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Abstract

:

Background and objectives: the COVID-19 pandemic globally caused more than 18 million deaths over the period of 2020–2021. Although inflammatory rheumatic diseases (RD) are generally associated with premature mortality, it is not yet clear whether RD patients are at a greater risk for COVID-19-related mortality. The aim of our study was to evaluate mortality and causes of death in a retrospective inflammatory RD patient cohort during the COVID-19 pandemic years. Methods: We identified patients with a first-time diagnosis of inflammatory RD and followed them up during the pandemic years of 2020–2021. Death rates, and sex- and age-standardized mortality ratios (SMRs) were calculated for the prepandemic and pandemic periods. Results: We obtained data from 11,636 patients that had been newly diagnosed with inflammatory RD and followed up until the end of 2021 or their death. The mean duration of the follow-up was 5.5 years. In total, 1531 deaths occurred between 2013 and 2021. The prevailing causes of death in the prepandemic period were cardiovascular diseases, neoplasms, and diseases of the respiratory system. In the pandemic years, cardiovascular diseases and neoplasms remained the two most common causes of death, with COVID-19 in third place. The SMR of the total RD cohort was 0.83. This trend was observed in rheumatoid arthritis and spondyloarthropathy patients. The SMR in the group of connective-tissue diseases and vasculitis was higher at 0.93, but did not differ from that of the general population. The excess of deaths in the RD cohort during the pandemic period was negative (−27.2%), meaning that RD patients endured the pandemic period better than the general population did. Conclusions: The COVID-19 pandemic did not influence the mortality of RD patients. Strict lockdown measures, social distancing, and early vaccination were the main factors that resulted in reduced mortality in this cohort during the pandemic years.
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1. Introduction


Inflammatory rheumatic diseases (RDs) are generally associated with premature mortality, mainly due to infections, premature atherosclerosis and subsequent cardiovascular complications, and major organ damage as a result of the RDs themselves [1,2,3,4,5,6].



Epidemiologic studies conducted before 2020 calculated that patients with inflammatory RD had up to 425% higher risk of death than that of the age- and sex-matched general population. The highest mortality was observed in patients with systemic connective-tissue diseases (CTDs; systemic sclerosis, systemic lupus erythematosus), systemic vasculitis, and myositis. The lowest mortality, comparable to the general population results, was observed in rheumatoid arthritis (RA), spondyloarthropathy (SPA), Sjogren’s syndrome, and polymyalgia rheumatica patient groups [7]. The greatest decrease in life expectancy at the time of birth in comparison with the general population was estimated in systemic sclerosis patients and is up to 34 years of life [1,8,9,10].



At the end of 2019, coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2 virus, emerged and spread fulminantly worldwide as a severe pandemic that was responsible for increased global mortality. According to the World Health Organization (WHO), COVID-19 has already caused over 6.67 million deaths [11]. However, the full weight of the COVID-19 pandemic is much greater than what is indicated only by reported deaths due to COVID-19. The full impact of the pandemic is assessed by calculating excess mortality, which is defined as the increase in all-cause mortality over the expected mortality rates. It is estimated that more than 18 million people died globally because of the COVID-19 pandemic (as measured via excess mortality) over the period between 1 January 2020 and 31 December 2021 [12]. The extent of excess mortality varied significantly between countries. The highest excess mortality rate due to COVID-19 was observed in Bolivia, which reached 734.9 deaths per 100,000 individuals. Negative excess-mortality rates (pandemic mortality was lower than that in the prepandemic period) were estimated in Iceland, Australia, Singapore, New Zealand, and Taiwan [12,13]. Older age and concomitant diseases such as dementia, chronic kidney disease, severe mental illness, cardiovascular disease, diabetes, chronic obstructive pulmonary disease, and cancer are predictors for severity and death related to COVID-19 [14]. However, it is still unclear whether patients with inflammatory RD are at a greater risk of COVID-19-related mortality.



The objective of our study was to assess mortality and causes of death in a retrospective cohort of patients with inflammatory RD during the COVID-19 pandemic, in particular during 2020–2021, and to compare them with those of the general population of Lithuania and the results of the same cohort during the prepandemic years [7].




2. Materials and Methods


2.1. Data Sources


The retrospective cohort study was performed with data retrieved from Lithuanian compulsory health insurance information system database SVEIDRA. This is a population-based database that has been running since 1995 and registers all patients’ visits to healthcare institutions, the established diagnoses, and the prescriptions of state-reimbursed medications to all residents of Lithuania. The Vilnius Regional Bioethics Committee approved assessing these data and conducting the study (approval number: 158200-17-958-462, approval date: 7 November 2017).



Information about all patients who had been newly diagnosed with inflammatory RD during the period between 1 January 2012 and 31 December 2019 was obtained from SVEIDRA. Patients with RA, SPA (psoriatic arthritis (PsA), ankylosing spondylitis, and undifferentiated SPA), systemic CTD, and vasculitis were included. Information about the prescription of state-reimbursed medication such as glucocorticoids, conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) (hydrochloroquine, sulfasalazine, methotrexate, azathioprine, leflunomide), or biological disease-modifying antirheumatic drugs (bDMARDs) (etanercept, adalimumab, infliximab, tocilizumab or rituximab with available biosimilars) was used for the verification of RD cases.



A total of 95,289 RD cases with a first-time diagnosis of inflammatory RD established between 2012 and 2019 were selected. A case was considered first-time-diagnosed if the patient had had at least 1 year of no previous RD record in the database. As no data preceding 2012 were available, we excluded 22,526 first-time diagnoses in 2012 from the total cohort, as it was not possible to verify their RD diagnosis prior to the index date.



We excluded 2251 cases from the cohort because they were younger than 18 years old at the time of diagnosis, and 10 because of an unidentifiable identification code. To verify the cases, we excluded 58,866 patients with no records of at least one prescription of state-reimbursed medications for RD (glucocorticoids, csDMARDs, or bDMARDs).



The final 11,636 cases were cross-checked with the death registry of the health Information center at the Institute of Hygiene, and the date and cause of death were obtained if the death had occurred between 2013 and 2021. The cases were cross-checked using personal identification codes. The principal causes of death were compared between the prepandemic and pandemic time periods, and grouped under the following categories: deaths because of cardiovascular and circulatory causes, malignancies, infections, respiratory causes, musculoskeletal diseases, external causes of death, and unspecified causes of death. COVID-19, as a recorded cause of death, was only calculated in the pandemic period.



The final dataset used for analysis included sex, age, the ICD-10 code of RD, the date of RD diagnosis, the date and cause of death if applicable, and information about the prescription of state-reimbursed drugs.



For the comparison with the general population of Lithuania, information on the adult population census in 2013–2021 was obtained from Statistics Lithuania (www.stat.gov.lt, accessed on 27 November 2022).




2.2. Statistical Methods


Sex- and age-standardized mortality ratios (SMRs) were calculated by dividing the observed number of deaths in the RD patients’ cohort by the expected number of deaths, calculated using the national rates from the Lithuanian Department of Statistics’ official statistics website; 95% confidence intervals (CIs) for the SMRs were calculated.



All statistical analyses were performed using Microsoft Excel (2016) by the Microsoft Corporation.





3. Results


3.1. Demographic Characteristics of the RD Cohort


During the period of 2013–2019, 11,636 patients with newly diagnosed RD were identified comprising 6008 patients with RA, 3289 with SPA, and 2339 with systemic CTD and vasculitis. The cohort was further followed up during the COVID-19 pandemic years (2020–2021); the mean duration of total follow-up was 5.49 (standard deviation 2.22) years. The mean age of the patients at the time of RD diagnosis was 57 years (range, 18–97). 52% of the total cohort were RA patients. The majority of the cohort patients were women (70%), particularly in the RA and systemic CTD groups (77% and 76%, respectively). In SPA, the group gender distribution was equal (52% of women and 48% of men).




3.2. Death Cases and Leading Causes of Death


At a total follow-up of 63,901.16 person-years, 950 death cases had occurred in 2013–2019, and 581 death cases in 2020–2021. The demographic data of the death cases are presented in Table 1. Around 60% of the death cases were women in both periods of time. The majority of the death cases were observed in the RA group during both periods (54% in the 2013–2019 period and 55% in the period of 2020–2021). Age at the time of death in the RD cohort was higher in the pandemic period (76.42 years) compared with 73.5 years during the 2013–2019 period. SPA patients were the youngest at the time of death, around 67 years in both the analyzed periods of time, whereas the RA and CTD groups did not differ much from the average in either time period.



We compared the main causes of death between the prepandemic and pandemic cohorts of patients. Despite the COVID-19 pandemic and deaths occurring because of this disease, the predominant causes of death for both cohorts were cardiovascular diseases and neoplasms. However, the reported COVID-19 disease was the third most common direct cause of death in the pandemic cohort. We present the proportions of the main causes of death in both cohorts in Table 2.




3.3. Death Rates and Standardized Mortality Ratios


Death rates that were adjusted to the general population were separately calculated in the RD cohort for the prepandemic and pandemic periods and compared to the national death rates. In the prepandemic period of 2013–2019, the adjusted death rate observed in the RD group was higher than that of the general population of Lithuania (2239.00 per 100,000 patient years and 1702.97 per 100,000 inhabitants per year, respectively). The excess of deaths of almost 16% was obvious for the general Lithuanian population during the pandemic period (the death rate in the period of 2020–2021 was 1973.39 per 100,000 inhabitants per year), while it was not the case for the adjusted RD cohort (excess of deaths in pandemic period, −27.2%), meaning that RD patients endured the pandemic period better than the general population did. Death rates are presented in Table 3.



The age- and sex-adjusted SMRs were calculated for the RD cohort for both periods of time. RD mortality was higher than that in the general population in the prepandemic years (the total SMR of the cohort was 1.32 (95% CI 1.23;1.40)), but in the pandemic years, RD mortality was significantly lower than that in the general population (the SMR of the total RD cohort was 0.83 (95% CI 0.76;0.90)). This trend was observed in RA and SPA patients except for the CTD and vasculitis group. The SMR in the CTD and vasculitis group did not differ from that of the general population, at 0.93 (95% CI 080; 1.07)). The SMRs of the total RD cohort and different RDs are presented in Table 4.





4. Discussion


In this article, we describe the mortality results of the follow-up of a large Lithuanian RD patient cohort starting from the diagnoses and following to the end of 2021. We found that the COVID-19 pandemic did not influence the mortality of the cohort. On the contrary, RD patients survived the pandemic period better than the general Lithuanian population did. The age- and sex-adjusted SMR of the total RD cohort was 0.83 (compared to an SMR of 1.32 in the prepandemic years). This trend was observed in the RA and SPA patient groups. Only mortality in the CTD and vasculitis group was a little higher, but did not differ from that of the general population, with an SMR of 0.93 (95% CI 0.80; 1.07).



The COVID-19 pandemic has been generally linked to an increased global mortality and excess of deaths. At the very beginning of the pandemic, patients diagnosed with cardiovascular disease (CVD), diabetes, chronic respiratory disease, hypertension, cancer, and older age had an increased mortality risk [15]. In 2021, Dessie et al. performed a systematic review and meta-analysis of the risk factors of COVID-19-related mortality. The meta-analysis of more than 400,000 cases of COVID-19 concluded that the male sex, older age, current smoking status, obesity, increased D-dimer level, and comorbidities such as acute kidney injury, chronic obstructive pulmonary disease, diabetes, hypertension, CVD, and malignancy determined a higher risk of death [16]. Predictors of the increase in all-cause mortality during the COVID-19 pandemic were also analyzed, revealing that people who were aged 65–79 years, single, and had elementary-school education (or below) were at higher risk for excess death from any cause [17]. In addition, a study from the USA revealed racial and ethnic disparities, reporting a twice higher rate of excess deaths in Black, American Indian/Alaska Native, and Latino males and females compared with White and Asian people [18]. Carey et al. reported that not only older age (>80 years) and non-White ethnicity are risk factors for excess mortality, but also a high body mass index (>40), dementia, learning disabilities, severe mental illnesses, and the specific place of residence (care home, most deprived) [19].



There are global data that the COVID-19 pandemic had a definite effect on different aspects of inflammatory RDs due to the challenges to healthcare systems, shortages of resources, limitations in performing routine care, possible delays in diagnosis, and even, in some cases, supply gaps of some medications, such as hydroxychloroquine [20]. Although it seems that there is no evidence that rheumatic patients are at higher risk of contracting SARS-CoV-2 [21], it is yet not clear whether patients with inflammatory RD are at a greater risk of COVID-19-related mortality. A number of studies have addressed this problem so far. A study conducted in South Korea examined data from 8297 patients diagnosed with inflammatory RD and reported an increased mortality rate among the aforementioned patients during the pandemic. They also found that taking ≥10 mg of systemic glucocorticosteroids was associated with a higher risk of testing positive for COVID-19, developing severe illness, and COVID-19-related death [22]. A Greek study that covered 12-month data derived from electronic databases of around 11 million Greek residents indicated that mortality due to COVID-19 was higher in patients with systemic sclerosis and RA in comparison to that of the general population, while the mortality rates in ankylosing spondylitis, systemic lupus erythematosus, and PsA were equal to those of the comparators [23]. A Swedish nationwide study also demonstrated that mortality rates differred among different types of arthritis. For example, RA has higher mortality rates; in the SPA group, mortality levels matched those of the general population [24]. A nationwide cohort study from Denmark also matched the Swedish data: patients diagnosed with RA were more likely to have a severe outcome (intensive care unit admission, acute distress syndrome, or death) of COVID-19 [25]. However, data throughout the literature are inconsistent. For example, an American multicenter study demonstrated that mortality rates in the general population and in patients with inflammatory RD were equal [26].



There is a discussion regarding which factors could have added to excess mortality during the COVID-19 pandemic. Apart from the lethal outcomes directly caused by COVID-19 infection, deaths caused by the collapse or overstretching of medical systems due to the COVID-19 pandemic may have also added to the excess deaths [27,28] There is recorded evidence about the higher rates of anxiety and depression during the pandemic period, which might have led to an increase in deaths from suicide, as was estimated in Japan [29,30,31].



There are also generally accepted factors that lowered excess mortality. Isolation requirements and other pandemic restrictions might have decreased the incidence of some conditions and injuries, such as traffic accidents, thereby resulting in a decrease in death rates due to these causes [32,33]. The lower rate of deaths from chronic respiratory conditions could have been influenced by the reduction in air pollution [34]. There was also noted decrease in deaths from chronic conditions such as ischemic heart disease or chronic respiratory disease, probably because these frail individuals were at higher risk to die from COVID-19 rather than from these chronic conditions in the pandemic period [35]. However, the most likely reason for the non-COVID-19 mortality to have decreased is the lower incidence of influenza and other infectious respiratory diseases during the COVID-19 pandemic—a decrease in cases of 80% or more was reported by the WHO. It was estimated that the decrease in influenza incidence alone could have led to a decrease in total annual mortality of 3–6% [13]. The main reasons for the decrease in the rate of respiratory infections are behavioral factors—mask use, reduced mobility, social distancing, and lockdown measures, which were really strict in Lithuania during the most severe pandemic periods. Lastly, the use of SARS-COV-2 vaccines has indisputably considerably lowered mortality rates among people who contracted the virus and among the general population. Inflammatory RD patients were among those who were the first to be vaccinated in Lithuania—as a group at higher risk, their vaccination began as early as April 2021. The strict lockdown measures and social distancing imposed by the state authorities, and by the conscious decision of immunocompromised patients themselves, as well as early vaccination were the main factors that resulted in the reduced mortality in the Lithuanian RD cohort during the pandemic years.



The main asset of our study is the populational coverage. We obtained data on the patients with RD and their death cases from the entire Lithuanian population from official state-run sources. No death case could have been omitted due to this.



The main limitation of the study is the possible exclusion of some RD cases if they had not been treated with the medications reimbursed by the state, as this was one of the exclusion criteria for the verification of the cases. This could have resulted in the exclusion of mild cases, and especially SPA patients, because the treatment of SPA is currently poorly reimbursed in Lithuania. Another limitation is that we followed up the cohort of the patients first diagnosed with RD during the period of 2013–2019 and did not include newly diagnosed RD cases during the pandemic years. COVID-19 infection itself could be a trigger of RD. A notable proportion of patients with COVID-19 present with fatigue, muscle pain, and other rheumatic manifestations, such as arthralgia, vasculitis, and chilblains, and up to 49% of COVID-19 patients present with different autoantibodies (antinuclear, antiphospholipid) [36,37]. However, it is not clear whether these antibodies show a temporary immune dysregulation or whether SARS-CoV-2 is capable of causing RD [38,39,40]. A number of new-onset rheumatic autoimmune diseases following SARS-CoV-2 infection were reported, with the most common being systemic vasculitis and inflammatory arthritis [41]. A few cases of inflammatory myopathies [42], systemic lupus erythematosus [43], and systemic sclerosis [44], during or after COVID-19, were also reported. However, it is unclear whether SARS-CoV-2 infection uncovers and accelerates previously subclinical rheumatic illness or induces de novo disease, since no direct causal relationship has been proven. On the other hand, an immense study in the USA demonstrated only a small rate of new-onset RD in patients with a positive polymerase chain reaction (PCR) test for the detection of SARS-CoV-2 (6 incident cases among over 15,200 patients), which was similar to the rate among the matched controls with a negative PCR test (five incident cases) [45]. However, this frequency might have been lower due to steroid therapy in COVID-19 pneumonia [46]. Other authors found that post-COVID-19 was strongly associated with the erythrocyte sedimentation rate and C-reactive protein, but not autoantibodies, which suggested an inflammatory rather than autoimmune mechanism of arthritis [47]. This could also explain the significantly increased number of new Kawasaki disease cases during the COVID-19 pandemic [48]. Derksen et al. compared the clinical phenotype and autoantibody patterns in patients with polyarthritis after COVID-19 and in RA patients, and concluded that RA following COVID-19 was seemingly a coincidence [49]. Taking the aforementioned into account, evidence on the role of SARS-CoV-2 in inducing RD is currently unclear, and large-sample studies with an adequate follow-up are still needed.




5. Conclusions


In conclusion, the data from existing studies referring to the mortality of patients with RD are inconsistent, and our study added new evidence that the RD patient mortality rate was less than that of the general population. We speculate that the proper management of the pandemic in the country and in the RD patient group resulted in a lower mortality rate than what was expected. The relation between COVID-19 and new occurrences of RD in Lithuanian cohort needs to be explored case by case and in a longer follow-up.







Author Contributions


Conceptualization, J.D.; methodology, J.D. and D.M.; software, J.D.; validation, J.D. and D.M.; formal analysis, J.D. and DM.; investigation, J.D., D.M., G.J., J.M. and K.S.; resources, J.D. and D.M.; data curation, J.D. and D.M.; writing—original draft preparation, D.M, J.M, G.J. and K.S.; writing—review and editing, J.D.; visualization, D.M.; supervision, J.D.; project administration, J.D.; funding acquisition, J.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Vilnius Regional Bioethics Committee (approval number 158200-17-958-462, approval date 7 November 2017).




Informed Consent Statement


Patient consent was waived because data were obtained from national registries and official state run sources collected for the purposes of the management of health statistics, and due to the very high number of participants.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available because they contain the personal identification codes of patients included in this study; therefore, they are sensitive personal data that are strictly protected by local ethical restrictions and the rules of personal data safety in Lithuania.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mok, C.C.; Kwok, C.L.; Ho, L.Y.; Chan, P.T.; Yip, S.F. Life Expectancy, Standardized Mortality Ratios, and Causes of Death in Six Rheumatic Diseases in Hong Kong, China. Arthritis Rheum. 2011, 63, 1182–1189. [Google Scholar] [CrossRef] [PubMed]

	



Rho, Y.H.; Chung, C.P.; Oeser, A.; Solus, J.; Asanuma, Y.; Sokka, T.; Pincus, T.; Raggi, P.; Gebretsadik, T.; Shintani, A.; et al. Inflammatory Mediators and Premature Coronary Atherosclerosis in Rheumatoid Arthritis. Arthritis Rheum. 2009, 61, 1580–1585. [Google Scholar] [CrossRef] [PubMed]

	



Meune, C.; Touzé, E.; Trinquart, L.; Allanore, Y. High Risk of Clinical Cardiovascular Events in Rheumatoid Arthritis: Levels of Associations of Myocardial Infarction and Stroke through a Systematic Review and Meta-Analysis. Arch. Cardiovasc. Dis. 2010, 103, 253–261. [Google Scholar] [CrossRef] [PubMed]

	



Han, C.; Robinson, D.W.; Hackett, M.V.; Paramore, L.C.; Fraeman, K.H.; Bala, M.V. Cardiovascular Disease and Risk Factors in Patients with Rheumatoid Arthritis, Psoriatic Arthritis, and Ankylosing Spondylitis. J. Rheumatol. 2006, 33, 2167–2172. [Google Scholar] [PubMed]

	



Mok, C.C.; Ho, L.Y.; To, C.H. Annual Incidence and Standardized Incidence Ratio of Cerebrovascular Accidents in Patients with Systemic Lupus Erythematosus. Scand. J. Rheumatol. 2009, 38, 362–368. [Google Scholar] [CrossRef]

	



Gladman, D.D.; Ang, M.; Su, L.; Tom, B.D.M.; Schentag, C.T.; Farewell, V.T. Cardiovascular Morbidity in Psoriatic Arthritis. Ann. Rheum. Dis. 2009, 68, 1131–1135. [Google Scholar] [CrossRef]

	



Dadonienė, J.; Charukevič, G.; Jasionytė, G.; Staškuvienė, K.; Miltinienė, D. Mortality in Inflammatory Rheumatic Diseases: Lithuanian National Registry Data and Systematic Review. Int. J. Environ. Res. Public Health 2021, 18, 12338. [Google Scholar] [CrossRef]

	



Gabriel, S.E.; Michaud, K. Epidemiological Studies in Incidence, Prevalence, Mortality, and Comorbidity of the Rheumatic Diseases. Arthritis Res. Ther. 2009, 11, 229. [Google Scholar] [CrossRef]

	



Yurkovich, M.; Vostretsova, K.; Chen, W.; Aviña-Zubieta, J.A. Overall and Cause-Specific Mortality in Patients with Systemic Lupus Erythematosus: A Meta-Analysis of Observational Studies. Arthritis Care Res. 2014, 66, 608–616. [Google Scholar] [CrossRef]

	



Toledano, E.; Candelas, G.; Rosales, Z.; Martínez Prada, C.; León, L.; Abásolo, L.; Loza, E.; Carmona, L.; Tobías, A.; Jover, J.Á. A Meta-Analysis of Mortality in Rheumatic Diseases. Reumatol. Clin. 2012, 8, 334–341. [Google Scholar] [CrossRef]

	



WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int (accessed on 11 December 2022).

	



COVID-19 Excess Mortality Collaborators. Estimating Excess Mortality Due to the COVID-19 Pandemic: A Systematic Analysis of COVID-19-Related Mortality, 2020–2021. Lancet 2022, 399, 1513–1536. [Google Scholar] [CrossRef]

	



Karlinsky, A.; Kobak, D. Tracking Excess Mortality across Countries during the COVID-19 Pandemic with the World Mortality Dataset. eLife 2021, 10, e69336. [Google Scholar] [CrossRef]

	



Ge, E.; Li, Y.; Wu, S.; Candido, E.; Wei, X. Association of Pre-Existing Comorbidities with Mortality and Disease Severity among 167,500 Individuals with COVID-19 in Canada: A Population-Based Cohort Study. PLoS ONE 2021, 16, e0258154. [Google Scholar] [CrossRef]

	



Wu, Z.; McGoogan, J.M. Characteristics of and Important Lessons from the Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of 72 314 Cases from the Chinese Center for Disease Control and Prevention. JAMA 2020, 323, 1239–1242. [Google Scholar] [CrossRef]

	



Dessie, Z.G.; Zewotir, T. Mortality-Related Risk Factors of COVID-19: A Systematic Review and Meta-Analysis of 42 Studies and 423,117 Patients. BMC Infect. Dis. 2021, 21, 855. [Google Scholar] [CrossRef]

	



Oh, J.; Min, J.; Kang, C.; Kim, E.; Lee, J.P.; Kim, H.; Lee, W. Excess Mortality and the COVID-19 Pandemic: Causes of Death and Social Inequalities. BMC Public Health 2022, 22, 2293. [Google Scholar] [CrossRef]

	



Shiels, M.S.; Haque, A.T.; Haozous, E.A.; Albert, P.S.; Almeida, J.S.; García-Closas, M.; Nápoles, A.M.; Pérez-Stable, E.J.; Freedman, N.D.; Berrington de González, A. Racial and Ethnic Disparities in Excess Deaths during the COVID-19 Pandemic, March to December 2020. Ann. Intern. Med. 2021, 174, 1693–1699. [Google Scholar] [CrossRef]

	



Carey, I.M.; Cook, D.G.; Harris, T.; DeWilde, S.; Chaudhry, U.A.R.; Strachan, D.P. Risk Factors for Excess All-Cause Mortality during the First Wave of the COVID-19 Pandemic in England: A Retrospective Cohort Study of Primary Care Data. PLoS ONE 2021, 16, e0260381. [Google Scholar] [CrossRef]

	



Talarico, R.; Aguilera, S.; Alexander, T.; Amoura, Z.; Antunes, A.M.; Arnaud, L.; Avcin, T.; Beretta, L.; Bombardieri, S.; Burmester, G.R.; et al. The impact of COVID-19 on rare and complex connective tissue diseases: The experience of ERN ReCONNET. Nat. Rev. Rheumatol. 2021, 17, 177–184. [Google Scholar] [CrossRef]

	



Landewe, R.B.; Machado, P.M.; Kroon, F.; Bijlsma, H.W.; Burmester, G.R.; Carmona, L.; Combe, B.; Galli, M.; Gossec, L.; Iagnocco, A.; et al. EULAR provisional recommendations for the management of rheumatic and musculoskeletal diseases in the context of SARS-CoV-2. Ann. Rheum. Dis. 2020, 79, 851–858. [Google Scholar] [CrossRef]

	



Shin, Y.H.; Shin, J.I.; Moon, S.Y.; Jin, H.Y.; Kim, S.Y.; Yang, J.M.; Cho, S.H.; Kim, S.; Lee, M.; Park, Y.; et al. Autoimmune Inflammatory Rheumatic Diseases and COVID-19 Outcomes in South Korea: A Nationwide Cohort Study. Lancet Rheumatol. 2021, 3, e698–e706. [Google Scholar] [CrossRef] [PubMed]

	



Fragoulis, G.E.; Bournia, V.-K.; Sfikakis, P.P. Different Systemic Rheumatic Diseases as Risk Factors for COVID-19-Related Mortality. Clin. Rheumatol. 2022, 41, 1919–1923. [Google Scholar] [CrossRef]

	



Bower, H.; Frisell, T.; Di Giuseppe, D.; Delcoigne, B.; Ahlenius, G.-M.; Baecklund, E.; Chatzidionysiou, K.; Feltelius, N.; Forsblad-d’Elia, H.; Kastbom, A.; et al. Impact of the COVID-19 Pandemic on Morbidity and Mortality in Patients with Inflammatory Joint Diseases and in the General Population: A Nationwide Swedish Cohort Study. Ann. Rheum. Dis. 2021, 80, 1086–1093. [Google Scholar] [CrossRef] [PubMed]

	



Cordtz, R.; Lindhardsen, J.; Soussi, B.G.; Vela, J.; Uhrenholt, L.; Westermann, R.; Kristensen, S.; Nielsen, H.; Torp-Pedersen, C.; Dreyer, L. Incidence and Severeness of COVID-19 Hospitalization in Patients with Inflammatory Rheumatic Disease: A Nationwide Cohort Study from Denmark. Rheumatology 2021, 60, SI59–SI67. [Google Scholar] [CrossRef] [PubMed]

	



D’Silva, K.M.; Jorge, A.; Cohen, A.; McCormick, N.; Zhang, Y.; Wallace, Z.S.; Choi, H.K. COVID-19 Outcomes in Patients with Systemic Autoimmune Rheumatic Diseases Compared to the General Population: A US Multicenter, Comparative Cohort Study. Arthritis Rheumatol. 2021, 73, 914–920. [Google Scholar] [CrossRef]

	



Zubiri, L.; Rosovsky, R.P.; Mooradian, M.J.; Piper-Vallillo, A.J.; Gainor, J.F.; Sullivan, R.J.; Marte, D.; Boland, G.M.; Gao, X.; Hochberg, E.P.; et al. Temporal Trends in Inpatient Oncology Census before and during the COVID-19 Pandemic and Rates of Nosocomial COVID-19 among Patients with Cancer at a Large Academic Center. Oncologist 2021, 26, e1427–e1433. [Google Scholar] [CrossRef]

	



Folino, A.F.; Zorzi, A.; Cernetti, C.; Marchese, D.; Pasquetto, G.; Roncon, L.; Saccà, S.; Themistoclakis, S.; Turiano, G.; Verlato, R.; et al. Impact of COVID-19 Epidemic on Coronary Care Unit Accesses for Acute Coronary Syndrome in Veneto Region, Italy. Am. Heart J. 2020, 226, 26–28. [Google Scholar] [CrossRef]

	



Gunnell, D.; Appleby, L.; Arensman, E.; Hawton, K.; John, A.; Kapur, N.; Khan, M.; O’Connor, R.C.; Pirkis, J. COVID-19 Suicide Prevention Research Collaboration Suicide Risk and Prevention during the COVID-19 Pandemic. Lancet Psychiatry 2020, 7, 468–471. [Google Scholar] [CrossRef]

	



John, A.; Pirkis, J.; Gunnell, D.; Appleby, L.; Morrissey, J. Trends in Suicide during the Covid-19 Pandemic. BMJ 2020, 371, m4352. [Google Scholar] [CrossRef]

	



Sakamoto, H.; Ishikane, M.; Ghaznavi, C.; Ueda, P. Assessment of Suicide in Japan during the COVID-19 Pandemic vs Previous Years. JAMA Netw. Open 2021, 4, e2037378. [Google Scholar] [CrossRef]

	



Rozenfeld, M.; Peleg, K.; Givon, A.; Bala, M.; Shaked, G.; Bahouth, H.; Bodas, M. COVID-19 Changed the Injury Patterns of Hospitalized Patients. Prehospital Disaster Med. 2021, 36, 251–259. [Google Scholar] [CrossRef]

	



Salottolo, K.; Caiafa, R.; Mueller, J.; Tanner, A.; Carrick, M.M.; Lieser, M.; Berg, G.; Bar-Or, D. Multicenter Study of US Trauma Centers Examining the Effect of the COVID-19 Pandemic on Injury Causes, Diagnoses and Procedures. Trauma Surg. Acute Care Open 2021, 6, e000655. [Google Scholar] [CrossRef]

	



Bourzac, K. COVID-19 Lockdowns Had Strange Effects on Air Pollution across the Globe. Available online: https://cen.acs.org/environment/atmospheric-chemistry/COVID-19-lockdowns-had-strange-effects-on-air-pollution-across-the-globe/98/i37 (accessed on 18 December 2022).

	



Schwarz, V.; Mahfoud, F.; Lauder, L.; Reith, W.; Behnke, S.; Smola, S.; Rissland, J.; Pfuhl, T.; Scheller, B.; Böhm, M.; et al. Decline of Emergency Admissions for Cardiovascular and Cerebrovascular Events after the Outbreak of COVID-19. Clin. Res. Cardiol. 2020, 109, 1500–1506. [Google Scholar] [CrossRef]

	



Ciaffi, J.; Meliconi, R.; Ruscitti, P.; Berardicurti, O.; Giacomelli, R.; Ursini, F. Rheumatic Manifestations of COVID-19: A Systematic Review and Meta-Analysis. BMC Rheumatol. 2020, 4, 65. [Google Scholar] [CrossRef]

	



Chang, S.E.; Feng, A.; Meng, W.; Apostolidis, S.A.; Mack, E.; Artandi, M.; Barman, L.; Bennett, K.; Chakraborty, S.; Chang, I.; et al. New-Onset IgG Autoantibodies in Hospitalized Patients with COVID-19. Nat. Commun. 2021, 12, 5417. [Google Scholar] [CrossRef]

	



Caso, F.; Costa, L.; Ruscitti, P.; Navarini, L.; Del Puente, A.; Giacomelli, R.; Scarpa, R. Could Sars-Coronavirus-2 Trigger Autoimmune and/or Autoinflammatory Mechanisms in Genetically Predisposed Subjects? Autoimmun. Rev. 2020, 19, 102524. [Google Scholar] [CrossRef] [PubMed]

	



Shah, S.; Danda, D.; Kavadichanda, C.; Das, S.; Adarsh, M.B.; Negi, V.S. Autoimmune and Rheumatic Musculoskeletal Diseases as a Consequence of SARS-CoV-2 Infection and Its Treatment. Rheumatol. Int. 2020, 40, 1539–1554. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, S.; Zimba, O.; Gasparyan, A.Y. COVID-19 and the Clinical Course of Rheumatic Manifestations. Clin. Rheumatol. 2021, 40, 2611–2619. [Google Scholar] [CrossRef] [PubMed]

	



Gracia-Ramos, A.E.; Martin-Nares, E.; Hernández-Molina, G. New Onset of Autoimmune Diseases following COVID-19 Diagnosis. Cells 2021, 10, 3592. [Google Scholar] [CrossRef]

	



Beydon, M.; Chevalier, K.; Al Tabaa, O.; Hamroun, S.; Delettre, A.-S.; Thomas, M.; Herrou, J.; Riviere, E.; Mariette, X. Myositis as a Manifestation of SARS-CoV-2. Ann. Rheum. Dis. 2021, 80, e42. [Google Scholar] [CrossRef]

	



Mantovani Cardoso, E.; Hundal, J.; Feterman, D.; Magaldi, J. Concomitant New Diagnosis of Systemic Lupus Erythematosus and COVID-19 with Possible Antiphospholipid Syndrome. Just a Coincidence? A Case Report and Review of Intertwining Pathophysiology. Clin. Rheumatol. 2020, 39, 2811–2815. [Google Scholar] [CrossRef]

	



Fineschi, S. Case Report: Systemic Sclerosis after COVID-19 Infection. Front. Immunol. 2021, 12, 686699. [Google Scholar] [CrossRef]

	



Hsu, T.Y.-T.; D’Silva, K.M.; Patel, N.J.; Fu, X.; Wallace, Z.S.; Sparks, J.A. Incident Systemic Rheumatic Disease following COVID-19. Lancet Rheumatol. 2021, 3, e402–e404. [Google Scholar] [CrossRef]

	



Zacharias, H.; Dubey, S.; Koduri, G.; D’Cruz, D. Rheumatological Complications of Covid 19. Autoimmun. Rev. 2021, 20, 102883. [Google Scholar] [CrossRef]

	



Taha, S.I.; Samaan, S.F.; Ibrahim, R.A.; El-Sehsah, E.M.; Youssef, M.K. Post-COVID-19 Arthritis: Is It Hyperinflammation or Autoimmunity? Eur. Cytokine Netw. 2021, 32, 83–88. [Google Scholar] [CrossRef]

	



Ouldali, N.; Pouletty, M.; Mariani, P.; Beyler, C.; Blachier, A.; Bonacorsi, S.; Danis, K.; Chomton, M.; Maurice, L.; Bourgeois, F.L.; et al. Emergence of Kawasaki Disease Related to SARS-CoV-2 Infection in an Epicentre of the French COVID-19 Epidemic: A Time-Series Analysis. Lancet Child Adolesc. Health 2020, 4, 662–668. [Google Scholar] [CrossRef]

	



Derksen, V.F.A.M.; Kissel, T.; Lamers-Karnebeek, F.B.G.; van der Bijl, A.E.; Venhuizen, A.C.; Huizinga, T.W.J.; Toes, R.E.M.; Roukens, A.H.E.; van der Woude, D. Onset of Rheumatoid Arthritis after COVID-19: Coincidence or Connected? Ann. Rheum. Dis. 2021, 80, 1096–1098. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Demographic characteristics of rheumatic-disease patient cohort’s death cases in the prepandemic and pandemic periods.
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	Deaths/Periods
	Prepandemic Period

(2013–2019)
	Pandemic Period

(2020–2021)





	Total number of deaths
	950
	581



	   Female (%)
	562 (59.16)
	358 (61.62)



	   Male (%)
	388 (40.84)
	223 (38.38)



	Number of deaths in different disease groups:
	
	



	   RA group (%) *
	509 (53.58)
	321 (55.25)



	   SPA group (%) **
	142 (14.95)
	81 (13.94)



	   CTD and vasculitis group (%) ***
	299 (30.63)
	179 (30.81)



	Age at the time of death:
	
	



	   Mean total-cohort age (SD ****)
	73.50 (12.33)
	76.42 (11.35)



	   Mean RA group age (SD)
	74.95 (11.45)
	77.64 (9.95)



	   Mean SPA group age (SD)
	67.34 (13.45)
	67.96 (14.75)



	   Mean CTD and vasculitis group age (SD)
	73.98 (12.37)
	78.04 (10.22)







* RA—rheumatoid arthritis, ** SPA—spondyloarthropathy, *** CTD—connective-tissue disease, **** SD—standard deviation.
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Table 2. Main causes of death in patients with rheumatic diseases in the prepandemic and pandemic cohorts.
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	Causes of Death
	Prepandemic Cohort

(2013–2019) n = 950
	Pandemic Cohort

(2020–2021) n = 581





	Cardiovascular diseases (%)
	450 (47.4) *
	266 (45.8)



	Neoplasms including lymphopoietic system (%)
	220 (23.2)
	103 (17.7)



	Diseases of the respiratory system (%)
	57 (6.0)
	15 (2.6)



	Diseases of the musculoskeletal system (%)
	48 (5.1)
	15 (2.6)



	External causes of death (%)
	38 (4.0)
	15 (2.6)



	Other causes of death (%)
	137 (14.4)
	81 (13.9)



	COVID-19 (%)
	0
	86 (14.8)







* The three most common causes of death are represented by numbers in bold.
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Table 3. Death rates and excess of deaths observed in the general population of Lithuania and the cohort of rheumatic diseases during the prepandemic and pandemic periods.
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	Prepandemic Period (2013–2019)
	Pandemic Period (2020–2021)
	Excess of Deaths





	General population of Lithuania

(average number of deaths per 100,000 inhabitants per year)
	1702.97
	1973.39
	15.9%



	RD * cohort

(death rate, standardized according to age and sex, 95% CI)
	2239 (2099;2386)
	1630 (1500;1768)
	−27.2%







* RD—rheumatic diseases.
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Table 4. Standardized mortality ratios in the RD cohort during the prepandemic and pandemic periods.
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	Standardized Mortality Ratios in Prepandemic Period (95% CI)
	Standardized Mortality Ratios in Pandemic Period (95% CI)





	Total:
	1.32 (1.23;1.40)
	0.83 (0.76;0.90)



	    Women
	1.31 (1.21;1.42)
	0.79 (0.71;0.87)



	    Men
	1.32 (1.19;1.46)
	0.90 (0.78;1.02)



	RA *
	1.25 (1.14;1.36)
	0.83 (0.74;0.92)



	SPA **
	1.16 (0.98;1.37)
	0.67 (0.53;0.83)



	CTD and vasculitis ***
	1.55 (1.38;1.73)
	0.93 (0.80;1.07)







* RA—rheumatoid arthritis, ** SPA—spondyloarthropathy, *** CTD—connective tissue diseases.
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