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Abstract

:

Background and Objectives: The aim of this retrospective cohort study was to search individual, sociodemographic and environmental predictors of COVID-19 outcomes. Materials and Methods: A convenience sample of 1036 COVID-19 confirmed patients (3–99 years, mean 59 years; 482 females) who sought treatment at the emergency units of the public health system of Diadema (Brazil; March–October 2020) was included. Primary data were collected from medical records: sex, age, occupation/education, onset of symptoms, presence of chronic diseases/treatment and outcome (death and non-death). Secondary socioeconomic and environmental data were provided by the Department of Health. Results: The mean time spent between COVID-19 symptom onset and admission to the health system was 7.4 days. Principal component analysis summarized secondary sociodemographic data, and a Poisson regression model showed that the time between symptom onset and health system admission was higher for younger people and those from the least advantaged regions (availability of electricity, a sewage network, a water supply and garbage collection). A multiple logistic regression model showed an association of age (OR = 1.08; 1.05–1.1), diabetes (OR = 1.9; 1.1–3.4) and obesity (OR = 2.9; 1.1–7.6) with death outcome, while hypertension and sex showed no significant association. Conclusion: The identification of vulnerable groups may help the development of health strategies for the prevention and treatment of COVID-19.
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1. Introduction


At the end of 2019, the highly transmittable severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) appeared in Wuhan, China [1]. The virus spread rapidly across the planet, and to date (27 July 2021), the Johns Hopkins Coronavirus Resource Center has reported more than 195,199,879 confirmed cases and 4,175,769 deaths all over the world. More specifically, in Brazil, diagnosed cases have surpassed 19,707,662 while the number of deaths is over 550,502 [2].



Currently, certain clinical conditions are reported to cause greater susceptibility to complications and a severe evolution of COVID-19, such as cancer, chronic kidney disease, COPD (chronic obstructive pulmonary disease), Down syndrome, heart diseases (heart failure, coronary artery disease and cardiomyopathies), immunocompromised state, obesity, pregnancy, sickle cell disease, smoking and type 2 diabetes mellitus [3]. However, socioeconomic status may represent an additional risk, since socially disadvantaged populations are more likely to be exposed, become sick and die compared to their favored counterparts [4], especially in low- and middle-income countries such as Brazil [5].



Social inequalities and inequities are health determinants [6,7]. These factors should be considered when evaluating COVID-related data to increase the understanding and provide support to health prevention and intervention measures [4]. People from lower socioeconomic groups live in crowded houses, perform work activities that do not allow working from home (increasing contact with co-workers), use public transportation and may not have access to adequate personal protective equipment [8]. Additionally, these people are more susceptible to stress situations at work, burnout syndrome and unemployment, which may reduce immune function and disrupt inflammatory responses [4]. In this context, a simplistic analysis of clinical conditions at the individual level is insufficient to explain health problem outcomes, since social contexts create stratification, differential exposure to harmful conditions and differential vulnerability [9].



Thus, the aim of the present study was to investigate individual, socioeconomic and environmental predictive factors of COVID-19 outcomes using primary and secondary data to identify the most vulnerable groups in order to help government institutions develop target health strategies for the prevention and treatment of COVID-19 patients.




2. Materials and Methods


2.1. Ethics and Study Design


This retrospective cohort study was carried out using primary and secondary data from the city of Diadema (Latitude: 23°41′11″ S, Longitude: 46°37′24″ W), located in the metropolitan region of the city of São Paulo, Brazil. The present research protocol was approved (10 November 2020) by the Human Research Ethics Committee of the Universidade Federal de São Paulo (UNIFESP, Brazil), protocol number CAAE 39531920.2.0000.5505.




2.2. Patients and Primary Data Collection


This study included a convenience sample of 1036 individuals who sought care at the emergency units of the municipality and received a COVID-19 positive diagnosis in the public health system of Diadema between March and October 2020. Data were extracted both from the available primary medical records (n = 515) and from the Municipal Health Department archives (n = 1036).



Diadema is one of 39 municipalities that are part of the Metropolitan Region of São Paulo city, which has a territorial extension of 30.73 km2, per capita income of BRL 565 (currency of Brazil, USD 108.71) and 405,596 inhabitants; of those, 12.3% are aged 60 years old or over [10]. The percentage of households covered by a water supply, garbage collection and sanitary sewage network is 99.43, 99.61 and 96.55%, respectively [10].



The São Paulo Social Responsibility Index (IPRS) combines economic variables, mortality and schooling rates to generate indicators of wealth, longevity and schooling, respectively, which are expressed on a scale from 0 to 100, in which 100 represents the best situation and 0 the worst [11]. According to this index, Diadema is considered an unequal municipality, presenting high levels of wealth (score 42), but with low levels of social longevity (score 66) and education (score 56).



Diadema has a network of twenty municipal public health establishments (Basic Public Health Units), four Emergency Care Public Hospitals, one Municipal Public Hospital and one State Public Hospital, according to data provided by the Municipal Department of Health in 2020.



Public and private units in Brazil (primary care units, private clinics, call centers, emergency units, specialized services in safety engineering and occupational medicine) must compulsorily inform all cases of flu syndrome through an online system (e-SUS Notify and SIVEP-Gripe), which is also used in the case of hospitalization and death due to severe acute respiratory syndrome (SARS). Notifications must be made within 24 h of the initial suspicion of the case or death. The cases of participants diagnosed with COVID-19 that occurred at the beginning of the outbreak, that is, before the legislation that defined the compulsory notification of COVID-19 cases, were notified individually by health professionals of the municipality, and information was sent to epidemiological surveillance. Moreover, these institutions must notify the results of molecular or immunological diagnostic tests for SARS-CoV-2 [12,13,14].



The Health Information Sector of the Municipal Health Department of Diadema sought notifications of COVID-19 through internal archives and access to these official information systems (e-SUS-Notify and SIVEP-Gripe), providing an anonymous database of confirmed cases of COVID-19 by laboratorial criteria. These individuals sought treatment at the emergency units of the public health system from March 2020 to October 2020, and the evolution of cases was part of the records. We had access to the following information: date of notification, sex (male or female), age (in years), Basic Health Unit that was defined by the municipality according to the citizen’s residence address, notifying unit (name of the notifying institution), evolution of the disease (recovery, death, missing), final classification (positive or negative for COVID-19), type of diagnostic examination (RT-PCR or rapid COVID-19 tests), date of onset of symptoms (defined as the day when any symptoms were noticed by the patient). The final sample comprised 1036 symptomatic COVID-19 confirmed individuals (482 females), aged between 3 and 99 years old (average age 59).



Additional information was obtained from medical records of each individual using electronic medical records, including the presence of previous comorbidities and use of medication. Out of 1036 patients, medical records were retrieved for 515 individuals who were under medical follow-up before COVID-19 infection. Primary medical data were not extracted from all the participants due to a lack of availability, missing data and inaccurate records, among other problems.




2.3. Secondary Socioeconomic Data Extraction


Secondary socioeconomic, demographic and environmental information was extracted from two different reports using the e-SUS APS [15], in accordance with territorial units within the areas covered by each Basic Health Unit of the municipality of Diadema. The variables extracted from the ‘Consolidated Report on Domestic and Territorial Registration’ reflect socioeconomic indicators, availability to public services and facilities and household characteristics such as housing situation (own, financed, leased, ceded, occupation, street situation, other), house location (urban, rural), electricity availability (yes, no), type of water supply (piped network, well/spring, water tank, other), destination of sanitary sewage (general network, septic tank, rudimentary pit, direct to a river, lake or sea, open sewer, others), waste destination (collected, burned/buried, open, other) and family income (no income, ¼, ½, 1, 2, 3, 4 or >4 Brazilian minimum wage; Brazilian minimum wage is approximately USD 250,00).



The ‘Consolidated Individual Registration Report’ was also accessed to provide individual variables according to the area of coverage of each Basic Health Unit. These data included: the number of active citizens, sex (male or female), educational level (illiterate, elementary school, middle school, high school), job situation (employer, employee, self-employed with social security, self-employed without social security, retired, unemployed, civil servant/military and others) [15].



Thus, for each participant, the secondary socioeconomic, environmental and demographic information was related to their territorial unit within the area covered by the Basic Health Unit.




2.4. Statistical Analysis


Statistical analysis was performed using SPSS 27.0 software considering an alpha level of 5% by an applied statistics spec (PMC). Exploratory statistics consisted of means, standard deviation and percentages. As mentioned above, primary medical data related to comorbidities, current medical treatment and use of medications were gathered from 515 participants from whom complete information was extracted from the health information system (e-SUS); concerning the other 409 participants, only data related to COVID-19 outcome (death/non-death), COVID-19 symptom onset, date of health care system admission and secondary sociodemographic data were available. Only raw data were used in the statistical analysis, and no missing data treatment or data imputation was carried out.



Principal component analysis (PCA) was used to estimate the number of components emerging from sociodemographic and environmental secondary data. Data from each area covered by the Basic Health Unit were grouped regarding unemployment percentages, income (up to 1 minimum wage), schooling (>8 years), private health plan and availability of electricity, a water supply, a sewage network and garbage collection. First, the correlation matrix of the standardized variables was examined, and the number of components to retain was based on eigenvalues and the total of the explained variance. As the components showed moderate correlations, Oblimin rotation was performed. The overall Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s test of sphericity were examined, which are required for a good principal component analysis.



Further, to estimate the time frame between the onset of COVID-19 symptoms and health care system admission, a Poisson regression model was used (n = 1036). The independent variables age and sex and the two component scores generated from the PCA were considered as potential independent variables. The adjustment of the final model was based on deviance and an omnibus test.



Information on several risk factors of COVID-19 was initially collected from each individual; due to incomplete and/or missing information, statistical analysis was performed using the most common risk factors reported in the literature, namely, diabetes, hypertension and obesity, for which accurate information was obtained. Thus, a multiple logistic regression model was adjusted using backward stepwise elimination to estimate the probability of death outcome in COVID-19 confirmed patients using primary data from 515 patients and considering the independent variables age, sex, schooling and the presence of diabetes, hypertension and obesity (n = 515).





3. Results


The demographic and clinical characteristics (both secondary and primary data) of the sample according to death or non-death outcome are shown in Table 1. All individuals were COVID-19 confirmed cases and sought treatment at the emergency units of the public health system of Diadema from March to October 2020. The age range was 3–99 years, with a mean of 59 years. Considering all 1036 participants, the mean time spent between COVID-19 symptom onset and admission to the health care system was 7.4 days.



PCA with Oblimin rotation was run to identify components emerging from sociodemographic and economic secondary data. The suitability of PCA was assessed prior to analysis. The overall Kaiser–Meyer–Olkin (KMO) measure was 0.56, and Bartlett’s test of sphericity was statistically significant (p < 0.0001), indicating that the data were likely factorizable. After Oblimin rotation of the factors, PCA revealed two components that explained 64% of the total variance and met the interpretability criterion, as observed in Figure 1 and Table 2. The two components were named environmental aspects (use of private health services, water supply, sewage network and garbage collection) and social aspects (schooling, income and unemployment).



Further, Poisson regression was run to predict the time frame between the onset of COVID-19 symptoms and the entry into the health care system using data from the 1036 participants. The adjusted model included the predictive variables age, sex, Component 1 (environmental aspects) and Component 2 (social aspects) (Table 3). The model showed that age and environmental aspects (use of private health services, water supply, sewage network and garbage collection) were predictive factors related to the time spent seeking treatment, meaning that younger people and those from the least advantaged regions spent more time seeking treatment than their counterparts. The predictors sex and social aspects (schooling, income and unemployment) were not significant.



A logistic regression model was adjusted to estimate the probability of death outcome in individuals diagnosed with COVID-19 using primary data from 515 patients and considering the independent variables age, sex, schooling and the presence of diabetes, hypertension and obesity. The best adjustment included the predictive variables age, diabetes and obesity. According to the model, an increase of 8% in the odds of death outcome was observed for each additional year. Moreover, an OR = 1.9 for individuals with diabetes (95% CI 1.1–3.4) and an OR = 2.9 for individuals with obesity (95% CI 1.1–7.6) were observed. The presence of hypertension, schooling and sex did not associate with death outcome (Table 4). The model achieved a Nagelkerke R2 = 33.4% and a predictive accuracy of 73%.




4. Discussion


This retrospective cohort study aimed to evaluate individual, sociodemographic and environmental predictors of COVID-19 outcomes using primary and secondary data. As the number of COVID-19 cases continues to increase, the identification of predictive factors may help the development of health strategies to minimize the spread of the disease, severity and death rate [16]. The results show that the time between symptom onset and admission to the health system was higher for younger people and those from the least advantaged regions; in addition, a greater likelihood of dying from COVID-19 among older individuals and those with obesity and diabetes was observed.



The time between symptom onset and admission to the health system was similar to previous studies. Some patients reported fever, cough and muscle pain/fatigue before looking for medical assistance. However, current international recommendations have indicated that patients should stay isolated until presenting respiratory difficulties [17]. In accordance with a previous report, dyspnea occurs in about 55% of infected individuals, and the median time from illness onset to dyspnea is about 8 days (mean 7.8 ± 1.1) [18,19], corroborating the present findings.



Younger people and those from the least advantaged regions spent more time seeking treatment than their counterparts, whereas sex and secondary social aspects such as schooling, income and job status were not significant. People over 50 years of age are more susceptible to severe cases of COVID-19 [16]. The immune system of children and young adults seems to have a strong innate immune response [20,21], which may justify the longer time spent searching for health care services. However, between December 2020 and March 2021, mortality rates of people under 50 years of age increased exponentially [22], due to massive vaccination of the elderly and the emergence of variants.



Relating to sociodemographic and environmental aspects, Brazil has gone through disorderly urban development, and infectious diseases were a public health concern even before the pandemic. The quality of water and basic sanitation together with access to preventive measures is a key determinant in controlling infectious diseases, especially considering low-income citizens [23]. In this scenario, those without a water supply, sewage network and garbage collection were more prone to delaying seeking medical attention. Indeed, the pandemic had a greater impact on people who were already in a situation of social vulnerability, poor housing conditions and difficulty in accessing health services, evidencing the need to improve socioeconomic policies [24]. Surprisingly, secondary social aspects were not associated with health access timing. It was expected that the low level of schooling associated with low income would impact the time elapsed from the beginning of symptoms and the search for medical care. However, it is important to reflect on the vulnerability of specific groups, since the SARS-CoV-2 virus does not show contagious selectivity [24], and the studied population comprised only urban area citizens supported by the Brazilian public health system (SUS).



Eating habits and, consequently, nutrition are fundamental determinants of health. Additionally, it is known, albeit not absolutely, that the social and economic environment, including factors as diverse as family income and social status, employment, levels of education and culture and health literacy, among others, can determine access to a balanced diet based on safe and nutritionally adequate foods. The least advantaged groups living in urban areas may have a diet based on high-energy foods, especially those that are ultra-processed and rich in sugar, and poor consumption of vegetables and fruit when compared to their counterparts [25]. These conditions can enhance the development of certain diseases such as obesity, diabetes, hypertension, cancer and malnutrition. In this way, social inequalities, especially poverty, may affect health and well-being, as less advantaged citizens are more likely to fall ill during their lives because they are more exposed to risk factors, and, again, this increases the risk of SARS-CoV-2 infection.



In the present study, older age and the presence of diabetes and obesity were significantly associated with a greater chance of dying from COVID-19. These results corroborate a recent systematic review which included 17,860,001 patients across 14 countries [26] which stated that the presence of at least one comorbidity increases the severity of COVID-19 [16], as chronic diseases reduce the innate immunity response together with a low-grade inflammatory environment, predisposing patients to a more severe illness. Moreover, a systematic review comprising 87 studies, 35,486 patients and 5867 deaths indicated that diabetes was the best predictor of mortality rates [27,28]. The presence of typical complications of diabetes mellitus such as cardiovascular disease, heart failure and chronic kidney disease also increases COVID-19 mortality [29]. Furthermore, hyperglycemia, found in both type 1 and type 2 diabetes [30], and glycolysis promote SARS-CoV-2 replication and cytokine production in monocytes, resulting in T cell dysfunction and epithelial cell death [31]. In this sense, considering the predictor ‘age’, the results agree with previous findings [18,19] which point to a higher prevalence of comorbidities with advancing age (such as obesity, type 2 diabetes and other chronic diseases) [32].



SARS-Cov-2 infection also involves lung tissue damage. A greater difficulty to compensate for the lack of oxygen through invasive mechanical ventilation in patients with obesity was also reported [33], due to decreased diaphragmatic excursion, decreased expiratory reservoir volume and decreased lung functional capacity [34]. The results of a retrospective cohort study showed that 68.6% of patients required invasive mechanical ventilation, and that disease severity was associated with increased BMI [35]. In an interesting conceptual scheme, which the authors called the ‘Severe COVID-19 obesity tetrad’, Landecho et al. [36] stated that obesity entails an increased pro-inflammatory, prothrombotic state associated with a hormonal rearrangement in a context of decreased cardio-respiratory fitness and limited respiratory capacity. In addition, knowing that obesity itself results in an inflammatory state in metabolic tissues [37], the release of inflammatory cytokines IL-6, IL-8 and TNF-α from infected lung tissues can exacerbate the pro-inflammatory picture in patients [33,36]. Regarding the hormonal changes associated with obesity, with an increase in leptin and a decrease in adiponectin levels, Rebello et al. [38] proposed that leptin may be the link between obesity and its high prevalence as a comorbidity of SARS-CoV-2 infection. Given the high prevalence of obesity in the adult population of the state of São Paulo (approximately 55% of the population has excess weight), this aspect is of great concern [39].



It is important to emphasize the profile of the studied population, which was composed of individuals who sought care at the emergency units, and who were usually the symptomatic ones and the most severe cases when compared to others who sought treatment at the primary care units (who were not included). The design of the study—a retrospective cohort with a convenience sample—is the main limitation of this study, which prevents the generalization of the results and inferences regarding the prevalence of COVID-19 outcomes, also limiting the control for other potential confounders. However, the results provide valuable data that recognize and reinforce the need to identify vulnerable groups and the development of health strategies for the prevention and treatment of COVID-19. More research is needed to elucidate the mechanisms underlying the adverse and exacerbated effects of COVID-19 and what interventions can reduce the hospitalization of individuals with COVID-19 and its risk factors. The results of this work can also help to improve public health strategies to reduce the burden of COVID-19.




5. Conclusions


The time between COVID-19 symptom onset and admission to the health system was higher for younger people and those from the least advantaged regions with a lower availability of electricity, a sewage network, a water supply and garbage collection. In addition, a greater chance of dying from COVID-19 was observed for individuals with a higher age, with diabetes (1.9 times) and with obesity (2.9 times).







Author Contributions


J.N.A.: conceptualization, data curation, data analysis, writing; P.M.C.: conceptualization, data analysis/statistics, data discussion, writing; N.S.A.: data curation, data analysis; F.M.S.B.C.: conceptualization, data curation; G.M.: conceptualization, data curation; L.C.S.: conceptualization, data curation; L.J.P.: data analysis, writing; F.C.e.S.: conceptualization, writing, data discussion. All authors have read and agreed to the published version of the manuscript.




Funding


The first author received scholarship from the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, Brazil (Coordination for the Improvement of Higher Education Personnel, CAPES/Finance Code 001). This study was also supported by the National Council for Scientific and Technological Development (CNPq) process n. 311389/2018-0 (Research Productivity grant awarded to the second author).




Institutional Review Board Statement


This study was conducted according to the guidelines of the Declaration of Helsinki and was approved by the Research Ethics Committee of the Universidade Federal de São Paulo (CEP-UNIFESP).




Informed Consent Statement


Written patient consent was waived due to the use of unidentifiable data, which were anonymously collected and extracted from the health information system.




Data Availability Statement


Data will be made available upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Hu, B.; Guo, H.; Zhou, P.; Shi, Z.L. Characteristics of SARS-CoV-2 and COVID-19. Nat. Rev. Microbiol. 2021, 19, 141–154. [Google Scholar] [CrossRef]

	



Johns Hopkins University & Medicine. COVID-19 Map—Johns Hopkins Coronavirus Resource Center. Johns Hopkins Coronavirus Resour. Cent. 2020. Available online: https://coronavirus.jhu.edu/ (accessed on 27 July 2021).

	



NCIRD. People with Certain Medical Conditions. Centers for Disease Control and Prevention. 2020. Available online: https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html (accessed on 30 June 2021).

	



Khalatbari-Soltani, S.; Cumming, R.C.; Delpierre, C.; Kelly-Irving, M. Importance of collecting data on socioeconomic determinants from the early stage of the COVID-19 outbreak onwards. J. Epidemiol. Community Health 2020, 74, 620–623. [Google Scholar] [CrossRef] [PubMed]

	



Peres, I.T.; Bastos, L.S.L.; Gelli, J.G.M.; Marchesi, J.F.; Dantas, L.F.; Antunes, B.B.P.; Maçaira, P.M.; Baião, F.A.; Hamacher, S.; Bozza, F.A. Sociodemographic factors associated with COVID-19 in-hospital mortality in Brazil. Public Health 2021, 192, 15–20. [Google Scholar] [CrossRef] [PubMed]

	



Arcaya, M.C.; Arcaya, A.L.; Subramanian, S.V. Inequalities in health: Definitions, concepts, and theories. Glob. Health Action 2015, 8, 27106. [Google Scholar] [CrossRef] [PubMed]

	



Lee, S. COVID-19 Amplifiers on Health Inequity Among the Older Populations. Front. Public Health 2021, 8, 1–7. [Google Scholar] [CrossRef] [PubMed]

	



Burstrom, B.; Tao, W. Social determinants of health and inequalities in COVID-19. Eur. J. Public Health 2020, 30, 617–618. [Google Scholar] [CrossRef]

	



World Health Organization (WHO). A Conceptual Framework for Action on the Social Determinants of Health; WHO: Geneva, Switzerland, 2010. [Google Scholar]

	



Fundação Sistema Estadual de Análise de Dados. Portal de Estatísticas do Estado de São Paulo. SEADE 2021. Available online: https://www.seade.gov.br/ (accessed on 25 May 2021).

	



Fundação Sistema Estadual de Análise de Dados. Índice Paulista de Responsabilidade Social. SEADE 2019. Available online: http://www.iprs.seade.gov.br/ (accessed on 25 May 2021).

	



Ministry of Health in Brazil. Portaria no 758, de 9 de Abril de 2020—Define o Procedimento para o Registro Obrigatório de Internações Hospitalares dos Casos Suspeitos e Confirmados de COVID-19, nos Estabelecimentos de Saúde Públicos e Privados que Prestam Serviços no SUS. Diário Oficial da União 2020; 9 abr. Available online: https://www.in.gov.br/en/web/dou/-/portaria-n-758-de-9-de-abril-de-2020-251970323 (accessed on 30 June 2021).

	



Ministry of Health in Brazil. Guia de Vigilância Epidemiológica Emergência de Saúde Pública de Importância Nacional pela Doença pelo Coronavírus 2019-COVID-19. 2020. Available online: https://www.conasems.org.br/wp-content/uploads/2021/03/Guia-de-vigila%CC%82ncia-epidemiolo%CC%81gica-da-covid_19_15.03_2021.pdf (accessed on 20 June 2021).

	



Ministry of Health in Brazil. Portaria no 1.792, de 17 de Julho de 2020. Altera a Portaria nº 356/GM/MS, de 11 de Março de 2020, para Dispor Sobre a Obrigatoriedade de Notificação ao Ministério da Saúde de Todos os Resultados de Testes Diagnóstico para SARS-CoV-2 Realizados por Laboratórios da Rede Pública, rede Privada, Universitários e Quaisquer Outros, em Todo Território Nacional. Diário Oficial da União 2020; 21 July. Available online: https://www.in.gov.br/en/web/dou/-/portaria-n-1.792-de-17-de-julho-de-2020-267730859 (accessed on 30 June 2021).

	



Ministry of Health in Brazil. Estratégia e-SUS Atenção Primária. 2021. Available online: https://sisaps.saude.gov.br/esus/ (accessed on 26 May 2021).

	



Barek, M.A.; Aziz, M.A.; Islam, M.S. Impact of age, sex, comorbidities and clinical symptoms on the severity of COVID-19 cases: A meta-analysis with 55 studies and 10014 cases. Heliyon 2020, 6, 1–24. [Google Scholar] [CrossRef]

	



Organização Pan-Americana da Saúde. Folha Informativa Sobre COVID-19—OPAS 2021. Available online: https://www.paho.org/pt/covid19 (accessed on 27 May 2021).

	



Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [Google Scholar] [CrossRef]

	



Wang, J.; Zheng, X.; Chen, J. Clinical progression and outcomes of 260 patients with severe COVID-19: An observational study. Sci. Rep. 2021, 11, 3166. [Google Scholar] [CrossRef]

	



Pierce, C.A.; Preston-Hurlburt, P.; Dai, Y.; Aschner, C.B.; Cheshenko, N.; Galen, B.; Garforth, S.J.; Herrera, N.G.; Jangra, R.K.; Morano, N.C.; et al. Immune responses to SARS-CoV-2 infection in hospitalized pediatric and adult patients. Sci. Transl. Med. 2020, 12, eabd5487. [Google Scholar] [CrossRef]

	



Dhochak, N.; Singhal, T.; Kabra, S.K.; Lodha, R. Pathophysiology of COVID-19: Why Children Fare Better than Adults? Indian J. Pediatr. 2020, 87, 537–546. [Google Scholar] [CrossRef] [PubMed]

	



Hospitalizations and Deaths of Younger People Soar due to COVID-19, PAHO Director Reports. PAHO/WHO 2021. Pan Am. Heal. Organ. Available online: https://www.paho.org/en/news/5-5-2021-hospitalizations-and-deaths-younger-people-soar-due-covid-19-paho-director-reports (accessed on 25 May 2021).

	



Barreto, M.L.; Teixeira, M.G.; Bastos, F.I.P.M.; Ximenes, R.A.A.; Barata, R.C.B.; Rodrigues, L.C. Successes and failures in the control of infectious diseases in Brazil: Social and environmental context, policies, interventions, and research needs. Lancet 2011, 377, 1877–1889. [Google Scholar] [CrossRef]

	



Estrela, F.M.; Soares, C.F.S.E.; da Cruz, M.A.; da Silva, A.F.; Santos, J.R.L.; Moreira, T.M.O.; Lima, A.B.; Silva, M.G. Covid-19 pandemic: Reflecting vulnerabilities in the light of gender, race and class. Cienc. Saude Colet. 2020, 25, 3431–3436. [Google Scholar] [CrossRef]

	



Vilar-Compte, M.; Burrola-Méndez, S.; Lozano-Marrufo, A.; V Ferré-Eguiluz, I.; Flores, D.; Gaitán-Rossi, P.; Teruel, G.; Pérez-Escamilla, R. Urban poverty and nutrition challenges associated with accessibility to a healthy diet: A global systematic literature review. Int. J. Equity Health 2021, 20, 40. [Google Scholar] [CrossRef] [PubMed]

	



Booth, A.; Reed, A.B.; Ponzo, S.; Yasaee, A.; Aral, M.; Plans, D.; Labrinque, A.; Mohan, D. Population risk factors for severe disease and mortality in COVID-19: A global systematic review and meta-analysis. PLoS ONE 2021, 16, e0247461. [Google Scholar] [CrossRef]

	



Ritter, A.; Kreis, N.N.; Louwen, F.; Yuan, J. Obesity and COVID-19: Molecular Mechanisms Linking Both Pandemics. Int. J. Mol. Sci. 2020, 21, 5793. [Google Scholar] [CrossRef]

	



Corona, G.; Pizzocaro, A.; Vena, W.; Rastrelli, G.; Semeraro, F.; Isidori, A.M.; Pivonello, R.; Salonia, A.; Sforza, A.; Maggi, M. Diabetes is most important cause for mortality in COVID-19 hospitalized patients: Systematic review and meta-analysis. Rev. Endocr. Metab. Disord. 2021, 22, 275–296. [Google Scholar] [CrossRef]

	



Lim, S.; Bae, J.H.; Kwon, H.S.; Nauck, M.A. COVID-19 and diabetes mellitus: From pathophysiology to clinical management. Nat. Rev. Endocrinol. 2021, 17, 11–30. [Google Scholar] [CrossRef]

	



Knapp, S. Diabetes and Infection: Is There a Link? A Mini-Review. Gerontology 2013, 59, 99–104. [Google Scholar] [CrossRef]

	



Codo, A.C.; Davanzo, G.G.; Monteiro, L.B.; de Souza, G.F.; Muraro, S.P.; Virgilio-da-Silva, J.V.; Prodonoff, J.S.; Carregari, V.C.; de Biagi, C.A.O., Jr.; Crunfli, F.; et al. Elevated Glucose Levels Favor SARS-CoV-2 Infection and Monocyte Response through a HIF-1α/Glycolysis-Dependent Axis. Cell Metab. 2020, 32, 437–446.e5, 498. [Google Scholar] [CrossRef]

	



Sohrabi, M.R.; Amin, R.; Maher, A.; Bahadorimonfared, A.; Janbazi, S.; Hannani, K.; Kolahi, A.A.; Zali, A.R. Sociodemographic determinants and clinical risk factors associated with COVID-19 severity: A cross-sectional analysis of over 200,000 patients in Tehran, Iran. BMC Infect. Dis. 2021, 21, 474. [Google Scholar] [CrossRef]

	



Gasmi, A.; Peana, M.; Pivina, L.; Srinath, S.; Benahmed, A.G.; Semenova, Y.; Menzel, A.; Dadar, M.; Bjørklund, G. Interrelations between COVID-19 and other disorders. Clin. Immunol. 2021, 224, 108651. [Google Scholar] [CrossRef]

	



Malik, P.; Patel, U.; Patel, K.; Martin, M.; Shah, C.; Mehta, D.; Malik, F.A.; Sharma, A. Obesity a predictor of outcomes of COVID-19 hospitalized patients-A systematic review and meta-analysis. J. Med. Virol. 2021, 93, 1188–1193. [Google Scholar] [CrossRef] [PubMed]

	



Simonnet, A.; Chetboun, M.; Poissy, J.; Raverdy, V.; Noulette, J.; Duhamel, A.; Labreuche, J.; Mathieu, D.; Pattou, F.; Jourdain, M. LICORN and the Lille COVID-19and Obesity study group. High Prevalence of Obesity in Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) Requiring InvasiveMechanical Ventilation. Obesity 2020, 28, 1195–1199. [Google Scholar] [CrossRef] [PubMed]

	



Landecho, M.F.; Marin-Ot, M.; Recalde-Zamacona, B.; Bilbao, I.; Frühbeck, G. Obesity as an adipose tissue dysfunction disease and a risk factor for infections—Covid-19 as a case study. Eur. J. Intern. Med. 2021, 91, 3–9. [Google Scholar] [CrossRef]

	



Gregor, M.F.; Hotamisligil, G.S. Inflammatory mechanisms in obesity. Annu. Rev. Immunol. 2011, 29, 415–445. [Google Scholar] [CrossRef] [PubMed]

	



Rebello, C.J.; Kirwan, J.P.; Greenway, F.L. Obesity, the most common comorbidity in SARS-CoV-2: Is leptin the link? Int. J. Obes. 2020, 44, 1810–1817. [Google Scholar] [CrossRef]

	



Brasil Ministério da Saúde, Secretaria de Vigilância em Saúde, Departamento de Análise em Saúde e Vigilância de Doenças Não Transmissíveis. Vigitel Brasil 2019: Vigilância de Fatores de Risco e Proteção para Doenças Crônicas por Inquérito Telefônico: Estimativas Sobre Frequência e Distribuição Sociodemográfica de Fatores de Risco e Proteção para Doenças Crônicas nas Capitais dos 26 Estados Brasileiros e no Distrito Federal em 2019 [recurso eletrônico]/Ministério da Saúde, Secretaria de Vigilância em Saúde, Departamento de Análise em Saúde e Vigilância de Doenças não Transmissíveis.–Brasília: Ministério da Saúde. 2020. Available online: http://bvsms.saude.gov.br/bvs/publicacoes/vigitel_brasil_2019_vigilancia_fatores_risco.pdf (accessed on 30 June 2021).








[image: Medicina 57 01068 g001 550] 





Figure 1. Component plot in rotated space. Component 1: environmental aspects (blue); Component 2: social aspects (red) (x-axis: Component 1 scores; y-axis: Component 2 scores). 
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Table 1. Demographic and clinical characteristics of a convenience sample of COVID-19 confirmed individuals who sought treatment at the emergency units of the public health system of Diadema (Brazil) from March to October 2020, according to outcome.
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Secondary Data (n = 1036)

	
Death Outcome

(n = 459)

	
Non-Death Outcome

(n = 577)






	
Individual data

	

	

	




	
Age (years)

	
mean (SD)

	
69.02 (18.5)

	
50.86




	

	
range

	
17–99

	
3–95




	
Hospitalization (yes)

	
%

	
93.46

	
88.21




	
Time between COVID-19 symptom onset and health care system admission

	
mean (SD)

	
6.80 (6.20)

	
7.79 (6.18)




	
Sociodemographic data

	

	

	




	
Schooling (>8 years)

	
%

	
53.06

	
55.80




	
Private health plan

	
%

	
21.37

	
20.99




	
Electricity

	
%

	
99.08

	
99.03




	
Water supply

	
%

	
99.71

	
99.73




	
Sewage network

	
%

	
99.27

	
99.13




	
Garbage collection

	
%

	
99.92

	
99.91




	
Income (up to 1 minimum wage)

	
%

	
33.82

	
33.84




	
Unemployment

	
%

	
10.95

	
10.82




	
Homeownership

	
%

	
58.48

	
58.31




	
Urban area

	
%

	
99.37

	
99.38




	
Primary Data (n = 515)

	
Death Outcome

(n = 251)

	
Non-Death Outcome

(n = 264)




	
Individual data

	

	

	




	
Age (years)

	
mean (SD)

	
69.59 (18.5)

	
52.44 (17.94)




	

	
Range

	
17–99

	
3–95




	
Schooling (>8 years)

	
%

	
55.77

	
55.26




	
Hospitalization (yes)

	
%

	
93.23

	
88.26




	
Time between COVID-19 symptom onset and health care system admission

	
mean (SD)

	
6.38 (6.34)

	
8.16 (6.33)




	
Diabetes

	
%

	
40.64

	
23.1




	
Hypertension

	
%

	
50.77

	
36.36




	
Obesity

	
%

	
6.77

	
6.44
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Table 2. Component loadings obtained by principal component analysis and Oblimin rotation* of the secondary sociodemographic and economic data.
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Component




	
1

	
2




	

	
Environmental Aspects

	
Social Aspects






	
%

	
Variance explained

	
34.9%

	
28.8%




	
Schooling (>8 years)

	

	
−0.883




	
Use of private health services

	
0.403

	




	
Electricity

	

	




	
Water supply

	
0.783

	




	
Sewage network

	
0.952

	




	
Garbage collection

	
0.941

	




	
Income (up to 1 minimum wage)

	

	
0.923




	
Unemployment

	

	
0.885








* Rotation converged in 5 iterations. Only coefficients greater than 0.30 are shown.













[image: Table] 





Table 3. Poisson regression model used to estimate the time frame between the onset of COVID-19 symptoms and the entry into the health care system (n = 1036).
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	Independent Variable
	B
	Exp (B)
	CI (95%)

Exp (B)
	Wald Chi-Square
	p-Value





	Intercept
	2.083
	8.030
	7.402–8.710
	2518.81
	0.000



	Age
	−0.002
	0.998
	0.997–0.999
	7.744
	0.005



	Sex
	0.027
	1.027
	0.981–1.075
	1.302
	0.254



	Component 1 (environmental aspects)
	−0.040
	0.961
	0.942–0.981
	14.103
	0.000



	Component 2 (social aspects)
	−0.002
	0.998
	0.976–1.022
	0.020
	0.887







Omnibus test: p < 0.001.
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Table 4. Binomial logistic regression model used to estimate the probability of death of COVID-19 patients using primary data from 515 patients.
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Dependent Variable

	
Independent Variable

	
B

	
Exp (B)

	
CI (95%)

Exp(B)

	
Wald Chi-Square

	
p-Value






	
Death outcome

	
Constant

	
−4.861

	
-

	
-

	
53.006

	
0.000




	
Age

	
0.076

	
1.079

	
1.057–1.101

	
55.319

	
0.000




	
Obesity

	
1.060

	
2.885

	
1.092–7.620

	
4.573

	
0.032




	
Diabetes

	
0.647

	
1.909

	
1.088–3.350

	
5.077

	
0.024








Omnibus test p < 0.001; Hosmer and Lemeshow test p = 0.333; Nagelkerke R2 = 33.4%; predictive accuracy = 73%.
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