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ABSTRACT

This study aims to verify whether the inequalities by education level found in the population as a whole are also confirmed
among those who subscribed to personal insurance and/or open private pension plans in Brazil between 2012 and 2017. This
study is a trailblazer in estimating mortality differentials by education level in populations with personal insurance and open
private pensions in Brazil. The research contributes to the understanding of socioeconomic factors related to living conditions
and, consequently, mortality. The results show that, even in a population that records lower mortality rates and higher life
expectancies when compared to the Brazilian population as a whole, education level plays a major role as a protective factor.
Population and death data were provided by 23 insurance groups. Through an agreement with the Ministry of Labor and
Social Security, the Applied Mathematics Laboratory of the Federal University of Rio de Janeiro (LabMA/UFR]) provided the
list of insured people to this ministry, data was cross-referenced with government information and returned to the LabMA/
UFR] with identification of education level, when available, as well as indication of deceased, completing company records.
Mortality tables were then drawn up for the insured population by education level. To obtain smoothed tables, Heligman
and Pollard’s law was applied using a Bayesian approach, via Markov Chain Monte Carlo (MCMC) simulation. In the period
from 2012 to 2017, among Brazilians who took advantage of personal insurance and open supplementary pensions, men with
a high education level had, at the age of 60, a life expectancy of 5.6 and 6.6 years greater than those with a lower education
level, in mortality and survival coverage, respectively. In the case of women, the comparison between the most educated and
the least educated shows a difference of 2.7 years in mortality coverage and 5.4 years in survival coverage.
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Personal insurance and open supplementary pension in Brazil: A study on mortality differentials by education level

Seguros de pessoas e previdéncia complementar aberta no Brasil: Um estudo
sobre os diferenciais de mortalidade por nivel educacional

RESUMO

O objetivo deste estudo é verificar se as desigualdades por nivel educacional encontradas na populagdo em geral também se
confirmam entre aqueles que aderiram aos seguros de pessoas e/ou previdéncia privada aberta no Brasil entre 2012 e 2017. Este
estudo é precursor na estimativa dos diferenciais de mortalidade por nivel educacional em populacdes com seguros de pessoas
e previdéncia privada aberta no Brasil. A pesquisa contribui com a compreensdo dos fatores socioeconémicos relacionados ds
condigies de vida e, consequentemente, a mortalidade. Os resultados mostram que, mesmo em uma populagdo que registra
taxas de mortalidade mais baixas e expectativas de vida mais elevadas em comparagdo a populagdo brasileira em geral, o
nivel educacional tem um papel relevante como fator protetivo. Os dados de populagio e de 6bitos foram fornecidos por 23
grupos seguradores. Por meio de um acordo com o Ministério do Trabalho e Previdéncia Social, o Laboratério de Matemadtica
Aplicada da Universidade Federal do Rio de Janeiro (LabMA/UFR]) forneceu a lista dos segurados a esse ministério, os dados
foram cruzados com informagdes governamentais e devolvidos ao LabMA/UFR] com a identificagdo de escolaridade, quando
disponivel, bem como a indicagdo dos falecidos, completando os registros das empresas. Em seguida, foram elaboradas tébuas de
mortalidade da populagio segurada por nivel educacional. Para obtengdo de tdbuas suavizadas, foi aplicada a lei de Heligman e
Pollard com abordagem bayesiana, via simulagdo de Markov Chain Monte Carlo (MCMC). No periodo de 2012 a 2017, dentre
os brasileiros que usufruiam dos seguros de pessoas e de previdéncia complementar aberta, os homens com alta escolaridade
tinham, aos 60 anos, uma expectativa de vida de 5,6 e 6,6 anos maior em comparagdo dqueles menos escolarizados, nas coberturas
de mortalidade e sobrevivéncia, respectivamente. No caso das mulheres, a comparagdo entre as mais escolarizadas e as menos
escolarizadas mostra uma diferenca de 2,7 anos na cobertura de mortalidade e 5,4 anos na cobertura de sobrevivéncia.

Palavras-chave: tdbuas de vida, mercado segurador, mortalidade, escolaridade.

1. INTRODUCTION

The insurance market in Brazil has been experiencing
great progress in terms of the variety of products offered.
Among the most sought after in recent years are personal
insurance plans and open private pension plans, which
include various coverage types, among them survival and
death (Superintendéncia de Seguros Privados [SUSEP],
2022a, 2022b, 2023).

In the case of survival coverage, in personal insurance,
the payment of the insured capital occurs when the
insured person survives the contracted deferral period;
in death coverage, a beneficiary is appointed to receive
the insured capital upon their death. As an example of
an insurance plan for people with survival coverage,
we may mention the Vida Gerador de Beneficio Livre
(VGBL); and with death coverage, life insurance. Open
supplementary pensions follow the same logic, it is
possible to guarantee the payment of a benefit to the
plan participant themselves (survival coverage) or to
their beneficiaries (death coverage) (SUSEP, 2022a; 2023).

To establish how much the insured must pay so that
they or their beneficiaries can receive these amounts
(in the form of a single payment or income), actuarial
calculations are carried out based on mortality tables, an
instrument that allows measuring the probability of death

and survival of a population by age and sex. Brazil has
tables prepared by the Brazilian Institute of Geography
and Statistics (IBGE), however, the insured population
has very specific characteristics, which generally result in
considerably higher life expectancies than the population
as a whole (Foz, 2021).

According to estimates from the Instituto Brasileiro
de Geografia e Estatistica (IBGE, 2022), in 2021, men
in Brazil had a life expectancy at birth of 73.6 years and
women of 80.5 years. In the case of the Brazilian Insurance
Market Life Tables (BR-EMS), a life expectancy at birth
of 81.1 years for men and 86.5 years for women was
observed when the insured took advantage of survival
products; and 78.3 years for men and 83.2 years for women,
when considering only policyholders who subscribed to
products with mortality coverage (SUSEP, 2021).

According to Oliveira et al. (2016), the mortality
experience of the insured population in Brazil is similar
to that in developed countries, such as the United States
of America (USA) and the United Kingdom. But even in
populations with better living conditions, there is a vast
literature that points out major differences in mortality
by education level. This is the case in countries such as
Germany (Luy et al,, 2015), Norway (Steingrimsdattir
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etal., 2012), Australia (Welsh et al., 2021), and the USA
(Hendi, 2015), where studies reveal that people with higher
education have lower mortality rates and, consequently,
higher life expectancy at birth.

Therefore, even though they already have a higher life
expectancy than the population as a whole, such evidence
leads us to ask whether there are also differences in mortality
by education level in the insured population in Brazil, i.e.
among those who subscribe to personal insurance and/
or open private pension. It is already known that Silva

et al. (2016) found a significant mortality differential by
level of education for the Brazilian population, but it is
worth mentioning that Brazil is considered one of the
most unequal countries in the world (Campello et al.,
2018). Considering that the insured population in Brazil
is a group with better living conditions, this study aims to
verify whether the inequalities by education level found
in the general population are also confirmed among those
who subscribe to personal insurance and/or open private
pension plans in Brazil between 2012 and 2017.

2. INEQUALITIES IN MORTALITY BY EDUCATION LEVEL

The reduction in mortality levels is a phenomenon
that began at the end of the 18™ century, first in the
most economically developed countries and, over time,
reached other locations. According to the literature,
there are two main explanations for this decline: one
emphasizes the contribution of medical innovations and
the implementation of public health programs, while
the other points out the contributions of economic
development and improved living conditions with regard
to the population’s health (Alves, 2002).

According to Alves (2002), these contributions are not
exclusive and recent studies (Kaplan et al., 2014; Woolf et
al., 2007) have shown how relevant social changes have
been in this process. Kaplan et al. (2014), for instance,
report that in the USA, medical care explains about 10%
of the variation in health outcomes, while social factors
explain almost 50%. An example can be seen in the study
by Chetty et al. (2016), who analyzed the association
between income and life expectancy in the USA. The
authors showed that, at 40 years of age, the difference in
life expectancy between individuals in the top and bottom
1% of the income distribution in the USA is up to 15 years
for men and 10 years for women. Such evidence makes
clear why mortality differentials related to socioeconomic
status are at the center of the US public health agenda
(Montez et al., 2012).

Regarding this issue, Montez et al. (2012) reveal
that, among the available options, education level is the
main socioeconomic indicator to analyze differences in
mortality and health in the adult population. According to
the authors, this occurs for a number of reasons, including
the fact that education level usually precedes occupation,
income, and wealth accumulation, both in the life course
and causal sense. Furthermore, people tend to complete
their studies at the beginning of adulthood, a situation
that remains constant until the end oflife, quite different
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from occupation, income, and wealth accumulation,
which can vary considerably during a personss lifetime.

Another issue raised by Montez et al. (2012) is related
to quality of information, as people tend to report their
education level more frequently and accurately than other
socioeconomic indicators. Even so, Guedes et al. (2011)
mention that it is common to find a high proportion
of undeclared information about people’s education in
administrative databases, which requires the adoption
of techniques capable of overcoming the problem and
generating good estimates.

This is the case of the study produced by Grigoriev
etal. (2019), who analyzed socioeconomic differences in
mortality in Germany using data from a Pension Fund.
According to the authors, there were around 40% missing
values for the education variable, mainly because people
who were unemployed (or out of the job market for other
reasons) did not have an employer to report educational
information, which led the authors to apply an imputation
method so that the analysis could be carried out without
compromising the results.

Contributing to studies on inequality in mortality,
Currie and Schwandt (2016) add that life expectancy and
mortality by age (or age group) are measures that can be
used to capture this difference. Furthermore, as there
are differences in mortality levels and trends between
men and women, the ideal is to analyze the estimates
separated by sex.

However, what exactly is the role that education
plays in reducing mortality? According to Kingston
et al. (2003), the schooling process contributes to the
cognitive development of human beings, leading them
to read, write, and communicate, in addition to thinking
logically, critically analyzing data, solving problems, and
implementing plans. Although a high education level
does not automatically confer better health, Montez and
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Friedman (2015) state that education can influence a
population’s health in many ways.

Woolf et al. (2007), for instance, mention that the
population with a higher education level is more able to
grasp health information and, consequently, make choices
related to self-care more efficiently, such as having better
eating habits, grasping the importance of practicing
physical activity, knowledge about the harms of smoking,
among others. In addition to behavioral issues, Woolf et
al. (2007) claim that people with a higher education level
generally have jobs with higher wages and, therefore, are
more able to purchase health insurance, pay for medical
expenses, and even live in locations that have fewer health
risks (with access to basic sanitation, for instance).

As a result, the topic has been widely explored in the
international literature and a series of studies indicate an
inverse association between education level and death risk,
with evidence found for countries on many continents and
at different development levels. Furthermore, the extent
to which this association is expressed in survival gains has
been discussed (V. Raghupathi & W. Raghupathi, 2020;
Sudharsanan et al., 2020; Yang et al., 2019).

In high-income countries, such as Germany, Luy et
al. (2015) identified that life expectancy at age 40 for the
highly educated group was 6.3 years higher for men and
2.3 years higher for women, compared to that of people
with low education. In Norway, the difference found by
Steingrimsdottir et al. (2012) was also significant: life
expectancy at age 35 for people with tertiary education
(Higher Education) was higher by 6.1 years for men and
3.2 years for women, compared to that of people who
only had Primary Education. In the USA, the results of
Hendi (2015) showed that life expectancy at age 25 for
those who attended college was 10.2 years higher for men
and 9.7 years higher for women, compared to those who
had not completed High School.

In Australia, the study by Welsh et al. (2021) detected
differences in life expectancy at age 25 between those
with the highest and lowest education level of 9.1 years
for men and 5.5 years for women. To better assess this
difference, the authors mention that the reported life
expectancy at age 25 for men with the lowest education
level in 2016 is equivalent to that of all men at age 25 in
1998 (52.4 years), while for women the equivalent year
is 2001 (58.3 years), i.e. those with the lowest education
level have a life expectancy equivalent to the national
average of 15 or 20 years ago.

Seeking to discover whether there are similar gradients
in mortality in middle-income countries, where education
and health quality tend to be lower, Sudharsanan et al.

(2020) carried out the analysis for six countries: China,
Costa Rica, Indonesia, Mexico, South Africa, and South
Korea. In summary, the authors found that, although
mortality and risk factor gradients show a different pattern
to those in high-income countries, adults with Higher
Education have a consistent mortality advantage when
compared to those with no school education.

Also in the context of developing countries, Sandoval
et al. (2022), when examining the association between
education and mortality in Chile, concluded that people
with High School education and Higher Education have
risk rates 34% and 41% lower when compared to those with
incomplete Primary Education. In Brazil, this inequality
is repeated: Silva et al. (2016) found an increased life
expectancy for people with Higher Education equivalent
to 6.27 years for men and 2.25 years for women when
compared to those who had less than complete Primary
Education.

This is an especially important topic for Brazil, due to
the profound educational transition that has been taking
place in the country in recent decades (Turra et al., 2016).
According to data from the Organization for Economic
Cooperation and Development (OECD, 2021), there was
a drop in illiteracy rates and an increase in enrollment
rates at all education levels, especially in Higher Education,
which, between 2010 and 2020, had 35.5% growth in
the number of enrollments across the country (Instituto
Nacional de Estudos e Pesquisas Educacionais Anisio
Teixeira [INEP], 2022). These variations translate into
differences in life expectancy. Such evidence is pointed
out by Turra etal. (2016), who discovered that changes in
the educational profile of the female population in Brazil
over the last five decades have increased life expectancy
at age 30 by around 38%.

In addition to this study for the female population
(Turraetal., 2016), other studies for specific groups were
carried out to estimate mortality differentials by education
level in Brazil, addressing the death causes (Barreto et al.,
2021) and various geographic areas (Ribeiro et al., 2021;
Silva et al, 2016), given that increases in life expectancy
show significant disparities between population groups
(Hummer & Hernandez, 2013).

In this context, there is a gap in scientific production on
differences in mortality by education level in the insured
Brazilian population. According to Kwon and Jonesy
(2006), information regarding mortality is essential for
actuarial work related to life insurance and pensions. These
authors, who carried out a study for Canada, mention
that taking into account the difference in mortality or
longevity risk among policyholders may contribute to more
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efficient risk management, calculation of more appropriate
provisions, in addition to offering more equitable premiums
for policyholders in various risk classes.

An example is the case of Sweden, where, although
socioeconomic inequalities in health and mortality are

3. MATERIALS AND METHODS

3.1. Data Sources and Variables Used

This study is based on data referring to the population
covered by private insurance (personal insurance and/or
open supplementary pension) in Brazil within the period
from 2012 to 2017, obtained through a confidentiality
agreement between the Applied Mathematics Laboratory
of the Federal University of Rio de Janeiro (Laboratério
de Matematica Aplicada da Universidade Federal do Rio
de Janeiro [LabMA/UFR]J]) and 23 insurance groups
associated with the National Federation of Private
Pensions and Life (Federagido Nacional de Previdéncia
Privada e Vida [FenaPrevi]). This data contains some
information about the insured individuals (CPE sex,
and date of birth), as well as information that allows
the identification of the insurance contracts signed
between them and the insurers, such as entry and end
date of the contract, as well as coverage type (mortality
or survival products). When the contract is terminated,
the reason for termination is informed, which makes it
possible to identify deaths.

However, it is worth noticing that not all deaths are
reported to insurance companies. To address this issue,
the LabMA/UFR] maintains a cooperation agreement with
the Ministry of Labor and Social Security (Ministério do
Trabalho e Previdéncia Social, currently named Ministry
of Labor and Employment [Ministério do Trabalho
e Emprego]), which makes it possible to verify death
data in rather complete government databases. For this
purpose, the LabMA sends the list of the insured’s CPFs
to the ministry and the federal agency carries out a
consultation of government databases, indicating the
date of death of the deceased, as well as their education
level, when available.

Data relating to exposure and deaths were organized
taking into account 3 variables, namely, coverage type
(mortality or survival), the insured’s sex (male or female),
and education level, which was aggregated into 3 categories:

1. Level 1: Up to incomplete High School;
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among the lowest in Europe, up to 1/4 of inequality in
lifetime pensions is attributable to the greater longevity
of socially advantaged groups (Shi & Kolk, 2022),
corroborating the importance of factors like education
and income in studies on mortality differentials.

2. Level 2: Complete High School or incomplete Higher
Education; and

3. Level 3: Complete Higher Education or Graduate
Studies.

Furthermore, due to the scarcity of data on some of
the combinations of these variables, policyholders were
grouped into five-year age groups. Considering that it
is not possible to construct life tables by education level
for children and teenagers, as they are still of school age,
and that, according to data from the Censo da Educagéo
Superior 2017 (INEP, 2019), the average age of graduates
of undergraduate courses in Brazil is 28 years in face-
to-face learning and 35 years in distance learning, with
the minimum age group being defined as 40-44 years in
this study, as it is rare for a person to change education
level after this age. Regarding the upper threshold, the
age group 75-79 years was defined, as data above this age
are very scarce, making it impossible to provide reliable
estimates for mortality levels for each of the education
levels, sexes, and product types.

3.2 Treatment of Missing Data

Checking data from insurance companies with
government databases made it possible to obtain
information on the education level of policyholders
for 62.2% of the exposed population (denominator of
mortality rates) and 79.2% of deaths (numerator of
mortality rates). Information on education level from
government databases is associated with people who are
registered in these databases and have already received
federal benefits. Figure 1 shows the distribution of no
information on deaths and exposed population by age
groups and sex. The exposure of the population without
information on education follows a distribution close to
that observed among those with information on education.
In relation to deaths, the proportion of non-information
is higher among people of advanced ages, from 70 years
old onwards.
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Figure 1 Distribution of data with and without education information by age group according to sex and coverage type

Source: Prepared by the authors.

Given the high percentage of non-information, it was
necessary to make the imputation using the distributions
of education levels in a segment of the insured population
with a high level of information to infer the missing data.

There are three main types of missing data and it is
important to understand the reasons for the existence of
this data so that proper treatment can be applied. These
types are: Missing completely at random (MCAR), Missing
at random (MAR), and Missing not at random (MNAR)
(Little & Rubin, 2019). If the missing data is of the MCAR
type, we can conclude that data existing in the sample
is representative of the population and, therefore, the
missing data does not need to be treated. This assumption
is usually unrealistic in practical problems. The MAR
case considers samples whose lack of data is not random,
however, there are other variables whose information can
be used to complete the data in order to make the analysis
unbiased. Finally, the MNAR occurs when there is a reason
for missing data that is related to the variable of interest,
resulting in analyses that may be biased. According to

Little and Rubin (2019), there are three main methods for
handling missing data: imputation, omission, and analysis.
In the case of mortality by education level, it is assumed
that the missing data is of the MAR type. However, a
partial sample of subpopulations for which almost all
data was observed was considered and, therefore, the
analysis of frequencies at each education level can be
considered unbiased. After estimating the probabilities of
belonging to each education class, the missing data was
completed according to the relative frequencies observed
in the auxiliary sample considered complete. The MNAR
assumption could be considered, however, it is difficult to
verify and extreme scenarios, for instance, that considered
all missing data as coming from the lowest education level
would lead to an unrealistic insured population, since this
is a generally more privileged one. At another extreme, if
itis considered that all the missing data come from higher
education levels, we would have numbers of Brazilians
with Higher Education that do not match the national
reality. Thus, it is believed that the MAR assumption
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encompasses a rather realistic scenario that distributes
missing data proportionally using subpopulations with
more complete data as a basis.

The information used in the article refers to 511
subpopulations consisting of the company-year-coverage
combination. It was possible to obtain education data for
all subpopulations, 411 of which (80%) were partially used
to construct the estimates used to impute the missing data.
It is worth emphasizing that for no subpopulation it was
possible to obtain complete data on education level. In
this way, the imputation of missing information was made
considering only education data with a satisfactory quality
in the combination of age group and sex, which implies the
partial contribution of each subpopulation, guaranteeing
consistency in the estimation and proportions of interest.

To carry out the imputation, acceptable limits of
non-information were defined, and for exposure data, a
minimum threshold of 82% of information available for
survival products and 85% for mortality products was
established. In the case of deaths, the minimum threshold
was 90% of information available, both for survival and
mortality products.

After identifying the distributions of expected
education levels for groups with a high information
level, the data that originally did not have educational
information in the database were imputed and could,
therefore, be incorporated into this study. Since the
imputation was built through the combination of the best
data from each subpopulation, it is believed that biases
are minimized.

3.3 Methodological Procedures Applied to the
Preparation of Tables by Education Level

After imputing the missing information, a descriptive
analysis of the data used was carried out, with the aim of
seeing how these observations are distributed. Mortality
and survival tables were then prepared, with the purpose
of estimating death probabilities (q,) and life expectancies
(ey) of those who subscribed to personal insurance and/or
private pensions open in Brazil between 2012 and 2017,
by education level.

Not infrequently, building mortality tables requires
the use of principles and methods so that the data can
progress smoothly from age to age and, at the same time,
accurately reflect the underlying mortality pattern (Lobo
et al.,, 2022). This procedure is known in the actuarial
literature as graduation and can be carried out using
parametric and non-parametric methods (Bravo, 2007).

In this research, to obtain smoothed tables, the
graduation of the mortality pattern by age was carried
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out using a parametric model proposed by Heligman and
Pollard (1980), which has been widely used in research
on mortality. This model, which has been adopted to
prepare insurance market tables, was considered the
most appropriate by Oliveira et al. (2012) among other
options, based on the criteria of parsimony, intelligibility,
replicability, stability of the methodology, transparency,
self-sufficiency and compatibility between static and
dynamic tables. The choice of model was maintained for
the insurance market tables by education level.
Structurally, the Heligman and Pollard model is divided
into 3 distinct terms, each one highlighting a component
of mortality, in which, together, encompass 8 parameters:

2 = A 4 D exp [E{log (3)} 1+ G

e o
|
(D (I1) (I11)

1. Infant mortality: the parameter A represents the
mortality level, B represents the age shift for a child’s
mortality (age 1), and C is related to decline in the
mortality rate throughout childhood;

2. Mortality of young adults: the parameters D, E, and
F represent, respectively, the severity, extension, and
location of the accident curve;

3. Mortality of adults in advanced age: the parameter G
is the basic level of senescent mortality and H is the
increase rate of this mortality.

As this study only covers the population over 40 years
of age, this mathematical expression (also known as
mortality law) was applied only to adult ages, i.e. without
the first term of the curve (infant mortality). Lobo et al.
(2022) mention that, in this case, the size of parameters
is reduced, and this increases the acceptance rate and
causes the algorithm to converge faster. Furthermore,
as the parameters A, B, and C in the first term are not
significant (since these ages are not part of the study),
the fitted curve is not affected.

To deploy the model, the statistical software R, version
4.1.2, was used, which, through the BayesMortalityPlus
package, is capable of modeling Heligman and Pollard’s
law considering the Bayesian approach, via Markov Chain
Monte Carlo (MCMC) simulation. The first step in this
direction was to estimate the model parameters using the
hp( ) function, by means of information regarding the
insured’s age, exposure, and deaths. It is worth highlighting
that deaths were considered random variables with binomial
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distribution that, according to Oliveira et al. (2012), is
one of the most used for modeling that involves deaths
or survival in life tables. With regard to age, as the data
were organized by age group (40-44, 45-49, ..., 75-79), the
midpoint of each one (42, 47,..., 77) was used in the role
to represent the group as a whole. However, as the model
allows estimating the mortality curve for any age x between
40 years and the end of the table, it is possible to obtain
the output of the death probabilities for any simple age.
After estimating the parameters, verifying convergence
for the MCMC algorithm and the acceptance rate, death

probabilities were estimated. Due to the scarcity of
information disaggregated by age, sex, coverage type,
and education at older ages, it was necessary to apply a
mixture model (Frithwirth-Schnatter, 2006), i.e. to use a
function that combines these death probabilities adjusted
by the HP model for ages 40 to 64 with the BR-EMS death
probabilities for closing the table, from age 65 onwards.
Next, death probabilities (qx) and life expectancies (e,)
were obtained by the insured’s education level. A summary
of the entire process can be seen in Figure 2. The results
are shown below.

Correction of under-
enuwmeration of deaths and
exposed population by
educational level

Analysis of convergence
for the MCMC algorithm
and the acceptance rate

Estimation of life
expectancy (e,)

Organization of data by
. ) five-year groups of age,
Data collection 7| sex, type of coverage and
educational level
Modeling using Heligman
Descriptive analysis —> and Pollard's law:
parameter estimation
Application of the mixture S Estimation of death
model probabilities (q,)

Figure 2 Steps for preparing tables by educational level
Source: Prepared by the authors.

4. RESULTS

Figure 3 shows that the insured population in Brazil
has a lower death probability than the population as
a whole, especially among those who have plans with
survival coverage. In comparison with the mortality
tables of beneficiaries from the National Social Security
Institute (Instituto Nacional do Seguro Social [INSS]),
for 2015, built by using Topals regression (Gonzaga et al.,
2022), it is possible to observe that the male tables in the
insurance market show lower death probabilities in both
survival and mortality coverage up to age 90. In the case
of women, the INSS mortality table shows a probability

very close to that observed in death coverage; however,
considering survival coverage, death probabilities in
the insurance market are below those observed in the
INSS until over 90 years of age. Since the IBGE life
tables are calculated only up to the age group 80 years
and over, for comparison purposes, this study used the
extrapolated 2013 mortality tables, prepared by Castro
(2018). The result found indicates that, in general, the
insured population had a lower death probability in
relation to Brazilians, as a whole, and in relation to
INSS beneficiaries.
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Figure 3 IBGE mortality tables for the Brazilian population, mortality tables for INSS beneficiaries (2015) from 65 years of age
onwards and Mortality and survival tables for the insured population (BR-EMS 2021) from 40 years of age onwards, according

to sex

Source: Prepared by the authors based on Castro (2018), Gonzaga et al. (2022) and SUSEP (2021).

The distinction between the tables reveals that there
are significant differences between population groups
and, by adding other analysis variables, such as education,
even more precise estimates of mortality in this segment
can be obtained. In total, this study included more than
15 million records from participants in the Brazilian
insurance market, referring to people who subscribed
to a product with death (77.6%) or survival (22.4%)
coverage between 2012 and 2017. The majority consists
of males, whose sex ratio is equivalent to 116.4 in the

Table 1

exposed population (i.e. there are 116.4 men for every
group of 100 women), while among deaths this number
rises to 176. The age group with the highest concentration
of insured people is 40-44 years old and as age increases,
the total number of insured people also decreases. In
relation to deaths, this data is reversed and the group
aged 40-44 years old starts to show the lowest number
of deaths and the highest number is among the elderly
aged 60-64 years old (Table 1).

Age distribution of the exposed population and deaths of insured people aged 40 to 79 years in Brazil, 2012-2017

Relative share

Age grou
ge group Exposed population Deaths
40-44 22.0 5.9
45-49 20.1 8.0
50-54 18.5 11.1
55-59 14.9 14.4
60-64 11.3 17.3
65-69 7.0 16.2
70-74 4.0 14.4
75-79 2.3 12.9
Total 100.0 100.0

Source: Prepared by the authors.
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The analysis of the composition of the insured
population aged 40 to 79 years by education level reveals
that, regardless of gender and coverage type, the largest
part refers to people with up to incomplete High School

(level 1), mainly in death coverage. The only exception
is women with survival products, many of whom have
complete Higher Education (level 3) (Figure 4).

Figure 4 Composition of the exposed population aged 40 to 79 years, according to sex, coverage, and education level,

2012-2017
Source: Prepared by the authors.

As for the occurrence of death, Figure 5 shows that
there is an inverse relationship between mortality and
education, considering that mortality decreases with an
increased education level. Another key observation is

that the mortality rate of those who subscribed to death
coverage is higher when compared to that of insured
people who subscribed to survival coverage (at the same
education level).

Figure 5 Mortality rate per 1,000 insured people aged 40 to 79 years, according to sex, coverage, and education level,

2012-2017
Source: Prepared by the authors.

Based on this observation, it is interesting to highlight
that education has a greater impact on reducing mortality
than coverage type. The BR-EMS tables are divided into
‘mortality’ and ‘survival precisely because there is a
difference in mortality levels between participants in these

coverage types. However, as it can be seen, the difference
between the least educated men in mortality coverage (8.0
per 1,000/insured) and survival (7.5 per 1,000/insured)
males, for instance, is only 0.5 between rates. In the case
of education, the difference is much greater, reaching 3.4
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between the least educated (8.0 per 1,000/insured) and
the most educated (4.6 per 1,000/insured) males with
mortality coverage. Hypothesis tests were carried out and
there is sufficient evidence at the 5% significance level to
conclude that there is a difference between mortality rates.

Considering age, the main risk factor in the pricing
of life and pension insurance, it is possible to verify this

distribution more clearly. Figure 6 shows that, for young
adults, mortality has significant differences between
those with more and less education, a difference that
tends to decrease with advancing age. This pattern exists
for both male and female policyholders, whether they
are participants in insurance with death or survival
coverage.

Figure 6 Death probabilities by age of insured people aged 40 and over, according to sex, coverage type, and education level,

2012-2017
Source: Prepared by the authors.

Itis also possible to observe such discrepancies through
the analysis of life expectancy. Using the age of 60 years as
a reference, it is observed that men with high education
(level 3) have 5.6 years more life expectancy in mortality
coverage and 6.6 years more in survival coverage, when

Table 2

compared to that of individuals with low education
(Ievel 1). The same occurs with women, who achieve
gains of 2.7 years and 5.4 years for mortality and survival
coverage, respectively (Table 2).

Life expectancy at age 60 of insured people according to sex, coverage, and education level, 2012-2017

Life expectancy — 60 years

Education by sex

Mortality Survival

Male

1 Complete Primary Education or incomplete High School 21.1 22.0

2 Complete High School or incomplete Higher Education 22.1 23.1

3 Complete Higher Education or Graduate Studies 26.7 28.6

BR-EMS 22.1 241
Female

1 Complete Primary Education or incomplete High School 25.4 26.8

2 Complete High School or incomplete Higher Education 26.3 27.2

3 Complete Higher Education or Graduate Studies 28.1 322

BR-EMS 25.8 28.4

Source: Prepared by the authors.
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Although women have, at all education levels, higher
life expectancy than men, mortality differentials show
that the greatest survival gains were among men, in

5. DISCUSSION

This study assesses whether there are differences
in mortality by education level among those who
subscribed to personal insurance and/or open private
pension plans in Brazil between 2012 and 2017. The
results provide a first estimate for this population
segment, thus filling a major knowledge gap and
contributing to advances in the area, considering that
there is still a lack of research that relates the mortality
of insured people to socioeconomic and behavioral
risk factors.

Until recently, Brazilian insurance companies used
tables based on the life expectancy of US residents to
price life insurance and pension plans, because they were
closer to their clients’ mortality standards than the tables
calculated by the IBGE for the population as a whole
(Foz, 2021). After creating the tables for the insurance
market, Oliveira et al. (2016) and Oliveira et al. (2016,
2023) proved that they have much lower mortality levels
when compared to those in the table for the population
as a whole.

Therefore, the analysis of the specific segment, in this
case of policyholders, already substantially changes the
risk involved in actuarial calculations. So, the preparation
of BR-EMS was a milestone for the insurance market, as
the level and structure of mortality vary from population
to population, this means that pension institutions and
insurance companies now have a more reliable portrait
of the profile of the insured population in Brazil (Oliveira
et al, 2012). Although the pension mentioned herein is
private, it is worth mentioning that Gonzaga et al. (2022)
also found higher life expectancy for beneficiaries of
the General Social Security Regime (Regime Geral de
Previdéncia Social [RGPS]), which corroborates the
importance of analyzing mortality in these population
subgroups, aiming at the financial and actuarial balance
of institutions.

However, traditionally, only information by age and sex
appears in the table, which leads authors such as Brown and
McDaid (2003) to question how many more refinements
would be necessary and what would be appropriate to
include. Several risk factors have been explored and
identified in previous research (Montez et al., 2012),
with education level considered the main socioeconomic
indicator to analyze differences in mortality and health
in the adult population.

both coverage types, further highlighting the key role
that Higher Education has a role in reducing mortality
levels.

In highly developed countries, such as Norway, for
instance, Steingrimsdottir et al. (2012) show that there
is a major difference in the risk of dying between those
with more and less education, especially men. In other
words, even in populations with better living conditions,
education represents a differential in health-related
issues. A similar situation occurs with the insured
population in Brazil, which, despite having a higher
life expectancy than the population as a whole, as
demonstrated in this study, shows discrepancies between
death probabilities.

As this association is already widely disseminated in
the literature, both nationally and internationally, it is
convenient to include this risk factor in the analyses. As the
results show, the life expectancy of insured people is always
higher for those with complete Higher Education. When
the analysis is carried out by sex, it appears that mortality
differentials are greater among men than among women,
even though they have a higher life expectancy. For the
population as whole in Brazil, there is already evidence
provided by Silva et al. (2016) of mortality differentials
by education level. However, the authors work with life
expectancy at 15 years of age, which makes comparison
with the results presented herein, estimated for 60 years
of age, unfeasible.

In addition to this analysis involving the Brazilian
population, there is evidence that even in groups
with better socioeconomic conditions, education still
represents a major difference in death risk. This is the
case introduced by Beltrao and Sugahara (2017), who
analyzed the mortality of civil servants in the Executive
Power and discovered that death probabilities for servants
with Higher Education were lower than those for servants
with High School education.

Hence, there is major variability in death risk, which
must be taken into account. As mentioned, the building
of a specific table for the insurance market was a major
advance for the area, but there are still differences in
mortality within this population: when comparing the
estimates shown herein with the BR-EMS data, it is
observed that people with complete Higher Education
have a higher life expectancy than that contained in
the table and the opposite is also true, i.e. less educated
people have a lower life expectancy than that contained
in BR-EMS.
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For insurers, adequate measurement of mortality is
of paramount importance, as it is one of the pieces of
information used to calculate how much an insured person
should pay for insurance or private pension. According
to Westenberger and Gongalves (1995), proper sizing of
the premium allows the activity to be viable, guaranteeing
not only profitability, but especially the formation of
technical reserves. If people with Higher Education have
a higher life expectancy than that displayed by the table,
there may be a reserve formation below what is needed,

6. FINAL REMARKS

During this research, common challenges emerged
in several mortality studies that aim to disaggregate the
populations studied by social and/or economic levels,
such as the scarcity of more detailed and quality data.
Although information on insured people’s education was
not originally made available by insurance companies,
it was obtained from government databases, which
guaranteed a relatively high percentage of information
on insured people’s education: 62.2% of the exposed
population and 79.2% of deaths. In order to avoid the
exclusion of missing data, it was decided to impute the
education level, maintaining the proportions of existing
information for both exposures and deaths.

The results showed consistency with national and
international literature on the topic, with an increase
in life expectancy and a drop in mortality as the
education level increases, for both men and women.
The biggest difference was observed among men who
took advantage of mortality products: 6.6 years of extra
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