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ABSTRACT

As most countries are now at advanced stages of the demographic transition,
international migration has regained importance for explaining population dynamics.
However, the lack of good data limits our knowledge about the characteristics of the
foreign-born population living in many countries. In this context, socioeconomic and
health factors associated with migration are critical research topics. This dissertation first
examines the diversity of sociodemographic profiles among foreign-born adults living in
Sdo Paulo, Brazil. It also investigates whether and how mortality patterns differ between
foreign-born and Brazilian-born adults living there. We rely on data from the 2010
Brazilian demographic census and apply the Grade of Membership (GoM) method to
define the sociodemographic profiles of foreign-born adults. We found four profiles of
foreign-born adults: recent, middle-term, long-term, and old migrants. Profiles
differences are marked mainly by age, length of residence, education, and country of birth.
Old migrants (Europeans and Japanese) gave place to newer migrants from South
America. Next, we examine mortality differences between foreign-born and native-born
adults living in Sdao Paulo and evaluate whether these differences vary by age and
education. Estimates are based on negative binomial regression models that combine
death registers from the Brazilian Mortality Information System from 2009 to 2011 with
population figures from the 2010 Brazilian demographic census. We found evidence of
mortality disadvantages among foreign-born adults compared to Brazilians living in Sao
Paulo, even after controlling for age, sex, and education. However, the mortality
differences by nativity vary by age and education. Migrant mortality disadvantage is
highly concentrated among younger adults with low education (individuals who are more
likely to come from other South American countries). Our findings contrast with the
mortality paradox among migrants in developed countries, especially in the United States.

Keywords: International Migration; Mortality differentials; Sao Paulo; Brazil.



RESUMO

Como a maioria dos paises esta agora em estagios avancados da transicdo demografica, a
migracdo internacional tem ganhado crescente importancia para explicar a dinamica
populacional. No entanto, a falta de dados de boa qualidade tem limitado o nosso
conhecimento sobre as caracteristicas da populacao migrante que vive em muitos destes
paises. Nesse contexto, os fatores socioecondmicos e de satide associados a migracdo sdao
temas criticos de pesquisa. Esta dissertacdo examina primeiramente a diversidade de
perfis sociodemograficos entre migrantes internacionais adultos que vivem em Sao Paulo,
Brasil. Também investigamos se e como os padrdes de mortalidade desses migrantes
diferem daqueles observados entre os brasileiros residentes no mesmo Estado. Baseamo-
nos em dados do censo demografico brasileiro de 2010 e aplicamos o método Grade of
Membership (GoM) para definir os perfis sociodemograficos da populagdo migrante.
Encontramos quatro perfis de migrantes: migrantes recentes, de médio prazo, de longo
prazo e idosos. As diferencas de perfis sdo marcadas principalmente pela idade, tempo de
residéncia, escolaridade e pais de nascimento. As ondas tradicionais de migracdo
(europeus e japoneses) deram lugar a migrantes mais novos, vindos da América do Sul.
Em seguida, examinamos os diferenciais de mortalidade entre migrantes e nao-migrantes
residentes em Sdo Paulo e avaliamos se essas diferencas variam de acordo com a idade e
a escolaridade. As estimativas sdo baseadas em modelos de regressdo binomial negativo
que combinam registros de Obitos do Sistema Brasileiro de Informagdes sobre
Mortalidade de 2009 a 2011 com dados populacionais do censo demografico brasileiro de
2010. Encontramos evidéncias de desvantagens de mortalidade entre migrantes em
relacdo aos brasileiros residentes em Sao Paulo, mesmo apés o controlarmos por idade,
sexo e escolaridade. No entanto, esses diferenciais de mortalidade variam de acordo com
aidade e escolaridade. A desvantagem da mortalidade migrante é altamente concentrada
entre os adultos mais jovens com baixa escolaridade (individuos com maior probabilidade
de virem de outros paises sul-americanos). Nossos achados contrastam com o paradoxo
da mortalidade entre migrantes em paises desenvolvidos, especialmente nos Estados
Unidos.

Palavras-chave: Migracdo Internacional; Diferenciais de Mortalidade; Sao Paulo; Brasil.
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Introduction

As the demographic transition advances worldwide, the relevance of migration for
understanding population dynamics increases. Migration can change demographic,
economic, and social structures and create a new cultural diversity in both origin and
destination countries (Castles, Haas, & Miller, 2015; Livi-Bacci, 2011; Massey et al., 1998).
For that reason, policymakers worldwide need timely, reliable, accessible, and
comparable data on migration to manage international flows effectively and protect the

rights of migrants (I0M, 2017).

International migration is among the leading policy issues of the 21st century
(United Nations, 2020). However, lack of good data defies the agenda on the determinants
of migration, especially in traditionally sending communities. For many countries, Brazil
included, there is a gap in the understanding of the socioeconomic and health factors
associated with the migration process. Lack of migration data often leads to
misperceptions about the scale of migration and its effects (Zapata & Guedes, 2017). It can
also result in poorly designed policies and interventions, making it harder to identify and
assist migrants in vulnerable situations (IOM, 2017). Demographers can contribute to the
debate by finding alternative methodologies to overcome the existing limitations and

provide the best estimates possible (Nepomuceno, 2017).

Most previous research in developed countries has reported that migrants are
healthier and live longer than native-born residents in their destination country (Guillot,
Khlat, Elo, Solignac, & Wallace, 2018; Palloni & Arias, 2004; Wallace, Khlat, & Guillot, 2019;
Wallace & Kulu, 2014; Young, 1987). This situation in which migrants have lower
mortality than non-migrant populations is denominated ‘migrant mortality advantage’. It
is one of the most pervasive findings from the social sciences (Guillot et al., 2018), and has
garnered increased attention in recent years because of the growing share, diversification,
and aging of foreign-born populations in high-income countries (Wallace & Wilson, 2021).
However, migrant mortality advantage might not reflect the health outcomes of migrants
living in developing countries (Aldridge et al., 2018). The scarcity of studies reflects the
lack of data available for this group with adequate quality and representativeness. This is

an important gap in the existing literature.



Despite the challenges in analyzing mortality differences between migrants and
their host populations in developing countries, there is significant merit in doing so.
Firstly, mortality is a robust health indicator and offers insights into the health conditions
of migrants. Moreover, comparing migrant mortality with their host population can help
discuss the factors that underpin these differences and rethink policies to increase their
accessibility to national healthcare and welfare systems in developing countries such as

Brazil.

This dissertation deals with migration-related issues, particularly among adult
migrants living in Sdo Paulo, Brazil. The core interest is to access the diversity of
sociodemographic profiles of adult international migrants residing in the State of Sao
Paulo and examine whether and how their mortality patterns differ from those observed

among Brazilian-born adults in the same State.

Sao Paulo represents an ideal context to conduct this research. The State has high-
quality mortality data, has full coverage of adult deaths (Queiroz, Freire, Gonzaga, & Lima,
2017), and is the leading destination of international migrants in Brazil. Currently, the
State ranks as the largest financial center in South America and has the largest population

in the region, with an estimated 46,649,132 residents in 2021 (IBGE, 2021).

This dissertation is divided into two essays. The first study investigates the
diversity of sociodemographic profiles of adult international migrants living in the State
of Sdo Paulo in 2010. Based on data from the 2010 Brazilian demographic census, we
apply the Grade of Membership (GoM) technique to define the sociodemographic profiles
of foreign-born adults. Additionally, we examine the association between countries of
origin and duration of stay since arrival in Brazil. We are particularly interested in
measuring the differences between recent and long-term waves of migration to the State
of Sdo Paulo. For that, we use data from previous censuses to capture the changes in size

and composition of migrant figures over the decades.

The second study examines the intersection between migration and mortality. We
look at mortality differences between foreign-born and native-born adults living in Sao
Paulo and evaluate whether these differences vary by age and education groups. We
combine death registers from the Brazilian Mortality Information System from 2009 to

2011 with population figures from the 2010 Brazilian demographic census to estimate
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death rates for migrants and non-migrants by age, sex, and educational attainment

through negative binomial regression models.

We organized this dissertation as follows. Chapter 2 presents the paper entitled
“Sociodemographic profiles of foreign-born adults living in Sdao Paulo, Brazil”. The
following chapter is titled “Mortality differences between foreign-born and native-
born adults in Sdo Paulo, Brazil”. Each study is organized into six sections: abstract,
introduction, materials and methods, results, discussion, and conclusion. At the end of the
dissertation, we offer concluding remarks, references, and further information about the

research in the form of supplementary material.
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Paper 1

Sociodemographic profiles of foreign-born adults living in Sao Paulo,
Brazil

Abstract: International migration is a global phenomenon that has gained prominence in
the public debate over the past decades. International organizations have encouraged
nations to develop and use regional-specific migration profiles, including disaggregated
data on all migration-relevant aspects in a regional context to foster evidence-based
migration policies. This paper contributes to the topic by investigating the diversity of
sociodemographic characteristics of adult migrants living in Sdo Paulo. We rely on data
from the 2010 Brazilian demographic census and apply the Grade of Membership (GoM)
method to delineate the sociodemographic profiles of these populations. The results
suggest four distinct profiles of foreign-born adults: recent, middle-term, long-term, and
old migrants. The most relevant characteristics that distinguish these profiles are age,
length of residence, education, and country of birth. Recent migrants are younger adults,
mainly from Bolivia, with few years of residence in Sdo Paulo and low socioeconomic
status. Middle-term migrants, formed predominantly by white men born in Argentina,
Chile, and other countries, are active in the labor market and have high education and
income levels. Long-term migrants are married, aged between 60 and 70 years, with
intermediate education and wide variation in income level. Since this group includes the
nationalities with the largest contingent of migrants, especially the Portuguese, this
profile is the most prevalent among adult migrants. Finally, in the four profile - old
migrants - the sociodemographic characteristics include a high proportion of retired
widows, born predominantly in Japan.

Keywords: International Migration. Grade of Membership. Brazil.

Introduction

International migration is a global phenomenon that has gained prominence in the
public debate and in the governmental agenda of many countries over the past decades.
Almost all world regions are affected by the arrival, departure, or transit of populations
that have become more mobile and diverse in terms of sociodemographic profiles (United
Nations, 2020; Zapata & Guedes, 2017). For that reason, reliable evidence on migrants has
been vital for assessing current and future trends in societies shaped by the presence of

migrants in their territory. That is the case of the State of Sao Paulo, Brazil (OIM, 2009).
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Sao Paulo is the leading financial center and the most populous state in Brazil.
Therefore, it attracts individuals from different countries to study or work, making
migration flows highly heterogeneous (De Maria & Baeninger, 2016). Social scientists
have devoted special attention to examining the sociodemographic characteristics of
migrants residing in Sdo Paulo. Usually, they look at the countries of origin, socioeconomic
status, the reasons for migrating, and types of occupation in the labor market (De Maria
& Baeninger, 2016; Domeniconi & Baeninger, 2017; Dutra, Almeida, Tonhati, & Palermo,

2015; Magalhaes, Bogus, & Baeninger, 2018; OIM, 2009; Oliveira, 2015).

Understanding the sociodemographic profiles of migrant populations is critical for
several reasons. First, migration can change demographic, economic, and social structures
and foster cultural diversity, thus affecting health, housing, education, occupation, and
transport needs (Castles et al., 2015; Koser, 2010; Livi-Bacci, 2011). Second, evidence on
the characteristics of migrants may help promote policies that ensure their access to the
labor market and the health and welfare systems. It also dialogues with the first objective
of the Global Compact for Migration!, which encourages States to develop and use
evidence-based migration policies from regional-specific migration profiles, including
disaggregated data on all migration-relevant aspects in a regional context (United

Nations, 2019).

This paper contributes to this policy-based migration agenda by investigating the
diversity of sociodemographic characteristics of adult migrants living in the Brazilian
State of Sdo Paulo. We rely on data from the 2010 Brazilian demographic census and apply
the Grade of Membership (GoM) technique to delineate sociodemographic profiles of this
population and its subgroups. Additionally, we analyze how long migrants have resided
in Sao Paulo since their arrival and evaluate what nationalities are part of recent and older
waves of migration to Sdo Paulo. For that, we use data from previous censuses to capture
the changes in the size and composition of surviving? migrant populations over the

decades.

1 The Global Compact is the first inter-governmentally negotiated agreement, prepared under the auspices
of the United Nations, covering all dimensions of international migration in a holistic and comprehensive
manner. The Global Compact is framed in a way consistent with target 10.7 of the 2030 Agenda for
Sustainable Development in which Member States committed to cooperate internationally to facilitate safe,
orderly, and regular migration.

2 Qur target population in the demographic censuses are international migrants who survived mortality and
re-(out)emigration by the time of the interview.
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The paper is structured as follows. The following section presents a brief
contextualization of international migration in Brazil, in which Sdao Paulo has always
played a prominent role. Next, we describe the data and the main variables used in this
study to delineate the sociodemographic profiles of adult migrants living in Sdo Paulo. We
also provide more detailed information about the GoM method. In the fourth section, we
present the overall changes in size and composition of migrant populations over the past
decades and characterize them according to the profiles provided by the GoM method.

Finally, we conclude and discuss future research on this topic.

Background
International migration in Brazil

Brazil's history of international migration reveals different stages and migrant
profiles over time. As part of the colonization process, many migrants arrived in Brazil,
catering to the interests of the Portuguese Crown and assuring territorial occupation
(Holanda, 1995; Levy, 1974). The slave trade that followed ensured the highest number

of Africans forcibly arriving in Brazil (Graham, 1973).

The literature points to at least three distinct waves of migration to Brazil, mainly
motivated by the end of the slave trade (Amaral & Fusco, 2005; Levy, 1974). Each wave
comprised different countries and migration profiles. The first one occurred between
1850 and 1903. It coincided with the beginning of the great international movements of
Europeans towards the Americas, especially to the United States, Argentina, and Brazil
(Graham, 1973). The 1890s marked the apogee of international migrants in Brazil (Levy,
1974). The primary migrants' birthplace countries were Portugal, Italy, and Spain. In
addition to replacing the slave labor force, the arrival of migrants during this period was
part of a eugenic strategy to miscegenate the native population according to the European

racial pattern (Brito, 1995, 2004).

The second wave of migration continued with the expansion of coffee plantations
due to the recovery of prices in the international market. It resulted in the absorption of
many workers by the agricultural sector, especially in Sdo Paulo (Graham, 1973). During
this period, the Japanese arrived in Brazil, subsidized by the Japanese government and
directed toward farms located in the interior of Sdo Paulo. In 1920, the foreign-born
accounted for more than 5% of the total population (more than one and a half million),

clustered in the two main industrial centers - Rio de Janeiro and Sdo Paulo (Hoffmann,
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1977). The high concentration of migrants in Sdo Paulo reflected the local subsidies until
1927 and the coffee-growing based economy (Patarra, 2003). When coffee production
began to decline, the foreign-born population living in Sdo Paulo formed the bulk of the

labor force in the emerging industrial activity (Brito, 1995; Graham, 1973).

The third wave of international migration (1931-1953) was numerically smaller
than the previous ones. The economic recession caused by the 1929 world crisis and the
decline in coffee prices discouraged migratory flows to Brazil. In addition, the laws
resulting from the measures established in the constitutions of 1934 and 1937 protected
Brazilian-born workers and made it difficult for foreign-borns to seek employment in

Brazil.

The 1964 military coup d'état directly impacted the flow of international
immigrants (Amaral & Fusco, 2005). With a strongly patriotic bias, the new ideology
defended that Brazil should trust native-born populations to fill the labor market, making
the Brazilian economy primarily based on internal migration (Patarra & Fernandes,
2011). As a result, the country witnessed a sharp decline in international migrant flows

(Patarra & Fernandes, 2011).

After the 1980s, emigration from Brazil started to grow. Carvalho (1996)
estimated a loss of approximately 1.8 million people over a decade, with the United States,
Japan, and Paraguay as the leading destinations (Patarra & Fernandes, 2011). However,
even considering the highest estimates available, this group represented less than 2%

percent of the total population (OIM, 2009).

The passage from the 20th to the 21st century brought new reflections on the study
of international migration in the Brazilian context. Although the foreign-born population
reduced significantly in recent decades, new migration flows have intensified (Oliveira,
2015). Part of the Brazilian-born population living abroad has returned to the country,
and new international migrants have arrived. Two factors have favored this pattern:
Brazil's economic stability since the late 1990s and the financial crisis in developed
countries since 2008, which devastated the world financial system due to the bursting of
the US housing bubble (Oliveira, 2013). Yet, the emigration of Brazilians did not stop; the
arrival of new foreign-borns did not exceed the number of new departures, leading to

migration rates close to zero in the first decade of the 21st century (Oliveira, 2015).
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Brazil's historical and recent migration trends suggest the diversification of
migratory flows in terms of motivations, origins, and sociodemographic characteristics
(OIM, 2009). Unlike migrations from the late nineteenth century until the 1930s, in which
people from the Global North (primarily Europeans) constituted the main migratory flows
in the country, migrants from the Global South, including South-South flows, dominated
the figures in recent periods (Zapata & Guedes, 2017). In the Brazilian migration history,
Sdo Paulo has always been prominent, reinventing and rebuilding itself as the preferred

choice of residence for migrant populations.

Data and methods

Data, definitions, and selected variables

This research uses Brazilian census data gathered from IPUMS International.
Although some studies have used administrative records to examine recent aspects of
international migration in Brazil (Baeninger, 2019), census data have some advantages
over other sources. When it comes to rare events like international migration, population
censuses are often the only source capable of ensuring complete coverage of the entire
population (Carvalho, Campos, Rigotti, & Pinho, 2018). In addition, they allow the
characterization of international immigrants based on their age, sex, birthplace country,
marital status, occupation, income, and education. It is often difficult to access all these

dimensions through other databases.

Although this study includes data from all Brazilian censuses currently available at
[PUMS (1960-2010), the emphasis will be on the most recent 2010 census. This census
was used to examine the diversity of sociodemographic characteristics of adult migrants
living in Sdo Paulo. We restricted the analysis to adults over 30 years of age to ensure that

most individuals have already completed their educational attainment.

We defined migrants as individuals born abroad, regardless of their place of birth,
including those who acquired Brazilian citizenship or nationality after their arrival. We
constructed nine other categorical variables from the census data (Box 1). All variables
were observed at an ordinal or nominal qualitative measurement level. Missing data

received a specific code for non-information.
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Box 1. Selected variables and response categories

Variable Category
Age group 30-39; 40-49; 50-59; 60-69; 70-79; 80+
Gender Men; Women
Race/Color White; Black; Indigenous; Asian; Brown (pardo)
Marital Status Single; Married; Divorced; Widowed
Birthplace country Portugal; Japan; Bolivia; Italy; Spain; China; Chile; Argentina;

South Korea; Other
Length of residence (in years) 0-10; 11-20; 21-30; 31-40; 41-50; 50+

Education Low (0-3 years); Middle (4-11 years); High (12 years or more)
Employment status Employed; Unemployed; Inactive
Income (quintiles) 1st quintile; 2nd quintile; 314 quintile; 4th quintile; 5t quintile;

Note: We included in the model only the ten leading birthplace countries. The remaining countries were
included in the "others" category. In the case of the education variable, supplementary material provides a
step-by-step algorithm for estimating years of completed education using the R software based on the
combination of other variables from the 2010 census microdata.

Analytical strategy to characterize the sociodemographic profile of foreign-born adults

Migrant populations are heterogeneous in cultural identity, ways of living, social
conditions, health behavior, and health risks (Spallek, Zeeb, & Razum, 2011). To access
the diversity of sociodemographic profiles of migrants, we employed the Grade of
Membership (GoM) fuzzy cluster technique. This method estimates the degree of
unobserved heterogeneity in a multidimensional dataset. Unlike other multivariate
methods, GoM does not require that individuals and objects be organized in well-defined
sets (Manton, Woodbury, & Tolley, 1994). It means that GoM can cluster foreign-born
adults by shared sociodemographic characteristics (sex, age, marital status, birthplace
region, occupation, income, education, and others) while explicitly estimating the

heterogeneity within each cluster.

The GoM mathematical model iteratively estimates two sets of parameters, Aikand
gik. The first parameter describes the probability of an answer at level [, of the jth question,
in the extreme profile k, by individual i, conditional to the score gik. The second parameter
indicates the membership (g) of the individual (7) to the profile (k). For each individual in
the sample, K grades of membership (gix) are estimated concerning the extreme profiles
(reference groups). This parameter has no probabilistic interpretation and can be

interpreted as an individual attribute measuring the multivariate distance from each
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extreme profile (Caetano & Machado, 2009). Because it is an individual-based measure,
ranging from 0 to 1, it is the explicit representation of heterogeneity of individuals derived

by the model. The model parameters are identified under the following constraints:

gix =20 foreachiandj (D
k
i =1 or each i
;glk f (2)

The formulation and estimation of the model parameters require the following
assumptions:

a) Random variables (Y1) are independent for the different individuals.

b) Thegik(k=1, 2, ..., k) are realizations of the components of the random vector {; =
(¢ity - -, ¢ix) with distribution function H(x) = P({; < x). GoM scores are
realizations of random variables when an individual is selected from the
population. The sample distribution of realizations (the scores in the sample)
provides estimates of the H(x) distribution function.

c) If the degree of membership gik is known, the responses of individual i to the
various Yji questions are independent for the categories of each variable.

d) The probability of answer [, for the jth question, by the individual with the extreme
kth profile is Axj. By the model's assumption, at least one individual is a well-
defined member of the kth profile. This assumption gives the probability of that
individual's response to the various levels of each question. We can rewrite this
assumption as:

Akjit =0  foreachk,j,and! (3)

L
Z/lkﬂ =1 foreachkandj )
=1

e) The probability of a level I answer, of the jth question, by individual i, conditioned
by the gik score, will be given by:

k
0< Py =1) = ) gadip < 1 (5)

k=1

The probability model for constructing the maximum likelihood estimation

procedure relies on these five assumptions. The probability model for a random sample
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is the product of the multinomial random variable, with the probability of each cell given

by:

k
E(Yijl) = Zgik /1ka, (6)
k=1

where g;, is known and greater than or equal to 0 and less than or equal to 1. Given

the independence of individuals and conditional on the A;j; and g;, values, the maximum

likelihood function is defined as:

Ly) = ﬁ

1 j=1 k=1

J L

k Yiji
(Z Jik At > (7)
=1

This function is estimated iteratively based on the numerical method of Gradient
descent for parameter estimates convergence (Woodbury, Clive, & Garson, 1978). These
iterations continue until L(y) reaches its maximum value. To ensure that our model was
representative of the most prevalent profiles in the migrant populations (that is, the
converged likelihood sits at the global maximum), we performed five hundred Monte

Carlo simulations with an initial Ayj; for each k as randomly drawn from uniform

distributions.

The prevalence of extreme profiles in the population was calculated as follows:

Li=1 i
P, === =12k (8)
4 1
i=1
Such a prevalence is a multivariate weighted average because the weight
corresponds to the proportion of the population sharing some degree of attributes from

profile k (Guedes, Siviero, Machado, Pinto, & Rodarte, 2016).

To describe the extreme profiles, we followed the criterion used by Sawyer et al.
(2002): a category [, of a variable j, is characteristic of profile k if the ratio between the
estimated marginal frequency and the observed marginal frequency (Lambda-Marginal
Frequency Ratio, LMFR) has a value greater than 1.20 - an estimated probability 20%
higher than the occurrence of this category in the population. This means that whenever

the estimated probability of a category occurring in a given profile is at least 20% higher
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than that observed in the sample, that category is classified as dominant in the profile.

Values that fulfill this condition are highlighted in bold (Annex 1).

We defined the number of extreme profiles by assessing their substantive
significance. We checked whether the observed changes could be theoretically justified
for each new profile created. In the end, we considered the model with four extreme
profiles3. All analyses were conducted using gom library (Andrade & Guedes, 2021) for R
(R Core Team, 2021).

Results

International migration waves to Sdo Paulo

Figure 1 provides a brief overview of the primary waves of migration to Sdo Paulo.
In 1960, about 72% of 1.4 million migrants living in Brazil were in Sao Paulo. From one
decade to another, economic changes - particularly the growth of industrial activities and
the expansion of the agricultural frontier to Parand, Goias, and Mato Grosso (Cano, 1988)-
impacted the migratory movements and the spatial distribution of migrants in Brazil
(Figure 1). Centripetal forces exerted by Sdao Paulo decreased from the 1980s onwards
but did not disappear (Baeninger, 2012). The state was still the largest destination of

migrants in 2010, comprising 45% of migrants living in the country.

3 Based on a technical criterion, such as the Akaike Information Criteria (AIC), the optimal number of
extreme profiles is two (AIC = 4972228). However, the model with two extreme profiles generated an
excessive aggregation of sociodemographic characteristics, hiding important differences between adult
migrants. The same situation happened with the model with three extreme profiles. On the other hand, a
number of profiles greater than four tended to homogenize the results; they started showing a high
similarity in terms of sociodemographic characteristics to each other.
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Figure 1. Spatial distribution of international migrants in Brazil (1960-2010)
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Source: IPUMS International. Minnesota Population Center. Brazilian Demographic censuses (1960-2010).

Between 1960 and 2010, the age distributions of the foreign-born population
living in Sao Paulo and the total population differed (Figure 2). There was a much higher
concentration of migrants at older ages, especially women born in European countries
(Portugal, Spain, and Italy). These are mostly surviving individuals from the cohorts who
moved to Brazil from 1890 to 1950, at working ages, following the selective nature of
migration (Chiswick, Lee, & Miller, 2008). Yet, the most recent flows from South American
countries increased the relative participation of the foreign-born population at ages

younger than 30 in 2010.
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Figure 2. Distribution of international migrants and total population by age and gender
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Table 1 summarizes the total number of international migrants residing in Sao

Paulo between 1960 and 2010, according to major birthplace regions and the annual rate

of population change. Europe is the birthplace region that historically concentrates most

migrants since 1960. However, the relative participation of Europe has decreased over

the years. In 1960, Europeans represented more than 70% of migrants, whereas in 2010,

the number reduced to 45%. This scenario suggests two critical trends in migratory

dynamics, especially in the first decades of the 21st century: the diversification of migrant

nationalities and the intensification of South-South flows in the state (Baeninger, 2012).

Indeed, those born in South America, who previously accounted for just 2% of migrants

in 1960, surpassed 23% in 2010. The population of South Americans grew at an annual

rate of 3.5% between 2000-2010.
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Table 1. Total population of international migrants residing in Sdo Paulo by major

birthplace regions and the annual rate of population change (1960-2010)

Year

Birthplace region 1960 1970 1980 1991 2000 2010
Africa 6,515 4,980 8,879 6,846 7,222 6,730
Asia 192,010 155,387 142,729 95,232 82,394 64,011
Europe 795,960 541,065 422,538 261,856 203,185 121,151
America 28,505 26,463 48,285 47,551 50,710 71,021
North America 6,055 5,757 5,928 5,222 4,832 6,434
Central America & Caribbean 2,290 811 1,590 1,514 1,787 2,083
South America 20,160 19,895 40,767 40,815 44,091 62,504
Oceania 965 287 339 262 193 140
Other countries 2,265 1,536 4,986 2,536 259 3,736
Total 1,026,220 729,718 627,756 414,283 343,964 266,789

Annual rate of population change (%)

Birthplace region 1960- 1970- 1980- 1991- 2000-

1970 1980 1991 2000 2010
Africa -2.7 5.8 -2.4 0.6 -0.7
Asia -2.1 -0.8 -3.7 -1.6 -2.5
Europe -3.9 -2.5 -4.3 -2.8 -5.2
America -0.7 6.0 -0.1 0.7 3.4
North America -0.5 0.3 -1.2 -0.9 2.9
Central America & Caribbean -10.4 6.7 -0.4 1.8 1.5
South America -0.1 7.2 0.0 0.9 3.5
Oceania -12.1 1.7 -2.3 -3.4 -3.2
Other countries -3.9 11.8 -6.1 -25.4 26.7
Total -3.4 -1.5 -3.8 -2.1 -2.5

Source: IPUMS International. Minnesota Population Center. Brazilian Demographic censuses (1960-2010).

Another crucial dimension for analyzing migratory flows is how long migrants

have resided in Sao Paulo after their arrival. It allows capturing the waves of international

migration that have taken place in the state in recent and previous decades. Figure 3

shows the length of residence of international migrants living in Sdo Paulo at three

different points in time: 1991, 2000, and 2010. There are two well-defined waves of

international migration. Alongside the long-term European migrants residing more than

50 years in Sao Paulo, the core trend is the renewal of arrivals in the first decade of the

21st century, especially those from South American countries (2010 curve).
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Figure 3. Length of residence of international migrants - State of Sdo Paulo (1991-2010)
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Source: IPUMS International. Minnesota Population Center. Brazilian Demographic censuses (1991-2010).

The decomposition of migratory waves by country of birth reveals greater
diversity (Figure 4). Recent migration waves are formed by individuals born in South
American countries - especially Bolivia, Paraguay, and Peru - and China and South Korea.
The composition of current migration flows contrasts with the historical ones formed by
Portuguese, Spanish, Italians, and Portugal. However, these population groups are still
among the largest foreign-born groups in Sdo Paulo (Figure 5). Individuals born in Chile
and Uruguay challenge the assumption that migrants are divided between recent and
long-term migrants. These groups break with the traditional dichotomy, suggesting the

existence of intermediate profiles of migration in Sdo Paulo (Figure 4).
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Figure 4. Length of residence of international migrants by main countries of birth - State
of Sao Paulo, Brazil (1991-2010)
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available information about the population of South Koreain 1991 and 2000 because demographic censuses
have joined North Korea and South Korea into a single category. Source: IPUMS International. Minnesota
Population Center. Brazilian Demographic censuses (1991-2010).
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Figure 5. Main countries of birth of international migrants living in the state of
Sao Paulo, Brazil (2010)
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Source: IPUMS International. Minnesota Population Center. Brazilian Demographic census (2010).

Sociodemographic profiles of adult migrants living in Sdo Paulo in 2010

Results from the GoM method suggest the existence of four distinct profiles of
international migrants residing in Sdo Paulo. These profiles differ in several dimensions,
including income, education, and work status*. We describe below the main predominant
sociodemographic characteristics and the prevalence of each extreme profile among the

population under analysis (Figure 6).

Recent migrants. The first extreme profile comprises 3.29% of the 219,326 adult
migrants living in Sdo Paulo in 2010. They are younger adults, single or divorced, with up
to 30 years of residence in Sdo Paulo. They are predominantly Indigenous, Asian, Black,
or Pardos, with primary/secondary education. The main birthplace countries are Bolivia,

China, and South Korea. Most of them are employed and unemployed with income levels

+Annex 1 presents the selected variables and the marginal distributions of absolute and relative frequencies
for each category analyzed. It also shows the values of Axj in each extreme profile. When compared with the
corresponding marginal frequency, they indicate the dominance in a given profile.



26

at the 1st and 34 quintiles. Profile 1 records the lowest weighted prevalence (15.8 %) of

membership among adult migrants.

Middle-term migrants. The second extreme profile comprises another 3% of adult
migrants. They are individuals born in Argentina, Chile, and other non-specified
countries® who are primarily white, male, between 40 and 59 years of age. They have lived
in Sao Paulo for 21 to 50 years. They are employed and have high education and high-
income levels. The prevalence of these characteristics among the population under study

is 26.56%.

Long-term migrants. The third extreme profile includes 5.06% of the adult
migrants, comprising white married adults, ages 60 to 79, living in Sdo Paulo for more
than 41 years. There is no predominance of men or women in this profile. They came from
Portugal, Italy, and Spain, have primary/secondary education (4-11 years), and are no
longer active in the labor market. They are distributed at the 1st, 3rd, and 4th quintiles. The
results suggest that long-term migrants have the highest prevalence among adult
migrants living in Sao Paulo. About 37 in 100 migrants have the characteristics of this

profile.

Old migrants. The fourth extreme profile is very different from the first one.
Migrants from this profile are female adults ages 80 and older, widowed, Asian, and living
for more than 50 years in Sdo Paulo. Japan is the principal place of birth. They no longer
work, have low education, and have income levels concentrated at the 2nd quintile. Pure
type 4 represents only 1.3% of adult migrants. The prevalence of this profile in the

population is about 20%.

5> Birthplace countries specified in the model: Portugal, Japan, Bolivia, Italy, Spain, China, Chile, Argentina, and
South Korea.
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Figure 6. Sociodemographic profiles of international migrants, according to
predominant characteristics - State of Sao Paulo (2010)
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Own elaboration.

Together, the four extreme profiles included only 12.7% of migrant adults living in
Sao Paulo in 2010. Therefore, another 87.3% differed somewhat from them, revealing the
heterogeneity of migrants in terms of sociodemographic characteristics (Figure 7). By
definition, the more an individual differs from the pure type profile in terms of individual
attributes, the lower its importance for their categorization (Guedes et al, 2016).
Although it is challenging to deal with such heterogeneity, the results suggest relevant
characteristics in each profile that can give rise to new profiles capable of merging
different sociodemographic characteristics from these extreme profiles, as illustrated in
Figure 7. This information is relevant as it requires different strategies and policies to
respond to health, housing, and occupational needs. It can also help gain further insights
into the cultural and demographic diversity of the migrant population residing in Sao

Paulo in 2010.
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Figure 7. Grade of membership (gix) to the extreme profile k of adult migrants- State of
Sao Paulo, Brazil (2010)
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Source: IPUMS International. Minnesota Population Center. Brazilian Demographic census (2010).

Discussion and Conclusion

This paper investigated the diversity of sociodemographic characteristics of adult
migrants living in Sao Paulo. We relied on data from the 2010 Brazilian demographic
census and applied the Grade of Membership (GoM) technique to delineate the
sociodemographic profiles of adult migrants. We also analyzed how long migrants have
resided in Sao Paulo after their arrival, their nationalities, and the changes in size and

composition of migrant populations over the decades.

Adult migrants living in Sdo Paulo are highly heterogeneous. However, some
common sociodemographic characteristics allowed us to identify four distinct migration
profiles: recent, middle-term, long-term, and old migrants. The most relevant
characteristics that distinguish these profiles are age, length of residence, education, and

country of birth. We summarize below the main findings of this research.

The migrant population has a significantly aged composition than that of

Brazilians. However, this is not true for all foreign-born subgroups. Recent migrants, for
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example, are different. In addition to having a short period of residence in the state and a
lower average age than other migrants, this group also has a lower socioeconomic status.
Although South Koreans and Chinese are also included in this group because they have
been residing in the state for a short time and are younger, low socioeconomic status is
not a characteristic that manifests among them with such intensity, as observed among
Bolivians. Recent literature already presents some studies that point to the precarious
work relationships of Bolivians who currently reside in the capital of Sao Paulo, whose
demographic characteristics dialogue with the findings of our work (Magalhaes et al,,

2018; Oliveira, 2015).

The middle-term and long-term migrant profiles present similarities but differ
mainly in age, length of residence, and socioeconomic status. Middle-term migrants,
formed predominantly by white men born in Argentina, Chile, and other countries not
specified in the model, are active in the labor market and have high education and income
levels. On the other side, the long-term migrants are married, aged between 60 and 70
years, with intermediate education and wide variation in income level. Since this group
includes the nationalities with the largest contingent of migrants, especially the
Portuguese, this profile is the most prevalent among adult migrants. Finally, in the four
profile - old migrants - the sociodemographic characteristics include a high proportion of

retired widows, born predominantly in Japan.

Overall, this paper contributes to the literature by analyzing the profile of migrants
in Sdo Paulo, which concentrates the largest foreign-born population in Brazil. It opens
new possibilities for future research with alternative and more recent databases that
include other dimensions not explored in this paper, such as health status, housing
conditions, and spatial patterns of these populations across the municipalities of Sao

Paulo.

The evidence provided about the predominant sociodemographic characteristics
in each profile of adult migrants leaves some questions to answer in future research.
Although we have accessed the diversity among different groups of migrants, it is vital to
understand how these characteristics differ from those observed among native-born
living in Sao Paulo. Comparing migrants with Brazilian-born adults can help discuss the

impact of migration on the demographic dynamics, examine the factors that underpin
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these differences, and devise possible strategies that ensure migrants have the same

opportunities to access public services for migrants and non-migrants.

From another perspective, it is important to assess how the profile of these
populations differs from those who remained in their country of origin. A significant
challenge that emerges from this last question is the lack of available databases with
adequate quality to carry out comparative research of this nature. However, the lack of
data or the existence of inaccurate data has never precluded demographers from finding
alternative methodologies to overcome the existing limitations and to provide the best

estimates possible (Nepomuceno, 2017).

Through reliable evidence of the sociodemographic profiles of migrants,
researchers will be able to advance the understanding of the diversity that permeates this
population. It can also enhance policy coherence, help evidence-based policymaking on
migration, and improve the mainstreaming of migration into development plans in the

most populous state in South America.
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Paper 2

Mortality differences between foreign-born and native-born adults in
Sao Paulo, Brazil

Abstract: Previous research showed that migrants have lower mortality rates than
natives in several high-income countries. However, evidence on the migrant-native
mortality gap in developing countries remains scarce. This paper examines mortality
differences between foreign-born and native-born adults living in the Brazilian State of
Sao Paulo and evaluates whether these differences are associated with specific age and
education categories. We combined death registers from the Brazilian Mortality
Information System from 2009 to 2011 with population figures from the 2010 Brazilian
demographic census. We adjusted death rates for migrants and non-migrants by age, sex,
and educational attainment through negative binomial regression models. The main
findings confirm the hypothesis that mortality levels of foreign-born differ from those
observed among Brazilian-borns living in Sdo Paulo when controlling for age, sex, and
education. However, unlike the commonly observed pattern in developed countries,
migrants have a mortality disadvantage compared to non-migrants. Migrant mortality
disadvantage is highly concentrated among younger foreign-born adults with low
education. Therefore, there is insufficient evidence to support the existence of a mortality
paradox in Sdo Paulo.

Keywords: International Migration. Health Inequalities. Migrant Mortality. Brazil.

Introduction

As countries advance the demographic transition, migration becomes critical for
understanding population dynamics. However, migrants differ from the population in the
destination countries in many attributes, including fertility and mortality levels. These
differences can take many forms, depending on the early-life conditions, health behaviors,
sociodemographic characteristics, life-course stages, and reasons for migrating

(Hermalin, Ofstedal, Sun, & Liu, 2009).

The literature on mortality differences between foreign-born and native-born
adults has gained relevance in the last decades, especially in high-income countries, with
some consistent findings. For instance, most studies have shown that migrants have lower

mortality natives in the United States (Guillot et al., 2018; Palloni & Arias, 2004; Turra &
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Goldman, 2007), Australia (Young, 1987), Belgium (Anson, 2004; DeBoosere & Gadeyne,
2005), Sweden (Wallace & Wilson, 2021), France (Wallace et al., 2019), Denmark
(Norredam, Olsbjerg, Petersen, Juel, & Krasnik, 2012), England (Wallace & Darlington-
Pollock, 2020), and Spain (Gimeno-Feliu etal., 2019). Some other studies, in contrast, have
found no difference (Hedlund, Pehrsson, Lange, & Hammar, 2008) or even higher levels
of migrant mortality compared with natives (Rodriguez et al., 2017; Wild, Fischbacher,
Brock, Griffiths, & Bhopal, 2007). For that reason, much of the recent debate on mortality
patterns of international migrants revolves around whether the migrant mortality
advantage is pervasive or not (Shor & Roelfs, 2021). These issues are even more urgent
in middle and low-income countries, which still lack reliable data to examine how
migrants differ from the native-born population in terms of health and mortality. It is a

critical gap in the existing literature (Abubakar et al., 2018; Aldridge et al., 2018).

Despite the challenges in analyzing mortality differences among foreign-born and
native-born adults in developing countries, there is significant merit in doing so. First,
mortality is a robust indicator of health and provides essential information about the
population's survival trajectory. Second, documenting the differences in mortality
between migrants and non-migrants is the first step in understanding the factors that
underpin these differences, which are crucial for developing public policies that facilitate

the accessibility of the migrant population to the health and welfare systems.

This paper examines mortality differences between foreign-born and native-born
adults living in the Brazilian State of Sao Paulo and evaluates whether these differences
are associated with specific age and education categories. Sdo Paulo represents an ideal
context to conduct this research. The State has high-quality mortality data, with full
coverage of adult deaths (Queiroz, Freire, Gonzaga, & Lima, 2017). It is also the leading
destination of international migrants in Brazil, accounting for 45% of all foreign-born
individuals in 2010. Currently, the State ranks as the largest financial center in South
America and has the largest population in the region, with an estimated 46,649,132
residents in 2021 (IBGE, 2021).

The following sections describe the theoretical background, the methods used to
test the hypotheses, the main findings, and potential explanations for the mortality

inequalities between foreign-born and native-born adults in Sdo Paulo, Brazil.
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Theoretical Framework

The literature on migration suggests a substantial heterogeneity in the migration-
mortality association. In many cases, migrants appear to have better health than expected
compared to the native-born population (Shor & Roelfs, 2021). This result is paradoxical,
given the relatively lower socioeconomic status of migrants. This paradox has generated
many possible explanations (DeBoosere & Gadeyne, 2005). Below we outline the
theoretical relevance of three common causes (selection processes, cultural effects, and
data artifacts) and the rationale for their inclusion in our analyses. Even if they draw upon
the experience of high-income countries, these explanations can provide further insights

into the discussion of mortality differences in Brazil.
Selection Processes

Selection process hypotheses consider the selection of migrants as the primary
source of diverging mortality rates (DeBoosere & Gadeyne, 2005; Kohls, 2010; Riosmena,
Wong, & Palloni, 2013). Two hypotheses are worth mentioning: the healthy-migrant effect

and the salmon-bias effect.

According to the healthy-migrant hypothesis, selection occurs in the population of
origin. The selection process may be strong enough so that migrants end up being also
more robust, on average, than the population living in the origin country (DeBoosere &
Gadeyne, 2005; Guillot et al., 2018). Positive health selection will be most prominent for
individuals who migrate for study or work (young adult ages) and less relevant for
children and older adults near retirement ages, for whom individual characteristics play

a less critical role (Chiswick et al., 2008; Guillot et al., 2018).

In the case of the salmon-bias effect, selection occurs when migrants with lower
health status return to their country of origin (DeBoosere & Gadeyne, 2005). In a broader
sense, it includes all migrants, regardless of age, who return to their original countries
because they are less adaptive to endure harsh working and living conditions and are
more likely to experience higher mortality (DeBoosere & Gadeyne, 2005). This hypothesis
has been developed concerning the return of older migrants from the U.S. to Latin America
and other origin areas (Abraido-Lanza, Dohrenwend, Ng-Mak, & Turner, 1999). As a result

of this “unhealthy return-migration,” the foreign-born population living in the host
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country may show better health, on average, than would have been observed in the

absence of out-migration (Guillot et al.,, 2018).

Overall, selection effects are theorized to be strongest among recent migrants and
wear off with time spent in the host country (Harding, 2003). This selection process may
be accelerated by exposure to adverse social conditions and/or progressive acculturation
to prevailing beliefs, attitudes, and behaviors of the host society, which causes a shift in

the disease patterns of migrants towards that of the host population (Wallace et al., 2019).
Cultural Effects

The central premise of cultural effects is that migrant mortality is a function of
social and cultural characteristics that differentiate foreign-born from native-born
populations rather than selection (Abraido-Lanza et al., 1999; Palloni & Arias, 2004).
Culture can be outlined as a linked group of customs, practices, and beliefs jointly held by
individuals, social networks, and groups (Abubakar et al., 2018). These factors help define
who the migrants are and where they stand in relation to those who remained in their

place of origin or those born in the country of destination.

Migrant populations are heterogeneous concerning cultural identity, ways of
living, social situation, health behavior, and health risks (Spallek et al., 2011). Culture
affects mortality outcomes by influencing individual health and lifestyle behaviors, family
structure, and social networks (Palloni & Arias, 2004). Additionally, the explanation of
cultural effect suggests that migrants may have better health outcomes than non-migrants
because they tend to benefit from denser social support networks, including stronger
family ties (Guillot et al., 2018; Palloni & Arias, 2004). Migrants’ health advantage is also
assumed to result from cultural buffering (i.e., retention of migrant cultures). In contrast,
health deterioration with increased years of residence results from cultural assimilation

in the host country (Vang, Sigouin, Flenon, & Gagnon, 2017).
Data Artifacts

Data artifacts encompass a broad range of potential error sources that
disproportionately affect migrant mortality measures (Palloni & Arias, 2004; Riosmena et
al,, 2013). There are three equally salient data problems: (i) misreporting of age in death

registers or population estimates; (ii) under-registration of deaths, (iv) population
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coverage issues; (iii) mismatches of records (Guillot et al., 2018; Palloni & Arias, 2004).
These problems are relevant for mortality estimates calculated by matching death and
census records and where the individuals’ migratory status is defined according to

country of birth.

Misreporting of age in death registers or population estimates affects mortality
rates specifically for the foreign-born populations. Migrants from developing countries
often lack proper documentation about their actual date of birth, contributing to age
misreporting both on census records and death certificates (Guillot et al., 2018). Preston,
Elo & Stewart (1999) analyzed the effects of age misreporting on mortality estimates at
older ages and showed that such errors tend to produce death rates that are too low, with
increased biases at advanced ages. Following this logic, Guillot et al. (2018) proposed that
age misreporting could decrease the relative mortality risk of migrants with age,
particularly at older ages - this pattern may be pronounced for migrant groups

originating from lower-income countries, who are more subject to age misreporting.

When analyzing mortality differences between foreign-born and native-born
populations, the under-registration of deaths and population coverage issues are
essential to consider. Migrants are more likely to be undercounted, especially if they live
alone or travel with their household members (Guillot et al., 2018). Also, the proportion
of undocumented migrants (who are typically undercounted in censuses) is expected to
decrease with age (Guillot et al., 2018). However, it is difficult to assess the net effect of

these errors without more information on the processes discussed above.

The third source of error (mismatches of records) that could lead to
downward/upward biases in migrant mortality rates is pertinent for studies that
calculate mortality rates by dividing death and census records. While this mismatch may
not generate critical errors for the native-born population, it is potentially problematic
for the foreign-born population (Guillot et al., 2018). Although the mismatches of records,
which is a critical problem when using ethnicity to determine the origin of migrants
(Rosenberg et al., 1999), it is not so relevant when migrants are defined based on the

country of birth since it is less likely subject to response bias.

Overall, selection effects, culture, and data artifacts are some of the possible

explanations for mortality differences between migrants and non-migrants, especially the
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migrant mortality advantage found in developed countries. However, these explanations
can also help discuss why migrants experience worse health and mortality outcomes than
non-migrants in developing countries such as Brazil. In the discussion section, we return

to these points presented here in light of the results from this investigation.

Data and Methods

Data, definitions, and selected covariates

We defined migrants as individuals born abroad, regardless of country of birth.
This group also includes individuals who acquired Brazilian citizenship or nationality
after arrival. Deaths come from the Mortality Information System (SIM/Datasus) for
2009-2011, and the population comes from the 2010 Brazilian demographic census,
disaggregated by age, sex, nativity, and education. We restricted our analysis to adults
over 30 years of age to ensure that most individuals have already completed their
education and exclude younger adults for whom there is a small number of deaths. To get
more robust mortality estimates by education, we grouped the adult population into five
age groups: 30-49, 50-59, 60-69, 70-79, and 80 years or older. The use of larger age

groups, while reducing variability, also helps attenuate age misreporting.

To make the education variable compatible both in the 2010 census and in the SIM
dataset, we grouped migrant and non-migrant populations into three distinct educational
categories: low education (0 to 7 years of study); middle education (8 to 11 years of
study); and high education (12 years or more). Ribeiro et al. (2021) applied the same
categorization. Supplementary material provides a step-by-step algorithm in R used to
transform the categorized variable of education into years of study in the census

microdata.

The death records for individuals 30 years and older had 33% of missing data on
education. We distributed the missing cases by a random hot deck imputation procedure,
with age, sex, and nationality as the pairing observables. We found an anomaly of missing
cases in the death records for the nativity variable. By crossing two distinct databases, we
found that the anomaly is due to a filling error in the variable. We corrected it and

redistributed the remaining missing cases according to age and sex. Annex 4 provides



37

detailed information on how we solved it. After completing the steps listed above to
organize and correct the data, we divided deaths and person-years of exposure to

estimate age-specific death rates (M;) by sex, nativity, and educational attainment.
Negative binomial regression models for estimating mortality rates

We employed negative binomial regression models to calculate mortality rates for
foreign-born and native-born populations. The underlying assumption of count models
for estimating case fatality rates is the existence of an incidence rate at which the event
occurs, which can be multiplied by an exposure time to obtain the number of events that
occurred. Therefore, the model includes an additional component, called offset,
responsible for controlling the number of deaths by the number of confirmed cases in
each selected category. The term offset is included in the logarithmic scale to match with

the linking function employed. Thus, the model is given by:

log(Y) = 1log(N) + fo + f1X1 + -+ BpX,

The response variable is the expected number of deaths, and X is a matrix of
covariates (nativity, age group, sex, and education). Log(N) is a covariate with a fixed
coefficient equal to one, representing the total population in each category. The advantage
of modeling the number of deaths using a negative binomial function is that it introduces
an additional parameter that gives the model more flexibility to deal with overdispersion

(Roback & Legler, 2021)

We estimated seven different models’ specification to test the potential association
between migration status and mortality. The first model included only nativity. We
gradually added the remaining covariates in the following six models - age, sex, education,
and the interaction terms. The low number of deaths precludes us from adding all two
and three-way interaction terms. Therefore, one methodological alternative to better
measure the role of education in mortality differences is running separate models for each
education level, while keeping the regression models parsimonious. Each model
controled for age, sex, nativity, and one two-way interaction term for age and nativity. As
a final step, we estimated separate models for each education category, controlling for

age, sex, nativity, and an interaction term for age and nativity. We selected the model with
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the best adjustment based on Akaike's Information Criterion (AIC). All analyses were

performed using the R software (R Core Team, 2021).

Results

Table 1 shows the number of deaths and the total population exposed to the risk of death
for each covariate. Migrant deaths represent 3.37% of the average 242,153 deaths in Sdo
Paulo between 2009 and 2011. They are highly concentrated among older adults. This
result is consistent with the age composition of the migrants living in Sao Paulo. Also,

about 70.78% of migrants have low education (0 - 7 years).

Table 1. Number of deaths and adult population by selected covariates - State of Sdo
Paulo, Brazil (2010)

Variable Foreign-born Native-born
Deaths Population CDR Deaths Population CDR

Age group

30-49 165 49,870 3.34 33,594 12,360,678 2.70

50-59 308 35,438 8.69 35,191 4,376,949 8.04

60-69 756 47,670  15.86 43,622 2,597,472  16.79

70-79 1,725 46,625 37.00 54,923 1,407,854  39.01

80+ 5,217 39,043 133.62 66,652 624,702 106.69
Sex

Female 3,877 104,648  37.05 105,284 11,333,396 9.29

Male 4,294 113,998  37.67 128,698 10,034,259  12.83
Educational attainment

Low 5,784 81,371  71.08 179,761 9,640,950  18.65

Middle 1,439 71,271  20.19 35,612 7,823,433 4.55

High 948 66,004 14.36 18,609 3,903,272 4.77
Overall 8,171 218,646 37.37 233,982 21,367,655 10.95

Source: Mortality Information System (SIM). Brazilian Demographic census 2010.

The age-specific mortality rates for migrants and non-migrants can help reveal
existing differences by nativity. According to Figure 1, there is a migrant mortality
disadvantage among adults in their 30s. This pattern reduces with age and even reverses
to a slight mortality advantage in the 60-79 age group. However, among the oldest adults
(80 years or older), the rates suggest once more a mortality disadvantage compared to
the native-born living in Sao Paulo. The mortality rates by place of birth may not be

statistically different, though.
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Figure 1. Age-specific mortality rates (per thousand) by nativity and sex - State of Sdo
Paulo, Brazil (2010)
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Source: Mortality Information System (SIM). Brazilian Demographic census 2010.

Among foreign-borns, Europe (especially Portugal, Italy, Spain, and Germany) is
the leading region of birth, accounting for 67.7% of deaths and more than 52.8% of the
migrant population living in Sdo Paulo in 2010 (Table 2). The Asian groups (notably
Japanese) take the second position. Europeans and Asians combined account for 92.46%
of total deaths. The results in Table 2 underscore the small number of deaths for specific
birthplace regions (Americas, Africa, and Oceania) that limited our ability to consider
further desegregations or interactions between this variable with age, sex, education in

regression models.
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Table 2. Number of deaths and adult population by birthplace region - State of Sao
Paulo, Brazil (2010)

Deaths Population
Region of birth N % N P % CDR
Europe 5,536 67.75 115,797 52.80 47.81
Asia 2,019 24.71 52,934 24.13 38.14
America 447 5.47 41,612 18.97 10.74
South America 392 4.80 37,434 17.07 10.47
North America 30 0.37 2,684 1.22 11.18
Central America & Caribbean 25 0.31 1,494 0.68 16.73
Africa 142 1.74 6,088 2.78 23.32
Oceania 13 0.16 103 0.05 126.21
Unspecified 14 0.17 2,794 1.27 5.01
Total 8,171 100 219,328 100 37.25

Source: Mortality Information System (SIM). Brazilian Demographic census 2010.

Figure 2 presents the leading causes of death for migrants by educational level.
Mortality from external causes is more prominent among younger adult migrants with
low and middle education. For the highly educated, the leading cause of death is
neoplasms. These differences are consistent with the sociodemographic profiles of the
migrant population in these age groups. Young adult migrants are primarily from South
American countries, especially from Bolivia. The greater vulnerability of Bolivians to
mortality from external causes in the city of Sdo Paulo, which concentrates the largest

proportion of migrants in the state, was also observed by Silveira (2016).
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Figure 2. Leading causes of death of foreign-born adults by educational attainment -
State of Sao Paulo, Brazil (2010)
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Source: Mortality Information System (SIM). Brazilian Demographic census 2010.

Table 3 presents the results from the regression models. We adopted the analytical
strategy of gradually adding each covariate, starting from a simple model with only
nativity and ending with a model that includes interactions between both age and nativity
and education and nativity. In the first model, we considered only nativity as a covariate.
Compared to the native-born, mortality for migrants are 19.6% higher (IRR = 1.196, C.I
95% [0.659; 2.171], p = 0.55). Model 2 includes age, a covariate related to mortality levels,
and nativity status. As expected, all coefficients are significant at a=0.01, indicating that
mortality rates differ across the age range; the older the individuals, the higher the

mortality rate. Mortality levels remain higher for migrants than non-migrants.

In the third model, we included sex as covariate. As expected, there are significant
differences in mortality rates between men and women (IRR =1.850, C.I 95% [1.458;
2.348], p < 0.001). Mortality differences by nativity are statistically significant, but only at
the a =0.1 level. We also have evidence (likelihood ratio test, p <0.01; AIC = 885.4) that

the inclusion of sex as a covariate provides a significant improvement in the previous

model.



42

The fourth model includes education. Mortality rates differ across educational
categories. Low education is associated with the highest mortality, confirming results
from earlier research (Ribeiro et al, 2021). Also, the mortality disadvantage among
migrants became highly significant when controlling for age, sex, and education. The
likelihood ratio test (p-value < 0.01) and the AIC (814.79) provide evidence that the

inclusion of education offered significant improvement in the previous model.

Model 5 includes an interaction term between age and nativity. Mortality
differences by nativity are associated with specific age categories. The mortality
disadvantage occurs in the 30-59 age groups and among individuals 80 years and older.
However, as abovementioned, the difference reverses into a mortality advantage in the
60-79 age groups: mortality of migrants is 4% to 9% lower than those for Brazilians

(Table 3).

The last two models examine whether mortality differences between foreign-born
and native-born are also associated with specific education categories. Therefore, they
include the interaction between nativity and education, in addition to the previous
covariates. It suggests that, on average, the mortality of foreign-born individuals with
middle education is not statistically different from that of native-born with low education.

The advantage only shows up among migrants with higher education levels.



Table 3. Incidence Rate Ratios (IRR) from the negative binomial regression models by selected covariates

43

Dependent variable: deaths

1) (2) (3) (4) (5) (6) (7
Constant 0.031*** 0.003*** 0.002%** 0.003*** 0.003*** 0.003*** 0.003%**
[0.021; 0.049] [0.002; 0.004] [0.002; 0.003] [0.002; 0.004] [0.002; 0.003] [0.002; 0.003] [0.002; 0.003]
Nativity
Native-born (ref) 1 1 1 1 1 1 1
Foreign-born 1.196 1.276* 1.261* 1.187%** 1.577%** 1.442%** 1.826%**

[0.659; 2.171] [0.962; 1.691]

Age group
30-49 (ref) 1
50-59 2.614%**
[1.662; 4.110]
60-69 4.434%**
[2.827; 6.950]
70-79 9.833***
[6.272;15.411]
80+ 31.940***
[20.393; 50.015]
Sex
Female (ref)
Male

Educational attainment
Low (ref)
Middle

High

Interaction term between nativity and age group
Native-born*30-49 (ref)
Foreign-born*50-59

Foreign-born*60-69

[0.995; 1.600]

1

2.63 1%

[1.790; 3.866]
4.519%

[3.086; 6.613]
10.263%**
[7.011; 15.017]
34.817%**
[23.781; 50.969]

1
1.850%%
[1.458; 2.348]

[1.043 1.350]

1
2.814%%

[2.274; 3.482]
5.090%**

[4.131; 6.269]
11.871%*
[9.638; 14.618]
41.741%
[33.857; 51.457]

1
1.851%%
(1.629; 2.103)

1
0.436%**
(0.373; 0.510)
0464+
(0.396; 0.543)

(1.175; 2.113)

1
2.917%

[2.283; 3.727]
6.084%*

[4.760; 7.776]
14.760%%*
[11.543; 18.873]
45.817%
[35.796; 58.644]

1
1.843%%
(1.639; 2.072)

1
0.437%%*
(0.379; 0.505)
0.466%**
(0.404; 0.539)

1
0.890

[0.597; 1.327]
0.644**
[0.436; 0.952]

(1.163; 1.789)

1
2.799%%

[2.274; 3.444]
5.070%**

[4.137; 6.212]
11.842%%*
[9.664; 14.508]
41.771%%*
[34.054; 51.234]

1
1.850%%
(1.633; 2.096)

1
0.487%%
(0.398; 0.596)
0.544%%
(0.444; 0.666)

(1.325; 2.511)

1
2.887%%*

[2.274; 3.666]
5.994 %+

[4.719; 7.614]
14.485%%*
[11.396; 18.413]
44,708
[35.122; 56.910]

1
1.845%+x
(1.645; 2.069)

1
0.483%**
(0.401; 0.581)
0.535%%*
(0.444; 0.645)

1
0.902

[0.610; 1.334]
0.658**
[0.449; 0.966]



Foreign-born*70-79

Foreign-
born*80+

Interaction term between nativity and educational attainment

0.586%**
[0.398; 0.865]

0.773
[0.527; 1.137]
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0.606%**
[0.414; 0.889]

0.815
[0.558; 1.192]

Native-born*Low (ref) 1 1
Foreign-born*Middle 0.787 0.806
[0.580; 1.069] [0.609; 1.068]

Foreign-born*High 0.702%** 0.734**
[0.517;0.953] [0.552; 0.975]

Observations 60 60 60 60 60 60 60
Log likelihood -499.039 -445.3349 -434.7217 -397.3983 -392.6545 -394.7501 -390.2719
Residual Deviance 71.87343 64.20341 64.3433 65.0709 65.2543 62.77488 63.33184
Res. Deg. of Freedom 58 54 53 51 47 49 45
Akaike Inf. Crit. 1004.0781 904.6698 885.4435 814.7967 813.3091 813.5003 812.5438

Note:*p<0.1; **p<0.05; ***p<0.01
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We estimated separated regression models for each education group as an
additional step. Each model controls for the nativity status, age, sex, and an interactive
term between nativity and age. Figure 3 illustrates the age-specific mortality rates by
nativity and educational level. The solid lines represent predicted mortality rates, while
dotted lines correspond to observed mortality rates. The largest mortality difference is
observed among younger and less educated adult migrants. For individuals with high

education, the mortality rates for Brazilians and migrants are similar at all ages.

Figure 3. Predicted age-specific mortality rates by nativity and educational level - State
of Sao Paulo, Brazil (2010)

Low education Middle education High education

Log death rates

30-49 50-59 60-69 70-79 80+ 30-49 50-59 60-69 70-79 80+ 30-49 50-59 60-69 70-79 80+
Age group

Native-born Foreign-born

Note: Solid lines represent predicted mortality rates while dotted lines correspond to observed mortality rates.
Source: Mortality Information System (SIM). Brazilian Demographic census 2010.



Foreign-born

Native-born

Age Group Males Females Males Females
DReaatteh CI195% D;;Zh C195% D;;Zh CI195% D;;Zh C195%

Low Education

30-49 12.39 9.38 16.36 7.08 5.33 9.41 5.97 5.04 7.07 341 2.88 4.04

50-59 27.77 21.89 35.23 15.88 12.48  20.20 1394 11.77 16.51 7.97 6.73 9.44

60-69 33.51 27.60  40.69 19.16 15.75  23.30 26.24 2216  31.07 15.00 12.67 17.76

70-79 62.01 51.90 74.08 35.44 29.64 42.38 58.15 49.12 68.85 33.24 28.08 39.35

80+ 207.26 174.60 246.02 118.48 99.81 140.63 158.19 133.62 187.28 90.43 76.38 107.05
Middle Education

30-49 3.74 2.78 5.05 1.86 1.37 2.53 2.29 2.04 2.58 1.14 1.01 1.29

50-59 9.32 736 11.79 4.64  3.65 5.89 7.12 6.32 8.03 3.55 3.15 4.00

60-69 1396 11.55 16.88 6.95 5.72 8.44 14.64 1299 16.50 7.29  6.46 8.22

70-79 28.12 23.94  33.04 14.00 11.85 16.54 3410 30.25 38.43 16.97 15.05 19.14

80+ 123.87 108.17 141.85 61.67 53.76  70.74 97.23 86.26 109.60 48.40 4294 54.56
High Education

30-49 1.56 1.08 2.24 0.93 0.65 1.35 1.69 1.51 1.89 1.01 091 1.13

50-59 5.87 4.58 7.52 3.52 2.74 4.53 6.09 5.45 6.80 3.65 3.27 4.08

60-69 12.31 10.17 14.89 7.38  6.06 8.99 14.22 12.73 15.89 8.53 7.63 9.54

70-79 35.70 30.03 42.44 21.41 17.86  25.67 38.32 34.29 42.82 2298 20.55 25.71

80+ 156.80 136.29 180.39 94.04 81.36 108.71 136.23 122.00 152.12 81.71 73.11 91.32

Source: Mortality Information System (SIM). Brazilian Demographic census 2010.
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Table 4. Predicted death rates (per 1,000) for foreign-born and native-born populations by age, sex, and educational level - State of Sao
Paulo, Brazil (2010)



Figure 4 presents the age-specific mortality ratios (foreign-born vs. native-born),
with 95% confidence intervals based on the models by education. Ratios above one
indicate excess of mortality for the foreign-born, while ratios below one represent a
mortality advantage for them. The results suggest that the mortality disadvantage is
primarily concentrated among adults with low education (all ages). It also exists among
the middle-income group, but only in the younger age groups (30-59 years). Among the
highly educated, mortality ratios are close to one. Some mortality advantage for the
foreign-born was found for the middle-education group at ages 70 to 79 and among the

higher-education group at ages 60-69.

Figure 4. Age-specific mortality ratios (foreign-born vs native-born) by educational
level - State of Sdo Paulo, Brazil (2010)

2.5

2.0

Risk Ratio (RR)

0.5
0.0
30-49 50-59 60-69 70-79 80+
Age group
— Low —— Middle — High

Note: 95% Confidence Intervals. Source: Mortality Information System (SIM). Brazilian Demographic
census 2010.

Discussion and Conclusion

This paper examined mortality differences between foreign-born and native-born
adults living in the Brazilian State of Sdo Paulo. We looked at whether these differences

are associated with specific age and education categories. The main findings of this study
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confirm the central hypothesis that the mortality levels of the migrant population differ
from those for Brazilians when controlled for age, sex, and education. We found higher
levels of adult mortality between migrants when compared to Brazilian-borns. The
mortality disadvantage among migrants persists after controlling for age, sex, and
educational attainment. However, the mortality disadvantage depends on age, and it is
concentrated in the 30-59 and 80 years and older age groups. Among 60 to 79 years old
individuals, migrant mortality is 4% to 9% lower than Brazilians’. This age group

comprises individuals born in European countries, such as Portugal, Italy, and Spain.

Migrant mortality disadvantage is highly concentrated among foreign-born adults
with lower educational attainment. Individuals with higher levels of education present
mortality rates very close to those of Brazilians. In some age groups, there is even a
mortality advantage. This situation differs from a commonly observed pattern in
developed countries. For instance, Turra and Goldman (2007) showed the mortality
advantage among Hispanics in the United States is concentrated at lower levels of
socioeconomic status. Unlike the United States, migrant mortality in Sdo Paulo does not

suggest the existence of an epidemiological paradox.

The mortality disadvantage among migrants in Brazil might be linked to a
combination of underlying mechanisms that may operate in different directions. First,
international immigration in contemporary Brazil occurred mainly in the first half of the
XX century and comprised mostly Europeans (Italians, Germans, and Portuguese) and the
Japanese. South Americans dominate the more recent wave of international migrants,
especially Bolivians. Some specific studies carried out in the city of Sdo Paulo have shown
that younger Bolivians are more vulnerable in terms of mortality than Brazilians (Silveira,
2018). They also have a higher proportion of deaths from external causes than other
nationalities. For this reason, the current flows of foreign-born with lower socioeconomic
status may help explain some of the mortality disadvantages observed among younger

adults.

The migration waves may impact our estimates in two different ways. First, it
selects the migrants with better health from the first half of the XX century into the pool
of the 2010 death records, reducing the gap for those 50 years and older. Second, the

degree to which the health of migrants differs from their native counterparts can explain
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part of the disadvantage. The healthy migrant hypothesis, one of the explanations for the
mortality advantage of migrants in high-income countries, is more likely to operate in
long-distance migration. As migrants from South American countries dominate current
flows, it is unclear to what extent the healthy migrant hypothesis could be happening in
Sao Paulo, given that the results presented here do not suggest any mortality advantage

for these migrants over Brazilians.

Migrants are a selective group. Country of origin and duration of residence in the
destination are important factors to consider. In this study, due to the low number of
deaths by place of birth and the lack of a variable relating to the length of residence, we
could not control the estimates for these two variables. However, as more than 90% of
migrant mortality is concentrated among the traditional nationalities of migrants in Sdo
Paulo (European and Japanese), the composition effect of the length of residence and

birthplace country is less aggravating and does not discredit the estimates.

We acknowledge that certain data artifacts may influence our findings. We
acknowledge that certain data artifacts may influence our findings. In particular, there
may be some subestimation of undocumented migrants with low education and their
preference for not responding to the census. However, our simulations and consistency
checks showed that migrant mortality disadvantage only would disappear in a
hypothetical scenario of a migrant under-enumeration on the order of 108%, which is
completely unrealistic for the quality standards of population coverage of the Brazilian
census in 2010 (IBGE, 2016). This situation reinforces the reliability of our findings and
opens new possibilities for investigating the migrant-native mortality gap in future works,

considering other disaggregations, such as country of birth and causes of death.

It is noteworthy that the form of data collection and the need to impute missing
information in the variable relating to birth and education in SIM makes methodological
issues remain central in the analysis of mortality differences, generating uncertainties
about the proper patterns of mortality in the population in question. This information is
essential for the variable birthplace country, which presents an anomaly of missing cases
in the selected period and depends on the assumption that the percentage of missing cases

in the State is equal to that observed in the city of Sdo Paulo.
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Analysis of all-cause mortality may also hide essential differences between
migrants and non-migrants. A recent cohort study in Denmark, for instance, found no
evidence supporting the healthy migrant hypothesis when looking for cause-specific
mortality (Norredam etal., 2014). In our case, the migration mortality disadvantage in the
30 to 49 age range is likely to be affected by higher risks of death from external causes

among migrants. A cause-specific analysis could yield very different results.

Overall, this paper provides evidence of mortality disparities between migrants
and non-migrants in middle-income countries. Results from this paper are of interest not
just to Brazil but to a much broader audience that seeks examples of how the health and
mortality of migrants differ from native-borns. Through reliable evidence of mortality,
policymakers will be able to ensure that the most vulnerable individuals in terms of health
have adequate access to health services in the State with the highest concentration of

migrants in Brazil.
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Concluding Remarks

This dissertation dealt with migration-related issues for adults living in Sdo Paulo,
Brazil. The core interest of this research was to access the diversity of sociodemographic
profiles of migrants living in the main migrant hub in Brazil and examine how mortality
patterns of this population differed from those observed for Brazilian-borns residing in

Sao Paulo in 2010.

The first paper investigated the diversity of sociodemographic characteristics of
adult migrants living in Sdo Paulo. We relied on data from the 2010 Brazilian demographic
census and applied the Grade of Membership (GoM) technique to delineate the
sociodemographic profiles of adult migrants. We also analyzed how long migrants have
resided in Sdo Paulo after their arrival, their nationality, and changes in the size and
composition of migrant populations over the decades. We found four different profiles of
foreign-born adults: recent, middle-term, long-term, and old migrants. These four profiles
showed how heterogeneous migrant populations are in terms of sociodemographic
characteristics. Such diversity pervades the dimensions of age, gender, socioeconomic

status, and birthplace region

The second paper examined mortality differences between foreign-born and
native-born adults living in the Brazilian State of Sao Paulo. We looked at whether these
differences are associated with specific age and education categories. The main findings
confirm the hypothesis that mortality levels of foreign-born differ from those observed
among Brazilian-borns living in Sdo Paulo when controlling for age, sex, and education.
Unlike the commonly observed pattern in developed countries, migrants have a mortality
disadvantage compared to non-migrants. Therefore, there is insufficient evidence to
support the existence of an epidemiological paradox in Sdo Paulo. The results also
revealed that mortality differences are associated with specific age categories and are

concentrated among younger foreign-born adults with low educational attainment.

This study represents an effort to expand the international debate on the mortality
differentials of migrants and non-migrants with evidence from regions in developing
countries such as Brazil. It also opens new opportunities to further investigations to
understand of the socioeconomic and health factors associated with the migration

process. An essential point that deserves more attention is to analyze how working
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conditions affect the health of migrant populations living in Sao Paulo, especially among
recent foreign-born adults. It is also an important gap in the current research. Second, the
2010s witnessed important social and structural changes that may have had direct and
indirect impacts on the sociodemographic profile of the migrant population. The
combination of the results of this study, with more recent data from the Brazilian
demographic census of 2022 could provide important information on sociodemographic

profiles and mortality differentials of foreign-born and native-born adults in future works.

In conclusion, this dissertation provides evidence on the sociodemographic
profiles and mortality patterns of foreign-born adults, especially the socioeconomic and
health factors associated with migration. Evidence from this work can be used to enhance
policy coherence, help evidence-based policymaking on migration, and improve the
mainstreaming of migration into development plans in the most populous State in South

America.
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Annex 1. Descriptive statistics of adult migrants’ sociodemographic characteristics,
estimated probabilities, and Lambda-Marginal Frequency Ratio - State of Sao Paulo

(2010)
Observed Estimated probabilities ( Lambda-Marginal Frequency
Variable Frequency Ratio (LMFR)
N % K1 K2 K3 K4 K1/% K2/% K3/% K4/%
Age
30-39 25,418 11.59 0.61 0.00 0.00 0.00 530 000 0.00 0.00
40-49 24,640 11.24 039 0.16 0.00 000 344 141 0.00 0.00
50-59 35513 16.19 0.00 0.63 0.00 0.00 0.00 3.89 0.00 0.00
60-69 47,861 2182 0.00 0.21 043 000 0.00 097 198 0.00
70-79 46,721 21.30 0.00 0.00 0.57 0.00 0.00 0.00 266 0.00
80+ 39,172 1786 0.00 0.00 0.00 1.00 0.00 0.00 0.00 5.60
Gender
Male 114,342 52.13 0.53 0.79 0.58 0.00 1.02 1.51 1.11  0.01
Female 104,984 4787 047 021 042 1.00 098 0.45 0.89 2.08
Birthplace country
Portugal 62,736 28.60 0.00 0.00 0.65 0.13 0.00 0.00 2.26 046
Japan 28,239 12.88 0.00 0.00 0.00 079 0.00 0.00 0.00 6.11
Bolivia 11,749 536 0.34 0.00 0.00 0.00 6.34 0.00 0.00 0.00
Italy 18,718 854 0.00 0.00 0.23 0.00 0.00 0.00 2.64 0.00
Spain 16,096 7.34 0.00 0.04 0.13 0.08 000 050 174 1.12
China 9,251 4.22 0.26 0.00 0.00 0.00 6.26 000 0.00 0.00
Chile 7995 365 0.00 0.13 0.00 0.00 0.00 3.63 0.00 0.00
Argentina 6,870 3.13 0.00 0.11 0.00 0.00 0.00 3.63 0.00 0.00
Korea, RO (South) 6,288 287 0.18 0.00 0.00 0.00 6.16 0.00 0.00 0.00
Other 51,384 2343 0.22 0.72 0.00 0.00 094 3.06 0.00 0.00
Education
Low 53,801 24.53 0.00 0.00 0.00 1.00 0.00 0.00 0.00 4.08
Middle 99,523 45.38 1.00 0.00 1.00 0.00 2.20 0.00 2.20 0.00
High 66,002 30.09 0.00 1.00 0.00 0.00 0.00 3.32 0.00 0.00
Race/Color
White 159,180 72.58 0.00 1.00 1.00 038 0.00 138 138 0.52
Black 2,670 1.22 0.07 0.00 0.00 0.00 6.05 000 0.00 0.00
Indigenous 1,283 059 0.04 0.00 0.00 000 6.02 0.00 0.00 0.00
Asian 42,449 1935 049 0.00 0.00 062 256 0.00 0.00 3.23
Brown (pardo) 13,743 6.27 040 0.00 0.00 0.00 6.32 000 0.00 0.00
Marital Status
Single 13,037 594 033 0.00 0.00 0.00 551 000 0.00 0.00
Married 144,217 65.76 055 084 092 000 084 127 140 0.00
Divorced 20,660 942 0.12 0.16 0.08 000 130 175 081 0.00
Widowed 41,412 1888 0.00 0.00 0.00 1.00 0.00 0.00 0.00 5.30
Length of residence (years)
0-10 26,552 1211 0.55 0.00 0.00 0.00 4.51 0.00 0.00 0.00
11-20 14,183 647 032 0.00 0.00 000 501 0.00 0.00 0.00
21-30 15,197 693 0.13 0.18 0.00 0.00 1.89 2.62 0.00 0.00
31-40 25,777 11.75 0.00 0.59 0.00 0.00 0.00 5.02 0.00 0.00
41-50 33,662 1535 0.00 0.23 0.26 0.00 0.00 149 170 0.00
50+ 103,956 47.40 0.00 0.00 0.74 100 0.00 0.00 156 2.11
Employment status
Employed 96,012 43.78 0.89 1.00 0.00 0.00 2.04 2.28 0.00 0.00
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Observed Estimated probabilities ( Lambda-Marginal Frequency
Variable Frequency 1) Ratio (LMFR)

N % K1 K2 K3 K4 K1/% K2/% K3/% K4/%
Unemployed 3,838 1.75 0.11 0.00 0.00 0.00 6.03 0.00 0.00 0.00
Inactive 119,476 54.47 0.00 0.00 1.00 1.00 0.00 0.00 1.84 1.84

Income

1st quintile 44,178 20.14 030 0.00 0.44 0.00 1.49 0.00 2.18 0.00
2st quintile 40,105 18.29 0.14 0.00 0.00 0.81 0.75 0.00 0.00 4.44
3st quintile 47,436 21.63 041 0.00 0.32 0.19 1.90 0.00 1.50 0.87
4st quintile 39,422 1797 0.15 0.25 0.24 0.00 0.84 1.39 1.32 0.00
5st quintile 48,186 2197 0.00 0.75 0.00 0.00 0.00 3.41 0.00 0.00
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Annex 2

Correcting missing cases in nativity variable

The mortality database needs special attention. An anomaly was identified in the
variable nativity between 2009 and 2014 in the SIM/Datasus microdata. The reason for
the staggering total of missing cases is still unknown. Figure 6 illustrates this situation. I
identified this anomaly by crossing the SIM data with the death database provided by the
Mortality Information Improvement Program (PRO-AIM) of the city of Sao Paulo. PRO-
AIM currently manages deaths information in the municipality, carrying the position of

municipal manager of SIM/Datasus.

The strategy to analyze the behavior of missing cases in the nationality variable
was comparing the total number of deaths between the two different databases between
2006 and 2016. As the PRO-AIM database is exclusively for deaths in the city of Sdo Paulo,
[ also filtered this municipality in the SIM database for comparison. These values are
expected to converge. This situation occurs before 2009 and after 2014. Among these
years, the number of missing cases reached its maximum in 2013 with 93% missing cases.

This situation, if not resolved, would make the analysis completely unfeasible.

Figure A2. Comparison of the percentage of missing cases of the variable birthplace
between the SIM/Datasus and PRO-AIM database

0.754
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Source: Mortality Information System (SIM/Datasus). Mortality Information Improvement Program (PRO-
AIM). Health Department of the city of Sdo Paulo (2006-2015).
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It is possible to access and compare the total number of deaths only for the
municipality of Sdo Paulo from these two databases. The only viable way to overcome the
anomaly of filling in the state database was to assume that the total number of missing
cases in the municipality is the same for the State. This assumption draws upon two main
arguments. The first one is that missing cases refers mainly to the deaths of Brazilians,
which are known through the comparison between the two databases (Table 2). The
second reason is that international migrants are highly concentrated in the municipality
of Sdo Paulo. In summary, in this work, I will admit that the pattern of missing cases

observed in the Sao Paulo database is the same for the datasus database.

Table A2. Comparison of total deaths in the city of Sdo Paulo by country of birth
between two different databases

Deaths

Country of birth DATASUS PRO-AIM (SMS .

y N % N ( %) Difference
Brasil 38,987 55.5 62,854 89.5 - 23,867
Portugal 1,590 2.3 1,589 2.3 1
Other countries 1,345 1.9 1,346 19 - 1
Japan 719 1.0 718 1.0 1
Italy 541 0.8 541 0.8
Spain 386 0.5 385 0.5
Germany 110 0.2 110 0.2 -
Bolivia 80 0.1 80 0.1 -
Argentina 78 0.1 78 0.1 -
China 78 0.1 78 0.1 -
Lebanon 72 0.1 72 0.1 -
Chile 33 0.0 33 0.0 -
Uruguay 23 0.0 23 0.0 -
Paraguay 18 0.0 18 0.0 -
Peru 13 0.0 13 0.0 -
Total 70,274 100.0 70,233 100.0 41

Source: Mortality Information System (SIM/Datasus). Mortality Information Improvement Program (PRO-
AIM). Health Department of the city of Sdo Paulo (2006-2015).

After solving the anomaly in filling the country of birth variable, the 3.3% deaths
of unknown nationality were distributed among the other nationalities. In the specific
case of other variables such as education, for example, to deal with the percentage of
missing information in the SIM, we performed the same imputation procedures used by
Ribeiro, Turra and Pinto (2021). This procedure considers age and sex, which indicates

that deaths were randomly redistributed by these attributes.
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Supplementary material

SM.1 Creating a standard variable for education from the Brazilian Demographic Census

(2010) and SIM/Datasus databases

The second study relied on mortality data from Mortality Information System
(SIM/Datasus) for 2009-2011 and population figures from the 2010 Brazilian
demographic census. Since these two databases do not have a common variable for
education, we built a standard variable of completed years of study with the categories 0

to 7 years, 8 to 11 years, and 12 years or more.

For SIM, it was sufficient to combine the first three categories (None, 1 to 3 years,
and 4 to 7 years) of the variable “Years of study completed” to form the group from 0 to 7
years. In the case of 2010 Brazilian Census, we needed to create another variable based
on seven education-related variables present in the Sample Questionnaire (Table SM.1).
This procedure is necessary to obtain a similar metric that makes it possible to match

deaths counts and population figures for mortality rates.

Figure 1 illustrates the flowchart containing the level of education attributed to
individuals who attend school. To determine the ramifications, we considered that people
who had incomplete elementary education or less are in the group with 0 to 7 complete
years of study (low education). Individuals in high school were assigned to the 8 to 11
years category (middle education). Individuals with higher education onwards fit in with

12 years or more of study.

Finally, we offer a R script containing the step-by-step step algorithm to create a
new variable for education based on the combination of other variables present in the

Sample Questionnaire in 2010.
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Figure SM.1 - Flowchart containing the level of education attributed to individuals who

attend school in Brazil
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Source: Adapted from Vieira (2016).

Table SM.1 - Selected education-related variables used to create a standard variable for
education from the Brazilian Demographic Census (2010)

SOURCE VARIABLE DESCRIPTION
IPUMS IBGE
BR2010A_SCHOOL V0628  Attending school or daycare

1. Yes, public
2.  Yes, private
3. No, not attending
4. No, never attended
BR2010A_EDLEVEL1 V0629 Level of school attending
1. Nursery
2. Pre-school (nursery and kindergarten)
3. Literacy class
4. Literacy for youth and adults
5. Regular elementary school
6. Youth and adults education or supplementary elementary school
7. Regular high school
8.  Youth and adults education or supplementary high school
9. Undergraduate
10. Postgraduate (minimum 360 hours)



SOURCE VARIABLE DESCRIPTION

IPUMS IBGE

11. Masters
12. Doctorate
BR2010A_GRADE1 V0630 Elementary grade/year attending
First year
First grade / second year
Second grade / third year
Third grade / fourth year
Fourth grade / fifth year
Fifth grade / sixth year
Sixth grade / seventh year
Seventh grade / eighth year
. Eighth grade / ninth year
10. Notinagraded course
BR2010A_GRADE?2 V0631  High school grade attending
1. Firstgrade
2. Second grade
3. Third grade
4. Fourth grade
5. Notinagraded course
BR2010A_COLLEGE V0632  Completion of additional undergraduate degree
1. Yes
2. No
BR2010A_EDATTAIN V0633 Highest level of education attended
Daycare, pre-school (nursery and kindergarten), literacy class
Literacy for youth and adults
Former primary (elementary)
Former ginasio (middle school)
Elementary school (1st to 3rd grade / 1st to 4th year)
Elementary school (4th grade / 5th grade)
Elementary school (5th to 8th grade / 6th to 9th year)
Supplementary elementary school degree
9. Former scientific, classical, etc. (high school)
10. Regular high school
11. Undergraduate
12. Postgraduate (minimum 360 hours)
13. Masters
14. Doctorate
BR2010A_EDCOMPL V0634  Have you completed the highest level of education attended
1. Yes
2. No

OO N GE W e

© N W

Source: [IPUMS International. Minnesota Population Center. Brazilian Demographic census (2010).
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R Script - Step-by-step step algorithm to create a new variable with years of study based

on the combination of other variables from the 2010 census microdata.

Database %<>%
dplyr::muta

te(
ifelse(
v0628 %in% c

(1, 2),

dplyr::case_when(

v0629 %
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =

v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =
v0629 =

NA

in% c(1,2,3,
=5 & vo630
=5 & vo630
=5 & vo630
=5 & v0630
=5 & vo630
=5 & v0630
=5 & v0630
=5 & v0630
=8 ~ 8,

= 7 & vo631
= 7 & vo631
= 7 & vo631
= 7 & vo631
= 7 & vo631
= 9 & v0632
= 9 & v0632
= 10 ~ 15,
=11 ~ 17,

= 12 ~ 21),
)s

ifelse(
V0628 == 3,

4,6) ~ 0,
%in% c(1,2,10) ~ 0,
== 3~ 1,
)
)
)

J

-

2
NOoOuphwnN

-

1]

1]
RPNURAWDNPR
2
=
=

-

dplyr::case_when(

V0634 ==

vo634
v0634
v0634
vo634
vo634
v0634

vo634
vo634
vo634
vo634
vo634
vo634
vo634

v0628
v0628
NA

if

v0633
v0633
v0633
v0633
v0633
v0633
v0633

20 0 Q0 RO RO QO o

ve633
vo633
vo633
ve633
ve633
vo633
vo633

20 20 0 Q0 RO RO RO

vo63
vo63

w w
0 0

)s

else(

lis.na(educ_

%in% c(1,2) ~0,

== 3 ~ 4,

%in% c(4,7,8) ~ 8,
%in% c(9,10) ~ 11,
%in% c(11,12) ~ 15,
== 13 ~ 17,

== 14 ~ 21,

%in% c(1,2,8) ~ 0,
== 3~ 1,

%in% c(4,7) ~ 5,
%in% c(9, 10) ~ 9,
== 11 ~ 12,
%in% c(12,13)
== 14 ~ 17,

4

15,

3==5-~1,
3 ==6 ~ 3),

1),



educ_1,
ifelse(
lis.na(educ_2),
educ_2,
NA)),

ifelse( v0628==4,
9,
educ))
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