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Abstract 

 

One of the basic tasks in demography is to produce reliable estimates. To do that, 

demographers require high data quality or being able to detect and correct errors.  

Unfortunately, in most countries data are deficient and is it necessary to be critical about 

the reliability of the available information. Therefore, this dissertation deals with data 

quality issues that are related, directly or indirectly, with survival analysis. We divided 

this study into three articles. The first one focuses on cohort mortality analysis in the 

absence of complete cohort mortality data, using the Truncated Cross-sectional Average 

Length of Life (TCAL). The second study examines data quality issues among the 

oldest-old population, focusing on the estimation of centenarians. The third article 

evaluates education reporting among adults in order to offer evidences of education 

misstatement. All the articles provide alternative ways to minimize the lack of complete 

cohort mortality data or the existence of inaccurate data. 
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Resumo 

 

Para os demógrafos, é de grande relevância a produção de estimativas confiáveis. No 

entanto, para alcançar tal objetivo, é necessário dispor de dados de boa qualidade ou 

detectar e corrigir erros nos dados. Infelizmente, na maioria dos países, os dados contêm 

erros, logo, é necessário ser crítico quanto à confiabilidade das informações disponíveis. 

Por isso, esta tese aborda problemas na qualidade dos dados que estão relacionados, 

direta ou indiretamente, à análise de sobrevivência. Nós dividimos este estudo em três 

artigos. O primeiro centra-se na análise da mortalidade por coorte, mesmo quando não 

se dispõe de informações completas de mortalidade por coorte utilizando The Truncated 

Cross-sectional Average Length of Life (TCAL). O segundo estudo examina questões 

relacionadas à qualidade de dados no segmento populacional mais envelhecido, 

estimando, de maneira indireta, a população centenária. O terceiro artigo avalia a 

qualidade da educação reportada nos censos, com o objetivo de identificar erros nesta 

informação. Todos os três artigos que compõem esta tese contribuem com a discussão 

sobre a qualidade dos dados, apontando alternativas para contornar essas limitações. 
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1. Introduction 

Demographic analysis depends on data. In places where data are reliable, consistent, 

and available, demographers can achieve a deeper understanding of the population 

dynamics. Unfortunately, in most countries data are deficient and it is necessary to be 

critical about the reliability of the available information. However, the lack of data or 

the existence of inaccurate data have never precluded demographers from finding 

alternative methodologies to overcome the existing limitations and to provide the best 

estimates possible. 

This PhD dissertation deals with data quality issues that are related, directly or 

indirectly, with survival analysis. For computing mortality estimates, data are drawn 

mainly from the vital registration system and the census data. However, in many places 

such as Brazil, death statistics and census data are missing or have content errors. 

Therefore, the measurement of mortality levels and patterns can be a challenge, and 

may reduce our knowledge about other demographic dimensions that are related to 

mortality including the size of extreme-old populations and differences in survival by 

socioeconomic status.  

This dissertation is divided into three articles. The first one focuses on cohort mortality 

analysis in the absence of complete cohort mortality data starting at birth, using the 

Truncated Cross-sectional Average Length of Life (TCAL). The second study examines 

data quality issues among the oldest-old population, focusing on the estimation of 

centenarians in Brazil. The third article evaluates education reporting among Brazilian 

adults in order to offer evidences of education misstatement. 

The first article has been accepted to publication at the Journal Population of the of the 

Institut National D'études Démographiques  (INED), forthcoming in the volume 74, in 

2017.This article is a result of an important part of my PhD, when, for a year, I was 

enrolled at the European Doctoral School of Demography (EDSD). During this period, I 

worked with Vladimir Canudas-Romo, an associate Professor at Max-Planck Odense 

Center, who supervised me during this study. In this article we compare mortality of 

cohorts not limited to those populations that have complete mortality data starting at 

birth. The aim of this study is to decompose the mortality gap by age and cohort 

between Eastern-European countries and a group of today’s high-mortality countries 

(HLCs).  
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The second paper aims to estimate the number of centenarians in Brazil. As a result of 

the demographic transition, particularly due to mortality reductions from age 80 to 100, 

there is increasing attention devoted to the proliferation of centenarians in the world. In 

Brazil, the main source of information about the centenarian population is the census 

data. However, due to data quality issues, Brazilian demographers have been skeptical 

about the true number of centenarians that have been enumerated in the country. In 

order to evaluate the quality of census population at oldest age, we apply the variable-r 

relations to provide alternative estimates of the population of centenarians. This article 

was presented at the 2017 annual meeting of Population Association of America in the 

regular session “Global Perspectives on Health and Mortality”. 

Finally, the third paper aims to evaluate the quality of education census data at adult 

ages. To the extent that education is an important variable in demographic analysis, it is 

essential to know how accurate this information is. Several studies have already 

documented errors in education reporting, however, little is known about them in Brazil. 

Therefore, the aim of this article is to offer evidences of education misstatement by 

analyzing three different indicators: the completeness of education data, education 

misstatement, and educational levels by sex. Next we calculate the survivorship ratios in 

order to provide further indirect evidences of education misstatement. 

This dissertation is organized as follows. Chapter 2 presents the paper entitled “Cohort 

Survival Comparisons in Eastern-European Countries: The Truncated Cross-sectional 

Average Length of Life Approach.”  The paper “The population of centenarians in 

Brazil: Indirect estimates using an alternative approach” we show in Chapter 3. The 

third paper “Assessing the quality of self-reported education among adults in Brazil, 

1991-2000” we present in Chapter 4. The Final Remarks are presented in Chapter 5. 
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2. A Cohort Survival Comparison between Central–Eastern European and High-

Longevity Countries 

 

2.1. Introduction 

Improvements in mortality do not take place uniformly across regions. Generally, 

mortality is higher in places where the standard of living is lower. In Europe, it is well-

documented that the mortality levels of the Central and Eastern European countries are 

far higher than those of more developed regions  (WHO, 1995; Mustard, 1996; Meslé, 

1996; Velkova et al. 1997; Meslé and Vallin, 2002; Andreev et al. 2003; Meslé, 2004). 

For instance, in the early1990s, the mortality gap stood at over 10 years between 

Eastern European countries with the lowest life expectancies and Western ones with the 

highest (Bobak and Marmot, 1996). Yet, despite the great survival improvements in the 

Eastern European countries, mortality differences persist in Europe  (Leon, 2011; 

Shkolnikov et al. 2013; Mackenbach, 2013; Meslé and Vallin, 2017).  

The mortality gap between Central–Eastern and Western Europe is due mostly to 

changes in health and disease patterns over time  (Bobak and Marmot, 1996; Andreev et 

al. 2003; Meslé et al. 2012; Nolte et al. 2000), and it is usually attributed to differences 

in socioeconomic, environmental, and public-health investments (Watson, 1995; Bobak 

and Marmot, 1996; Bobak, 1996; Forster, 1996; Velkova et al. 1997; Vogt et al. 2017). 

From the end of World War II to the mid-1960s, the increasing use of antibiotics and 

immunization led to Central and Eastern Europe  (CEE) achieving huge progress in 

survival from infectious diseases, particularly among the youngest ages  (Meslé and 

Vallin, 2002; Vallin and Meslé, 2004). At this time, CEE countries converged towards 

lower mortality levels, and some almost succeeded in catching up with Northern and 

Western European countries (Meslé and Vallin 2002; Meslé 2004). Then, in places 

where mortality at the youngest ages had already reached low levels, a new challenge 

emerged in the form of improving longevity (Vallin and Meslé, 2004; Canudas-Romo, 

2010; Bergeron-Boucher et al. 2015). Following the epidemiologic transition (Omran, 

1971), more developed regions showed great progress in survival by degenerative and 

man-made diseases. Conversely, in the CEE countries, particularly in the former USSR, 

where high mortality hit adults the hardest, from the mid-1960s to the mid-1980s, adult 

and old mortality increased for men and stagnated for women (Bobak and Marmot, 
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1996; Shkolnikov et al. 1997; Meslé and Vallin, 2002). As a result, mortality began to 

diverge between Central–Eastern and Western Europe  (Vallin and Meslé, 2004; 

Shkolnikov, 2004).  

From the late 1980s, a new divergence in mortality trends began to emerge within the 

CEE countries, thus producing a clear gap between Central and Eastern Europe. In 

Central Europe, health improvements reduced mortality from cardiovascular disease, 

which in turn increased life expectancy (Meslé 2004). In contrast, the former USSR 

countries, followed a brief period of improvement (1985–1986), with a sharp increase in 

mortality due to the economic crises of the 1990s and low investments in public health 

(Leon et al. 1997; Meslé, 2004; Andreev et al. 2003; Shkolnikov, 2004; Gavrilova et al. 

2001; Grigoriev et al. 2010).  

However, since the beginning of the 21st century, a new mortality trend has been 

observed in the former USSR countries, where mortality from cardiovascular disease 

and external causes of death at adult ages have started to decline (Grigoriev et al. 2010; 

Jasilionis et al. 2011; Shkolnikov et al. 2013; Grigoriev et al. 2014, Grigoriev and 

Andreev, 2015). In Russia, for instance, life expectancy at birth for both sexes increased 

by more than 5 years between 2004 and 2014, reaching 70.91 years in 2014,– the 

highest level in the country’s recent history  (Human Mortality Database, 2017). 

Another huge survival improvement took place in Belarus, where male life expectancy 

increased by about 2 years in one calendar year (2011–2012)  (Grigoriev and Andreev 

2015). Despite this recent great mortality improvement in the former USSR countries, 

in terms of health, their populations still lag behind Western European countries.  

As already mentioned, more developed countries, like those in Western Europe, have 

shown long-term improvements in health, while also experiencing a sustainable decline 

in mortality over the past decades. From a cohort perspective, a continuous decrease in 

mortality over time leads to several generations experiencing the gradual benefits of 

health improvements, with younger cohorts benefiting more because their mortality 

experience begins at levels lower than those of older cohorts.  

In the case of discontinuous or short-term health progress, on the other hand, only a few 

cohorts can enjoy the benefits of health advances. The anti-alcohol campaign that the 

Soviet Union established in a specific time frame (1985–1986) provides an example of 

this. The campaign reduced the mortality of several cohorts at adult ages during the 
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mid-1980s, leading to a short period of increasing life expectancy (Shkolnikov and 

Nemtsov, 1997; Shkolnikov et al., 2004; Shkolnikov, 2012; Grigoriev and Andreev, 

2015). Then, the economic crises of the 1990s hit certain age groups in the former 

USSR countries harder than others, with some cohorts experiencing greater negative 

health effects than others (Shkolnikov, 2012).  

German reunification also exemplifies the importance of period changes in reducing 

mortality. After the fall of the Berlin Wall, mortality improved for all age groups in East 

Germany, but at a differential pace among ages (Vogt, 2013; Vogt and Kluge, 2015, 

Vogt et al. 2017), which suggests that the mortality gap differs across birth cohorts. For 

instance, the Eastern European cohorts born in 1890, 1900 and 1910 converged to 

Western European mortality levels faster than the younger cohorts (born in 1920 and 

1930)  (Vogt and Missov, 2017). Thus, we can speculate that the mortality differences 

between East and West German older cohorts fell faster than those between younger 

cohorts. This indicates that the contributions to mortality gap during the East–West 

Germany differ across birth cohorts in Germany.  

Given the different political regimes, the fact that Central–Eastern European 

socioeconomic and medical policies have differed from those of Western Europe over 

recent decades, and because changes have had major effects on some CEE birth cohorts 

but not on others, we wondered whether the mortality gap between CEE and Western 

European countries also varies across birth cohorts. Further, we hypothesized that the 

contribution of each birth cohort to the overall mortality gap in a given time period can 

vary.  

Our aim here is to compare mortality between CEE and a group of high-longevity 

countries (HLC) through a measure similar to period life expectancy, but based on 

available cohort survival data. To accomplish this, we calculate and then decompose the 

Truncated Cross-sectional Average Length of Life (TCAL) measure (Canudas-Romo 

and Guillot, 2015). By decomposing the gap in TCAL by age and cohort, we can 

analyse the survival trajectories of CEE cohorts in comparison with their HLC 

counterparts. Moreover, such decomposition, makes it possible to identify the short- and 

long-lasting effects of survival advantage/disadvantage at a given age for a certain CEE 

cohort. We complement previous studies by adding cohort mortality dynamics in order 

to help form a better understanding of the mortality gap between CEE and HLCs. 
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2.2. Methods 

The TCAL is a cross-sectional measure that summarizes historical mortality information 

about all cohorts present at a given time, and it is not limited to populations with 

complete cohort mortality data  (Canudas-Romo and Guillot, 2015). It derives from the 

Cross-sectional Average Length of Life (CAL) measure, developed by Brouard in 1986 

(Brouard, 1986). CAL can be interpreted as the mean length of life lived by an average 

cohort present in a given period, in terms of the population’s mortality experience 

(Guillot, 2003). The difference between CAL and TCAL is that the second one can be 

calculated for populations without complete cohort mortality data. TCAL provides a 

novel way of comparing mortality and investigating survival disparities between 

populations by considering all the information availabale for all cohorts presente at a 

given time–regardless of whether or not they have complete cohort data, and regardless 

of whether the data come from a young or old cohort. The TCAL measure has an 

advantage over assessments of just a single year, which, from a period analysis 

perspective, combines pieces of mortality information from different cohorts. It also has 

an advantage over assessing, one by one, each individual cohort present at a given time 

while not knowing how they jointly contribute to the overall survival disparities 

between populations.  

To calculate the TCAL , we define the year, t, for which we are interested in estimating 

the measure, and also the earliest year for the available mortality series, 1Y . Thus, the 

TCAL for year t, truncated at year Y1, is computed as: 

1 1

0

( , ) ( , , )TCAL t Y x t Y dx



        (1)  

where 1( , , )x t Y  is the survival function for cohorts reaching age x in year t, whose 

members were born in year t x . In the Lexis diagram shown in Figure 1, we see that 

1( , )TCAL t Y
 
includes mortality rates from year Y1, which are located along diagonals 

that cross the age axis at time t.  

Note that some of the cohorts were born after year Y1 and have full cohort information. 

For cohorts born before the year Y1, only partial cohort mortality data are available; so 

we assume a set of death rates for the years before year Y1. Since our interest is in the 
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mortality gap between populations, the TCAL differences will be consistent if we use 

the same set of death rates for the years before Y1 in all the examined countries 

(Canudas-Romo and Guillot, 2015). In order to eliminate any confounding effects of 

death rates before the year Y1, we assume death rates equal to zero for all the years 

before Y1, thereby focusing our comparisons solely on the cohort information available.  

 

 

Source: Author’s illustration.  

Figure 1 – Lexis diagram for the location of death rates used in 1( , )TCAL t Y  

To compare two populations at time t, both TCALs must be truncated at the same year  

(Y1), which means, in this case, that the mortality series for all CEE countries and for 

the group of HLCs must start atY1. Thus, after comparing the TCALs of each CEE 

country with the group of HLCs, we see which populations had higher mortality levels 

according to historical mortality data. Lower TCAL values correspond to populations 

that had higher cohort mortality levels.  

The difference in TCALs between the group of HLCs and each CEE country, i, is then: 

   1 1 1 1

0

( , ) ( , ) , , , ,  HLC i HLC iTCAL t Y TCAL t Y x t Y x t Y dx



       (2)  

where the integral corresponds to the cohorts present at time t, aged 0 to and both 

populations have the same set of age-specific death rates in year Y1. The cohort survival 

differences on the right side of equation  (2) allow us to identify the mortality 

contribution of each cohort present in year t. The difference between TCALs is 
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comparable to the difference between life expectancies in that it shows the number of 

years one population lags behind another.  

We can rewrite equation  (2) using the definition of cohort survival as: 

1 1( , ) ( , )HLCs iTCAL t Y TCAL t Y 

   
0 0

, ,

0

 

x x

HLC ia t x a da a t x a da

e e dx

        
  (3)  

where  ,HLCs a t x a  
 
and  ,i a t x a    are the forces of mortality at age a and 

time t-x+a for, respectively, the HLCs and population i. As the TCAL condenses the 

available cohort mortality history into one measure, equations (2) and (3) show that any 

differences between TCALs allow us to identify cohort-specific contributions to the 

mortality gap. Thus, the age-cohort contribution  , ,a t x i   to the difference between 

the HLCsTCAL
 
of the HLCs and that of the population i, TCALi  can be estimated as: 

11 1

1

( , )( , , , ) ( , , , )
( , , ) ln ,

2 ( , )

a

a

p t x HLCsx t Y HLCs x t Y i
a t x i

p t x i

  
         

  (4) 

where 1( , , , )x t Y i and 1( , , , )x t Y HLCs  are the survival functions for the cohort aged x at 

time t in, respectively, the group of HLCs and population i; and 1 ( , )ap t x HLCs and

1 ( , )ap t x i
 
are the probabilities of surviving from age a to 1a  for the cohort born in 

year t x in, respectively, the HLCs and population i. Finally, instead of the integrals in 

equations  (2) and  (3), the sum over cohorts and ages of the age-cohort contributions, 

( , , )a t x i  , returns the difference in TCALs 

1

1 1

1 0

( , ) ( , ) ( , , )
x

HLCs i

x a

TCAL t Y TCAL t Y a t x i
 

 

    .    (5)  

By means of such decomposition, we compare mortality between birth cohorts from 

different populations.  

The main limitation of the method is data availability. In principal, we would be 

interested in presenting as much cohort data as possible. However, this is not possible 

for many regions of the world, such as in the CEE. Furthermore, despite constraints on 
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data quantity, data quality improves over time. Thus, any measure with a cohort 

perspective will include some of the quality bias that exists in the older information.  

2.3. Data 

From the Human Mortality Database (2017), we selected 11 Central and Eastern 

European (CEE) countries: Belarus, Bulgaria, Czechia, Estonia, Hungary, Latvia, 

Lithuania, Poland, Russia, Slovakia, and Ukraine. The high-longevity countries (HLCs) 

included in the analysis are: Australia, Austria, Belgium, Canada, Denmark, Germany, 

Finland, France, Iceland, Ireland, Italy, Japan, the Netherlands, Norway, New Zealand, 

Portugal, Spain, Sweden, Switzerland, the United States, and the United Kingdom. The 

same selection of HLCs has been used elsewhere (Ho and Preston, 2010; Canudas-

Romo and Engelman, 2012; Canudas-Romo and Guillot, 2015) to represent the lowest 

mortality levels. For this group, we calculated period age-specific death rates by adding 

annual death counts and exposures from each country.  

We used mortality series from 1959 to 2013, except in the cases of Canada and 

Bulgaria, where HMD data are currently available only up to, respectively, 2011 and 

2010. In order to compare mortality levels between each CEE country and the group of 

HLCs, we truncated all series in 1959, the first year of available HMD data for most of 

the CEE countries; then, we calculated the TCAL in 2013, truncated in 1959 – or, as 

expressed in equation  (1), TCAL (2013, 1959) .  

The HMD data provide detailed historical information on mortality for most 

industrialized countries. It should be noted, however, that the quality of data for 1959–

1969 is lower than in later years for Latvia, Russia, Ukraine and Belarus (Jasilionis, 

2017; Shkolnikov and Jdanov, 2016; Pyrozhkov et al. 2015; Gregoriev, 2015). Also, 

data for 1959–1979 in Lithuania should be used with caution, while the quality of the 

data in Estonia for 2001–2009 is lower than in previous years  (Jasilionis, 2017; 

Jasilionis, 2017). Information from earlier years  (for old ages) should also be treated 

with caution, due to data quality issues in the former USSR countries. In Central 

Europe, the quality of data in Slovakia from 1959 to 1961 and in Hungary for 1959 is 

lower than in later years  (Mészáros and Jasilionis, 2015; Jasilionis and Radnóti, 2016).  

It is also relevant to mention here that the HMD publishes cohort death rates only for 

cohorts that have at least 30 years of data. For instance, period death rates for Ukraine 
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are currently available up to 2013, but cohort death rates are available only up to the 

cohort born in 1983. Therefore, to avoid an interruption in the cohort series, we used 

period death rates to reconstruct the diagonals. This was done consistently across all the 

countries analysed, for both CEE countries and HLCs.  

We further carried out a sensitivity analysis using data for countries that have enough 

cohort data to construct complete  (i) cohort life tables, which we then compared with 

(ii) cohort life tables based on period rates in a diagonal manner. Based on the HMD 

data and combining females and males for the 1900 cohort, disparities between life 

expectancies at birth for each country were minor:  (i) 59.3 and  (ii) 59.2 years for 

Denmark, (i) 55.1 and (ii) 55.0 years for the Netherlands; (i) 59.6 and (ii) 59.4 years for 

Norway; and (i) 58.8 and  (ii) 58.7 years for Sweden. Both the sensitivity analysis and 

the consistency of the procedure for all countries reassured us that our results are not 

biased by the set of death rates selected. 

2.4. Results  

Table 1 gives rankings of life expectancy at birth from highest to lowest. The table 

covers life expectancy at birth  (e0), based on current mortality in 2013, and TCAL 

(2013, 1959), which captures the available mortality history from 1959 of all cohorts 

present in 2013, for each CEE country by sex. As expected, all CEE countries lag 

behind the group of HLCs. In comparing e0 with TCAL, Table 1 displays TCAL values 

that are lower than e0 for all countries. This is explained by TCAL taking into account 

the higher mortality levels in the historical mortality data while they are not considered 

in e0.  

When the Central and Eastern European countries are ranked according to TCAL and 

e0, the Central European countries are clustered at the top, while the Eastern European 

countries are at the bottom. This suggests that both historical and current mortality in 

Eastern Europe are higher than those in Central Europe. For instance, Ukraine and 

Russia have the highest mortality levels according to both the TCAL and e0, while the 

Czechia and Poland are in the top 3 for both rankings. Despite this overall picture, we 

also identify some country-specific arrangements in Table 1. For instance, Estonian 

women move from the top of the life expectancy ranking  (e0 = 81.3 years), to 3rd 

position in the TCAL  (77.9 years); Estonian men also go down in the rankings when 

transiting from e0 to the TCAL, from 4th  (e0 = 72.7 years) to 6th  (TCAL = 66.7 
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years). Since the beginning of the 21st century, Estonia has shown remarkable mortality 

improvements. From 2000 to 2010, Estonian life expectancy increased by 4.2 years for 

women and 5.2 years for men. Indeed, these recent increases in life expectancy were 

three times and 11 times higher than over the previous decade for, respectively, women 

and men. This exemplifies the existing differential between current and cohort 

mortality, as depicted by life expectancy and TCAL.  

In order to show the performance of CEE countries in relation to the HLCs, Table 1 

presents the differences in e0 and in TCALs between each CEE country and the group 

of HLCs in 2013. In both cases, the greatest differences are between the former USSR 

countries and the HLCs. For instance, the Russian male TCAL was 14.1 years lower 

than the TCAL in HLCs in 2013, while the gap in e0 is 13.2 years. In the Czechia, 

however, the male gap in TCAL  (Czechia vs. HLCs) is 3.8 years, about 10 years lower 

than the male TCAL difference between Russia and the HLCs. Considering this smaller 

difference in TCALs between the Czechia and the HLCs compared with the gap 

between Russia and the HLCs, one may conclude that the historical improvements in 

male survival have been much greater in the Czechia than in Russia.  

Note that the male gap in life expectancy (CEE vs. HLCs) for most CEE countries is 

smaller than the difference in TCALs  (Table 1). In Hungary, the male gap in e0 is 29% 

lower than the gap in TCALs, while in Estonia the male difference in life expectancy is 

almost 60% lower than the difference in TCALs (Estonia vs. HLCs). In other words, the 

difference is higher in male historical mortality than in current mortality when 

comparing CEE countries with HLCs. The differences in current mortality may possibly 

have been reduced by recent mortality improvements in the male mortality of CEE 

countries compared with HLCs. Among women, by contrast, Table 1 shows higher gaps 

in e0 (CEE vs. HLCs) than differences in TCALs (CEE vs. HLCs) for all countries 

except the Czechia. For instance, Lithuania’s female life expectancy is lagging behind 

the HLCs by 5.1 years, while the difference in cohort mortality is 20% lower. In the 

Ukraine, the female gap in e0 (Ukraine vs. HLCs) is more than one year higher than the 

difference in TCALs  (Ukraine vs. HLCs). This may be explained by the slow progress 

over recent decades in the female mortality of CEE countries when compared with 

HLCs.  The greater disparity in female life expectancies may possibly be explained by 

some past mortality improvements among women that were captured by the TCAL but 

not by life expectancy.  
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To further understand the differences in cohort survival, Figures 1 (Central European 

countries) and 2 (Eastern European countries) show the age-cohort decomposition of the 

TCAL difference between each CEE country and the group of HLCs, with females and 

males being indicated by, respectively, figures A and B. Such decomposition allows us 

to investigate the contribution that cohorts present in 2013 make to the gap in TCALs 

between each CEE country and the HLCs. Figures 1 and 2 show the Lexis surfaces of 

the cumulative age and cohort contributions to the difference in TCALs. Each data point 

(age-x and time-t) in these figures represents the cumulative difference in cohort 

survival up to the specific age-x and year-t. Negative values are associated with higher 

survival in the HLCs.  

Figures 1A and 1B for females and males, respectively, show lower mortality levels for 

most cohorts in the HLCs than in their counterparts in Central Europe for both sexes. 

With the exception of some Czech and Polish cohorts, all Central European cohorts 

present in 2013 contribute to the overall mortality disadvantage between each Central 

European country and the HLCs in 2013.  

In comparison, the overall picture of the Czechia vs. the HLCs stands out from those of 

the other Central European countries. Figures 1A and 2A show that Czech cohorts born 

in the late1950s and during the 1960s – especially those born in the early1960s –had a 

particular survival advantage over their counterparts in HLCs from birth until the age 

they reached in 2013. After World War II and up to the mid-1960s, mortality in the 

Czechia greatly decreased due to their extending health coverage to the entire 

population. At this time, Czech life expectancy at birth increased at the same rate as in 

France, and both countries achieved a similar mortality level (Rychtaříková, 2004). In 

addition to confirming the great mortality improvement during the 1960s, our 

decomposition reveals the long-lasting effect of lower mortality at younger ages for 

Czech cohorts compared with the HLCs. The low mortality in infancy and childhood 

lasts until 2013, and it is seen in the Czechia’s higher cohort survival for cohorts born 

from 1959 to the early 1970s. These figures also suggest a more recent cohort 

development, i.e. lower infant/child mortality in the Czechia than in the HLCs. These 

recent mortality improvements in the Czechia may contribute to the slightly lower gap 

in e0 (Czechia vs. HLCs) than in TCALs.  
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In our window of observation, from 1959 to 2013, Figures 1A and 1B also reveal that 

Central European cohorts born from the 1920s to the late 1950s experienced lower 

mortality compared with the group of HLCs. This survival advantage is greater for 

females than for males. However, all these Central European cohorts have gradually lost 

their survival advantage compared with HLCs. Figure 1B shows that the male cohorts 

aged 60–80 in the 2000s are the ones that contribute the most to the mortality gap 

between Central European countries and HLCs in 2013. Among women, despite the 

great contribution that the cohorts aged 60–80 in the 2000s make to the differences in 

TCALs, their contribution is lower in comparison to that of men.  
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For the former USSR countries  (Figures 2A and 2B), the overall picture is very similar: 

a great survival disadvantage exists for most cohorts. Moreover, survival disadvantage 

(Eastern European countries vs. HLCs) for all cohorts born between 1959 and 2000 

increases as the cohorts get older. Note that no Eastern European cohort has experienced 

lower mortality than HLCs in middle-aged adults. Indeed, the survival disadvantage of 

Eastern European cohorts greatly increases after age 30.  

With the exception of Russia, all Eastern European cohorts born during the 1960s and 

the early1970sexperience a small survival advantage at younger ages than do the HLC 
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cohorts. However, the survival advantage of these cohorts gradually disappears up to 

2013 for both sexes. We also observe a longer-lasting effect of this survival advantage 

in infancy and childhood for females than for males. Note that male cohorts experience 

survival advantages at younger ages (i.e. up to age 20–25) when compared with HLCs, 

while female cohorts had this survival advantage until age 30-35. The low mortality 

levels until adulthood of Eastern European cohorts compared with HLCs was probably 

triggered by the anti-alcohol campaign oriented toward adults in 1985–1987, when 

cohorts born in the early1960shad reached ages 20–25. Moreover, our results suggest 

different effects on males and females as a result of the campaign, which reduced the 

mortality gap between each former USSR country and the group of HLCs.  

From a cohort perspective, our results also reveal that the effect of the anti-alcohol 

campaign differs in the former USSR countries when they compared with HLCs. In 

Lithuania, for instance, the survival advantage at younger ages of male cohorts born 

from the mid-1960s to the early1970s did not last until age 20  (Figure 2B). By contrast, 

in Latvia, Ukraine, and Estonia, male cohorts that experienced lower mortality in infant 

and childhood than HLCs retained their advantage up to ages 20–25. These aspects may 

indicate that – compared to changes in the mortality gap between Lithuania and the 

HLCs – cohort mortality improvements due to the anti-alcohol campaign more greatly 

narrowed the gaps between Latvia and the HLCs, Ukraine and the HLCs, and Estonia 

and the HLCs.  

Since the 21st century began, recent cohorts are experiencing infant and child survival 

disadvantage in Eastern European countries when compared with HLCs. Child mortality 

differences in Belarus and Estonia (Belarus vs. HLCs, and Estonia vs. HLCs) narrowed 

rapidly for cohorts born from the late 2000s, while child survival progressed slowly in 

Lithuania, Russia, and Ukraine. Another relevant aspect displayed in Figure 2B for 

Eastern European countries, is the great contribution of male cohorts aged 40–80 in 

2013 to the difference in TCALs (Eastern-Europe vs. HLCs). This result points out the 

important contribution of mortality over age 40 to the mortality gap between Eastern 

European countries and more developed countries. 

Particular attention is paid to Russia, the only country that has not experienced any 

cohort survival advantage compared with HLCs. In addition to showing the high cohort 

mortality levels in Russia, Figures 2A and 2B reveal differences in the survival 
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trajectories of Russian cohorts when compared with HLCs. At younger ages, Russian 

cohorts born from 1960 to the mid-1970s have experienced lower survival disadvantage 

than those Russian cohorts born between 1980 and 2000. The mortality disadvantage of 

those Russian cohorts born between 1960 to the mid-1970s lasts until age 20 for males 

and up to age 30 for females. As already mentioned, the anti-alcohol campaign launched 

by Gorbachev in 1985–1987 may explain this long-lasting effect of lower mortality 

difference up to adulthood between Russia and HLCs. Note that, among the former 

USSR countries, only Russian cohorts born during the 1960s have not experienced 

survival advantage when compared with HLCs. Even if the positive effect during the 

period of the anti-alcohol campaign was greater in Russia and led to more important 

mortality improvements there than in other countries, it was not enough to compensate 

for lower survival in the former years.  

It should also be mentioned that infant and child mortality is much higher in all Russian 

cohorts born between 1959 and 2013 than in the HLCs. Despite the great mortality 

improvements at youngest ages in Russia over recent decades, the country still lags far 

behind when compared with HLC infant and child mortality. However, women have 

more quickly progressed to lower levels of infant and child mortality than have men. 

When compared to HLCs, survival disadvantage is lower for females than for than 

males at the youngest ages of Russian cohorts born during the 1980s and the 1990s. 
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2.5. Conclusion  

This study takes a cohort perspective to present our findings on the mortality gap 

between Central and Eastern European (CEE) countries and a group of high-longevity 

countries (HLCs). We have revealed the contribution of cohort survival to the mortality 

difference between each CEE country and the group of HLCs in 2013. Our 

decomposition shows a great survival disadvantage for most CEE cohorts present in 

2013 compared with their counterparts in HLCs. The age-cohort decomposition of 

difference in TCALs also reveals some survival advantages of particular CEE cohorts 

over HLCs, as is the case for Czech cohorts born in the late1950s and during the 1960s. 

These Czech cohorts had a particular survival advantage over their counterparts in 

HLCs from birth until the age reached in 2013. The survival advantage of these Czech 

cohorts confirm the documented mortality decline in the Czechia during the 1960s, 

when Czech life expectancy at birth was very similar to that of high-mortality countries  

(Rychtaříková, 2004) . We complement this result by showing the long-lasting effect of 

survival advantage at first ages of Czech cohorts born during the 1960s when compared 

with HLCs. Except for Russia, the age-cohort decomposition of the difference in 

TCALs also reveals a particular survival advantage of the former USSR cohorts born 

during the 1960s and early1970s when comparing them with HLCs. Conversely, the 

survival advantage of these Eastern European cohorts gradually disappears by 2013 for 

both sexes.  Our results show that the survival advantage at younger ages for these 

Eastern European cohorts lasted until adulthood  (up to age 20 for men, and age 30 for 

women). This effect was probably triggered by the anti-alcohol campaign oriented 

toward adults and which was launched by Gorbachev in the mid-1980s  (Shkolnikov 

and Nemtsov, 1997), when cohorts born during the 1960s reached young-adult ages.  

The TCAL decomposition helping us track how cohorts contribution to longevity 

evolves over time and age. The cohort perspective has been emphasized here because 

the aim was to understand how CEE populations arrived to current mortality levels. 

However, the methodology  of decomposing TCAL is flexible and allows studying in 

the period and age perspectives by focusing instead on the age-specific contributions 

and accumulating correspondingly across ages or periods. Although, out of the scope of 

the current study, analysing all the three perspectives (age, period and cohort) together 

under the TCAL decomposition could complement and enrich the knowledge on 

population’s mortality transition.  
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Since the 1980s, the high mortality in Eastern European countries has been largely 

attributed to premature deaths in the middle-aged adult population, particularly among 

males born in the former USSR.  (Shkolnikov et al., 1997; Shkolnikov and Nemtsov, 

1997; Meslé and Vallin, 2002; Meslé, 2004) . In our window of observation, from 1959 

to 2013, we show that the mortality disadvantages of the middle-aged adult population 

compared with other HLCs always existed between the former USSR and HLCs. Our 

results suggest that it is not only mortality among adults that contributes to the current 

disadvantage gap between the former USSR and HLCs, but that mortality at first ages 

still contributes to this mortality difference.  

To conclude, the decomposition of the TCAL differences between CEE countries and 

HLCs highlights the potential for public health interventions to eliminate and control 

avoidable mortality gaps in the future. 
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3. The population of centenarians in Brazil: historical estimates from 1900 to 2000  

 

3.1. Introduction 

The number of people reaching the age of 100 has called the attention of scientists, 

including many demographers. In 1990, nearly 90,000 centenarians were living in the 

world. Over the last 25 years, this number increased five times, reaching more than 

410,000 people in 2015 (U.N. 2019). Not surprisingly, given the historical and regional 

patterns of survival gains, there is a concentration of elderly populations in wealth low-

mortality regions. However, between 1990 and 2015, the number of centenarians 

increased by 10% more in middle-income than high-income countries, suggesting the 

centenarian trend may be spreading to other regions.  

Vaupel and Gowan (1986) were among the first authors to foresee the growth in the 

number of centenarians by simulating scenarios of survival gains in the United States. A 

few years later, Thatcher (1992) reported an increasing number of centenarians in 

England and Wales, particularly after World War II. Since then, other studies have 

examined trends and patterns of the centenarian population in several low-mortality 

countries (Barbi et al. 2018; Drefahl et al. 2012; Jdanov et al. 2008; Kestenbaum and 

Ferguson 2005; Leeson 2017; Medford et al. 2019; Poon and Cheung 2012; Rau et al. 

2008; Robine, Saito, and Jagger 2009; Robine et al. 2010; Robine and Saito 2003; 

Skytthe and Jeune 1995; Thatcher 2001; Wilmoth 1995; Wilmoth and Lundström 1996) 

The interest in the factors that have driven the proliferation of centenarians has been 

increasing as well. According to Preston and Coale (1982), population growth is due to 

a combination of changes in births, migration, and mortality rates. In the case of the 

centenarian population, Vaupel and Jeune (1995) emphasized the impact of mortality 

decline on the growing number of centenarians. They found that the proliferation of 

centenarians is mainly due to improvements in survival from ages 80 to 100 in low-

mortality countries. Other authors have also stressed the role of declines in late-adult 

mortality, and postponement of age-at-death, to determine the size of the centenarian 

population (Kannisto et al. 1994; Robine and Paccaud 2005; Robine and Cubaynes 

2017). In Japan, where the distribution of deaths strongly shifted to older ages between 

1980 and 2000 (Robine and Cubaynes 2017), the number of centenarians increased 

fourteen-fold, from 913 to 13,036 (Robine and Saito 2003).  
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In the decades to come, we can also expect a steady proliferation of centenarians in 

middle-income countries, where the mortality transition - from infant and early-adult to 

late-adult and old ages – started later but it is in progress. There have been already some 

reports about the multiplication of the number of centenarians in China (Wang, Zeng, 

Jeune, & Vaupel, 1998), Cuba (Calzadilla et al. 2013), and in other countries like 

Mexico, Russia and Poland (Herm, Cheung, & Poulain, 2012). In Brazil, according to 

the census data, there were almost twice as many centenarians in 2010 (24,236) than in 

1991 (13,296) (IBGE 1991; 2010). However, confounding data errors have precluded a 

more in-depth examination of the determinants of this type of demographic trends in 

middle-income countries, where the vital registration systems are usually weaker. The 

main reason is the low quality of population counts at older ages due to coverage and 

content errors, including age misreporting (Turra 2012).  

The study of the relationship between the number of centenarians recorded in the census 

and data quality issues is not new and has received extensive attention also in wealthier 

nations. For example, in the United States, estimates of the number of centenarians 

showed that the census population was overestimated by about three times in 1960 

(Myers 1966). Also, for the U.S., some studies have used death statistics and extinct 

generations methods to confirm the existence of data quality issues at older ages, 

particularly for some population subgroups such as African Americans (Siegel and 

Passel 1976). The norm has been age overstatement in census data relative to deaths, 

although the magnitude of the exaggeration has varied over time (Elo and Preston 1994; 

Rosenwaike 1979; Rosenwaike and Logue 1983). Not only in the U.S. but also the 

Canadian census has over-counted the number of centenarians, particularly the number 

of semi-supercentenarians (Bourbeau & Lebel, 2000).  

In the case of Brazil, seventy years ago, Mortara (1949) was already very skeptical 

about the quality of the population enumerated by age in the 1920 and 1940 Census, 

particularly at older ages. He projected backward the number of births and the 

probabilities of surviving for different cohorts to estimate what would have been the 

number of native-born Brazilians by age in both years and compared them to the census 

figures. Concerning the centenarians, the results were astonishing: he estimated about 

six and nine people, respectively, for 1920 and 1940, whereas both censuses counted 

more than six thousand individuals.  
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Decades later, the official Brazilian figures are still suspicious. A simple comparison of 

the prevalence of centenarians shows that in the 1991 Census, it was about 30% higher 

(0.94 per 10,000) than the rate found, for example, in Sweden (0.69 per 10,000) despite 

the 1.5 years lower life expectancy at age 70 in Brazil (HMD 2019; IBGE 2010). In 

2000, the prevalence increased to 1.45 per 10,000, but reduced to 1.27 per 10,000 in 

2010, eventually becoming lower than the Swedish rate (1.71 per 10,000). This apparent 

erratic behavior on the prevalence rates in Brazil possibly reflects improvements in age 

reporting across censuses and birth cohorts. Tests of consistency have confirmed the 

data quality issues among older Brazilians. Following the studies developed in the U.S., 

Gomes and Turra (2009) compared the number centenarians in the 1991 Brazilian 

census with extinct generation estimates based on the number of cohort deaths in the 

following years. The results show significant discrepancies between the two data 

sources: about three times more centenarians in the census than registered deaths. 

Unfortunately, the death files are also not immune to both coverage and content errors, 

and it remains unclear what it is the most likely size of the centenarian population in 

Brazil. 

The absence of reliable estimates of the centenarian population in populous countries, 

which have witnessed rapid demographic transitions but lack accurate data, prevents a 

more comprehensive discussion on the dynamics of these longevous subgroups beyond 

the limited set of lowest mortality countries. It also hinders local governments from 

planning policies to reach the demands of a growing old age population in places that 

usually face stricter family and public budget constraints. It is therefore valuable to 

estimate what would have been the probable evolution of the Brazilian centenarian 

population over the decades. In the following, we use variable-r relations (Horiuchi and 

Preston 1988; Preston et al. 2001) to estimate the centenarian population from the 

combination of different mortality schedules. Our results show a range of estimates 

which may reasonably be expected to bracket the correct number of centenarians over 

1900-2000. Moreover, we point out the differences between our set of estimates and the 

reported number of centenarians in the Brazilian censuses between 1900 and 2000. We 

hope our findings stimulate the statistical agencies in Brazil to improve even further the 

process of obtaining information about older populations. 
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3.2. Data and Methods 

The Variable-r Method 

Variable-r relations can be of great value in the estimation of population measures when 

data are missing or are of bad quality. Preston and Coale (1982) show that the number 

of individuals from different age groups in the same year is related in terms of survival 

probabilities and demographic differences, which are reflected in the age-specific 

population growth rates. Following the discrete formula detailed in Preston et al. (2001), 

we estimated the number of centenarians in Brazil by sex, for the years that correspond 

to the census’ years 1900, 1920, 1940, 1950, 1960, 1970, 1980, 1990 and 2000: 

nNx(t) = nNy(t) 𝑒
− ∫ �̅�(𝑎)𝑑𝑎

𝑥
𝑦

x-ypy
            

 (1) 

where nNx is the population at the older age group at the census date, nNy is the 

population at a younger age group at the census date, �̅�(𝑎) is the mean age-specific 

growth rate over time intervals, and x-ypy
   

is the probability of surviving from ages y to x. 

We applied Eq.1 in two steps to estimate the total number of centenarians. First, we 

calculated the population 100-109 years old, and next, the number of individuals 110 to 

119 years old. We assumed no individual survived to ages beyond 119 in Brazil during 

the period of analysis. 

The (Lower Limit) Age y 

We relate the centenarian population to the number of individuals aged y to y+n. Thus, 

as a first step, we must define age y in Eq.1. Given the relevance of improvements of the 

late-adult survival to the proliferation of centenarians (Robine and Cubaynes 2017; 

Vaupel and Jeune 1995) and because age overstatement tends to increase with age in 

Brazil (Agostinho 2009) and elsewhere, we estimated the centenarian population from 

the number of fifty-year-olds. Since census data are not free of age misreporting, we 

used 10-year-wide age intervals to smooth any major inconsistencies and drew the 

number of people in the age group 50-59 from each successive census collected in 

Brazil (BRASIL 1927; BRASIL 1928; IBGE 1950; IBGE 1956; IBGE 1960; IBGE 

1973; IBGE 1981; IBGE 1994; IBGE 2001; IBGE 2011). Although we believe this is 

the best choice for the parameter in Eq.1, to mitigate arbitrariness, we also ran sensitive 
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analyses, described below, by varying the lower age group and the corresponding 

population and mortality measures.   

Age-specific Growth Rates 

Next, we estimated the set of age-specific growth rates above age y, for every 

intercensal period. Even if the size and the age distribution of the population at ages 50 

and older is biased in the census, we can apply the variable-r relations as far as the 

pattern of data errors does not change significantly over time, affecting the age-specific 

growth rates (Preston et al. 2001). Nevertheless, to mitigate any potential bias in the 

growth rates from the variation of census data quality over time, which seems to have 

occurred at the oldest ages, we estimated annualized age-specific growth rates for ten-

year age groups up to age group 80-89. After age 89, rather than using age-specific 

growth rates, we replaced them with the annualized mean growth rate for ages 90 and 

above. We tried different open-ended age intervals in the sensitivity analyses, as we 

explain below.  

Because we wanted to make estimates separately for each census year, rather than for 

intercensal periods, we used two intercensal growth rates that are centered on each 

census date to calculate the mean growth rates.  For example, for the age-group 70-79 in 

2000, we used the mean growth rate at ages 70 to 79 in 1991-2000 and 2000-2010. 

Also, because in the first forty years of the analysis, census observations are separated 

by twenty years (1900-1920 and 1920-40), we calculated annualized twenty-year age-

specific growth rates. Moreover, we assumed that age-specific growth rates for the 

period 1900-1920 apply to 1900.  

Conditional Probability of Surviving 

The third parameter in Eq.1 is the conditional probability of surviving. To estimate the 

number of centenarians, we computed life table survivorship ratios from ages 50-59 to 

age groups 100-109 and 110-119. Both coverage and content data errors (Agostinho 

2009; Gomes and Turra 2009; Horta 2012) preclude us from estimating unbiased 

mortality rates at older ages directly from deaths and census data. In Brazil, as in many 

other countries where data are deficient, age misreporting is probably the main reason 

why death rates increase slower with age than in high-quality data countries (Coale and 

Kisker 1986; Dechter and Preston 1991; di Lego, Turra, and Cesar 2017; Preston, Elo, 
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and Stewart 1999; Turra 2012). Therefore, to mitigate data quality issues, we applied 

and compared different methodological strategies to estimate the mortality functions, 

including (i) Coale-Demeny Life Table Models for the years 1900 to 2000; and (ii) 

three different mathematical representations of mortality – Gompertz, Weibull, and 

Kannisto models – for the year 2000. 

As a first step, we calculated the survivorship ratios from the UN version of the Coale-

Demeny (CD) Model Life Tables, which extended the original mortality levels to 

include life expectancy at birth up to 100 years (U.N. 2017). We decided not to choose 

one specific model from CD (South, North, West, and East). Instead, we offer estimates 

based on all four regions. To select the correct mortality level for each regional pattern 

in every census year, we used two different and complementary parameters: (i) the life 

expectancy at birth and (ii) the life expectancy at age 50. The life expectancy at birth 

(e0), summarizes mortality conditions for all ages, and thus, it is less affected by data 

quality issues at older ages. Moreover, it is probably the best measure available to 

capture historical mortality levels in Brazil. We used e0 calculated by the Brazilian 

Census Bureau (IBGE 1981; IBGE 2017), for all years (1900 to 2010). Next, we use life 

expectancy at age 50 for all the years since 1940 (IBGE 2000; IBGE 2010; IBGE 2017). 

It is an index of adult mortality and is more likely to be associated with the size of the 

centenarian population. However, it can be more affected by data errors at later ages, 

and it is not available from 1900 to 1930.  

In addition to the estimates based on CD Model Life Tables, we calculated survival 

functions by fitting three mathematical functions to Brazilian mortality rates: Gompertz, 

Weibull, and Kannisto. There is a general agreement that mortality increases 

exponentially from mid-adult to ages 80-90, as described by the Gompertz law. 

However, there is not a consensus regarding the mortality trajectory at the most 

advanced ages (Barbi et al. 2018; Gampe 2010; Gavrilova and Gavrilov 2015; Gavrilov 

and Gavrilova 2011; Robine and Vaupel 2001; Vaupel et al. 1998). Some studies 

suggest that the exponential growth of mortality with age is followed by a period of 

deceleration, with slower rates of mortality increase at the oldest ages (Barbi et al. 2017; 

Gampe 2010; Robine and Vaupel 2001; Vaupel et al. 1998). Conversely, another group 

of researchers has contended that mortality deceleration in later life is a consequence of 

poorer data quality at older ages, and that in reality mortality continues to grow 

exponentially at the highest ages (Gavrilov and Gavrilova 2011; Gavrilova and Gavrilov 
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2015). Due to this disagreement, we decided to offer estimates for the number of 

centenarians in Brazil from the application of the three mortality models.  

To estimate the parameters of the mathematical models we used official life tables 

estimated by the Brazilian Institute of Geography and Statistics (IBGE 2013). We fitted 

the mathematical models to the death rates for the ages 70 to 90+ and then extrapolated 

the results to the advanced ages. To avoid adding bias from mortality data errors, which 

were more prevalent in the earlier years, we limited the mathematical estimates to the 

year 2000.  

Sensitivity Analysis 

As we stressed before, to test for the robustness of our results and offer a range (upper 

and lower limits) of estimates, we ran sensitivity analyses by varying the inputs of the 

Eq.1.  First, we changed age y by starting the calculations from ages 60-69, instead of 

just 50-59. As we varied age y, we had to obtain the corresponding population estimates 

from the census data and the life table survivorship ratios for each new age range. 

Second, in addition to applying the annualized mean growth rate for ages 90 and above, 

we tested for two different open-ended age intervals: 80 and above, and 100 and above.  

After varying the lower limit age y, the configuration of age-specific growth rates in the 

open-ended age interval and the mortality schedules, we produced 184 estimates of the 

centenarian population by sex between 1900 and 2000. We present and discuss absolute 

sizes, sex ratios, and prevalence rates for the Brazilian centenarian population, as well 

as the life table survivorship ratios from ages 50-59 to 100-109 under the scenarios 

previously discussed. We compare some of them to the measures calculated directly 

from census data. 

Cohort Estimates 

Variable-r estimates are useful to relate the number of centenarians to the number of 

younger adults in the same year, allowing us to estimate the population of Brazilian 

centenarians over a more extended period. However, there is no guarantee that the age-

specific growth rates are not biased because of changes in census coverage and content 

errors over time. Therefore, we calculated another set of results based on cohort 

estimates for the second half of the twentieth  century. We reconstructed the possible 

mortality trajectories for cohorts aged 50 to 59 and 60 to 69 years old in 1900 to 1950 
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and calculated the number of surviving individuals at ages 100-119 in every decade 

from 1950 to 2000. Because there are no census data in 1910 and 1930, we interpolated 

the population at ages 50 to 69 in those years based on the observations from 1900, 

1920 and 1940 censuses. We limited our cohort analysis to the life tables calculated 

from CD Model Life Tables (West Model) since the objective is only to test for 

potential discrepancies between period and cohort estimations. In order to approximate 

the cohort mortality functions, we apply the geometric mean of life table survivorship 

ratios at the beginning and end of each intercensal period and take the corresponding 

age-period estimates. 

3.3. Results  

Before examining the indirect estimates of the centenarian population, it is essential to 

introduce the problem of over-enumeration of older people in Brazil.  Fig.1 compares 

the prevalence rates (per 10,000) of centenarians recorded in the Brazilian censuses with 

prevalence rates for a set of high-longevity countries (HLC). The graph also displays the 

association between life expectancy at birth and the prevalence rates for each one of the 

countries. We drew population and mortality data for the HLC from the Human 

Mortality Database (HMD, 2019).  

As expected, life expectancy was lower in Brazil than in the HLC, for both men and 

women. However, particularly in the past, the prevalence rates of centenarians in Brazil 

were considerably higher than in the HLC. For instance, there was virtually no 

centenarian in Sweden in 1900 and 1910, while in Brazil, the prevalence rate reached 

levels higher than two per 10,000 in 1900, according to the official figures. Over the 

twentieth century, as mortality declined, the prevalence of centenarians consistently 

increased in the HLC. In Sweden, for example, the prevalence of female centenarians 

augmented by about one hundred-fold over the 110 years, and in Japan, it increased by 

about three hundred-fold between 1950 and 2010. The prevalence rates for women in 

these two countries are now above two (Sweden) and five (Japan) per 10,000. At the 

same time, according to the Brazilian official statistics, the prevalence of centenarians 

took the opposite direction in Brazil. In the case of women, it decreased from 2.83 in 

1900 to 1.75 per 10,000 in 2010, despite an increase of about 40 years in life expectancy 

at birth. For men, the decline in the prevalence rate was more substantial, ranging from 

2.32 to 0.78 per 10,000. 
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Fig.1. Life expectancy at birth and prevalence of centenarians: Brazil and selected 

countries, men and women, 1900-2010 

 

Source: HMD (2019) and Brazilian Census Data 

 

The historical analysis of Brazilian census data raises serious questions about the 

quality of enumeration at older ages and suggests the need for new statistics of the 

centenarian population. As aforementioned, we produced 184 different indirect 

estimates, which are available upon request, based on the combination of several 

mortality models and parameters for Eq.1. Table 1 below summarizes the number of 

centenarians by sex, for each year, by showing the average, minimum, and maximum 

population calculated from the main set of indirect estimates. We cannot show the 

official figures for 1970 because the census data available in that year preclude us from 

separating the ninety-year-olds from centenarians.  
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Table 1. Number of centenarians in Brazil: census and indirect estimates, 1900-2000.  

 

Note: The Brazilian Bureau of Census has not published the number of centenarians for 1970, 

only the population 90 years and older.  

Source: Census Data. Calculations by the authors 

 

The indirect estimates indicate that there was probably no centenarian in the first two 

decades of the twentieth century in Brazil. The number of centenarians grew little until 

1940 when the mortality transition started to affect both population growth rates and the 

chances to reach ages 100 and older. It would have been only after 1960 that the number 

of centenarians had surpassed 100 individuals, reaching some value around 1,000 

(between 200 and 2,000) centenarians in 2000, of which approximately 80% were 

women. Between 1900 and 2000, the sex ratio based on our estimates considerably 

declined from 0.62 to 0.24, because of an increasing gender gap in mortality over the 

years.  

The estimates also confirm an extensive over-enumeration in the census records (Table 

1).  According to the census data, 4,438 centenarians were living in Brazil in 1900, from 

which 46% were men. This census estimate is so large that it was not even reached a 

century later, according to our most optimistic scenario. Also, the sex ratio of 0.86 in 

the 1900 census is surprising given the female mortality advantage, particularly at adult 

ages. This result shows that in the past, the over-enumeration of older groups was more 

frequent among men than women. 

The implausibility of the census data becomes even more evident in Fig.2. We 

calculated ratios of the centenarian population in the census data to all indirect measures 

Average Minimum Maximum Average Minimum Maximum

1900 2,047 0 0 1 2,391 1 0 1 0.86 0.62

1920 2,625 1 0 2 4,102 2 0 3 0.64 0.46

1940 2,817 5 0 11 4,999 21 3 51 0.56 0.22

1950 3,290 7 2 13 6,399 22 5 46 0.51 0.33

1960 3,483 12 3 21 6,393 33 9 66 0.54 0.38

1970 - 22 5 48 - 65 17 146 - 0.34

1980 3,545 35 7 99 6,705 103 27 256 0.53 0.34

1990 4,253 48 15 115 8,773 168 54 353 0.48 0.29

2000 10,423 180 38 393 14,153 739 198 1,334 0.74 0.24

Sex Ratio

Census Estimated
Estimated

Men

Census
Year

Women

Census
Estimated
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based on the variable-r method and the cohort estimates. The declining ratios for both 

men and women confirm the implausible numbers in the past and the improvement of 

census data over the years. In the first decades of the twentieth century, prevalence rates 

based on indirect estimates were a few thousand times lower than the ones calculated 

from the censuses. In 2000, the mean ratio (census data/estimates) was significantly 

lower than in the past but still higher than 10.  

Fig.2. Ratio of the number of centenarians recorded in the census and indirectly 

estimated according to different parameters: Brazil, men and women, 1900−2000  

 

Notes: The main results and sensitivity analysis are based on the variable-r method. The lower 

limit age group is equal to 50-59 for the main results, and both sensitivity 1 and 2. It is equal to 

60-69 for sensitivity 3. The open age interval for the calculation of the growth rates is equal to 

90+ for both the main results and sensitivity 3, and equal to 80+ for sensitivity 1 and 100+ for 

sensitivity 2. The dotted line corresponds to an equal number of centenarians recorded in census 

and indirectly estimated.  

Source: Census Data. Calculations by the authors 

 

Indirect estimates of the centenarian population also involve uncertainty. Fig.2 reveals 

the sensitivity of the centenarian population indirectly estimated due to changes in the 

parameters of Eq.1. Changing the age y (lower age limit) from 50-59 to 60-69 or 



39 

 

 

 

varying the open-ended age group (from 90+ to 80+ and 100+) to calculate the age-

specific growth rates have only minor impacts on the estimated number of centenarians. 

Depending on the parameter changed, the average relative difference calculated for all 

the years and mortality models together varies from less than four to about 19% among 

men, and from four to about to about 15% among women. Consistently, cohort 

reconstructions based on the West family of the CD Life Tables are also comparable to 

the variable-r estimates. Among men, from 1950 to 2000, the average number of male 

centenarians would be only 11% higher using period instead of cohort measures. 

Among women, the average difference is only about 6%, for the years 1950 to 1990. 

However, for the year 2000, there is a more considerable discrepancy. We estimated 

425 and 258 women, respectively, in the period and cohort analyses. This isolated result 

may reflect a combination of factors, including the inadequacy of the life table model, 

the increasing gender differences in mortality in more recent years, and changes in 

census coverage at older ages between 2000 and 2010 that impacted the age-specific 

growth rates.  

By analyzing Table 1 and Fig.2 together, we see that the most substantial portion of the 

variation in our results comes from the choice of the adult mortality model. For 

instance, in 1960, the number of centenarians can vary from 12 to 87 only due to 

changes in the mortality schedules. Therefore, the idea of providing a set of population 

estimates by varying the mortality models is not only to uncover our ignorance about 

the actual mortality function at older ages in Brazil but also to measure the extent to 

which census data are out of range. In Fig.3, we show how life table survivorship ratios 

from ages 50-59 to 100-109 have changed since 1900, according to each mortality age 

schedule. The ratios derived from the North, Kannisto, and Weibull model are the 

highest, since (i) the North Model reflects conditions that are typical of countries that 

experience lower mortality at older ages, (ii) the Kannisto Model follows the logistic 

form at advanced ages, and (iii) the Weibull Model is an intermediate pattern between 

the exponential and logistic mortality increases at older ages. The lowest survival 

estimates are those calculated from the South and East Model, which is not surprising 

because they reflect conditions of countries with higher mortality at advanced ages. The 

difference in the ratios estimated between the highest and the lowest models can get as 

high as ten times and seven times, respectively, for men and women in 2000. 
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Fig.3. Life table survivorship ratios calculated from selected mortality schedules: 

Brazil, men and women, 1900−2000 

 

Source: Calculations by the authors 

 

Regardless of the mortality model adopted, survival gains have been particularly high 

among women. For example, the chances of women surviving to ages 100-109 from 

ages 50-59 improved 34-fold, between 1900 and 2000, according to the West Model. 

However, these gains were not enough to explain the large number of centenarians in 

the Brazilian censuses. The actual probabilities of surviving would need to be ten to one 

thousand times higher than the survival curves adopted in the current work, depending 

on the year and sex, for census records to be real.  

3.4. Discussion  

There is a general belief in Brazil that the centenarian population has been increasing 

very rapidly over the last decades. According to the census data, the centenarian 

population grew two and a half times between 1960 and 2000 and currently comprises 

more than 24,000 individuals. Whereas the Brazilian population is indeed getting older 

faster than in many wealthier regions, the estimated centenarian population is probably 

significantly smaller than the number of individuals counted by the census, having 
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increased from fewer than 100 individuals in 1960 to between 200 and 2,000 people in 

the year 2000. The slower growth of the centenarian population in the census than 

predicted by our estimates suggests there have been improvements in data collection 

over time. Also, the much higher census sex ratios reinforce the hypothesis of over-

enumeration of centenarians, particularly men.  

Our indirect estimates based on variable-r relations are not immune to errors. Age-

specific growth rates in Brazil may vary over time due to changes in census data quality, 

affecting the estimates of the population size at older ages. However, sensitivity 

analyses, including cohort estimates, indicated that any errors from the methodology are 

probably not substantial. What affects population estimates at old ages is the choice of 

the mortality model. To minimize the lack of high-quality mortality data at advanced 

ages in Brazil, we compared estimates from different mortality schedules and concluded 

that unless adult age patterns of mortality are very atypical in Brazil, the number of 

centenarians in the census records are incompatible with the prevailing adult mortality 

levels in the country. 

Mortara (1949) was the first demographer to worry about the poor quality of the 

population enumerated at older ages in the Brazilian censuses, anticipating what would 

be a crucial subject decades later. Ours is the first study to provide a systematic 

comparison between indirect estimates and census records of centenarians over a 

century in Brazil, although other recent studies have also cast light on issues related to 

the enumeration of centenarians. As aforementioned, Gomes and Turra (2009) found 

that the number of centenarians in census records was triple those in death files in the 

year 1991. Here, we showed that the number of centenarians is not only substantially 

smaller than census records but also lower than the number of deaths registered at ages 

100 and older. Whereas it is not surprising that age misreporting affects the quality of 

both census data and death files, the bias is proportionally more extensive in the census 

records resulting in artificially lower mortality rates at older ages, as recognized by 

(Preston, Elo, and Stewart 1999) and examined by Turra (2012) for Brazil.  

The evolution of the population of Brazilian centenarians across the decades, as 

measured by the census records, is odd, because of significant data improvements that 

have occurred in each new data collection. This inaccurate time trend seems to reflect in 

the estimates prepared by the U.N. (2019). According to them, the number of 
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centenarians decreased from almost nine thousand in 1950 to fewer than 100 individuals 

in 1970, increasing after that. Therefore, we believe the U.N. figures for the 1950s and 

1960s are wrong, although they are significantly more consistent with (somewhat higher 

than) our estimates for the period 1970-2000. Also, according to the U.N. (2019) 

projections, the population of Brazilian centenarians will only reach the number 

recorded in the 2000 census (about 25,000 individuals) in the year 2025, surpassing 

100,000 and 1,000,000 cases, respectively, after 2035 and 2085. The estimation of 

future trends still needs more scrutiny, since the correct age patterns of mortality at 

adult ages in Brazil remain a puzzle. Fortunately, we expect the quality of age reporting 

at older ages to improve over the next decades, with the educational transition and the 

consolidation of the vital registration systems. The accurate measurement of population 

and deaths at adults ages in Brazil will become a much smaller problem in a few 

decades. 
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4. Assessing the quality of self-reported education among adults in Brazil, with 

intercensal survivorship ratios 

 

4.1. Introduction 

Education is one of the keys to development and economic growth and is connected to 

demographic variables in many different ways. In virtually all societies, individuals 

with higher levels of education enjoy better health and longer lives (Preston and 

Taubman 1994; Elo and Preston 1996; Mackenbach et al. 1999; Koch et al. 2007; Zhu 

and Xie 2007; Rosero-Bixby and Dow 2009; Turra et al. 2016; Lutz and Kebede 2018; 

Smith-Greenaway and Yeatman 2019). Highly educated couples have fewer children, 

mainly because they marry later, use contraception more effectively, and have more 

autonomy in reproductive decision-making (Singh and Casterline 1985; Potter et al. 

2010; Bongaarts et al. 2017; Rios-Neto et al. 2018). Moreover, migration flows across 

regions with different developmental levels are usually associated with selection of 

migrants by education group (de Haas 2010; Lewis 1986). It is thus not surprising that 

as educational enrolments expand worldwide, there is a growing emphasis on 

population forecasts by educational level (KC et al. 2010; Lutz and KC 2011; Lutz et al. 

2014). 

As an essential variable in demographic analysis, accurate measurement of education is 

indispensable. Studies of the quality of reported education are not new in the literature 

(Folger and Nam 1964; Gustavus and Nam 1968; Black et al. 2003; Sorlie and Johnson 

1996; Kane et al. 1999; Johnson-Greene et al. 1997; Battistin et al. 2014; Lerch et al. 

2017). Some of these have documented the misreporting of educational levels in data 

systems. For example, in both the 1950 and 1960 U.S. census, there was a significant 

amount of net overreporting, particularly at older ages for high school and college levels 

(Folger and Nam 1964). Examination of the 1990 U.S. census detected misreporting of 

some doctoral and professional degree categories (Black et al. 2003).  

One of the consequences of education misreporting in census data is the miscalculation 

of the denominator of demographic rates, which can bias the measurement of 

educational gradients. In mortality analysis, for example, where death rates usually 

derive from two independent data sources - vital statistics (death counts) and census 

data (exposures-at-risk) – disagreement between reported education in the numerator 
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and denominator may affect conclusions about how mortality differentials by education 

vary across age, gender, race, and geographical groups. Several authors have 

documented disagreements between death counts and population census records by 

education in Europe and the U.S.. The level of disagreement tends to increase with age 

in Lithuania (Shkolnikov et al. 2007), and for some racial/ethnic groups in the U.S. such 

as blacks and Hispanics (Rostron et al. 2010). However, even among population groups 

that are less likely to report education levels differently across data sources, changes in 

the census questions can lead to inconsistent information over time (Lerch et al. 2017). 

In Brazil, research has neglected the possible effects of education misreporting in 

demographic, social, and economic studies. Although several authors have looked at 

coverage errors, both in vital and census data (Paes and Albuquerque 1999; Paes 2007; 

Lima and Queiroz 2014; Cavenaghi and Alves 2016), demographers have paid less 

attention to content errors, and analysis has mostly been limited to age misreporting 

(e.g. Paes and Albuquerque 1999; Agostinho 2009; Gomes and Turra 2009; Turra 2012; 

di Lego et al. 2017; Nepomuceno and Turra 2019). Nevertheless, the high degree of 

inaccuracy in age reporting suggests that problems of misreporting may affect other 

variables, including education. 

This article examines the quality of education information in Brazilian census data. To 

do this, we calculate mortality levels by education as implied by intercensal 

survivorship ratios, to investigate the quality of self-reported education data among 

adults in Brazil between the 1991 and 2000 censuses. Here, we hypothesize that 

measurement errors are more substantial during times of accelerated expansion of 

schooling, such as the period that characterized the education system in Brazil after 

1980 (IBGE 2004; Rios-Neto et al. 2010). The rapid education transition may have 

influenced the reliability of education data in at least three different ways. First, if 

better-educated individuals tend to report their characteristics more accurately, mainly 

when information is retrospective, errors will be more substantial in earlier data 

collections and among older cohorts. Second, the expansion of education may have 

changed people’s perception of their relative social position. Older age groups, who 

lived their schooling years before the development of the education system, may feel 

inclined to overstate their educational levels to level-off any cohort differences. Finally, 

the expansion of schooling has been followed by changes in the educational system and 

census questions, affecting the comparability of responses over time. Given the global 
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effort to improve access to schooling (United Nations 2015, 2016), our results aim to 

draw attention to the accuracy of reported education not only in Brazil but also in those 

countries where educational expansion is underway, and deficient data quality is a 

potential issue. 

4.2. Data and Methods 

We drew data for men and women 40–89 years old, from the 1991 and 2000 Brazilian 

Census (IPUMS-I 2019). Although the most recent census data available are from 2010, 

the exclusion from the questionnaire of information on the highest grade completed 

precluded us from using the data for that year. To have an exact 10-year interval 

between periods, we estimated the population for the year 1990 based on the set of age-

specific growth rates between 1991 and 2000 and the population in 1991. We selected 

only individuals who were not attending school at the census time, representing about 

99.5% of the population aged 40 to 89 in 1990 and 97.3% in 2000. 

We measure educational attainment as the highest grade completed within the most 

advanced level attended in the education system. We used the IPUMS’ harmonized 

variable named “YRSCHOOL” which accounts for the number of years of schooling. 

To evaluate the quality of self-reported education, we assessed the implicit mortality by 

education between the two censuses through intercensal survivorship ratios (ISR) by 

age, sex, and educational attainment: 

𝐼𝑆𝑅𝑥
𝑘,𝑖(𝑗) =

𝑁𝑥+𝑗
𝑘,𝑖 (𝑡 + 𝑗)

𝑁𝑥
𝑘,𝑖(𝑡)

 

where 𝑁𝑥
𝑘,𝑖(𝑡) is the cohort at age x, sex k, at educational level i in the year t, and 

𝑁𝑥+𝑗
𝑘,𝑖 (𝑡 + 𝑗) is the same cohort j years older at the educational level i and sex k in the 

year t + j. In our first analysis, we used single year of schooling, from 0 to 12+. Next, 

we calculated the number of years of schooling categorized into four intervals: 0–3, 4–

8, 9–11, and 12+, that correspond respectively to the first and second stages of the 

primary, secondary and tertiary education. 

After the categorization of the years of schooling, values of the ISR at each age were 

translated into life expectancy at age 40 in the Coale-Demeny West model life-table 

(Coale et al. 1983). We used the United Nations version of the Coale-Demeny Model 
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Life Tables, which extends the original mortality levels to include life expectancy at 

birth up to 100 years (United Nations 2017). This allowed us to assess the consistency 

of the adult level of mortality across age and educational groups. 

The ISR capture changes in the cohort size during the intercensal period. In the absence 

of international migration and changes in census data quality, one should expect 

survivorship ratios to be less than one due to the impact of mortality. Here we assume 

that the population was closed to international migration at ages above 40, between 

1990 and 2000. This assumption is reasonable because the international net migration 

rate was very low during the 1990s in Brazil, reaching less than half of one percent for 

the population aged ten years and older (Carvalho and Campos 2006; Campos 2011), 

and an even lower values at older ages (Garcia 2013). To mitigate the effect of changes 

in census coverage on the ISR, we also adjusted the census enumeration according to 

omission rates (1.04 and 1.02, respectively for males and females for 1990, and 1.03 for 

males and 1.01 for females in 2000) published by the Brazilian Institute of Geography 

and Statistics (IBGE 2003). 

We expect survivorship ratios to increase with educational attainment. Earlier analyses 

that used surveys or data from the Mortality Information System of the Ministry of 

Health suggested a strong educational gradient in adult mortality in Brazil (Renter´ıa 

and Turra 2009; Turra et al. 2016, 2018). Despite the existence of public programs to 

improve or supplement adult education, we expect only negligible gains in education 

over time, at ages above 40 in Brazil. Between the 1991 and 2000 censuses, the 

proportion of individuals who reported not attending school varied from 99.2% to 

96.5% for the age group 40–49, and from 99.6% to 98.2% for the age group 50–59. For 

older age groups, these proportions were even higher and more similar in the two 

censuses: between 99.7% and 99% for the age group 60-69, 99.8% to 99.3% for the age 

group 70–79, and 99.8% and 99.4% for individuals aged 80 and older. 

4.3. Results 

Table 1 presents the education distribution by age groups and sex in Brazil. In both 

years, there is a substantial proportion of adults in the least educated groups, and a 

smaller percentage in the most educated categories. Between 1990 and 2000, the most 

considerable change in the education distribution is among the least educated (0–3 years 

of schooling), mainly for younger age groups because of the advance of the education 
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transition in the country. For older age groups, proportions change only slightly over 

time. 

 

Figure 1 shows intercensal survivorship ratios by age, sex, and single year of schooling. 

The estimates show an irregular and unexpected pattern of the ISR by education. First, 

except for the oldest cohorts (70–74 and 75–79 years old in 1990), the ISR can get 

higher than one, suggesting that the size of cohorts increased between the censuses for 

some years of completed schooling, despite the impact of mortality. Second, the ISR do 

not increase monotonically with education. Although survivorship tends to increase at 

higher years of schooling, it fluctuates over the distribution, varying sharply, 

particularly at one, five and nine years of schooling. For example, the number of men 

and women aged 40–44 with one year of schooling increased by more than 30% 

between 1990 and 2000, and more than 40% for those with five years of schooling. For 

nine years of schooling, the number of women and men aged 55–59 reporting this level 

increased by 30% and 10% respectively between 1990 and 2000. 

 

 

 

 

 

Table1- Education distribution (%) by age:  Brazil, men and women 1990 and 2000.

1990 2000 1990 2000 1990 2000 1990 2000

40-49 42.95% 29.35% 38.39% 42.83% 9.71% 16.95% 8.95% 10.87%

50-59 52.43% 41.69% 34.78% 38.13% 6.80% 10.73% 5.98% 9.45%

60-69 61.40% 53.25% 29.34% 33.33% 4.76% 7.29% 4.51% 6.13%

70-79 69.86% 61.95% 23.50% 27.90% 3.09% 5.18% 3.55% 4.97%

80-89 73.98% 69.87% 20.45% 22.85% 2.55% 3.40% 3.03% 3.88%

40-49 46.05% 29.12% 36.40% 41.59% 10.31% 18.11% 7.24% 11.18%

50-59 57.30% 44.67% 32.49% 36.55% 6.55% 11.07% 3.66% 7.71%

60-69 65.01% 56.56% 28.14% 32.55% 4.79% 7.06% 2.06% 3.84%

70-79 71.10% 62.41% 23.59% 29.48% 4.13% 5.76% 1.18% 2.34%

80-89 74.09% 68.32% 21.71% 25.18% 3.40% 5.11% 0.80% 1.40%

Source: Census data (IPUMS-I 2019)

Women

Men

Age 

Group

0-3 4-8 9-11 12+
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Figure 1: Intercensal Survivorship Ratio by age and years of schooling: Brazil, men and 

women, 1990-2000. 

 
Source: Census data (IPUMS-I 2019) 

 

One way to re-examine education reporting is by categorizing years of schooling into 

intervals (0–3, 4–8, 9–11, and 12+). Table 2 shows the results, including the ISR and 

the life expectancy at age 40 (e40) from the West Model of the Coale-Demeny Life 

Tables implied by the ISR. 
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To further improve our estimates, we also re-categorized the 5-year into 10-year age 

intervals, hoping to minimize the possible effects of age misreporting in the census, 

particularly at older ages (Agostinho 2009; Nepomuceno and Turra 2019). 

Table 2 shows the educational gradient in mortality, i.e., the positive relationship 

between education and survival. Life expectancy at age 40 is 0.44 to 7.84 years lower 

for individuals with 0–3 years of schooling than for those with 12 or more years of 

schooling, depending on the cohort and sex. 

Some implausible results remain after the categorization of years of schooling. Table 2 

reveals that the survival advantage of the most educated does not decrease 

monotonically with age. For instance, the difference in e40 between the least and the 

most educated drops from 7.8 years for women aged 40–49 to 5.2 to those aged 50–59 

in 1990. But it then increases to 6.1 years at the age group 60–69, reducing to 4.0 at 70–

79 years in 1990. By comparing the individuals with 9–11 and those with 12 years or 

more of schooling, we identify other implausible results that cast doubt on the quality of 

self-reported education in the Brazilian census. For most male and female cohorts, life 

expectancy reduces for those with 12+ years of schooling compared with 9–11 years of 

schooling, contradicting the expected gradient. Table 2 also shows that mortality levels 

implied by the ISR vary significantly across cohorts/age. For all educational categories 

and both sexes, the e40 implied by the ISR increases for the older cohorts, and the 

difference can get as high as twelve years for the lowest educated group. 

 

 

Table2- Intercensal Survivorshop Ratio by educational groups and decennial age groups: Brazil, men and women 1990/2000.

Survival 

Ratio

Implied 

e 40

Survival 

Ratio

Implied 

e 40

Survival 

Ratio

Implied 

e 40

Survival 

Ratio

Implied 

e 40

Men

Women

Age in 

1990

Age in 

2000

0-3 4-8 9-11 12+

40-49 50-59 0.8410 26.66 0.8603 27.94 0.9570 36.21 0.9145 31.64

50-59 60-69 0.8398 33.52 0.7925 30.67 0.8867 36.79 0.8469 33.96

60-69 70-79 0.6747 34.94 0.6358 33.17 0.7287 37.26 0.7381 37.56

70-79 80-89 0.4350 37.46 0.4229 37.70 0.4785 38.46 0.4762 38.35

40-49 50-59 0.8671 28.51 0.8974 30.76 0.9600 37.64 0.9523 36.34

50-59 60-69 0.8798 35.51 0.8931 36.49 0.9607 44.30 0.9344 40.74

60-69 70-79 0.7090 35.87 0.7739 38.74 0.8881 45.15 0.8388 41.95

70-79 80-89 0.5082 40.20 0.5646 42.04 0.6545 44.94 0.6241 44.20

Note : life expectancy at age 40 from the Model West implied by the ISR. 

Source: Census data (IPUMS-I 2019)
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4.4. Discussion and Conclusion 

Our study shows evidence of education misreporting in Brazil. The ISR by single year 

of schooling only barely reflects the known educational gradient in mortality described 

in the literature. After the categorization of the years of schooling, the positive 

relationship between education and survival shows up, although some implausible 

results remained. 

An ISR higher than one, mainly at one, five and nine years of education, suggests an 

unlikely increase in the cohort size between censuses. In the Brazilian education system, 

these grades corresponded to the beginning of stages 1 and 2 of primary (1–4, 5–8 years 

of schooling) and the beginning of secondary (9–11 years of schooling) in 1990. 

Therefore, the implausible high ISR at these points of the distribution suggests two 

possible (complementary) explanations. First, some adults may have genuinely moved 

between levels of educational attainment over the intercensal period, more than 

compensating the mortality effect. Second (and more likely), a fraction of the cohorts 

may have misclassified themselves as literate or having some stage 2 of primary or 

secondary education in the second census, because of memory error and other self-

reporting inconsistencies caused by changes in the social context, the census 

questionnaire, and education reforms. 

The cohorts we analyzed experienced at least two education reforms after their 

schooling years that greatly changed the structure and the terminology of the education 

system, one in 1971, and another in 1996. The first reform, for instance, merged two 

formerly levels that corresponded, respectively, to 1–4 grades and 5–8 grades into a new 

level with 1–8 grades (Rigotti and Cerqueira 2004). Individuals who lived their 

schooling years before these reforms may have problems to classify themselves 

according to the new education system, resulting in misclassification of their 

educational level. Further, census questions to measure educational attainment changed 

over time, which may be another source of inconsistency. In 1991 census, the questions 

to calculate the highest grade completed within the most advanced level attended were 

“What was the last grade passed?” and “What was the last level passed”; while in 2000 

the questions were “What was the highest course attended, in which you completed at 

least one grade?” and “What was the last grade passed?”. These mentioned changes 
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point out some challenges in the comparison of the years of schooling over time, by age 

and cohorts, as revealed by our findings. 

Education gains may also contribute to the implausible higher ISR. Since the number of 

individuals aged 40–49 with one year of schooling increased by more than 30% during 

the intercensal period, and part of this may be due to education gains, we checked the 

proportion of illiterates who were attending school in the 1991 census, and could 

potentially achieve one year of schooling between 1991 and 2000. This proportion was 

very low, reaching less than 0.05% in 1991, and less than 0.06% in the 2000 census. 

This small proportion is not enough to explain the striking increase in the population 

aged 40—49 with one year of schooling between the censuses. 

To minimize the effects of age and education misreporting, we presented results by 10-

year age groups and four intervals of years of schooling. After the re-categorization, the 

educational gradient in mortality became more explicit, and the estimated ISR were all 

lower than one. The categorization of the years of schooling is an alternative to reduce 

the effect of education misreporting. However, since there are substantial socio and 

economic differences among individuals within groups, by categorizing, we cannot 

measure important educational differences in mortality due to the inconsistencies 

revealed by the ISR by single years of schooling. 

Our results also show some inconsistencies after the re-categorization, including lower 

ISR for individuals with 12+ than 9–11 years of schooling. One important finding is the 

lack of consistency in mortality levels by age. According to the e40 implied by the ISR, 

older cohorts experienced lower levels of mortality at older ages. The difference is 

particularly strong for the least educated. The lower levels of mortality at older ages 

could be explained by the unusual adult age pattern of mortality in Brazil, which has 

been shown to increase with age at a slower rate than in countries with high-quality 

population and mortality data (Turra 2012). 

Since the estimates provided here show evidence of education misreporting in the 

census, our findings increase concerns about the true educational distribution of the 

adult population. Further, since the data on education attainment seem to be 

differentially misreported by age and educational level, the validity of age-specific 

demographic rates by educational level should be interpreted cautiously in Brazil. 

Furthermore, if education misreporting is different across censuses, trend analysis using 
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these data will reflect erroneous patterns. Global studies that use census education data 

from developing countries to project population should be aware of this weakness. 

Lastly, our findings draw attention to the importance of investigating the potential bias 

in demographic rates by educational levels in Brazil and in other developing countries 

where educational expansion is underway. 

This study is just the first step in revealing potential errors in census education data, and 

we still do not know nearly enough. Efforts need to be made to measure the magnitude 

and the direction (overreporting and underreporting) of misreporting of census 

education data, for the whole population and for subgroups. Different sources of 

education data could be used to estimate the amount of education misreporting and 

provide adjusted figures. Linkage with administrative records may help, although this 

type of data is rarer at older ages. At the same time, attempts to reduce misreporting of 

education should rely on improvements in census data collection, such as in phrasing of 

relevant and comparable questions over time and the reduction of omission rates. 

 

5. Final Remarks 

 

This PhD dissertation dealt with data quality issues that are related, directly or 

indirectly, with survival analysis. The first paper presented an age-cohort decomposition 

of mortality gap that it is not limited to populations with complete cohort mortality data. 

We applied an alternative approach, The Truncated Cross-sectional Average Length of 

Life (TCAL), which enables us to identify specific cohorts that account for most of the 

disparity in mortality between the populations. The second paper provided indirect 

estimates of centenarian population, for a period longer than a century in Brazil. The 

comparison between our estimates and census records of centenarians suggested that 

centenarians are over-enumerated in census. Thus, we concluded that age misreporting 

greatly affect the quality of the oldest-old census population. The final article also 

focused on analysis on content errors, but in the education data, giving clear evidences 

of education data inaccuracy in adult population. In conclusion, this dissertation, 

provide alternative ways to minimize the lack of complete cohort mortality data or the 

existence of inaccurate data. 
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