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Abstract

:

Background: The objective of this paper is to analyze social inequalities in COVID-19 incidence, stratified by age, sex, geographical area, and income in Barcelona during the first two waves of the pandemic. Methods: We collected data on COVID-19 cases confirmed by laboratory tests during the first two waves of the pandemic (1 March to 15 July and 16 July to 30 November, 2020) in Barcelona. For each wave and sex, we calculated smooth cumulative incidence by census tract using a hierarchical Bayesian model. We analyzed income inequalities in the incidence of COVID-19, categorizing the census tracts into quintiles based on the income indicator. Results: During the two waves, women showed higher COVID-19 cumulative incidence under 64 years, while the trend was reversed after that threshold. The incidence of the disease was higher in some poor neighborhoods. The risk ratio (RR) increased in the poorest groups compared to the richest ones, mainly in the second wave, with RR being 1.67 (95% Credible Interval-CI-: 1.41–1.96) in the fifth quintile income group for men and 1.71 (95% CI: 1.44–1.99) for women. Conclusion: Our results indicate the existence of inequalities in the incidence of COVID-19 in an urban area of Southern Europe.
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1. Introduction


Previous pandemics have shown patterns of inequality, both at the global scale, with richer countries exhibiting lower rates of disease and mortality, and at the national and municipal level, with worse health indicators in areas with poorer socioeconomic levels [1,2] This knowledge must be considered when planning preventive approaches for the population. Regarding the coronavirus disease 2019 (COVID-19) pandemic, knowledge on risk distribution patterns is useful for designing prevention strategies [3,4].



Cities show marked social inequalities, characterized as systematic, unfair, and avoidable differences between social groups. The effect of urban life on health depends to a large extent on how cities are organized and governed. Social factors are known to affect opportunities for good health, which can translate into health inequalities. Health indicators are worse in socially disadvantaged groups, according to social class or gender, for instance [5]. Cities offer a favorable environment for the spread of COVID-19 since contact between people is more frequent than in rural areas, especially in deprived areas, which have worse social determinants of COVID-19, such as working and social conditions.



Existing knowledge on health inequalities requires that any health problem be analyzed through the lens of inequality. For COVID-19, inequalities have been reported for some countries [4,6,7,8], but there is a need for more evidence to inform the design of policies and programs to deal with the pandemic [9], mainly in urban settings where information on COVID-19 in small areas within the city is usually lacking. Several factors have been found to increase the risk of infection and of developing more serious clinical conditions, for example, living below the poverty line, having no health insurance, depending on public transport, being unable to adopt the conditions of quarantine, being homeless, and living in a small dwelling shared with other people [8,10,11,12]. Job type is also important, since frontline jobs (e.g., supermarket clerk, cleaning staff, or truck driver) prevent workers from adopting the level of confinement that has been more widely recommended [8,13]. This disease has received intense social attention, not only because of the need for infected persons to self-isolate, but also because of the repercussions of confinement as a population-level prevention strategy [14].



Therefore, COVID-19 poses many challenges, especially in cities, and a very important aspect is to know its unequal effects on the population, taking into account axes of inequality such as age, gender, and area of residence, in order to identify vulnerable population groups, information which is also important in setting up policies. In Barcelona, a southern European city with 1.7 million inhabitants, COVID-19 has spread widely, with more than 85,000 cases between February 2020 and 15 January 2021 [15]. The first two waves of the epidemic occurred between January and November 2020. The first wave (March to 15 July) finished after the confinement of the population, but during the summer, a second wave occurred (16 July to November) until new control measures were implemented [16].



As public health services have a very important role both in controlling the epidemic and in preventing new infections, a good understanding of the extent of the disease and its distribution is essential. In addition, the first and the second wave of the epidemic have shown different patterns that need to be studied closely to properly tackle these social determinants.



Therefore, the objective of this paper is to analyze social inequalities in COVID-19 incidence, stratified by age, sex, geographical area, and income as axes of inequality, in Barcelona during the first two waves of the pandemic.




2. Methodology


2.1. Design, Study Population, and Sources of Information


The design of the study in each wave is ecological. The study population consisted of the non-institutionalized population of Barcelona residents. We collected daily data from the Catalan Department of Health on COVID-19 cases confirmed by laboratory tests during the two pandemic waves: from March 1 to July 15 and from July 16 to November 30 of 2020. During the first wave, diagnostic tests (mainly Polymerase chain reaction—PCR) with good validity [17] were performed, mainly in hospitals, on most severe cases and health workers. However, during the second wave, these tests were extended to all cases and contacts, mainly in primary health care centers, and were also used for massive screening in specific locations (schools, high-risk neighborhoods, etc.).



The addresses of all cases were geocoded using the R libraries CartoCiudad and ggmap [18,19], thus obtaining their geographical coordinates. We used these coordinates to assign to each case its census tract of residence and considered the 1068 census tracts of the 2016 census (the median population of each census tract was 1510). We excluded records with no valid home address to geocode into our study areas (<1%).



To assess socioeconomic status, we used the 2016 personal income index at census tract level (2016 census), obtained from the National Institute of Statistics. The source of information to calculate this index was tax information given by the Spanish population (https://www.ine.es/experimental/atlas/experimental_atlas.htm). Finally, data on the population of Barcelona were obtained from the 2019 municipal census and used to calculate the cumulative incidence.




2.2. Indicators and Data Analysis


First, we calculated the cumulative incidence of COVID-19 per 100,000 inhabitants by age and income group for men and women for the two waves, which is a measure of risk (the number of new cases divided by Barcelona’s at-risk population stratified by sex, age, and income group).



To analyze inequalities by census tract in each wave for men and women, we calculated smooth cumulative incidences using the hierarchical Bayesian model proposed by Besag, York, and Mollié (BYM) [20]. We previously used BYM models in European projects, where we studied mortality inequalities in cities of Europe, such as in the INEQ-cities (https://www.ucl.ac.uk/ineq-cities/) [21] or the EUROHEALTHY (http://www.euro-healthy.eu) [22] projects. We have chosen this model to solve the problems derived from the direct use of cumulative incidences in small areas. Since at a small-area level, we have to deal with a low number of cases or high heterogeneity in the number of inhabitants between the different areas, characteristics that can produce unstable estimates of the cumulative incidences. This model takes two types of random effects into account, spatial and heterogeneous: the former considers the spatial structure of the data, while the latter deals with non-structural (non-spatial) variability. In our model, we assigned an intrinsic conditional autoregressive prior distribution (ICAR) to the spatial effect (S), which assumes that the expected value of each census tract corresponded to the mean spatial effect of the adjacent census tracts, and had a variance of σS2. The heterogeneous effect (H) was represented by a normal distribution with mean 0 and variance σH2. We assigned a uniform distribution U (0, ∞) to the standard deviation σS and σH, and a normal vague prior distribution to the regression parameters. In addition, with the aim of quantifying the city census tracts with an excess of incidence, for each census tract, we calculated the probability that its cumulative incidence was greater than that of Barcelona city for men and for women.



Then, to study the effect of inequalities in income on the incidence of COVID-19 for each wave and sex, we introduced the income index of the census tract, categorized into quintiles in the BYM model to obtain the risk ratio (RR) of cumulative incidences in each quintile compared to the richest areas as the reference group. We obtained RR estimates based on the mean of their posterior distribution, along with the corresponding 95% credible intervals (95% CI). All distributions were obtained by using the integrated nested Laplace approximations method (INLA), using the R library INLA [23]. We analyzed all data using R Statistical Software (The R Foundation for Statistical Computing, Vienna, Austria) [24].





3. Result


From March to November, there were 61,572 confirmed cases of COVID-19. In the next sections, we describe the main characteristics of each wave.



3.1. First Wave


There were 12,927 diagnosed cases of COVID-19 (52.1% were women) during this wave. Men had a cumulative incidence of 759 diagnosed cases per 100,000 inhabitants and women 784. A very uneven pattern related to age (Figure 1A) was observed; among men, incidence clearly showed a gradient with age, whereas this was not the case for women. Women showed increasing cumulative incidence, except for the 65–74 year age group, which had a lower cumulative incidence than the 35–64 year and >75 year age groups. The oldest age group (>75 years) displayed the greatest difference between sexes, with men showing 65% greater cumulative incidence (2060 cases per 100,000 inhabitants) than that of women (1248 per 100,000).



Figure 2 illustrates, for each census tract, the distribution of personal income in 2016, the cumulative incidence of COVID-19, and the probability that the cumulative incidence was greater than that for Barcelona city. The incidence of the disease was higher in some deprived neighborhoods, mainly those in the north for men and women, with a distribution similar to that of personal income. When classifying the cumulative incidence by different geographical censuses tracts according to the personal income index for 2016 (Figure 1B), we observed a progressive trend of cumulative incidence when income decreased. However, the poorest areas showed a small decrease in cumulative incidence. The RR followed the same pattern. In men, there was a progressively increasing RR from the second quintile (1.17; 95% CI:1.02–1.33) to the fourth (1.31; 95% CI: 1.13–1.51), but the RR in the fifth (1.17; 95% CI: 0.99–1.36) broke the trend (Figure 1C). These patterns were similar for women.




3.2. Second Wave


There were 48,645 diagnosed cases of COVID-19 (53.3% women) during this second wave. Men showed a cumulative incidence of 2928 diagnosed cases per 100,000 inhabitants and women 2865. In this wave, the age group most affected was 15- to 34-year-olds, followed by 35- to 64-year-olds, and differences between sexes were not as marked as for the previous wave (Figure 3A).



Figure 4 maps, for each census tract, the distribution of personal income in 2016, the cumulative incidence of COVID-19, and the probability that its cumulative incidence was greater than that for Barcelona city. The incidence of the disease was higher in some deprived neighborhoods. When classifying the cumulative incidence in different geographical censuses tracts according to the annual personal income index for 2016, we found a higher incidence of COVID-19 in most deprived areas (cumulative incidence for men: 2238.8 per 100,000 inhabitants in the high-income areas and 3869.9 in the low-income areas; for women these figures ranged from 2195.3 to 3907.6) (Figure 3B). The RR showed a different pattern with respect to the first wave with a clear gradient increasing RR when decreasing the income for men and women; RR were 1.67 (95% CI: 1.41–1.96) in the fifth quintile income group for men and 1.71 (95% CI: 1.44–1.99) for women (Figure 3C).





4. Discussion


Here, we have shown social inequalities in COVID-19 incidence in a non-institutionalized population in a city of Southern Europe (Barcelona) that has been significantly affected by the COVID-19 pandemic. Two very distinct patterns have emerged: the first wave, based on hospitalized cases, mainly affected the elderly with the incidence being higher among men, and showed a slight pattern of income-related inequalities. By contrast, the second wave, with a population approach, unveiled higher infection incidence in the young population, with similar cumulative incidence by sex and the relevance of income inequalities. Small areas with lower income were more affected, mainly during the second wave of the pandemic.



4.1. Differences by Age Group


To understand the dynamics of the two patterns of COVID-19 impact described here, it is important to be aware that the prevention and control strategy implemented in Spain was typical of a country that was not prepared to tackle a pandemic. During the first wave, the scarcity of diagnostic tests (mainly PCR) forced their nearly exclusive use in more severe patients. Therefore, our analysis of social impact patterns showed that the elderly was the most affected. Notably, during this period, excess mortality was also very high (around 3400 deaths) [15]. During the second wave, Spain was more prepared, and diagnostic tests (mainly PCR and antigen test) were available for the whole population. Therefore, in this second wave, the age group most affected was 15–34 years. The excess mortality of this second wave was lower (around 700 deaths) than that of the first wave.




4.2. Gender Inequalities


In the first wave, the cumulative incidence of the disease was highest among women aged <64 years and men aged >64 years. However, we found that women accounted for most cases of COVID-19. The oldest age group (>75 years) of men showed the highest cumulative incidence. In the second wave, the pattern by sex was similar and gender differences were smaller than those of the first wave. Note that women, mainly the youngest women, were more vulnerable to COVID-19 because they are overrepresented in care professions and, hence, are more exposed to infection. For instance, more women work in health and social occupations than men. Moreover, women are usually responsible for family and domestic work and become the primary caregivers of people affected by COVID-19 in their household (especially children and the elderly), a situation that has been amplified during confinement [25,26]. On the other hand, among the oldest, men are more prone to chronic conditions and therefore have more risk of being infected.



The Global Health 50/50 project (https://globalhealth5050.org/the-sex-gender-and-covid-19-project/) has reported that men have more severe cases of COVID-19 and more deaths [27] due to several factors. First, biological differences: women generally have a stronger immune system than men, which could explain their lower susceptibility to infection and, in contrast, their higher incidence of autoimmune diseases [28]. Second, some chronic COVID-19–related diseases (such as chronic respiratory diseases) are more common in men. Third, men have a higher prevalence of smoking and excessive alcohol consumption, which is also related to chronic diseases [27]. Fourth, men are less likely to access health services; for instance, COVID-19 testing is more common among women. In Barcelona, the rates of excess mortality during the two waves was higher among men [15].



On the other hand, measures taken to stop the pandemic might lead to other health effects. For instance, home confinement and the closure of schools and other facilities (e.g., day centers for the elderly) in the first wave would have had a greater impact on women [29]. Moreover, there is evidence that in times of economic precariousness, social instability, and confinement at home, there is an increase in intimate partner violence [30].




4.3. Socioeconomic Inequalities


Some low-income areas of the city showed a higher cumulative incidence than more advantaged areas, which highlights the impact of income inequalities on COVID-19 infection risk. This pattern was more marked during the second wave.



The geographic and income-related inequalities in COVID-19 that we have observed in Barcelona have also been described elsewhere [8,31,32,33]. They are linked to living and working conditions, and effectively add to underlying inequalities already present.



First, poorer working conditions can favor transmission: workers from deprived social classes may be forced to return to work or may be unable to follow preventive measures, such as confinement, either because they fear being dismissed or because they have a difficult economic situation. The most vulnerable groups are self-employed workers and those belonging to the informal economy. This is also the case for immigrant workers, who often have precarious, low-paid jobs and who sometimes live in small rooms, share the same room at different times, or have precarious health conditions that encourage infection [34,35].



Second, an urban area such as Barcelona has a high population density, which makes physical distancing more difficult than in rural areas. Moreover, disease transmission is more likely in households that are unable to implement distancing recommendations, especially in cases of cohabitation with a COVID-19-positive person. According to data from the Census of Buildings, the average surface area of housing in Barcelona ranges from 45 m2 to over 125 m2. Thus, two factors have come together in some of the poorest neighborhoods: smaller apartments and longer working hours during the days of confinement, because these jobs allow fewer opportunities to work from home [36]. In addition, the use of public transport during this period in Barcelona has diminished more among people living in affluent areas than among those living in the most disadvantaged ones [37].



Third, people from more disadvantaged social classes have more chronic disorders (hypertension, cardiovascular diseases, diabetes, etc.) and are therefore more vulnerable to COVID-19 [38]. Furthermore, communication and dissemination of messages on disease prevention and containment measures may not reach the whole population uniformly, and may be understood and interpreted differently. This is associated with the social gradient, which also exists in health knowledge between groups according to educational level, social class, and age [39].



Strikingly, in the first wave, some areas of the city with a low socioeconomic level, such as Ciutat Vella in the city center, did not have a high COVID-19 incidence. The population of this district is younger than that of other districts, so the disease may have been less severe and, therefore, cases of COVID-19 might not have been detected because they were not PCR-tested. This may explain the lower RR in the poorest quintile of the population during the first wave. Our hypothesis was confirmed when analyzing the second wave; when massive tests were undertaken, this same district was one of the hardest hit by the pandemic.



It is worth mentioning that many hours of confinement or quarantine in inadequate housing can cause other adverse health effects, as for example, on mental health. Although physical distancing is justified, the long-term health consequences for the general population are difficult to predict. However, we do know that social isolation not only affects mental health but can also affect other chronic diseases as well as different health problems [40]. People living in the most disadvantaged conditions experience the greatest social and economic consequences, with possible implications for their health. Furthermore, the economic consequences of illness, such as job loss and income loss, mostly affect people from the more disadvantaged social classes, consequently having a negative impact on their health [41].



Finally, although health care is not the main determinant of health, the COVID-19 crisis has brought about important changes in the Spanish national health system in order to be able to treat all patients, which has certainly reduced mortality from this disease. However, it is necessary to assess the impact of these changes on access to other types of care, and whether this aggravates the existing inequalities.




4.4. Limitations


In our analysis, we excluded people working or living in nursing homes because their addresses are those of the nursing home and so do not necessarily reflect the socioeconomic position of the residents themselves. As mentioned above, the two waves of the epidemic are not strictly comparable, but we considered it relevant to show the two different patterns revealed by data analysis when two different approaches were implemented. Importantly, these two different waves have implied different steps of public health policies at the city level.



In addition, we have analyzed socioeconomic inequalities in COVID-19 at the small area level. Studies of small areas allow us to obtain the cumulative incidence of COVID-19 with a high level of spatial disaggregation, and to reflect spatial patterns that would be hidden in larger areas, such as neighborhoods.





5. Conclusions and Recommendations


Our results indicate the existence of social inequalities in the incidence of COVID-19 by age group, gender, geographical area, and income. Due to the complexity of the determinants of health and inequality, the impact of COVID-19 pandemic will require different studies and approaches, but it is essential that they be performed from the analysis of the axes of inequality to draw attention to the different existing patterns and intersections [14].



The results reported here allow us to assess needs in the territory, prioritize specific areas of action, and develop specific interventions from the public health department and other areas (e.g., social or economic). The development of selective policies for specific areas is important in reducing health inequalities, and these policies must complement universal policies [42]. The Municipal Council of Barcelona has already implemented programs targeting these areas, with the objective of facilitating the confinement of the population and disseminating messages to prevent the infection [43].



We would like to raise awareness about the fact that this pandemic could exacerbate social inequalities and, thereby, health inequalities due to the effects of COVID-19, the confinement measures, and the economic and social impacts that are resulting from the pandemic [4]. Therefore, in the near future, inequalities emerging from this pandemic will need to be closely monitored.







Author Contributions


All authors contributed to the study conception and design. Material preparation, data collection, and analysis were performed by M.M.-D. The first draft of the manuscript was written by M.M.-D., C.B. and MI.P.; M.M.-D., M.G., MI.P., M.R.-S., L.A., P.G.d.O., C.R., C.B. commented on previous versions of the manuscript. All authors are accountable for all aspects of the work. All authors have read and agreed to the published version of the manuscript.




Funding


Funding by the organization of the authors (Agència de Salut Pública de Barcelona).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data available upon request.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kapiriri, L.; Ross, A. The Politics of Disease Epidemics: A Comparative Analysis of the SARS, Zika, and Ebola Outbreaks. Glob. Soc. Welf. 2020, 7, 33–45. [Google Scholar] [CrossRef] [PubMed]

	



Is SARS a Poor Man’s Disease? Socioeconomic Status and Risk Factors for SARS Transmission. Available online: https://ssrn.com/abstract=1881714 (accessed on 16 January 2021).

	



Mamelund, S.E. Social inequality—A forgotten factor in pandemic influenza preparedness. Tidsskr. Nor Laegeforen. 2017, 137, 137. [Google Scholar] [CrossRef] [PubMed]

	



Sachs, J.D.; Karim, S.A.; Aknin, L.; Allen, J.; Brosbøl, K.; Barron, G.C.; Daszak, P.; Espinosa, M.F.; Gaspar, V.; Gaviria, A.; et al. Lancet COVID-19 Commission Statement on the Occasion of the 75th Session of the UN General Assembly. Lancet 2020, 396, 1102–1124. Available online: https://linkinghub.elsevier.com/retrieve/pii/S0140673620319279 (accessed on 16 January 2021). [CrossRef]

	



Borrell, C.; Pons-Vigués, M.; Morrison, J.; Díez, E. Factors and processes influencing health inequalities in urban areas. J. Epidemiol. Community Health 2013, 67, 389–391. [Google Scholar] [CrossRef] [PubMed]

	



Shadmi, E.; Chen, Y.; Dourado, I.; Faran-Perach, I.; Furler, J.; Hangoma, P.; Hanvoravongchai, P.; Obando, C.; Petrosyan, V.; Rao, K.D.; et al. Health equity and COVID-19: Global perspectives. Int. J. Equity Health 2020, 19, 1–16. [Google Scholar] [CrossRef]

	



Bambra, C.; Riordan, R.; Ford, J.; Matthews, F. The COVID-19 pandemic and health inequalities. J. Epidemiol. Community Health 2020, 74, 964–968. [Google Scholar] [CrossRef]

	



Marmot, M.; Allen, J.; Goldblatt, P.; Herd, J.M.E. Build Back Fairer: The COVID-19 Marmot Review. The Pandemic, Socioeconomic and Health Inequalities in England; Institute of Health Equity: London, UK, 2020. [Google Scholar]

	



Wang, Z.; Tang, K. Combating COVID-19: Health equity matters. Nat. Med. 2020, 26, 458. [Google Scholar] [CrossRef]

	



Nassif-Pires, L.; De Lima Xavier, L.; Masterson, T.; Nikiforos, M.; Rios-Avila, F. Pandemic of Inequalitiy; Levy Economics Inst: New York, NY, USA, 2020; Available online: http://www.levyinstitute.org/pubs/ppb_149.pdf (accessed on 16 January 2021).

	



Harlem, G.; Lynn, M. Descriptive analysis of social determinant factors in urban communities affected by COVID-19. J. Public Health 2020, 42, 466–469. [Google Scholar] [CrossRef]

	



Abrams, E.M.; Szefler, E. COVID-19 and the impact of social determinants of health. Lancet Respir. Med. 2020, 8, 659–661. [Google Scholar] [CrossRef]

	



van Dorn, A.; Cooney, R.E.; Sabin, M.L. COVID-19 exacerbating inequalities in the US. Lancet 2020, 395, 1243–1244. [Google Scholar] [CrossRef]

	



Khalatbari-Soltani, S.; Cumming, R.G.; 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] [PubMed]

	



Agència de Salut Pública de Barcelona. #COVID19aldiaBCN: Com afecta la COVID-19 a la ciutat de Barcelona? Available online: https://webs.aspb.cat/covid19aldiabcn (accessed on 16 January 2021).

	



Instituto de Salud Carlos III. COVID-19. Documentación y Datos. Cnecovid.isciii.es. Available online: https://cnecovid.isciii.es/covid19/#ccaa (accessed on 14 January 2021).

	



Böger, B.; Fachi, M.M.; Vilhena, R.O.; Cobre, A.F.; Tonin, F.S.; Pontarolo, R. Systematic review with meta-analysis of the accuracy of diagnostic tests for COVID-19. Am. J. Infect. Control 2021, 49, 21–29. [Google Scholar] [CrossRef] [PubMed]

	



caRtociudad: Interface to Cartociudad API. R Package Version 0.6.2. 2018. Available online: https://github.com/rOpenSpain/caRtociudad (accessed on 16 January 2021).

	



Kahle, D.; Wickham, H. ggmap: Spatial Visualization with ggplot2. R J. 2013, 5, 144–161. [Google Scholar] [CrossRef]

	



Besag, J.; York, J.; Mollié, A. Bayesian image restoration, with two applications in spatial statistics. Ann. Inst. Stat. Math. 1991, 43, 1–20. [Google Scholar] [CrossRef]

	



Marí-Dell’Olmo, M.; Gotsens, M.; Palència, L.; Burström, B.; Corman, D.; Costa, G.; Deboosere, P.; Díez, È.; Domínguez-Berjón, F.; Dzúrová, D.; et al. Socioeconomic inequalities in cause-specific mortality in 15 European cities. J. Epidemiol. Community Health 2015, 69, 432–441. [Google Scholar] [CrossRef] [PubMed]

	



Borrell, C.; Palència, L.; Dell’Olmo, M.M.; Morrisson, J.; Deboosere, P.; Gotsens, M.; Dzurova, D.; Costa, C.; Lustigova, M.; Burstrom, B.; et al. Socioeconomic inequalities in suicide mortality in European urban areas before and during the economic recession. Eur. J. Public Health 2020, 30, 92–98. [Google Scholar] [CrossRef]

	



Rue, H.; Martino, S.; Chopin, N. Approximate Bayesian Inference for Latent Gaussian Models Using Integrated Nested Laplace Approximations (with discussion). J. R. Stat. Soc. B 2009, 71, 319–392. [Google Scholar] [CrossRef]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2020; Available online: https://www.R-project.org/ (accessed on 16 January 2021).

	



Wenham, C.; Smith, J.; Morgan, R. COVID-19: The gendered impacts of the outbreak. Lancet 2020, 395, 846–848. [Google Scholar] [CrossRef]

	



The Lancet. The gendered dimensions of COVID-19. Lancet 2020, 395, 1168. [Google Scholar] [CrossRef]

	



Sex, Gender and COVID-19: Disaggregated Data and Health Disparities. Available online: https://blogs.bmj.com/bmjgh/2020/03/24/sex-gender-and-covid-19-disaggregated-data-and-health-disparities/ (accessed on 16 January 2021).

	



Conti, P.; Younes, A. Coronavirus COV-19/SARS-CoV-2 affects women less than men: Clinical response to viral infection. J. Biol. Regul. Homeost. Agents 2020, 34, 339–343. [Google Scholar]

	



Castellanos-Torres, E.; Mateos, J.T.; Chilet-Rosell, E. COVID-19 en clave de género. Gac. Sanit. 2020, 34, 419–421. [Google Scholar] [CrossRef] [PubMed]

	



United Nations Population Fund. COVID-19: Un Enfoque de Género. Proteger la Salud y los Derechos Sexuales y Reproductivos y Promover la Igualdad de Género; United Nations Population Fund: New York, NY, USA, 2020. [Google Scholar]

	



Vieira, C.M.; Franco, O.H.; Restrepo, C.G.; Abel, T. COVID-19: The forgotten priorities of the pandemic. Maturitas 2020, 136, 38–41. [Google Scholar] [CrossRef] [PubMed]

	



Whittle, R.S.; Diaz-Artiles, A. An ecological study of socioeconomic predictors in detection of COVID-19 cases across neighborhoods in New York City. BMC Med. 2020, 18, 271. [Google Scholar] [CrossRef] [PubMed]

	



Mollalo, A.; Vahedi, B.; Rivera, K.M. GIS-based spatial modeling of COVID-19 incidence rate in the continental United States. Sci. Total Environ. 2020, 738, 138–884. [Google Scholar] [CrossRef] [PubMed]

	



Class and COVID: How the Less Affluent Face Double Risks. Available online: https://www.brookings.edu/blog/up-front/2020/03/27/class-and-covid-how-the-less-affluent-face-double-risks/ (accessed on 16 January 2021).

	



How Is Covid-19 Affecting Inequality? Available online: http://www.post-crasheconomics.com/how-is-covid-19-affecting-inequality (accessed on 16 January 2021).

	



Confinarse en Barcelona: 87 Metros Cuadrados de Diferencia Entre Barrios Ricos y Pobres. Available online: https://elpais.com/espana/catalunya/2020-04-18/confinarse-en-barcelona-87-metros-cuadrados-de-diferencia-entre-barrios-ricos-y-pobres.html (accessed on 16 January 2021).

	



Relació entre mobilitat i renda de la població a l’àrea metropolitana de Barcelona i la ciutat de Barcelona en el context de l’epidèmia Covid19. Available online: https://observatori.atm.cat/estudis/Estudi_sobre_mobilitat_i_renda.pdf (accessed on 16 January 2021).

	



Raifman, M.; Raifman, J. Disparities in the Population at Risk of Severe Illness From COVID-19 by Race/Ethnicity and Income. Am. J. Prev. Med. 2020, 59, 137–139. [Google Scholar] [CrossRef]

	



Sørensen, K.; Pelikan, J.M.; Röthlin, F.; Ganahl, K.; Slonska, Z.; Doyle, G.; Fullam, J.; Kondilis, B.; Agrafiotis, D.; Uiters, E.; et al. Health literacy in Europe: Comparative results of the European health literacy survey (HLS-EU). Eur. J. Public Health 2015, 25, 1053–1058. [Google Scholar] [CrossRef]

	



Diez-Roux, A.V. Cities, Health Equity, and COVID-19. Available online: https://drexel.edu/lac/media/blog/2020/March/COVIDandcities/?utm_source=LAC+Urban+Health&utm_campaign=36de518069-EMAIL_CAMPAIGN_2019_07_17_06_25_COPY_01&utm_medium=email&utm_term=0_d578ebf30b-36de518069-302113435&mc_cid=36de518069&mc_eid=12ec09e (accessed on 16 January 2021).

	



¿Cómo Podemos Garantizar un Enfoque Socialmente Equitativo del Desconfinamiento? Available online: https://www.isglobal.org/-/-como-podemos-garantizar-un-enfoque-socialmente-equitativo-en-el-desconfinamiento- (accessed on 16 January 2021).

	



Levelling Up (Part 2): A Discussion Paper on European Strategies for Tackling Social Inequities in Health/by Goran Dahlgren and Margaret Whitehead. Available online: https://apps.who.int/iris/handle/10665/107791 (accessed on 16 January 2021).

	



Barcelona Posa en Marxa un nou Hotel, Apartaments i Serveis Específics a Domicili per Garantir el bon Aïllament de les Persones amb la Covid-19: Servei de Premsa. Available online: https://ajuntament.barcelona.cat/premsa/2020/05/08/barcelona-posa-en-marxa-un-nou-hotel-apartaments-i-serveis-especifics-a-domicili-per-garantir-el-bon-aillament-de-les-persones-amb-la-covid-19 (accessed on 16 January 2021).








[image: Ijerph 18 01256 g001 550] 





Figure 1. (A) Cumulative incidence of COVID-19 per 100,000 inhabitants for each age group and sex; (B) Cumulative incidence of COVID-19 per 100,000 inhabitants for each income group (based on personal income index in Euros) and sex; (C) Relative risk for each income group and sex. Period from 1 March to 15 July 2020 in Barcelona city. 
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Figure 2. Geographical distribution (at census tract level) of 2016 personal income index, cumulative incidence of COVID-19 per 100,000 inhabitants according to sex and probability of the cumulative incidence being higher than that of the city. Period from 1 March to 15 July 2020 in Barcelona city. 
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Figure 3. (A) Cumulative incidence of COVID-19 per 100,000 inhabitants for each age group and sex; (B) Cumulative incidence of COVID-19 per 100,000 inhabitants for each income group (based on personal income index in Euros) and sex; (C) Relative risk for each income group and sex. Period from 16 July to 30 November 2020 in Barcelona city. 
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Figure 4. Geographical distribution (at census tract level) of 2016 personal income index (in Euros), cumulative incidence of COVID-19 per 100,000 inhabitants according to sex, and probability of the cumulative incidence being higher than that of the city. Period from 16 July to 30 November 2020 in Barcelona city. 
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