD thesis contains terms specific to infectious disease epidemiology, their definitions 

are explained below as intended in this thesis. The terms are listed in alphabetical order: 

 attack rate – the proportion of susceptible individuals within a group of susceptible contacts 

of a primary (index) case who become infected within a given time period (1, 2); 

 contact tracing (case finding) – the process of identifying, assessing, and managing 

individuals who have been exposed to an infected person (2); 

 contagiousness – the probability that an infected person will transmit the infection to a 

susceptible person during contact or interaction, which depends on the infectiousness of the 

disease and factors related to human behavior, social interactions, and environmental 

conditions (2); 

 cumulative incidence – the proportion of a group of people who experience the disease 

during a specified period of time (2); 

 epidemic – the occurrence of disease, specific health behaviors, or other health-related 

events in a community or region that is significantly above normal levels (2); 

 herd immunity – the resistance of a group or community to the spread of an infectious agent, 

achieved when a high proportion of individuals are immune to the disease, either through 

previous infection or vaccination (2); 

 infectious period – the period of time during which infected individuals, whether 

symptomatic or not, shed a pathogen into the environment and new susceptible individuals 

can become infected (3); 

 infectiousness – a characteristic of a disease that concerns the degree to which infected 

individuals can transmit the disease to others; refers to the presence and concentration of 

infectious agents in body fluids or secretions and depends on the type and stage of infection, 

viral load, and mode of transmission (2); 

 infectivity – the ability of an infectious agent to cause a new infection in a susceptible 

individual (3); 

 lockdown – a strict measure imposed by government authorities for a specified period of 

time during a pandemic that requires people to stay indoors and avoid or limit activities that 

involve public contact outside the home, with penalties for non-compliance (4, 5); 

 movement restrictions – a measure that required people to stay at home, although they could 

leave for some circumstances, such as grocery shopping, emergency medical visits, brief 
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individual physical exercise, or walking the dog, but to return to their homes as soon as 

possible (5); 

 non-pharmaceutical interventions – public health measures taken by governments to prevent 

the transmission of disease that are not based on medical products, such as drugs or vaccines 

(6); 

 pandemic – an epidemic occurring over a very large area, crossing international boundaries, 

and usually affecting a large number of people (2); 

 pathogen – the causative agent of an infectious disease (literally, a pathological process)(2); 

 quarantine – the separation and restriction of movement of people who may have been 

exposed to a pathogen to reduce the risk of disease transmission (2); 

 seroprevalence – the proportion of people having antibodies at a single time point or over a 

short period of time (7); 

 social distancing – a measure that prevents infected people from having close physical 

contact with healthy people, thereby reducing the risk of disease transmission (8);  

 susceptibility – the likelihood that an individual will develop an infectious disease after 

exposure to a pathogen (9); 

 transmissibility – the ability of the pathogen to pass from one person to another (2); 

 viral load – the amount of a virus present in a test sample, reflecting the replication of the 

virus in the infected individual (10); 

 virulence (the degree of pathogenicity) – the ability of a pathogen to cause disease after 

having infected the host (11). 
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1 Introduction 
 

1.1 History of COVID-19 
 

A novel pathogen emerged in Wuhan, the capital city of Hubei Province, China. By 

December 31, 2019, several cases of atypical respiratory disease of unknown etiology were 

reported, all linked to wild animals sold at the Huanan seafood wholesale market (southern 

China) (12). However, according to phylogenetic studies, the transmission of the novel 

disease to humans likely occurred earlier, between October and November 2019 (13, 14). On 

January 7, 2020, the Chinese Center for Disease Control and Prevention identified the 

causative agent of the novel infection as a coronavirus (15).  

To date, more than 30 coronavirus strains have been identified, six of which have caused 

human infections, including two highly pathogenic coronaviruses: severe acute respiratory 

syndrome coronavirus (SARS-CoV) in 2002-2003 and Middle East respiratory syndrome 

coronavirus (MERS-CoV) in 2012 (16). The new virus that emerged at the end of 2019 was 

initially named 2019 novel coronavirus (2019-nCoV), but was later renamed severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) due to its genetic relationship to SARS-

CoV (17).  

SARS-CoV-2 is of zoonotic origin, with bats likely serving as natural reservoirs, but the 

precise role of animals in the disease transmission remains unclear (18, 19). According to the 

International Committee on Taxonomy of Viruses, SARS-CoV-2, the causative agent of 

COVID-19, belongs to the subgenus Sarbecovirus, the subfamily Orthocoronavirinae, the 

family Coronaviridae, and the order Nidovirales (17). Viruses in the family Coronaviridae 

were named for their crown-like appearance under the electron microscope, with club-

shaped spikes covering their surface, resembling a crown or “corona” in Latin (20). The 

spikes on the surface of the virus include the spike (S) protein, which contains the receptor-

binding domain responsible for attachment to the host cell via specific receptors, such as 

angiotensin-converting enzyme 2, allowing viruses to enter cells and transmit from cell to 

cell. Inside the viral envelope is a nucleocapsid, which consists of nucleocapsid (N) proteins 

bound to the single-stranded ribonucleic acid (RNA) genome. The S and N proteins are the 

primary targets of the antibody response following infection with SARS-CoV-2 (21).  

Mutations in the S protein have led to the emergence of new SARS-CoV-2 variants. Initially, 

SARS-CoV-2 variants were named based on the locations where they were identified. The 
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World Health Organization (WHO) later named variants using Greek letters, including 

Alpha (first identified in the United Kingdom), Beta (first identified in South Africa), 

Gamma (first identified in Brazil), Delta (first identified in India), and Omicron (first 

identified simultaneously in several countries). A more systematic approach was to name 

variants according to their Phylogenetic Assignment of Named Global Outbreak (PANGO) 

lineage:  Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and Omicron 

(B.1.1.529) (22). 

As SARS-CoV-2 was a novel virus to which everyone was susceptible, it spread rapidly from 

China to other countries around the world in early 2020. On January 30, 2020, the WHO 

declared the novel coronavirus disease 2019 (COVID-19) caused by the SARS-CoV-2 to be a 

public health emergency of international concern requiring the coordinated mobilization of 

resources by the international community (23). On March 11, 2020, the WHO declared the 

COVID-19 outbreak a pandemic (24). This is the second pandemic of the 21st century 

(following the 2009 influenza A (H1N1) pandemic) and the first pandemic caused by a 

coronavirus. The pandemic affected more than 200 countries on five continents. More than 

700 million cases of COVID-19 and almost 7 million deaths were reported worldwide, 

ranking the COVID-19 pandemic fifth on the list of the deadliest epidemics and pandemics in 

history (25). Russia had the tenth highest number of COVID-19 cases in the world (26). 

During the three years of the pandemic, more than 21 million COVID-19 cases were 

registered in Russia, resulting in more than 380 thousand deaths (27). On May 5, 2023, the 

WHO declared the end of the COVID-19 pandemic (28). While the virus continues to 

circulate, the global public health emergency status has ended. 

 

1.2 SARS-CoV-2 transmissibility and risk of infection 

SARS-CoV-2, is mainly transmitted by respiratory droplets or direct contact. Isolation of the 

virus from blood samples and fecal swabs suggests other potential routes of transmission 

(29). 

Transmissibility refers to the ability of the pathogen to pass from one person to another and is 

determined by the basic reproductive number (R0). R0 is the average number of new infections 

produced by an infectious individual in a 100% susceptible population (2). The 

transmissibility of SARS-CoV-2 is influenced by several factors, including the infectivity of 

the virus variant, the contagiousness of the infected individuals, the duration of 
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infectiousness, the susceptibility of the exposed individuals, the number and pattern of 

contacts between infected and exposed individuals, and the environmental factors affecting 

the virus during transmission (30).  

R0 can be calculated from the equation R0 = β × k × D, which includes key parameters that 

affect SARS-CoV-2 transmissibility, such as the attack rate (β), which represents the 

proportion of contacts that result in new infections, the number of contacts during the 

infectious period (k), and the duration of the infectious period (D). The attack rate is often 

used as a proxy measure of infectiousness and susceptibility and depends on 

sociodemographic and environmental factors influencing transmission. The infectious period 

begins before the onset of symptoms and lasts up to 10-14 days. Infected individuals may be 

contagious regardless of the presence of symptoms, but the period of virus shedding is longer 

in patients with severe COVID-19 (30, 31). The risk of transmission is influenced by contact 

patterns, including duration of contact, frequency of contact, and proximity to the infected 

person. Close contacts of the infected individuals, such as household members, are at highest 

risk of infection, with attack rates ranging from 4,0% to 35,0% (32). The risk of contracting 

the virus is higher for individuals with large families and those who live and work in adverse 

conditions such as poorly ventilated and overcrowded environments. The number of contacts 

depends on the pattern of social interactions and may be higher in occupations with more 

social mixing and longer working hours, leading to an increased risk of exposure (33).  

At the beginning of the pandemic, when there were no external interventions to control the 

spread of the virus, the WHO estimated the R0 of the Wuhan SARS-CoV-2 variant to be 1.4 

to 2.4 (34). Subsequent studies found that the R0 ranged from 1.5 to 6.6, varying between 

countries (35). 

An R0 greater than 1 indicated exponential spread of infection in a susceptible population 

(36). As the pandemic progressed, some individuals acquired immunity, either through prior 

infection or vaccination. As a result, not all contacts resulted in infection, leading to a 

decrease in the average number of new cases per case of infection. The transmissibility of the 

infection during an epidemic is assessed using the effective reproductive number (R), which 

can be calculated as R = R0 × X, where X is a proportion of the susceptible population. R 

greater than 1 indicates an increasing number of cases, suggesting continuous and sustained 

transmission. R equal to 1 indicates a stable number of cases, while R less than 1 suggests a 

decrease in cases (36).  

Predictions made early in the COVID-19 pandemic were that achieving population immunity 
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greater than 70% would lead to herd immunity and reduce the COVID-19 R below 1, thereby 

slowing the spread of infection (37). However, the protective role of antibodies against future 

infections remained uncertain, as SARS-CoV-2 was constantly mutating and developing new 

adaptation mechanisms (38). Variants with increased levels of transmissibility, infectivity, or 

virulence have been categorized as variants of concern. The WHO has identified five variants 

of concern: Alpha, Beta, Gamma, Delta, and Omicron (39). The R0 of Delta is estimated to be 

between 3.2 and 8, with an average of 5.0, and was higher than the R0 of any previously 

reported variant (40). The Omicron variants had the highest transmissibility, about three times 

higher than the Delta variant (41). 

 

1.3 Non-pharmaceutical interventions  

When the pandemic was declared, most countries implemented non-pharmaceutical 

interventions (NPIs) as the primary strategy to control the pandemic. Keeping the R below 1 

with NPIs was an important goal until vaccines against SARS-CoV-2 became available. NPIs 

were applied at the global, national, or individual level, targeting key parameters of SARS-

CoV-2 transmissibility, such as attack rate and number of contacts between people.   

NPIs included travel-related measures, community NPIs, environmental NPIs, and personal 

NPIs (42). Travel-related measures were closure of international borders, testing and 

quarantine for incoming travelers.  Early in the pandemic, countries advised against travel to 

China. As the pandemic progressed, COVID-19 cases were imported from various parts of the 

world. Some countries implemented testing and 14-day quarantines for travelers, initially 

targeting countries with high numbers of cases and eventually closing borders to travelers 

from all destinations (43). 

Following the detection of the first COVID-19 case in a country, community NPIs were 

implemented to reduce person-to-person interactions, including lockdown, movement 

restrictions, modified work and educational arrangements, closure of non-essential services, 

isolation of infected persons, contact tracing, and quarantine (44, 45). Environmental NPIs 

such as increased air exchange, surface disinfection, and ultraviolet lighting were 

implemented to protect people from exposure to SARS-CoV-2. Wearing face masks in public 

places or on public transport, using hand sanitizers, and practicing social distancing provided 

individual-level protection.  

Countries imposed combinations of NPIs with varying degrees of stringency, and 
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implementation varied over time, with periods of relaxation or reinforcement. Some countries, 

such as Greece and Norway, implemented most of the NPIs early (5). Others, such as 

Belgium, Italy, the United Kingdom, Canada, Russia, and the United States, implemented 

NPIs with a delay of several weeks after the first COVID-19 case in the country, while Brazil 

and Sweden did not implement most NPIs (5). Delayed implementation of NPIs had little 

effect on reducing the spread of COVID-19. Countries that delayed NPIs by more than three 

weeks after the first case had similar trends in COVID-19 cases to those that did not use NPIs 

(5).  

The strictest restrictions were implemented by most countries in April-May 2020 (46). After 

the first wave of COVID-19, many countries relaxed their restrictions, leading in some cases 

to severe second waves (5). During the second waves in late 2020 and early 2021, some 

countries increased the stringency of NPIs (46). 

The effectiveness of NPIs varied between countries, reflecting country-specific factors such 

as demographic structure, level of urbanization, population density, and the timing of NPIs 

implementation. Closing educational institutions, non-essential services, restricting movement 

and public gatherings have been identified as the most effective ways to reduce transmission 

(47, 48). Countries with younger populations, higher levels of urbanization, higher population 

density, and larger households tended to have lower effectiveness of NPIs (49). The 

effectiveness of NPIs also depended on public adherence and government monitoring of NPIs 

use (50, 51). Trust in authorities and understanding of the value of NPIs increased public 

confidence in the effectiveness of these measures (52). The mentality of the population, self-

discipline, and social responsibility in the use of individual NPIs played an important role in 

controlling the spread of the virus. In China's neighboring countries, such as Taiwan and 

Japan, social distancing and personal hygiene measures were adopted without government 

enforcement due to previous experiences with SARS-CoV and MERS-CoV epidemics and a 

national mentality that encouraged the use of personal protective measures (5). In Norway, 

the government did not impose strict movement regulations because social distancing was 

already a Norwegian cultural behavior, in which people respect the personal space of others 

(5). 

Adherence to NPIs was also influenced by factors such as availability of resources (e.g., face 

masks and hand sanitizers), perceived risk of infection, individual beliefs and attitudes, and 

perceived effectiveness of NPIs in controlling the disease transmission (53). Fear of 

contracting COVID-19 has been found to be the strongest predictor of desired behavior 
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change and adherence to NPIs (54). Higher adherence to NPIs has been demonstrated among 

the elderly, women compared to men, individuals with higher education and income, non-

smokers, those living alone, and those with chronic diseases (55-57). There is some evidence 

to suggest that individuals who believed they had previously been infected with COVID-19 

were less likely to adhere to NPIs because they asumed this would confer immunity and 

protection against further infection (58). 

 

1.4 The spread of COVID-19 in Russia 

During the first year of the pandemic, 3,159,297 cases of COVID-19 were recorded in Russia, 

with an incidence rate of 2152.63 per 100,000 (59). The first case of COVID-19 in Russia 

was detected on January 31, 2020 in a region bordering China. The virus was imported into 

the European part of the country from Italy on March 2, 2020 (59). In the Arkhangelsk region 

in northwestern Russia (population 1.1 million in January 2021) (60), which was the study 

site, the first case of COVID-19 occurred on March 17, 2020 (61). By April 16, 2020, 

COVID-19 cases were recorded in all regions of Russia (59). 

Like most countries, Russia implemented NPIs as the primary strategy to control the 

transmission of infection. The NPIs were generally in line with international 

recommendations and were regulated by the Russian Federal Service for Surveillance on 

Consumer Rights Protection and Human Well-being (Rospotrebnadzor). These NPIs included 

travel restrictions, closure of educational institutions and non-essential services, restrictions 

on commercial activities, and mandatory use of face masks in public places and on public 

transport (62). The use of gloves for individual COVID-19 prevention has not been 

implemented worldwide, while in Russia the use of gloves was recommended by 

Rospotrebnadzor until February 4, 2022 (43, 63, 64).  

From the end of March to the beginning of May 2020, nationwide paid non-working days 

were introduced across the country (65-67). During this period, movement restrictions, known 

as the “stay-at-home” regime, were introduced in most regions of Russia. Subsequently, 

individuals aged 65 years and older, people with chronic conditions such as diabetes, 

respiratory and cardiovascular diseases, chronic kidney disease, neoplasms, organ and tissue 

transplant recipients, and pregnant women, were advised to self-isolate (stay at home) (62). 

These NPIs made it possible to slow the virus transmission, thereby reducing the burden on 

the healthcare system, especially in areas with limited critical care capacity, and minimizing 
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deaths while waiting for effective vaccines or antiviral treatment. Other NPIs implemented in 

Russia and worldwide included isolation of infected individuals, contact tracing requiring 

testing of close contacts of confirmed COVID-19 cases, and quarantine for those exposed to 

the virus (44). Isolation and quarantine were mandatory measures enforced by government 

regulations, and failure to comply with these NPIs was considered an administrative offense. 

In the early stages of the pandemic in Russia, all detected COVID-19 patients were isolated 

by hospitalization (68). The increase in the number of cases over time led to changes in the 

hospitalization criteria, which became more focused on the severity of COVID-19 rather than 

isolation purposes (59).  

The centralized NPIs policy was combined with regional variations, allowing regions to tailor 

NPIs to their specific local epidemiological and economic situation, in accordance with 

Presidential Decree #316 of May 11, 2020 (69). This decentralized approach was not unique. 

Some other countries, such as the United States, used a similar strategy (5). The severity of 

movement restrictions varied by region, with some regions (e.g., Moscow) implementing 

strict measures such as a lockdown for a period of time. Moscow was the only city in Russia 

to introduce IT technology to monitor the geolocation of confirmed COVID-19 cases and 

their close contacts through a mobile application. In central cities of Russia, wearing face 

masks and gloves in public places and on transport was enforced by governors' decrees under 

threat of fines. 

In Arkhangelsk, the local government implemented NPIs to prevent COVID-19 transmission 

on March 18, 2020 (70). These measures were consistent with the nationwide NPIs 

implemented in Russia in accordance with Rospotrebnadzor's recommendations, as described 

above (62). In total, 43,679 COVID-19 cases (incidence rate – 3970.81 per 100 000) and 529 

deaths (1.2%) were recorded in the Arkhangelsk region in 2020 (61). COVID-19 transmission 

in Arkhangelsk generally reflected the pattern observed throughout Russia (59, 61). 

Arkhangelsk experienced two waves of COVID-19. The first wave occurred from March 19, 

2020 to July 2, 2020 (61). By the end of summer 2020, the incidence of COVID-19 decreased 

and stabilized. Beginning in September 2020, educational institutions resumed offline 

activities, and commercial and recreational activities were reinstated with strict safety 

measures, including maintaining a social distance (1.5-meter rule), wearing face masks, using 

hand sanitizers, and performing non-contact thermometry (71). The second wave of COVID-

19 in Arkhangelsk (September 20, 2020 –  March 3, 2021) followed the relaxation of NPIs 

and the emergence of the Delta strain, which replaced the Wuhan strain as the predominant 
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variant of SARS-CoV-2 during the first six months of the pandemic (61). The peak of the 

second wave was reached on December 10, 2020, with the highest daily incidence rate 

recorded at 37.3 per 100,000 population (71). During the second wave, Russia did not 

strengthen the NPIs, unlike other countries that experienced a significant increase in cases 

after relaxing the previously implemented NPIs (46). 

In early 2021, the emergence of new highly transmissible virus variants, coupled with further 

relaxation of NPIs and increased availability of laboratory testing, led to an increase in 

COVID-19 cases in Arkhangelsk, as in all Russian regions (72, 73). In 2021, the Arkhangelsk 

region ranked ninth among all the federal subjects of Russia in the number of COVID-19 

cases per 100,000 population (74).  

 

1.5 Testing strategies, seroprevalence and factors associated 

with seropositivity  

 

Testing strategies represent a range of approaches, including diagnostic testing to identify 

current infections and contact tracing, and serological testing to assess previous infections and 

immunity in the population. Polymerase chain reaction (PCR) tests are used to detect the 

presence of the virus in the nasopharyngeal cavity and identify those who are infectious, 

whether symptomatic or asymptomatic (75). The WHO interim guidance for global COVID-

19 surveillance, released on January 31, 2020, categorizes COVID-19 cases as confirmed, 

probable, and suspected (76). Confirmed cases are individuals with a positive PCR test for the 

SARS-CoV-2 virus. Probable cases include those with compatible symptoms and exposure to 

confirmed cases but without confirmatory testing. Suspected cases are individuals with 

COVID-19 symptoms who are awaiting or undergoing testing for confirmation. The WHO 

introduced two emergency International Classification of Diseases, 10th Revision (ICD-10) 

codes on March 25, 2020, to classify COVID-19 cases worldwide. These are U07.1 “COVID-

19 virus identified”, which indicates infection confirmed by laboratory testing, and U07.2 

“COVID-19 virus not identified”, for cases diagnosed clinically or epidemiologically without 

laboratory testing (77).  

In Russia, the Federal Registry of COVID-19 Patients (referred to as the COVID-19 case 

registry) was established nationwide for COVID-19 surveillance purposes, as regulated by 

Russian Government Decree #373 of March 31, 2020 (78). The registry collected data on 
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diagnosed COVID-19 cases from patients' electronic health records in the information 

systems of state non-military health services (79). The data accumulated in the case registry 

were based on positive PCR test results rather than clinical symptoms. 

In the early stages of the pandemic, the availability of tests, criteria for testing, and priority 

groups for testing varied widely among countries (80). The first Russian diagnostic test 

systems for COVID-19 were developed and registered on February 11, 2020 (59). Eligibility 

for testing was limited, and the testing strategy was initially symptom-based, using symptoms 

such as fever, cough, and dyspnea as indications for testing (68). The symptom-based 

approach was only able to detect a fraction of the COVID-19 cases, mainly the more severe 

symptomatic cases (81). In addition, testing was initially prioritized for high-risk groups, such 

as those aged 65 years and older and those with chronic diseases. As a result, even 

symptomatic COVID-19 cases seeking medical care may have remained undiagnosed. As test 

availability increased, PCR screening expanded from symptom-based testing to include 

groups at high risk of exposure, such as travelers arriving in Russia from abroad and 

healthcare workers. Contact tracing was implemented in Russia, as in many countries, 

targeting PCR-positive cases, regardless of symptoms (68). PCR testing was performed by 

government laboratories and some private clinics (59, 61). Voluntary testing and mandatory 

testing for travelers arriving from abroad were not covered by national health insurance.  

Despite the availability of testing, test performance may affect the detection of COVID-19 

cases. A recent meta-analysis showed a pooled sensitivity of 91.1% (95% CI: 88.9 to 93.2) 

and a pooled specificity of 95.6% (95% CI: 95.2 to 96.0) for the detection of SARS-CoV-2 in 

nasopharyngeal swabs using different PCR techniques (82). The accuracy of PCR testing may 

be influenced by the timeliness and expertise of specimen collection (83). Due to untimely or 

incorrect specimen collection and limited viral replication in upper respiratory epithelial cells, 

PCR testing could potentially be false negative, resulting in under-detection of COVID-19 

cases (84).  

The detection rate refers to the number of positive tests among all tests done and reflects the 

effectiveness of the testing strategy. During the first six months of the pandemic, the global 

detection rate was estimated to be 9.8% (85). The highest detection rates were in Australia 

(66.8%) and Iceland (60.3%), which implemented widespread testing strategies early in the 

pandemic. In Russia, the detection rate was estimated to be 25.4% (85).  

Limited availability and prioritization of testing for vulnerable groups and severe cases, 

combined with high rates of asymptomatic and mild infection, as well as test accuracy issues, 
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have led to underestimation of COVID-19 spread (86). The WHO has recommended 

conducting serological surveys in representative samples of the general population to assist in 

the retrospective assessment of the spread of COVID-19 (87).  

Serological tests detect specific antibodies to SARS-CoV-2, which serve as exposure 

biomarkers to identify those who have been previously infected, regardless of their 

symptomatic status (3). Seroprevalence, which refers to the proportion of people having 

antibodies at a single time point or over a short period of time, can provide more accurate 

estimates of the extent of COVID-19 infection than those based on the number of positive 

tests detected by the healthcare service (86, 88). Considering antibodies as a reliable measure 

of past infection, seroprevalence can serve as a proxy for the cumulative incidence of 

COVID-19 up to the time of serological survey (89). 

During the first year of the COVID-19 pandemic, several random population serological 

surveys were conducted. By early 2021, 34.6% of the population sampled in England tested 

positive for antibodies to SARS-CoV-2, while the estimated seroprevalence in Norway and 

Iceland was less than 1.0% (90-92).  

Few serological studies had been conducted in Russia until mid-2021, before the start of this 

PhD project. Between June and December 2020, the average COVID-19 seroprevalence in 

Russia was estimated to be 19.2%, with regional variations as follows: Irkutsk (Siberia) - 

5.8%, Khabarovsk (Far East) - 19.6%, Moscow - 22.1%, Saint Petersburg - 26.0%, Astrakhan 

(south) - 27.3%, Murmansk (northwest) - 31.2%, and Kaliningrad (the westernmost part) - 

50.2% (93). The study conducted in Chelyabinsk (Ural) from September to December 2020, 

targeting high-risk groups such as healthcare workers, education personnel, and supermarket 

employees, found that 25.0% were seropositive for SARS-CoV-2 (94). 

Other studies found that serological status was associated with several demographic and 

behavioral factors. Male sex, living in a crowded household, using public transport, or having 

a high level of social interaction were associated with being seropositive for SARS-CoV-2 

(50, 95, 96). People who were employed as essential workers were more likely to be infected 

with SARS-CoV-2 (97, 98). Conversely, older age groups and those with chronic diseases, 

may have taken precautions to reduce the risk of infection and were more likely to remain 

seronegative (90, 99, 100). Smokers may be at increased risk of infection due to frequent 

hand-to-mouth contact and the need to remove face masks to smoke, which reduces the 

effectiveness of the masks (101). Nevertheless, some studies have found that smoking is 

negatively associated with seropositive status (99, 102, 103).  
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1.6 Spectrum of COVID-19 severity and associated factors 

SARS-CoV-2 is a respiratory pathogen that can colonize the respiratory tract and cause 

asymptomatic or symptomatic infection. Infected individuals are contagious regardless of 

symptomatic status (31, 104). Symptomatic COVID-19 cases have an average incubation 

period of 1-14 days, with symptoms typically appearing 3-14 days after exposure. SARS-

CoV-2 causes non-specific signs and symptoms such as fever, myalgia, sore throat, rhinorrhea 

and cough. Anosmia (loss of sense of smell) and ageusia (loss of sense of taste) are observed 

in up to 60% of cases (105). As the disease progresses, the virus invades the lower respiratory 

tract, leading to pulmonary involvement characterized by pneumonia and dyspnea. Dyspnea 

typically coincides with the appearance of ground-glass opacities on chest X-rays and 

computed tomography scans. Approximately 20% of symptomatic patients may develop acute 

respiratory distress syndrome and 10% may develop multiple organ failure (106, 107). 

The severity of COVID-19 depends on the SARS-CoV-2 variant, viral load, and host factors 

such as sex, age, and pre-existing chronic diseases (96, 108, 109). Chronic conditions such as 

cardiovascular diseases (hypertension, ischemic heart disease), metabolic disorders (diabetes, 

obesity), pulmonary diseases, and cancer can increase susceptibility and exacerbate the 

severity of COVID-19 (110, 111), leading to complications such as acute respiratory distress 

syndrome, sepsis, septic shock, and multiorgan failure (112). Conversely, COVID-19 may 

worsen pre-existing chronic conditions, particularly cardiovascular diseases, by potentially 

damaging cardiomyocytes and being pathogenically associated with thrombovascular events 

(113-115). SARS-CoV-2 may induce endothelial dysfunction by directly damaging 

endothelial cells or by inducing inflammation (113). Endothelial dysfunction increases the 

risk of clot-related complications such as myocardial infarction, stroke, and pulmonary 

embolism. Individuals with pre-existing chronic conditions are at higher risk for these life-

threatening complications (116, 117). 

In summary, the severity of COVID-19 is highly variable, ranging from asymptomatic or mild 

cases to severe illness and death (118). The infectious disease pyramid, a conceptual 

epidemiological model, can be used to illustrate the distribution of COVID-19 cases within a 

population (119)(Fig.1). It consists of several layers, each representing a group of individuals 

based on their infection status and degree of interaction with the healthcare system. Exposed 

individuals form the base of the pyramid and represent individuals susceptible to infection 

who have come into contact with the virus. As one moves up the pyramid, the size (number of 
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people) of the layers becomes smaller, reflecting the progression from exposure to infection, 

to clinical illness, to hospitalization, and ultimately to death. Asymptomatic cases are those 

who have been infected without symptoms, but can transmit the infection to others (31, 104). 

Symptomatic cases include individuals who develop a range of symptoms, from mild to 

severe, with more severe cases being more likely to seek healthcare. Hospitalized cases 

require medical attention due to the severity of their illness, while individuals who have died 

represent the top of the pyramid. 

 

Figure 1. The infectious disease pyramid. 

 

Early in the pandemic, most officially reported COVID-19 cases were symptomatic. Meta-

analyses found that the proportion of asymptomatic COVID-19 cases detected by PCR varied 

significantly between countries depending on the testing strategy, with an overall proportion 

of 15.6-17.0% (55, 120). In Russia, the proportion of asymptomatic cases detected by the 

healthcare system was less than 7.0% (27, 59, 72). In Arkhangelsk, 14.1% of reported cases in 

2020 were asymptomatic. Although the number of cases doubled in 2021, the proportion of 

asymptomatic cases decreased to 3.2% due to the cessation of contact tracing (73). 

From 0.5 to 5.0% of COVID-19 patients develop severe or critical illness, depending on pre-
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existing health conditions (121). In Russia, severe cases accounted for 3.4% of registered 

cases in 2020, 2.5% in 2021, and 1.1% in 2022, with the proportion of deaths not exceeding 

2.0% (27, 59, 72). In Arkhangelsk, the proportion of deaths was 1.2% in 2020 and 3.3% in 

2021 (61, 72). 

 

1.7 Direct and indirect effects of the pandemic on mortality  

The pandemic resulted in an overall increase in mortality, including causes directly related to 

COVID-19 and causes unrelated to infection that were indirect consequences of the pandemic 

(122, 123). The direct effects of the pandemic were deaths resulting from COVID-19 or its 

complications (124). The indirect effects were due to factors like limited access to health care, 

reduced screening activities, mandatory isolation, and avoidance of seeking care, which led to 

delayed diagnosis and treatment of some conditions and contributed to increased mortality 

from causes other than COVID-19 (125-127).  

In 2020, the first year of the pandemic, Russia experienced more than 350,000 excess deaths, 

calculated as the difference between the observed and expected number of deaths for the year 

(128, 129). Previous research has shown that older people and individuals with chronic 

diseases were particularly vulnerable to both the direct and indirect adverse effects of the 

pandemic (122). They were at increased risk of death following a COVID-19 requiring 

hospitalization (112). According to the Federal State Statistics Service (Rosstat), the number 

of COVID-19 deaths (direct effect) in 2020 was approximately 145,000, accounting for about 

40% of excess deaths (130). In the same year, the leading causes of death in Russia were 

cardiovascular diseases and neoplasms (59).  

The WHO defines a COVID-19-related death as “a death resulting from a clinically 

compatible illness, in a probable or confirmed COVID-19 case, unless there is a clear 

alternative cause of death that cannot be related to COVID-19 disease (e.g. trauma). There 

should be no period of complete recovery from COVID-19 between illness and death. A death 

due to COVID-19 may not be attributed to another disease (e.g. cancer) and should be 

counted independently of pre-existing conditions that are suspected of triggering a severe 

course of COVID-19”(131). 

The criteria for defining COVID-19-related deaths varied between countries due to 

differences in the implementation of international and national guidelines, resulting in limited 
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comparability in the reporting of COVID-19 deaths (80). Approaches to recording COVID-19 

deaths varied depending on test availability and testing strategies, generally falling into one of 

two categories: clinical-based or test-based. The clinical-based approach, in which physicians 

can rely on their diagnostic expertise to certify a cause of death, was implemented in countries 

such as Belgium, France, Germany, and Indonesia. The test-based approach, which requires a 

positive laboratory test for SARS-CoV-2, was implemented in Austria, Italy, Korea, the 

Netherlands, Spain and the United Kingdom (80, 132). Although countries such as Cyprus, 

Greece, Romania, Russia, and Serbia included probable COVID-19 deaths in their definitions, 

a positive test result was still required in practice (80, 133). Countries that used a clinical-

based approach were likely to record more COVID-19 deaths than those that relied on 

positive tests. Although the test-based approach is more precise and accurate in determining 

the cause of death, it may lead to underreporting by misclassifying untested individuals as 

non-COVID-19 deaths (117, 134). 

The WHO has established guidelines for reporting COVID-19 deaths and a standardized 

format for death certificates to improve the accuracy and comparability of data (131). The 

certificate has two parts: Part 1 includes the underlying cause (c), pathophysiologic 

mechanism (b), and immediate cause of death (a), whereas Part 2 lists contributing conditions 

not directly related to the underlying cause. Deaths due to COVID-19 follow this order: 

COVID-19 as the underlying cause (c) leads to pneumonia (b), which ultimately leads to 

acute respiratory distress syndrome or sepsis (a) as the most common immediate cause of 

death (131). If chronic diseases of the deceased COVID-19 patient influenced the course of 

events and contributed to the fatal outcome, they should be reported in Part II of the death 

certificate.  

The role of COVID-19 in the sequence of events leading to death in patients with 

comorbidities is complex and multifactorial (132, 135, 136). Chronic conditions may increase 

the severity of COVID-19, and COVID-19 may exacerbate these conditions, making it 

difficult to determine the primary cause of death (111, 117, 135). According to WHO 

guidelines, despite the strong association of COVID-19 with coagulopathy and 

thromboembolism, if a COVID-19 patient dies of myocardial infarction, the sequence leading 

to death includes ischemic heart disease as the underlying cause (c) and myocardial infarction 

as the immediate cause (a). In this scenario, COVID-19 is recorded as a contributing factor in 

Part 2 (131). A deceased patient with COVID-19 and progressive cancer may have cancer 

listed as the underlying cause of death, with COVID-19 considered a contributing factor 
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(131). 

Statistical agencies count the underlying cause of death when reporting mortality from 

COVID-19 (137). When COVID-19 is listed as a contributing cause, it is not included in 

mortality statistics, potentially leading to underreporting and an incomplete understanding of 

the impact of the virus on mortality (138). Mortality statistics based on a single underlying 

cause of death may not fully capture the complexity of factors or processes leading to death in 

individuals with chronic diseases, including the role of the virus in this sequence (136, 139).  

Therefore, the impact of the COVID-19 pandemic on mortality is complex and determined by 

multiple factors directly and indirectly related to the infection. Given the multiple effects of 

different factors on mortality during the pandemic, as well as possible misclassification of 

causes of death, counting deaths from all causes together could provide a more 

comprehensive approach to measuring the impact of the pandemic on mortality, avoiding 

issues of attributing deaths specifically to COVID-19 (123).  

 

1.8 Vaccination against SARS-CoV-2 

Vaccination is a key public health strategy to control infectious diseases by inducing a 

specific immune response to pathogens, thereby preventing or reducing the severity of disease 

upon subsequent exposure to the corresponding pathogen. Development of vaccines against 

COVID-19 began immediately after the SARS-CoV-2 genome sequence became available. 

The WHO developed the Emergency Use Assessment and Listing Procedure to accelerate the 

availability of vaccines needed in public health emergency situations (140). Different types of 

COVID-19 vaccines have been developed worldwide, including inactivated, viral vector-

based, protein-based, and nucleic acid-based vaccines (141). Each type has a unique structure, 

advantages and disadvantages regarding immunogenicity, safety, and efficacy. 

In Russia, national vaccination against COVID-19 was initiated in December 2020, starting 

primarily with healthcare workers and education personnel. In January 2021, the vaccination 

program was extended to the entire population (59). In order to collect data on recipients of 

COVID-19 vaccines, the Federal Register of Persons Vaccinated against COVID-19 (referred 

to as the vaccination registry) was established nationwide in accordance with Decree of the 

Russian Government #373 of March 31, 2009 (90).  

Three Russian vaccines were used: Gam-COVID-Vac (Sputnik V), EpiVacCorona and 

CoviVac. Gam-COVID-Vac (Sputnik V) is a viral vector-based vaccine that uses adenovirus 
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vectors carrying the gene for the S protein of SARS-CoV-2 to stimulate an immune response 

(142). The antibodies produced after vaccination primarily target the S protein, whereas the 

antibody response induced by natural infection can target multiple components of the virus, 

including the S and N proteins (21). Two doses are required to complete the series, 

administered intramuscularly with a 21-day interval. To provide more sustained immunity, 

Gam-COVID-Vac (Sputnik V) uses two different human adenovirus vectors: type 26 for the 

first dose and type 5 for the second dose (143). The single-dose Gam-COVID-Vac (Sputnik 

Light), based on adenovirus type 26, was recommended as a booster after the primary 

vaccination series or after COVID-19 infection (144). Gam-COVID-Vac (Sputnik V and 

Sputnik Light) was the most widely used vaccine in Russia (144). EpiVacCorona is a protein-

based subunit vaccine containing synthetic antigenic components (S protein), while CoviVac 

contains an inactivated (killed) virus that retains the ability to stimulate an immune response 

(145, 146). Both vaccines require repeated doses and the use of an adjuvant to induce an 

adequate immune response.  

The rapid pace of vaccine development raised concerns about the efficacy and safety of 

vaccines, which affected public confidence and led to vaccine hesitancy (147). Initially, the 

vaccination campaign in Russia progressed slowly, reaching 11.9% nationwide and 13.6% in 

Arkhangelsk by the end of June 2021 (when the serological survey was conducted as part of 

the PhD project) (72, 73, 148). By the end of 2021, the proportion of the vaccinated 

population increased to 46.0% in Russia and 43.6% in Arkhangelsk (72, 73, 148). 

The results of short-term clinical trials demonstrated the safety and immunogenicity of the 

Gam-COVID-Vac (Sputnik V) (142). In contrast, two other vaccines used in Russia, 

EpiVacCorona and CoviVac, were not similarly effective against symptomatic COVID-19 

(144, 149). A recent meta-analysis showed that vaccine effectiveness declined with the 

emergence of new virus variants of concern, although protection against severe COVID-19 

remained high (150).  Other studies have reported that vaccination reduces transmissibility of 

new viral variants, and disease severity, including thrombovascular complications, in both 

patients with and without pre-existing cardiovascular diseases (151, 152). 
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1.9 Motivation for the study  
 

During the COVID-19 pandemic, the spread of the virus in the population was largely 

invisible due to mild or asymptomatic infection, with only a subset of infected cases being 

detected by the health care system. A year after the pandemic began in Arkhangelsk, when we 

initiated the seroprevalence survey, many questions remained unanswered: What proportion 

of the population was immune or seropositive? How many of them were identified by the 

healthcare system or included in the COVID-19 case registry? What factors were associated 

with being seropositive, having symptomatic infection, and being captured by the health care 

system? Who were the hidden spreaders, the asymptomatic cases? And who was at the 

highest risk for severe infection requiring hospitalization or leading to death? 

This PhD project was an attempt to make the invisible visible by shedding light on previously 

obscured aspects of the COVID-19 pandemic, to understand the spread of the infection and its 

impact on population health, and to improve infection control strategies for managing future 

outbreaks.  
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2 Aim of the PhD thesis  
 
The PhD thesis aimed to investigate the seroprevalence of SARS-CoV-2, the spectrum of 

COVID-19 cases, and factors associated with COVID-19 morbidity, severity, and mortality in 

a population-based sample of adults in Arkhangelsk, in the northwest of Russia. 

 
Specific objectives were: 

 

Paper I 

 to assess the seroprevalence of SARS-CoV-2 in Arkhangelsk, a city in the northwest of 

Russia, in a year after the start of the pandemic 

 to estimate the population’s adherence to NPIs during the first year of the pandemic 

 to investigate socioeconomic, behavioral and health-related characteristics associated with 

infection-acquired antibodies to SARS-CoV-2 and adherence to NPIs  

 

Paper II 

 to assess and describe the spectrum of COVID-19 cases in the sample of adult population 

one year after the start of the pandemic  

 to investigate factors associated with symptomatic infection and hospitalization 

 

Paper III 

 to estimate all-cause and cause-specific mortality rates during the COVID-19 

pandemic compared to the pre-pandemic period 

 to investigate risk factors of death during the pandemic in a sample of adult population  
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3 Materials and methods 
 

3.1 Study design and population 
 
The PhD project comprises three parts: a COVID-19 seroprevalence study and factors 

associated with seropositivity (Paper I); an assessment of the clinical spectrum of COVID-19 

cases and factors associated with symptomatic status and hospitalization (Paper II); an 

assessment of all-cause mortality and risk factors of death during the COVID-19 pandemic 

compared to the pre-pandemic period (Paper III). The study design and timeline are 

presented in Figure 2.   

 

Figure 2. PhD project design and timeline. 

 

All three parts of the PhD project involved participants from the earlier Know Your Heart 

(KYH) study of cardiovascular diseases. The KYH study sample comprised a population-

based cohort of 2380 individuals aged 35 to 69 years at enrollment from 2015 to 2017 (153). 

Participants were randomly selected from four districts of Arkhangelsk based on anonymized 

address lists provided by the regional health insurance fund, with a participation rate of 

68.2%. All KYH study participants were interviewed by trained interviewers, underwent a 

physical examination, and provided blood samples for further laboratory testing.  

The COVID-19 seroprevalence study (Papers I & II) was conducted between February 24, 

2021 and June 30, 2021 as a satellite study of the third nationwide survey “Epidemiology of 

Cardiovascular Diseases and their Risk Factors in Regions of the Russian Federation” (ESSE-

RF3 study), recruiting adults aged 35-74 years (154). The PhD project did not include all 

participants of the ESSE-RF3 study sample in Arkhangelsk, but only those who had 

participated in the KYH study. Based on the informed consent obtained from the KYH 
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participants, they were invited in the ESSE-RF3 study, using their previously provided 

contact information. Most participants in the KYH study were 40 years or older at the time of 

the ESSE-RF3 study. After excluding individuals who did not consent to be contacted for new 

invitations (N=56), those who had died before the launch of ESSE-RF3 (N=61), and those 

who were older than 74 years at the start of ESSE-RF3 because they were beyond the age 

range of the study, the list of invitees comprised 2258 KYH participants (Fig. 3).  

 

Fig. 3. Flow chart of the PhD project sample. 

 

With a participation rate of 59.7%, 1348 KYH participants aged 40–74 years took part in the 

ESSE-RF3 study. The questionnaire on COVID-19 experience and symptoms was developed 

by the ESSE-RF3 team at the National Research Center for Therapy and Preventive Medicine, 

Moscow (154). The original Russian version and the English translation of the COVID-19 

questionnaire are provided as supplementary materials to Paper I. The ESSE-RF3 study 

protocol in Arkhangelsk was expanded to include questions about vaccination against 
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COVID-19 and serological testing for immunoglobulin G (IgG) antibodies to SARS-CoV-2. 

The KYH and ESSE-RF3 study data were linked to the COVID-19 case registry and the 

vaccination registry (Paper II).

After excluding incomplete surveys and equivocal serological test results, Paper I included 

1332 participants. When investigating infection-acquired immunity (Paper I), 242 

participants who self-reported having been vaccinated against SARS-CoV-2 were excluded 

from the analysis.  For Paper II, which focused on the spectrum of COVID-19 cases among 

unvaccinated individuals, vaccinated individuals as well as those with discrepancies between 

self-reported vaccination data and vaccination registry data were excluded (N=243). Thus, the 

Paper II study sample comprised 1089 unvaccinated participants with definitive serological 

test results.

At the time of enrollment in the KYH study, 2357 participants provided written consent to 

disclose their medical records for research purposes under confidentiality conditions, thereby 

initiating follow-up. From the time of enrollment in the KYH study, they were followed up 

for new clinical diagnoses and all-cause mortality using electronic healthcare records from  

the Regional segment of the Unified Healthcare Information System and the Arkhangelsk 

Regional Mortality Database (referred to as the mortality registry) at the Arkhangelsk 

Regional Medical Information Analytical Center (MIAC). In this study, a participant’s

follow-up period started on the date of the health examination in the KYH study (referred to 

as the baseline) and ended at the end of the COVID-19 pandemic (i.e., May 5,2023) or at the 

date of the participant’s death. Fifteen individuals with missing baseline data were excluded, 

resulting in the Paper III pre-pandemic study sample of 2342 participants.All study 

participants alive at the start of the pandemic in Arkhangelsk (March 17, 2020) comprised the 

Paper III pandemic study sample (N=2284).

3.2 COVID-19-related data and case definitions

Our study combined COVID-19-related data from different sources to investigate the 

spectrum of COVID-19 cases by capturing individuals with different severities and outcomes 

of infection (119) (Fig. 4). The serological survey was used to detect individuals who were 

previously infected, regardless of their symptomatic status. To detect specific antibodies, the 

blood-based biomarkers of SARS-CoV-2 exposure, we used enzyme-linked immunosorbent 

assay (ELISA) test systems (D-5501 SARS-CoV-2-IgG-EIA-BEST, Russia) (155, 156). This
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assay was a semi-quantitative test that allowed us to classify participants as having positive, 

negative, or equivocal results. The sensitivity of the assay was reported to be 72% within the 

first 12 days of infection and almost 100% at a later stage (155). An independent test-

performance study has shown the assay sensitivity of 89% and the specificity of 100% based 

on the comparisons of test results in pre-pandemic samples (negative controls) and PCR-

positive samples for SARS-CoV-2 (156).   

 

Figure 4. Data sources used to investigate the spectrum of COVID-19 cases. 

 

Self-reported data on COVID-19 experiences and symptoms were collected to detect 

symptomatic cases that may have escaped the healthcare system, for example, due to testing 

limitations or individuals not seeking medical care. History of previous COVID-19 was 

assessed by asking participants, “Have you had COVID-19 in the past 12 months?” 

(yes/no/don't know). We treated “don't know” as a negative response. Those who self-

reported having had COVID-19 were asked to report the date of onset and to answer the 

questions “Did you seek medical care?” and “Were you hospitalized?” with a yes/no response 

option. They were also asked to report the symptoms they experienced. 

The COVID-19 case registry provided data on patients identified by the healthcare system, 
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including those who were hospitalized or died. The following information was collected from 

the COVID-19 case registry: all COVID-19-related visits (outpatient and inpatient) prior to 

participation in ESSE-RF3, including final diagnoses, date of disease onset, and outcome. 

Study participants were considered registered COVID-19 cases if they had records of 

COVID-19 diagnoses with ICD-10 codes U07.1 “COVID-19, virus identified” or U07.2 

“COVID-19, virus not identified”. Detailed information on cause of death was collected from 

the mortality registry, including date of death, immediate cause of death, associated 

pathological conditions, underlying cause of death, external cause of death, and other 

contributing conditions according to ICD-10. 

To assess vaccination status, we used self-reported vaccination data and information from the 

vaccination registry. Self-reports of vaccination against COVID-19 were obtained by asking, 

“Have you received any vaccine against COVID-19?” Participants who responded positively 

were asked to provide information on the number of doses and dates of vaccination. The same 

information regarding the dates and the number of vaccine doses received by each participant 

was obtained from the vaccination registry.  

Paper I combined the results of the serological survey and self-reported data on the presence 

of COVID-19 symptoms. Participants with positive test results for specific IgG antibodies 

were defined as seropositive, while those with negative results were defined as seronegative. 

Unvaccinated individuals who reported a positive PCR test for COVID-19 but had no 

symptoms of infection at the time of the positive test, and those who tested positive for 

SARS-CoV-2 antibodies but reported no history of COVID-19 infection, were classified as 

asymptomatic. In Paper I, we also estimated adherence to NPIs based on respondents’ self-

reports regarding five COVID-19 NPIs: self-isolation (stay-at-home order), social distancing, 

wearing face masks in public places or transport, wearing gloves, and using hand sanitizer 

(63). A “yes” response to adherence to each NPI during the pandemic was scored as 1, while 

a “no” response was scored as 0. The total score ranged from 0 to 5, which was then 

dichotomized by combining scores of 0-3 (low adherence) and 4-5 (high adherence). The 

threshold was chosen based on the median number of NPIs adhered to, which was 4. Since 

wearing gloves was not an international recommendation, we performed the analysis of 

factors associated with adherence to NPIs with and without considering gloves to ensure 

comparability of results. Excluding gloves, adherence scoring was as follows: 1 for low 

adherence (0 to 3 NPIs) and 0 for high adherence (4 NPIs). 

The spectrum of COVID-19 cases (Paper II) was determined based on the agreement 
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between serological survey data, the COVID-19 case registry, and self-reported data on 

COVID-19 experience and symptoms. Unvaccinated study participants were categorized as 

previously infected or not previously infected. Previously infected participants were further 

classified as symptomatic or asymptomatic. Symptomatic cases were defined as individuals 

with positive serological tests or records in the COVID-19 case registry who also reported 

experiencing COVID-19 symptoms at the survey. Asymptomatic cases were those with 

positive serological tests or COVID-19 records in the registry, but who reported no COVID-

19 experience or symptoms. Participants who had neither a positive serological test nor a 

record in the COVID-19 case registry were considered previously non-infected, regardless of 

the symptoms they reported. Infected cases were then divided into non-hospitalized and 

hospitalized cases. Hospitalized cases were defined as individuals recorded as inpatients in 

the COVID-19 case registry. Participants who reported a history of COVID-19 hospitalization 

with date and duration but had no record in the COVID-19 case registry were also considered 

hospitalized symptomatic cases. 

In Paper III, we used mortality registry data to analyze all-cause and cause-specific mortality 

within the study sample during the pandemic. Due to the limited number of registered deaths 

with COVID-19 as the underlying cause and potential misclassification, we investigated 

demographic, behavioral, and health-related factors, including cardiometabolic biomarkers, 

associated with all-cause deaths during the pandemic without distinguishing between those 

related and unrelated to COVID-19. Since nearly all participants had evidence of exposure to 

the virus, confirmed by the presence of infection-acquired antibodies, at the end of the 

COVID-19 pandemic (May 5, 2023) (157, 158), we did not consider a history of COVID-19 

as a factor associated with the risk of death. 

 

3.3 Data sources and participant characteristics considered in 

the study 
 

To achieve the objectives of the PhD project, we combined information from several data 

sources. Detailed information on participants’ demographic, behavioral, and health-related 

characteristics, including blood-based cardiometabolic biomarkers, was collected in the KYH 

study (Paper III) and the ESSE-RF3 study (Papers I & II). Table 1 provides an overview of 

the data sources and details of the data collected from these sources that were considered in 
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the analyses. 

Cardiometabolic biomarkers were measured in non-fasting blood samples at baseline (2015-

2017) as part of the KYH study protocol (153). The following biomarker levels were 

considered abnormal: total cholesterol ≥5.2 mmol/L, low-density lipoprotein 

cholesterol  (LDL-C) >3.0 mmol/L, high-density lipoprotein cholesterol  (HDL-C) < 1.0 

mmol/L for men and <1.3 mmol/L for women, triglycerides >1.7 mmol/L, glycated 

hemoglobin (HbA1C) ≥ 6.5%, gamma-glutamyl transferase (GGT) ≥40 U/L, high-sensitivity 

C-reactive protein (Hs-CRP) ≥2 mg/L, cystatin C ≥1.2 mg/L, N-terminal pro-b-type 

natriuretic peptide (NT-proBNP) ≥125 pg/mL, high-sensitivity troponin T (Hs-TnT) ≥6 ng/L.  

 

3.4 Statistical analysis 

Participant characteristics were presented as absolute numbers and percentages for categorical 

variables and as medians with first and third quartiles for continuous variables. Accordingly, 

Pearson’s chi-squared test and the Mann-Whitney U test were used to compare groups on 

categorical and continuous characteristics. Seroprevalence (Paper I) was estimated as the 

number of SARS-CoV-2 IgG positive participants divided by the number of tested 

participants and reported as a percentage. Confidence intervals (CIs) for proportions were 

calculated using the Wilson method. Seroprevalence adjusted for test performance (89% 

sensitivity, 100% specificity) was estimated using the equation: (crude prevalence + test 

specificity-1)/( test sensitivity + test specificity - 1) (159). The 95% CIs for the adjusted 

estimates of seroprevalence were calculated by bootstrapping using the R package bootComb 

(version 4.1.1)(160).  

Binary logistic regression was used to investigate factors associated with seropositive status 

and low adherence to NPIs (Paper I) as well as symptomatic infection and hospitalization 

(Paper II). Adherence to NPIs was re-assessed after exclusion of gloves to ensure 

comparability of the results. 

The PhD thesis presents unpublished results on the investigation of factors associated with 

SARS-CoV-2 vaccination (1 - received at least one dose, 0 - unvaccinated) early in the 

pandemic before the start of the seroprevalence survey. Crude and adjusted odds ratios (ORs) 

with 95% CIs were calculated. A summary of the statistical analyses used in Papers I-III is 

presented in Table 2.  

All-cause and cause-specific (defined by the ICD-10 chapters) mortality rates per 1000 
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Table 1. Data sources and variables considered in the study 
Data sources Paper I Paper II Paper III 

KYH study - - Demographic (age, education), behavioral 
(smoking, hazardous alcohol 
consumption: score of ≥8 on the Alcohol 
Use Disorders Identification Test – 
AUDIT(161)), obesity: body mass index  
≥30 kg/m2, health-related characteristics 
(hypertension, diabetes, angina, 
myocardial infarction, heart failure, 
asthma, chronic bronchitis, kidney 
disease, liver disease, neoplasms), blood-
based cardiometabolic biomarkers  

ESSE-RF3 
study 

Demographic (sex, age, education, marital status, 
number of persons in household, living with 
children (<18 years), occupation, income, 
behavioral (smoking, frequency of heavy drinking: 
≥60 grams of pure alcohol on a single occasion 
(162), adherence to NPIs, confidence in efficiency of 
the NPIs), health-related characteristics 
(hypertension, diabetes, chronic pulmonary 
diseases, coronary heart diseases)  
Self-reported COVID-19 experience/ symptoms, 
and vaccination against COVID-19 with number of 
doses and dates 

Demographic (sex, age, education), 
behavioral (smoking, frequency of 
heavy drinking: ≥60 grams of pure 
alcohol on a single occasion (162), 
health-related characteristics 
(hypertension, diabetes, abdominal, 
obesity, self-rated health on a 0-
100 visual analog scale: ≤ median 
(poor health), > median (good 
health)) 
Self-reported COVID-19 experience/ 
symptoms and vaccination  

- 

Serological 
survey data 

Positive/negative results (equivocal results 
excluded) 

Positive/negative results (equivocal 
results excluded) 

- 

COVID-19 case 
registry 

- Diagnosis of COVID-19, 
hospitalization  

- 

Vaccination 
registry 

- Vaccination against COVID-19  Vaccination against COVID-19  

Mortality 
registry 

- - All-cause and cause-specific (as defined 
by the ICD-10 chapters) deaths 
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Table 2. Summary of statistical analysis 

LDL-C – low-density lipoprotein cholesterol, HDL-C – high-density lipoprotein cholesterol, HbA1C – glycated hemoglobin, GGT – gamma-glutamyl transferase, Hs-CRP – high-sensitivity C-reactive protein, NT-
proBNP – N-terminal pro-brain natriuretic peptide, Hs-TnT– high-sensitivity troponin T 

 Paper I Paper II Paper III 

Study design Cross-sectional study Cross-sectional study Cohort study 

Research 
questions 

Seroprevalence adjusted for test performance 
 

Factors associated with seropositive status and 
adherence to NPIs 

Spectrum of COVID-19 cases  
 

Factors associated with symptomatic 
status and hospitalization 

Mortality rates 
 

Risk factors for pre-pandemic and pandemic 
deaths 

Statistical 
analysis 

Binary logistic regression Binary logistic regression Cox proportional hazards regression 

 
Outcomes 
and 
covariates 

Dependent variable (1) Seropositive status: 1 – 
seropositive, 0 – seronegative  
  
Independent variables (1) were introduced stepwise  
Block 1: socio-demographic characteristics  
Block 2: behavioral (smoking, heavy drinking, 
adherence to NPIs), health-related characteristics 
(hypertension, diabetes, chronic pulmonary diseases, 
coronary heart diseases) 
 

Dependent variable (2) Adherence to COVID-19 
NPIs: 1 – low (0-3 NPIs), 0 – high (4-5 NPIs) 
 

Independent variables (2) were introduced into the 
regression model using the enter option: sex, age, 
education, occupation, income, smoking and drinking 
habits, chronic health conditions, confidence in the 
efficiency of NPIs, vaccination against COVID-19 

Dependent variable (1) 
Symptomatic COVID-19 case: 1 – 
symptomatic case, 0 – asymptomatic 
case 
 

Dependent variable (2) 
Hospitalization with COVID-19: 1 – 
hospitalized case, 0 – non-
hospitalized case 
 

Independent variables: sex, age, 
higher education, hypertension, 
diabetes, abdominal obesity, self-
rated health, smoking status, and 
frequency of heavy drinking 

Dependent variable  
All-cause deaths 
 

Time variable 
Person-months of observation in the pre-
pandemic period (date of KYH enrollment – 
March 16, 2020) and the pandemic period 
(March 17, 2020 - May 5, 2023)  
 

Independent variables: age, higher education,  
smoking,  hazardous drinking, chronic health 
conditions (obesity,  hypertension, diabetes, 
angina, history of myocardial infarction, chronic 
heart failure, asthma, chronic bronchitis, kidney 
disease, liver disease, neoplasms) and blood-
based cardiometabolic biomarkers (total 
cholesterol, LDL-C, HDL-C, triglycerides, 
HbA1C, GGT, Hs-CRP, cystatin C, NT-
proBNP, Hs-TnT) 

 
Adjustment Mutual adjustment 

Demographic (age, sex, higher 
education) and  behavioral (smoking, 
frequency of heavy drinking) factors 

Demographic (age, higher education) and  
behavioral (smoking, hazardous drinking) 
factors 



28 
 

person-years were calculated for both the pre-pandemic and pandemic periods (Paper III). 

Mortality rates for the pandemic period were age-standardized to the age distribution of the 

study population at baseline (direct standardization, 5-year bands). Mortality rates were 

presented with 95% CIs. Age-adjusted mortality ratios in the pandemic period were estimated 

as hazard ratios (HR) derived from Cox proportional hazards regression models of the studied 

death outcomes, with period (1 = pandemic period, 0 = pre-pandemic period) and age in years 

entered as covariates. We also used Cox proportional hazards regression models to investigate 

risk factors for pre-pandemic and pandemic deaths. For each covariate, the interaction with 

study period was assessed by comparing regression models with and without the interaction 

term using the likelihood ratio test. Based on the identified interaction between study period 

and sex, the analyses were stratified by sex. Effect estimates were reported as HRs adjusted 

for demographic and behavioral factors with corresponding 95% CIs.  

In the PhD thesis, we also presented unpublished findings on the risk factors associated with 

the three major underlying causes of death during the pandemic in men and women combined 

(pooled analysis). For this analysis, we used Cox proportional hazards regression models and 

reported results as HRs adjusted for age and sex. 

The Statistical Package for the Social Science SPSS version 24.0 (SPSS Inc, Chicago, Il) and 

Stata version 17.0 (StataCorp, College Station, TX, USA) were used for data analysis. A p-

value < 0.05 was considered statistically significant.  

 

3.5 Ethical considerations 
 
The PhD project was conducted in compliance with the ethical standards of the 1964 

Declaration of Helsinki and its later amendments. Ethical approval for the original KYH 

study was provided by the ethics committees of London School of Hygiene & Tropical 

Medicine (approval number 8808, received February 24, 2015) and NSMU, Arkhangelsk 

(approval number 01/01-15, received January 27, 2015). Ethical approval for follow-up of 

KYH participants using electronic health records was received from the ethics committee of 

NSMU, Arkhangelsk, Russia (approval number 01/04-19, received April 24, 2019). Ethical 

approval for ESSE-RF-3 was obtained from the ethics committee of the National Research 

Center for Therapy and Preventive Medicine Moscow, Russia (approval number 01-01/20, 

received February 04, 2020) and the ethics committee of NSMU, Arkhangelsk, Russia 

(approval number 01/02-21, received February 17, 2021). 
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Ethical approval for the sub-study of COVID-19-related issues was received from the ethics 

committee of NSMU, Arkhangelsk, Russia (approval number 01/02-21, received February 17, 

2021).  The PhD project was approved by the Regional Committee for Medical and Health 

Research Ethics (REK) in Norway (approval number 339397, received December 7, 2021). 

Participants included in the KYH study and the ESSE-RF3 study provided written informed 

consent to participate. At the time of enrollment in the KYH study, participants in the current 

study provided written consent to disclose their medical and other health-related records for 

research purposes under the condition of confidentiality and to be invited to participate in 

other studies. Data linkage between the KYH data, the COVID-19 case registry, the 

vaccination registry, and the regional mortality registry was performed by the MIAC in 

accordance with the NSMU-MIAC Confidentiality Agreement, based on the informed 

consent obtained from the participants, as well as legal and ethical approvals. Participants 

were anonymized using randomly assigned unique ID numbers. Subsequent data linkage was 

based on these depersonalized IDs, ensuring that no personal identifiers were present in the 

analyzed dataset. 
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4 Results 

 
4.1 COVID-19 seroprevalence and adherence to preventive 

measures (Paper I + unpublished findings) 

 

At 12-15 months after the onset of the pandemic in Arkhangelsk, 65.1% (95% CI: 62.5, 67.6) 

of the surveyed population aged 40-74 years (867/1332) were seropositive (Paper I). The 

seroprevalence rate increased to 73.0% (95% CI: 67.1, 85.7) after adjustment for test 

performance. Less than half (652/1332, 48.9%) of the study participants adhered to all five 

recommended NPIs, including self-isolation, social distancing, wearing facemasks in public 

places or transport, wearing gloves, and use of hand sanitizers. Altogether, 242 (18.2%) of 

1332 study participants self-reported having been vaccinated against SARS-CoV-2, with 195 

(14.6%) having received two doses and being fully immunized. Only 29 (61.7%) of the 47 

individuals who had received one dose of the vaccine were seropositive, whereas 194 (99.5%) 

of the 195 participants who had received two doses were seropositive.  

In the crude analysis, older age, male sex, former smoking status, and the presence of chronic 

health conditions were positively associated with receiving SARS-CoV-2 vaccination early in 

the pandemic before the start of the seroprevalence survey. Conversely, having a large family 

(≥4 persons in the household), living with children (<18 years), regular employment, and low 

adherence to NPIs were negatively associated with vaccination (Table 3). After adjustment 

for age and sex, both former and current smokers were more likely to be vaccinated, whereas 

participants with low adherence to NPIs were less likely to be vaccinated.  

Of the 339 participants who self-reported having had COVID-19, 322 (95.0%) were 

seropositive. After excluding 16 individuals who received the vaccine after contracting the 

disease, 309 (95.7%) of the 323 participants were seropositive. Detailed information on the 

grouping of participants is shown in Figure 5. 

Of the 1 090 unvaccinated study participants, 644 were seropositive, indicating infection-

acquired immunity. The SARS-CoV-2 seroprevalence rate due to the infection was 59.1% 

(95% CI: 56.1; 62.0) and increased to 66.3% (95% CI: 58.1; 76.0) when adjusted for test 

performance. 

Of the unvaccinated seropositive individuals, 309 self-reported having had COVID-19 (7 of 

309 were asymptomatic cases with a positive PCR test), while 335 did not report having had 

COVID-19. A total of 342 (31.4%) asymptomatic infections were detected among the 
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unvaccinated study participants. 

Table 3. Characteristics associated with vaccination against SARS-CoV-2 early in the 

pandemic, N=1332 (unpublished findings) 

NPIs – non-pharmaceutical interventions 
1adjusted for age and sex; 2according to the income classification of the Federal State Statistics Service of Russia; 3≥60 grams of pure alcohol 
on a single occasion (162); 4having one or more of the following conditions: hypertension, diabetes, chronic pulmonary diseases, coronary 
heart diseases 
*The association was attenuated after adjustment for smoking status. 

ORCharacteristics crude OR(95%CI) adj (95%CI)1 

Sex 
referenceFemale  

1.38 (1.04; 1.82)Male  
Age 

reference40-54 years
1.88 (1.27; 2.78)55-64 years
6.14 (4.27; 8.82)65-74 years

Marital status 
referenceSingle

1.13 (0.84; 1.52)Married
Number of persons in household 

reference1
0.89 (0.62; 1.26)2-3
0.41 (0.24; 0.71)≥4

Living with children (<18 years) 
referenceNo

0.32 (0.21; 0.50)Yes
Education 

referenceSecondary and lower
0.92 (0.56; 1.53)Specialized secondary
0.78 (0.47; 1.32)Higher

Occupation 
referenceRetired or unemployed

0.41 (0.31; 0.54)Regular employment
Income2

referenceLow
0.82 (0.61; 1.12)Middle
0.51 (0.30; 0.85)High

Adherence to NPIs 
referencehigh (4-5 NPIs)  

0.58 (0.39; 0.88)low (0-3 NPIs)
Smoking 

referenceNever smoker
1.41 (1.03; 1.94)Former smoker
1.18 (0.80; 1.75)Сurrent smoker

Frequency of heavy drinking3

referenceNever
0.81 (0.60; 1.09)Once a week and less often
0.61 (0.27; 1.38)2 times a week and more often

Chronic health conditions4 

referenceNo
2.12 (1.49; 3.01)Yes

reference 
1.53 (1.14; 2.06)*

reference
1.85 (1.25; 2.73) 
6.32 (4.39; 9.10)

reference
0.88 (0.73; 1.06)

reference
1.10 (0.80; 1.70) 
1.00 (0.60; 1.80)

reference        
0.62 (0.39; 1.00)          

reference
1.14 (0.67; 1.94 
1.25 (0.72; 2.15)

reference
0.88 (0.62; 1.24)

reference
1.04 (0.75; 1.44) 
0.99 (0.56; 1.74)

reference 
0.62 (0.40; 0.95)

reference
1.46 (1.01; 2.11) 
1.64 (1.06; 2.55)

reference
0.93 (0.65; 1.33) 
0.60 (0.25; 1.44)

reference
1.22 (0.84; 1.79)

nca004
Sticky Note
Completed set by nca004
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Figure 5. Classification of study participants based on self-reported COVID-19/vaccination status and serological survey results, N=1332. 
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Individuals with infection-acquired immunity were more likely to have regular employment 

(OR 2.06, 95% CI 1.50; 2.84) and less likely to be smokers (OR 0.37, 95% CI 0.25; 0.54). 

Adherence to NPIs was not found to be associated with contracting the virus. Male sex (OR 

2.16, 95% CI 1.52; 3.09), low income (OR 2.22, 95% CI 1.20; 4.08), low confidence in the 

efficiency of NPIs (OR 2.73, 95% CI 2.02; 3.70), and heavy drinking twice a week or more 

often (OR 2.54, 95% CI 1.32; 4.88) were associated with low adherence to NPI, defined as 

following three or fewer recommended NPIs. After exclusion of glove use from the analysis 

(as wearing gloves was not recommended internationally), male sex (OR 1.72, 95% CI 1.27; 

2.34), regular employment (OR 1.84, 95% CI 1.33; 2.54), and low confidence in the 

efficiency of NPIs (OR 1.98, 95% CI 1.51; 2.59) were associated with low adherence to 

internationally recommended NPIs.  

 

4.2 Spectrum of COVID-19 cases (Paper II) 
 

After excluding vaccinated participants and those with discrepancies between self-reported 

vaccination data and vaccination registry data (N=243), we classified the unvaccinated study 

participants (N=1089) as non-infected or previously infected (asymptomatic, non-

hospitalized, and hospitalized symptomatic) cases based on agreement between serological 

survey data, the COVID-19 case registry, and self-reported COVID-19 status. Figure 6 

provides detailed information about the classification of participants.  

One and a half years into the pandemic in Arkhangelsk, 59.7% (95% CI: 56.7; 62.6) of the 

unvaccinated adult population aged 40-74 years were infected with SARS-CoV-2 (650/1089). 

Asymptomatic COVID-19 cases (344/1089) accounted for 31.6% (95% CI: 28.9; 34.5) of the 

study population.  

More than half of the infected individuals (430/650, 66.2%) were not included in the 

healthcare-based registry, mainly with asymptomatic infection (331/430, 77.0%). Thus, 

96.2% of all asymptomatic cases (331/344) and 32.3% of all symptomatic cases (99/306) 

were not recorded in the COVID-19 case registry.  

The spectrum of infected cases was as follows: asymptomatic cases were 52.9% (344/650), 

symptomatic non-hospitalized cases were 38.5% (250/650), and symptomatic hospitalized 

cases were 8.6% (56/650). Therefore, less than half, 47.1% (306/650) of the infected 

individuals, were symptomatic. 
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Figure 6. Classification of study participants based on linkage of serological survey, COVID-19 case registry data and self-reported survey data, 

N=1089. 
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Older age was positively associated (OR 1.93, 95% CI 1.10; 3.36 for 55-64 years, OR 2.96, 

95% CI 1.58; 5.53 for 55-74 years when compared to 40-44 years), while smoking showed a 

negative association (OR 0.55, 95% CI 0.31; 0.97) with symptomatic COVID-19. Among 

symptomatic cases, 18.3% (56/306) were hospitalized. Individuals older than 65 years (OR 

6.99, 95% CI 1.45; 33.72) and those with poor self-rated health (OR 2.51, 95% CI 1.23; 5.14) 

were more likely to be hospitalized.  

 

4.3 Mortality rates and risk factors for death during the 

COVID-19 pandemic (Paper III + unpublished findings) 
 

In the KYH study cohorts, there were 58 deaths in the pre-pandemic period and 92 deaths in 

the pandemic period, including 17 COVID-19-related deaths and 75 non-COVID-19 deaths. 

All-cause mortality increased from 7.24 (95% CI 5.59; 9.36) per 1000 person-years in the pre-

pandemic period to 10.16 (95% CI 7.76; 12.57) per 1000 person-years in the pandemic period 

(standardized to the age distribution at baseline). The risk of death was 41.0% higher during 

the pandemic period than during the pre-pandemic period (HR 1.41 95% CI 1.00; 1.99). 

Cardiovascular diseases and neoplasms were the leading causes of death in both periods 

(Table 4).  

 

Table 4. Underlying causes of death in study participants during the pre-pandemic and the 

pandemic periods (unpublished findings) 

Underlying cause of death 
Pre-pandemic period:  

date of KYH enrollment -
March 17, 2020, N (%) 

Pandemic period:  
March 17, 2020 - May 

5, 2023, N (%) 
Cardiovascular diseases I00-I99 28 (48.3) 31 (33.7) 
Neoplasms C00-D48 13 (22.4) 28 (30.4) 
COVID-19 U07 - 11 (12.0) 
Respiratory diseases J00-J99 0 (0.0) 5 (5.4) 
External causes V01-Y98 6 (10.3) 5 (5.4) 
Digestive system diseases K00-K95 2 (3.5) 4 (4.3) 
Diabetes E08-E13 4 (6.9) 3 (3.3) 
Unattended death R 98 2 (3.5) 2 (2.2) 
Kidney disease N03.3  1 (1.7) 1 (1.1) 
Aneurism Q28.2  1 (1.7) 1 (1.1) 
Viral hepatitis B18.9  1 (1.7) 1 (1.1) 
Total 58 (100,0) 92 (100,0) 

 

In 11 of 17 COVID-19-related deaths, COVID-19 was identified as the underlying cause. In 

the remaining six cases, COVID-19 was identified as a contributing factor. Of these six 

deceased patients, five had cancer as the underlying cause of death. The remaining case was 
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due to myocardial infarction, where the sequence of events leading to death included ischemic 

heart disease as the underlying cause and myocardial infarction as the immediate cause. 

During the pandemic, five deaths were attributed to pneumonia as the underlying cause. In 

addition, among those who died from cardiovascular disease, neoplasm, or diabetes (classified 

as underlying cause of death), there were nine cases in which pneumonia or acute respiratory 

distress syndrome were listed as the immediate cause. This raises questions about possible 

misclassification or undiagnosed COVID-19 cases. Table 5 presents risk factors for death 

from three major underlying causes, including cardiovascular diseases, neoplasms, and 

COVID-19.  

 

Table 5. Risk factors for death from three major underlying causes (cardiovascular diseases, 

neoplasms, COVID-19) during the pandemic period, N=2284 (unpublished findings) 

Characteristics 
Cardiovascular 

diseases  
(I00-I99), N=301 

Neoplasms  
(C00-D48), N=231 

COVID-19 
 (U07.1-U07.2), 

N=11 
 HRadj (95%CI)2 HRadj (95%CI) HRadj (95%CI) 

Age, years 1.06 (1.01; 1.10) 1.12 (1.06; 1.18) 1.15 (1.05; 1.26) 
Male sex 3.50 (1.60; 7.63) 1.68 (0.74; 3.82) 1.30 (0.40; 4.28) 
Higher education 0.39 (0.15; 1.01) 0.74 (0.29; 1.88) 0.81 (0.21; 3.06) 
Smoking 2.09 (0.98; 4.48) 4.56 (1.89; 10.99) 1.93 (0.47; 7.90) 
Hazardous drinking3 0.69 (0.27; 1.77) 0.92 (0.29; 2.92) 0.49 (0.06; 4.19) 
Obesity4 1.45 (0.68; 3.09) 1.09 (1.45; 2.61) 5.37 (1.39; 20.75) 
Hypertension5 2.47 (1.06; 5.78) 1.10 (0.45; 2.71) 0.89 (0.24; 3.16) 
Myocardial infarction5 1.87 (0.63; 5.55) 2.12 (0.70; 6.43) 0.91 (0.11; 7.28) 
Angina5 2.41 (1.06; 5.47) 1.42 (0.56; 3.58) 1.66 (0.46; 5.93) 
Heart failure5 2.58 (1.11; 6.00) 1.04 (0.35; 3.12) 0.99 (0.21; 4.67) 
Diabetes5 3.42 (1.42; 8.22) 1.14 (0.33; 3.91) 4.06 (1.14; 14.48) 
Asthma5 1.22 (0.29; 5.19) 1.32 (0.30; 5.72) 4.99 (1.28; 19.53) 
Chronic bronchitis5 0.26 (0.35; 1.93) 1.78 (0.66; 4.84) 0.60 (0.76; 4.70) 
Kidney diseases5 3.41 (1.62; 7.16) 0.87 (0.30; 2.58) 0.87 (0.19; 4.07) 
Liver disease5 1.61 (0.69; 3.77) 2.05 (0.83; 5.05) 0.43 (0.05; 3.41) 
Neoplasms5 0.59 (0.08; 4.46) 3.38 (1.21; 9.44) - 
Total cholesterol, ≥5.2 mmol/L 1.10 (0.53; 2.27) 0.70 (0.27; 1.87) 0.59 (0.17; 1.97) 
LDL-C, >3.0 mmol/L 1.06 (0.46; 2.48) 1.57 (0.45; 5.51) 1.41 (0.30; 6.56) 
HDL-C, <1.0 mmol/L for men 
and <1.3 mmol/L for women 

1.78 (0.78; 4.05) 2.34 (0.84; 6.48) 1.41 (0.36; 5.45) 

Triglycerides, >1.7 mmol/L 1.57 (0.75; 3.25) 1.57 (0.60; 4.13) 0.84 (0.22; 3.20) 
HbA1С, ≥6.5% 7.05 (3.03; 16.38) 3.85 (1.23; 12.02) 4.68 (1.21; 18.11) 
GGT, ≥40 U/L 1.77 (0.84; 3.73) 2.24 (0.84; 5.98) 1.99 (0.57; 6.93) 
Hs-CRP, ≥2 mg/L 2.66 (1.24; 5.72) 2.66 (0.93; 7.58) 1.95 (0.57; 6.70) 
Cystatin C, ≥1.2 mg/L 1.91 (0.56; 6.53) 1.90 (0.55; 6.60) 4.44 (1.11; 17.72) 
NT-proBNP, ≥125 pg/mL 6.74 (2.76; 16.46) 1.44 (0.52; 4.00) 1.17 (0.33; 4.10) 
Hs-TnT, ≥6 ng/L 4.81 (1.24; 6.05) 2.46 (0.53; 11.45) 1.70 (0.34; 8.57) 

LDL-C – low-density lipoprotein cholesterol, HDL-C – high-density lipoprotein cholesterol, HbA1C – glycated hemoglobin, GGT – gamma-
glutamyl transferase, Hs-CRP – high-sensitivity C-reactive protein, NT-proBNP – N-terminal pro-brain natriuretic peptide, Hs-TnT– high-
sensitivity troponin T 
1deaths with COVID-19 as a contributing cause were excluded; 2adjusted for age and sex; 3score of ≥8 on the AUDIT(161);4body mass index 
≥30 kg/m2; 5self-reported doctor-diagnosed diseases 
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Male sex, hypertension, angina, heart failure, diabetes, kidney diseases, elevated levels of 

HbA1С, Hs-CRP, NT-proBNP, and Hs-TnT were associated with a higher risk of death from 

cardiovascular causes during the pandemic period. Smoking and elevated levels of HbA1С 

were risk factors for death from neoplasms. Obesity, diabetes, asthma, elevated levels of 

HbA1С and cystatin C were associated with an increased risk of death from COVID-19. We 

repeated the analysis with COVID-19-related deaths (N=17), defined as any death with 

COVID-19 as an underlying (N=11) or contributing cause (N=6), as the outcome. Most of the 

factors associated with death from COVID-19 (N=11), except asthma, were also significantly 

associated with the risk of COVID-19-related death (N=17). This indicates the important role 

of the virus in the pathogenic mechanism that led to the deaths of the six patients with 

neoplasms and cardiovascular disease as underlying causes for which COVID-19 was 

recorded as a contributing cause.  

In Paper III, to address the potential misclassification of deaths related and unrelated to 

COVID-19, we presented age-standardized all-cause mortality rates and risk factors for death 

during the pandemic period compared to the pre-pandemic period.  

During the pandemic, the all-cause mortality rate in the KYH cohort remained higher in men 

than in women, while the mortality rate increased 2.32-fold in women (from 2.79 to 6.45 per 

1000 person-years) but not in men (from 13.43 to 15.58 per 1000 person-years) compared 

with the pre-pandemic period. Women had a higher mortality rate from neoplasms (1.78 per 

1000 person-years) than from cardiovascular diseases (1.39 per 1000 person-years) in the 

pandemic period, whereas the opposite pattern was observed in the pre-pandemic period. In 

men, cardiovascular disease remained the leading cause of death during the pandemic (6.34 

per 1000 person-years), followed by neoplasms (4.64 per 1000 person-years). Mortality rates 

with COVID-19 as the underlying cause of death were similar in men (1.21 per 1000 person-

years) and women (0.87 per 1000 person-years). 

Older age (HR 1.09, 95% CI 1.05; 1.12 for men, HR 1.11, 95% CI 1.06; 1.16 for women), 

smoking (HR 2.80, 95% CI 1.64; 4.78 for men, HR 3.11, 95% CI 1.40; 6.94 for women), and 

diabetes (HR 3.41, 95% CI 1.63; 7.12 for men, HR 2.32, 95% CI 1.09; 4.92 for women) were 

associated with a higher risk of all-cause death in both sexes in both periods. In women, 

obesity (HR 2.19, 95% CI 1.11; 4.30), angina (HR 3.59, 95% CI 1.76; 7.30), and elevated 

cystatin C levels (HR 3.47, 95% CI 1.48; 8.12) were associated with a higher risk of death 

during the pandemic period, while higher education was associated with a lower risk (HR 

0.30, 95% CI 0.11; 0.86). In men, asthma (HR 2.62, 95% CI 1.05; 6.61) and elevated levels of 

Hs-TnT (HR 2.79, 95% CI 1.17; 6.70) increased the risk of death during the COVID-19 



38 
 

pandemic, while elevated levels of hs-CRP (HR 2.42, 95% CI 1.27; 4.61 for the pre-pandemic 

period, HR 1.80, 95% CI 1.04; 3.12 for the pandemic) and NT-proBNP (HR 1.96 95% CI 

1.01; 3.81 for the pre-pandemic period, HR 3.13, 95% CI 1.71; 5.75 for the pandemic) were 

associated with a higher risk of death in both periods. Vaccination against COVID-19 reduced 

all-cause mortality during the pandemic period in both sexes (HR 0.17, 95% CI 0.09; 0.32 for 

men, HR 0.19, 95% CI 0.09; 0.38 for women). 
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5 Discussion 

5.1 Methodological considerations 
 
In this chapter, we review the methodological challenges encountered during the PhD 

project and consider how they may have influenced the results.  

 

5.1.1. Study design 
 
The PhD thesis is based on data from participants (N=2380) in the KYH study, which was a 

cross-sectional study at baseline (2015-2017). More than half of them (N=1348) took part in 

a cross-sectional ESSE-RF3 study, which was conducted 12-15 months after the onset of the 

COVID-19 pandemic (2021). The KYH and ESSE-RF3 data were linked to the COVID-19 

case and vaccination registries. In 2015-2023, the KYH sample was followed up as a cohort 

for all-cause mortality and new clinical diagnoses, and these longitudinal data were also used 

in this thesis. 

Paper I and Paper II were based on data from the cross-sectional ESSE-RF3 data. The 

cross-sectional study design was relevant for assessing COVID-19 seroprevalence (Paper I) 

and the spectrum of COVID-19 cases by combining the serological survey data, the national 

COVID-19 case registry, and self-reported data on COVID-19 experience and symptoms 

(Paper II) (163).  

The timing of the serological survey may affect seroprevalence estimates. Depending on the 

time of sampling, infection rates may change, and individuals in a target population may be 

at a higher or lower risk of COVID-19 than average (7). Seroprevalence estimates may be 

biased if individuals are enrolled at different stages of local epidemics, potentially leading to 

either overestimation or underestimation of prevalence. We conducted the serological survey 

(Paper I) after the peak of the second wave of COVID-19 in Arkhangelsk (September 20, 

2020 - March 3, 2021). Blood samples for serological testing were collected over a period of 

four months as part of the data collection for the ESSE-RF3 study, 20 to 25 participants per 

day. We assessed a “period seroprevalence” reflecting the prevalence of IgG antibodies to 

SARS-CoV-2 in the KYH population during the period from February 24, 2021, to June 30, 

2021, when the daily number of new COVID-19 cases was relatively stable. Therefore, the 

seroprevalence can be considered as an average estimate for the period studied. 

We extended the cross-sectional design to explore the association between various factors 
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and outcomes of interest, including serological status, adherence to NPIs, symptomatic 

infection, and hospitalization (Papers I & II). As all the data used in these analyses were 

collected simultaneously, investigating associations of interest in a cross-sectional study 

presented challenges in determining the temporality of associations between exposure and 

outcome, making it difficult to draw causal inferences (84). Therefore, some potential for 

reverse causality, where the outcome occurred before the exposure, should also be

considered. For example, this may partially explain the negative association between

smoking and symptomatic COVID-19.

Paper III presented the results of a prospective cohort study of changes in mortality and risk 

factors associated with all-cause death in the KYH study sample in the pandemic period 

compared with the pre-pandemic period. Although the cohort study design was appropriate

for assessing risk factors, it was necessary to clarify what was meant by the term “risk factor”, 

as recommended elsewhere (164). In our study, we defined a risk factor as a factor associated 

with a change (increase or decrease) in the risk of the outcome, which is consistent with

Porta's Dictionary of Epidemiology (2). We refrained from using the term “predictors” 

because our goal was not to predict the outcome or to construct the best predictive model. 

Instead, we estimated and compared factors influencing the risk of death in the pre-pandemic 

and pandemic periods to better understand the mechanisms of the impact of the COVID-19 

pandemic on mortality.

5.1.2 Study validity

Observational studies are subject to both random and systematic (non-random) errors, which 

are universally present to some extent and may affect the accuracy of the results. Internal 

validity is the validity of the results as they apply to the study population, which refers to the 

absence of systematic errors, including selection bias, information bias, and confounding

(165). The internal validity of the study presented in the PhD thesis refers to how applicable 

inferences are to the sampled population (the group of individuals studied). External validity 

reflects the extent to which study results can be generalized to a larger target population. 

Internal  validity is a prerequisite for achieving external validity.

5.1.2.1 Selection bias and external validity

Selection bias occurs when individuals have unequal chances of being included in a study 

based on their exposure and outcome characteristics, resulting in a non-representative



41 
 

sample (165). This bias can affect the external validity and generalizability of study 

findings.  

Participants in the KYH study (Paper III) were randomly selected from the adult 

population of Arkhangelsk aged 35-69 years, with a participation rate of 68.2%, which is 

relatively high for population-based studies. Although participation rates may not be 

strongly related to non-response bias (166, 167), we cannot completely rule out the 

possibility that participants who agreed to participate may differ from those who did not. To 

assess the extent of selection bias due to non-response, the educational profile of the KYH 

study sample was compared with that of the Arkhangelsk population according to the 2010 

Russian Census (153). The educational profile of those recruited to the study was similar to 

what would be expected based on the 2010 Russian Census data for the city (153).  

External validity is critical for a seroprevalence study to ensure that the results accurately 

reflect the virus transmission by assessing the prevalence of having antibodies to SARS-CoV-

2 in the population of interest (7). One year after the start of the COVID-19 pandemic, 

participants in the KYH study were invited to participate in a seroprevalence survey (Paper I) 

conducted as a satellite of the ESSE-RF3 study. The seroprevalence study sample represented 

a resurveyed subsample of the KYH study with a participation rate of 59.7% (1348 out of 

2258 in the sampling frame). Paper II used the same subsample after excluding vaccinated 

individuals, who may differ from those remaining in the sample. Although participants in the 

seroprevalence study were recruited regardless of exposure or disease status, we cannot 

exclude the possibility that individuals who had not been exposed to COVID-19 may have 

avoided participation due to fear of infection. Conversely, those who believed they have had 

COVID-19 may have felt safer participating due to their perceived immunity. Individuals who 

refused to participate and avoided healthcare facilities may have been more likely to self-

isolate and adhere more strictly to other NPIs, possibly leading to a higher likelihood of being 

seronegative.  

Since the participation rate of 59.7% and the exclusion of some participants could be a 

source of selection bias, we compared the key demographic characteristics of the resurveyed 

subsample used in Paper I (N=1332) and Paper II (N=1089) with the characteristics of the 

2380 individuals in the KYH sampling frame (Table 6).  

We observed that the study samples for Paper I and Paper II were slightly skewed toward 

individuals who were younger at the time of inclusion in the KYH study and had a slightly 

higher proportion of individuals with higher education. At the time of the resurvey (the 

ESSE-RF study, 2021), the age of participants ranged from 40 to 74 years, as they aged over 
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time after inclusion in the KYH study (2015-2017). The resurveyed subsample did not 

include KYH participants who died between the studies or were unable to participate in the 

ESSE-RF study due to serious illness.  

Table 6. Comparisons between current study participants and the original Know Your Heart 

study sample. 

Characteristic KYH study 
sample, 

N=2380 (%) 

Paper I study 
sample, 

N=1332 (%) 

 
p-

values1 

Paper II 
study sample, 
N=1089 (%) 

 
p-value1 

Age at the time of 
inclusion in KYH 
study, Me (Q1; 
Q3) 

54 (45; 62) 52 (44; 61) 0.001 51 (44; 58) <0.001 

Sex      
Women 1391 (58.4) 789 (59.2) 0.640 665 (61.1) 0.145 
Men 989 (41.6) 543 (40.8)  424 (38.9)  
Higher education2      
No 1455 (61.1) 769 (57.7) 0.043 630 (56.9) 0.019 
Yes 925 (38.9) 563 (42.3)  469 (43.1)  

KYH study – Know Your Heart study; Me – median; Q1 – first quartile; Q3 – third quartile 
1Each study sample was compared to the KYH study sample using Pearson’s chi-squared test for categorical parameters, and the Mann–
Whitney U-test for continuous characteristics. 
2Education levels were assessed at the time of inclusion in the KYH study for the KYH study sample and at the time of inclusion in ESSE-
RF3 for the Paper I and Paper II study samples. 

 

A slightly higher proportion of participants in the resurveyed subsample had higher 

education compared to the sampling frame, possibly because older participants who died or 

dropped out had a lower proportion of individuals with higher education. Some individuals 

may have attained higher education between studies, and those with higher education may 

have increased their health awareness and willingness to participate in the study. These 

differences between the resurveyed subsample and the KYH sampling frame are unlikely to 

significantly affect the results and conclusions.  

Nevertheless, the results of the seroprevalence study cannot be generalized to the entire 

population of Russia due to significant regional differences in socioeconomic levels, 

climate, implemented NPIs, and approaches to organizing medical care during the 

pandemic. Considering all of the above sampling characteristics, the seroprevalence study 

sample may not be fully representative of the target population of Arkhangelsk residents. As 

the study sample was restricted to a specific age group, the results cannot not be generalized 
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to the entire population of Arkhangelsk, as younger and older individuals may have a 

different risk of infection and serological profile compared to middle-aged individuals (7).  

As the KYH study participants were followed to investigate risk factors for all-cause death 

during the pandemic compared to the pre-pandemic period, the possibility of attrition bias 

could be considered. Attrition bias is a type of selection bias, also known as dropout bias or 

loss-to-follow-up bias (168). Some individuals may have relocated, making it impossible to 

record their outcomes. Consequently, they may have been misclassified as alive, potentially 

resulting in underestimated mortality rates during the pandemic period. 

 

5.1.2.2 Information bias 
 
Information bias results from misclassification of exposure and/or outcome status (165). The 

type and quality of data sources used in epidemiological studies could have led to some extent 

of information bias. Our study combines several sources of information, including registry 

data, self-reported survey data, seroprevalence survey results, and blood-based biomarkers. 

Below, we outline potential limitations associated with the use of each of these sources in 

terms of information bias. 

 

Registry data 

The KYH and ESSE-RF3 study data were linked to the COVID-19 case registry, the 

vaccination registry, and the regional mortality registry. The completeness and reliability of 

the registry data could potentially influence the study results (169). The COVID-19 case 

registry provided accurate information on COVID-19 cases detected by the healthcare system 

(79, 170). We found only four out of 57 hospitalized cases with discrepancies between self-

reported and registry data on hospitalization. The case registry relied primarily on positive 

PCR test results rather than clinical symptoms. However, in the early stages of the pandemic, 

limited capacity for PCR testing and the heavy burden on the healthcare system resulted in 

inequitable access to COVID-19 testing. Individuals from high-risk groups (such as the 

elderly, those with chronic conditions, and healthcare workers) or those with severe COVID-

19, who have received more medical attention, may have been more likely to be tested and 

included in the registry. Even as testing availability increased, individuals with symptomatic 

infections were more likely to seek testing or to be identified and tested as contacts than those 

with atypical or no symptoms. As with any case registry in any setting, the COVID-19 

registry likely missed a large number of asymptomatic and mild cases (171).  



44 
 

The mortality registry data used in our study are based on the causes of death listed on death 

certificates, which include the underlying cause of death, related pathological conditions, 

immediate cause of death, and other contributing conditions according to ICD-10. The 

accuracy of information in death certificates may affect cause-specific mortality rates. In 

Russia, death certificates were based on autopsies and recorded according to national 

guidelines that met WHO guidelines for recording causes of death during the pandemic, 

which made them reliable (131, 133). However, the lack of testing in the early stages of the 

pandemic may have led to an underreporting of COVID-19 deaths, as some cases might have 

gone untested and been misclassified as unrelated to COVID-19 (117, 134). Even among 

deceased individuals who tested positive for SARS-CoV-2, COVID-19 was not necessarily 

recoded as the underlying cause of death (137). Deaths of SARS-CoV-2 positive individuals 

can be classified according to the role of the virus in the sequence leading to death. If a death 

resulted from COVID-19 complications, such as pneumonia with acute respiratory distress 

Individuals with proactive health-seeking behaviors, such as women compared to men, and 

those committed to a healthy lifestyle may be more willing to be tested (172). However, even 

when PCR testing is performed, the reliability of test results may be compromised due to 

improper timing or specimen collection (55, 84). All of these factors may lead to potential 

misdiagnosis or missed diagnosis of COVID-19, resulting in non-differential misclassification 

of individuals who had COVID-19 and those who did not. Reliance on registry data alone

may underestimate the prevalence of infection and the associations between different factors 

and symptomatic status (86). We addressed this issue by integrating the registry data with 

serological survey results and self-reported COVID-19-related information (Paper II), which 

allowed us to obtain reliable estimates of the proportion of infected cases as well as the 

proportions of asymptomatic and symptomatic COVID-19 cases.

Completeness of the vaccination registry was another challenge related to non-differential 

misclassification of vaccinated and unvaccinated participants. Exclusion of vaccinated 

individuals was necessary to ensure accurate assessment of the prevalence of infection- 

acquired immunity (Paper I) and the spectrum of COVID-19 cases (Paper II). To address 

potential completeness issues in the vaccination registry, we combined self-reported 

vaccination data with registry information. Individuals who reported receiving the SARS- 

CoV-2 vaccine and had a corresponding record in the vaccination registry were excluded, as 

were participants with discrepancies in their vaccination status. Therefore, there was low 

probability that vaccinated participants were included in the study of factors associated with 

infection-acquired immunity.
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syndrome or sepsis, COVID-19 was recorded as the underlying cause (112). When a death 

was attributed to other underlying causes, COVID-19 was listed as a contributing factor on 

the death certificate (138). In SARS-CoV-2 positive deceased patients with chronic diseases, 

especially those with multiple comorbidities, determining the role of COVID-19 in the 

sequence of events leading to death may be challenging (136, 139). Patients with 

comorbidities were predisposed to severe COVID-19, and the virus may have contributed to a 

fatal outcome by being pathogenically associated with a condition that became the immediate 

cause of death. In these cases, COVID-19 was likely recorded as a contributing factor, 

potentially leading to an underestimation of COVID-19 deaths (113, 135). 

Therefore, recording of causes of death during the COVID-19 pandemic posed significant 

challenges due to changes in death reporting practices over time, low availability of testing, 

and the complex role of comorbidities in the pathway to death. In Paper III, we analyzed all-

cause mortality to address these challenges and provide a comprehensive assessment of the 

impact of the pandemic on mortality.  

 

Self-reported data 

The use of self-reported data can be a source of misclassification, as study participants may 

inaccurately report information about themselves due to recall bias, social desirability bias, 

or misunderstanding of questions. We used self-reported data on behavioral and health-

related characteristics collected during the KYH and ESSE-RF3 studies. Self-reported data 

on chronic conditions in population-based studies are generally considered reliable, but 

withholding sensitive information about behavioral factors such as smoking and alcohol 

consumption may introduce social desirability bias to undervalue socially unwelcome 

attitudes (173, 174). Due to the potential influence of social desirability bias, self-reported 

smoking and alcohol consumption may have been underestimated, while adherence to NPIs 

may have been overestimated.  

In our study, adherence to NPIs was assessed using a composite variable consisting of five 

items: self-isolation (stay-at-home order), social distancing, wearing face masks in public 

places or transport, wearing gloves, and using hand sanitizers. We assessed the correlation of 

the items (internal consistency) and estimated the measurement accuracy of the composite 

adherence score (reliability) by using the Cronbach's alpha coefficient, which was 0.67, 

indicating acceptable reliability (175). The term “self-isolation” was not explicitly defined in 

the ESSE-RF3 questionnaire, which may have led participants to interpret it as staying at 

home during paid non-working days in March-May 2020, being isolated due to a confirmed 
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COVID-19 case, or being under quarantine due to contact with a confirmed case (65-67). 

This ambiguity may obscure the relationship between self-isolation and SARS-CoV-2 

seroprevalence. The ESSE-RF3 questions on NPIs adherence did not consider the 

consistency or thoroughness of NPIs use during the pandemic, such as the frequency or 

appropriateness of using face masks and hand sanitizers. Thus, inappropriate NPIs use (e.g., 

wearing face masks with the nose exposed, failure to change masks in a timely manner, etc.) 

could not be completely excluded among those who self-reported high adherence. Moreover, 

behaviors could have changed during the pandemic period, resulting in an underestimated 

association between serological status and adherence to NPIs due to non-differential 

misclassification of adherence status (176). 

Self-reported survey data may better capture symptomatic COVID-19 cases, including those 

who did not seek medical care (87). However, retrospective self-report of COVID-19 symptoms 

may be subject to recall bias, as participants may not recall experiencing symptoms, potentially 

leading to non-differential misclassification of symptomatic status. Due to the difficulty in 

distinguishing COVID-19 from other respiratory infections, individuals who had symptoms 

that were not severe enough to prompt a hospital visit and testing may be unaware or unsure 

whether they had COVID-19 (177). Thus, some symptomatic cases who were not tested may 

misclassify themselves as non-infected, potentially leading to an underestimation of the number 

of symptomatic COVID-19 cases.  

 

Seroprevalence survey data 

Many serological tests have been developed to detect SARS-CoV-2 antibodies, with varying 

test performance characterized by sensitivity and specificity. Sensitivity is the probability of a 

positive result in infected individuals, while specificity is the probability of a negative result 

in non-infected individuals. Imperfect test performance may lead to misclassification and 

biased seroprevalence estimates (178, 179). 

We used the semi-quantitative ELISA assay to detect IgG antibodies to SARS-CoV-2 S 

protein in blood serum, the only test available in Russia during the study period (February 24-

June 30, 2021). This assay allowed us to classify participants as having positive, negative, or 

equivocal results, but did not allow us to present the distribution of quantitative values. 

Participants with equivocal results were excluded due to uncertainty in interpretation. 

Based on the results of an independent evaluation, the test had a sensitivity of 89% and a 

specificity of 100% (156). The use of an imperfectly sensitive test, if not adjusted for test 

performance, may underestimate the seroprevalence due to the presence of infected cases not 
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detected by the test (false negatives). False negative rates may be higher in individuals with 

mild or asymptomatic infections, in recently infected persons who have not yet developed 

antibodies, or in those infected long before testing due to waning antibody levels over time 

after infection (89).  

To ensure comparability of our results with those of other studies that used different 

serological tests, we reported seroprevalence adjusted for test performance indicators with 

95% confidence intervals (Paper I) (179, 180). We estimated the seroprevalence adjusted for 

test performance using the equation (crude prevalence + test specificity - 1) / (test sensitivity 

+ test specificity - 1) (159). We calculated 95% CIs for the adjusted seroprevalence to account 

for uncertainty in the estimates by bootstrapping using the R package (160). Thus, based on 

867 positive test results among 1332 individuals tested for antibodies to SARS-CoV-2 (Paper 

I), the unadjusted seroprevalence was 65.1% (95% CI: 62.5; 67.6). After adjustment for 

serological test performance, the seroprevalence estimate changed to 73.0% (95% CI: 67.1; 

85.7).  

The test used could not distinguish between previously infected individuals and those 

vaccinated against SARS-CoV-2 because it detected IgG to the S protein but not to the N-

protein of the virus. Therefore, we assessed the seroprevalence due to infection (Paper I) and 

the spectrum of COVID-19 cases (Paper II) after excluding those who were vaccinated. We 

estimated the seroprevalence due to infection to be 59.1% (95% CI: 56.1, 62.0), which 

increased to 66.3% (95% CI: 58.1, 76.0) after adjustment. This adjusted seroprevalence rate 

may serve as an approximation of the cumulative incidence rate (89). In Paper II, no 

adjustments were made for test performance because the proportions of infected individuals 

were estimated using data from the COVID-19 case registry and self-reported data in addition 

to serological test results. However, the proportions of infected cases and seropositive 

participants were almost the same, with only five of 220 COVID-19 cases in the case registry 

testing negative for SARS-CoV-2 antibodies. Thus, the underestimation due to the imperfect 

test sensitivity may be very small.  

 

Blood-based biomarkers 

In Paper III, we examined the impact of blood-based biomarkers measured at the time of 

enrollment in the KYH study, six years before the onset of the pandemic, on all-cause 

mortality during both the pre-pandemic and pandemic periods. As the KYH study was 

designed to investigate cardiovascular diseases, the baseline data included predominantly 

cardiovascular biomarkers. Measuring blood-based biomarkers at a single point in time may 
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not provide a complete risk profile because it may not accurately reflect long-term exposure 

or average levels of these biomarkers, which may change over time. Changes in medication 

use may also have influenced biomarker levels and disease progression in terms of underlying 

pathophysiological mechanisms. For example, participants with an initially abnormal blood 

lipid profile who were not previously taking lipid-lowering medications may have 

subsequently started treatment. Changes in the use of lipid-lowering medications during the 

follow-up period may have affected lipid levels. Due to variations in biomarker levels over 

time and potential non-differential misclassification, associations between medication-

dependent biomarkers and outcomes should be interpreted with caution. 

 

5.1.2.3 Confounding and interaction 

A confounder is a variable that is associated with both the exposure and the outcome, but is 

not on the pathway from the exposure to the outcome (165). Confounding occurs when there 

are differences between the exposed and unexposed groups regarding a third variable that 

influences the occurrence of the outcome (2). This results in a biased association between an 

exposure and an outcome, potentially indicating a false effect of the exposure or masking the 

true effect. Confounding can be reduced by applying statistical correction methods such as 

restriction, stratification/standardization, and multivariate regression (165). 

A data-driven approach and Directed Acyclic Graphs (DAGs) are used to identify variables 

that should be adjusted for in statistical analyses to control for confounding and produce 

accurate estimates. In a data-driven approach, variables are selected for inclusion in the 

multivariate model based on their statistical significance in univariable analyses, which assess 

crude associations between various factors (exposures) and outcomes (181, 182). Variables 

are not included in the model if they are not significant and are not considered confounders. 

Significance is assessed at the 0.1-0.2 alpha level in the crude model (181). Confounding is 

assessed using the change-in-estimate procedure, which involves observing the effect of 

adding a potential confounder to a statistical model on the effect estimate of the exposure 

variable. If the effect estimate changes by 10-20% or more after adjustment, this indicates that 

the added variable is a confounder (181, 183).  

Although a data-driven approach provides valuable insight into associations between 

variables, it does not consider the role of each variable in relation to exposure and outcome. 

Thus, selection based on significance may lead to inappropriate exclusion or inclusion in the 

model. 

In contrast to the data-driven approach, DAGs are graphical tools used to visualize the 
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relationships among variables and determine the role of covariates in a statistical model, 

including the identification of confounders, mediators (variables in the pathway from 

exposure to outcome), and colliders (variables affected by both exposure and outcome) 

(Fig.7) (184).  

 

Figure 7. A directed acyclic graph representing the differences between confounders, 

mediators, and colliders. 

 

In Paper II, we focused on associations between various factors and outcomes rather than on 

predicting outcomes. Therefore, adjustment for confounders specific to certain covariates 

should be considered to obtain interpretable effect estimates. Given the limited power of the 

study, we adopted a strategy of adjusting for potential confounders for all key variables 

(variables of interest) selected from the DAGs, including age, sex, higher education, smoking, 

and heavy drinking (Fig.8). Additional adjustment for variables specific to certain covariates 

did not significantly alter the results.  

Similar results were obtained for confounder selection using the data-driven approach. The 

factors chosen as confounders for all key variables using DAGs were significantly associated 

with outcomes in the crude analysis. With this in mind, we used logistic regression models to 

investigate the associations between the studied variables and outcomes (symptomatic status, 

hospitalization), both in unadjusted analyses and after adjusting for the potential confounders. 

We presented unadjusted estimates alongside the confounder-adjusted estimates to show 

whether the observed associations could be explained by confounding. 

In Paper I, we investigated factors associated with seropositive status and adherence to NPIs 

using the multivariate logistic regression models. The investigation of factors associated with 

seropositive status involved the stepwise introduction of blocks of variables into the model. 

To assess the isolated effect of each variable on adherence to NPIs, adjusted estimates were 

calculated by including all variables simultaneously in a regression model. Mutual adjustment 

does not take into account the relationships between variables and does not treat each 

independent variable separately as an exposure, but as any other covariate. This may lead to 
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the “Table 2 fallacy,” which is the belief that effect estimates for all covariates derived from a 

single multivariable model have a similar interpretation, which is often not the case (185). 

 

Symptomatic COVID-19 Hospitalization status 

Hypertension 

  

Diabetes 

  

Abdominal obesity 

  

Self-rated health 

  

Figure 8. Directed acyclic graphs showing confounding in the estimation of associations 

between key variables and outcomes. 

 

The DAGs constructed post hoc to account for the relationships between the variables 
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included in the analysis did not reveal any colliders, making collider bias unlikely (186). As 

some variables may be mediators, adjusting for them may lead to an underestimation of the 

total effect of some factors (191, 192). This should be taken into account when interpreting 

the results. 

In Paper III, we standardized mortality rates to the age distribution of the study population in 

the pre-pandemic period (direct standardization, 5-year bands) to account for the aging of the 

sample over time following inclusion in the study. Cox proportional hazards regression 

models were fitted to investigate the factors associated with the change in risk of death during 

the pandemic compared with the pre-pandemic period. Effect estimates were reported as HRs 

adjusted for demographic (age, higher education) and behavioral (smoking, hazardous 

drinking) variables selected by DAGs as confounders for key covariates.  

In Paper III, we identified an interaction between sex and study period, indicating that the 

average effect of study period on all-cause mortality depended on sex. Therefore, further 

analyses were stratified by sex. Failure to account for this interaction could have compromised 

the internal validity of the study results. Our findings confirmed this interaction by revealing 

sex differences in how the associations of chronic diseases and blood-based biomarkers with 

all-cause mortality changed during the pandemic compared with the pre-pandemic period. 

 

5.1.3 Sample size and power calculation 
 

The sample size should be sufficient to address the research questions with precision and to 

ensure adequate statistical power to obtain conclusive results. Since we used data collected 

in the previous KYH and ESSE-RF3 studies, the sample size was relatively small, which 

was a major limitation of the study. The calculation of the power achieved was performed 

using post hoc analysis. While investigating the association between demographic, 

behavioral, and health-related factors and seropositive status, we calculated the statistical 

power of a binary logistic regression model to identify ORs of 1.5 and greater for outcome 

prevalence of 10 to 90% and predictor prevalence of 10, 25, 50, 75, and 90% in the sample 

of 1332 participants (Paper I). Calculations showed that the sample has ≥80% power to 

identify factors that increase or decrease the odds of the outcome by 1.5-fold for all 

combinations of outcome prevalence in the range of 25% to 70% and predictor prevalence 

in the range of 30% to 70% (Table 7). 
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Table 7. Statistical power of binary logistic regression models to identify factors associated 

with seropositive status (G*Power 3.1.9.7) 

  Predictor prevalence 

   0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 

O
ut

co
m

e 
p

re
va

le
n

ce
 

0,1 0,32 0,41 0,48 0,53 0,57 0,6 0,62 0,62 0,62 0,61 0,59 0,57 0,53 0,47 0,4 0,32 0,23 

0,15 0,4 0,52 0,6 0,66 0,7 0,73 0,75 0,76 0,76 0,76 0,74 0,71 0,67 0,62 0,54 0,44 0,32 

0,2 0,46 0,59 0,68 0,74 0,79 0,82 0,83 0,84 0,84 0,84 0,83 0,8 0,77 0,72 0,64 0,53 0,39 

0,25 0,51 0,64 0,73 0,8 0,84 0,86 0,88 0,89 0,89 0,89 0,88 0,86 0,83 0,78 0,71 0,6 0,45 

0,3 0,53 0,68 0,77 0,83 0,87 0,89 0,91 0,91 0,92 0,91 0,9 0,89 0,86 0,82 0,75 0,64 0,5 

0,35 0,55 0,7 0,79 0,85 0,88 0,91 0,92 0,93 0,93 0,93 0,92 0,91 0,88 0,84 0,78 0,67 0,53 

0,4 0,56 0,71 0,8 0,86 0,89 0,92 0,93 0,94 0,94 0,94 0,93 0,91 0,89 0,85 0,79 0,7 0,55 

0,45 0,56 0,71 0,8 0,86 0,9 0,92 0,93 0,94 0,94 0,94 0,93 0,92 0,9 0,86 0,8 0,71 0,56 

0,5 0,55 0,7 0,79 0,85 0,89 0,91 0,93 0,94 0,94 0,94 0,93 0,92 0,89 0,86 0,8 0,71 0,56 

0,55 0,53 0,68 0,78 0,84 0,88 0,91 0,92 0,93 0,93 0,93 0,92 0,91 0,89 0,85 0,79 0,7 0,55 

0,6 0,5 0,65 0,76 0,82 0,86 0,89 0,91 0,92 0,92 0,92 0,91 0,89 0,87 0,83 0,77 0,68 0,54 

0,65 0,47 0,62 0,72 0,79 0,84 0,87 0,88 0,9 0,9 0,9 0,89 0,87 0,85 0,81 0,75 0,65 0,52 

0,7 0,42 0,57 0,67 0,75 0,8 0,83 0,85 0,86 0,87 0,87 0,86 0,84 0,81 0,77 0,71 0,62 0,48 

0,75 0,37 0,51 0,61 0,69 0,78 0,78 0,8 0,81 0,82 0,82 0,81 0,79 0,76 0,72 0,65 0,57 0,44 

0,8 0,31 0,43 0,53 0,6 0,66 0,7 0,72 0,74 0,75 0,75 0,74 0,72 0,69 0,65 0,59 0,5 0,39 

0,85 0,24 0,34 0,42 0,49 0,54 0,58 0,61 0,63 0,64 0,64 0,63 0,62 0,59 0,54 0,49 0,42 0,33 

0,9 0,16 0,23 0,3 0,35 0,4 0,43 0,46 0,48 0,49 0,49 0,49 0,47 0,45 0,42 0,38 0,33 0,26 

 

For the sample of 1089 participants (Paper II), a binary logistic regression model had ≥80% 

power to detect factors that increased or decreased the odds of the outcome by 1.5-fold for all 

combinations of outcome prevalence between 30% and 60% and predictor prevalence 

between 35% and 65%. The relatively small sample size we used for analyses of factors 

associated with symptomatic status and hospitalization may not have allowed us to detect 

relatively weak associations, limiting the interpretation of the results. 

For the sample of 2357 participants (Paper III), the Cox proportional hazards regression 

model has ≥80% power to detect a 1.5-fold increase or decrease in the risk of death associated 

with most of the characteristics studied. The relatively small number of deaths observed in the 

study sample due to the relatively young age of the participants may have limited the 

interpretation of the results regarding factors associated with risk of death. 

 

 

5.2 Discussion of the main results 
 

In this chapter, we have elaborated on the results presented in the papers and discussed the 

findings in relation to the objectives of the PhD project.  
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5.2.1 SARS-CoV-2 seroprevalence and spectrum of COVID-19 cases  

Two-thirds of the population-based adult sample had specific SARS-CoV-2 antibodies 12-15 

months after the onset of the pandemic in Arkhangelsk (Paper I).  The level of population 

immunity was largely determined by the spread of infection, with only 14.6% being fully 

vaccinated. Among unvaccinated participants, 66.3% were seropositive (adjusted for test 

performance), which was considered to be infection-acquired immunity, regardless of whether 

they had symptoms or not. Despite a high proportion of the adult population having 

antibodies, the rate of new COVID-19 cases recorded in Arkhangelsk remained high in 2021 

(73). This suggests that achieving herd immunity may be challenging due to the emergence of 

new SARS-CoV-2 variants to which people had partial or no immunity, coupled with waning 

antibody levels over time (187).  

The COVID-19 case registry recorded only one in three infected cases (Paper II). Under-

recording may have occurred because only a proportion of the infected individuals (47.1%) 

exhibited symptoms, and not all symptomatic cases sought medical care and were tested. 

According to the iceberg concept of infectious diseases, detected COVID-19 cases represent 

the visible tip of the iceberg, while undetected, mostly asymptomatic cases represent the 

invisible bottom (188) (Fig.9). In our study, one third of the participants had an asymptomatic 

infection prior to inclusion in the study; 96.2% of all asymptomatic cases were unaware that 

they had been infected. 

 

Figure 9. The iceberg concept of COVID-19 (adapted to COVID-19 from the paper published 

by Shubin M. et al.) (188). 
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The high proportion of symptomatic cases (18.3%) were hospitalized, with fever and dyspnea 

being more frequent symptoms in hospitalized cases, consistent with previous studies (189, 

190). The most specific COVID-19 symptoms, anosmia (loss of sense of smell) and ageusia 

(loss of sense of taste), were more common in non-hospitalized symptomatic cases, consistent 

with findings showing a higher frequency in non-severe cases (191). 

The high hospitalization rate for COVID-19 cases in our study may be partly explained by the 

common recommendation during the early stages of the pandemic in Russia to hospitalize all 

infected individuals for isolation (68). In support of this, a study in Saint Petersburg from March 

2020 to April 2021 found higher hospitalization rates than our study. The rates for men ranged 

from 14.6% (under 49 years) to 56.9% (over 70 years), and for women from 11.5% (under 49 

years) to 48.4% (over 70 years) (192). However, since only one of 57 hospitalized patients was 

asymptomatic, we considered hospitalization to be an acceptable indicator of COVID-19 

severity in our study. 

 

5.2.2 Factors associated with adherence to preventive measures, 

serological status, and COVID-19 severity 
 

In our study (Paper I), less than half (48.9%) of the participants adhered to all five 

recommended NPIs, which included self-isolation (stay-at-home order), social distancing, 

wearing face masks in public places or on transport, wearing gloves, and using hand 

sanitizers. Self-reported high adherence to NPIs, defined as adherence to at least four out of 

the five measures, was not associated with contracting COVID-19. This may be partly 

explained by the fact that, in addition to the number of NPIs used, the risk of infection 

depended on the consistency and thoroughness of NPI use (176, 193). These behavioral 

factors are influenced by perceived risk of infection, self-discipline, and social responsibility, 

which could not be precisely measured (5). 

Younger individuals had lower adherence to COVID-19 NPIs (Paper I) and a higher 

proportion of infected cases (Paper II) compared to older age groups, as reported in other 

studies (103). However, after adjustment for other factors, including regular employment, age 

was no longer associated with adherence to NPIs, consistent with other findings (194). 

Regular employment was independently associated with lower adherence to NPIs and with 

the presence of infection-acquired immunity (Paper I). Employed individuals were at 

increased risk of exposure to SARS-CoV-2 due to factors such as the inability to work 

remotely, reliance on public transport, and potential social interactions at work. Low 
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adherence may be due to the challenges of strict adherence to NPIs, including maintaining 

social distance, proper use of face masks, and their timely replacement, which further 

contributed to the increased risk of infection (195). 

NPIs targeting individuals over 65 and those with chronic conditions, particularly self-

isolation, resulted in higher adherence rates among older, typically unemployed or retired 

participants (62). This may have contributed to potentially lower overall COVID-19 severity. 

Nevertheless, older participants were more likely to experience symptomatic COVID-19 and 

require hospitalization (Paper II). The prioritization of testing during the early stages of the 

pandemic may have resulted in a higher likelihood of symptomatic cases being tested, 

diagnosed, and hospitalized for isolation or severity among individuals over 65 years. 

Nevertheless, our findings are consistent with the well-established association between older 

age and disease severity (196, 197).  

Male sex was independently associated with low adherence to NPIs, in line with previous 

research (Paper I) (98, 198). However, the majority of infected men were asymptomatic 

(Paper II), whereas more than half of infected women were symptomatic. Given the 

significant association of smoking with symptomatic status and the substantial difference in 

smoking prevalence between men and women in Russia (199), the difference in symptomatic 

status between the sexes is likely attributable to smoking. This is supported by the 

disappearance of the association between symptomatic status and sex after adjustment for 

other demographic and behavioral factors, including smoking (Paper II).  

Smokers were less likely to have infection-acquired antibodies (103, 200) and to be diagnosed 

with COVID-19, and they were underrepresented among hospitalized COVID-19 cases, 

consistent with findings from other studies (201-203). The suggestion that tobacco smoke 

compounds may reduce susceptibility and vulnerability to COVID-19 is largely speculative 

(200, 204-206). It is possible that smokers are less likely to develop immunity after COVID-

19 infection as they may develop a lower antibody response and have a shorter duration of 

antibody circulation after infection (207). Smokers may have a lower likelihood of PCR 

testing or self-reporting of COVID-19 symptoms (200, 208), thereby increasing the likelihood 

of being misclassified as asymptomatic. The higher frequency of false negative PCR results 

associated with tobacco smoking may have further reduced the prevalence of diagnosed 

COVID-19 in smokers (200, 206, 209). We cannot completely exclude the reverse causality 

as a possible explanation for the reduced odds of symptomatic COVID-19 among smokers 

(Paper II) - some asymptomatic participants may have started smoking during the pandemic 

due to factors such as depression or isolation (210). However, a recent report showed that 
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smoking prevalence among middle-aged adults decreased during the pandemic, suggesting an 

increase in smoking cessation (211). Based on this, participants who had a symptomatic 

course of the infection may have quit smoking before or during their illness because it could 

have worsened COVID-19 symptoms. These individuals, classified in the study as former 

smokers, may have a higher prevalence of chronic diseases compared to those who continued 

to smoke. This may have reduced the overall severity of COVID-19 in current smokers by 

removing more vulnerable individuals from this group (212). In support of this, a recent meta-

analysis showed that former smokers were at increased risk of severity, hospitalization, and 

mortality from COVID-19 (200). Consistent with the evidence linking smoking to mortality 

from both COVID-19 and non-COVID-19 causes, smokers may have had a higher risk of 

serious illness and death prior to the start of the ESSE-RF3 study (213-215). They may also 

have declined to participate in the study due to poor health or post-COVID symptoms. 

Smokers were more likely to be vaccinated early in the pandemic (due to their fear of severe 

infection) and were therefore excluded from the study of the spectrum of COVID-19 cases. 

As a result, they may be underrepresented in the resurveyed subsample, potentially 

attenuating the observed effect of smoking on disease severity. 

Among symptomatic cases, men were more likely to be hospitalized than women, but this 

association was no longer present after adjustment for age, education level, smoking, and 

heavy drinking. This contradicts the recent meta-analysis showing that male sex was 

independently associated with severe COVID-19 (216). Symptomatic COVID-19 patients 

with poor self-rated health were more likely to require hospitalization, consistent with other 

studies suggesting that poor self-rated health and comorbidities exacerbate COVID-19 

severity (111, 196, 197). In unadjusted analyses, diabetes was associated with higher odds of 

COVID-19 hospitalization, but this association disappeared after adjustment for demographic 

and behavioral factors. Compared to self-reported diagnosis of a specific disease, poor self-

rated health reflects an individual’s subjective perception of their overall health, which may 

be influenced by the severity of underlying pathogenic changes, reflecting the stage of the 

disease, and the degree of control with medication. Individuals with multiple chronic 

conditions may more often perceive their health as poor. Consequently, symptomatic COVID-

19 patients with poor self-rated health were more likely to experience severe symptoms 

requiring hospitalization. 
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5.2.3 Mortality and risk factors for death during the pandemic 

During the COVID-19 pandemic, the risk of death from all causes increased by more than 

40.0% compared with the pre-pandemic period. Given the relatively young age of study 

participants (40-74 years at the pandemic onset), most deaths can be considered premature. 

The age-standardized mortality rate in women doubled during the pandemic, while the change 

in men was minor (Paper III). This is consistent with the results of a previous study showing 

that women in Russia had higher excess mortality (the difference between observed and 

expected deaths) than men, in contrast to most countries where excess mortality was skewed 

toward men (217, 218).  

Cardiovascular diseases and neoplasms were the leading underlying causes of death. In 

women, mortality from neoplasms exceeded mortality from cardiovascular diseases, whereas 

the opposite was observed in the pre-pandemic period. In men, cardiovascular diseases 

remained the leading cause of death during the pandemic. In addition to the susceptibility and 

vulnerability of patients with cardiovascular disease and neoplasms to COVID-19, the 

restrictions implemented during the pandemic to reduce viral transmission may have 

unintentionally affected these patients. Several studies have shown that mortality from acute 

cardiovascular events has increased while hospitalizations for these conditions have 

decreased, suggesting that the increase in deaths is largely due to delayed diagnosis and 

treatment (219, 220). A reluctance to seek care, reduced capacity for screening and optimal 

investigations, and delays in specific treatment can have a negative impact on cancer patients, 

particularly on the presentation and stage of cancer at diagnosis, which in turn worsens 

prognosis (221). In Russia, the COVID-19 pandemic has limited access to preventive 

screening, including for neoplasms, resulting in a decrease in the number of newly diagnosed 

cases of breast, prostate, kidney, and thyroid cancers (222). Moreover, patients treated for 

neoplasms and those with other serious illnesses were more likely to become infected with 

SARS-CoV-2 because of their weakened immune systems and the need to visit health care 

facilities (222).  

Before the pandemic, women had a survival advantage over men, largely due to early 

diagnosis (at an early stage) and better adherence to treatment for chronic diseases (218, 223). 

Thus, the reduced availability of health care during the pandemic may have disproportionately 

affected women, who are generally more proactive in seeking health care (172). The higher 

prevalence of certain chronic conditions appears to have made women more vulnerable than 

men to potentially fatal complications directly related to the virus. This is supported by the 
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fact that most of the factors associated with an increased risk of all-cause death in women 

during the pandemic were also risk factors for death from COVID-19 (116, 224, 225).

In men, asthma was associated with a higher risk of all-cause death during the pandemic, 

probably due to poorer adherence to treatment compared to women. Other studies have shown 

that inhaled corticosteroids used to treat asthma may reduce the severity of COVID-19,

leading to lower rates of hospitalization and death among users (226, 227). Elevated 

biomarkers of cardiovascular risk (hs-CRP, Hs-NT-proBNP and Hs-TnT) further increased

the risk of death in men during the pandemic, suggesting their greater vulnerability to 

cardiovascular events related or unrelated to the virus.

The lack of sex differences in COVID-19 mortality may be due to underestimation of the 

impact of the virus and misclassification of COVID-19 deaths, particularly among women 

with a higher prevalence of diagnosed chronic diseases. Supporting this, another study 

suggested that the increase in deaths from cardiovascular diseases and neoplasms may be 

mainly associated with undetected deaths related to COVID-19 (221).

5.2.4  Public health implications of the findings

To our knowledge, this is the first population-based study in Russia to investigate the

spectrum of COVID-19 cases and factors associated with seropositivity, symptomatic disease, 

and risk of death during the pandemic in the adult population.

Our study showed that much of the spread of SARS-CoV-2 went unnoticed by the healthcare 

system and that the use of multiple and complementary surveillance sources could ensure 

broader coverage of COVID-19 cases. We demonstrated that combining different sources of 

COVID-19-related data could make the COVID-19 surveillance system more sensitive to 

detect cases of varying severity representing different levels of the infectious disease pyramid. 

Integrating information from different sources could reduce the number of unidentified 

asymptomatic cases who, unaware of their disease status, could unknowingly transmit the 

virus to others. Estimating the proportion of asymptomatic COVID-19 cases also allows the 

calculation of key epidemiological characteristics, including the cumulative incidence of 

infection.

The use of population-based data collected several years before the pandemic allowed the 

identification of factors associated with risk of death during the pandemic in men and women. 

The study findings could be used to implement targeted prevention strategies for future 

outbreaks,including vaccine prioritization. It also increases the focus on facilitating a 
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sex-specific biomarker-based approach to effectively improve health outcomes and reduce 

mortality in high-risk groups. Assessing the proportion of infected cases and understanding the 

spectrum of COVID-19, including characteristics of asymptomatic, symptomatic, and 

hospitalizedcases, as well as risk factors for death, has facilitated the evaluation of pandemic 

control strategies and the overall impact of infectious disease outbreaks on population health. 

The results of the PhD project can inform health care planning, prioritize interventions to 

control the spread of infection, and identify areas for improvement in surveillance programs 

for future outbreaks.

6  Conclusions

SARS-CoV-2 spread rapidly through the population of Arkhangelsk, with two-thirds of adults 

aged 40-74 years (66.3%) being seropositive within one and a half years of the pandemic. 

Adherence to NPIs was not associated with serological status.

One third of the study participants had asymptomatic COVID-19, almost all of whom (96.2%)

were unaware that they had been infected.

Of those infected, less than half (47.1%) had symptoms of COVID-19. A high proportion of 

symptomatic cases (18.3%) were hospitalized, mainly those over 65 years of age and those 

with poor self-rated health.

Smokers were less likely to have infection-acquired antibodies and more likely to be 

asymptomatic. However, the effect of smoking on COVID-19 severity could be 

underestimated and should be interpreted with caution.

During the pandemic, all-cause mortality was 41.0% higher than in the pre-pandemic period, 

with a greater increase in age-standardized mortality in women and minor change in men. 

Compared with the pre-pandemic period, women with obesity, angina, and kidney

dysfunction and men with asthma and elevated cardiovascular risk biomarkers had an 

increased risk of all-cause death during the pandemic. Smoking and diabetes were associated 

with higher risk of death in both sexes in both periods.
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Population-based data on coronavirus disease in Rus-
sia and on the immunogenicity of the Sputnik V vaccine 
are sparse. In a survey of 1,080 residents of Arkhangelsk 
40–75 years of age, 65% were seropositive for IgG. 
Fifteen percent of participants had been vaccinated; of 
those, 97% were seropositive.
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Russia is one of the few countries to have pro-
duced a coronavirus (COVID-19) vaccine (1). 

It has also experienced substantial excess deaths 
during the pandemic (2). Few published estimates 
of antibody seroprevalence for severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) in 
Russia exist. A St. Petersburg survey in June 2020 
used random-digit dialing to contact 66,250 resi-
dents; of those, 1,038 provided a blood sample, and 
the samples had 9%–10% seropositivity (3). A study 
conducted in Chelyabinsk (September 28–December 
30, 2020) recruited 1,091 high-risk workers (health-
care workers, education staff, and supermarket em-
ployees) >18 years of age. Of the 882 screened, 25% 
were seropositive for IgG (4). We are not aware of 
any seroprevalence estimates from Russia based on 
samples collected in 2021 that have appeared in the 
scientific literature. 

We interviewed and obtained blood samples from 
1,080 adults 40–75 years of age who were residents of 

the city of Arkhangelsk in northwest Russia during 
February 24–May 28, 2021. We obtained participants 
for this study from 2,258 invitations sent to persons 
who had taken part in the Know Your Heart study (5) 
(2015–2018), which was based on a random sample 
of the city population (Appendix, https://wwwnc.
cdc.gov/EID/article/28/2/21-1640-App1.pdf). The 
ethics committee of the Northern State Medical Uni-
versity approved our study proposal and protocol on 
February 17, 2021.

We used a Vector Best ELISA assay (D-5501 
SARS-CoV-2-IgG-EIA-BEST; https://vector-best.
ru) to analyze qualitatively detected IgG directed 
against SARS-CoV-2 in human blood serum sam-
ples. Data are limited on the performance of this im-
munoassay, in particular, on its sensitivity for infec-
tions that occurred >3 weeks previously. According 
to the manufacturer, the assay has a sensitivity of 
72% when performed 6–12 days after infection and 
≈100% at 13–20 days (6). An independent assess-
ment of the Vector Best ELISA assay found a sensi-
tivity of 89% and a specificity of 100%, derived from 
comparisons of test results in prepandemic samples 
(negative controls) and PCR positive samples for 
SARS-CoV-2 (7). We estimated seroprevalence ad-
justed for test performance (89% sensitivity, 100% 
specificity) using the equation (crude prevalence + 
test specificity − 1)/(sensitivity + specificity − 1) (8). 
We calculated 95% CIs for the adjusted estimates 
of seroprevalence using the R package bootComb 
(https://www.r-project.org).

Of the 1,080 samples (634 women, mean age 55 
years), we excluded 13 who had an equivocal test re-
sult from analysis. Of the 1,067 remaining samples, 
690 (65%) were seropositive for IgG (Table 1). Serop-
revalence adjusted for test characteristics was 72.6% 
(95% CI 64.2%–83.1%).

Seroprevalence did not substantively differ by 
sex or by educational level. Of the 162 participants 
(15%) who reported having been vaccinated. 150 
(93%) were seropositive. Among the 31 who re-
ceived 1 dose, 20 (65%) were seropositive; of the 
131 who had received 2 doses, 130 (99%) were se-
ropositive. Of the 905 participants who said they 
had not been vaccinated, 256 said that they had 
previously been ill with COVID-19; of those, 248 
(97%) were seropositive. Of those who stated they 
had not been vaccinated and did not report hav-
ing previously been ill with COVID-19, 292 (45%) 
were seropositive, suggesting an appreciable level 
of unrecognized infection. Our overall estimates 
of seroprevalence (crude 65%, adjusted 72.6%) is 
appreciably higher than found in St Petersburg in 



June 2020 (3) (10%) or in Chelyabinsk (25%) in Sep-
tember–December 2020 (4). This result is consistent 
with the second wave of the pandemic in Russia 
(peak November–December 2020) being larger than 
the first (peak May–June 2020); our study started 
during the vaccination period.

Deployment of COVID-19 vaccine, mostly Sput-
nik V, in the Arkhangelsk region started in mid-Jan-
uary 2021; 11% of the population received >1 dose by 
May 30, 2021 (9). Our study covered an urban sam-
ple from the city of Arkhangelsk, the capital of the 
region. Our estimate of 15% coverage of the study 
population may be higher because the regional esti-
mates included data from more dispersed communi-
ties in. Nevertheless, our vaccination rates were low 
compared with rates in most European Union and 
European Economic Area countries as reported in 
June 2021 by the European Centre for Disease Pre-
vention and Control (10). Given the vaccination rate 
in the sample was 15% but the antibodies were pres-
ent in 65% of participants, we suspect that most of 
the seropositive results were the result of acquired 
infection.

Russia is geographically the largest country in 
the world; its regions vary considerably in terms 
of socioeconomic level, climate, and healthcare pro-
vision. Our study results are restricted to an adult 
population and cannot be generalized to the total 
population of Arkhangelsk region or to Russia. The 
high levels of seroprevalence among vaccinated 

participants confirms the immunogenicity of the 
Sputnik vaccine and suggests that it can protect the 
population if the proportion vaccinated is increased 
substantially. We recommend further population-
based seroprevalence studies, using World Health 
Organization–approved tests, for public health ef-
forts in the COVID-19 pandemic.

The seroprevalence survey was funded by the Russian 
Ministry of Health as part of the ESSE-RF3 health survey. 
The Know Your Heart study is a component of  
International Project on Cardiovascular Disease in Russia, 
funded by a Wellcome Trust Strategic Award (award  
no. 100217), the Arctic University of Norway, the  
Norwegian Institute of Public Health, and the Norwegian 
Ministry of Health and Social Affairs.
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Table. Seroprevalence of severe acute respiratory syndrome coronavirus 2 in adults, Arkhangelsk, Russia 

Characteristic 

Unvaccinated 

 

Vaccinated* 

 

Total 
No. 

seropositive/ 
total (%) 

Adjusted 
seroprevalence, 

% (95% CI)† 

No. 
seropositive/ 

total (%) 

Adjusted 
seroprevalence, 

% (95% CI)† 

No. 
seropositive/ 

total (%)  

Adjusted 
seroprevalence, 

% (95% CI)† 
Sex         
 F 332/553 (60) 67.4 (58.4–77.9)  72/81 (89) 99.7 (87.1–99.9)  404/634 (64) 71.5 (62.6–82.3) 
 M 208/352 (59) 66.3 (56.5–77.3)  78/81 (96) 100 (93.2–100)  286/433 (66) 74.1 (64.5–85.6) 
Age, y         
 40–54 291/461 (63) 70.8 (61.4;81.8)  35/38 (92) 100 (84.8–100)  326/499 (65) 73.3 (64.0–84.6) 
 55–64 181/317 (57) 64.1 (54.1–75.0)  38/43 (88) 99.1 (82.6–100)  219/360 (61) 68.3 (58.4–79.4) 
 >65 68/127 (54) 60.1 (46.9–73.1)  77/81 (95) 100 (92.4–100)  145/208 (70) 78.2 (67.0–91.2) 
Education         
 Secondary and lower 26/47 (55) 62.1 (42.7–81.0)  9/9 (100) 100 (66.7–100)  35/56 (63) 70.1 (52.5–88.1) 
 Specialized 
secondary 

253/433 (58) 65.6 (56.1–76.0)  81/87 (93) 100 (91.2–100)  334/520 (64) 72.1 (62.9–83.2) 

 Higher 261/425 (61) 68.9 (59.3–79.8)  60/66 (91) 100 (88.0–100)  321/491 (65) 73.3 (64.0–84.6) 
Week of test         
 7–14 395/651 (61) 68.1 (59.3–78,4)  49/58 (84) 94.8 (81.0–100)  444/709 (63) 70.3 (61.6–80.8) 
 15–21 145/254 (57) 64.0 (53.4–75.3)  101/104 (97) 100 (94.8–100)  246/358 (69) 77.1 (67.1–89.1) 
Self-reported prior symptoms of infection       
 No 172/477 (36) 40.5 (31.7–47.8)  133/143 (93) 100 (92.9–100)  305/620 (49) 55.2 (46.6–64.0) 
 Yes 248/256 (97) 100 (96.9–100)  8/9 (89) 99.7 (56.8–100)  256/265 (97) 100 (96.7–100) 
 Do not know 120/172 (70) 78.3 (66.5–91.6)  9/10 (90) 100 (60.4–100)  129/182 (71) 79.5 (68.1–92.8) 
Total 540/905 (60) 66.9 (58.6–76.9)  150/162 (93) 100 (92.9–100)  690/1067 (65) 72.6 (64.2–83.1) 
*Received >1 dose. 
†Values >100% were rounded to 100%. 
‡Weeks 7–14 are February 24–April 11 and weeks 15–21 are April 12–May 28, 2021. 
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Appendix 

A potential limitation of this study is that the population we studied may not be fully 

representative of the target population of citizens of Arkhangelsk of the same age. This has 2 

components. First, the sampling frame for the seroprevalence study was from the previous Know 

Your Heart (KYH) study conducted 2015–2018. KYH was itself based on a random sample of 

all persons 35–69 years of age residing in the city of Arkhangelsk. Although the response rate for 

this initial study was 53%, the educational profile of those who were recruited to the study was 

very similar to that expected on the basis of 2010 Russian Census data for the city (1). This 

finding, together with emerging evidence that response rates may not be as strongly related to 

nonresponse bias (2), suggests that although we sampled a particular age-range, the sampling 

frame is probably representative of the population of the city of Arkhangelsk. 

The second issue of representativeness concerns the extent to which those participants in 

the recent seroprevalence study are similar in key respects to the sampling frame from the KYH 

study. Of the 2,380 KYH participants, we excluded 122 persons from consideration for the 

following reasons: 56 indicated at the KYH survey that they did not wish to be contacted to take 

part in further research, 61 had died before the study inception date, and 5 were >75 years of age. 

Overall, 2,258 people were invited to take part in 2021; a total of 1,080 (47.8%) provided blood 

samples for assessing seroprevalence. 

We have compared the similarity of the 1,080 participants in the seroprevalence survey to 

the 2,380 persons in the sampling frame (Appendix Table). The sex and age distributions were 

very similar. However, the proportion of participants with higher education in the 2021 

seroprevalence study was larger than in the sampling frame. However, we did not observe an 

association between education and seroprevalence, at least among the responders. 

Our study had several limitations. Samples were taken over 4 months during February 

24–May 28, 2021, because the fieldwork was nested within a much larger national multicenter 

https://doi.org/10.3201/eid2802.211640


 

Page 2 of 2 

survey of the prevalence of risk factors of cardiovascular diseases in Russia (study ESSE-RF-3). 

Participants of this study underwent extensive tests as part of the ESSE-RF-3 protocol. Capacity 

limitations meant that we could invite a maximum of 25 participants per day. We noted, 

however, that the ESSE-RF study itself aimed to get a representative sample of the population 

and was in no way restricted to those who had cardiovascular problems. Although we collected 

the samples over an extended period during which the infection rates changed, we regard our 

estimate as an average of positivity over the period studied. Nevertheless, we could 

underestimate the seroprevalence due to low sensitivity in the 12 days following infection or 

sensitivity waning with increased time from the disease onset. Finally, a limitation of our 

findings was the small sample sizes we used for some of our analyses. 
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Appendix Table. Comparisons of participants in study of seroprevalence of severe acute respiratory syndrome coronavirus 2 
antibodies, Russia 

Characteristic 
Resurvey sample, 

N=1,067 (%) 
Know Your Heart study, 

N=2,380 (%) p value 
Sex*    
 F 629 (59.0) 1,377 (58.3) 0.72 
 M 438 (41.0) 985 (41.7) 
Median age at baseline, 
quartiles Q1 and Q3 

51 (Q1=44–Q3=59) 54 (Q1=45–Q3=62) <0.01† 

Education*   <0.01 
 Secondary and lower 56 (5.2) 174 (7.4)  
 Specialized secondary 520 (48.7) 1,269 (53.7)  
 Higher 491 (46.0) 919 (38.9)  
*Determined by χ2 test. 
†Determined by Mann–Whitney U-test. 
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ABSTRACT
Background: The published estimates of SARS-CoV-2 seroprevalence in Russia are few. The study aimed to assess the
SARS-CoV-2 seroprevalence in Arkhangelsk (Northwest Russia), in a year after the start of the pandemic, to evaluate the
population adherence to non-pharmaceutical interventions (NPIs), and to investigate characteristics associated with
COVID-19 seropositive status.
Methods: We conducted a SARS-CoV-2 seroprevalence study between 24 February and 30 June 2021 involving 1332
adults aged 40–74 years. Logistic regression models were fit to identify factors associated with seropositive status and
with adherence to NPIs.
Results: Less than half (48.9%) of study participants adhered all recommended NPIs. Male sex (odds ratio [OR] 1.7, 95%
confidence intervals [CI] 1.3; 2.3), regular employment (OR 1.8, 95% CI 1.3; 2.5) and low confidence in the efficiency of
the NPIs (OR 1.9, 95% CI 1.5; 2.5) were associated with low adherence to internationally recommended NPIs. The SARS-
CoV-2 seroprevalence rate was 65.1% (95% CI: 62.5; 67.6) and increased to 73.0% (95% CI: 67.1; 85.7) after adjustment
for test performance. Regular employment (OR 2.0, 95% CI 1.5; 2.8) and current smoking (OR 0.4, 95% CI 0.2; 0.5) were
associated with being seropositive due to the infection.
Conclusions: Two third of the study population were seropositive in a year after the onset of the pandemic in
Arkhangelsk. Individuals with infection-acquired immunity were more likely to have regular work and less likely to be
smokers. The adherence to NPIs was not found associated with getting the virus during the first year of the pandemic.
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Background

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) emerged in China in December 2019 and
through the first half of 2020 developed into a global
pandemic of coronavirus disease 2019 (COVID-19). The
spectrum of infection varied from being asymptomatic
to severe with hospitalization and death. The tendency
of those who were asymptomatic or had only mild
symptoms not to self-isolate will have contributed to
further spread of infection [1].

The true cumulative incidence of COVID-19 in most
populations remains uncertain and exceeds the number
of reported cases [2]. Seroprevalence surveys of the gen-
eral population can provide a less biased assessment of
the extent of COVID-19 infection compared to those
based on the number of positive tests reported by the
health service. This is because the latter will differentially
tend to exclude asymptomatic and mild cases and will
also be a function of availability of testing facilities [2].

Several random population antibody surveys were
performed during the first year of the COVID-19 pan-
demic. At the beginning of 2021, 34.6% of the popula-
tion sample in England tested positive for antibodies
against SARS-CoV-2, while the estimated seroprevalence
in Norway was 0.9% [3,4]. In Russia, only a few serologic
studies had been conducted by the middle of 2021
[5–7]. In June-December 2020, the average SARS-CoV-2
seroprevalence in Russia was estimated as 19.2% with
variation between regions [7].

In the first year of the pandemic, studies tended to
find seroprevalence to be associated with sociodemo-
graphic and behavioral characteristics. Male gender was
shown to be positively associated with testing positive
[8]. Having public-facing jobs, living in overcrowded
households, using public transport, or having high social
interaction for other reasons were also associated with
testing positive for SARS-CoV-2 antibodies [9,10]. Lower
seroprevalence has been reported in older populations
and in people with chronic diseases who may have
shielded themselves to reduce risks of getting infected
[3,5,11–15].

Non-pharmaceutical interventions (NPIs), such as laws
or regulations restricting face-to-face interactions, can
significantly decrease the rate of viral transmission
[16,17]. The varying speed of the infection spread in dif-
ferent countries depends on the public compliance with
the related guidelines rather than the timeliness of
implementing COVID-19 NPIs [10,18]. The level of adher-
ence to COVID-19 restrictive measures can be influenced

by public confidence in government and the informa-
tion available to guide preventive behaviors [19]. Higher
compliance with NPIs has been demonstrated in the eld-
erly, women, those with higher educational level and
income, non-smokers, people living alone and those
having chronic diseases [1,20,21]. There is some evi-
dence that some people who thought that they had
had COVID-19 were less likely to adhere to NPIs due to
their belief that this gave them protection from further
infection [22].

In the Arkhangelsk Region in Northwest Russia (popu-
lation 1.1 million in January 2021) [23], the first case of
COVID-19 was registered on 17 March 2020 [24]. The
period from 19 March to 2 July 2020 was associated
with the first wave in the region, and the period from
20 September 2020 to 27 February 2021 was associated
with the second wave of COVID-19 [24].

The vaccination campaign in the Arkhangelsk Region
started in November 2020, mainly with Russian Sputnik
V. As in other countries, therefore, levels of population
immunity during the first year were driven largely by
the spread of the infection.

As the disease can be asymptomatic and due to low
access to testing, the true proportion of the Arkhangelsk
population with immunity to COVID-19 acquired during
the first year of the pandemic remains unknown.
Beyond that, the lack of knowledge of the factors associ-
ated with the COVID-19 infection was an obstacle to
preventing the further spread of COVID-19 and control-
ling other similar future pandemics.

This study aimed to assess the seroprevalence of
SARS-CoV-2 in Arkhangelsk, a city in Northwest Russia,
in a year after the start of the pandemic, to estimate the
population adherence to NPIs during the first year, and
to investigate socioeconomic, behavioral and health-
related characteristics associated with infection-acquired
antibodies against SARS-CoV-2 as well as with adherence
to NPIs.

Materials and methods

Study design and participants

A cross-sectional study of SARS-CoV-2 seroprevalence
was conducted in Arkhangelsk between 24 February and
30 June 2021 (50% of participants were enrolled by 5
April 2021). This was a sub-study of the third multi-cen-
ter survey ‘Epidemiology of Cardiovascular Diseases and
their Risk Factors in Regions of the Russian Federation’
(ESSE-RF3) [25]. The ESSE-RF study aimed to recruit a
sample that was representative of the population of
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Russia. In Arkhangelsk, this was done by inviting partici-
pants involved in an earlier study of cardiovascular dis-
eases, Know Your Heart (KYH), which was conducted in
2015–2017 and included a random sample of
Arkhangelsk population aged 35–74 years [26]. The KYH
study participants were recruited from four districts of
Arkhangelsk with an anonymized list of addresses of res-
idents with compulsory medically insurance used as the
sampling frame. The address list was provided by the
regional health insurance fund, with each address sup-
plemented by age and sex of the insured resident.
Trained interviewers visited randomly selected addresses
to invite persons of the corresponding age and sex to
take part in the study. The participation rate was 68%
out of the total invitees.

Of 2380 KYH study participants, we invited 2258 to
ESSE-RF3. The exclusions (N¼ 122) were for the follow-
ing reasons: 56 KYH participants had not consented to
be contacted with invitations to other studies, 61 had
died prior to the launch of ESSE-RF3 (4 of 61 deaths
were related to COVID-19), and 5 had become older
than the maximum age (74 years). Most of the partici-
pants in the KYH study were aged 40 years or older at
the time of the seroprevalence survey. Of those invited,
1348 KYH study participants (60%) aged 40–74 years
took part, all with signed informed consent.

The study procedure included a health check, blood
sample collection (for biochemical assays and for SARS-
CoV-2 antibodies) and an interview at the outpatient
clinic of Northern State Medical University (NSMU),
Arkhangelsk. Two participants who did not complete the
questionnaire and 14 participants who had an equivocal
serological test result were excluded from the seropreva-
lence sub-study sample. Therefore, the final analytic
sample comprised 1332 participants.

Ethical considerations

All participants included in the seroprevalence study
provided written informed consent to participate. The
study was conducted in compliance with the ethical
standards of the 1964 Declaration of Helsinki and its
later amendments. Ethical approval for the original KYH
study was given by the ethics committees of London
School of Hygiene & Tropical Medicine (approval num-
ber 8808 received 24 February 2015) and NSMU,
Arkhangelsk (approval number 01/01-15 received 27
January 2015). Ethical approval for ESSE-RF-3 was
obtained from the Ethics Committee of the National
Research Centre for Therapy and Preventive Medicine,

Moscow, Russia (approval number @01-01/20 received
04 February 2020) and the Ethics Committee of NSMU,
Arkhangelsk, Russia (approval number 01/02-21 received
17 February 2021). Ethical approval for the sub-study on
COVID-19 and health-related factors was received from
the Ethics Committee of NSMU, Arkhangelsk, Russia
(approval number 01/02-21 received 17 February 2021).
All study procedures were approved by the Regional
Committees for Medical and Health Research Ethics
(REK) in Norway (approval number 339397 received 7
December 2021).

Measurements

Laboratory methods

Blood samples were tested for SARS-CoV-2 IgG antibod-
ies using a Vector Best ELISA assay (D-5501 SARS-CoV-2-
IgG-EIA-BEST) [27,28]. The assay is an enzyme linked
immunosorbent assay (ELISA) test-systems (Russia) for
the semi-quantitative detection of antibodies to the
spike (S) protein of SARS-CoV-2 in human blood serum
[27]. The sensitivity of this assay has been reported to
be 72% within the first 12 days following the infection
and close to 100% at a later stage [27]. An independent
test-performance study has shown the assay sensitivity
of 89% and the specificity of 100% based on the com-
parisons of test results in pre-pandemic samples (nega-
tive controls) and polymerase chain reaction positive
samples for SARS-CoV-2 [28].

Questionnaire

Every participant completed an interviewer-administered
questionnaire capturing data on demographics, health-
related characteristics, history of COVID-19 symptoms
and self-reported protective behaviors. The question-
naire on COVID-19 was developed by the ESSE-RF3 team
at the National Research Centre for Therapy and
Preventive Medicine, Moscow [25]. Additional questions
were asked in Arkhangelsk to collect data on vaccination
against COVID-19. The original Russian version and the
English translation of the COVID-19 questionnaire are
provided in Appendix A.

Adherence to NPIs estimates were based on respond-
ents’ self-reports with respect to five COVID-19 NPIs:
self-isolation, social distancing, wearing facemasks in
public settings or transport, wearing gloves, and use of
hand sanitizers [29]. The use of gloves for the preven-
tion of SARS-CoV-2 transmission was not implemented
globally, while in Russia wearing gloves was
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recommended by the Federal service on customers’
rights protection and human well-being surveillance
(Rospotrebnadzor) until 4 February 2022 [30,31].

The term ‘self-isolation’ was not described in the
questionnaire, but was primarily considered as a meas-
ure required for those who were confirmed cases or had
contacts with confirmed cases as well as those who
were older than 65 years or had chronic diseases [32,33].
Besides, staying at home was recommended to everyone
during paid non-working days (from March 30 to April 4,
from April 4 to April 30, May 6 to May 8) established by
the Presidential Decrees in 2020 [34–36].

The answer ‘yes’ to the question about adherence to
NPIs during the pandemic was counted as 1 for each of
the five interventions whereas the answer ‘no’ was
counted as 0. The total gave a scale ranging from 0 to
5, which was dichotomized by combining scale values
0–3 (low adherence) and values 4–5 (high adherence).
The threshold was chosen taking into account the
median number of NPIs adhered, which is equal to 4.

The study participants assessed the efficiency of the
five above-mentioned NPIs using a Likert scale (not
effective at all ¼ 0 to very effective ¼ 5) (Appendix A).
For each participant, we summed score assessments for
all NPIs and this gave composite assessment score of
NPIs ranging from 0 to 25. Values 0–19 were coded 1
(low confidence in the efficiency) and values 20–25 (at
least 4 points for each assessment) were coded 0 (high
confidence in the efficiency).

In order to identify factors associated with low adher-
ence to NPIs and to investigate associations of the sero-
prevalence status with socioeconomic, behavioral and
health-related characteristics, we used the questionnaire-
based data on the following covariates: sex, age, educa-
tion, marital status, number of persons in household,
occupation, income, smoking, alcohol consumption and
self-reported chronic non-communicable diseases
(hypertension, diabetes mellitus, chronic pulmonary dis-
eases, coronary heart diseases).

Age was categorized as: 40–54 years, 55–64 years and
65–74 years. The classification of educational levels was
as follows: secondary or lower, specialized secondary
and higher. Marital status was defined as single (includ-
ing widowed and divorced) and married or living with
partner. The number of persons in a household was ana-
lyzed as discreet variable. Living with children
(<18 years) was categorized as yes or no. Occupation
was classified as being in regular employment, or not.
According to income categorization by the Federal State
Statistics Service of Russia, participants earning less than

40,000 Rub a month were considered low-income, those
earning between 40,000 and 100,000 Rub a month –

middle income, and those earning more than 100,000
Rub a month – high-income [37,38]. With respect to
tobacco smoking, the respondents were divided into
three groups: never smokers, former smokers and cur-
rent smokers. According to the definition of ‘Heavy
Episodic Drinking’ suggested by the World Health
Organization, heavy drinkers were defined as consumers
of 60 or more grams of pure alcohol on a single occa-
sion [39]. The frequency of heavy drinking was ascer-
tained for previous 12months and was classified as
never, once a week or less often, and twice a week or
more often.

Data on participant-reported chronic health condi-
tions were collected in the ESSE-RF3 survey and
included hypertension, diabetes mellitus, chronic pul-
monary diseases and coronary heart diseases.
Hypertension was defined as self-reported prior diagno-
sis and/or intake of antihypertensive drugs. Diabetes
mellitus was defined as self-reported prior diagnosis of
diabetes and/or diabetes medication use, chronic pul-
monary disease – self-reported prior diagnosis of chronic
bronchitis or bronchial asthma, coronary heart disease –

prior diagnosis of angina pectoris and/or myocardial
infarction and/or antianginal medication use.

Self-reports of vaccination against COVID-19 were
used to classify participants either as those unvaccinated
or those who had received one or two doses.
Participants were classified as having COVID-19 during
the first year of pandemic based on the answer to the
question: ‘Did you have COVID-19 during the last
12months?’ without further specification of symptoms
or test results.

Study participants who reported having a positive
test for COVID-19 but reported that they had had no
symptoms of the infection as well as those who were
tested positive for SARS-CoV2 antibodies but reported
no COVID-19 infection were considered asymptomatic.

Statistical analysis

Continuous variables were summarized using descriptive
statistics in terms of mean and standard deviation (SD).
Seroprevalence was estimated as the number of SARS-
CoV-2 IgG positive participants divided by the number
of tested participants and reported in percentages.
Confidence intervals (CIs) for unadjusted seroprevalence
were calculated using Wilson’s procedure.
Seroprevalence adjusted for test performance (89%
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sensitivity, 100% specificity) was estimated to improve
comparability of the study findings with other studies as
shown elsewhere [40,41]. The adjustment was performed
using the equation: (crude prevalenceþ test specificity
� 1)/(sensitivityþ specificity � 1) [42]. The 95% CIs for
the adjusted estimates of seroprevalence were calcu-
lated by bootstrapping procedure using R package
bootComb (version 4.1.1) [43].

The unadjusted and adjusted seroprevalence of SARS-
CoV-2 in subgroups were compared using 95% CIs. The
Pearson Chi-squared test was used to analyze categor-
ical data. Cronbach’s alpha coefficient was used to meas-
ure the internal coherence/reliability of composite score
for adherence to COVID-19 NPIs.

Binary logistic regression was used to investigate fac-
tors associated with low adherence to COVID-19 NPIs (1
– low adherence (0–3 NPIs), 0 – high adherence (4–5
NPIs)). Sex, age, education, occupation, income, smoking
and drinking habits, chronic health conditions, vaccin-
ation against COVID-19 were introduced in regression
model using enter option. Crude and adjusted odds
ratios (ORs) with 95% CIs were calculated. Since wearing
of gloves was not an international recommendation, we
repeated the multivariable analysis with exclusion of the
gloves wearing to ensure comparability of the results. In
this analysis, the scoring for adherence was as follows: 1
– low adherence (0 to 3 NPIs), 0 – high adherence (4
NPIs).

The associations between sex, age, marital status,
number of persons in household, living with children
(<18 years), education, occupation, income, adherence
to NPI, smoking and drinking habits, chronic health con-
ditions (later referred as selected factors) and the sero-
positive status (1 – seropositive, 0 – seronegative) were
investigated using binary logistic regression, with some
analyses being stratified by vaccination status. The inde-
pendent variables were grouped into two hierarchical
blocks in relation to the dependent variable. Block 1
included socio-demographic characteristics (sex, age,
marital status, number of persons in household, living
with children (<18 years), education, occupation,
income). Block 2 included behavioral factors (adherence
to COVID-19 NPIs, smoking, heavy alcohol drinking) and
chronic health conditions. The blocks of variables were
introduced in the regression model in a stepwise man-
ner. The independent variables associated with seroposi-
tive status after the exclusion of vaccinated individuals
were interpreted as factors associated with infection-
acquired immunity.

We calculated the statistical power of a binary logistic
regression model to identify factors associated with
seropositive status in a sample of 1332 observations.
Calculations have shown that the sample gives a statis-
tical power of �80% to identify factors which increase
or reduce odds of the outcome by 1.5 times for all com-
binations of the outcome prevalence in the range from
25% to 70% and predictor prevalence in the range from
30% to 70%.

Results

The mean age of the study participants was 57 (SD 9.6)
years. Women made up 59.7% of the sample (Table 1).
Overall, 867 of the total 1332 participants were tested
positive for SARS-CoV-2 IgG antibody corresponding to a
seroprevalence rate of 65.1% (95% CI: 62.5; 67.6).
Seroprevalence adjusted for test performance was 73.0%
(95% CI: 67.1; 85.7).

Only 61.7% of 47 individuals who had received one
dose of the vaccine were seropositive whereas 99.5% of
195 participants who had received two doses were sero-
positive. Among 339 participants who self-reported hav-
ing had COVID-19, 95.0% were seropositive.

Among those unvaccinated (N¼ 1090), 335 (30.7%)
did not report having had COVID-19 but were seroposi-
tive. In addition, seven of eight unvaccinated individuals
who reported having had COVID-19 asymptomatically
were also seropositive. Overall, the proportion of asymp-
tomatic cases among unvaccinated study participants
was 31.4% (342/1090).

Adjusted seroprevalence was lower in current smok-
ers and was higher in vaccinated individuals and those
who self-reported having COVID-19 (Table 1).

Almost all participants reported wearing facemasks in
public settings or transport during the pandemic period
(98.6%), maintaining social distancing (92.9%) and using
hand sanitizers (91.5%). Over 90.0% of retired or
unemployed study participants and 72.0% of regularly
employed participants followed self-isolation guidelines
during the COVID-19 pandemic, which may include not
mixing socially during lockdowns, p< .001. More than
half (59.6%) reported wearing gloves. The use of gloves
was adhered by 55.7% of participants aged 40–54 years,
62.1% of those aged 55–64 years and 63.2% individuals
older than 65 years, p¼ .036. In total, 48.9% adhered all
five NPIs. The Cronbach alpha reliability coefficient for
the composite adherence scale (0.67) was considered
acceptable. The low-adherent participants were less
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likely to have high confidence in NPIs (53.8%) compared
to those who were highly adherent (77.2%), p< .001.

In the crude analysis, male sex, age 40–54 years com-
pared to age 65–74 years, secondary or lower education
compared to higher education, regular employment,
smoking, heavy alcohol drinking, being unvaccinated
and having low confidence in the efficiency of NPIs
were associated with low adherence to COVID-19 NPIs.
Those who were vaccinated were more likely to have
high adherence (Table 2). Multivariable analysis showed
that male sex, low income compared to high income,

low confidence in the efficiency of NPIs and heavy drink-
ing twice a week or more often were associated with
low adherence to NPI. After exclusion of wearing gloves
from the analysis, low income and frequency of heavy
drinking were no longer associated with low adherence
to COVID-19 NPIs. Male sex, regular employment and
low confidence in the efficiency of NPIs were associated
with low adherence to NPIs recommended globally.

Among those unvaccinated, being in regular employ-
ment was associated with higher odds of being sero-
positive due to the infection (Table 3, Model 1). After

Table 1. Unadjusted and adjusted SARS-CoV-2 seroprevalence by selected participant characteristics, Arkhangelsk, Russia.

Variables N (%)

Unadjusted
seroprevalencea %

(95% CI)

Seroprevalencea

adjusted for test
performance % (95% CI)

Sex
Male 537 (40.3) 66.1 (62.0; 70.0) 74.2 (64.9; 85.4)
Female 795 (59.7) 64.4 (61.0; 67.7) 72.3 (63.7; 83.0)

Age
40–54 years 575 (43.2) 66.3 (62.3; 70.0) 74.3 (65.2; 85.5)
55–64 years 420 (31.5) 60.7 (56.0; 65.3) 68.1 (58.7; 79.1)
65–74 years 337 (25.3) 68.6 (63.4; 73.3) 76.9 (66.9; 89.0)

Marital status
Single (including widowed and divorced) 464 (34.8) 60.3 (55.8; 64.7) 67.7 (58.4; 78.4)
Married or living with partner 868 (65.2) 67.6 (64.5; 70.7) 75.9 (67.3; 87.0)

Number of persons in household
1 (alone) 240 (18.0) 61.3 (55.0; 67.2) 68.7 (57.8; 80.6)
2–3 882 (66.2) 64.3 (61.1; 67.4) 72.1 (63.6; 82.7)
�4 210 (15.8) 72.9 (66.5; 78.4) 81.7 (70.9; 94.5)

Living with children (<18 years)
No 1019 (76.5) 63.7 (60.7; 66.6) 71.4 (63.0; 81.8)
Yes 313 (23.5) 69.7 (64.3; 74.4) 78.1 (67.9; 90.4)

Education
Higher 563 (42.3) 64.3 (60.3; 68.2) 72.1 (63.0; 83.1)
Specialized secondary 661 (49.6) 66.0 (62.3; 69.5) 74.0 (65.1; 85.0)
Secondary or lower 108 (8.1) 63.9 (54.5; 72.3) 71.7 (57.9; 86.4)

Occupation
Retired or unemployed 542 (40.7) 60.2 (56.0; 64.2) 67.5 (58.5; 78.0)
Regular employment 790 (59.3) 68.5 (65.2; 71.6) 76.8 (68.1; 88.0)

Income
High 175 (13.1) 69.1 (61.9; 75.5) 77.6 (65.8; 90.8)
Middle 764 (57.4) 66.4 (62.9; 69.6) 74.4 (65.6; 85.3)
Low 393 (29.5) 60.8 (55.9; 65.5) 68.2 (58.5; 79.2)

Smoking
Never smoker 742 (55.7) 67.8 (64.3; 71.1) 76.1 (67.2; 87.2)
Former smoker 366 (27.5) 67.8 (62.8; 72.3) 76.0 (66.3; 88.0)
Current smoker 224 (16.8) 51.8 (45.3; 58.3) 58.1 (47.2; 69.1)

Frequency of heavy drinking
Never 825 (61.9) 66.2 (62.9; 69.3) 74.6 (65.6; 85.2)
Once a week or less often 453 (34.0) 64.5 (60.0; 68.7) 72.3 (62.9; 83.6)
Twice a week or more often 54 (4.1) 53.7 (40.6; 66.3) 72.3 (62.9; 83.6)

Chronic health conditions
No 393 (29.5) 63.4 (58.5; 68.0) 71.1 (61.4; 82.4)
Yes 939 (70.5) 65.8 (62.7; 68.8) 73.8 (65.4; 84.7)

Self-reported having had COVID-19
No 993 (74.5) 54.9 (51.8; 58.0) 61.6 (53.4; 70.7)
Yes 339 (25.5) 95.0 (92.1; 96.0) 100.0 (95.9; 100.0)

Vaccinated against COVID-19
No 1090 (81.8) 59.1 (56.1; 62.0) 66.3 (58.1; 76.0)
1 dose 47 (3.5) 61.7 (47.4; 74.2) 69.2 (50.1; 88.3)
2 doses 195 (14.6) 99.5 (97.2; 99.9) 100.0 (97.2; 100.0)

Adherence to NPIsb

High (4–5) 1082 (81.2) 65.3 (62.5; 68.1) 73.3 (65.0; 84.0)
Low (0–3) 250 (18.8) 64.0 (57.9; 69.7) 71.8 (60.9; 83.9)

Total 1332 (100.0) 65.1 (62.5; 67.6) 73.0 (64.9; 83.5)

CI: confidence interval; COVID-19: coronavirus disease 2019; NPI: non-pharmaceutical interventions.
aIncluding vaccinated individuals.
bThe total number of NPIs adhered.
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introducing behavioral factors and chronic health condi-
tions, regular employment was associated with higher
odds of being seropositive, while current smoking was
associated with lower odds (Table 3, Model 2). The same
analysis performed after including vaccinated individuals
(N¼ 242) showed that regular employment and smoking
had similar associations with seropositive status regard-
less of whether it was obtained via infection or via vac-
cination (Supplementary table 1, Appendix B).

Discussion

The SARS-CoV-2 seroprevalence 12–16months after the
beginning of the pandemic in Arkhangelsk was 65.1%
(95% CI: 62.5; 67.6) and increased to 73.0% (95% CI:
67.1; 85.7) after adjustment for test performance. The
individuals having regular employment had higher prob-
ability to be seropositive to SARS-CoV-2, while smokers

were less likely to be seropositive. Low adherence to
NPIs recommended globally during the first year of the
pandemic was associated with male sex, regular employ-
ment and low confidence in the efficiency of NPIs.

SARS-CoV-2 seroprevalence

The SARS-CoV-2 seroprevalence in Arkhangelsk a year
after the start of the pandemic was higher than found
in other cities of Russia for which data had been
reported [5–7,44]. Asymptomatic cases comprised
31.4% of unvaccinated participants. This percentage
was twice as high as the asymptomatic proportion
found in meta-analysis of COVID-19 studies [1,45]. This
could be partly explained by the possibility of misdiag-
nosis or missed diagnosis of patients with COVID-19
due to limited capacity of testing and the pressure on
the healthcare system in Arkhangelsk. People could

Table 2. Variables associated with low adherence to COVID-19 non-pharmaceutical interventions, Arkhangelsk, Russia
(binary logistic regression analysis).

Characteristics
Crude OR (95% CI)a

Low 0–3 / high 4–5
Adjustedb OR (95% CI)
Low 0–3 / high 4–5a

Adjustedb OR (95% CI)c

Low 0–3 / high 4c

Sex
Female Reference Reference Reference
Male 2.3 (1.8; 3.1) 2.2 (1.5; 3.1) 1.7 (1.3; 2.3)

Age
40–54 years 1.9 (1.2; 2.7) 1.3 (0.8; 2.1) 1.3 (0.9; 2.0)
55–64 years 1.5 (1.0; 2.3) 1.2 (0.7; 1.9) 1.1 (0.7; 1.6)
65–74 years Reference Reference Reference

Marital status
Single (including widowed and divorced) Reference Reference Reference
Married or living with partner 1.0 (0.8; 1.3) 0.9 (0.6; 1.2) 1.0 (0.7; 1.4)

Education
Higher Reference Reference Reference
Specialized secondary 1.3 (1.0; 1.7) 1.3 (0.9; 1.8) 1.1 (0.8; 1.5)
Secondary or lower 1.7 (1.1; 2.8) 1.6 (0.9; 2.8) 1.3 (0.8; 2.1)

Occupation
Retired or unemployed Reference Reference Reference
Regular employment 1.6 (1.2; 2.2) 1.4 (1.0; 2.0) 1.8 (1.3; 2.5)

Income
High Reference Reference Reference
Middle 1.4 (0.9; 2.2) 1.6 (1.0; 2.7) 1.3 (0.8; 1.9)
Low 1.5 (0.9; 2.5) 2.2 (1.2; 4.1) 1.7 (1.0; 2.8)

Smoking
Never smoker Reference Reference Reference
Former smoker 1.4 (1.0; 1.9) 0.9 (0.6; 1.3) 0.9 (0.7; 1.2)
Current smoker 1.8 (1.3; 2.6) 1.0 (0.7; 1.5) 1.1 (0.8; 1.6)

Frequency of heavy drinking
Never Reference Reference Reference
Once a week or less often 1.8 (1.4; 2.5) 1.3 (0.9; 1.8) 1.1 (0.8; 1.5)
Twice a week a week or more often 4.0 (2.3; 7.2) 2.5 (1.3; 4.9) 1.7 (0.9; 3.3)

Chronic health conditions
No Reference Reference Reference
Yes 1.0 (0.7; 1.3) 1.0 (0.7; 1.4) 1.1 (0.8; 1.7)

�onfidence in the efficiency of NPIs
Yes Reference Reference Reference
No 2.9 (2.2; 3.8) 2.7 (2.0; 3.7) 1.9 (1.5; 2.5)

Vaccinated against COVID-19
Yes Reference Reference Reference
No 1.7 (1.1; 2.6) 1.4 (0.9; 2.1) 1.2 (0.8; 1.7)

Note: CI: confidence interval; COVID-19: coronavirus disease 2019; NPI: non-pharmaceutical interventions; OR: odds ratio.
aLow adherence meant to adhere 3 or less NPIs out of maximum 5 (self-isolation, social distancing, wearing facemasks in public places or trans-
port, wearing gloves, and use of hand sanitizers).
bAdjusted for all independent variables included in the model.
cWearing gloves was excluded from the analysis. Low adherence meant to adhere 3 or less NPIs out of maximum 4.
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have had symptoms but were not tested for SARS-
CoV2. Therefore, they did not realize that their symp-
toms were due to COVID-19. At the beginning of the
pandemic only people arriving in Arkhangelsk from
abroad and close contacts of confirmed cases were
required to be tested for COVID-19 using polymerase
chain reaction. By the middle of 2020, healthcare-work-
ers as well as all patients with community-acquired
pneumonia or other respiratory infection considered by
a doctor as suspected COVID-19 cases were tested free
of charge [32]. Voluntary testing and obligatory testing
of those arriving from abroad were not covered by
compulsory health insurance. Some enterprises pro-
vided COVID-19 testing for their employees for free.
The number of people tested in the Arkhangelsk

Region during 2020 was 598,113 (690,209 tests), includ-
ing voluntary testing in private clinics [24].

The proportion of fully vaccinated study participants
(14.6%) was low as the vaccination campaign in
Arkhangelsk, as in the rest of Russia, progressed slowly
[5]. Nevertheless, the proportion of the study partici-
pants vaccinated against COVID-19 was higher than the
officially reported percentage of vaccinated Arkhangelsk
inhabitants, which varied during the study period from
3.3% in March 2021 to 13.6% in June 2021 [24]. The
likely reason is that our study covered predominantly
urban population with better access to vaccination.
Another possible explanation is a higher willingness of
vaccinated individuals to take part in the study.

We cannot exclude the possibility that participants
who thought they had had COVID-19 were more likely
to take part in the study. They might feel safer to ‘go
out’ because of having recovered from the disease,
while those who decided to avoid having a health check
might be the people who had not had COVID-19 and
preferred staying home because of fear of getting
infected. Besides, those who refused to participate in
the study and decided to avoid visiting the healthcare
facility might have higher adherence to NPIs and higher
probability to be seronegative.

Adherence to preventive measures

Less than half (48.9%) of study participants adhered all
recommended NPIs, which corresponds to the results
obtained by others [46,47]. In line with the results previ-
ously reported by other researchers, we found that peo-
ple aged 65 years or older were more likely to have high
adherence to NPIs as compared to a younger age group.
After adjustment for all independent variables, adher-
ence to NPIs was no longer different across age groups
[48]. We did not find an association between smoking,
chronic health conditions and adherence to COVID-19
NPIs [20,21,46]. Our results are in agreement with prior
research, which has shown that males and heavy
drinkers were less likely to comply with recommended
NPIs [46,47,49,50]. Low confidence in NPIs could be
associated with unwillingness to follow recommenda-
tions from the government.

Factors associated with SARS-CoV-2 seroprevalence

In unvaccinated individuals, seropositivity was associated
with regular employment. These findings are in agree-
ment with prior research, which has shown that

Table 3. Variables associated with being SARS-CoV-2 seropositive
among those not immunized, Arkhangelsk, Russia (binary logistic
regression).

Variables

Model 1
Adjusteda OR
(95% CI)

Model 2
Adjustedb OR
(95% CI)

Sex
Female Reference
Male 0.8 (0.7; 1.1) 1.1 (0.8; 1.6)

Age
40–54 years 0.8 (0.5; 1.2) 1.0 (0.7; 1.6)
55–64 years 0.8 (0.5; 1.1) 0.9 (0.6; 1.3)
65–74 years Reference Reference

Marital status
Single Reference Reference
Married 1.2 (0.8; 1.6) 1.1 (0.8; 1.5)

Number of persons in household 1.2 (1.0; 1.4) 1.2 (1.0; 1.5)
Living with children (<18 years)
No Reference Reference
Yes 1.0 (0.7; 1.6) 1.0 (0.6; 1.5)

Education
Higher Reference Reference
Specialized secondary 1.1 (0.9; 1.6) 1.3 (1.0; 1.8)
Secondary or lower 1.1 (0.7; 1.8) 1.2 (0.7; 1.9)

Occupation
Retired or unemployed Reference Reference
Regular employment 2.0 (1.5; 2.7) 2.0 (1.5; 2.8)

Income
High Reference Reference
Middle 1.0 (0.7; 1.5) 1.0 (0.7; 1.5)
Low 1.0 (0.6; 1.6) 1.0 (0.6; 1.7)

Adherence to NPIc –
High (4–5) – Reference
Low (0–3) – 1.0 (0.7; 1.4)

Smoking
Never smoker – Reference
Former smoker – 0.8 (0.6; 1.1)
�urrent smoker – 0.4 (0.2; 0.5)

Frequency of heavy drinking
Never – Reference
Once a week or less often – 0.9 (0.7; 1.3)
Twice a week or more often – 0.5 (0.3; 1.0)

Chronic health conditions
No – Reference
Yes – 1.1 (0.8; 1.4)

Note: CI: confidence interval; NPI: non-pharmaceutical interventions; OR: odds ratio.
aAdjusted for all sociodemographic factors in model 1.
bAdjusted for the factors in model 1, behavioral factors (adherence to preventive
measures, smoking, heavy alcohol drinking) and chronic health conditions (model 2).
cThe total number of NPIs adhered.
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employed people had higher odds to be infected with
SARS-CoV-2 [46,49].

In contrast with other studies, we did not find a nega-
tive association between adherence to COVID-19 NPIs
and infection-acquired positive serological status of the
participants [21]. This could be partly explained by com-
mon counterfeit compliance with NPIs (e.g. wearing
facemask leaving nose exposed) which was reported as
being adherent. This might lead to higher viral exposure
compared to people who properly follow all restrictions
[13,14]. Moreover, behaviors could have changed during
the pandemic period, which may result in underesti-
mated association between seroprevalence and adher-
ence to NPIs due to non-differential misclassification of
the adherence status.

In our study, adherence to NPIs was assessed as a
composite variable made up of five variables (self-isola-
tion, social distancing, wearing facemasks in public set-
tings or transport, wearing gloves, and use of hand
sanitizers) with acceptable reliability of 0.67. Since the
term ‘self-isolation’ was not clearly defined in the ques-
tionnaire, the participants could consider staying at
home during paid non-working days in March–May 2020
as being self-isolated. This could blur the positive associ-
ation between self-isolation due to being a confirmed
COVID-19 case or having contacts with confirmed cases
and SARS-CoV-2 seroprevalence.

Smoking status was negatively associated with being
tested positive for antibodies to SARS-CoV-2. Some
authors reported similar results [5,51,52]. These findings
require further research and should be interpreted with
caution. The mechanisms that might underline this asso-
ciation suggested by others are largely speculative [53].
It remains possible that smokers develop a lower anti-
body response after the infection [54]. Other researchers
demonstrated a higher expression of angiotensin con-
verting enzyme-2 in smokers that might lead to greater
susceptibility to COVID-19 [55]. Although the high
expression of the angiotensin converting enzyme-2 had
an inhibitory effect on virus replication and smokers
might be more likely to have asymptomatic infection
[55]. In our study, we found no evidence that would
confirm this statement.

Strengths and limitations

This is the first population-based study in Russia estimat-
ing SARS-CoV-2 seroprevalence and exploring factors
associated with seroprevalence, including the adherence
to NPIs, that could play an important role in the COVID-

19 pandemic and should be considered in preventing
similar epidemics in the future. A strength of our study
is that we adjusted seroprevalence estimates for labora-
tory test performance characteristics to prevent the bias
associated with imperfect test performance and improve
the comparability of the results [56–58].

Our findings should be interpreted in the light of
some limitations. The study was limited to citizens aged
40–74 years in Arkhangelsk, Northwest Russia. We invited
participants of the previous random population study
(Know Your Heart), who may not have been a fully rep-
resentative sample of the population. However, we have
compared the socio-demographic characteristics of the
1332 seroprevalence survey participants to the 2380 per-
sons in the sampling frame. There were not any signifi-
cant differences in sex, age or education distributions
between them [59]. This, together with the emerging
evidence that response rates may not be as strongly
related to non-response bias, suggests that the sampling
frame is likely to be representative of the adult popula-
tion aged 40–74 years of Arkhangelsk.

We did not verify the self-reported data on having
COVID-19 or vaccination status with medical records, so
they may not be completely accurate. Therefore, an
element of informational bias could not be excluded.

Most of the participants reported that they followed
COVID-19 NPIs during the pandemic period and consid-
ered preventive measures to be highly effective. These
data can be compromised by socially desirable answer
to the question regarding COVID-19-related restrictions
introduced by the local government. Due to the possible
influence of social desirability bias, the reported rates of
adherence to NPIs may be overestimated. To improve
reliability of the adherence assessment, we used com-
posite scale with an acceptable value of Cronbach’s
alpha coefficient (0.67). The questions about adherence
to NPIs did not specify whether the individual adherence
was careful and permanent throughout the pandemic
period, or formal and sporadic. For this reason, we did
not take into account how frequently and appropriately
facemasks, gloves, and sanitizers were used. We also
cannot exclude the possibility of improper wearing of
facemasks (covering only the mouth and leaving the
nose exposed, and reusing disposable masks), which
could be useless for the prevention of the infection. The
definition of ‘self-isolation’ in the questionnaire was
ambiguous, which might also influence the results.

We collected blood samples during fourmonths
between 24 February and 30 June 2021, when the infec-
tion rates were relatively steady. Regardless of the
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extended period of sample collection, we can still con-
sider the seroprevalence to be the average estimate
over the period studied.

Individual antibody levels are highly dependent on
the timing after exposure to the infection or vaccine.
The seroprevalence could be underestimated due to low
test sensitivity within two weeks following the infection
or immunity waning with time passing after the disease
onset or getting vaccine [27]. We cannot be certain that
seronegative individuals were not previously exposed to
the virus; their antibody levels may have declined with
time to an undetectable level.

The analyses of predictors were performed with no
adjustments for the test performance. The imperfect test
performance could have attenuated the ORs toward
unity because of the non-differential misclassification of
the outcome status.

Finally, given the cross-sectional study design, the
directions of the revealed associations cannot be inter-
preted unambiguously. For this reason, it was impossible
to be clear on causality. Relatively small sample sizes
may also limit the interpretation of our findings.

Public health importance of the findings

Level of antibodies correlating with antiviral protection
as well as the proportion of the population immune to
SARS-CoV-2 required to reach the herd immunity remain
unknown [60]. Due to the individual-level infection-
acquired or vaccine-induced immunity is short-lived and
wanes rapidly over time, herd immunity might never be
reached [61]. By the middle of 2021, over 70% of the
population of Arkhangelsk became seropositive to SARS-
CoV-2. Regardless of that, the rate of new cases regis-
tered in Arkhangelsk is still high. It can be due to the
new strains of SARS-CoV-2 regularly appearing, while
immunity wanes after both the infection and immuniza-
tion. Nevertheless, regular seroprevalence studies should
continue to be conducted in order to reveal changes in
the proportion of the susceptible population [62].

We found a high rate of asymptomatic infection
among unvaccinated study participants, which may play
an important role in the ongoing pandemic. Previous
studies showed that the proportion of asymptomatic
cases could be even higher in younger adults and in
children [63]. To stop the virus transmission by asymp-
tomatic individuals, it is necessary to obtain high popu-
lation coverage with vaccines, including the pediatric
population [64].

Conclusion

Two third of the study population were SARS-CoV-2
seropositive in a year after the start of the pandemic in
Arkhangelsk, Russia. Regular employment was positively
associated with seropositive status, while smokers were
less likely to be seropositive. Factors associated with low
adherence to NPIs were male sex, employment and low
confidence in the efficiency of NPIs. Seropositivity was
not associated with adherence to NPIs during the first
year of the pandemic.
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Abstract  

Introduction. The spectrum of COVID-19 manifestations makes it challenging to estimate the 

exact proportion of people who had the infection in a population, with the proportion of 

asymptomatic cases likely being underestimated. We aimed to assess and describe the spectrum 

of COVID-19 cases in a sample of adult population aged 40-74 years in Arkhangelsk, Northwest 

Russia, a year after the start of the pandemic. 

Materials and methods. A population-based survey conducted between February 24, 2021 and 

June 30, 2021 with an unvaccinated sample aged 40–74 years (N=1089) combined a serological 

survey data, national COVID-19 case registry, and self-reported data on COVID-19 experience 

and symptoms. Based on the agreement between these sources, we classified the study 

participants as non-infected and previously infected (asymptomatic, non-hospitalized and 

hospitalized symptomatic) cases, and compared these groups regarding demographics, lifestyle 

and health characteristics.  

Results. After a year of the pandemic in Arkhangelsk, 59.7% 95% confidence intervals (CI) 

(56.7; 62.6) of the surveyed population had had COVID-19. Among those who had been 

infected, symptomatic cases comprised 47.1% 95% CI (43.2; 51.0), with 8.6% 95% CI (6.6; 

11.1) of them having been hospitalized. Of the asymptomatic cases, 96.2% were not captured by 

the healthcare system. Older age was positively associated, while smoking showed a negative 

association with symptomatic COVID-19. Individuals older than 65 years, and those with poor 

self-rated health were more likely to be hospitalized.  

Conclusion. More than half of the infected individuals were not captured by the healthcare-

based registry, mainly those with asymptomatic infections. COVID-19 severity was positively 

associated with older ageand poor self-rated health, and inversely associated with smoking. 

Combining different sources of surveillance data could reduce the number of unidentified 

asymptomatic cases and enhance surveillance for emerging infections.  

 

Key words: COVID-19, SARS-CoV-2, asymptomatic infection, Russia  
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Introduction  

The novel coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2) is a highly contagious disease, which spread around the 

world despite the infection control efforts. Infected individuals may develop a range of COVID-

19 manifestations, from asymptomatic or mild to severe disease and death. This range of the 

disease severity is termed as the spectrum of COVID-19 [1]. The COVID-19 severity depends on 

the SARS-CoV-2 variant, the viral load, and host factors such as sex, age, and chronic diseases 

[2-4].  

The variety of individual responses to the infection makes it challenging to determine the exact 

proportion of the infected people in a population. Based on the iceberg concept of infectious 

diseases, detected COVID-19 cases represent only the emerging tip of the iceberg, while 

asymptomatic cases comprise the invisible base [5]. 

When the coronavirus pandemic was declared, most countries implemented non-pharmaceutical 

interventions to prevent further disease transmission [6]. During the initial stage of the pandemic 

in Russia, nationwide paid non-working days were established [7-9]. Subsequently, regional 

governments implemented and updated non-pharmaceutical interventions based on the local 

epidemiological situation, in accordance with Presidential Decree #316, dated May 11, 2020 

[10]. These measures generally aligned with the recommendations of the Russian Federal 

Service for Surveillance on Consumer Rights Protection and Human Wellbeing 

(Rospotrebnadzor) and included mandatory wearing facemasks in public settings or transport, 

travel restrictions, limitations on commercial activities, and the closure of educational 

institutions and non-essential services [11]. Individuals aged 65 years and older, as well as those 

with chronic conditions such as diabetes, respiratory and cardiovascular issues, chronic kidney 

diseases, neoplasms in any location, organ and tissue transplant recipients, and pregnant women, 

were advised to self-isolate [11]. Other COVID-19 non-pharmaceutical interventions, 

implemented in Russia as well as worldwide, included testing strategies, contact tracing, and 

isolation of infected people [6].  

The Polymerase Chain Reaction (PCR) test was used to detect ongoing infections by capturing 

SARS-CoV-2 genetic material in nasopharyngeal swabs [12-13]. Since infected individuals may 

transmit SARS-CoV-2 regardless of their symptomatic status, preventing the transmission to the 

susceptible population depends on a number of individuals with the ongoing infection who 

remained unidentified [14-15]. The detection proportion refers to the number of positive tests 

among all tests done and reflects testing strategy effectiveness. During the first six months of the 
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pandemic, the global detection proportion was estimated to be 9.8% (range 1.2-66.8%) [16]. The 

highest detection proportions were in Australia (66.8%) and Iceland (60.3%). In Russia, the 

detection proportion was estimated to be 25.4% [16].  

The data about all diagnosed COVID-19 cases and COVID-19 vaccine recipients were 

accumulated in the Federal Registry of COVID-19 Patients (later in this paper referred to as the 

COVID-19 case registry or the case registry) and the Federal Registry of the Vaccinated Against 

COVID-19 (later in this paper referred to as the vaccination registry) respectively, as regulated 

by Russian Government Decree #373 dated March 31, 2020 [17]. The registries gathered 

COVID-19-related data from patients’ electronic health records contained by information 

systems of governmental non-military health services. The data accumulated in the case registry 

were based on positive results of the PCR tests, rather than clinical symptoms [12, 18]. Patients 

with severe disease were more likely to be PCR-tested, while asymptomatic cases and those with 

minor symptoms might have failed to seek medical advice or undergo testing [19]. Due to a 

limited capacity of PCR testing and the high load on the healthcare system at the earlier stages of 

the pandemic, testing was restricted to patients with signs of pneumonia and individuals with 

other respiratory symptoms in the higher risk groups (healthcare workers, close contacts of a 

confirmed case, individuals older than 65 years) [20]. Voluntary testing and testing of travelers 

were not covered by compulsory health insurance. Thus, other symptomatic COVID-19 cases 

seeking healthcare might have remained undiagnosed. Besides, PCR testing could have been 

unreliable due to untimely or incorrect specimen collection and limited viral replication in the 

epithelial cells of the upper respiratory tract [21-22]. Therefore, recorded COVID-19 cases 

represented a subset of the actual number of the infected. Little is known about the spectrum of 

COVID-19 cases and the proportion of those who remained asymptomatic. 

The World Health Organization recommended collecting self-reported COVID-19 history and 

performing a serological survey in a sample of the general population to support the 

retrospective assessment of the spread of the COVID-19 pandemic through the population [13].  

Linkage of the data generated by different surveillance activities can lend insight into the 

spectrum of COVID-19 cases. The data accumulated in the case registry were described as 

providing accurate and reliable information on COVID-19 status in those captured by the 

healthcare system [12, 18]. In addition, self-reported survey data can provide a better capture of 

symptomatic cases, including those who did not seek medical advice [13]. A serological survey 

is used to detect those who were previously infected regardless of their symptomatic status and 

to assess the scale of the infection spread [23].  

A previous population-based study in Arkhangelsk, Northwest Russia, conducted a year after the 

start of the pandemic, revealed a SARS-CoV-2 seroprevalence of 65.1% 95% CI (62.5; 67.6), with 



5 
 

associations found between seropositive status and regular employment as well as smoking [24].  

The current study combined the serological survey results, the healthcare data on the recorded 

cases (COVID-19 case registry), and the self-reported survey data on COVID-19 experience and 

symptoms. The study aimed to assess and describe the spectrum of COVID-19 cases in the sample 

of adult population a year after the start of the pandemic. 

 

Materials and methods 

Study population  

The study was a satellite of a national multi-center survey of the prevalence of cardiovascular 

risk factors among adults aged 35-74 years in Russian regions (ESSE-RF3). The Arkhangelsk 

part of ESSE-RF3 was conducted by the Northern State Medical University (NSMU) between 

February 24, 2021 and June 30, 2021, a year after the start of the COVID-19 pandemic.  

The ESSE-RF3 study sample in Arkhangelsk consisted of the participants of an earlier cross-

sectional study of cardiovascular diseases ‒ Know Your Heart (KYH) [25]. The KYH study was 

conducted in 2015-2017 on a random sample (N=2380) of Arkhangelsk population aged 35-69 

years. The KYH participants were selected from four districts in Arkhangelsk using an 

anonymized list of addresses provided by the regional health insurance fund. Trained 

interviewers visited randomly chosen addresses, inviting individuals of the corresponding age 

and sex to participate. The overall participation rate was 68% among those invited. Based on the 

informed consent obtained from the KYH participants, they were invited to the ESSE-RF3 study 

by use of personal contact information. After the exclusion of those who had not consented to be 

contacted with new invitations (N=56), those who had died prior to the launch of ESSE-RF3 

(N=61, including four deaths due to COVID-19), and those older than 74 years (N=5) at the 

launch of ESSE-RF3 as exceeding the age span of the study, the list of invitees included 2258 

KYH participants aged 40-74 years. With response rate of 59.7%, 1348 KYH participants 

attended the ESSE-RF3 study and comprised the current study sample. Two participants with 

incomplete ESSE-RF3 survey, 14 participants with equivocal serological test results, 224 

individuals who self-reported receiving at least one dose of vaccine against SARS-CoV-2 and 

had a record in the vaccination registry, and 19 participants with discordant data on their 

vaccination status were excluded (Fig 1). Therefore, the analyzed study sample comprised 1089 

unvaccinated participants with definitive serological test results.  
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Fig.1. Flow chart of the study. 
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Ethics approval and consent to participate 

Ethical approval for the KYH study was received from the ethics committees of the London 

School of Hygiene & Tropical Medicine (approval number 8808, February 24, 2015) and 

NSMU, Arkhangelsk (approval number 01/01-15, January 27, 2015). Ethical approval for the 

follow-up of the KYH using electronic health records was received from the ethics committee of 

NSMU, Arkhangelsk, Russia (approval number 01/04-19, April 24, 2019). Ethical approval for 

the ESSE-RF-3 was received from the ethics committee of the National Research Centre for 

Therapy and Preventive Medicine, Moscow, Russia (approval number 01-01/20, February 04, 

2020) and the ethics committee of NSMU, Arkhangelsk, Russia (approval number 01/02-21, 

February 17, 2021). Ethical approval for the study of COVID-19-related issues was received 

from the ethics committees of NSMU, Arkhangelsk, Russia (approval number 01/02-21, 

February 17, 2021) and by the Regional Committee for Medical and Health Research Ethics 

(approval number 339397 received December 7, 2021). 

All participants of the ESSE-RF study took part in the KYH study, and at the time of joining the 

KYH provided a written consent to disclose their medical and other health-related records for 

research purposes under the confidentiality condition and to be invited to other studies. The data 

linkage was performed by the Arkhangelsk Regional Medical Information Analytical Center 

(MIAC) in accordance with the NSMU-MIAC confidentiality agreement based on the informed 

consents obtained from the participants, as well as legal and ethical approvals. The dataset 

accessed and analyzed for this paper did not contain personal identifiers.  

 

Data collection 

The data collection for ESSE-RF3 in Arkhangelsk involved a standardized interviewer-

administered questionnaire survey, blood sample collection, and health examination. Trained 

interviewers collected data on participants’ demographic and lifestyle characteristics, self-

reported diseases and vaccination. Trained physicians and nurses conducted health examination, 

including a medical interview (history and symptoms of diseases, medication use), blood sample 

taking, instrumental and functional measurements. 

The following ESSE-RF3 variables were used in analyses: sex (male/female), age (5-year 

bands), higher education (yes/no), chronic health conditions (hypertension, diabetes, abdominal 

obesity), self-rated health, smoking, and frequency of heavy alcohol drinking. The participants 

with systolic blood pressure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg and/or 

using antihypertensive medications were treated as having hypertension. Diabetes was defined 

as self-reported diagnosis (including the type of diabetes) and/or self-reported use of antidiabetic 
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medications and/or having glycated hemoglobin (HbA1c) ≥6.5%. Abdominal obesity was 

defined as waist circumference ≥94 cm for men and ≥80 cm for women. Self-rated health was 

measured on a 0-100 visual analogue scale orientated upwards (best) from below (worst) and 

then divided into two levels: lower or equal to median (poor health) and greater than median 

(good health). Smoking status was classified as non-smoker, former, and current smoker. Heavy 

alcohol drinking was defined as consuming of 60 or more grams of pure alcohol on a single 

occasion [26]. The frequency of heavy drinking during the previous 12 months was classified as 

never, once a week or less often, and twice a week or more often. 

The history of prior COVID-19 was assessed by asking the participants “Did you have COVID-

19 during the previous 12 months?” (yes/no/don’t know). We treated the “don’t know” response 

as a negative answer. Those who self-reported having had COVID-19 were asked to indicate the 

date of the disease onset and to answer the questions “Did you seek any medical advice?” and 

“Were you hospitalized?” with a yes/no answer options. They were also asked whether they 

experienced the following symptoms: fatigue, fever, headache, myalgia / arthralgia, loss of smell 

and taste (anosmia / ageusia), cough, dyspnea, sore throat, rhinitis, diarrhea, nausea / vomiting, 

and rash. We coded each symptom as 1 (present) or 0 (absent).  

As the data were collected after the start of the COVID-19 vaccination campaign, the question 

“Have you received a vaccine for COVID-19?” was added to the ESSE-RF3 survey. Those 

responding positively were asked to provide information on the number of the doses (one or two) 

and the vaccination dates. 

For the semi-quantitative detection of immunoglobulins G to spike glycoprotein of SARS-CoV-

2, blood serum samples were analyzed using Vector Best enzyme linked immunosorbent assay 

(D-5501 SARS-CoV-2-IgG-EIA-BEST, Russia), a method with the 89% sensitivity and the 

100% specificity reported by an independent test-performance study [27].  

The self-reported survey data on prior COVID-19 and serological test results were linked with 

data from the COVID-19 case registry and the vaccination registry [17]. The following 

information was collected from the COVID-19 case registry: all COVID-19-related visits 

(outpatient and inpatient) prior to the participation in ESSE-RF3, including final diagnoses, date 

of the disease onset and the outcome. The study participants were treated as registered COVID-

19 cases if they had records of COVID-19 diagnoses with codes U07.1 (COVID-19, virus 

identified) (N=218, 96.5%) or U07.2 (COVID-19, virus not identified) (N=8, 3.5%) according to 

the International Classification of Diseases, 10th revision. The code U07.2 was assigned to a 

clinical or epidemiological diagnosis of COVID-19 where laboratory confirmation was 

inconclusive or not available.  
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We used the vaccination registry to obtain the dates and the number of vaccination doses 

received by each vaccinated participant. The vaccination registry data were compared with the 

self-reported vaccination status. Self-reported vaccination details matched the vaccination 

registry records for 224 participants. Two participants self-reported no vaccination but had it 

recorded in the registry, and 18 self-reported vaccinations but had no corresponding records in 

the registry. 

 

Spectrum of COVID-19 cases  

Based on the agreement between the serological test results, the COVID-19 case registry data 

and the self-reported survey data, the study participants were divided into those previously 

infected and non-infected (also referred to as ‘infected cases’ and ‘non-infected cases’ for short).  

The previously infected participants were classified as symptomatic or asymptomatic. 

Symptomatic cases were defined as having positive serological tests or records in the COVID-19 

case registry and reporting COVID-19 symptoms at the survey. Asymptomatic cases were 

defined as having positive serological tests or COVID-19 record in the COVID-19 case registry, 

but reporting no symptoms of COVID-19 in the past. The participants having neither a positive 

serological test nor a record in the COVID-19 case registry were considered previously non-

infected no matter what symptoms they reported. The infected cases were further grouped into 

non-hospitalized and hospitalized. The cases were defined as hospitalized if they were recorded 

as inpatients in the COVID-19 case registry (N=53).  Four participants who had had the infection 

and reported COVID-19 hospitalization with the dates and duration of the hospital stay, but had 

no records in the COVID-19 case registry were treated as hospitalized symptomatic cases.  

Statistical analysis 

Absolute numbers and relative frequencies were presented for categorical data, and medians 

(first and third quartile) for continuous data. Confidence intervals (CIs) for proportions were    

calculated    using    Wilson’s    procedure. We used the Pearson Chi-squared test to compare the 

frequency of non-infected, asymptomatic, non-hospitalized and hospitalized symptomatic cases 

among different groups of the participants. Binary logistic regression was used to examine 

factors associated with being a symptomatic COVID-19 case on a subset of infected cases 

(N=650). Factors linked to hospitalization with COVID-19 were explored using binary logistic 

regression on a subset of symptomatic COVID-19 cases (N=306). We employed directed acyclic 

graphs (DAGs) to justify the selection of covariates for adjustment (32). Findings were presented 

as crude odds ratios (ORs) with 95% CIs and ORs adjusted for demographic variables (age, sex, 

higher education) and lifestyle characteristics (smoking, frequency of heavy drinking), all 
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selected from DAGs as potential confounders for all covariates (later in this paper referred to as 

the demographics and lifestyle factors). Adjusted ORs for smoking status were calculated 

comparing former smokers versus never-smokers, current smokers versus never-smokers, and 

ever-smokers (i.e., current and former smokers combined) versus never-smokers. The threshold 

for significance tests was 0.05. The Statistical Package for the Social Science SPSS version 24.0 

(SPSS Inc, Chicago, Il) was used for the data analysis. 

 

Results 

The median age of the study sample was 55 (48; 63) years, 61.1% were women.  

In total, 645 (59.2%) tested positive for immunoglobulins G to SARS-CoV-2, 220 (20.2%) had 

the infection documented in the case registry, and 316 (29.0%) self-reported COVID-19 

symptoms. 

According to the linkage of case data from the three sources, the proportion of the participants 

who had had the infection in the studied sample was 59.7% 95% CI (56.7; 62.6) (N=650). 

Asymptomatic COVID-19 cases comprised 52.9% 95% CI (49.0; 56.8) (N=344) of all the 

infected (31.6% 95% CI (28.9; 34.5) of the study population). Of them, 96.2% (N=331) were not 

captured by the case registry. The detailed information on the grouping of the participants is 

shown in Figure 2.  

 

Fig. 2. Classification of the study participants based on the linkage of the serosurvey, the 

COVID-19 case registry data and the self-reported survey data, N=1089.  
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Less than half (47.1%, 95% CI (43.2; 51.0), N=306) of the participants who had had the 

infection reported having had symptoms. Of them, 18.3% (N=56) had been admitted to hospital 

(8.6% 95% CI (6.6; 11.1) of all previously infected).  

The majority of the symptomatic cases (88.6%, N=272) occurred between September 2020 and 

March 2021 with a peak in December 2020 (Fig 3). Almost a third of these cases (32.2%, N=99) 

had no COVID-19 record in the case registry, despite the fact that most of them (88.9%, N=88) 

had sought medical advice according to the survey data. Four of the non-recorded symptomatic 

cases (4.0%) self-reported having been hospitalized and indicated the date of the disease onset 

and the duration of the hospital stay.  

 

Fig. 3. Distribution of the symptomatic cases over time. 

 

The number of symptoms reported by the symptomatic cases (N=306) varied from 1 to 12 with 

the median of 6 (5; 7). The most prevalent symptoms were fatigue (87.0%), fever (84.7%), 

headache (66.1%), myalgia / arthralgia (63.8%), anosmia / ageusia (63.5%), cough (51.1%), 

rhinitis (43.6%), dyspnea (41.7%), and sore throat (41.7%). Other symptoms included diarrhea 

(19.2%), nausea / vomiting (12.7%), and rash (3.3%). Most of the participants self-reported three 

or more symptoms (N=285, 92.8%), and the remaining 7.2% were oligosymptomatic.  

The median number of self-reported symptoms was similar for the hospitalized and non-

hospitalized symptomatic cases. Compared with the non-hospitalized patients, the hospitalized 

cases had higher frequencies of fever and dyspnea. Anosmia / ageusia and rhinitis were more 

often reported by the non-hospitalized symptomatic COVID-19 cases compared to the 

hospitalized ones (Fig 4). 
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Fig. 4. Symptoms self-reported by the non-hospitalized and hospitalized symptomatic 

patients, N=306. p for Pearson’s Chi-squared test. 

 

Table 1 presents the demographics, lifestyle, and health characteristics of non-infected, 

asymptomatic and symptomatic COVID-19 cases. The proportions of both asymptomatic cases 

and hospitalized symptomatic cases were higher in men compared to women (Table 1). The 

proportion of infected cases was higher in younger age groups. Among infected individuals, the 

frequency of symptomatic cases as well as the percentage of hospitalizations increased with age. 

Symptomatic participants with poor self-rated health, and those with diabetes had a higher 

proportion of hospitalizations. Current smokers and individuals with heavy drinking habits were 

less likely infected and less likely symptomatic cases. A quarter of former smokers had been 

admitted to the hospital, while no current smokers were found among the hospitalized cases. 

 

Table 1. Characteristics of non-infected and previously infected (asymptomatic and 

symptomatic COVID-19 cases)  

Variable  Total 
N 

Non-
infected 
cases, N 

(%) 

Asymptomatic 
cases, N (%) 

Symptomatic 
non-

hospitalized, N 
(%) 

Symptomatic 
hospitalized 
cases, N (%) 

p-
value* 

Sex       
Men 424 174 (41.0) 147 (34.6) 77 (18.1) 26 (6.3) 0.015 
Women 665 265 (39.9) 197 (29.6) 173 (26.0) 30 (4.5)  
Age       
40-44 years  138 54 (39.1) 56 (40.6) 26 (18.8) 2 (1.5) <0.001 
45-54 years 386 132 (34.2) 142 (36.8) 102 (26.4) 10 (2.6)  
55-64 years 356 157 (44.1) 101 (28.4) 79 (22.2) 19 (5.3)  
65-74 years  209 96 (45.9) 45 (21.5) 43 (20.6) 25 (12.0)  
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Higher 
education 

      

No 620 251 (40.5) 203 (32.7) 129 (20.8) 37 (6.0) 0.143 
Yes 469 188 (40.0) 141 (30.1) 121 (25.8) 19 (4.1)  
Hypertension       
No 487 179 (36.8) 169 (34.7) 116 (23.8) 23 (4.7) 0.109 
Yes 602 260 (43.2) 175 (29.1) 134 (22.2) 33 (5.5)  
Diabetes        
No 952 384 (40.3) 305 (32.0) 222 (23.4) 41 (4.3) 0.011 
Yes 137 55 (40.1) 39 (28.5) 28 (20.4) 15 (11.0)  
Abdominal 
obesity 

      

No 476 189 (39.7) 153 (32.2) 112 (23.5) 22 (4.6) 0.867 
Yes 613 250 (40.8) 191 (31.2) 138 (22.5) 34 (5.5)  
Self-rated 
health 

      

0-50% 212 88 (41.5) 64 (30.2) 39 (18.4) 21 (9.9) 0.003 
51-100% 877 351 (40.0) 280 (31.9) 211 (24.1) 35 (4.0)  
Smoking status       
Non-smoker  621 226 (36.4) 196 (31.6) 164 (26.4) 35 (5.6) <0.001 
Former smoker 287 111 (38.7) 91 (31.7) 64 (22.3) 21 (7.3)  
Current 
smoker 

181 102 (56.4) 57 (31.5) 22 (12.1) 0 (0.0)  

Frequency of 
heavy drinking 

      

Never 663 262 (39.5) 196 (29.6) 169 (25.5) 36 (5.4) 0.033 
Once a week 
or less often 

379 152 (40.1) 134 (35.4) 77 (20.3) 16 (4.2)  

Twice a week 
or more often 

47 25 (53.2) 14 (29.8) 4 (8.5) 4 (8.5)  

Total 1089 439 344 250 56  

*p for Pearson’s Chi-squared test 

Male sex, current smoking, and frequency of heavy drinking (once a week or less often) showed 

negative associations with symptomatic COVID-19 in the unadjusted models (Table 2). Older 

participants were more likely to be symptomatic COVID-19 cases. After adjustment for 

demographic and lifestyle factors, age was positively associated and smoking was negatively 

associated with symptomatic COVID-19. Adjusted estimates for ever-smokers (i.e. current and 

former smokers combined) versus never-smokers were 0.95 (95% CI 0.66;1.36) for symptomatic 

status. 

 

Table 2. Factors associated with being symptomatic COVID-19 cases, N=650 

Variable  OR crude (95% CI) OR adj. (95% CI)1 
Sex   
Women reference reference 
Men 0.68 (0.49; 0.94)  0.74 (0.50; 1.08) 
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Age   
40-44 years  reference reference 
45-54 years 1.58 (0.94; 2.65)  1.56 (0.92; 2.64) 
55-64 years 1.94 (1.14; 3.30)  1.93 (1.10; 3.36) 
65-74 years  3.02 (1.68; 5.45)  2.96 (1.58; 5.53) 
Higher education   
No reference reference 
Yes 1.21 (0.89; 1.66)  1.30 (0.93; 1.81)  
Hypertension   
No reference reference 
Yes 1.16 (0.85; 1.58)  1.14 (0.81; 1.59)  
Diabetes    
No reference reference 
Yes 1.28 (0.80; 2.03) 1.10 (0.68; 1.78) 
Abdominal obesity   
No reference reference 
Yes 1.03 (0.75; 1.40) 0.92 (0.66; 1.28) 
Self-rated health   
0-50% 1.07 (0.72; 1.58) 0.92 (0.61; 1.40) 
51-100% reference  reference  
Smoking status   
Non-smoker  reference reference 
Former smoker 0.92 (0.65; 1.31) 1.15 (0.78; 1.70) 
Current smoker 0.38 (0.22; 0.65) 0.55 (0.31; 0.97) 
Frequency of heavy drinking   
Never reference reference 
Once a week or less often 0.66 (0.48; 0.92) 0.91 (0.62; 1.34) 
Twice a week or more often 0.55 (0.22; 1.33) 0.88 (0.34; 2.32) 

1adjusted for sex, age, higher education, smoking, frequency of heavy drinking 

 

In univariate analyses, men, older participants, individuals with poor self-rated health, diabetes, 

and those with heavy drinking habits (two times a week or more) were more likely to be 

hospitalized (Table 3). After adjustment for the demographics and lifestyle factors, age older 

than 65 yearsand poor self-rated health were associated with hospitalization. Adjusted OR for 

ever-smokers (i.e. current and former smokers combined) versus never-smokers was 0.95 (95% 

CI 0.45;1.99) for hospitalization. 

 

Table 3. Factors associated with being hospitalized symptomatic COVID-19 case, N=306  

 

Variable  OR crude (95% CI) OR adj. (95% CI)1 

Sex   
Women reference reference 
Men 1.95 (1.08; 3.51) 1.93 (0.88; 4.17) 
Age   
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40-44 years  reference reference 
45-54 years 1.28 (0.26; 6.18) 1.28 (0.26; 6.36) 
55-64 years 3.13 (0.68; 14.34) 2.82 (0.60; 13.40) 
65-74 years  7.56 (1.65; 34.57) 6.99 (1.45; 33.72) 
Higher education   
No reference reference 
Yes 0.55 (0.30; 1.00) 0.76 (0.38; 1.51) 
Hypertension   
No reference reference 
Yes 1.24 (0.69; 2.24) 0.66 (0.33; 1.32) 
Diabetes    
No reference reference 
Yes 2.90 (1.43; 5.90) 2.22 (0.99; 5.00) 
Abdominal obesity   
No reference reference 
Yes 1.25 (0.69; 2.27) 1.15 (0.59; 2.24) 
Self-rated health   
0-50% 3.25 (0.71; 6.16) 2.51 (1.23; 5.14)  
51-100% reference  reference 
Smoking status   
Non-smoker  reference reference 
Former smoker 1.54 (0.83; 2.84) 1.25 (0.58; 2.66) 
Current smoker - - 
Frequency of heavy drinking   
Never reference reference 
Once a week or less often 0.97 (0.51; 1.96) 1.03 (0.46; 2.27) 
Twice a week or more often 4.69 (1.12; 19.65) 3.56 (0.63; 20.18) 

1adjusted for sex, age, higher education, smoking, frequency of heavy drinking  

 

Discussion 

In this study, we presented the spectrum and characteristics of COVID-19 cases in a sample of a 

population aged 40-74 in Arkhangelsk, Northwest Russia, a year after the start of the pandemic. 

The proportion of the participants who had had the infection was 59.7% 95% CI (56.7; 62.6) 

(N=650). Of them, 47.1% 95% CI (43.2; 51.0) (N=306) developed symptoms. Almost all of the 

symptomatic cases (96.4%, N=295) had sought medical advice and 56 (18.3%) of them had been 

admitted to hospital.  More than half (52.9% 95% CI (49.0; 56.8)) of the participants who had 

had the infection had been asymptomatic. Almost all of the asymptomatic cases (96.2%) had 

been undiagnosed and had not been included in the COVID-19 case registry. 

The first case of COVID-19 emerged in Arkhangelsk on 17 March 2020. During the following 

six months of the pandemic, the Wuhan strain of SARS-CoV-2 predominantly circulated in the 
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city. By the end of the summer of 2020, the incidence of COVID-19 had declined and stabilized 

[23]. Consequently, the local governmental restrictions, implemented on March 18, 2020, were 

relaxed starting from September 2020. Educational institutions resumed offline activities, and 

commercial and recreational activities were reinstated with the mandatory enforcement of a 1.5-

meter distance rule, face mask wearing, hand antiseptic use, and non-contact thermometry [28]. 

The relaxation of restrictive measures coincided with the emergence of the Delta variant of 

SARS-CoV-2, with the first COVID-19 cases caused by the Delta variant registered in August 

2020 [29]. Our findings show that the easing of restrictions, coupled with the Delta variant, 

boosted transmission (Fig. 3), which is in line with another study conducted in Saint Petersburg, 

Northwest Russia [30]. It is likely that the proportion of infected cases in Arkhangelsk was 

higher compared to other Russian cities at approximately the same time [30-31]. However, the 

differences could be attributed to the non-uniform sampling approaches used in the studies and 

the related variations in the characteristics of the studied samples [32]. 

In our study, 18.3% of the symptomatic cases (8.6% 95% CI (6.6; 11.1) of all previously 

infected) had been hospitalized. These findings are higher than those of Menachemi et al., who 

reported the hospitalization rate in the USA varied from 0.4% for those younger than 40 years to 

9.2% for those older than 60 years [33]. In France, the proportion of the infected who needed 

hospitalization for COVID-19 from March 2020 to January 2021 was estimated to be 0.4% in 

individuals aged 20–29 years to 17.6% in those aged 70-89 years [34]. The high proportion of 

the participants who had been treated in hospital in our study could be partly explained by the 

common recommendation at early stages of the pandemic in Russia to isolate all detected 

COVID-19 patients by admitting them to hospital [20]. The percentage of hospitalized COVID-

19 cases varies significantly across studies, depending on hospital admission policies in different 

countries at different time periods after the start of the pandemic and characteristics of the 

studied populations, such as age and comorbidities [20]. These inconsistencies make it difficult 

to compare the results of these studies.  

In our study, the proportion of the hospitalized cases was higher in men compared to women, 

which is in line with other studies [35-38]. However, the association between sex and 

hospitalization did not persist after adjusting for age, higher education, smoking, frequency of 

heavy drinking. This suggests that the difference in hospitalization between men and women 

could be attributed to the varying prevalence of these factors between the sexes. Older age is a 

well-established factor associated with the disease severity [39-40]. In support of this, we found 

a higher proportion of symptomatic cases and hospitalized cases among older study participants. 

The symptomatic COVID-19 patients with poor self-rated health were more likely to be 
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hospitalized compared to those with good self-rated health. Our findings are in agreement with 

the results obtained by others, which demonstrated that comorbidities augmented the COVID-19 

severity [41-43].  

The highly specific COVID-19 symptom such as loss of smell and taste was more frequently 

reported by the non-hospitalized symptomatic cases compared to the hospitalized cases. Another 

study also found a higher frequency of the loss of smell and taste among individuals with mild 

COVID-19 [44], while other authors reported a positive correlation between these symptoms and 

COVID-19 severity [45]. Fever and dyspnea were more common in the hospitalized cases, which 

is in line with other studies [46-47]. 

The proportion of participants who remained non-infected a year after the start of the pandemic 

was higher among older age groups, possibly due to non-pharmaceutical interventions, primarily 

self-isolation, specifically targeted at older individuals and those with chronic diseases [11, 28]. 

This may have contributed to a potentially lower overall severity of symptomatic COVID-19. 

The proportion of the asymptomatic cases (52.9% 95% CI (49.0; 56.8) among all the infected 

exceeded the overall estimates published in the recent systematic reviews (40.5-44.1%) [48-49].  

Nevertheless, these estimates are influenced by the age groups included and should not be 

directly compared [32].  

Limited testing access during the first months of the pandemic may have resulted in undiagnosed 

mild symptomatic infections among participants. Unaware of their COVID-19 status, these 

individuals might have erroneously reported having had no COVID-19 symptoms, potentially 

leading to misclassification as asymptomatic cases. The study design lacks symptom-related 

questions for those answering "No" to "Did you have COVID-19 in the previous 12 months?", 

possibly resulting to an underestimation of the number of symptomatic COVID-19 cases. 

Although COVID-19 symptoms are non-specific, and incorporating questions about previous 

cold-like symptoms would have relatively low specificity, even with sensitivity close to 100% 

[50]. Many of these additionally revealed symptomatic cases would be false positives, falling 

into the category of non-hospitalized cases, resulting in differential misclassification. 

Our findings are in line with earlier reports of a lower probability of symptomatic cases in 

younger age groups [14, 51]. Men were more prone to self-report being symptom-free, which is 

consistent with a number of studies [52-53]. The associations between symptomatic status and 

sex disappeared after adjusting for age, education, smoking and frequency of heavy drinking. 

Thus, other factors, such as the varying prevalence of higher education, smoking and heavy 

drinking between the sexes, could contribute to the observed difference in symptomatic status. 

Like in other publications, we found a lower proportion of current smokers among symptomatic 
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cases [54-56]. Current smokers had half the odds of being symptomatic COVID-19 cases 

compared to non-smokers, with none of the current smokers being hospitalized. Former smokers 

and ever-smokers (i.e. current and former smokers combined) had similar odds of being 

symptomatic COVID-19 cases as well as being hospitalized compared to non-smokers, which 

contradicts recent meta-analyses showing higher odds of severity and hospitalization among 

former and ever-smokers [57].  Former smokers may have quit smoking before or during the 

pandemic due to chronic diseases known to be risk factors for severe infection. Consequently, 

the overall health status of former smokers may be worse compared to that of current smokers 

[57]. 

The cross-sectional study design, along with possible biases, may influence the observed 

associations between smoking and disease severity. Simultaneous measurement of exposure and 

outcome may result in reverse causality. However, it is unlikely that adults aged 40-74 years 

initiated smoking after contracting COVID-19 [58]. Additionally, the possibility of reverse 

causality has not been suggested by other reports. We classified the study participants as non-

smokers, former smokers, and current smokers. A more precise measurement of smoking status, 

including duration (years) or frequency (number of cigarettes) of smoking, may shed light on the 

studied association. As participant classification relied on self-reported smoking status, it could 

be influenced by bias related to the desire to undervalue socially unwelcome behaviors 

(misclassification) [59-60]. Current smokers might be less prone to self-report symptoms and 

seek healthcare less frequently [61]. Consequently, they may be less likely to be tested for 

SARS-CoV-2 and to be captured in the COVID-19 case registry. Higher frequency of false-

negative PCR tests in smokers may have contributed to the low prevalence of smokers among 

patients with COVID-19 [59, 62]. These factors could lead to an underrepresentation of current 

smokers among symptomatic COVID-19 cases. 

As most studies [63-65] report a positive association between smoking and COVID-19 severity, 

the low frequency of symptomatic and hospitalized cases among current smokers in our study 

may also be explained by the possibility that they experienced severe illness and died before the 

initiation of the current study or refused to participate due to poor health conditions or post-

COVID symptoms. The assumptions that tobacco smoke compounds reduce susceptibility to 

SARS-CoV-2 are speculative [66-68]. Further studies are required to properly explore how 

smoking status affects the course of COVID-19.  

On the contrary to other studies, we found a lower proportion of symptomatic cases among those 

who reported frequent heavy drinking [35, 55]. However, after adjusting for age, sex, higher 

education, and smoking, frequency of heavy drinking was no longer associated with 
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symptomatic status. At the same time, it should be noted that that regular alcohol drinking as 

well as smoking may decrease the probability of seeking medical advice or reporting symptoms 

among adults who experienced a disease or physical discomfort, as was shown in the previous 

study [61].  

To our knowledge, this is the first population-based study in Russia estimating the COVID-19 

spectrum. Combining COVID-19-related data from different sources enabled us to make reliable 

estimates of the proportion of the infected cases as well as the proportions of asymptomatic and 

symptomatic COVID-19 cases.  However, our findings should be interpreted in the light of some 

limitations.  

First of all, the sample of the current study was a resurveyed subsample of the previous 

population-based KYH study aged 40-74 years and may not be fully representative of the target 

population of Arkhangelsk residents of the same age. The response rate of 59.7% among the 

invited KYH participants could be a source of a non-response bias. To address this issue, we 

compared the participants of the current study to the entire KYH-based sampling frame on the 

key demographic variables (sex, age, education) [69]. Compared to the original KYH sample, 

resurvey participants had similar proportions of men and were younger on average at the time of 

inclusion in the KYH study. This is because the current study sample did not include participants 

of older age who died between the studies or could not participate in the current study due to 

severe illnesses. A slightly higher proportion of participants in the resurvey had higher 

education, possibly due to older participants who died or dropped out having a lower proportion 

of individuals with higher education. Some individuals may have attained higher education 

between the studies, and those with higher education may have increased health awareness and 

willingness to engage in research. These differences between the current study sample and the 

original KYH sample were unlikely to significantly impact the main results and conclusions. 

We used the cross-sectional study design and therefore were not able to explore causal 

associations. Information bias could also impact the observed associations. Using data from 

multiple sources requires consideration of possible limitations and imperfect completeness of 

each of the sources used. For instance, our study results could be influenced by the registry data 

completeness and reliability [70]. Yet, we discovered only four cases showing discrepancy 

between the self-reported and the COVID-19 case registry data on hospitalization, which 

indicates only a negligible coverage deficiency of the registry with respect to hospitalized cases. 

Retrospective self-reported responses about symptoms may have been subjected to recall bias 

and non-differential misclassification of symptomatic status due to the difficulties of 

distinguishing between COVID-19 and other respiratory tract infections [71]. Those who had 

had COVID-19 but had not been tested might misclassify themselves as non-infected.  
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The number of the infected cases could have been underestimated due to the imperfect 

performance of the tests used as well as the antibodies waning over time after the infection [23]. 

To address this, the SARS-CoV-2 seroprevalence estimates described in our previous paper were 

adjusted for the serological test performance, and were increased by 7.9% compared to non-

adjusted estimates [24]. Adjustments for test performance were not made in this study because 

the calculation of proportions of infected individuals considered data from various sources 

beyond the results of serological tests. However, the proportion of the infected cases and the 

proportion of the seropositive participants were almost the same in our study, with only five 

COVID-19 cases recorded in the case registry but tested negative for the SARS-CoV-2 

antibodies. Thus, the underestimation might only be very small and could be due to the imperfect 

test sensitivity.  

Alternately, we could overestimate the number of the seropositive people based on their cross-

reactive immunity acquired after the infection caused by beta-coronaviruses with the molecular 

structure similar to SARS-CoV-2 [23, 72]. However, even though cross-reactivity was a concern 

early in the pandemic, there is limited evidence available. The standard procedure for validating 

the specificity of tests involves using pre-pandemic serum samples to ensure that the test 

accurately identifies true positives related to the virus and minimizes the likelihood of false 

positives caused by cross-reactivity [27]. Besides, some factors that could not be assessed in our 

study, such as the subtype of SARS-CoV-2 or the viral load, may influence the symptomatic 

status [73]. 

The study added to the knowledge of the COVID-19 spectrum in a Russian sample with a high 

proportion of the previously infected, but it may be of a limited novelty with respect to 

symptomatic COVID-19 cases. The proportion of the people who had been infected and 

remained asymptomatic was a key question in understanding the extent of COVID-19 in the 

study setting. Estimating the proportion of asymptomatic COVID-19 cases is critical for 

calculating key epidemiological characteristics, quantifying the cumulative incidence of the 

infection. An exact evaluation of the proportion and a better understanding of characteristics of 

asymptomatic cases could help to retrospectively assess the strategies which were implemented 

to control the COVID-19 pandemic. The identification of a considerable number of undetected 

cases underscores the potential lessons to be learned from the existing surveillance and contact 

tracking strategy, suggesting areas for improvement in infection control measures. Several 

studies have shown that asymptomatic individuals shed similar quantities of virus to the 

symptomatic persons [14-15]. Thus, being unaware of their disease status, the asymptomatic 

individuals could unknowingly transmit the virus to others [74].  
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Conclusion 

A year after the start of the COVID-19 pandemic in Arkhangelsk, Northwest Russia, 59.7% 95% 

CI (56.7; 62.6) of the surveyed adult population aged 40-74 years had been infected by SARS-

CoV-2. Symptomatic cases comprised 47.1% 95% CI (43.2; 51.0) of the total infected, and 8.6% 

95% CI (6.6; 11.1) of those previously infected were hospitalized. Our findings indicated a high 

proportion of asymptomatic cases that remained undetected by the healthcare system. The 

asymptomatic COVID-19 cases were unaware that they had been infected and might have 

continued their usual activities spreading the infection to others. This could have resulted in the 

rapid COVID-19 transmission and unsuccessful disease control.  

Since the asymptomatic COVID-19 patients are difficult to be diagnosed, a wider testing of high-

risk populations should be performed regardless of symptoms to improve the control strategies. 

Combining different surveillance approaches could prevent future outbreaks by capturing silent 

infection spread. 
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Abstract  

We investigated and compared mortality rates and risk factors for pre-pandemic and pandemic 

all-cause mortality in a population-based cohort of men and women in Arkhangelsk, Russia. A 

prospective cohort study enrolled 2,324 participants aged 35 to 69 years between 2015 and 2017. 

All participants were followed up for all-cause deaths using the mortality registry. Mortality 

rates per 1000 person-years were calculated for men and women in the pre-pandemic and 

pandemic periods. Cox regression models were used to investigate demographic, lifestyle, and 

health characteristics associated with increased risk of death in both periods. During the 

pandemic, age-standardized all-cause mortality increased in women, but minor change was 

observed in men. Older age, smoking, and diabetes were associated with a higher risk of all-

cause death in both periods and for both sexes. In women, higher risk during the pandemic was 

associated with obesity, angina, and elevated cystatin C levels. In men, asthma and elevated hs-

Troponin T levels increased the risk of death during the pandemic, while elevated hs-CRP and 

NT-proBNP levels were associated with higher risk in both periods. Targeted preventive 

interventions for men and women with specific risk factors can be implemented during potential 

future infectious disease outbreaks. 

Key words: COVID-19, SARS-CoV-2, all-cause mortality, risk factors, Russia  
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Introduction 

On December 31, 2019, China reported several cases of severe pneumonia with an unknown 

origin. The causative agent was identified on January 7, 2020, and officially named severe acute 

respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. On March 11, 2020, the World Health 

Organization (WHO) declared the novel coronavirus (COVID-19) outbreak as a pandemic. The 

pandemic resulted in an overall increase in mortality, encompassing causes both directly related 

to COVID-19 and unrelated to the infection, which represent indirect consequences of the 

pandemic [2, 3]. 

Pre-existing chronic diseases heighten susceptibility to SARS-CoV-2 and the risk of COVID-19 

complications, such as acute respiratory distress syndrome, sepsis, septic shock, and multiorgan 

failure [4]. Conversely, COVID-19 can worsen pre-existing chronic conditions, particularly 

cardiovascular diseases, by potentially damaging myocardial cells and being pathogenically 

linked to thrombovascular events [5-7]. Death resulting from any of these complications could 

be attributed to the virus, considered as a direct effect of the pandemic [8]. 

The indirect consequences of the pandemic, including limited access to timely medical care due 

to overwhelmed healthcare systems, hindered routine and screening services, disproportionately 

affecting individuals with chronic diseases [2, 9]. Additionally, these individuals could hesitate 

to seek medical care for non-urgent conditions out of fear of contracting SARS-CoV-2 [10, 11].  

People older than 65 years, as well as those with chronic health conditions, were informed about 

the risks to their health associated with COVID-19 and officially advised to self-isolate [12]. The 

limited access to healthcare, coupled with reduced screening activities, mandatory isolation, and 

avoidance of seeking healthcare, could result in delayed diagnoses and treatment of conditions 

such as acute cardiovascular events, neoplasms, or the progression of chronic diseases, 

potentially contributing to the increased mortality [9, 13, 14].  

The mortality statistics, based on a single underlying cause of death, may not fully capture the 

complexity of factors or processes that lead to death in individuals with chronic diseases, 

including the role of the virus in this sequence [15, 16]. Limited access to testing for laboratory 

confirmation of infection could also introduce misclassification of deaths related and unrelated to 

COVID-19, especially during the early stages of the pandemic [17, 18]. 

Given the multiple effects of different factors on mortality during the pandemic, counting deaths 

from all causes combined provides a more comprehensive approach to measuring the overall 

mortality effects of the pandemic, avoiding issues of attributing deaths specifically to COVID-19 

[2]. Assessment of the impact of demographic and lifestyle factors, pre-existing chronic diseases 

and the blood-based biomarkers on the risk of death during the pandemic compared with the pre-
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pandemic period could shed light on pathways of how the pandemic affected mortality, enabling 

targeted preventive efforts.  

The study aimed to investigate and compare mortality rates and risk factors for pre-pandemic 

and pandemic all-cause deaths within a population-based cohort of adults in Arkhangelsk, 

Russia.  

 

Methods 

 

Study design and study population 

A prospective cohort study was carried out involving participants of Know Your Heart (KYH) 

study of cardiovascular diseases, which has been described previously [19]. KYH study sample 

is a population-based cohort of 2357 participants (68% response rate) aged 35 to 69 years at 

enrolment from 2015 to 2017 [19]. All participants underwent interviews conducted by trained 

interviewers, physical examinations and provided blood samples for further biomarker analysis. 

Follow-up period for a study participant started after the inclusion in the KYH study (later 

referenced as the baseline) and ended at the end of the COVID-19 pandemic (i.e. 5 May 2023) or 

at the date the participant died [20]. The total follow-up period was divided into the pre-

pandemic period (date of KYH inclusion – 16 March 2020) and the pandemic period (17 March 

2020 – 5 May 2023). Data collected at the baseline study were linked to the Arkhangelsk 

Regional Mortality Database (later referenced as the mortality registry). In this study, we 

included deaths from all causes among the participants recorded in the mortality registry during 

both periods. 

Fifteen individuals with missing baseline data on any of the covariates were excluded, resulting 

in a pre-pandemic study sample of 2342 participants aged 35-69 years. All the study participants 

alive at the start of the pandemic in Arkhangelsk (17 March 2020) comprised the pandemic study 

sample of 2284 individuals aged 40-74 years. Data of the pandemic study sample were linked to 

the Federal Registry of the Vaccinated against COVID-19 (later referenced as the vaccination 

registry). 

 

Outcomes and covariates 

For each death, data from medical death certificates were collected, including the date of death, 

immediate cause of death, related pathological conditions, underlying cause of death, external 

cause of death, and other contributing conditions in accordance with the International 

Classification of Diseases, 10th revision (ICD-10).  
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The baseline data were collected in 2015-2017 years by questionnaire, physical examination, and 

laboratory tests by following the KYH study protocol as described by S. Cook et al. [19]. As the 

KYH study was designed to investigate cardiovascular diseases, the baseline data included 

predominantly cardiovascular biomarkers. 

The following data variables were considered as covariates in analyses for this study: 

demographic factors: age (years), sex (male/female), higher education (yes/no); lifestyle 

characteristics: current smoking (yes/no), hazardous alcohol drinking (score of ≥8 on the Alcohol 

Use Disorders Identification Test – AUDIT [21]) (yes/no)); self-reported doctor-diagnosed 

diseases: hypertension (yes/no), diabetes (yes/no), angina (yes/no), history of myocardial 

infarction (yes/no), heart failure (yes/no), asthma (yes/no), chronic bronchitis (yes/no), kidney 

disease (yes/no), liver disease (yes/no), neoplasms (yes/no); obesity (measured at physical 

examination as body mass index  ≥30 kg/m2; yes/no); blood-based cardiac and metabolic 

biomarkers: lipid profile: total cholesterol ≥5.2 mmol/L (yes/no), low-density lipoprotein 

cholesterol  (LDL-C) >3.0 mmol/L (yes/no), high-density lipoprotein cholesterol  (HDL-C) < 1.0 

mmol/L for men and <1.3 mmol/L for women (yes/no), triglycerides >1.7 mmol/L (yes/no); 

a biomarker of  hyperglycemia: glycated hemoglobin (HbA1C) ≥ 6.5% (yes/no); 

a biomarker of alcohol consumption and cholestasis: Gamma-glutamyl transferase (GGT) ≥40 

U/L (yes/no); a biomarker of systemic inflammation: high-sensitivity C-reactive protein (Hs-

CRP) ≥2 mg/L (yes/no); a biomarker of kidney dysfunction: Cystatin C ≥1.2 mg/L (yes/no); a 

biomarker of cardiac wall stretch (heart failure): N-terminal pro-b-type natriuretic peptide (NT-

proBNP) ≥125 pg/mL (yes/no); a biomarker of heart damage: high-sensitivity Troponin T (Hs-

Troponin T) ≥6 ng/L (yes/no). For the pandemic period, we also considered data on vaccination 

against COVID-19 (yes/no) obtained the vaccination registry. We did not investigate the 

association between having had COVID-19 and risk of death during the pandemic because, 

according to the seroprevalence survey at the end of the pandemic, almost everyone in the 

sample had antibodies acquired through infection [22, 23]. 

 

Ethical approval 

The study was conducted in accordance with the Declaration of Helsinki. The KYH study was 

approved by the ethics committees of the London School of Hygiene & Tropical Medicine, 

London, UK (approval number 8808, February 24, 2015) and Northern State Medical University 

(NSMU), Arkhangelsk, Russia (approval number 01/01-15, January 27, 2015). Ethical approval 

for the follow-up of the KYH participants was received from the ethics committee of NSMU 

(approval number 01/04-19, April 24, 2019). Ethical approval for the study of COVID-19 issues 

in the KYH cohort was obtained from the ethics committees of NSMU (approval number 01/02-
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21, February 17, 2021) and by the Regional Committee for Medical and Health Research Ethics, 

Norway (approval number 339397 received December 7, 2021).  

All participants provided a written consent to disclose their medical and other health-related 

records for research purposes under the confidentiality condition. The data linkage between 

KYH data, the vaccination registry and the regional mortality registry was performed by the 

Arkhangelsk Regional Medical Information Analytical Center (MIAC) in accordance with the 

NSMU-MIAC confidentiality agreement based on the informed consents obtained from the 

participants, legal and ethical approvals.  The participants were anonymized by the randomly 

assigned unique ID numbers and the following data linkage were based on these depersonalized 

IDs, which has led to no personal identifiers in the analyzed dataset.  

 

Statistical analysis 

Participants characteristics were presented as medians with first and third quartiles for 

continuous variables, absolute numbers and percentages for categorical variables. Accordingly, 

Mann–Whitney U-test and Pearson’s chi-squared test were used for comparing groups on 

continuous and categorical characteristics.  

All-cause and cause-specific (defined by the ICD-10 chapters) mortality rates per 1000 person-

years were calculated for men and women in both the pre-pandemic and pandemic periods. 

Mortality rates for the pandemic period were directly age-standardized to the age distribution of 

the study population in the pre-pandemic period using 5-year bands. Mortality rates were 

presented with 95% confidence intervals (CIs).  

Age-adjusted mortality ratios in the pandemic period were estimated as hazard ratios (HR) 

derived from Cox proportional hazards regression models of the studied death outcomes, where 

period (1 = pandemic period, 0 = pre-pandemic period) and age in years were entered as 

covariates. Person-months of observation in the pre-pandemic (date of KYH inclusion -16 March 

2020) and pandemic (17 March 2020-5 May 2023) periods were used as time variables in Cox 

models for the pre-pandemic and pandemic periods, respectively. When modelling each of death 

outcomes, interaction of the period with sex, likewise other interactions considered in this study, 

was assessed by comparing models with and without the interaction term using the likelihood 

ratio test. Based on the identified interaction of the period with sex, further analyses were 

stratified by sex. We also used Cox models to investigate the factors associated with a change 

(increase or decrease) in the risk of pre-pandemic and pandemic deaths. For each independent 

variable, interaction with the study period was assessed. The effect estimates were reported as 

HRs adjusted for demographic (age, higher education) and lifestyle (smoking, hazardous 

drinking) variables with the corresponding 95% CIs. All the statistical analyses were performed 
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in Stata version 17.0 (StataCorp, College Station, TX, USA). A p-value < 0.05 was considered 

statistically significant.  

 

Results 

The studied population comprised 980 men (41.8%) and 1362 women (58.2%). During a median 

follow-up period of 6.5 years (6.0; 7.0), a total of 150 deaths occurred among the study 

participants. In the pre-pandemic period, 45 men and 13 women died, leaving a sample of 935 

men and 1349 women for the pandemic period. A total of 56 men and 36 women died in the 

pandemic period. 

 

Characteristics of the study participants 

The median age was 53 (44; 61) years at the time of inclusion in KYH study (at baseline) and 57 

(48; 65) years at the onset of the pandemic (table 1). Men were more likely to be smokers and 

hazardous drinkers compared to women. Higher proportions of women compared to men had 

obesity, diabetes, heart failure, asthma, chronic bronchitis, kidney disease, liver disease, and 

neoplasms. Conversely, more men than women reported having prior myocardial infarction. 

 
 

Characteristicsa Men, N=980 Women, N=1362 pb 

Age, years 53 (44-61) 53 (44-61) 0.6843 

Higher education 334 (34.1) 510 (37.4) 0.094 
Smoking 338 (34.5) 207 (25.2) <0.001 

Hazardous drinking 373 (38.1) 91 (6.7) <0.001 
Obesity 238 (24.3) 460 (33.8) <0.001 

Hypertension 454 (46.3) 676 (49.6) 0.114 

Myocardial infarction 69 (7.0) 47 (3.5) <0.001 
Angina 133 (13.6) 192 (14.1) 0.717 
Heart failure 87 (8.9) 181 (13.3) 0.001 
Diabetes 64 (6.5) 132 (9.7) 0.006 

Asthma 39 (4.0) 109 (8.0) <0.001 

Chronic bronchitis 86 (8.8) 189 (13.9) <0.001 

Kidney diseases 124 (12.7) 305 (22.4) <0.001 

Liver disease 142 (14.5) 263 (19.3) 0.002 

Neoplasms  27 (2.8) 105 (7.7) <0.001 

 
Table 1. Baseline demographic, lifestyle and self-reported health characteristics of the study 
population stratified by sex, N=2342. aMe – median, Q1 – the first quartile; Q3 – the third 
quartile for age, N (%) – for all other characteristics. bPearson’s chi-squared test for categorical 
parameters, Mann–Whitney U-test for continuous characteristics.  
 

Women exhibited a higher proportion of elevated total cholesterol and decreased HDL-C levels, 

while increased triglycerides were more prevalent among men (table 2). Men were also more 
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likely to have elevated levels of GGT and Hs-Troponin T, whereas elevated levels of NT-

proBNP were more commonly observed among women.  

 

Characteristics a Men, N=980 Women, N=1362 Pb 

Total cholesterol, ≥5.2 mmol/L, N (%) 498 (50.8) 810 (59.5) <0.001 
LDL-C, >3.0 mmol/L, N (%) 737 (75.2) 1035 (76.0) 0.661 
HDL-C, <1.0 mmol/L for men and 
<1.3 mmol/L for women, N (%) 

134 (13.7) 342 (25.1) <0.001 

Triglycerides, >1.7 mmol/L, N (%) 305 (31.1) 334 (24.5) <0.001 
HbA1С, ≥6.5% 45 (4.6) 68 (5.0) 0.655 
GGT, ≥40 U/L, N (%) 349 (35.6) 216 (15.9) <0.001 
Hs-CRP, ≥2 mg/L, N (%) 405 (41.3) 571 (41.9) 0.772 
Cystatin C, ≥1.2 mg/L, N (%) 47 (4.8) 50 (3.7) 0.178 
NT-proBNP, ≥125 pg/mL, N (%) 255 (26.0) 513 (37.7) <0.001 
Hs-Troponin T, ≥6 ng/L, N (%) 672 (68.6) 632 (46.4) <0.001 

 

Table 2. Baseline blood-based biomarkers characteristics in the study population stratified by 
sex, N=2342. aN (%) – for all the characteristics. bPearson’s chi-squared test. 
 

Vaccination against COVID-19 was recorded for 64.7% of men and 64.9% of women (p=0.938). 

 

Mortality rates 

The mortality rates were higher in men compared to women in both periods (table 3).  

In women, age-standardized all-cause mortality rates increased from 2.79 per 1000 person-years 

in the pre-pandemic period to 6.45 per 1000 person-years in the pandemic period (a 2.32-fold 

increase), but they did not change significantly in men (p=0.047 for the interaction between sex 

and the study period). In the pandemic period, neoplasms were the leading cause of death in 

women, followed by cardiovascular diseases, whereas the opposite pattern was observed in the 

pre-pandemic period. In men, cardiovascular diseases were the leading cause of death in both 

periods, followed by neoplasms. Mortality rates from COVID-19 as underlying cause of death 

were similar in men and women. 

 

Underlying 
cause of deaths 

Pre-pandemic period:  
date of KYH inclusion – 

17 March 2020 

Pandemic period:  
17 March 2020 – 5 May 2023 

Age-adjusted 
mortality ratios 

(95%CI)a 

  Women, N=1362  Women, N=1349  

 N MRcrude (95%CI)b N MRcrude (95%CI)b MRstand (95%CI)bc  

All causes 13 2.79 (1.62; 4.80) 36 8.75 (6.31; 12.13) 6.45 (3.93; 9.98) 2.32 (1.17; 4.61) 

I00-I99 
Cardiovascular 
diseases 

5 1.07 (0.45; 2.57) 
 

9 
 

2.19 (1.14; 4.21) 
 

1.39 (0.24; 2.54) 
 

1.64 (0.49; 5.43) 

C00-D48 
Neoplasms 

4 0.86 (0.32; 2.28) 12 2.92 (1.66; 5.14) 1.78 (0.46; 3.10) 1.77 (0.55; 5.67) 

V01-Y98 
External causes  

1 0.21 (0.03; 1.52) 2 0.49 (0.12; 1.94) 0.54 (0.00; 1.29) 1.98 (0.17; 22.56) 
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U07 
COVID-19 

- - 6 1.46 (0.66; 3.25) 0.87 (0.00; 1.78) - 

Other causes 3 0.64 (0.21; 1.99) 7 1.70 (0.81; 3.57) 1.86 (0.47; 3.25) 2.76 (0.56; 13.54) 

  Men, N=980  Men, N=935  

  MRcrude (95%CI)b  MRcrude (95%CI)b MRstand (95%CI)bc 
 

All causes 45 13.43 (10.03; 17.99) 56 20.03 (15.41; 26.03) 
15.58 (10.93; 

20.24) 
1.16 (0.77; 1.75) 

I00-I99 
Cardiovascular 
diseases 

23 6.86 (4.56; 10.33) 22 7.87 (5.18; 11.95) 6.34 (3.38; 9.29) 0.93 (0.50; 1.72) 

C00-D48 
Neoplasms 

9 2.69 (1.40; 5.16) 16 5.72 (3.51; 9.34) 4.64 (2.07; 7.20) 1.45 (0.61; 3.46) 

V01-Y98 
External causes  

5 1.49 (0.62; 3.58) 3 1.07 (0.35; 3.33) 1.11 (0.00; 2.36) 0.75 (0.16; 3.41) 

U07 
COVID-19 

- - 5 1.79 (0.74; 4.30) 1.21 (0.00; 2.52) - 

Other causes 8 2.39 (1.19; 4.77) 10 3.58 (1.92; 6.65) 2.29 (0.54; 4.03) 1.07 (0.41; 2.75) 

 

Table 3. Crude and age-standardized mortality rates per 1000 person-years. aHazard ratios 
derived from Cox regression models of the studied death outcomes, where period (1 = pandemic 
period, 0 = pre-pandemic period) and age in years were entered as covariates. bMR - mortality 
rate, 95% CI – 95% confidence intervals. cage-standardized to the age distribution of the study 
population in the pre-pandemic period. 
 

Risk factors for pre-pandemic and pandemic all-cause deaths 

After adjustment for demographic and lifestyle factors, older participants, smokers, and those 

with a self-reported diagnosis of diabetes had a significantly higher risk of all-cause death in 

both sexes in both periods (table 4). In men, neoplasms were associated with increased the risk 

of all-cause death only in the pre-pandemic period, whereas asthma increased the risk only in the 

pandemic period. In women, self-reported heart failure was associated with increased risk of 

death only in the pre-pandemic period, while obesity, and angina – only in the pandemic period. 

Higher education was associated with a decreased risk of death during the pandemic in women. 

Vaccination against COVID-19 reduced all-cause mortality during the pandemic period in both 

sexes. There were no significant interactions between the study period and demographic, 

lifestyle, and health characteristics in their effects on all-cause mortality. 

 

Characteristicsa 
Men Women 

Pre-pandemic 
periodb, 45/980 

Pandemic 
periodb, 56/935 

pc Pre-pandemic 
periodb, 13/1362 

Pandemic periodb, 
36/1349 

pc 

 HRadj (95%CI)d HRadj (95%CI)d  HRadj (95%CI)d HRadj (95%CI)d  
Age, yearse 1.06 (1.03; 1.10) 1.09 (1.05; 1.13) 0.784 1.11 (1.03; 1.20) 1.11 (1.06; 1.16) 0.470 
Higher 
education 

0.50 (0.23; 1.09) 0.67 (0.37; 1.24) 0.474 0.21 (0.03; 1.61) 0.30 (0.11; 0.86) 0.736 

Smoking 2.40 (1.32; 4.38) 2.80 (1.64; 4.78) 0.994 4.01 (1.13; 14.24) 3.11 (1.40; 6.94) 0.695 
Hazardous 
drinking 

1.28 (0.70; 2.34) 0.69 (0.38; 1.25) 0.104 1.07 (0.13; 8.82) 0.82 (0.19; 3.55) 0.764 

Obesity 1.67 (0.88; 3.17) 1.07 (0.57; 2.01) 0.347 0.83 (0.27; 2.56) 2.19 (1.11; 4.30) 0.144 
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Hypertension 1.24 (0.67; 2.31) 1.32 (0.75; 2.30) 0.704 1.71 (0.45; 6.58) 1.81 (0.80; 4.11) 0.925 
Myocardial 
infarction 

1.31 (0.54; 3.18) 1.67 (0.83; 3.39) 0.434 3.77 (0.96; 14.88) 2.06 (0.77; 5.46) 0.495 

Angina 1.78 (0.89; 3.58) 0.85 (0.42; 1.71) 0.309 2.90 (0.89; 9.47) 3.59 (1.76; 7.30) 0.757 
Heart failure 1.30 (0.54; 3.13) 1.38 (0.66; 2.86) 0.668 3.48 (1.12; 10.82) 1.28 (0.59; 2.77) 0.171 
Diabetes 4.68 (2.26; 9.69) 3.41 (1.63; 7.12) 0.579 3.83 (1.19; 12.35) 2.32 (1.09; 4.92) 0.530 
Asthma 1.34 (0.32; 5.57) 2.62 (1.05; 6.61) 0.376 1.39 (0.31; 6.39) 1.61 (0.66; 3.88) 0.899 
Chronic 
bronchitis 

0.83 (0.30; 2.34) 0.49 (0.15; 1.58) 0.469 1.70 (0.51; 5.69) 0.95 (0.41; 2.20) 0.406 

Kidney diseases 1.27 (0.59; 2.76) 1.41 (0.72; 2.75) 0.754 0.60 (0.13; 2.72) 1.64 (0.82; 3.29) 0.206 

Liver disease 1.29 (0.60; 2.77) 1.78 (0.94; 3.37) 0.548 0.70 (0.15; 3.18) 0.88 (0.38; 2.02) 0.754 
Neoplasms 3.79 (1.45; 9.91) 1.37 (0.42; 4.48) 0.299 2.69 (0.73; 9.92) 1.08 (0.38; 3.07) 0.314 
Vaccination 
against COVID-
19f 

- 0.17 (0.09; 0.32) - - 0.19 (0.09; 0.38) - 

 

Table 4. Cox regressions describing the associations between demographic, health-related factors 
and all-cause mortality during pre-pandemic and pandemic periods stratified by sex. abaseline 
data collected in 2015-2017. bpre-pandemic period: date of KYH inclusion – 16 March 2020; 
pandemic period: 17 March 2020 – 5 May 2023. cp-value for interaction with the time period. d 
HR – hazard ratio with 95% CI – 95% confidence intervals adjusted for the demographic (age, 
higher education) and lifestyle factors (smoking, hazardous drinking). eage at the baseline for 
pre-pandemic period; age on 17 March 2020 for pandemic period. fCOVID-19 – new 
coronavirus disease. 
 

Elevated levels of HbA1C increased risk of death in both sexes during both periods (table 5). In 

men, during the pre-pandemic period, elevated levels of Hs-CRP, Cystatin C, and NT-proBNP 

were associated with an increased risk, while elevated levels of total cholesterol were associated 

with a lower risk of all-cause deaths. During the pandemic period, men had increased risks of 

death associated with elevated levels of Hs-CRP, NT-proBNP and Hs-Troponin T. The strength 

of the association between elevated NT-proBNP and risk of death increased during the pandemic 

period, although there was no significant interaction with the study period, p=0.177. The 

protective effect of elevated cholesterol decreased during the pandemic period (p for interaction 

with period = 0.002), while the effect of triglycerides increased (p for interaction with period = 

0.033), although the effects of triglycerides were not significant in any of the periods. In women, 

elevated NT-proBNP levels were associated with a higher risk of pre-pandemic deaths, while 

elevated Cystatin C levels increased the risk during the pandemic (table 5). 

 

Table 5. Risk factors (blood-base biomarkers) for all-cause mortality during pre-pandemic and 
pandemic periods stratified by sex 

Characteristicsa 
Men Women 

Pre-pandemic 
periodb, 45/980 

Pandemic 
periodb, 56/935 

pc Pre-pandemic 
periodb, 13/1362 

Pandemic 
periodb, 36/1349 

pc 

 HRadj (95%CI)d HRadj (95%CI)d  HRadj (95%CI)d HRadj (95%CI)d  
Total 
cholesterol, 
≥5.2 mmol/L 

0.29 (0.14; 0.58) 
 

1.18 (0.70; 2.01) 
 

0.002 0.77 (0.25; 2.37)  0.48 (0.25; 0.92)  0.468 
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LDL-Ce, >3.0 
mmol/L 

0.59 (0.32; 1.08) 1.20 (0.64; 2.23) 0.115 0.86 (0.24; 3.13) 1.05 (0.46; 2.40) 0.797 

HDL-Ce, <1.0 
mmol/L for 
men and <1.3 
mmol/L for 
women 

1.32 (0.61; 2.84) 1.06 (0.50; 2.24) 0.696 2.22 (0.28; 17.52) 
3.77 (1.31; 

10.83) 
0.151 

Triglycerides, 
>1.7 mmol/L 

0.60 (0.29; 1.24) 1.58 (0.92; 2.71) 0.033 1.32 (0.43; 4.10) 1.22 (0.62; 2.44) 0.890 

HbA1Сe, 
≥6.5% 

4.04 (1.76; 9.31) 
5.19 (2.56; 

10.52) 
0.536 3.86 (1.02; 14.57) 3.73 (1.67; 8.32) 0.981 

GGTe, ≥40 U/L 1.84 (1.01; 3.37) 1.36 (0.78; 2.38) 0.277 2.15 (0.66; 7.00) 1.18 (0.52; 2.69) 0.423 
Hs-CRPe, ≥2 
mg/L 

2.42 (1.27; 4.61) 1.80 (1.04; 3.12) 0.479 2.34 (0.72; 7.63) 1.49 (0.77; 2.90) 0.495 

Cystatin C, 
≥1.2 mg/L 

3.84 (1.82; 8.15) 1.36 (0.56; 3.27) 0.176 2.40 (0.51; 11.26) 3.47 (1.48; 8.12) 0.668 

NT-proBNPe, 
≥125 pg/mL 

1.96 (1.01; 3.81) 3.13 (1.71; 5.75) 0.177 5.14 (1.08; 24.52) 1.79 (0.86; 3.72) 0.219 

Hs-Troponin 
Te, ≥6 ng/L 

1.47 (0.68; 3.17) 2.79 (1.17; 6.70) 0.165 2.26 (0.58; 8.78) 1.76 (0.81; 3.80) 0.785 

 

Table 5. Cox regressions describing the associations between blood-base biomarkers and all-
cause mortality during pre-pandemic and pandemic periods stratified by sex. abaseline data 
collected in 2015-2017. bpre-pandemic period: date of KYH inclusion – 16 March 2020; 
pandemic period: 17 March 2020 – 5 May 2023. cp-value for interaction with the time period. d 
HR – hazard ratio with 95% CI – 95% confidence intervals adjusted for the demographic (age, 
higher education) and lifestyle factors (smoking, hazardous drinking). eBMI – body mass index, 
LDL – low-density lipoprotein cholesterol, HbA1C – glycated hemoglobin, GGT – Gamma-
glutamyl transferase, Hs-CRP – high-sensitivity C-reactive protein, NT-proBNP – N-terminal 
pro-brain natriuretic peptide, Hs-Troponin T – high-sensitivity Troponin T. 
 

 

Discussion 

The age-standardized mortality rates were higher in men during both periods, although the 

increase in mortality rates during the pandemic period was more pronounced in women than in 

men. Cardiovascular diseases and neoplasms were the leading causes of death in both periods 

and for both sexes. During the pandemic period, mortality from neoplasms exceeded mortality 

from cardiovascular diseases in women, while cardiovascular diseases remained the leading 

cause of death in men. Mortality from COVID-19 as the underlying cause were similar in both 

sexes. Compared with the pre-pandemic period, during the COVID-19 pandemic, women had an 

increased risk of death associated with obesity, angina, and elevated cystatin C levels, while men 

had an increased risk of death associated with asthma, elevated biomarkers of cardiovascular 

risk. 

Previous studies have shown that during the COVID-19 pandemic, all-cause excess mortality, 

the difference between observed and expected deaths, was highest in Russia among European 

countries [3, 24, 25]. In Russia, women experienced higher excess mortality than men, while in 

most countries excess mortality was higher in men [26]. A population-based study involving 63 
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countries showed substantial sex differences in age-standardized COVID-19 mortality rates, 

which were greater than those for all-cause mortality, with higher mortality rates in men than in 

women [27]. On the contrary, women were more susceptible to COVID-19 than men in countries 

such as India, Nepal, Slovenia, and Vietnam [28, 29].  

Several studies have reported an increase in mortality from cardiovascular diseases and 

neoplasms during the COVID-19 pandemic, suggesting that the increase in deaths is largely due 

to indirect effects of the pandemic, such as delayed diagnosis and treatment [30-32]. However, 

other authors have suggested that the increase in deaths from cardiovascular diseases and 

neoplasms may be primarily due to undetected deaths related to COVID-19 [33]. 

In our study, mortality increased significantly in women during the pandemic, with obesity, 

angina, and elevated cystatin C levels being associated with an increased risk of death. The fact 

that these factors are also risk factors for death from COVID-19 supports that women may be 

more vulnerable than men to complications directly related to the virus [34-36]. Except for 

asthma, the increased risk of death in men during the pandemic was associated with elevated 

biomarkers of cardiovascular risk. The lack of differences in COVID-19 mortality rates between 

the sexes may be due to an underestimation of the role of the virus and misclassification of 

COVID-19 deaths as non-COVID-19 deaths. Deaths from virus-related thrombovascular events 

may have been recorded as deaths from cardiovascular causes, or deaths in COVID-19 patients 

with advanced cancer may have been classified as deaths from neoplasms, especially when 

testing availability was limited [37].  

Given that the age of participants at the start of the pandemic ranged from 40 to 74 years, deaths 

in the study sample were relatively seldom and most could be considered premature. Therefore, 

some well-known risk factors were not associated with the risk of death during the two relatively 

short study periods. 

Higher education had a protective effect on the risk of death during the pandemic in women, but 

not in men. The association between higher education and mortality during the pandemic is 

complex and may involve factors such as employment status, work arrangements, social 

interactions, adherence to non-pharmaceutical interventions, healthcare-seeking and testing 

behaviors, and vaccination intentions [38, 39].  

Our study found a positive association between smoking and mortality risk in both study periods 

for both sexes, consistent with evidence linking smoking to mortality from both COVID-19 and 

non-COVID-19 causes [40-42]. Despite recent findings suggesting an association between 

hazardous alcohol drinking and increased risk of death during COVID-19 pandemic due to poor 

health status and comorbidities, our study did not observe such an association [43-45].  
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Women with angina and men with elevated levels of Hs-CRP, Hs-Troponin T and NT-proBNP 

were at higher risk of death during the pandemic period, consistent with other research [6, 29, 

46, 47]. Alongside the increased risk of encountering severe COVID-19 and life-threatening 

thrombovascular complications of COVID-19 during the acute phase of illness and for several 

months following infection [5, 36, 48], individuals with cardiovascular diseases experienced the 

indirect effects of disrupted healthcare services and delayed diagnostics and treatment [30, 31].  

Patients with pre-existing cardiovascular disease had a higher risk of death during the pandemic 

than those with pre-existing chronic respiratory disease, even though SARS-CoV-2 primarily 

affects the respiratory system [49]. In our study, asthma appeared to be associated with death in 

men during the pandemic, contradicting findings published by other authors [50]. Sex 

differences in the association may be related to poorer asthma control in men compared with 

women, although there is no clear consensus on the association between sex and treatment 

compliance [51]. Another study found that inhaled corticosteroids used to treat asthma may 

reduce the severity of COVID-19, with lower rates of hospitalization and death reported among 

users [52, 53]. 

Obesity, a well-established risk factor for severe COVID-19, increased the risk of death in 

women during the pandemic, consistent with previous research [54]. Women in our study may 

be more vulnerable to complications directly related to the virus, possibly due to the higher 

prevalence of obesity compared to men [55]. Obesity exacerbates SARS-CoV-2-induced 

inflammation, leading to cytokine storms and increased risk of severe illness and mortality [34, 

56, 57].  

Elevated total cholesterol levels were paradoxically associated with a lower risk of all-cause 

death in the pre-pandemic period for men and in the pandemic period for women, possibly due to 

the use of lipid-lowering medications.  Other authors have reported that in younger individuals, 

elevated total cholesterol levels increase the risk of death, whereas in older individuals with 

multiple comorbidities, total cholesterol levels decrease due to the use of lipid-lowering 

medications while the risk of death increases, leading to a negative association between elevated 

total cholesterol levels and death [58]. The effects of biomarkers influenced by medication use 

must be interpreted with caution, as medication status is likely to have changed over time.  

Neoplasms were associated with death in men shortly after enrollment and before the pandemic. 

Since baseline data on neoplasms were not updated, the pandemic sample included long-term 

cancer survivors diagnosed over 5 years ago, potentially underestimating the impact of 

neoplasms on pandemic mortality. 
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We found no significant associations between chronic kidney disease or chronic liver disease and 

mortality in both study periods, despite previous research suggesting potential associations 

between these conditions and COVID-19-related mortality [29, 59, 60].  

Elevated Cystatin C levels were associated with an increased risk of death in women in the 

pandemic. Although a biomarker of kidney dysfunction, elevated levels of cystatin C are also 

associated with an increased risk of cardiovascular events related to endothelial dysfunction due 

to atherosclerosis [61, 62] and are correlated with severe COVID-19 and COVID-19-related 

death [35, 63, 64].  

Vaccination against COVID-19 reduced all-cause mortality during the pandemic period in both 

sexes. This finding is consistent with another study showing that vaccination protects against 

severe COVID-19, reduces mortality in individuals with pre-existing cardiovascular disease, and 

prevents long-term sequelae such as myocarditis, myocardial infarction, and stroke [65]. 

The study contributes to understanding how COVID-19 affected premature mortality in men and 

women, as well as identifying the risk factors associated with death during the COVID-19 

pandemic compared to the pre-pandemic period in the Russian adult population. We analyzed 

all-cause mortality rather than cause-specific mortality data to indirectly assess the impact of the 

COVID-19 pandemic on overall mortality, accounting for potential misclassification between 

COVID-19 and non-COVID-19 deaths. In our analysis, we consider the timing of deaths to 

assess whether pre-existing chronic diseases and blood-based biomarkers exhibit varying 

associations with subsequent mortality over time. The relatively high response rate of 68% in the 

KYH study suggests that the study sample is representative of the population of Arkhangelsk, 

aged 35-69 years at the baseline.  

Our study has several limitations. The baseline characteristics of the study participants, 

particularly blood-based biomarkers, were collected at a single time point more than five years 

before the pandemic period, and they might have changed over time. We focused primarily on 

cardiovascular biomarkers as the baseline data were collected for the KYH study of 

cardiovascular disease. The lack of data on dropouts is another limitation. Some individuals may 

have relocated, making it no longer possible to register their outcomes. The proportion of 

unaccounted dropouts likely increased over time, resulting in a higher number of dropouts during 

the pandemic period. Consequently, they may have been misclassified as alive, potentially 

resulting in underestimated mortality rates during the pandemic period. Cause-specific mortality 

rates may also be affected by the accuracy of information in death certificates. We did not 

investigate the association between having had COVID-19 and risk of death during the pandemic 

period due to the high prevalence of infection-acquired immunity in the study sample according 

to the seroprevalence survey [22, 23]. The relatively small number of deaths analyzed was due to 
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the relatively young age of the cohort, which may limit the interpretation of the results regarding 

factors associated with risk of death. 

 

Conclusions 

During the COVID-19 pandemic, mortality rates remained higher in men than in women, with 

cardiovascular disease being the leading cause of death. There was a two-fold increase in 

premature mortality in women, but a minor change in men. The increase in mortality in women 

during the pandemic could be explained by the effects of obesity, angina and elevated Cystatin C 

levels (indicating kidney dysfunction), with those without higher education being more 

vulnerable. Along with elevated biomarkers of cardiovascular risk, asthma emerged as a factor 

associated with increased risk of death during the pandemic in men. Targeted preventive 

measures for women and men with specific risk factors can be implemented during potential 

future infectious disease outbreaks. 
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