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Abstract 

The increased mortality rates from COVID-19 in Brazil have adversely affected 

vulnerable populations and placed a severe burden on its public health system as 

compared to other nations. Focusing on socioeconomic status as a risk factor in this 

retrospective cohort study, I investigated the association between Brazilian COVID-19 

mortality rate, income, school enrollment rate, and employment rate after controlling for 

the demographics and immunization rate. This is an important issue as an increase in 

incidence and mortality rates affects how governmental and public health leaders can 

effectively control and prevent disease spread. Using the fundamental causes of disease 

theory as the theoretical framework, I evaluated the underlying influence of 

socioeconomic factors on COVID-19 mortality at different geographic levels (region, 

state, and capital). Therefore, the foci of these three manuscripts is the need to assess this 

influence to encourage governmental response through better planning, strategies, and 

actions toward socioeconomic equality in Brazil, which could promote a reduction in the 

COVID-19 mortality rate. Most findings do not agree with the theory tested, which can 

be explained by a series of other factors, such as population density and heterogeneity. 

Thus, there are still inconsistencies regarding how minority groups are at greater risk of 

disease contamination and death. The social change implications of this study include a 

potential increase in opportunities for socioeconomic equality. A decrease in the COVID-

19 mortality rate could also allow Brazilians to improve individual lives with healthier 

families and communities.  
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Part 1: Overview  

Introduction 

The COVID-19 pandemic has become a prominent event in human history, 

crossing borders and altering lives by bringing illness and death and forcing people to 

adapt to a new way of living. Since the World Health Organization (WHO) declared a 

Public Health Emergency of International Concern on 30th January 2020, and a Global 

Pandemic on 11th March 2020 (WHO, 2020-a), changes such as travel restrictions, mask 

mandates, lockdowns, basic hygiene practices, social distancing, and remote work 

(Centers for Disease Control and Prevention [CDC], n.d.-a; WHO, n.d.-a) have given our 

daily routines a unique shape and pushed the world towards a virtual existence. However, 

even with all the control and preventive guidelines provided by the great public health 

agencies, the impact of COVID-19 on people’s livelihood and health was unmeasurable 

as we witnessed countries facing a significant loss of human life. 

Considering the diversity of each population and socioeconomic differences 

between and within countries, one could argue that nations with significant 

socioeconomic and healthcare disparities present high vulnerability to diseases. This 

vulnerability could result from a lack of financial and infrastructural resources, as well as 

the absence of implementable policies for disease monitoring and preventive measures, 

leading to an increase in disease spread. Although it is still unclear how socioeconomic 

status (SES) affects disease occurrence and growth, studies have shown that political, 

demographic, and social structural factors negatively impact public health, thus 

facilitating the spread of the virus and increasing the likelihood of death (Goutte et al., 
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2020; Mena et al., 2021). Based on these uncertainties, most questions can only be 

answered after a better understanding of countries’ politics and public health systems.       

The increased mortality rates from COVID-19 in Brazil can adversely affect 

vulnerable populations and become a severe burden to its public health system as 

compared to other nations. There is strong evidence that the high mortality rate in Brazil 

is associated with the population’s socioeconomic conditions, particularly for minority 

groups (Miranda et al., 2020; Rocha et al., 2021). Consequently, an increase in disease 

mortality rates presents additional challenges to the public health population, which is 

socioeconomically disadvantaged, as well as the country’s growth. From March 2020 to 

December 2021, 634,695 deaths were registered in Brazil (Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat], 2022). Baqui et al. (2021) and Rocha et al. 

(2021) explained that COVID-19 incidence and mortality increases vary depending on 

health-system preparedness, socioeconomic characteristics of the population, and 

people’s adherence to best-practice protocols. These studies provide evidence that 

increased mortality rates from COVID-19 across Brazil can be associated with a lack of 

strict control measures, including policies and programs to reduce infections and 

individual careless behavior.  

Other studies show that, despite neglectful political behavior in Brazil that 

influences denialism, vaccine hesitancy is low compared to other countries (Moore et al., 

2021; Stojanovic et al., 2021). Historically, Brazil has a strong culture of mass 

vaccination as initiated in the ‘70s (Domingues et al., 2020), which allowed the 

population to become more receptive to COVID-19 vaccines. However, socioeconomic 
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disparities also play a role in vaccine acceptance (Stojanovic et al., 2021). Therefore, in 

this retrospective cohort study, I focused on socioeconomic factors as a risk factor to 

investigate the association between COVID-19 mortality rate in Brazil, income, school 

enrollment rate, and employment rate, after controlling for race, age, sex, and 

immunization rate. Investigating the association and potential impact of socioeconomic 

factors on COVID-19 mortality is important as an increase in incidence and mortality 

rates affects how governmental and public health leaders can effectively control and 

prevent disease spread. 

Lastly, the findings of this study could empower public health and political 

leaders to identify geographic areas in the country that need special attention regarding 

the development of policies and implementation of public health programs to encourage 

populations’ best behavior and practices concerning preventive actions and vaccination 

willingness. The focus of this study is on the need to assess the influence of 

socioeconomic factors on disease mortality to encourage governmental response through 

better planning, strategies, and actions toward socioeconomic equality in Brazil that 

could promote a reduction in the COVID-19 mortality rate. The social change 

implications of this study may include a potential increase in opportunities for 

socioeconomic equality, considering governmental actions towards better income 

distribution, education, and employment are taken. Reducing the COVID-19 mortality 

rate will allow Brazilians, particularly socioeconomically disadvantaged individuals and 

families, a gradual transition toward normalcy.   
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Background 

Since the beginning of the pandemic, studies on the association between 

socioeconomic disparities and COVID-19 incidence and mortality have been published 

(Bermudi et al., 2021; Martins-Filho et al., 2020; Miranda et al., 2020). The analysis of 

such disparities incorporated various factors, including income distribution, education, 

employment, and the population’s demographic heterogeneity (Figueiredo et al., 2020; 

Oliveira et al., 2020). Although the influence of these factors on disease outcomes could 

be evaluated individually, it is more advantageous to assess these factors in parallel to 

know more about the potential impacts these factors may cause on infectious disease 

incidence and mortality from a public health standpoint. Most studies in the literature I 

reviewed agree with the impact of SES on COVID-19 mortality. Many go beyond the 

three critical factors of SES (income, education, and employment), assessing indicators 

such as individuals’ comorbidities (Baqui et al., 2021).   

However, considering that SES varies across and within countries, its impact on 

disease outcomes cannot be generalized. A gap found during the literature review were 

the minimal studies focused on the association between SES and COVID mortality in 

Latin American countries. For this reason, this study targeted the Brazilian population, 

one of the world’s most ethnically and culturally diverse countries, which also presents 

significant wealth inequality. Another gap is that only a few studies consider vaccination 

or the population’s immunity status when testing the association between SES and 

COVID-19 mortality. Therefore, besides including population demographics, race, age, 
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and gender, I considered this an essential factor. The following is a synthesis of the 

existing literature that explores the association between SES and COVID-19 outcomes.     

To investigate the association between hospitalized individuals’ demographics, 

comorbidities, socioeconomic, geographic, and structural hospital-level factors, and 

mortality risk to COVID-19, Baqui et al. (2021) conducted a retrospective cohort study 

across 1,801 cities and 3,991 hospitals in Brazil. Using the Brazilian SIVEP-Gripe 

database and the XCOVID-BR model created by the authors, Baqui et al. (2021) found 

that SES, race, geographical, and structural factors are more critical than individual 

patients’ comorbidities in determining COVID-19 mortality in Brazil. Past studies found 

evidence to support the association between strain on hospital capacity and increase in 

disease mortality during the pre-pandemic and COVID-19 period (Bravata et al., 2021; 

French et al., 2021). Baqui et al. (2021) stressed the importance of funding public 

hospitals and better managing the healthcare network, which can be achieved by 

improving Brazil’s public health and care policies. Additionally, the authors recommend 

that the Brazilian Ministry of Health implement programs to increase the population’s 

vaccination status as the primary preventive measure to cover sections of the country that 

are less economically developed. Although this study accounted for many of the 

socioeconomic factors I am interested in, such as education and income as potential 

contributors to COVID-19 incidence and death, the authors did not consider population 

immunization status as a control variable.  

Based on the principles of the fundamental causes theory, Clouston et al. (2021) 

tested the hypothesis that the SES association with incidence and disease mortality shifts 
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from a favorable (higher SES higher rates) to a negative (higher SES lower rates) stage 

over time. The authors proposed that an epidemic occurs as a two-stage process. First, 

higher SES communities that are not ready catch the disease, which leads to initial cases. 

Second, when public health preventive measures begin to be implemented, control risks 

are unequally distributed, and low SES communities face an increased disease burden.  

In this study, the authors investigated how SES variation can predict the dynamics 

of COVID-19 incidence and mortality. Using daily COVID-19 incidence and mortality 

rates data on 3141 counties within the U.S., the authors conducted a retrospective cohort 

study using a multivariable analysis that included survival analyses and Poisson 

regression (Clouston et al., 2021). They also used the principles of the fundamental 

causes theory to examine the role of SES in predicting the distribution and death from 

COVID-19 in the U.S. The authors found that growth in incidence and case-fatality rates 

was lower in high SES areas concluding that vulnerability is an essential component of 

risk exposure and mortality. This study showed an urgent need to strengthen social 

protection systems to support vulnerable populations during the pandemic. It also used 

county-level data, which policymakers can apply to determine how the disease spreads, 

where hot spots emerge, and what sorts of interventions should be implemented.  

However, Clouston et al.’s study (2021) disregarded individual-level factors. The 

authors suggested that in the absence of adequate social protection, populations in areas 

of low SES need to be educated about the potential for infections. Policies and legislation 

should be adopted to protect public health in vulnerable areas to ensure better assistance 

for communities with high socioeconomic inequalities. This study is essential for 
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information purposes as I tested the same theory but in a different population. Besides the 

test of the theory, Clouston et al. (2021) also provided historical background on the 

formation of the fundamental cause theory and its key concepts, referring to the original 

work of Link and Phelan, who developed the theory in 1995. 

Khanijahani et al. (2021) reviewed various studies that provided evidence 

concerning the association between racial/ethnic, socioeconomic disparities, and COVID-

19. The authors reviewed 52 studies, the majority from the United States and published 

between late December 2019 through March 1, 2021. The main variables investigated in 

the studies included in this review were the population’s ethnicity and SES, COVID-19 

mortality and infection, hospitalization admission, and access to testing. Past studies have 

shown evidence that lower SES is associated with a higher risk of infectious diseases 

occurrence and severity, and that demographic characteristics including ethnicity and 

SES inequalities are directly or indirectly associated with the main indicators of health, 

mortality, and life expectancy (Khalatbari-Soltani et al., 2020; Ogedegbe et al., 2020; 

Ren et al., 1999). Khanijahani et al. (2021) found that most studies showed that racial or 

ethnic minority groups had increased risks of COVID-19 infection, hospitalization, and 

mortality.  

It was also found that some studies investigated the impact of education, income, 

poverty, and housing conditions on the COVID-19 incidence and mortality. The authors 

concluded that there is an inconsistency among studies but most still showed that 

minority groups are at greater risk of disease infection, hospitalization, and death 

(Khanijahani et al., 2021). The authors suggested further research to address the 
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association between intensive care admission, lack of insurance and employment, and 

COVID-19 outcomes (Khanijahani et al., 2021). This study is important for information 

purposes, serving as a source and link to other studies investigating racial/ethnic and 

socioeconomic disparities in COVID-19. In my research, the intent was to fill one of the 

gaps mentioned by these authors, which is to explore the association between 

employment and COVID-19 outcomes (Khanijahani et al., 2021); additionally, I focused 

on a different population, a Latin American country.     

This literature review also includes Link and Phelan’s (1995) study, a systematic 

review of 240 articles published between November 1992 and 1993 in the American 

Journal of Epidemiology that provided evidence concerning the association between 

social conditions and illness. Based on their research, Link and Phelan developed the 

theory of fundamental causes, which stemmed from Lieberson’s concept of basic causes 

set in 1985. Link and Phelan’s (1995) formulated a theory that postulates that a 

fundamental social cause of a disease has an essential feature that involves access to 

resources that could minimize the chances of the disease occurring; these resources 

include money, knowledge, power, prestige, and social connections. The authors found 

that 13.3% of the articles reviewed focused on risk factors that could be understood as 

social in nature. Therefore, Link and Phelan’s (1995) reminded the reader that in their 

theory, they consider individual-based risk factors and that demographic factors, 

including race and gender, are often analyzed as potential fundamental causes as they are 

closely tied to these resources. Link and Phelan (1995) also suggested future studies 

considering population-based factors, as policies are made for the population. This study 
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is critical because it gives the basis of the theory of fundamental causes, which was used 

in my research. 

Using Link and Phelan’s theory (1995), Mackenbach et al. (2017) extended their 

investigation on the association between socioeconomic inequalities and mortality in 

Europe (Mackenbach et al. 1997; Mackenbach et al., 2003; Mackenbach et al. 2008; 

Mackenbach et al. 2015) by conducting an extensive retrospective cohort study in 

populations of 17 European countries using mortality data collected from 1980 - 2010 

census data. In this study, the authors hypothesized that (1) when mortality in the whole 

population reduces, it generally reduces faster among the higher educated groups; (2) 

when mortality rate rises, the higher educated groups will be better prepared to protect 

themselves; therefore, mortality increase will be lower among them (Mackenbach et al., 

2017). Further, (3) variation in mortality reduction is more preventable than for non-

preventable causes of death; and (4) variation in mortality reduction between groups at 

different educational levels is higher in countries where inequality in resources is 

significant (Mackenbach et al., 2017). From the collected data, Mackenbach et al. (2017) 

classified 22 causes of death into four groups according to their “preventability.” The 

authors found that faster mortality declined among the highly educated for most causes of 

death and in most populations; however, they found no support that highly educated 

individuals or individuals with higher income can protect themselves during increased 

mortality rates. Mackenbach et al. (2017) concluded that the difference in mortality 

decline between groups of different education levels was not more considerable when 

income inequalities were more significant. Thus, Mackenbach et al. (2017) suggested that 
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mortality decline depends not on the individual but on collective action. They also 

recommended further testing their hypotheses with other indicators of SES. This study is 

critical as I tested the same theory and analyze similar variables in a Latin American 

population. Besides the test of the theory, Mackenbach et al. (2017) also provided 

historical background on the formation of the fundamental causes theory and its key 

concepts. 

To investigate the association between social inequality and the COVID-19 

fatality rate in a particular area in Northeast Brazil, Martins-Filho et al. (2020) conducted 

an ecological study targeting the population of Aracaju City. Martins-Filho et al. (2020) 

looked at confirmed cases and deaths due to COVID-19, using publicly available data 

from the Brazilian Institute of Geography and Statistics (IBGE) and surveillance 

information systems to determine COVID-19 rates of incidence and case fatality. The 

authors found that the poorest neighborhoods had lower reported cases of COVID-19 but 

higher fatality rates. The authors concluded that differences in COVID-19 incidence and 

mortality rates were due to differences in literacy, income, and housing between 

neighborhoods (Martins-Filho et al., 2020). As the study focused on a single town, I 

would suggest replicating the study on a larger population. Although these authors and I 

shared similar interests in the research topic, the authors only considered a small fraction 

of the population. Conversely, I investigated the association between socioeconomic 

factors and COVID-19 mortality nationwide in my research. Besides, Martins-Filho et al. 

(2020) did not consider the population’s vaccination status as a covariate, and I did. 

Historically, disadvantaged groups are more likely to experience a higher incidence of 
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infection and mortality in a pandemic scenario (Bambra et al., 2020). Previous studies 

also have shown that mortality rates are higher in developing countries among 

unemployed individuals and groups living in urban areas (Chowell et al., 2008; Grantz et 

al., 2016; Murray et al., 2006). 

In another study, Martins-Filho et al. (2021) estimated the incidence and mortality 

rates of COVID-19 in Brazilian children and analyzed its relationship with 

socioeconomic inequalities across the nation. The authors used the social vulnerability 

index and Gini coefficient to assess socioeconomic disparities. The target population 

included 3,998,055 individuals with COVID-19; in the sample, 335,279 individuals were 

aged 0-19 years. Martins-Filho et al. (2021) conducted a secondary analysis of data 

obtained from the microdata catalog and official bulletins of the 27 Brazilian health 

department websites. Data were analyzed using Spearman’s rank correlation. Martins-

Filho et al. (2021) found that 8.4% of the individuals with COVID-19 were 0-19 years 

old, and that 0.7% of the deaths registered in the country were related to children with 

COVID-19. The authors found significant differences between the incidence and 

mortality rates among Brazilian regions, and a significant correlation between mortality 

rates and social and economic inequalities. This is one of the few studies investigating the 

association between SES and child mortality due to COVID-19 in Brazil. The authors had 

no suggestions for future research; however, it would be interesting to replicate the study 

in different populations for comparison. This study is essential for information purposes, 

as the authors used publicly available databases to estimate the population’s Gini 

coefficient to evaluate income distribution; this would be helpful for my research, 
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considering my intent to explore socioeconomic factors associated with COVID-19 

mortality rates.  

 Mateo-Urdiales et al. (2021) evaluated the association between deprivation, 

COVID19 incidence, risk of hospitalization, and mortality from COVID-19 while 

adjusting for age, sex, and region of residence in Italy during three periods: the pre- 

lockdown, lockdown, and post-lockdown. Data were collected from the Italian integrated 

epidemiological surveillance system of COVID-19 and the Italian National Statistics 

Institute. The authors conducted a retrospective cohort study based on secondary data 

using a multilevel negative binomial regression model, finding a higher incidence of 

COVID-19 cases in the most deprived Italian municipalities during lockdown and post-

lockdown compared with the least deprived. Mateo-Urdiales et al. (2021) found no 

significant differences in case hospitalization and fatality regarding deprivation; however, 

they only considered population-based factors, disregarding individual ones. 

Additionally, Mateo-Urdiales et al. (2021) evaluated the variables’ level of education, 

employment, and living conditions, concluding that the impact of deprivation on COVID-

19 outcomes was heterogeneous across the target population. Mateo-Urdiales et al. 

(2021) suggested future studies considering individual-based factors. This study is 

important as it explored three distinct periods of the pandemic, allowing for a better 

evaluation of public health implementations by public health leaders and politicians. In 

my research, I extended Mateo-Urdiales et al.’s (2021) study by including immunization 

rate, another population-based factor, to enunciate the importance of vaccination and its 

potential effect on the association between SES and COVID-19 mortality. 
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 To evaluate the association between income inequality in Brazil and the risk of 

infection and death by COVID-19, Miranda et al. (2020) conducted an ecological study 

targeting the population of each state to look at the incidence and mortality rates of all 

states for comparison. Data were extracted from the Brazilian Institute for Geography and 

Statistics (IBGE), and Miranda et al. (2020) used the Gini coefficient as the primary 

independent variable to evaluate income inequality. The authors found high incidence 

and mortality rates of COVID-19 in areas with greater economic inequality, concluding 

that income inequality could play an important role in the impact of COVID-19 on the 

Brazilian population.  

Although Brazil established a unified health system known as Sistema Único de 

Saúde in 1988 (Ministry of Health, n.d.; Rocha et al., 2021), past studies have indicated 

that Brazil’s advances in healthcare are unequal within the country, being worse in 

groups socioeconomically disadvantaged (Barreto et al., 2011; Paim et al., 2011). 

Therefore, I would recommend future investigations on policies seeking improvements in 

the delivery of care aiming at unprivileged groups. Additional suggestions from Miranda 

et al. (2020) for further study were to identify the causal paths of results obtained. This 

study is essential as the authors provide information on Brazilian governmental databases 

that I can use. Whereas Miranda et al.’s (2020) focus was to examine, through space-time 

analyses, the association between Brazil’s economic disparities using only demographic 

density and income distribution and risk of COVID-19 infection and death, my research 

accounted for other variables, including education and employment, while considering 

for population’s demographics and immunization rate.     
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On a similar note, Rocha et al. (2021) examined the association between 

socioeconomic inequalities and vulnerabilities associated with health system 

preparedness and COVID-19 mortality rates across Brazilian regions in a secondary 

retrospective cohort study. Rocha et al. (2021) specifically looked at variables including 

COVID-19 mortality, the burden of chronic disease, housing, employment status, 

availability of hospital beds and staff, healthcare coverage, and social assistance, while 

adjusting for the population’s age. Additionally, Rocha et al. (2021) developed a 

socioeconomic vulnerability index based on data from housing and employment, as well 

as subcomponents, including income and education. Rocha et al. (2021) found that 

COVID-19 death rates and socioeconomic vulnerability were higher in North and 

Northeast regions while the South presented the lowest. The study is considerably 

extensive, with a vast number of independent variables in their analysis. Rocha et al. 

(2021) mentioned that limitations included measurement errors regarding confirmed 

deaths and administrative data, which could contain errors causing biased results. Rocha 

et al. (2021) concluded that the spread of the disease was affected mainly by patterns of 

socioeconomic vulnerability rather than population age and prevalence of health risk 

factors. They also found that death rates increased in areas with high socioeconomic 

vulnerability. Rocha et al. (2021) suggested that efforts to strengthen local-level public 

health responses should be made instead of only counting on central governmental 

actions. This study is important for information purposes as I also plan to explore how 

population socioeconomic characteristics relate to disease mortality. Rocha et al.’s (2021) 

study include a comprehensive list of variables, some of which are also present in my 
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research. However, I expanded our knowledge on the topic by accounting for other 

population demographic factors as well as immunization rate.         

There are significant differences in how the governments responded to the 

pandemic. According to Shadmi et al. (2020), in Brazil, the president encouraged the 

population not to follow public health guidelines, while in countries like China and Israel, 

the pandemic was successfully under control due to the population’s willingness to 

follow preventive practices and government preparedness healthcare responses. Other 

countries adopted relief measures, such as the United States, India, and Guatemala, to 

support small businesses and the most vulnerable population. In their study, Shadmi et al. 

(2020) reviewed 13 case studies from various countries to investigate the association 

between health equity and COVID-19 worldwide. Their intent was not to compare 

studies but rather to describe and discuss how health inequities have worsened the 

pandemic in some areas of the globe. This study brings an excellent overview of the 

event globally; however, it could be extended to a systematic review or meta-analysis. 

Although the authors do not compare the situation between countries, their study allows 

us to reflect on how each government prioritizes public health decisions and takes actions 

differently. This study is a warning of how governmental leaders must take action to fight 

socioeconomic, ethnic, and health disparities; therefore, this study is essential for 

information purposes as it provides an overview of the Brazilian government’s denialist 

approach, encouraging the population to neither follow preventive actions nor seek 

immunization. This information is essential to understanding Brazil’s vaccination rate 

explored herein. Additionally, the authors report information on racial and socioeconomic 
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inequality, and the provided references can serve as background information for my 

research.  

Based on this literature review, it can be observed that the authors agreed on the 

impact of SES on COVID-19 incidence and mortality, which changes based on 

populations’ demographic and geographic heterogeneity. There are, however, very few 

studies on the topic with their focus on Latin-American countries, and most have not 

accounted for the impact of populations’ immunization rate on disease mortality. 

Therefore, I intended to extend the research on the topic but with a focus on the larger 

and most diverse Latin-American population, exploring the potential association of SES 

on COVID-19 mortality across the country.   

Independent Variables 

Income  

As employment and education, the income variable relates to this study as it was a 

determinant used to assess socioeconomic inequality and the vulnerability of a 

population. Latin American countries, including Peru, Colombia, and Brazil, present a 

pronounced disparity in income distribution which can be associated with a lower degree 

of public health policy compliance, leading to an increase in the death rate of COVID-19 

(Martinez-Valle, 2021). Studies during the ongoing pandemic have shown, however, that 

this increase in mortality was not the result of income inequality alone but of a sum of 

other socioeconomic factors, including population density, education, employment, 

literacy, and housing, which have minimized the effectiveness of public health response 

(Bermudi et al., 2021; Mackenbach et al., 2017; Miranda et al., 2020; Martins-Filho et al., 
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2020; Rocha et al., 2021). Therefore, investigating the association between income and 

COVID-19 mortality while considering a population’s demographic and socioeconomic 

heterogeneity is fundamental to creating a broader perspective of the influence of each of 

these factors on the mortality rate of COVID-19. Strategies to reduce income inequality 

include expanding access to education that would increase employment opportunities to 

create a source of regular income (Miranda et al., 2020). 

Education  

The education variable relates to this study as it was a factor used to assess a 

population’s socioeconomic inequality and vulnerability. Studies have shown that areas 

with a higher number of school enrollments have a greater socioeconomic prestige as it 

can be associated with easier access to education by local individuals (Ribeiro et al., 

2017). In contrast, vulnerable areas have a lower offer of school enrollment, often 

insufficient to meet the demand, meaning that vulnerable individuals have less access to 

education (Bartholo et al., 2020; Ribeiro et al., 2017). Population education is an essential 

factor in the distribution of infectious diseases (Rattay et al., 2021). Studies have also 

shown that education level differs depending on other demographics. For instance, unlike 

most countries, in Brazil, women are more likely to attain tertiary education than men; 

however, they are less likely to find employment (OECD, 2021). Khanijahani et al. 

(2021), who also investigated the impact of education on COVID-19 incidence and 

mortality, found that minority groups are at greater risk of disease infection, 

hospitalization, and death. Clouston et al. (2021) suggested that in the absence of 

adequate social protection, people in areas of low SES need to be educated about the 
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potential for infections. The rationale for the study of the association between education 

and disease mortality is that lack of knowledge or access to information might indicate 

populations’ vulnerability and low-risk perception, increasing disease incidence and 

mortality (Barreto et al., 2021; Rattay et al., 2021).   

Employment 

The employment variable relates to this study as it was another factor used to 

assess socioeconomic inequality and the vulnerability of a population. Many authors have 

explored this variable as unemployment leads to loss of income and can lead to social and 

psychological suffering (Achdut et al., 2020; De Souza et al., 2020). According to the 

Brazilian Institute of Geography and Statistics (IBGE, 2022), during the second year of 

the pandemic, the average unemployment rate in Brazil was 13.2%, the second-highest 

rate since 2012 and three times higher compared to the unemployment rate in the United 

States (U.S. Bureau of Labor Statistics, n.d.). The rationale for studying the association 

between employment and disease mortality is that the Brazilian government has 

implemented many programs to fight infectious diseases; still these programs do not 

include actions to reduce socioeconomic inequality.        

Fundamental Causes Theory 

The theory that grounds this study is the fundamental causes theory (Link et al., 

1995). Through this theory, the authors attempted to explain the relationships between 

SES and health, as well as why social inequalities in health continue even with medical 

innovation and disease elimination (Chang et al., 2010; Riley, 2020). This theory includes 

two concepts showing the importance of social factors in disease causation. The first 
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concept is contextualizing individually based risk factors to evaluate why people become 

exposed to the disease. The second concept is the fundamental cause or determination of 

social conditions, such as SES, under which risk factors are related to the disease. This 

theory stems from Lieberson’s concept of basic causes developed in 1985, who proposed 

that changes in basic causes (factors responsible for generating a particular outcome) 

create a change in the outcome (Link et al., 1995). 

The connections between the framework presented and the nature of my study 

include Link and Phelan’s theoretical work to explain the association between population 

SES and COVID-19 mortality. According to this theory, SES works as a fundamental 

cause of the disease because (1) these factors allow individuals access to basic resources, 

including wealth, knowledge, skills, power, and social connections to avoid disease, and 

(2) SES affects multiple disease outcomes and risk factors through time (Chang et al., 

2010; Link et al., 1995). In this study, I focused on using the concept of fundamental 

cause or determination of socioeconomic conditions related to the COVID-19 mortality 

rates and the impact this had on the public’s ability to access essential resources that 

could produce health benefits to prevent disease.  

Overview of the Manuscripts 

After an exhaustive search of the literature, little information was found regarding 

the association between SES and COVID-19 mortality at different geographic levels in 

Brazil, while controlling for population demographic characteristics and immunization. 

To address the research questions in this quantitative study, the specific research design 

included a retrospective cohort design (Aschengrau et al., 2020) with COVID-19 
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mortality examined between the period of March 2020 to December 2021. This 

quantitative analysis should help determine if SES and other demographic characteristics 

correlate to COVID-19 mortality in Brazil. The three manuscripts, part of this study, 

contain analyses of the association between (1) average income and COVID-19 mortality 

rate; (2) education, measured by school enrollment, and COVID-19 mortality rate; and 

(3) employment rate and COVID-19 mortality rate. All associations were examined after 

controlling for variables, including race, age, sex, and immunization in Brazil.  

Although each of these factors (income, education, and employment) and their 

association with disease mortality were independently explored in each manuscript, it is 

more advantageous from a public health, political, and even administrative standpoint to 

study these factors in parallel so that more would be known about all the potential 

impacts these factors may cause on infectious disease spread nationwide. These 

indicators are the key factors in measuring SES (APA, 2022).  

In addition to the socioeconomic factors investigated in this study, the 

population’s demographic characteristics, including sex, age group, race, and 

immunization, were also considered to address the overall gap. Identifying and evaluating 

each of these social determinants of health and their influence, separately or concurrently, 

on the dynamics of COVID-19 in Brazil is of essential importance for determining the 

appropriate actions to deal with the pandemic and its repercussions (De Souza et al., 

2020). Figure 1 represents the possible parallel association between the three main 

independent variables defining the populations’ key socioeconomic factors (income, 

education, and employment) and the dependent variable COVID-19 mortality, while 
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controlling for the variables representing the population’s demographic characteristics 

(age, sex, and race), and immunization. Each hypothesis was tested in a separate 

manuscript to evaluate the effect of each SES factor on disease mortality during the 

pandemic; however, the conjunction of these manuscripts could allow us to better address 

the overall problem, COVID-19 mortality.  

Figure 1 

Scheme of Study Hypothesis, Variables, and Potential Associations for each Manuscript  

 
Manuscript 1 

The specific research problem that will be addressed through this manuscript is 

whether there is an association between the independent variable of average income and 

the dependent variable COVID-19 mortality rate, while controlling for variables related 

to race, age, sex, and immunization. The research question and hypotheses used to 

address the research problem are these:  
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Research Question for Manuscript 1 (RQM1): What is the association between 

average income and COVID-19 mortality rate at different geographic levels across Brazil 

after controlling for race, age, sex, and immunization rate? 

Null Hypothesis (H0): There is no statistically significant association between 

average income and COVID-19 mortality rate at different geographic levels across Brazil 

after controlling for race, age, sex, and immunization rate. 

Alternative Hypothesis (H1): There is a statistically significant association 

between average income and COVID-19 mortality rate at different geographic levels 

across Brazil after controlling for race, age, sex, and immunization rate. 

To address the research questions in this manuscript, the specific research design 

includes a retrospective cohort design (Aschengrau et al., 2020) with mortality rates 

examined between the period of March 2020 to December 2021. This quantitative 

analysis should help to determine if average income and population demographic 

characteristics are correlated to COVID-19 mortality in Brazil.  

Sources of Data 

The data sources used to find public dataset repositories were the Instituto 

Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of Geography and 

Statistics], and the Ministério da Saúde [Ministry of Health]. Therefore, access to public 

dataset repositories were needed to gather specific data points, including the number of 

deaths by COVID-19 and the population’s socioeconomic and demographic information. 

These data were obtained through access to governmental websites; however, because the 
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COVID-19 pandemic is an ongoing issue, not all data were available. Additionally, some 

datasets were not ready for analysis and present missing data.  

The monthly average income across the Brazilian population was used, and data 

were retrieved from the IBGE [Brazilian Institute of Geography and Statistics] website. 

Data on COVID-19 mortality were retrieved from the Secretaria de Vigilância em Saúde 

[Health Surveillance Secretariat], created by the Ministério da Saúde [Ministry of 

Health]. Data on population demographics, including race, age, and sex, were retrieved 

from the Tabnet – DATASUS - Ministério da Saúde [Ministry of Health]. Lastly, data on 

immunization were retrieved from the Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz 

Foundation].  

Since this is a population-based study, aggregated data from different geographic 

levels, including region, state, and capitals, were used for all dependent, independent, and 

control variables. For this study, convenience sampling was used (Warner, 2013). Based 

on the data retrieved for each geographic level during the first two years of the pandemic, 

the convenience sample size for regions is 10, for states is 54, and for capitals is 54. 

Additionally, information on individual-based data was used to show death distribution 

throughout the first years of the pandemic according to race, age group, sex, and 

geographic region, but were used as information only and not used to answer the study 

research question.     

Manuscript 2  

The specific research problem that will be addressed through this manuscript is 

whether there is an association between the independent variable of education measured 
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by school enrollment rate and the dependent variable COVID-19 mortality rate, while 

controlling for variables related to race, age, sex, and immunization. The research 

question and hypotheses used to address the research problem are these:  

Research Question for Manuscript 2 (RQM2): What is the association between 

education and COVID-19 mortality rate at different geographic levels across Brazil after 

controlling for race, age, sex, and immunization rate? 

Null Hypothesis (H0): There is no statistically significant association between 

education and COVID-19 mortality rate at different geographic levels across Brazil after 

controlling for race, age, sex, and immunization rate. 

Alternative Hypothesis (H1): There is a statistically significant association 

between education and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate. 

To address the research questions in this manuscript, the specific research design 

includes a retrospective cohort design (Aschengrau et al., 2020) with mortality rates 

examined between the period of March 2020 to December 2021. This quantitative 

analysis should help to determine if education and a population’s demographic 

characteristics are correlated to COVID-19 mortality in Brazil. 

Sources of Data 

The data source used to find public dataset repositories were the Ministério da 

Saúde [Ministry of Health]. Therefore, access to public dataset repositories were needed 

to gather specific data points, including the number of deaths by COVID-19 and the 

population’s socioeconomic and demographic information. These data were obtained 
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through access to governmental websites; however, because the COVID-19 pandemic is 

an ongoing issue, not all data were available. Additionally, some datasets were not ready 

for analysis and presented missing data.  

Education data (school enrollment) were retrieved from the Ministério da 

Educação [Ministry of Education] website. Data on COVID-19 mortality were retrieved 

from the Secretaria de Vigilância em Saúde [Health Surveillance Secretariat] created by 

the Ministério da Saúde [Ministry of Health]. Data on population demographics, 

including race, age, and sex, were retrieved from the Tabnet – DATASUS - Ministério da 

Saúde [Ministry of Health]. Lastly, data on immunization were retrieved from the 

Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz Foundation].  

Since this is a population-based study, aggregated data from different geographic 

levels including region, state, and capitals were used for all dependent, independent, and 

control variables. For this study, convenience sampling was also used (Warner, 2013). 

Based on the data retrieved for each geographic level during the first two years of the 

pandemic, the convenience sample size for regions is 10, for states is 54, and for capitals 

is 54. Additionally, some information on individual-based data was still used to show 

death distribution throughout the first years of the pandemic according to race, age group, 

sex, and geographic region, but were used as information only and not to answer the 

study research question.  

Manuscript 3  

The specific research problem that will be addressed through this manuscript is 

whether there is an association between the independent variable employment rate and 
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the dependent variable COVID-19 mortality rate while controlling for variables related to 

race, age, sex, and immunization. The research question and hypotheses used to address 

the research problem are as follows.  

Research Question for Manuscript 3 (RQM3): What is the association between 

employment rate and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate? 

Null Hypothesis (H0): There is no statistically significant association between 

employment rate and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate. 

Alternative Hypothesis (H1): There is a statistically significant association 

between employment rate and COVID-19 mortality rate at different geographic levels 

across Brazil after controlling for race, age, sex, and immunization rate. 

To address the research questions in this manuscript, the specific research design 

included a retrospective cohort design (Aschengrau et al., 2020) with mortality rates 

examined between the period of March 2020 to December 2021. This quantitative 

analysis should help to determine if employment and population’s demographic 

characteristics are correlated to COVID-19 mortality in Brazil. 

Sources of Data 

The data sources used to find public dataset repositories were the Instituto 

Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of Geography and 

Statistics] and the Ministério da Saúde [Ministry of Health]. Access to public dataset 

repositories was needed to gather specific data points, including the number of deaths by 
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COVID-19 and the population’s socioeconomic and demographic information. These 

data were obtained through access to governmental websites; however, because the 

COVID-19 pandemic is an ongoing issue, not all data were available. Additionally, some 

datasets were not ready for analysis and presented missing data.  

Employment data were retrieved from the Instituto Brasileiro de Geografia e 

Estatistica (IBGE) [Brazilian Institute of Geography and Statistics]. Data on COVID-19 

mortality were retrieved from the Secretaria de Vigilância em Saúde [Health Surveillance 

Secretariat] created by the Ministério da Saúde [Ministry of Health]. Data on population 

demographics, including race, age, and sex, were retrieved from the Tabnet – DATASUS 

- Ministério da Saúde [Ministry of Health]. Lastly, data on immunization were retrieved 

from the Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz Foundation].  

Since this is a population-based study, aggregated data from different geographic 

levels, including region, state, and capitals were used for all dependent, independent, and 

control variables. For this study, convenience sampling was used (Warner, 2013). Based 

on the data retrieved for each geographic level during the first two years of the pandemic, 

the convenience sample size for regions is 10, for states is 54, and for capitals is 54. 

Additionally, information on individual-based data was still used to show death 

distribution throughout the first years of the pandemic according to race, age group, sex, 

and geographic region, but were used as information only and not used to answer the 

study research question. 
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Significance 

The findings from this study could provide information on the effects of the 

population’s socioeconomic factors on COVID-19 mortality across Brazil, empowering 

policymakers, political and public health leaders, and public health practitioners to work 

on ways to monitor, prevent, and manage disease spread. By knowing about the 

socioeconomic and demographic impact on disease mortality, preventive measures and 

public health guidelines can be developed and implemented accordingly. By filling a gap 

in the impact of SES on COVID-19 mortality in Brazil, leaders and public health 

professionals could be better equipped to control and prevent rapid disease spread and the 

likelihood of future pandemics.  

The results of this study can demonstrate critical information used to develop 

protocols for monitoring, prevention, and control. With these results, public health 

practitioners could justify the needed attention to the distribution of resources required 

during the pandemic and preventive measures, including social distancing, the use of 

masks, and lockdowns (Talic et al., 2021). This is critical in reducing the spread of the 

virus within the Brazilian population, decreasing the mortality rate, and reducing the 

number of COVID-19 incidences in Brazil. Considering that Brazil is a country of high 

economic and demographic disparities, the social change implications of this study may 

include a potential increase in people’s opportunities for socioeconomic equality. A 

decrease in the COVID-19 mortality rate will also allow Brazilians a gradual transition 

toward normalcy. 
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Summary 

Brazil has a considerably high COVID-19 mortality rate, which may be associated 

with the population’s SES and demographic characteristics. This quantitative study aimed 

to investigate the association between average income, education, employment rate, and 

of COVID-19 mortality rate after controlling for race, age, sex, and immunization rate. 

The theory that grounds this study is the fundamental causes theory. For my research 

design, I accessed public dataset repositories to obtain data on COVID-19 mortality and 

the population’s demographic and socioeconomic characteristics.  

These data were accessed from governmental websites. A power analysis was 

conducted to determine the sample size suitable to detect the effect of the statistical test 

used at the established level of significance. Limitations, challenges, and barriers relevant 

to this research study, particularly during secondary data retrieval from public dataset 

repositories, were (a) working with relatively large datasets; (b) finding suitable datasets 

that align with the study’s research questions; (c) because the COVID-19 pandemic is an 

ongoing issue, not all data were available; (d) some datasets were not ready for analysis, 

and (e) some datasets present missing data.  
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Outlet for Manuscript 

The manuscript on income and COVID-19 mortality in Brazil will be submitted to 

the American Journal of Public Health, https://ajph.aphapublications.org/. The journal 

requires the original research results reported in up to 3500 words in the text, a structured 

abstract, up to four tables and figures combined, and no more than 35 free references. The 

journal also requires AMA formatting with 1.5 or double spacing and font size of 12. The 

American Journal of Public Health is aligned with the mission to advance public health 

research, policy, practice, and education. The present manuscript can provide valuable 

insights for public health practitioners and policymakers, allowing them to evaluate the 

association between public demographics, income inequalities, and COVID-19 mortality 

across Brazil.      
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Abstract 

Objective. To investigate the association between the Brazilian population’s income and 

COVID-19 mortality while controlling for variables related to race, age, sex, and 

immunization.  

Methodology. In this retrospective study, average income data were retrieved from the 

Brazilian Institute of Geography and Statistics; COVID-19 mortality data were retrieved 

from the Health Surveillance Secretariat; population demographics data including race, 

age, and sex, were retrieved from the Ministry of Health; and immunization data were 

retrieved from the Oswaldo Cruz Foundation. All data were analyzed at region, state, and 

capital-levels using multiple linear regression on IBM SPSS Statistics version 27. 

Results. The findings suggest a statistically significant association between income and 

COVID-19 mortality at the state and capital levels (p=0.026 and p=0.003, respectively). 

At a state level, for each unit increase in average income, an increase of 0.035 in COVID-

19 death per 100,000 people can be predicted, while at a capital level, a decrease of 0.077 

in COVID-19 death per 100,000 people can be predicted. Variables related to race, age, 

sex, and immunization were used as control variables. Results show that the model is 

invalid to predict COVID-19 mortality from income at the regional level. 

Conclusion. To better explore the influences of income on COVID-19 mortality, further 

research is recommended with both individual and population-based approaches. Since 

COVID-19 is an ongoing pandemic, it is likely that more accurate results will only be 

obtained with post-pandemic data. 

 

Keywords: COVID-19 mortality, income, Brazil. 
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Introduction 

Brazil’s income inequality is considerably high compared to international 

standards, which could affect the public’s ability to access healthcare resources to prevent 

and control disease spread (Miranda et al., 2020; OECD, 2020; Rocha et al., 2021). The 

issue that prompted me to search the literature is how the Brazilian population 

experienced a significantly high COVID-19 mortality rate, which could be associated 

with the population’s socioeconomic disparities (Miranda et al., 2020). Based on this 

issue, I evaluated the association income could have on COVID-19 mortality in Brazil, 

while accounting for the population’s race, age, sex, and immunization. 

The significance of this study lies in the fact that its findings could help public 

health practitioners, politicians, and policymakers to target the areas in the country where 

this association is more significant and focus on developing and implementing strategies 

for better income distribution among groups socioeconomically disadvantaged. The 

concepts of the fundamental causes theory were used herein as it relates to the COVID-19 

mortality rate and the effect it has on the public’s ability to access essential resources that 

could produce health benefits to prevent disease (Link et al., 1995). This topic can make 

an original contribution to the research community, considering that the social change 

implications of this study may include a potential increase in opportunities for income 

distribution equality for Brazilians and, consequently, a possible decrease in the COVID-

19 mortality rate; this would allow each region in the country a gradual transition toward 

normalcy. Additionally, income distribution equality would potentially decrease poverty 

and improve housing conditions to individuals and their families, enabling better 
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infection control within households (Martins-Filho et al., 2020). Thus, my purpose was to 

investigate whether this association exists in Brazil, while controlling for the population’s 

demographics and immunization.       

Researchers have indicated that Brazil’s advances in healthcare are unequal across 

the country, being worse in groups socioeconomically disadvantaged (Barreto et al., 

2011; Paim et al., 2011). Rocha et al. (2021) examined the association between 

population vulnerability, health system preparedness, and COVID-19 mortality rates and 

found that COVID-19 death was higher where the socioeconomic vulnerability was more 

elevated. Although there are studies on the association between socioeconomic disparities 

and disease mortality, there is still limited evidence regarding income inequality and its 

impact on COVID-19 mortality in Latin-American countries, including Brazil. Thus, this 

gap needs to be studied. 

Research Question & Hypotheses 

This quantitative study addresses the following research question:  

Research Question for Manuscript 1 (RQM1): What is the association between 

average income and COVID-19 mortality rate at different geographic levels across Brazil 

after controlling for race, age, sex, and immunization rate? 

Based on the research question, the following hypotheses were formulated:  

Null Hypothesis (H0): There is no statistically significant association between 

average income and COVID-19 mortality rate at different geographic levels across Brazil  

after controlling for race, age, sex, and immunization rate.  
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Alternative Hypothesis (H1): There is a statistically significant association 

between average income and COVID-19 mortality rate at different geographic levels 

across Brazil after controlling for race, age, sex, and immunization rate.  

The rationale for this research question is to evaluate if Brazil’s high-income 

inequality can adversely affect COVID-19 mortality. Moreover, there were few studies 

exploring this association in adjunction with immunization and other demographic 

factors. Therefore, to address the research question, this research included a retrospective 

cohort design (Aschengrau et al., 2020) with mortality rates examined between the period 

of March 2020 to December 2021. This quantitative analysis should help to determine if 

income, population demographic characteristics, and population immunization are 

correlated to COVID-19 mortality in Brazil.  

Methodology 

Study Population 

The target population for this study include Brazilian individuals with different 

demographic and geographic characteristics, including race (White, African origin, and 

Mixed), age (0-14, 15-49, and 50-80 years old), sex (male and female), and 

immunization. Public dataset repositories were used for this research design to obtain 

data on the COVID-19 mortality population’s socioeconomic, demographic, and 

geographic characteristics. Since this is a population-based study, aggregated data from 

different geographic levels, including region, state, and capitals were used for all 

dependent, independent, and control variables. For this study, convenience sampling was 

used (Warner, 2013). Based on the data retrieved for each geographic level during the 
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first two years of the pandemic, the convenience sample size for regions is 10, for states 

is 54, and for capitals is 54. Additionally, information on individual-based data was still 

used to show death distribution throughout the first years of the pandemic according to 

race, age group, sex, and geographic region, but were used as information only and not to 

answer the study research question. 

Variables  

The variables of this study include the following.  

Independent variable (IV):  

• Average Income: Monthly average income values in Brazilian currency from 

different geographic levels (regional, state, and capital levels) were used as found 

in the data source.  

Dependent variable (DV):  

• COVID-19 mortality rate: The mortality rate was calculated for different 

geographic areas by dividing the number of deaths from COVID-19 in each area 

by the number of people in the population, then multiplied by 100,000.    

Control variables (CV1 – CV8):  

• White population: Numbers in percentage. The percentage of the White 

population was calculated for different geographic areas by dividing the number 

of White people in each area by the number of people in the population, then 

multiplied by 100.   

• African origin population: Numbers in percentage. The percentage of the African-

origin population was calculated for different geographic areas by dividing the 
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number of African-origin people in each area by the number of people in the 

population, then multiplied by 100.   

• Mixed-race population: Numbers in percentage. The percentage of the Mixed-race 

population was calculated for different geographic areas by dividing the number 

of Mixed-race people in each area by the number of people in the population, then 

multiplied by 100.   

• Population between 0-14 years old: Numbers in percentage. The percentage of the 

0-14 years old population was calculated for different geographic areas by 

dividing the number of 0-14 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 15-49 years old: Numbers in percentage. The percentage of 

the 15-49 years old population was calculated for different geographic areas by 

dividing the number of 15-49 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 50-80 years old: Numbers in percentage. The percentage of 

the 50-80 years old population was calculated for different geographic areas by 

dividing the number of 50-80 years old people in each area by the number of 

people in the population, then multiplied by 100.    

• Male population: Numbers in percentage. The percentage of the male population 

was calculated for different geographic areas by dividing the number of male 

people in each area by the number of people in the population, then multiplied by 

100.    
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• Immunization rate: Number in percentage. A higher percentage indicates a higher 

immunization. Actual percentage values from different geographic levels 

(regional and state levels) were used as found in the data source There were no 

codes from missing data. 

Sources of Data 

Data on average income per geographic location from 2020 and 2022 were 

accessed on September 18, 2022, from the publicly available dataset repository below: 

• Instituto Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of 

Geography and Statistics]. 

Data on COVID-19 mortality per geographic location from March 2020 through 

December 2021 were accessed on September 18, 2022, from the publicly available 

dataset repository below: 

• Secretaria de Vigilância em Saúde [Health Surveillance Secretariat], created 

by the Ministério da Saúde [Ministry of Health].  

Data on the population’s demographics, including race, age, and sex per 

geographic location from 2020 and 2021, were accessed on September 18, 2022, from the 

publicly available dataset repositories below:  

• Instituto Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of 

Geography and Statistics]. 

• Tabnet – DATASUS - Ministério da Saúde [Ministry of Health]. 

Data on the population’s immunization (or percentage of population vaccinated 

with the second dose) per geographic location from March 2021 through September 2022 
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were accessed on September 18, 2022, from the publicly available dataset repository 

below:  

• Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz Foundation]. 

Access to these dataset repositories were needed to gather specific data points, 

including the number of deaths by COVID-19 at regional, state and capital-levels, as well 

as the population’s socioeconomic and demographic information. To minimize potential 

issues regarding the use of secondary data, datasets were screened for errors, outliers, 

inconsistencies, and missing values prior to analysis. Identified errors in the datasets were 

reported in the discussion section.  

Validity and Reliability of Data 

Internal validity, which is “the degree to which the results of the study can be 

used to make causal inferences,” is often weak in non-experimental studies (Warner, 

2013). To increase internal validity by limiting the influence of confounding, a series of 

control variables related to race, age, sex, and immunization were included in the 

analysis. Additionally, regression analyses were performed separately at each geographic 

level (region, state, and capital) to avoid violation of internal validity. On the other hand, 

external validity, the “degree to which the study’s results can be generalized” (Warner, 

2013), could be considered high in this study as the data used represent a large and 

heterogeneous population (Oliveira, 2020). 

The reliability of secondary data depends on the sources from which the data were 

obtained. Datasets from government sources are often reputable; however, data screening 

is still recommended to identify errors and inconsistencies (Warner, 2013). The datasets 
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used in this study were retrieved from Brazilian governmental websites listed in the 

previous section. Also, data were reviewed before analysis to ensure the accuracy of data 

transcription.   

Design and Analysis 

A multiple linear regression (MLR) analysis was performed using IBM SPSS 

Statistics version 27 to determine the association between average income and COVID-

19 mortality rate at different geographic levels across Brazil after controlling for 

variables related to race, age, sex, and immunization rate. Multiple linear regression 

(MLR) is a statistical technique often used to evaluate the relationship between one 

continuous dependent variable and multiple continuous or categorical independent 

variables (Warner, 2013).  

Although aggregated data (population-based data) were accessed and used in the 

primary statistical analysis (MLR) to answer the research question previously elaborated, 

individual-based data on COVID-19 mortality and population demographics, including 

race, age, sex, and region, were used to evaluate death distribution in the country during 

the first two years of the pandemic. Additionally, descriptive statistical analyses were 

performed on the COVID-19 mortality rate and average income variables. Lastly, prior to 

the performance of the primary analysis, assumptions for MLR were tested. Table 1 and 

Figure 2 summarize of the proposed analytical test plan and justification.   
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Table 1 

Proposed Analytical Test Plan and Justification 

Variable Type of variable Multiple Linear Regression (MLR) Death Distribution Evaluation 

COVID-19 Mortality rate 1 Dependent Variable DV (Scale) 

Using a population-based dataset and 

including all variables listed, multiple 

linear regression analyses were 

performed to determine the 

association between income and 

COVID-19 mortality while controlling 

for the population’s demographic 

characteristics and immunization. 

MLR is an appropriate test 

considering that the dependent 

variable (disease mortality) and the 

independent variable (average income) 

are continuous variables, and the 

control variables are scale (Warner, 

2013). Assumptions tested: Normality, 

linearity, homoscedasticity, and 

multicollinearity. In these analyses, all 

variables listed were used. 

An individual-based 

dataset was created using 

only COVID-19 mortality 

and population 

demographics, including 

race, age, sex, and region, 

to evaluate death 

distribution in the country 

during the first two years 

of the pandemic. Data not 

used to test study 

hypothesis. Analyses 

were done for information 

only. 

Average Income 1  Independent Variables IV1 (Scale) 

Percentage of White population Control Variable CV1 (Scale) 

Percentage of African origin 

population 
Control Variable CV2 (Scale) 

Percentage of Mixed-race 

population 
Control Variable CV3 (Scale) 

Percentage of Population between 

0-14 Years Old 
Control Variable CV4 (Scale) 

Percentage of Population between 

15-49 Years Old 
Control Variable CV5 (Scale) 

Percentage of Population between 

50-80 Years Old 
Control Variable CV6 (Scale) 

Percentage of Male Population Control Variable CV7 (Scale) 

Percentage of Immunized 

Population 
Control Variable CV8 (Scale) 

Note. 1 Descriptive statistical analysis were performed on the COVID-19 mortality rate and average income variables. 
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Figure 2 

Scheme of Data Flow and Regression Analyses for Manuscript 1  

  
Note. Regression analyses were performed at each geographic level (region, state, and capital) to avoid internal validity.  

Data repositories: Brazilian 
governmental websites 

Population-based data on COVID-19 
mortality, income, and population 

demographics (race, age, and sex) and 
immunization rate used for regression 
analyses at different geographic levels 
(region, state, and capital). Data used 

to test study hypothesis.

MLR1 at the region level (N=10)

IV1: Average Income + CV1-CV8

DV: COVID-19 Mortality rate

MLR2 at the state level (N=54)

IV1: Average Income + CV1-CV8

DV: COVID-19 Mortality rate

MLR3 at the capital level (N=54)

IV1: Average Income + CV1-CV8

DV: COVID-19 Mortality rate

Individual data were used to evaluate 
death distribution in the country 

during the first two years of 
pandemic. Evaluation done for 

information only. Data not used to 
test study hypothesis.
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Results 

The study was conducted by retrieving population-based data on COVID-19 

mortality, average income, and population demographics, including race, age, and sex, as 

well as immunization rate from Brazilian governmental websites, and further analyzing it 

at different geographic levels (see Figure 2) using a multiple linear regression model on 

IBM SPSS software. The population-based data was used to create a dataset containing 

all information for the regression analyses, to test the hypothesis, and answer the research 

question, that is, if an association between income and COVID-19 mortality exists at 

different geographic levels in Brazil. The same data was used to further create an 

individual-based dataset only on COVID-19 mortality and population demographics to 

investigate the death distribution during the first two years of the pandemic. 

Most data needed for the analyses were retrieved without issues, except for the 

immunization data, which were not available at the capital level; therefore, this variable 

was not included in the regression analysis for this level. Additionally, as vaccination 

campaigns started on January 2021 in Brazil, the data retrieved for this variable are from 

2021 and 2022. It is also important to note that the regression at the national level was not 

performed due to the small sample size. 

Descriptive Statistics for COVID-19 Mortality 

After running a descriptive statistics analysis on the variable COVID-19 

mortality, it was observed that among the 27 states during 2 years of the pandemic (N= 

54), the COVID-19 mortality rate ranged from 0.063% to 0.284% at the state level. The 

three measures of central tendency for this variable were mean equals 0.14% (M = 0.14), 
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median equals 0.13% (Median = 0.13), and mode equals 0.063% (Mode = 0.063) with a 

standard deviation equal 0.058 (SD = 0.058). The skewness and kurtosis of this 

distribution (0.816 and -0.284, respectively) suggest that the distribution deviates from 

normality and is positively skewed (Table 2 and Figure 3). In Figure 3, the variability or 

measure of spread distribution of the COVID-19 mortality rate was 0.18% to 0.10%; 

outliers were not identified.  

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the 2 years of the pandemic (N= 54), the COVID-19 mortality rate ranged 

from 0.107% to 0.519% at the capital level. The three measures of central tendency for 

this variable were mean equals 0.25% (M = 0.25), median equals 0.23% (Median = 0.23), 

and mode equals 0.107% (Mode = 0.107) with standard deviation equals 0.094 (SD = 

0.094). The skewness and kurtosis of this distribution (0.325 and -0.886, respectively) 

suggest that the distribution deviates from normality and is slightly positively skewed 

(Table 2 and Figure 4). In Figure 4, the variability or measure of spread distribution of 

the COVID-19 mortality rate was 0.28% to 0.18%; outliers were identified. 
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Table 2 

Statistics of COVID-19 Mortality at State and Capital-levels 

     State-level  Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 0.14169 0.24528 

Median 0.12622 0.23056 

Mode 0.0631 0.107 1 

Std. Deviation 0.058010 0.093895 

Variance 0.003 0.009 

Skewness 0.816 0.989 

Std. Error of Skewness 0.325 0.325 

Kurtosis -0.284 0.886 

Std. Error of Kurtosis 0.639 0.639 

Range 0.221 0.411 

Minimum 0.063 0.107 

Maximum 0.284 0.519 

Percentiles 25 0.10052 0.18157 

50 0.12622 0.23056 

75 0.18464 0.28142 

Note. Statistics were performed at state and capital levels for the first two years of the 

pandemic. For that, the Frequencies function in SPSS was used to observe Percentile values, 

Central Tendency, Dispersion, and sample Distribution. 1 Multiple mode exist. The smallest 

value is shown. 
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Figure 3 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at State-

level 

 
     Note. No outliers were identified. 

 
Figure 4 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at Capital-

level 

 
     Note. Outliers were identified.   
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Descriptive Statistics for Income 

After running a descriptive statistics analysis on the variable income, it was 

observed that among the 27 states during two years of the pandemic (N= 54), the income 

average ranged from 1595,00 to 4624,00 in Brazilian currency at the state level. The 

three measures of central tendency for this variable were mean equals 2448,33 (M = 

2448.33), median equals 2321,50 (Median = 2321.50), and mode equals 1595,00 (Mode 

= 1595.00) in Brazilian currency, with a standard deviation equals 654.5 (SD = 654.5). 

The skewness and kurtosis of this distribution (1.373 and 2.319, respectively) suggest 

that the distribution deviates from normality and is positively skewed (Table 3 and Figure 

5). In Figure 5, outliers were identified using a boxplot, and the variability or measure of 

spread distribution of the average income is 2780,00 to 1935,75 in Brazilian currency.      

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the two years of the pandemic (N= 54), the income average ranged from 

2130,00 to 5129,00 in Brazilian currency at the capital level. The three measures of 

central tendency for this variable were mean equals 3230,02 (M = 3230.02), median 

equals 2997,50 (Median = 2997.50), and mode equals 2130 (Mode = 2130) in Brazilian 

currency, with standard deviation equals 821.2 (SD = 821.2). The skewness and kurtosis 

of this distribution (0.685 and -0.759, respectively) suggest that the distribution deviates 

from normality and is positively skewed (Table 3 and Figure 6). In Figure 6, the 

variability or measure of spread distribution of the average income was 3920,25 to 

2497,75 in Brazilian currency; outliers were not identified. Note that for both descriptive 
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analyses, the high value of variance (the square root of the standard deviation) may 

indicate highly scattered data around the mean.  

 

Table 3 

Statistics of Average Income at State and Capital-levels 

  State-level Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 2448.33 3230.02 

Median 2321.50 2997.50 

Mode 1595a 2130a 

Std. Deviation 654.530 821.168 

Variance b 428410.038 674317.113 

Skewness 1.373 0.685 

Std. Error of Skewness 0.325 0.325 

Kurtosis 2.319 -0.759 

Std. Error of Kurtosis 0.639 0.639 

Range 3029 2999 

Minimum 1595 2130 

Maximum 4624 5129 

Percentiles 25 1935.75 2497.75 

50 2321.50 2997.50 

75 2780.00 3920.25 

Note. Statistics were performed at state and capital levels for the first two years of the 

pandemic. For that, the Frequencies function in SPSS was used to observe further Percentile 

values, Central Tendency, Dispersion, and sample Distribution. a. Multiple modes exist. The 

smallest value is shown. b. Note that for both descriptive analyses, the high value of variance 

(the square root of the standard deviation) may indicate highly scattered data around the mean. 
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Figure 5 

Boxplot Graph Representing a Positively Skewed Distribution of Average Income at State-level 

 
     Note. Outliers were identified.  

 
Figure 6 

Boxplot Graph Representing a Positively Skewed Distribution of Average Income at Capital-level 

 
     Note. No outliers were identified. 
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Assumptions of Multiple Linear Regression  

The assumptions tested for the MLR analyses were normality, linearity, 

homoscedasticity, and multicollinearity. Normality was tested by observing the Normal 

P-P Plot, linearity and homoscedasticity were tested by observing the scatterplot of 

residuals, and multicollinearity was tested by observing the variance inflation factor 

(VIF) obtained from the coefficient table in the SPSS output. Additionally, the 

independence of residuals was tested by observing the Durbin-Watson value. Outliners 

were tested by looking for data points that were far from the regression line.     

Table 4 summarizes the results for the assumptions of the multiple linear 

regression analyses. Note that the passing criterion set for normality was that residuals 

should be normally distributed. The passing criterion for linearity was that residuals 

should have a straight-line relationship with predicted DV scores. The passing criterion 

for homoscedasticity was that VIF values should be less than 10 (VIF<10). The passing 

criterion for the independence of residuals is that plotted standardized residuals are 

randomly scattered. The passing criterion for multicollinearity was that Durbin-Watson 

values should be between 1.5 – 2.5 (approximate values were acceptable). Overall, the 

results show that except for linear regression at the region-level, none of the assumptions 

were violated. Although not relevant, significant results of the analysis at the regional 

level were still reported in this study.         
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 Table 4 

Results of Assumptions of Multiple Linear Regression for Manuscript 1 

Level 

Regression/IV 

and DV 

  

Normality 

 

(passing criterion 

is that residuals 

should be normal 

distributed) 

 

(Pass or fail 

criterion) 

Linearity 

 

(passing criterion 

is that residuals 

should have a 

straight-line 

relationship with 

predicted DV 

scores) 

 

(Pass or fail 

criterion) 

Homoscedasticity 

 

(passing criterion is 

that plotted 

standardized 

residuals are 

randomly scattered) 

 

(Pass or fail 

criterion) 

Multicollinearity 

 

(passing criterion 

is VIF <10) 

 

(Pass or fail 

criterion) 

Independence of 

Residuals  

 

(passing criterion is 

Durbin-Watson values 

between 1.5-2.51 

 

(Pass or fail criterion) 

Outliers  

 

(passing criterion is 

absence of outliers) 

 

(Pass or fail 

criterion) 

Region 

Regression 1 

(Average 

Income and 

COVID-19 

mortality) 

Fail Fail Fail Fail Fail Pass 

State 

Regression 2 

(Average 

Income and 

COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Capital 

Regression 3 

(Average 

Income and 

COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Note. 1Approximate values are acceptable. 2 Failed for two non-significant variables. 
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Results of Multiple Linear Regression  

To approach the association between average income and COVID-19 mortality in 

Brazilian regions, a multiple linear regression analysis was conducted to evaluate the 

prediction of COVID-19 mortality rate from income while controlling for variables 

related to the population’s race, age, sex, and immunization rate (see list of variables 

included in the Design and Analysis section). Preliminary analyses were conducted to 

assess the assumptions of normality, linearity, homoscedasticity, multicollinearity, 

independence of residuals, and outliers. Violations were noted, indicating that the model 

is invalid in predicting COVID-19 mortality at the regional level (see Table 4). 

Therefore, regression results for this level were not reported as they cannot be used to 

interpret the data correctly.  

The same approach was taken to evaluate the association between average 

income and COVID-19 mortality rate in Brazilian states. A multiple linear regression 

analysis was conducted to evaluate the prediction of COVID-19 mortality rate from 

income while controlling for variables related to the population’s race, age, sex, and 

immunization rate (see control variables listed in Table 5). Preliminary analyses were 

conducted to assess the assumptions of normality, linearity, homoscedasticity, 

multicollinearity, independence of residuals, and outliers. No violations were noted (see 

Table 4). The multiple linear regression analysis results revealed that at the state level, a 

significant regression equation was found F(8, 45)=4.565, p<0.001), with an R2 of 0.448. 

Table 5 summarizes the results of the regression performed, showing that, at the state 

level, for each unit increase in average income, measured in Brazilian currency, we can 
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predict an increase of 0.035 in COVID-19 death per 100,000 people. Income is a 

significant predictor of COVID-19 mortality (p=0.026) while controlling for variables 

related to the population’s race, age, sex, and immunization rate. 

Lastly, to approach the association between income and COVID-19 mortality in 

Brazilian capitals, a multiple linear regression analysis was conducted to evaluate the 

prediction of COVID-19 mortality rate from income while controlling for variables 

related to the population’s race, age, and sex (see control variables listed in Table 6). 

Preliminary analyses were conducted to assess the assumptions of normality, linearity, 

homoscedasticity, multicollinearity, independence of residuals, and outliers. No 

violations were noted (see Table 4). The multiple linear regression analysis results 

revealed that at the capital level, a significant regression equation was found F(7, 46) 

=2.555, p=0.026), with an R2 of 0.280. Table 6 summarizes the regression results 

performed, showing that at the capital level, for each unit increase in average income, 

measured in Brazilian currency, we can predict a decrease of 0.077 in COVID-19 death 

per 100,000 people. Income is a significant predictor of COVID-19 mortality (p=0.003) 

while controlling for variables related to the population’s race, age, and sex. 
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Table 5 

SPSS Output: Regression Analysis of Income and COVID-19 Mortality at State-level     

Coefficients 

Model 

   Unstandardized Coeff. Standardized 

Coeff. β t p 

95% CI for B 

B SE LL UL 

1 

(Constant) -407.180 818.775   -0.497 0.621 -2056 1242 

Average income1 0.035 0.015 0.397 2.302 0.026 -0.004 0.066 

% Male population2  19.190 10.327 0.327 1.858 0.070 -1.610 39.990 

% Population between 0-14 years2  4.752 5.326 0.243 0.892 0.377 -5.975 15.479 

% Population between 15-49 years2  -9.173 6.867 -0.311 -1.336 0.188 -23.005 4.658 

 % White population2 -389.826 415.916 -1.199 -0.937 0.354 -1228 448 

% African Origin population2 -273.592 493.849 -0.135 -0.554 0.582 -1268 721 

% Mixed-race population2 -297.887 435.277 -0.819 -0.684 0.497 -1175 579 

% Immunized population2  3.450 0.808 0.702 4.269 <0.001 1.822 5.078 

Note. 1. Predictor variable 2. Control variables.  

Regression model using the total number of deaths from COVID-19 per 100,000 people at the state-level in Brazil. 
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Table 6 

SPSS Output: Regression Analysis of Income and COVID-19 Mortality at Capital-level     

Coefficients  

Model 

Unstandardized Coeff. Standardized 

Coeff. β  t p 

95% CI for B 

B SE LL UL 

1 

(Constant) 
2088 1799 

 
1.161 0.252 -1533 5709 

Average income1 -0.077 0.024 -0.677 -3.178 0.003 -0.126 -0.028 

% Male population2  29.494 13.455 0.451 2.192 0.033 2.410 56.577 

% Population between 0-14 years2  -11.498 8.625 -0.333 -1.333 0.189 -28.859 5.863 

% Population between 15-49 years2  -22.484 8.317 -0.649 -2.704 0.010 -39.225 -5.774 

 % White population2 -1555 1440 -2.851 -1.080 0.286 -4453 1343 

% African Origin population2 -1576 1483 -0.764 -1.062 0.294 -4561 1409 

% Mixed-race population2 -1517 1453 -2.560 -1.044 0.302 -4442 1408 

Note. 1. Predictor variable 2. Control variables.  

Data on immunization was not available at capital-level; therefore, it was not included in this regression.  

Regression model using the total number of deaths from COVID-19 per 100,000 people at the capital-level in Brazil. 
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Distribution of COVID-19 Death  

Between March 2020 and December 2021, the Secretaria de Vigilância em Saúde 

[Health Surveillance Secretariat], created by the Ministério da Saúde [Ministry of 

Health], reported 634,695 deaths by COVID-19, being 212,706 deaths in 2020 and 421, 

989 deaths in 2021. The number of deaths caused by COVID-19 during these first two 

years of the pandemic corresponds to 18.8% of all deaths in the country in the same 

period, and the COVID-19 mortality rate observed was 297.5 deaths per 100,000 people 

in all age groups. The distribution of the casualties according to age groups, sex, race, 

and Brazilian region are shown in Table 7 – Table 8 and Figure 7 – Figure 14. According 

to the distribution, in 2020, the number of deaths across the country was higher among 

individuals who were 80 years or older (1348.3 deaths/100,000), White (112.3 

deaths/100,000), and male individuals (117.5 deaths/100,000). Similarly, in 2021 the 

number of deaths was still higher among individuals who were 80 years or older (1731 

deaths/100,000), White (238.5 deaths/100,000), and male individuals (224.8 

deaths/100,000). In 2020 death rate was higher in the Southeast region (109.9 

deaths/100,000), conversely, in 2021, the death rate was higher in the South (244.6 

deaths/100,000). 

Note that although individual-based data was used to show death distribution 

throughout the first years of the pandemic according to race, age group, sex, and 

geographic region, this is a population-based study and the data in this section was not 

used to test the study hypothesis or answer the research question. This death distribution 

evaluation has been for information only. 
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Table 7 

Distribution of COVID-19 Death in 2020 and 2021 according to Age Group 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Age     

Infant 278 (0.1) - 347 (0.1) - 

0-4 years 168 (0.1) 1.1 212 (0.1) 1.4 

5-9 years 101 (0.0) 0.7 121 (0.0) 0.8 

10-14 years 128 (0.1) 0.9 171 (0.0) 1.2 

15-19 years 347 (0.2) 2.2 545 (0.1) 3.5 

20-29 years 1809 (0.9) 5.3 5517 (1.3) 16.2 

30-39 years 5975 (2.8) 17.5 21155 (5.0) 61.7 

40-49 years 13542 (6.4) 46.3 45392 (10.8) 152.0 

50-59 years 26600 (12.5) 111.4 76859 (18.2) 317.1 

60-69 years 47875 (22.5) 286.1 98362 (23.3) 568.7 

79-79 years 55979 (26.3) 620.4 93347 (22.1) 991.3 

80-older 59880 (28.2) 1348.3 79925 (18.9) 1731.0 

Unknown 24 (0.0) - 36 (0.0) - 

Total  212,706 (100.0) 100.3 421,989 (100.0) 197.6 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each age group were accessed from Ministério da Saúde 

[Ministry of Heath] on 18Sep2022. 2 Death rate per 100,000 was calculated by diving the number of deaths per 

the total population, times 100,000 (data for infant and unknown were excluded from the calculation).  
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Table 8 

Distribution of COVID-19 Death in 2020 and 2021 according to Sex, Race, and Region 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Sex     

Male 121641 (57.2) 117.5 234352 (55.5) 224.8 

Female 91051 (42.8) 84.1 187588 (44.5) 172.0 

Unknown 14 (0.0) - 49 (0.0) - 

Race     

White 103525 (48.7) 112.3 218852 (51.9) 238.5 

African origin 18604 (8.7) 99.7 32149 (7.6) 154.1 

Asian origin 1458 (0.7) - 2591 (0.6) - 

Mixed-race 81572 (38.3) 82.7 139288 (33.0) 142.0 

Brazilian Native 972 (0.5) - 851 (0.2) - 

Unknown 6575 (3.1) - 28258 (6.7) - 

Region     

Central-West 17381 (8.2) 105.3 39559 (9.4) 236.8 

Northeast 54697 (25.7) 95.3 76020 (18.0) 131.8 

North 19531 (9.2) 104.6 29861 (7.1) 157.9 

Southeast 97798 (46.0) 109.9 202174 (47.9) 225.6 

South 23299 (11.0) 77.2 74375 (17.6) 244.6 

Total  212706 (100.0) 100.4 421989 (100.0) 197.8 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each sex and region groups were accessed from Ministério 

da Saúde [Ministry of Heath] on 18Sep2022. Data on total population for each race group were accessed from 

the Sistema IBGE de Recuperação Automática [IBGE Automatic Recovery System] on 18Sep2022. 2 Death rate 

per 100,000 was calculated by diving the number of deaths per the total population, times 100,000 (data for 

unknown, Asian, and Brazilian native population were excluded from the calculation). 
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Figure 7 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Age Group in Brazil 

  
  Note. Only rates > 5 are displayed.    

 
Figure 8 

Bar Chart of COVID-19 Death Rate per 100,000 in 2021 by Age Group in Brazil 

  
 Note. Only rates > 5 are displayed.    
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Figure 9 

Pie Chart of COVID-19 Death Rate per 100,000 in 2020 by Sex in Brazil  

  
 
Figure 10 

Pie Chart of COVID-19 Death Rate per 100,000 in 2021 by Sex in Brazil  
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Figure 11 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Race in Brazil 

  
 
Figure 12 

Bar Chart of COVID-19 Death Rate per 100, 000 in 2021 by Race in Brazil 
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Figure 13 

Bar Chart of COVID-19 in 2020 by Region 

  
 
Figure 14 

Bar Chart of COVID-19 in 2021 by Region 
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Discussion 

Based on the fundamental causes theory, disease spread and mortality are greater 

among individuals with fewer resources (Link et al., 1995). Therefore, mortality due to 

COVID-19 is expected to be higher among individuals who are socioeconomic 

disadvantaged or part of minority groups (Mello, 2020; Ribeiro et al., 2021). During 

multiple linear regression analyses to investigate the association between income and 

COVID-19 mortality in Brazilian states and capitals while controlling for variables 

related to race, age, sex, and immunization rate, a statistically significant association 

between income and the COVID-19 mortality rate was found. At the state level, an 

increase in income suggested an increase in the COVID-19 death rate. The increase in 

mortality in areas of higher income could be explained by Bermudi et al.’s (2021) study, 

which shows that high-mortality risk areas tend to shift from the best to the worst 

socioeconomic areas. Results at the regional level were not reported, as the model was 

found to be invalid in predicting COVID-19 mortality from income at this level, probably 

due to the small sample size.   

Looking at the distribution of COVID-19 mortality in Brazil during the first two 

years of the pandemic, it was found that the COVID-19 death rate was higher in the 

Southeast region in 2020 and higher in the South region in 2021, the most densely 

populated regions in the country. Based on this observation, we can suggest that the 

irregularity or heterogeneity of the population’s distribution can shape disease spread, as 

investigated by Martins-Filho et al. (2021) and Miranda et al. (2020). The same analysis 
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found that the COVID-19 death rate was higher among individuals 80 years old or older, 

male and White, in both years of the pandemic. 

As mentioned in the Summary of the Manuscripts section, most of the study 

limitations were associated with data availability. Two-year data for disease mortality 

were obtained for each region, state, and capital. Although the data used for the 

regression analyses were population-based, the data obtained at a national level was 

converted to an individual-level dataset to investigate death distribution for the first two 

years of the pandemic. To avoid errors during the manipulation of this large dataset, the 

data were reviewed a second time to ensure transcription errors were not present. Another 

limitation was regarding data availability. Since COVID-19 is an ongoing pandemic, 

many data points were unavailable or ready for analyses, resulting in a need for some 

manipulation to guarantee dataset completion and readiness before analyses. Data 

manipulation was required to avoid internal validity issues, but data should be considered 

reliable as all information was retrieved from governmental resources. 

 The findings of this study empower public health and political leaders to identify 

geographic areas in the country that need special attention regarding the development of 

policies and implementation of public health programs to encourage populations’ best 

behavior and practices concerning preventive actions and vaccination willingness. 

Furthermore, considering Brazil a country of high economic and demographic disparities, 

the social change implications of this study may include a potential increase in people’s 

opportunities for socioeconomic equality, particularly a fair income distribution, which 

could allow individuals to have better access to healthcare, consequently decreasing 
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COVID-19 mortality rates. A decrease in the COVID-19 mortality rate could allow 

Brazilians to improve individual lives with healthier families and communities. 

Based on this study’s findings and to better explore the influences of SES as a risk 

factor for COVID-19 mortality, further research is recommended with both individual 

and population-based approaches. Since COVID-19 is an ongoing pandemic, it is more 

likely that more accurate results will be only obtained with post-pandemic data. Lastly, 

multiple linear regression models may not be the best model for analyzing population-

based data considering that sample sizes may be limited compared to individual-based 

data. 
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Abstract 

Objective. To investigate the association between education and COVID-19 mortality in 

Brazil, while accounting for variables related to race, age, sex, and immunization.  

Methodology. In this retrospective study, school enrollment data were retrieved from the 

Ministry of Education; COVID-19 mortality data retrieved from the Health Surveillance 

Secretariat population demographics data including race, age, and sex will be retrieved 

from the Ministry of Health; and immunization data retrieved from the Oswaldo Cruz 

Foundation. All data were analyzed at region, state, and capital-levels using multiple 

linear regression on IBM SPSS Statistics version 27. 

Results. The findings suggest a statistically significant association between school 

enrollment and COVID-19 mortality rate at the state level (p<0.001), but not a significant 

association at the capital level (p=0.102). At the state level, for each unit increase in 

average income, we can predict a decrease of 9.5 in COVID-19 death per 100,000 people. 

Variables related to race, age, sex, and immunization were used as control variables in all 

the regression analyses. Results show that the model is invalid to predict COVID-19 

mortality from school enrollment at the regional level, as violations of the assumptions of 

the model were noted. 

Conclusion. To better explore the influences of education on COVID-19 mortality, 

further research is recommended with both individual and population-based approaches. 

Since COVID-19 is an ongoing pandemic, it is likely that more accurate results will only 

be obtained with post-pandemic data.  

Keywords: COVID-19 mortality, education, school enrollment, Brazil. 
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Introduction 

In Brazil, access to education is a right based on the constitution of 1934; 

however, the law in which this right was under presented some gaps (Lei de Diretrizes e 

Bases da Educação [National Education Guidelines and Framework Law], 1961). In this 

law, the obligatoriness of primary education was exempted for children with severe 

diseases or living in poverty in areas with insufficient schools and closed enrollments 

(Governo Brasileiro [Brazilian Government], 1961). This exemption worsened education 

inequality, even opening opportunities for child labor, as individuals living in poverty 

were deprived of education (Curry, 2008; Governo Brasileiro [Brazilian Government], 

1961). The law of 1934 was revoked in 1966, and although primary education access was 

extended based on the constitution of 1967, educational resources were relocated, thus 

compromising the quality of public education (Curry, 2008; Governo Brasileiro, 1966). 

Eventually, because of many public social movements throughout the decades, the 

constitution of 1988 placed education as the most important social right for the citizens’ 

formation (Curry, 2008). 

According to the Brazilian Institution of Geography and Statistics (IBGE, 2019), 

the level of education is commonly measured by the country’s illiteracy rate. Among 

Brazilian individuals of 15 years or older, illiteracy is estimated at 6.6% (11 million 

illiterates), being higher among black males in the Northeast (IBGE, 2019). Besides 

illiteracy, school enrollments can be used to measure a specific area’s education level, 

considering that areas with a higher number of school enrollments have a greater 

socioeconomic prestige associated with easier access to education. In contrast, vulnerable 
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regions have lower rates of school enrollment, often insufficient to meet the demand, 

meaning that vulnerable individuals have less access to education (Bartholo et al., 2020; 

Ribeiro et al., 2017). The lack of access to education can lead to a reduction in 

employment opportunities, in income, and consequently the individual’s access to 

healthcare, leading to an increase in the likelihood of disease incidence and mortality. 

The issue that prompted me to search the literature is that the Brazilian population 

experienced a significantly high COVID-19 mortality rate, which could be associated 

with the population’s level of education. Based on this issue, this study aims to evaluate 

whether there is an association between the independent variable education and the 

dependent variable COVID-19 mortality while controlling for variables related to race, 

age, sex, and immunization. 

The significance of this study lies in the fact that its findings could help political 

leaders to identify the areas where the association between education and COVID-19 

mortality is higher, encouraging them to improve people’s access to better education for 

more employment opportunities, increase income and consequently more access to 

healthcare. The concepts of the fundamental causes theory will be used herein as it relates 

to the COVID-19 mortality rate and the effect it has on the public’s ability to reach 

essential resources, in this case, education, that could produce health benefits to prevent 

disease (Link et al., 1995). This study aims to investigate whether this association exists 

in Brazil while controlling for the population’s demographics and immunization. 

Researchers have indicated that access to education is unequal and poorly 

encouraged in Brazil (Curry, 2008; Governo Brasileiro [Brazilian Government], 1961). 
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According to Barreto et al. (2021) and Rattay et al. (2021), lack of knowledge or access 

to information might indicate a population’s vulnerability and low-risk perception, 

increasing disease incidence and mortality. Although there are studies on the association 

between education and disease mortality, there is still limited evidence regarding 

education and its impact on COVID-19 mortality in Latin-American countries, including 

Brazil. Thus, this gap needs to be yet studied.   

Research Question & Hypotheses 

This quantitative study addressed the following research question:  

Research Question for Manuscript 2 (RQM2): What is the association between 

school enrollment and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate? 

Based on the research question, the following hypotheses were formulated:  

Null Hypothesis (H0): There is no statistically significant association between 

school enrollment and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate.  

Alternative Hypothesis (H1): There is a statistically significant association 

between school enrollment and COVID-19 mortality rate at different geographic levels 

across Brazil after controlling for race, age, sex, and immunization rate. 

The rationale for this research is to evaluate if Brazil’s education inequality can 

adversely impact COVID-19 mortality; additionally, there were few studies that explored 

this association. Thus, to address the research question, this research design includes a 

retrospective cohort design (Aschengrau et al., 2020) with mortality rates examined 
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between the period of March 2020 to December 2021. This quantitative analysis should 

help determine if education and population demographic characteristics correlate to 

COVID-19 mortality in Brazil.  

Methodology 

Study Population  

The target population for this study include Brazilian individuals with different 

demographic and geographic characteristics, including race (White, African origin, and 

Mixed), age (0-14, 15-49, and 50-80 years old), sex (male and female), and 

immunization. Public dataset repositories were used for this research design to obtain 

data on the COVID-19 mortality population’s socioeconomic, demographic, and 

geographic characteristics. Since this is a population-based study, aggregated data from 

different geographic levels, including region, state, and capitals were used for all 

dependent, independent, and control variables. For this study, convenience sampling was 

used (Warner, 2013). Based on the data retrieved for each geographic level during the 

first two years of the pandemic, the convenience sample size for regions is 10, for states 

is 54, and for capitals is 54. Additionally, information on individual-based data was still 

used to show death distribution throughout the first years of the pandemic according to 

race, age group, sex, and geographic region, but were used as information only and not to 

answer the study research question. 

Variables  

The variables of this study include the following.  

Independent variable (IV):  
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• School enrollment rate": Numbers in percentage, a higher percentage, indicate 

higher school enrollment. This rate was calculated for different geographic areas 

by dividing the number of school enrollment in each area by the number of people 

in the population, then multiplied by 100.  

Dependent variable (DV):  

• COVID-19 mortality rate: The mortality rate was calculated for different 

geographic areas by dividing the number of deaths from COVID-19 in each area 

by the number of people in the population, then multiplied by 100,000.    

Control variables (CV1 – CV8):  

• White population: Numbers in percentage. The percentage of the White 

population was calculated for different geographic areas by dividing the number 

of White people in each area by the number of people in the population, then 

multiplied by 100.   

• African origin population: Numbers in percentage. The percentage of the African-

origin population was calculated for different geographic areas by dividing the 

number of African-origin people in each area by the number of people in the 

population, then multiplied by 100.   

• Mixed-race population: Numbers in percentage. The percentage of the Mixed-race 

population was calculated for different geographic areas by dividing the number 

of Mixed-race people in each area by the number of people in the population, then 

multiplied by 100.   
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• Population between 0-14 years old: Numbers in percentage. The percentage of the 

0-14 years old population was calculated for different geographic areas by 

dividing the number of 0-14 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 15-49 years old: Numbers in percentage. The percentage of 

the 15-49 years old population was calculated for different geographic areas by 

dividing the number of 15-49 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 50-80 years old: Numbers in percentage. The percentage of 

the 50-80 years old population was calculated for different geographic areas by 

dividing the number of 50-80 years old people in each area by the number of 

people in the population, then multiplied by 100.    

• Male population: Numbers in percentage. The percentage of the male population 

was calculated for different geographic areas by dividing the number of male 

people in each area by the number of people in the population, then multiplied by 

100.    

• Immunization rate: Number in percentage. A higher percentage indicates a higher 

immunization. Actual percentage values from different geographic levels 

(regional, state, and capital levels) were used as found in the data source There 

were no codes from missing data.   



88 

 

Sources of Data 

Data on school enrolment per geographic location from 2020 and 2021 were 

accessed on September 18, 2022, from the publicly available dataset repository below: 

• Instituto Nacional de Estudos e Pesquisas (INEP) - Ministério da 

Educação [National Institute of Studies and Research - Ministry of 

Education]. 

Data on COVID-19 mortality per geographic location from March 2020 through 

December 2021 were accessed on September 18, 2022, from the publicly dataset 

repository below: 

• Secretaria de Vigilância em Saúde [Health Surveillance Secretariat], created 

by the Ministério da Saúde [Ministry of Health].  

Data on the population’s demographics, including race, age, and sex per 

geographic location from 2020 and 2021, were accessed on September 18, 2022, from the 

publicly available dataset repositories below:  

• Instituto Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of 

Geography and Statistics]. 

• Tabnet – DATASUS - Ministério da Saúde [Ministry of Health]. 

Data on the population’s immunization (or percentage of population vaccinated 

with the second dose) per geographic location from March 2021 through September 2022 

were accessed on September 18, 2022, from the publicly available dataset repository 

below:  

• Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz Foundation]. 
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Access to these public dataset repositories were needed to gather specific data 

points, including the number of deaths by COVID-19 at region, state and capital-levels 

and the population’s socioeconomic and demographic information. To minimize potential 

issues regarding the use of secondary data, datasets were screened for errors, outliers, 

inconsistencies, and missing values prior to analysis. Identified errors in the datasets were 

be reported in the discussion section.  

Validity and Reliability of Data 

Internal validity, which is “the degree to which the results of the study can be 

used to make causal inferences,” is often weak in non-experimental studies (Warner, 

2013). To increase internal validity by limiting the influence of confounding, a series of 

control variables related to race, age, sex, and immunization rate, were included in the 

analysis. Additionally, regression analyses were performed separately at each geographic 

level (region, state, and capital) to avoid violation of internal validity. On the other hand, 

external validity, the “degree to which the study’s results can be generalized” (Warner, 

2013), could be considered high in this study as the data to be used represent a large and 

heterogeneous population (Oliveira, 2020). 

The reliability of secondary data depends on the sources from which the data were 

obtained. Datasets from government sources are often reputable; however, data screening 

is still recommended to identify errors and inconsistencies (Warner, 2013). The datasets 

used in this study were retrieved from Brazilian governmental websites listed in the 

previous section. Also, data were reviewed before analysis to ensure the accuracy of data 

transcription.   
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Design and Analysis 

A multiple linear regression (MLR) analysis was performed using IBM SPSS 

Statistics version 27 to determine the association between school enrollment and COVID-

19 mortality rate at different geographic levels across Brazil after controlling for 

variables related to race, age, sex, and immunization rate. Multiple linear regression is a 

statistical technique often used to evaluate the relationship of one continuous dependent 

variable and multiple continuous or categorical independent variables (Warner, 2013).   

Although aggregated data (population-based data) were accessed and used in the 

primary statistical analysis (MLR) to answer the research question previously elaborated, 

individual-based data on COVID-19 mortality and population demographics, including 

race, age, sex, and region, were used to evaluate death distribution in the country during 

the first two years of the pandemic. Additionally, descriptive statistical analyses were 

performed for the COVID-19 mortality rate and school enrollment variables. Lastly, prior 

to the performance of the primary analysis, assumptions for MLR were tested. Table 9 

and Figure 15 summarize of the proposed analytical test plan. 
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Table 9 

Proposed Analytical Test Plan and Justification 

Variable Type of variable Multiple Linear Regression (MLR) Death Distribution Evaluation 

COVID-19 Mortality rate 1 Dependent Variable DV (Scale) 

Using a population-based dataset and 

including all variables listed, multiple 

linear regression analyses were 

performed to determine the association 

between education and COVID-19 

mortality while controlling for the 

population’s demographic characteristics 

and immunization. MLR is an 

appropriate test considering that the 

dependent variable (disease mortality) 

and the independent variable (school 

enrollment) are continuous variables, 

and the control variables are scale 

(Warner, 2013). Assumptions tested: 

Normality, linearity, homoscedasticity, 

and multicollinearity. In these analyses, 

all variables listed were used. 

An individual-based 

dataset was created using 

only COVID-19 mortality 

and population 

demographics, including 

race, age, sex, and region, 

to evaluate death 

distribution in the country 

during the first two years 

of the pandemic. Data not 

used to test study 

hypothesis. Analyses 

were done for information 

only. 

School enrollment 1  Independent Variables IV1 (Scale) 

Percentage of White population Control Variable CV1 (Scale) 

Percentage of African origin 

population 
Control Variable CV2 (Scale) 

Percentage of Mixed-race 

population 
Control Variable CV3 (Scale) 

Percentage of Population between 

0-14 Years Old 
Control Variable CV4 (Scale) 

Percentage of Population between 

15-49 Years Old 
Control Variable CV5 (Scale) 

Percentage of Population between 

50-80 Years Old 
Control Variable CV6 (Scale) 

Percentage of Male Population Control Variable CV7 (Scale) 

Percentage of Immunized 

Population 
Control Variable CV8 (Scale) 

Note. 1 Descriptive statistical analysis were performed on the COVID-19 mortality rate and school enrollment variables. 
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Figure 15 

Scheme of Data Flow and Regression Analyses for Manuscript 2  

  
Note. Regression analyses were performed at each geographic level (region, state, and capital) to avoid internal validity.  

Data repositories: Brazilian 
governmental websites 

Population-based data on COVID-19 
mortality, school enrollment, and 

population demographics (race, age, 
and sex) and immunization rate used 
for regression analyses at different 

geographic levels (region, state, and 
capital). Data used to test study 

hypothesis.

MLR1 at the region level (N=10)

IV1: School enrollment + CV1-CV8

DV: COVID-19 Mortality rate

MLR2 at the state level (N=54)

IV1: School enrollment + CV1-CV8

DV: COVID-19 Mortality rate

MLR3 at the capital level (N=54)

IV1: School enrollment + CV1-CV8

DV: COVID-19 Mortality rate

Individual data were used to evaluate 
death distribution in the country 

during the first two years of 
pandemic. Data not used to test study 

hypothesis (information only).
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Results 

The study was conducted by retrieving population-based data on COVID-19 

mortality, school enrollment, and population demographics, including race, age, and sex, 

as well as immunization rate from Brazilian governmental websites and analyzed using 

multiple linear regression model at different geographic levels (see Figure 15) on IBM 

SPSS software. The population-based data were used to create a dataset containing all 

information for the regression analyses. The dataset was further converted into an 

individual-based dataset only on COVID-19 mortality and population demographics to 

investigate the death distribution during the first 2 years of the pandemic. 

Most data needed for the analyses were retrieved without issues, except for the 

immunization data, which were not available at the capital-level; therefore, this variable 

was not included in the regression analysis for this level. Additionally, as vaccination 

campaigns started on January 2021 in Brazil, the data retrieved for this study are from 

2021 and 2022. It is also important to note that the regression at the nation-level was not 

performed due to the small sample size (N=2). 

Descriptive Statistics for COVID-19 Mortality 

After running a descriptive statistics analysis on the variable COVID-19 

mortality, it was observed that among the 27 states during two years of the pandemic (N= 

54), the COVID-19 mortality rate ranged from 0.063% to 0.284% at the state level. The 

three measures of central tendency for this variable were mean equals 0.14% (M = 0.14), 

median equals 0.13% (Median = 0.13), and mode equals 0.063% (Mode = 0.063) with a 

standard deviation equal 0.058 (SD = 0.058). The skewness and kurtosis of this 
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distribution (0.816 and -0.284, respectively) suggest that the distribution deviates from 

normality and is positively skewed (Table 10 and Figure 16). In Figure 16, the variability 

or measure of spread distribution of the COVID-19 mortality rate was 0.18% to 0.10%; 

outliers were not identified.  

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the two years of the pandemic (N= 54), the COVID-19 mortality rate 

ranged from 0.107% to 0.519% at the capital level. The three measures of central 

tendency for this variable were mean equals 0.25% (M = 0.25), median equals 0.23% 

(Median = 0.23), and mode equals 0.107% (Mode = 0.107) with standard deviation 

equals 0.094 (SD = 0.094). The skewness and kurtosis of this distribution (0.325 and -

0.886, respectively) suggest that the distribution deviates from normality and is slightly 

positively skewed (Table 10 and Figure 17). In Figure 17, the variability or measure of 

spread distribution of the COVID-19 mortality rate was 0.28% to 0.18%; outliers were 

identified. 
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Table 10 

Statistics of COVID-19 Mortality at State and Capital-levels 

  State-level Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 0.14169 0.24528 

Median 0.12622 0.23056 

Mode 0.0631 0.107 1 

Std. Deviation 0.058010 0.093895 

Variance 0.003 0.009 

Skewness 0.816 0.989 

Std. Error of Skewness 0.325 0.325 

Kurtosis -0.284 0.886 

Std. Error of Kurtosis 0.639 0.639 

Range 0.221 0.411 

Minimum 0.063 0.107 

Maximum 0.284 0.519 

Percentiles 25 0.10052 0.18157 

50 0.12622 0.23056 

75 0.18464 0.28142 

Note. Statistics were performed at state and capital levels for the first two years 

of the pandemic. For that, the Frequencies function in SPSS was used to observe 

further Percentile values, Central Tendency, Dispersion, and sample Distribution. 

1 Multiple mode exist. The smallest value is shown. 
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Figure 16 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at State-

level 

 
      Note. No outliers were identified. 

 
Figure 17 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at Capital-

level 

 
      Note. Outliers were identified.  
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Descriptive Statistics for School Enrollment 

After running a descriptive statistics analysis, it was observed that among the 27 

states during the two years of the pandemic (N= 54), the school enrollment rate ranged 

from 38.7% to 58.4% at the state level. The three measures of central tendency for this 

variable are mean equals 47.1% (M = 47.1), median equals 46.7% (Median = 46.7), and 

mode equals 46.2% (Mode = 46.2) with standard deviation equals 4.9 (SD = 4.9). The 

skewness and kurtosis of this distribution (0.267 and -0.642, respectively) suggest that 

the distribution deviates from normality and is positively skewed (Table 11 and Figure 

18). In Figure 18, the variability or measure of spread distribution of the school 

enrollment was 50.4% to 43.2%; outliers were not identified.  

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the two years of the pandemic (N=54), the school enrollment ranged from 

34.1% to 50.5% at the capital level. The three measures of central tendency for this 

variable are mean equals 42.6% (M = 42.6), median equals 42.7% (Median = 42.7), and 

mode equals 35.8% (Mode = 35.8) with standard deviation equals 4.3 (SD = 4.3). The 

skewness and kurtosis of this distribution (-0.092 and -1.043, respectively) suggest a non-

normal distribution and slightly negatively skewed (Table 11 and Figure 19). In Figure 

19, the variability or measure of spread distribution of the school enrollment was 46.2% 

to 38.6%; outliers were not identified. Note that for both descriptive analyses, the high 

value of variance (the square root of the standard deviation) may indicate highly scattered 

data around the mean. 
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Table 11 

Statistics of School Enrollment at State and Capital-levels 

  State-level Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 47.076 42.604 

Median 46.700 42.700 

Mode 46.2 35.81 

Std. Deviation 4.9636 4.3226 

Variance 2 24.637 18.685 

Skewness 0.267 -0.092 

Std. Error of Skewness 0.325 0.325 

Kurtosis -0.642 -1.043 

Std. Error of Kurtosis 0.639 0.639 

Range 19.7 16.4 

Minimum 38.7 34.1 

Maximum 58.4 50.5 

Percentiles 25 43.200 38.575 

50 46.700 42.700 

75 50.425 46.225 

Note. Statistics were performed at state and capital levels for the first two 

years of the pandemic. For that, the Frequencies function in SPSS was used to 

observe further Percentile values, Central Tendency, Dispersion, and sample 

Distribution. 1 Multiple mode exist. The smallest value is shown. 2 Note that 

for both descriptive analyses, the high value of variance (the square root of 

the standard deviation) may indicate highly scattered data around the mean. 
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Figure 18 

Boxplot Graph Representing a Positively Skewed Distribution of School Enrollment at State-level 

 
     Note. No outliers were identified. 

 
Figure 19 

Boxplot Graph Representing a Symmetrical Distribution of School Enrollment at Capital-level 

 

 
     Note. No outliers were identified.  



100 

 

Assumptions of Multiple linear Regression  

The assumptions tested for the MLR analyses were normality, linearity, 

homoscedasticity, and multicollinearity. Normality was tested by observing the Normal 

P-P Plot, linearity and homoscedasticity were tested by observing the scatterplot of 

residuals, and multicollinearity was tested by observing the variance inflation factor 

(VIF) obtained from the coefficient table in the SPSS output. Additionally, the 

independence of residuals was tested by observing the Durbin-Watson value. Outliners 

were tested by looking for points that were far from the regression line.     

Table 12 summarizes the results for the assumptions of the multiple linear 

regression analyses. Note that the passing criterion set for normality was that residuals 

should be normally distributed. The passing criterion for linearity was that residuals 

should have a straight-line relationship with predicted DV scores. The passing criterion 

for homoscedasticity was that VIF values should be less than 10 (VIF<10). The passing 

criterion for the independence of residuals is that plotted standardized residuals are 

randomly scattered. The passing criterion for multicollinearity was that Durbin-Watson 

values should be between 1.5 – 2.5 (approximate values were acceptable). Overall, the 

results show that except for linear regression at the region-level, none of the assumptions 

were violated. Although not relevant, significant results of the analysis at the regional 

level were still reported in this study.         

 

  



101 

 

Table 12 

Results of Assumptions of Multiple linear Regression for Manuscript 2 

Level 

Regression/IV 

and DV 

  

Normality 

 

(passing criterion 

is that residuals 

should be normal 

distributed) 

 

(Pass or fail 

criterion) 

Linearity 

 

(passing criterion 

is that residuals 

should have a 

straight-line 

relationship with 

predicted DV 

scores) 

 

(Pass or fail 

criterion) 

Homoscedasticity 

 

(passing criterion is 

that plotted 

standardized 

residuals are 

randomly scattered) 

 

(Pass or fail 

criterion) 

Multicollinearity 

 

(passing criterion 

is VIF <10) 

 

(Pass or fail 

criterion) 

Independence of 

Residuals  

 

(passing criterion is 

Durbin-Watson values 

between 1.5-2.51 

 

(Pass or fail criterion) 

Outliers  

 

(passing criterion is 

absence of outliers) 

 

(Pass or fail 

criterion) 

Region 

Regression 1 

(School 

Enrollment and 

COVID-19 

mortality) 

Fail Fail Fail Fail Fail Pass 

State 

Regression 2 

(School 

Enrollment and 

COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Capital 

Regression 3 

(School 

Enrollment and 

COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Note. 1Approximate values are acceptable. 2 Failed for 2 non-significant variables. 
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Results of Multiple Linear Regression  

To approach the association between education and COVID-19 mortality in 

Brazilian regions, a multiple linear regression analysis was conducted to evaluate the 

prediction of COVID-19 mortality rate from school enrollment, while controlling for 

variables related to the population’s race, age, sex, and immunization rate (see list of 

variables included in the Design and Analysis section). Preliminary analyses were 

conducted to assess the assumptions of normality, linearity, homoscedasticity, 

multicollinearity, independence of residuals, and outliers. Violations were noted, 

indicating that the model is invalid in predicting COVID-19 mortality at the regional 

level (see Table 12). Therefore, regression results for this level were not reported as they 

cannot be used to interpret the data correctly. 

The same approach was taken to evaluate the association between education and 

COVID-19 mortality in Brazilian states. A multiple linear regression analysis was 

conducted to evaluate the prediction of COVID-19 mortality rate from school enrollment, 

while controlling for variable related to the population’s race, age, sex, and immunization 

rate (see control variables listed in Table 13). Preliminary analyses were conducted to 

assess the assumptions of normality, linearity, homoscedasticity, multicollinearity, 

independence of residuals, and outliers. No violations were noted (see Table 12). The 

multiple linear regression analysis results revealed that at the state level, a significant 

regression equation was found F(8, 45)=6.574, p<0.001), with an R2 of 0.539. Table 13 

summarizes the results of the regression performed at the state level showing that for 

each percentage point increase in school enrollment, we can predict a decrease of 9.5 in 
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COVID-19 death per 100,000 people. School enrollment is a significant predictor of 

COVID-19 mortality (p<0.001) while controlling for the population’s race, age, sex, and 

immunization rate. 

Lastly, to approach the association between education and COVID-19 mortality in 

Brazilian capitals, a multiple linear regression analysis was conducted to evaluate the 

prediction of COVID-19 mortality from school enrollment while controlling for variables 

related to the population’s race, age, and sex (see control variables listed in Table 14). 

Preliminary analyses were conducted to assess the assumptions of normality, linearity, 

homoscedasticity, multicollinearity, independence of residuals, and outliers. No 

violations were noted (see Table 12). The multiple linear regression analysis results 

revealed that at the capital level, a not significant regression equation was found F(7, 

46)=1.366, p=0.243), with an R2 of 0.172. Table 14 summarizes the regression results 

performed at the capital level showing that school enrollment is not a significant 

predictor of COVID-19 mortality (p=0.102) while controlling for the population’s race, 

age, and sex.  
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Table 13 

SPSS Output: Regression Analysis of School Enrollment and COVID-19 Mortality at State-level    

Coefficients  

Model 

Unstandardized Coeff. Standardized Coeff. 
t p 

95% CI for B 

B SE β LL UL 

1 

(Constant) 503.143 785423  0.641 0.525 -1079 2085 

% School enrollment1 -9.501 2.436 -0.813 -3.901 <0.001 -14.406 -4.595 

% Male population2 7.095 9.645 0.121 0.736 0.466 -12.330 26.521 

% Population between 0-14 years2 18.774 6.074 0.959 3.086 0.003 6.510 30.979 

% Population between 15-49 years2 -3.548 5.441 -0.120 -0.652 0.518 -14.507 7.410 

% White population2 -779 384 -2.397 -2.030 0.048 -1552 -6.136 

% African origin population2  -602 459 -0.298 -1.313 0.196 -1526 321 

% Mixed-race population2 -807 386 -2.219 -2.088 0.042 -1585 -28.715 

% Immunized population2 3.967 0.740 0.807 5.364 <0.001 2.478 5.457 

Note. 1. Predictor variable 2. Control variables. 

Regression model using the total number of deaths from COVID-19 per 100,000 people at the state-level in Brazil.  
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Table 14 

SPSS Output: Regression Analysis of School Enrollment and COVID-19 Mortality at Capital-level      

Coefficients 

Model 

Unstandardized Coeff. Standardized Coeff. 

β t p 

95% CI for B 

B SE LL UL 
 

 

 

 

 

1 

(Constant) 950 1931  0.492 0.625 -2936 4837 

% School enrollment1 -6.732 4.034 -0.310 -1.669 0.102 -14.851 1.388 

% Male population2 25.533 14.491 0.391 1.762 0.085 -3.636 54.702 

% Population between 0-14 years2 -3.096 9.747 -0.090 -0.318 0.752 -22.715 16.524 

% Population between 15-49 years2 -18.250 8.772 -0.527 -2.080 0.043 -35.908 -0.591 

% White population2 -699 1549 -1.282 -0.451 0.654 -3818 2419 

% African origin population2 -802 1593 -0.389 -0.503 0.617 -4009 2406 

% Mixed-race population2 -405 1553 -0.684 -0.261 0.795 -3531 2721 

Note. 1. Predictor variable 2. Control variables.  

Data on immunization was not available at capital-level; therefore, it was not included in this regression. 

 Regression model using the total number of deaths from COVID-19 per 100,000 people at the state-level in Brazil. 
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Distribution of COVID-19 Deaths  

Between March 2020 and December 2021, the Secretaria de Vigilância em Saúde 

[Health Surveillance Secretariat], created by the Ministério da Saúde [Ministry of 

Health], reported 634,695 deaths by COVID-19, being 212,706 deaths in 2020 and 421 

989 deaths in 2021. The number of deaths caused by COVID-19 during these first two 

years of the pandemic corresponds to 18.8% of all deaths in the country in the same 

period, and the COVID-19 mortality rate observed was 297.5 deaths per 100,000 people 

in all age groups. The distribution of the casualties according to age groups, sex, race, 

and Brazilian region are shown in Table 15, Table 16 and Figures 20-27. According to 

the distribution, in 2020, the number of deaths across the country was higher among 

individuals who were 80 years or older (1348.3 deaths/100,000), White (112.3 

deaths/100,000), and male individuals (117.5 deaths/100,000). Similarly, in 2021 the 

number of deaths was still higher among individuals who were 80 years or older (1731 

deaths/100,000), White (238.5 deaths/100,000), and male individuals (224.8 

deaths/100,000). In 2020 death rate was higher in the Southeast region (109.9 

deaths/100,000), conversely, in 2021, the death rate was higher in the South (244.6 

deaths/100,000). 

Note that although individual-based data was used to show death distribution 

throughout the first years of the pandemic according to race, age group, sex, and 

geographic region, this is a population-based study and the data in this section was not 

used to test the study hypothesis or answer the research question. This death distribution 

evaluation has been for information only. 
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Table 15 

Distribution of COVID-19 Death in 2020 and 2021 according to Age Group 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Age     

Infant 278 (0.1) - 347 (0.1) - 

0-4 years 168 (0.1) 1.1 212 (0.1) 1.4 

5-9 years 101 (0.0) 0.7 121 (0.0) 0.8 

10-14 years 128 (0.1) 0.9 171 (0.0) 1.2 

15-19 years 347 (0.2) 2.2 545 (0.1) 3.5 

20-29 years 1809 (0.9) 5.3 5517 (1.3) 16.2 

30-39 years 5975 (2.8) 17.5 21155 (5.0) 61.7 

40-49 years 13542 (6.4) 46.3 45392 (10.8) 152.0 

50-59 years 26600 (12.5) 111.4 76859 (18.2) 317.1 

60-69 years 47875 (22.5) 286.1 98362 (23.3) 568.7 

79-79 years 55979 (26.3) 620.4 93347 (22.1) 991.3 

80-older 59880 (28.2) 1348.3 79925 (18.9) 1731.0 

Unknown 24 (0.0) - 36 (0.0) - 

Total  212706 (100.0) 100.3 421989 (100.0) 197.6 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each age group were accessed from Ministério da Saúde 

[Ministry of Heath] on 18Sep2022. 2 Death rate per 100,000 was calculated by diving the number of deaths per 

the total population, times 100,000 (data for infant and unknown were excluded from the calculation).  
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Table 16 

Distribution of COVID-19 Death in 2020 and 2021 according to Sex, Race, and Region 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Sex     

Male 121641 (57.2) 117.5 234352 (55.5) 224.8 

Female 91051 (42.8) 84.1 187588 (44.5) 172.0 

Unknown 14 (0.0) - 49 (0.0) - 

Race     

White 103525 (48.7) 112.3 218852 (51.9) 238.5 

African origin 18604 (8.7) 99.7 32149 (7.6) 154.1 

Asian origin 1458 (0.7) - 2591 (0.6) - 

Mixed-race 81572 (38.3) 82.7 139288 (33.0) 142.0 

Brazilian Native 972 (0.5) - 851 (0.2) - 

Unknown 6575 (3.1) - 28258 (6.7) - 

Region     

Central-West 17381 (8.2) 105.3 39559 (9.4) 236.8 

Northeast 54697 (25.7) 95.3 76020 (18.0) 131.8 

North 19531 (9.2) 104.6 29861 (7.1) 157.9 

Southeast 97798 (46.0) 109.9 202174 (47.9) 225.6 

South 23299 (11.0) 77.2 74375 (17.6) 244.6 

Total  212706 (100.0) 100.4 421989 (100.0) 197.8 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each sex and region groups were accessed from Ministério 

da Saúde [Ministry of Heath] on 18Sep2022. Data on total population for each race group were accessed from 

the Sistema IBGE de Recuperação Automática [IBGE Automatic Recovery System] on 18Sep2022. 2 Death rate 

per 100,000 was calculated by diving the number of deaths per the total population, times 100,000 (data for 

unknown, Asian, and Brazilian native population were excluded from the calculation). 

 



109 

 

Figure 20 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Age Group in Brazil 

  
     Note. Only rates >5 are displayed.    

 
Figure 21 

Bar Chart of COVID-19 Death Rate per 100,000 in 2021 by Age Group in Brazil 

  
      Note. Only rates > 5 are displayed.    
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Figure 22 

Pie Chart of COVID-19 Death Rate pr 100,000 in 2020 by Sex in Brazil  

 
 
Figure 23 

Pie Chart of COVID-19 Death Rate per 100,000 in 2021 by Sex in Brazil  
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Figure 24 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Race in Brazil 

  
 
Figure 25 

Bar Chart of COVID-19 Death Rate per 100,000 in 2021 by Race in Brazil 
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Figure 26 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Region 

 
 
Figure 27 

Bar Chart of COVID-19 Death Rate per 100,000  in 2021 by Region 
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Discussion 

Based on the fundamental causes theory, disease spread and mortality are greater 

among individuals with fewer resources (Link et al., 1995). Therefore, mortality due to 

COVID-19 is expected to be higher among individuals who are socioeconomically 

disadvantaged or part of minority groups (Mello, 2020; Ribeiro et al., 2021). During a 

multiple linear regression analysis to investigate the association between education, 

measured by school enrollment, and COVID-19 mortality in Brazil while controlling for 

variable related to the population’s race, age, sex, and immunization rate, it was found 

that school enrollment is a significant predictor of COVID-19 mortality at the state level. 

Conversely, no statistically significant association was found between school enrollment 

and COVID-19 mortality rate across Brazilian capitals. Results at the regional level were 

not reported, as the model was found to be invalid in predicting COVID-19 mortality 

from income at this level, probably due to the small sample size.   

Looking at the distribution of COVID-19 mortality in Brazil during the first two 

years of the pandemic, it was found that the COVID-19 death rate was higher in the 

Southeast region in 2020 and higher in the Southern region in 2021, the latter being the 

most densely populated regions in the country. Based on this observation, we can suggest 

that the irregularity or heterogeneity of the population’s distribution can shape disease 

spread, as investigated by Martins-Filho et al. (2021) and Miranda et al. (2020). The same 

analysis found that the COVID-19 death rate was higher among individuals 80 years old 

or older, male and White, in both years of the pandemic. 
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As mentioned in the Summary of the Manuscripts section, most of the study 

limitations were associated with data availability. Two-year data for disease mortality 

were obtained for each region, state, and capital. Although the data used for the 

regression analyses were population-based, the data obtained at a national level was 

converted to an individual-level dataset to investigate death distribution for the first two 

years of the pandemic. To avoid errors during the manipulation of this large dataset, the 

data were reviewed a second time to ensure transcription errors were not present. Another 

limitation was regarding data availability. Since COVID-19 is an ongoing pandemic, 

many data points were unavailable or ready for analyses, resulting in a need for some 

manipulation to guarantee dataset completion and readiness before analyses. Data 

manipulation was required to avoid internal validity issues, but data should be considered 

reliable as all information was retrieved from governmental resources. 

 The findings of this study empower public health and political leaders to identify 

geographic areas in the country that need special attention regarding the development of 

policies and implementation of public health programs to encourage populations’ best 

behavior and practices concerning preventive actions and vaccination willingness. 

Furthermore, considering Brazil a country of high economic and demographic disparities, 

the social change implications of this study may include a potential increase in people’s 

opportunities for socioeconomic equality, particularly a fair income distribution, which 

could allow individuals to have better access to healthcare, consequently decreasing 

COVID-19 mortality rates. A decrease in the COVID-19 mortality rate could allow 

Brazilians to improve individual lives with healthier families and communities. 
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Based on this study’s findings, and to better explore the influences of SES as a 

risk factor for COVID-19 mortality, further research is recommended with both 

individual and population-based approaches. Since COVID-19 is an ongoing pandemic, it 

is likely that more accurate results will only be obtained with post-pandemic data. Lastly, 

multiple linear regression models may not be the best model for analyzing population-

based data considering that sample sizes may be limited compared to individual-based 

data. 
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Outlet for Manuscript 

The manuscript on Brazil’s employment and COVID-19 mortality will be 

submitted to the Revista Brasileira de Epidemiologia [Brazilian Journal of Epidemiology] 

https://www.abrasco.org.br/site/revistas/revista-brasileira-de-epidemiologia/. The journal 

requires a manuscript with the following contents (1) a cover sheet with titles in English 

and Portuguese in up to 25 words, the authors’ information, acknowledgments in up to 70 

words, and information regarding conflict of interest and sponsorship. (2) A structured 

summary and abstract in up to 250 words containing the study’s objectives, methodology, 

results, and conclusion and four to six keywords will also be included. (3) AMA 

formatting in Times New Roman with double spacing and font size of 12 is required. The 

journal also requires abstracts in Portuguese for articles in English, original research 

results reported in up to 3400 words, and exclusivity in the first publication. The journal’s 

mission is to expand knowledge and development of Epidemiology and related sciences. 

The journal’s mission is aligned with the contents of the present manuscript in a way the 

results of this study could provide valuable insights for public health practitioners and 

policymakers, allowing them to evaluate the association between public demographics, 

employment, and COVID-19 mortality across Brazil.         
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Abstract 

Objective. Investigating the association between employment and COVID-19 mortality 

in Brazil, while controlling for variables related to race, age, sex, and immunization rate.  

Methodology. In this retrospective study, employment rate data were retrieved from the 

Brazilian Institute of Geography and Statistics, COVID-19 mortality data retrieved from 

the Health Surveillance Secretariat, population demographics data including race, age, 

and sex were retrieved from the Ministry of Health, and immunization data were 

retrieved from the Oswaldo Cruz Foundation. All data were analyzed at region, state, and 

capital-levels using multiple linear regression on IBM SPSS Statistics version 27. 

Results. The findings suggest a statistically significant association between employment 

and COVID-19 mortality rate at the state level (p=0.023), but not a statistically 

significant association at the capital level (p=0.088). At the state level, we can predict an 

increase of three COVID-19 deaths per 100,000 people for each unit increase in 

employment rate. Variables related to race, age, sex, and immunization were used as 

control variables in all the regression analyses. Results show that the model is invalid to 

predict COVID-19 mortality from employment at the regional level. 

Conclusion. To better explore the influences of employment on COVID-19 mortality, 

further research is recommended with both individual and population-based approaches. 

Since COVID-19 is an ongoing pandemic, it is more likely that more accurate results will 

be only obtained with post-pandemic data. 

 

Keywords: COVID-19 mortality, employment, Brazil.  
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Resumo 

Objetivo. Investigar a associação entre situação ocupacional e taxa de mortalidade por 

COVID-19 no Brasil levenado em consideração outros dados demográfico da população 

incluindo raça, idade e sexo assim como a taxa de immunização.  

Metodologia. Nesse estudo quantitativo retrospectivo, dados sobre taxa de emprego 

foram obtidos do Instituto Brasileiro de Geografia e Estatística, dados sobre mortalidade 

por COVID-19 foram obtidos da Secretaria de Vigilância em Saúde, dados demográficos 

populacionais, incluindo raça, idade e sexo, foram retirados do Ministério da Saúde, e 

dados de imunização foram retirados da Fundação Oswaldo Cruz. Todos os dados foram 

analisados em niveis de região, estado e capital usando análise de regressão linear 

multipla no softawre IBM SPSS Statistics versão 27.  

Resultados. Os achados sugerem uma associação estatisticamente significativa entre 

emprego e taxa de mortalidade por COVID-19 no nível estadual (p=0.023), mas não no 

nível de capital (p=0.088). A nível estadual, podemos prever um aumento de 3 mortes por 

COVID-19 por 100,000 pessoas por cada aumento unitário da taxa de emprego. Raça, 

idade, sexo e imunização foram utilizadas como controle. Resultados mostram que o 

modelo é inválido para prever a mortalidade por COVID-19 em nível regional. 

Conclusão. A fim de explorar melhor as influências do SES na mortalidade por COVID-

19, recomenda-se que mais pesquisas sejam feitas com abordagens individuais e de base 

populacional. Como a COVID-19 é uma pandemia em curso, é mais provável que 

resultados mais precisos só sejam obtidos com dados pós-pandemia. 

Palavras-chave:  COVID-19, mortalidade, emprego, Brasil.  
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Introduction 

In December 2019, the new coronavirus disease spread in China, becoming a 

global pandemic on March 11, 2020 (WHO, 2020). Due to the lack of treatment and the 

unpreparedness to face the rapid growth of cases, many countries found themselves in a 

desperate situation, seeing the number of deaths multiplying (WHO, 2021). Today in 

Brazil, the number of fatalities has reached over 600 thousand. This number is 

concentrated in the country’s southeast region, where population density is higher, and 

virus transmission is potentially more likely to occur (Martins-Filho, 2021). However, 

besides the country’s dimension and its disproportionate population density, Brazil 

presents high socioeconomic inequalities, with 24.1% of the Brazilian population (about 

50 million people) living in poverty, earning an average U$$5.50/day, and 5.7% (about 

12 million people) living in extreme poverty, making an average U$$1.90/day (IBGE, 

2021). Due to the COVID-19 pandemic in Brazil, the unemployment rate jumped from 

11.1% to 14.2% in December 2019 to 2020 as people withdrew from the workforce and 

lost income (IBGE, n.d.; IBGE, 2021). With the increased unemployment during the 

pandemic, the government implemented emergency aid to alleviate the financial burden. 

As vaccines became available in 2021, providing some hope for a return to normalcy, 

unemployment rates returned to 11.1% in December 2021 (IBGE, n.d.).  

The issue that prompted me to search the literature is that increasing COVID-19 

mortality rates can negatively affect vulnerable populations and become a severe burden 

to the public health system of developing nations. There is strong evidence that the high 

mortality rate in Brazil is associated with the population’s demographics and 
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socioeconomic factors (Baqui et al., 2021; Miranda et al., 2020; Rocha et al., 2021). In 

this study, I focused on employment as a factor that could be associated with the increase 

in COVID-19 mortality. From March 2020 to December 2021, 634,695 deaths were 

registered in Brazil (Secretaria de Vigilância em Saúde [Health Surveillance Secretariat], 

2022), while the unemployment rate grew considerably (IBGE, n.d.). 

The significance of this study lies in the fact that its findings could provide public 

health leaders and policymakers in Brazil with the information needed to assess how 

individuals’ employment situation impacts COVID-19 mortality rates. By evaluating that, 

plans could be developed and implemented to either increase employment opportunities 

for those who need it or provide more financial assistance during public health crises. 

However, filling this gap does not imply that other socioeconomic factors should be 

ignored, as studies have shown that multiple factors could directly or indirectly influence 

COVID-19 mortality.   

Although compliance with measures such as social distancing is essential for 

disease prevention and control, social distance has worsened socioeconomic vulnerability 

and inequality in countries like Brazil (Figueiredo et al., 2020; Garnier et al., 2021; 

Natividade et al., 2020). In a developing country where many do not have the luxury of 

working remotely, staying at home means a reduced income, while working out of the 

home during the pandemic increases individuals’ risk of infection and death. 

Additionally, Chen et al. (2021), Figueiredo et al. (2020), and Oliveira et al. (2020) 

explained that COVID-19 incidence and mortality increase vary depending on the 

population’s demographic heterogeneity and other factors concerning the population’s 
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socioeconomic conditions, but that would not be all. These studies provide evidence that 

increased mortality rates from COVID-19 across Brazil can be associated with 

differences in the country’s preparedness, testing, reporting and discrepancies in local 

policies, medical infrastructure, and healthcare access. For this study, I evaluated the 

association between COVID-19 mortality in Brazil and employment after controlling for 

variables related to race, age, sex, and immunization. 

Research Question & Hypotheses 

This quantitative study addressed the following research question:  

Research Question for Manuscript 3 (RQM3): What is the association between 

employment and COVID-19 mortality rate at different geographic levels across Brazil 

after controlling for race, age, sex, and immunization rate?  

Based on the research question, the following hypotheses were formulated:  

Null Hypothesis (H0): There is no statistically significant association between 

employment and COVID-19 mortality rate at different geographic levels across Brazil 

after controlling for race, age, sex, and immunization rate.  

Alternative Hypothesis (H1): There is a statistically significant association 

between employment and COVID-19 mortality rate at different geographic levels across 

Brazil after controlling for race, age, sex, and immunization rate. 

The rationale for this research is that, historically, Brazil has suffered from the 

transmission of numerous infectious diseases concentrated in overpopulated and poor 

socioeconomic areas (Barreto et al., 2011; Waldman et al., 2016). Throughout the years, 

the Brazilian government has had many successes and some failures in its trajectory to 
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fight infectious diseases by implementing programs that deal with critical determinants 

such as sanitation and water treatment as well as vector control and vaccination programs 

(Barreto et al., 2011; Waldman et al., 2016). However, actions still need to be taken 

concerning socioeconomic improvements in the country to reduce the risks and 

likelihood of disease spread and improve the chances of control and prevention (Barreto 

et al., 2011). To address the research question, this research design includes a 

retrospective cohort design (Aschengrau et al., 2020) with mortality rates examined 

between the period of March 2020 to December 2021. This quantitative analysis should 

help to determine if employment and population demographic characteristics are 

correlated to COVID-19 mortality in Brazil.  

Methodology 

Study Population  

The target population for this study include Brazilian individuals with different 

demographic and geographic characteristics, including race (White, African origin, and 

Mixed), age (0-14, 15-49, and 50-80 years old), sex (male and female), and 

immunization. Public dataset repositories were used for this research design to obtain 

data on the COVID-19 mortality population’s socioeconomic, demographic, and 

geographic characteristics. Since this is a population-based study, aggregated data from 

different geographic levels, including region, state, and capitals, were used for all 

dependent, independent, and control variables. For this study, convenience sampling was 

used (Warner, 2013). Based on the data retrieved for each geographic level during the 

first two years of the pandemic, the convenience sample size for regions is 10, for states 
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is 54, and for capitals is 54. Additionally, information on individual-based data was still 

used to show death distribution throughout the first years of the pandemic according to 

race, age group, sex, and geographic region, but were used as information only and not 

used to test the study hypothesis. 

Variables  

The variables of this study include the following.  

Independent variable (IV):  

• Employment: Numbers in percentage indicating individuals who are employed.  

Actual percentage values from different geographic levels (regional, state, and 

capital levels) were used as found in the data source. 

Dependent variable (DV):  

• COVID-19 mortality rate: The mortality rate was calculated for different 

geographic areas by dividing the number of deaths from COVID-19 in each area 

by the number of people in the population, then multiplied by 100,000.    

Control variables (CV1 – CV8):  

• White population: Numbers in percentage. The percentage of the White 

population was calculated for different geographic areas by dividing the number 

of White people in each area by the number of people in the population, then 

multiplied by 100.   

• African origin population: Numbers in percentage. The percentage of the African-

origin population was calculated for different geographic areas by dividing the 



127 

 

number of African-origin people in each area by the number of people in the 

population, then multiplied by 100.   

• Mixed-race population: Numbers in percentage. The percentage of the Mixed-race 

population was calculated for different geographic areas by dividing the number 

of Mixed-race people in each area by the number of people in the population, then 

multiplied by 100.   

• Population between 0-14 years old: Numbers in percentage. The percentage of the 

0-14 years old population was calculated for different geographic areas by 

dividing the number of 0-14 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 15-49 years old: Numbers in percentage. The percentage of 

the 15-49 years old population was calculated for different geographic areas by 

dividing the number of 15-49 years old people in each area by the number of 

people in the population, then multiplied by 100.   

• Population between 50-80 years old: Numbers in percentage. The percentage of 

the 50-80 years old population was calculated for different geographic areas by 

dividing the number of 50-80 years old people in each area by the number of 

people in the population, then multiplied by 100.    

• Male population: Numbers in percentage. The percentage of the male population 

was calculated for different geographic areas by dividing the number of male 

people in each area by the number of people in the population, then multiplied by 

100.    
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• Immunization rate: Number in percentage. a higher percentage indicates a higher 

immunization. Actual percentage values from different geographic levels 

(regional, state, and capital levels) were used as found in the data source There 

were no codes from missing data.   

Sources of Data 

Data on employment per geographic location from 2020 and 2021 were accessed 

on September 18, 2022, from the publicly available dataset repository below: 

• Instituto Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of 

Geography and Statistics]. 

Data on COVID-19 mortality per geographic location from March 2020 through 

December 2021 were accessed on September 18, 2022, from the publicly available 

dataset repository below: 

• Secretaria de Vigilância em Saúde [Health Surveillance Secretariat], created 

by the Ministério da Saúde [Ministry of Health].  

Data on the population’s demographics, including race, age, and sex per 

geographic location from 2020 and 2021, were accessed on September 18, 2022, from the 

publicly available dataset repositories below:  

• Instituto Brasileiro de Geografia e Estatistica (IBGE) [Brazilian Institute of 

Geography and Statistics]. 

• Tabnet – DATASUS - Ministério da Saúde [Ministry of Health]. 

Data on the population’s immunization (or percentage of population vaccinated 

with the second dose) per geographic location from March 2021 through September 2022 
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were accessed on September 18, 2022, from the publicly available dataset repository 

below:  

• Fundação Oswaldo Cruz (Fiocruz) [Oswaldo Cruz Foundation]. 

Access to public dataset repositories were needed to gather specific data points, 

including the number of deaths by COVID-19 at region, state, and capital-levels and the 

population’s socioeconomic and demographic information. To minimize potential issues 

regarding the use of secondary data, datasets were screened for errors, outliers, 

inconsistencies, and missing values prior to analysis. Identified errors in the datasets were 

reported in the discussion section.  

Validity and Reliability of Data 

Internal validity, which is “the degree to which the results of the study can be 

used to make causal inferences,” is often weak in non-experimental studies (Warner, 

2013). To increase internal validity by limiting the influence of confounding, a series of 

control variables, related to race, age, sex, and immunization rate, were included in the 

analysis. Additionally, regression analyses were performed separately at each geographic 

level (region, state, and capital) to avoid violation of internal validity. On the other hand, 

external validity, the “degree to which the study’s results can be generalized” (Warner, 

2013) could be considered high in this study as the data to be used will represent a large 

and heterogeneous population (Oliveira, 2020). 

The reliability of secondary data depends on the sources from which the data were 

obtained. Datasets from government sources are often reputable; however, data screening 

is still recommended to identify errors and inconsistencies (Warner, 2013). The datasets 
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used in this study will be retrieved from Brazilian governmental websites listed in the 

previous section. Also, data will be reviewed before analysis to ensure the accuracy of 

data transcription. 

Design and Analysis 

A multiple linear regression (MLR) analysis was performed using IBM SPSS 

Statistics version 27 to determine the association between employment and COVID-19 

mortality rate at different geographic levels across Brazil while controlling for variables 

related to race, age, sex, and immunization rate. Multiple linear regression is a statistical 

technique often used to evaluate the relationship of one continuous dependent variable 

and multiple continuous or categorical independent variables (Warner, 2013).  

Although aggregated data (population-based data) were accessed and used in the 

primary statistical analysis (MLR) to answer the research question previously elaborated, 

individual-based data on COVID-19 mortality and population demographics, including 

race, age, sex, and region, were used to evaluate death distribution in the country during 

the first two years of the pandemic. Additionally, descriptive statistical analyses were 

performed for the COVID-19 mortality rate and employment rate variables. Lastly, prior 

to the performance of the primary analysis, assumptions for MLR were tested. Table 17 

and Figure 28 summarize of the proposed analytical test plan.  
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Table 17 

Proposed Analytical Test Plan and Justification 

Variable Type of variable Multiple Linear Regression (MLR) Death Distribution Evaluation 

COVID-19 Mortality rate 1 Dependent Variable DV (Scale) 

Using a population-based dataset and 

including all variables listed, multiple 

linear regression analyses were 

performed to determine the association 

between school employment and 

COVID-19 mortality while controlling 

for the population’s demographic 

characteristics and immunization. MLR 

is an appropriate test considering that 

the dependent variable (disease 

mortality) and the independent variable 

(employment rate) are continuous 

variables, and the control variables are 

scale (Warner, 2013). Assumptions 

tested: Normality, linearity, 

homoscedasticity, and multicollinearity. 

In these analyses, all variables listed 

were used. 

An individual-based 

dataset was created using 

only COVID-19 mortality 

and population 

demographics, including 

race, age, sex, and region, 

to evaluate death 

distribution in the country 

during the first two years 

of the pandemic. Data not 

used to test study 

hypothesis. Analyses 

were done for information 

only. 

Percentage of Employed 

population 1  
Independent Variables IV1 (Scale) 

Percentage of White population Control Variable CV1 (Scale) 

Percentage of African origin 

population 
Control Variable CV2 (Scale) 

Percentage of Mixed-race 

population 
Control Variable CV3 (Scale) 

Percentage of Population between 

0-14 Years Old 
Control Variable CV4 (Scale) 

Percentage of Population between 

15-49 Years Old 
Control Variable CV5 (Scale) 

Percentage of Population between 

50-80 Years Old 
Control Variable CV6 (Scale) 

Percentage of Male Population Control Variable CV7 (Scale) 

Percentage of Immunized 

Population 
Control Variable CV8 (Scale) 

Note. 1 Descriptive statistical analysis were performed on the COVID-19 mortality rate and employment rate variables. 

  



132 

 

Figure 28 

Scheme of Data Flow and Regression Analyses for Manuscript 3 

 
Note. Regression analyses were performed at each geographic level (region, state, and capital) to avoid internal validity.  

Data repositories: Brazilian 
governmental websites 

Population-based data on COVID-19 
mortality, employment rate, and 

population demographics (race, age, 
and sex) and immunization rate used 
for regression analyses at different 

geographic levels (region, state, and 
capital). Data used to test syudy 

hypothesis. 

MLR1 at the region level (N=10)

IV1: Employment + CV1-CV8

DV: COVID-19 Mortality rate

MLR2 at the state level (N=54)

IV1: Employment + CV1-CV8

DV: COVID-19 Mortality rate

MLR3 at the capital level (N=54)

IV1: Employment + CV1-CV8

DV: COVID-19 Mortality rate

Individual data were used to evaluate 
death distribution in the country 

during the first two years of 
pandemic. Data not used to test study 

hypothesis (information only).
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Results 

The study was conducted by retrieving population-based data on COVID-19 

mortality, school enrollment, and population demographics, including race, age, and sex, 

as well as immunization rate from Brazilian governmental websites and analyzed using 

multiple linear regression model at different geographic levels (see Figure 28) on IBM 

SPSS software. The population-based data was used to create a dataset containing all 

information for the regression analyses. The dataset was further converted into an 

individual-based dataset only on COVID-19 mortality and population demographics to 

investigate the death distribution during the first two years of the pandemic. 

Most data needed for the analyses were retrieved without issues, except for the 

immunization data, which were not available at the capital-level; therefore, this variable 

was not included in the regression analysis for this level. Additionally, as vaccination 

campaigns started on January 2021 in Brazil, the data retrieved for this study are from 

2021 and 2022. It is also important to note that the regression at the nation-level was not 

performed due to the small sample size (N=2). 

Descriptive Statistics for COVID-19 Mortality 

After running a descriptive statistics analysis on the variable COVID-19 

mortality, it was observed that among the 27 states during two years of the pandemic (N= 

54), the COVID-19 mortality rate ranged from 0.063% to 0.284% at the state level. The 

three measures of central tendency for this variable were mean equals 0.14% (M = 0.14), 

median equals 0.13% (Median = 0.13), and mode equals 0.063% (Mode = 0.063) with a 

standard deviation equal 0.058 (SD = 0.058). The skewness and kurtosis of this 
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distribution (0.816 and -0.284, respectively) suggest that the distribution deviates from 

normality and is positively skewed (Table 18 and Figure 29). In Figure 29, the variability 

or measure of spread distribution of the COVID-19 mortality rate was 0.18% to 0.10%; 

outliers were not identified.  

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the two years of the pandemic (N= 54), the COVID-19 mortality rate 

ranged from 0.107% to 0.519% at the capital level. The three measures of central 

tendency for this variable were mean equals 0.25% (M = 0.25), median equals 0.23% 

(Median = 0.23), and mode equals 0.107% (Mode = 0.107) with standard deviation 

equals 0.094 (SD = 0.094). The skewness and kurtosis of this distribution (0.325 and -

0.886, respectively) suggest that the distribution deviates from normality and is slightly 

positively skewed (Table 18 and Figure 30). In Figure 30, the variability or measure of 

spread distribution of the COVID-19 mortality rate was 0.28% to 0.18%; outliers were 

identified. 
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Table 18 

Statistics of COVID-19 Mortality at State and Capital-levels 

  State-level Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 0.14169 0.24528 

Median 0.12622 0.23056 

Mode 0.0631 0.107 1 

Std. Deviation 0.058010 0.093895 

Variance 0.003 0.009 

Skewness 0.816 0.989 

Std. Error of Skewness 0.325 0.325 

Kurtosis -0.284 0.886 

Std. Error of Kurtosis 0.639 0.639 

Range 0.221 0.411 

Minimum 0.063 0.107 

Maximum 0.284 0.519 

Percentiles 25 0.10052 0.18157 

50 0.12622 0.23056 

75 0.18464 0.28142 

Note. Statistics were performed at state and capital levels for the first two years 

of the pandemic. For that, the Frequencies function in SPSS was used to observe 

further Percentile values, Central Tendency, Dispersion, and sample Distribution. 

1 Multiple mode exist. The smallest value is shown. 
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Figure 29 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at State-

level 

 
      Note. No outliers were identified. 

 

 
Figure 30 

Boxplot Graph Representing a Positively Skewed Distribution of COVID-19 Mortality at Capital-

level 

 
     Note. Outliers were identified.  
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Descriptive Statistics for Employment 

After running a descriptive statistics analysis, it was observed that among the 27 

states during the two years of the pandemic (N= 54), the employment rate ranged from 

32.1% to 79.4% at the state level. The three measures of central tendency for this variable 

are mean equals 52.9% (M = 52.9), median equals 50.3% (Median = 50.3), and mode 

equals 43.4% (Mode = 43.4) with standard deviation equals 12.1 (SD = 12.1). The 

skewness and kurtosis of this distribution (0.271 and -0.862, respectively) suggest that 

the distribution deviates from normality and is positively skewed (Table 19 and Figure 

31). In Figure 31, the employment rate’s variability or measure of spread distribution was 

61.8% to 43.4%; outliers were not identified.  

In a second descriptive statistics analysis, it was observed that among the 27 

capitals during the two years of the pandemic (N=54), the employment rate ranged from 

48.9% to 67.5% at the capital level. The three measures of central tendency for this 

variable are mean equals 57.6% (M = 57.6), median equals 57.2% (Median = 57.2), and 

mode equals 61.1% (Mode = 61.1) with standard deviation equals 3.9 (SD = 3.9). The 

skewness and kurtosis of this distribution (0.188 and -0.424, respectively) suggest a non-

normal distribution and slightly positively skewed (Table 19 and Figure 32). In Figure 

32, the variability or measure of spread distribution of the school enrollment was 61.1% 

to 54.6%; outliers were not identified. Note that for both descriptive analyses, the high 

value of variance (the square root of the standard deviation) may indicate highly scattered 

data around the mean. 
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Table 19 

Statistics of Employment at State and Capital-levels 

  State-level Capital-level 

N Valid 54 54 

Missing 0 0 

Mean 52.931 57.554 

Median 50.300 57.200 

Mode 43.4a 61.1 

Std. Deviation 12.1090 3.9562 

Variance b 146.628 15.651 

Skewness 0.271 0.188 

Std. Error of Skewness 0.325 0.325 

Kurtosis -0.862 -0.424 

Std. Error of Kurtosis 0.639 0.639 

Range 47.3 18.6 

Minimum 32.1 48.9 

Maximum 79.4 67.5 

Percentiles 25 43.400 54.550 

50 50.300 57.200 

75 61.775 61.100 

Note. Statistics were performed at state and capital levels for the 

first two years of the pandemic. For that, the Frequencies function 

in SPSS was used to observe further Percentile values, Central 

Tendency, Dispersion, and sample Distribution. a. Multiple modes 

exist. The smallest value is shown. b. Note that for both descriptive 

analyses, the high value of variance (the square root of the standard 

deviation) may indicate highly scattered data around the mean. 
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Figure 31 

Boxplot Graph Representing the Positively Skewed Distribution of Employment According to 

State 

 
     Note. No outliers were identified. 
 
Figure 32 

Boxplot Graph Representing the Positively Skewed Distribution of Employment According to 

Capital 

 
     Note. No outliers were identified. 
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Assumptions of Multiple linear Regression  

The assumptions tested for the MLR analyses were normality, linearity, 

homoscedasticity, and multicollinearity. Normality was tested by observing the Normal 

P-P Plot, linearity and homoscedasticity were tested by observing the scatterplot of 

residuals, and multicollinearity was tested by observing the variance inflation factor 

(VIF) obtained from the coefficient table in the SPSS output. Additionally, the 

independence of residuals was tested by observing the Durbin-Watson value. Outliners 

were tested by looking for points that were far from the regression line.     

Table 20 summarizes the results for the assumptions of the multiple linear 

regression analyses. Note that the passing criterion set for normality was that residuals 

should be normally distributed. The passing criterion for linearity was that residuals 

should have a straight-line relationship with predicted DV scores. The passing criterion 

for homoscedasticity was that VIF values should be less than 10 (VIF<10). The passing 

criterion for the independence of residuals is that plotted standardized residuals are 

randomly scattered. The passing criterion for multicollinearity was that Durbin-Watson 

values should be between 1.5 – 2.5 (approximate values were acceptable). Overall, the 

results show that except for linear regression at the region-level, none of the assumptions 

were violated.  
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Table 20 

Results of Assumptions of Multiple linear Regression for Manuscript 3 

Level 

Regression/IV 

and DV 

  

Normality 

 

(passing criterion 

is that residuals 

should be normal 

distributed) 

 

(Pass or fail 

criterion) 

Linearity 

 

(passing criterion 

is that residuals 

should have a 

straight-line 

relationship with 

predicted DV 

scores) 

 

(Pass or fail 

criterion) 

Homoscedasticity 

 

(passing criterion is 

that plotted 

standardized 

residuals are 

randomly scattered) 

 

(Pass or fail 

criterion) 

Multicollinearity 

 

(passing criterion 

is VIF <10) 

 

(Pass or fail 

criterion) 

Independence of 

Residuals 

 

 (passing criterion is 

Durbin-Watson values 

between 1.5-2.51 

 

(Pass or fail criterion) 

Outliers  

 

(passing criterion is 

absence of outliers) 

 

(Pass or fail 

criterion) 

Region 

Regression 1 

(Employment 

and COVID-19 

mortality) 

Fail Fail Fail Fail Fail Pass 

State 

Regression 2 

(Employment 

and COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Capital 

Regression 3 

(Employment 

and COVID-19 

mortality) 

Pass Pass Pass Pass2 Pass Pass 

Note. 1Approximate values are acceptable. 2 Failed for 2 non-significant variables. 
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Results of Multiple linear Regression  

To approach the association between employment and COVID-19 mortality in 

Brazilian regions, a multiple linear regression analysis was conducted to evaluate the 

prediction of COVID-19 mortality rate from employment while controlling for variables 

related to the population’s race, age, sex, and immunization rate (see list of variables 

included in the Design and Analysis section). Preliminary analyses were conducted to 

assess the assumptions of normality, linearity, homoscedasticity, multicollinearity, 

independence of residuals, and outliers. Violations were noted, indicating that the model 

is invalid in predicting COVID-19 mortality at the regional level (see Table 20). 

Therefore, regression results for this level were not reported as they cannot be used to 

interpret the data correctly.   

The same approach was taken to evaluate the association between employment 

and COVID-19 mortality rate in Brazilian states. A multiple linear regression analysis 

was conducted to evaluate the prediction of COVID-19 mortality from employment while 

controlling for variables related to the population’s race, age, sex, and immunization rate 

(see control variables listed in Table 21). Preliminary analyses were conducted to assess 

the assumptions of normality, linearity, homoscedasticity, multicollinearity, 

independence of residuals, and outliers. No violations were noted (see Table 20). The 

multiple linear regression analysis results revealed that at the state level, a significant 

regression equation was found F(8, 45)=4.620, p<0.001), with an R2 of 0.451. Table 21 

summarizes the results of the regression performed at the state level showing that for 

each percentage point increase in employment, we can predict an increase of 3 in 
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COVID-19 deaths per 100,000. Employment rate is a significant predictor of COVID-19 

mortality (p=0.023) while controlling for variable related to the population’s race, age, 

sex, and immunization rate. 

Lastly, to approach the association between employment and COVID-19 

mortality in Brazilian capitals, a multiple linear regression analysis was conducted to 

evaluate the prediction of COVID-19 mortality from employment while controlling for 

variables related to the population’s race, age, and sex (see control variables listed in 

Table 22). Preliminary analyses were conducted to assess the assumptions of normality, 

linearity, homoscedasticity, multicollinearity, independence of residuals, and outliers. No 

violations were noted (see Table 20). The multiple linear regression analysis results 

revealed that at the capital level, a non-significant regression equation was found F(7, 

46)=1.407, p=0.226), with an R2 of 0.176. Table 22 summarizes the regression results 

performed at the capital level showing that employment is not a significant predictor of 

COVID-19 mortality (p=0.088) while controlling for race, age, and sex.   
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Table 21 

SPSS Output: Regression Analysis of Employment and COVID-19 Mortality at State-level    

Coefficients  

Model 

Unstandardized Coeff. Standardized Coeff. 

t p 

95% CI for B 

B SE β LL UL 

1 (Constant) -379 817   -0.463 0.645 -2024 1267 

% Male population2  8.792 10.680 0.150 0.823 0.415 -12.719 30.302 

% Population between 0-14 years2 8.136 5.522 0.416 1.473 0.148 -2.986 19.258 

% Population between 15-49 years2 -2.288 5.919 -0.078 -0.387 0.701 -14.209 9.633 

% White population2 -439 413 -1.350 -1.063 0.293 -1270 393 

% African origin population2 -201 494 -0.099 -0.408 0.685 -1196 793 

% Mixed-race population2 -342 429 -0.940 -0.798 0.429 -1205 521 

Employment (%)1 3.055 1.294 0.638 2.360 0.023 0.448 5.662 

% Immunized Population2  3.343 0.812 0.680 4.119 <0.001 1.708 4.977 

Note. 1. Predictor variable 2. Control variables. 

Regression model using the total number of deaths from COVID-19 per 100,000 people at the state-level in Brazil. 
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Table 22 

SPSS Output: Regression Analysis of Employment and COVID-19 Mortality at Capital-level    

Coefficients  

Model 

Unstandardized Coeff. Standardized Coeff. 

t p 

95% Cl for B 

B SE β LL UL 

1   (Constant) 588 1962   0.300 0.766 -3360 4537 

 

     % of Male Population2  14.131 14.316 0.216 0.987 0.329 -14.685 42.947 

     % of Population between 0-14 Years Old2 -6.602 9.234 -0.191 -0.715 0.478 -25.189 11.985 

     % of Population between 15-49 Years Old2 -17.016 8.746 -0.491 -1.945 0.058 -34.622 0.590 

     % of White Population2 -491 1564 -0.901 -0.314 0.755 -3640 2657 

     % of African Origin Population2 -532 1613 -0.258 -0.330 0.743 -3779 2715 

     % of Mixed-Race Population2 -143 1575 -0.241 -0.091 0.928 -3313 3028 

     Employment (%)1 6.657 3.819 0.280 1.743 0.088 -1.031 14.344 

 Note. 1. Predictor variable 2. Control variables.  

Data on immunization rate was not available at capital-level; therefore, it was not included in this regression.  

Regression model using the total number of deaths from COVID-19 per 100,000 people at the capital-level in Brazil. 
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Distribution of COVID-19 Death 

Between March 2020 and December 2021, the Secretaria de Vigilância em Saúde 

[Health Surveillance Secretariat], created by the Ministério da Saúde [Ministry of 

Health], reported 634,695 deaths by COVID-19, being 212,706 deaths in 2020 and 421 

989 deaths in 2021. The number of deaths caused by COVID-19 during these first two 

years of the pandemic corresponds to 18.8% of all deaths in the country in the same 

period, and the COVID-19 mortality rate observed was 297.5 deaths per 100,000 people 

in all age groups. The distribution of the casualties according to age groups, sex, race, 

and Brazilian region are shown in Table 23 – Table 24 and Figure 33 – Figure 40. 

According to the distribution, in 2020, the number of deaths across the country was 

higher among individuals who were 80 years or older (1348.3 deaths/100,000), White 

(112.3 deaths/100,000), and male individuals (117.5 deaths/100,000). Similarly, in 2021 

the number of deaths was still higher among individuals who were 80 years or older 

(1731 deaths/100,000), White (238.5 deaths/100,000), and male individuals (224.8 

deaths/100,000). In 2020 death rate was higher in the Southeast region (109.9 

deaths/100,000), conversely, in 2021, the death rate was higher in the South (244.6 

deaths/100,000). 

Note that although individual-based data was used to show death distribution 

throughout the first years of the pandemic according to race, age group, sex, and 

geographic region, this is a population-based study and the data in this section was not 

used to test the study hypothesis or answer the research question. This death distribution 

evaluation has been for information only. 
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Table 23 

Distribution of COVID-19 Death in 2020 and 2021 according to Age Group 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Age     

Infant 278 (0.1) - 347 (0.1) - 

0-4 years 168 (0.1) 1.1 212 (0.1) 1.4 

5-9 years 101 (0.0) 0.7 121 (0.0) 0.8 

10-14 years 128 (0.1) 0.9 171 (0.0) 1.2 

15-19 years 347 (0.2) 2.2 545 (0.1) 3.5 

20-29 years 1809 (0.9) 5.3 5517 (1.3) 16.2 

30-39 years 5975 (2.8) 17.5 21155 (5.0) 61.7 

40-49 years 13542 (6.4) 46.3 45392 (10.8) 152.0 

50-59 years 26600 (12.5) 111.4 76859 (18.2) 317.1 

60-69 years 47875 (22.5) 286.1 98362 (23.3) 568.7 

79-79 years 55979 (26.3) 620.4 93347 (22.1) 991.3 

80-older 59880 (28.2) 1348.3 79925 (18.9) 1731.0 

Unknown 24 (0.0) - 36 (0.0) - 

Total  212706 (100.0) 100.3 421989 (100.0) 197.6 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each age group were accessed from Ministério da Saúde 

[Ministry of Heath] on 18Sep2022. 2 Death rate per 100,000 was calculated by diving the number of deaths per 

the total population, times 100,000 (data for infant and unknown were excluded from the calculation).  
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Table 24 

Distribution of COVID-19 Death in 2020 and 2021 according to Sex, Race, and Region 

Demographic 1N (%) in 2020 2 Death rate per 100,000 1N (%) in 2021 2 Death rate per 100,000 

Sex     

Male 121641 (57.2) 117.5 234352 (55.5) 224.8 

Female 91051 (42.8) 84.1 187588 (44.5) 172.0 

Unknown 14 (0.0) - 49 (0.0) - 

Race     

White 103525 (48.7) 112.3 218852 (51.9) 238.5 

African origin 18604 (8.7) 99.7 32149 (7.6) 154.1 

Asian origin 1458 (0.7) - 2591 (0.6) - 

Mixed-race 81572 (38.3) 82.7 139288 (33.0) 142.0 

Brazilian Native 972 (0.5) - 851 (0.2) - 

Unknown 6575 (3.1) - 28258 (6.7) - 

Region     

Central-West 17381 (8.2) 105.3 39559 (9.4) 236.8 

Northeast 54697 (25.7) 95.3 76020 (18.0) 131.8 

North 19531 (9.2) 104.6 29861 (7.1) 157.9 

Southeast 97798 (46.0) 109.9 202174 (47.9) 225.6 

South 23299 (11.0) 77.2 74375 (17.6) 244.6 

Total  212706 (100.0) 100.4 421989 (100.0) 197.8 

Note. 1N = number of deaths by COVID-19. Data on death were accessed from Secretaria de Vigilância em 

Saúde [Health Surveillance Secretariat] on 18Sep2022, using indicator ICD-10-CM code B34.2 for Coronavirus 

infection, unspecified. Data on total population for each sex and region groups were accessed from Ministério 

da Saúde [Ministry of Heath] on 18Sep2022. Data on total population for each race group were accessed from 

the Sistema IBGE de Recuperação Automática [IBGE Automatic Recovery System] on 18Sep2022. 2 Death rate 

per 100,000 was calculated by diving the number of deaths per the total population, times 100,000 (data for 

unknown, Asian, and Brazilian native population were excluded from the calculation). 
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Figure 33 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Age Group in Brazil 

  
  Note. Only rates > 5 are displayed.    

 
Figure 34 

Bar Chart of COVID-19 Death Rate per 100,000 in 2021 by Age Group in Brazil 

 
     Note. Only rates > 5 are displayed.    
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Figure 35 

Pie Chart of COVID-19 Death Rate per 100,000 in 2020 by Sex in Brazil  

 
 
Figure 36 

Pie Chart COVID-19 Death Rate per 100,000 in 2021 by Sex in Brazil  
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Figure 37 

Bar Chart of COVID-19 Death Rate per 100,000 in 2020 by Race in Brazil 

  
 
Figure 38 

Bar Chart of COVID-19 Death Rate per 100,000 in 2021 by Race in Brazil 
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Figure 39 

Bar Chart of COVID-19 Death Rate per 100,000  in 2020 by Region 

 
 
Figure 40 

Bar Chart of COVID-19 Death Rate per 100,000  in 2021 by Region 
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Discussion 

Based on the fundamental causes theory, disease spread and mortality are greater 

among individuals with fewer resources (Link et al., 1995). Therefore, mortality due to 

COVID-19 is expected to be higher among individuals who are socioeconomic 

disadvantaged or part of minority groups (Mello, 2020; Ribeiro et al., 2021). During a 

multiple linear regression analysis to investigate the association between employment and 

COVID-19 mortality across Brazilian states while controlling for race, age, sex, and 

immunization rate, it was found that employment is a significant predictor of COVID-19 

mortality. Conversely, no statistically significant association was found between 

employment and COVID-19 mortality rate at the capital level while controlling for race, 

age, sex, and immunization rate. Results at the regional level were not reported, as the 

model was found to be invalid in predicting COVID-19 mortality from income at this 

level, probably due to the small sample size.   

Looking at the distribution of COVID-19 mortality in Brazil during the first two 

years of the pandemic, it was found that the COVID-19 death rate was higher in the 

Southeast region in 2020 and higher in the Southern region in 2021, the most densely 

populated regions in the country. Based on this observation, we can suggest that the 

irregularity or heterogeneity of the population’s distribution can shape disease spread, as 

investigated by Martins-Filho et al. (2021) and Miranda et al. (2020). The same analysis 

found that the COVID-19 death rate was higher among individuals 80 years old or older, 

male and White, in both years of the pandemic. 
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As mentioned in the Summary of the Manuscripts section, most of the study 

limitations were associated with data availability. Two-year data for disease mortality 

were obtained for each region, state, and capital. Although the data used for the 

regression analyses were population-based, the data obtained at a national level was 

converted to an individual-level dataset to investigate death distribution for the first two 

years of the pandemic. To avoid errors during the manipulation of this large dataset, the 

data was reviewed a second time to ensure transcription errors were not present. Another 

limitation was regarding data availability. Since COVID-19 is an ongoing pandemic, 

many data points were unavailable or ready for analyses, resulting in a need for some 

manipulation to guarantee dataset completion and readiness before analyses. Data 

manipulation was required to avoid internal validity issues, but data should be considered 

reliable as all information was retrieved from governmental resources. 

 The findings of this study allow public health and political leaders to identify 

geographic areas in the country that need special attention regarding the development of 

policies and implementation of public health programs to encourage populations’ best 

behavior and practices concerning preventive actions and vaccination willingness. 

Furthermore, considering Brazil a country of high economic and demographic disparities, 

the social change implications of this study may include a potential increase in people’s 

opportunities for socioeconomic equality, particularly a fair income distribution, which 

could allow individuals to have better access to healthcare, consequently decreasing 

COVID-19 mortality rates. A decrease in the COVID-19 mortality rate could allow 

Brazilians to improve individual lives with healthier families and communities. 
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Based on this study’s findings and to better explore the influences of SES as a risk 

factor for COVID-19 mortality, further research is recommended with both individual 

and population-based approaches. Since COVID-19 is an ongoing pandemic, it is more 

likely that more accurate results will be only obtained with post-pandemic data. Lastly, 

multiple linear regression models may not be the best model for analyzing population-

based data considering that sample sizes may be limited compared to individual-based 

data. 
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Part 3: Summary 

First Heading 

The findings of the three studies work in conjunction to inform how main 

socioeconomic elements, such as income, education, and employment can work as risk 

factors that affect COVID-19 mortality in Brazil at different geographic levels. 

Depending on the geographic level observed, some of the findings do not agree with the 

theory tested, the fundamental causes theory (Link et al., 1995), which can be explained 

by a series of other factors, including population density and heterogeneity; shows there 

are still inconsistencies on how minority groups are at greater risk of disease 

contamination and death.   

During data retrieval for these studies, I encountered unanticipated events 

regarding data availability and sample size determination, which caused me to deviate 

from the proposed study. During the proposal stage, the sample size was inadvertently 

determined based on an individual-based study. However, all data for the dependent, 

independent, and control variables were aggregated per geographic location at region, 

state, and capital levels. The total number of aggregated data points accessed and used to 

create the study dataset was N=118; however, to avoid violation of internal validity 

during our population-based study, the regression could not be performed using all the 

combined 118 data points; instead, the data needed to be analyzed at each geographic 

level of the population (region, state, and capital levels), which shortened the sample size 

during analyses. 
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Even with the unanticipated events described, I believe these studies may have 

positive social change implications, which include a potential increase in people’s 

opportunities for socioeconomic equality and, consequently, a decrease in the COVID-19 

mortality rate. This would allow Brazilians to improve individual lives with healthier 

families and communities. However, since the pandemic is still an ongoing issue, further 

investigations are needed to obtain post-pandemic data for more accurate information to 

examine the role of SES in predicting COVID-19 mortality. Therefore, future research is 

needed to investigate the impact of socioeconomic factors and Brazilian population 

demographic characteristics on disease spread and mortality.  

The overall experience of conducting this research was enriching and allowed me 

to learn more about the importance of fighting for socioeconomic equality to facilitate 

families’ access to healthcare, which can be particularly scarce during a global pandemic. 

Political and public health leaders of developing countries, such as Brazil, must 

constantly remember that improvements in access to education and employment can 

positively affect the countries’ public health. Hopefully, future studies will focus more on 

/developing countries for better public health preparedness, thus decreasing the chances 

of disease growth and death that burden disadvantaged populations.       
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