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1. Introduction 

The proliferation of centenarians is a significant feature of the demographic transition. 

According to the United Nations, there were nearly 180,000 centenarians living across the word 

in 2000. By 2050, this number is projected to increase eighteen-fold, reaching 3.2 million 

people, with the highest prevalence rate in Japan (8.8 per thousand), followed by Sweden (2.4 

per thousand),  Switzerland (2.0 per thousand), and France (1.92 per thousand) (United Nations 

2001). Not surprisingly, given the gender gap in mortality, most centenarians are women.  The 

sex ratio at ages 100 and older is currently as low as 0.16 in high-longevity countries (Robine 

et al. 2010). 

Vaupel and Gowen (1986) were among the first authors to foresee the growth in the number of 

centenarians by simulating scenarios of mortality gains for the United States. A few years later, 

Thatcher (1992) reported an increasing number of centenarians in England and Wales in the 

period 1911-1990, particularly after the World War II. Ever since, several other studies have 

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

(e.g. Poon and Cheung 2012, Robine and Saito 2010, Saito 2005, Robine et al. 2010, 

Kestenbaum 1992, Skytthe and Jeune 1995). Assuming there are no data errors, the growth of 

the centenarians population is due to a combination of changes in fertility, migration and, 

particularly, mortality rates (Preston and Coale 1982). For example, in Japan and various 

European countries, improvements in survival from ages 80 to 100 explained between 60 and 

81% of the growth rate of centenarians from the 1970s to the 1980s (Vaupel and Jeune 1995). 

Other authors have stressed the role of mortality declines to determine both past trends 

(Kannisto et al. 1994; Robine and Paccaud 2005) and future prospects for the centenarian 

population (Robine and Cubaynes 2017). 

There have been also reports about the multiplication of the number of centenarians in 

populations that face higher but declining mortality levels, such as China (Wang et al. 2003) 

and Cuba (Calzadilla et al. 2013).  In Brazil, according to the census data, there were about 

twice as much centenarians in 2010 (24,236) than in 1991 (13,296) (IBGE 1991, 2010). 

However, confounding data errors have precluded the study of the demographic determinants 
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of these trends. The main reason is the low quality of population counts at older ages in Brazil 

due to coverage and content errors, including age misreporting (Turra 2012). In the Brazilian 

census, the age of each household member derives from two questions. The first question asks 

about the exact month and year of birth. The second one inquires for the presumably age in 

years and months and it has been used when data of birth is unknown. In the absence of these 

two answers, the census bureau uses a statistical method to impute the missing data. In many 

interviews, it is the person of reference, not the elderly, who provides the information on age. 

In addition, given the low coverage of the vital registration system in the past, there is a non-

trivial chance that the exact date of birth is unknown or biased even if asked directly to the 

elderly household members (Popolo 2001, Gomes and Turra 2009). 

A simple comparison of the prevalence of centenarians over the census years makes us skeptical 

about the official figures. The prevalence of Brazilian centenarians in 1991 was 0.94 per 10,000, 

about 30% higher than the rate found, for example, in Sweden (0.69 per 10,000) despite the 

two-year lower life expectancy at age 80 in Brazil (HMD 2016, IBGE 1991). In 2000, the 

prevalence increased to 1.45 per 10,000 in Brazil, but reduced to 1.27 per 10,000 in 2010, 

eventually becoming lower than the Swedish rate (1.72 per 10,000). This apparent erratic 

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

across censuses and birth cohorts. In a context of poor data quality at advanced ages, tests of 

consistency can be helpful to evaluate the quality of census data. For instance, 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 large 

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 restricted 

set of lowest mortality countries. It also hinders local governments to plan policies for a growing 

old age population in places that usually face stricter family and public budget constraints. It is 

therefore valuable to look what would have been the evolution of the Brazilian centenarian 

population over the last century, as well as its future trends. In the following, we use variable-

r relations (Horiuch and Preston 1988; Preston et al. 2001) to estimate the centenarian 

population and its regional distribution from the combination of survival probabilities and age-
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specific growth rates. We hope our results can cast light on the quality of census data at 

advanced ages in Brazil.  

2. Methods and Data 

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 can be related in terms of survival probabilities and 

demographic differences reflected in the age-specific growth rates. Following the general 

formula detailed in Horiuch and Preston (1981), we estimate the number of centenarians in a 

specific year as a function of the number of people at exact age 50, the probability of surviving 

from age 50 to ages 100 and older, and the set of age-specific growth rates from age 50 to ages 

100 and older: 
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where  100,N t  is the number of individuals aged 100 to 100+ dx at time t to t+dt,  50,N t  is 

the number of individuals at age 50 at time t to t+dt, r(a,t) is the age-specific growth rate in the 

age interval a to a+da during t to t+dt, and 100

50

 is the period life table probability of surviving 

from age 50 to 100 that prevails in time period t+dt.  

We apply the equation presented above to estimate (i) the number and prevalence rate of 

Brazilian centenarians (100-115 years old) by sex, every ten years, from 1900 to 2030; (ii) the 

distribution of centenarians across the main geographic regions in Brazil (North, Northeast, 

Center-West, Southeast and South) from 2000 to 2030. To do that, we first draw the number of 

people at exact age 50 from each successive census collected in Brazil from 1900 to 2010 and 

from the official population projections for the years 2020 and 2030. Next, we adjust equation 

(1) to discrete time intervals to estimate the set of age-specific growth rates above age 50, based 

on the same data. 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 

do not change significantly over time, affecting the age-specific growth rates. In order to 

mitigate any potential bias in the growth rates from the variation of census data quality over 

time, we convert the equation for exact ages to 10-year age groups. In addition, instead of using 

a specific growth rate for ages 100+, we replace it with the annualized mean growth rate for 

ages 90 and above. In analysis not show, we compare our population estimates using specific 
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growth rates by 5-, 10-, and 25-year age groups and found the variation to be small, ranging 

from 10% to 15%.  

The third parameter in equation (1) is the conditional probability of surviving from age 50 to 

ages 100 and older. Both coverage and content data errors (Horta 2012, Agostinho 2009, Gomes 

and Turra 2009) preclude us from estimating accurate 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; Preston, Elo and 

Stewart 1999; Turra 2012).  

We try to fill this gap with an indirect estimation approach that relates life expectancy at age 

50  50e , a measure of mortality level, with the conditional probability of surviving from age 

50 to ages 100 and older. First, we draw data from the Human Mortality Database for a group 

of sixteen high-longevity countries: Austria, Australia, Canada, Denmark, Sweden, France, 

Italy, Switzerland, Finland, the Netherlands, Norway, Portugal, Spain, the USA, Germany and 

Japan. This set of countries has been used elsewhere (Ho and Preston, 2010; Canudas-Romo 

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

mortality levels at advanced ages. We assume that the age-pattern of mortality of these countries 

is similar to the true pattern in Brazil, despite the different health and socioeconomic contexts. 

The main explanation for this assumption is that the best way to represent mortality patterns at 

very old ages is by drawing data from countries where the vital registration systems are strong 

and a larger number of people survive to extreme ages.  

In Figure 1, we plot the natural logarithm of the conditional probability of survival at age 50 up 

to exact age 100 against life expectancy at age 50 for both men and women, using data for the 

sixteen countries for the years 1900 to 2015 in order to cover a large range of mortality levels. 

There is a clear inverse log-linear relationship (R2=0.85) that also applies to the association 

between 50e  and the survival probabilities from age 50 to each single year of age from 101 to 

110 (results available upon request). Because life table data are unavailable after age 110, we 

use the estimated conditional probability of surviving from age 50 to 110 as proxy for ages 111 

to 115. The coefficients of sex-specific linear regression models fit to the data are statistically 

significant at a level of 0.1% according to the t-student test. 
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Source: author’s own calculation based on Human Mortality 

Database (2016). 

 
Source: author’s own calculation based on Human Mortality 

Database (2016). 

 

As a final step to apply the variable-r method, we take the parameters from the resulting linear 

regression equations and estimates of the mortality levels  50e  in Brazil to calculate the 

corresponding sex-specific survival probabilities from age 50 to ages 100 and older. For the 

years 1960 to 2030, we use the official national and regional estimates of life expectancy at age 

50 prepared by the IBGE (2015). For the years 1900 to 1950, we draw the equivalent life 

expectancy at age 50 from the “West” life table model (Coale and Demeny 1983) selected 

according to existing estimates of life expectancy at birth for Brazil (IBGE 1981, 1990; UN 

2015).   

3. Results  

Table 1 compares the number, prevalence rates and sex ratios for the centenarian populations: 

i) estimated according to the variable-r method, ii) recorded in the Brazilian census, and iii) 

living in Japan and Sweden in selected years when the prevailing levels of mortality  50e  

match those for Brazil. Our indirect estimates indicate that in the first two decades of the 20th 

century there was virtually no centenarian in Brazil. The number of individuals grew very little 

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

chances of a fifty year old to reach ages 100 and older. It would had been only after 1960 that 

the number of centenarians had surpassed 100 individuals. In 2000, the estimated figure was 

finally larger than 1,000, a number that we expect to increase to about 22,000 by 2030, of which 

approximately 17,500 will be women. Over the 130 years period, prevalence rates of 
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centenarians will have increased by about four hundred fold among men and almost 1,000 times 

among women, reaching, respectively, 0.436 and 1.548 per 10,000 in 2030. Adding uncertainty 

to the conditional probabilities of surviving does not change any of these patterns.  

Table 1. Population and prevalence rates of centenarians by sex, Brazil and selected countries, 1900-2030. 

 
Source: author’s own calculation, Human Mortality Database (2016), IBGE- Census Data 1900-2030.  

 

Despite the remarkable increase of the centenarian population, our indirect estimates suggest 

an extensive over-enumeration of Brazilian centenarians in the census records, particularly 

among men.  For example, according to the census data, there were about 4,400 centenarians 

living in Brazil in 1900, from which almost half were men. This population is so large that we 

estimate it could only have existed more than a century later.  The largest absolute difference 

Prevalence Population 
Population CI 

95%
50 p 50 Prevalence Population

Population CI 

95%
50 p 50

Brazil (Census) 1900 2,300 2.047 0,10909 2,800 2.391 0,18311 0,86

Brazil  (Variable - r ) 1900 0,001 1 (0.9;1.1) 0,00005 0,002 1 (1.3;1.5) 0,00011 0,73

Sweden 1847 0,006 1 0,00000 0,006 1 0,00004 1,00

Brazil  (Variable - r ) 1910* 0,001 1 0,00005 0,002 2 (1.9;2.2) 0,00011 0,73

Sweden 1853 0,009 1 (1.3;1.7) 0,00002 0,044 8 0,00021 0,18

Brazil (Census) 1920 1,682 2.597 0,02594 2,717 4.127 0,06331 0,63

Brazil  (Variable - r ) 1920 0,004 6 (5;7) 0,00006 0,005 8 (7;9) 0,00012 0,73

Sweden 1891 0,015 3 0,00018 0,036 9 0,00045 0,38

Brazil  (Variable - r ) 1930* 0,005 11 (9;12) 0,00007 0,008 14 (13;16) 0,00013 0,73

Sweden 1894 0,009 2 0,00016 0,036 9 0,00036 0,22

Brazil (Census) 1940 1,384 2.854 0,02133 2,442 5.035 0,03829 0,57

Brazil  (Variable - r ) 1940 0,005 11 (10;12) 0,00008 0,013 26 (24;28) 0,00020 0,43

Sweden 1900 0,008 2 0,00008 0,031 8 0,00031 0,25

Brazil (Census) 1950 1,269 3.290 0,02006 2,283 6.399 0,05284 0,51

Brazil  (Variable - r ) 1950 0,008 21 (19;23) 0,00013 0,013 35 (33;38) 0,00029 0,59

Sweden 1906 0,012 3 0,00057 0,033 9 0,00122 0,33

Brazil (Census) 1960 1,066 3.200 0,02523 1,665 4.980 0,05768 0,64

Brazil  (Variable - r ) 1960 0,012 36 (30;43) 0,00028 0,021 62 (55;69) 0,00071 0,58

Sweden 1929 0,043 13 0,00048 0,080 25 0,00099 0,52

Japan 1949 0,006 25 0,00032 0,018 72 0,00104 0,35

Brazil (Census) 1970** 2,671 12.568 0,05842 3,254 15.349 0,09103 0,82

Brazil  (Variable - r ) 1970 0,014 68 (58;80) 0,00032 0,037 173 (157;189) 0,00102 0,40

Sweden 1932 0,046 14 0,00073 0,106 33 0,00100 0,42

Japan 1953 0,010 43 0,00013 0,021 91 0,00061 0,47

Brazil (Census) 1980 0,600 3.545 0,01449 1,122 6.705 0,03425 0,53

Brazil  (Variable - r ) 1980 0,017 102 (89;117) 0,00042 0,040 237 (218;258) 0,00121 0,43

Sweden 1933 0,036 11 0,00055 0,083 26 0,00089 0,42

Japan 1962 0,007 34 0,00017 0,026 124 0,00084 0,27

Brazil (Census) 1991 0,643 4.657 0,03232 1,199 8.914 0,06092 0,52

Brazil  (Variable - r ) 1991 0,018 131 (121;143) 0,00091 0,056 413 (389;439) 0,00282 0,32

Sweden 1955 0,042 15 0,00094 0,118 43 0,00204 0,35

Japan 1971 0,019 95 0,00085 0,051 267 0,00298 0,35

Brazil (Census) 2000 1,247 10.423 0,04176 1,641 14.153 0,06179 0,74

Brazil  (Variable - r ) 2000 0,031 260 (241;281) 0,00104 0,107 921 (871;974) 0,00402 0,28

Sweden 1970 0,080 32 0,00206 0,195 78 0,00574 0,41

Japan 1977 0,021 114 0,00156 0,098 562 0,00439 0,20

Brazil (Census) 2010 0,776 7.247 0,02107 1,744 16.989 0,05222 0,43

Brazil  (Variable - r ) 2010 0,095 884 (831;937) 0,00257 0,295 2.876 (2,720;3,041) 0,00884 0,31

Sweden 1974 0,118 48 0,00177 0,301 123 0,00658 0,39

Japan 1984 0,049 284 0,00328 0,180 1.091 0,00932 0,26

Brazil  (Variable - r ) 2020 0,271 2.829 (2,638;3,027) 0,00509 0,867 9.327 (8,761;9,929) 0,01652 0,30

Brazil  (Variable - r ) 2030 0,436 4.784 (4,420;5,167) 0,00810 1,548 17.568 (16,394;18,825) 0,02546 0,27

*  Census has not occurred

Sex Ratio

Male Female
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between population counts and our estimates is in 2000, when the census recorded 23,394 more 

individuals than we estimate indirectly. In 2010, the discrepancies start to reduce as data 

collection improves. 

Table 1 also shows the probability of surviving between ages 50 and 100 by sex and year that 

we used in the variable-r estimations. Because there are large discrepancies between population 

estimates and the census records, we calculate an analogous measure for the census: the implicit 

probability of surviving that would be required to replicate the recorded centenarian population 

in each year. The results suggest that the implicit survival levels in the census should be higher 

than in many low-mortality populations for the historical Brazilian census data to be correct. 

For example, the female survival probability estimated for women in 1980 is only 0.00121, 

whereas the probability implicit in the census data is 28.2 times larger, about 0.0342. In the 

course of more than one hundred years, the mortality levels implicit in the census data have 

remained way above both the international and the estimated levels for Brazil, but there have 

been gradual improvements. By 2010, the ratio of the implicit mortality level in the census and 

our indirect estimate have reduced to approximately 5.9.   

There is an increasing interest on the study of semi-supercentenarians (105-109) and 

supercentenarians (110+) in the literature, and therefore, we present in Table 2 the distribution 

of the estimated centenarian population by age groups. About 95% of the estimated centenarian 

population in Brazil comprises individuals ages 100 to 104. It is very unlikely that a single 

Brazilian centenarian had reached ages above 105 before 1960. Yet, we do not trust our indirect 

estimates at extreme ages entirely, since estimation errors for the variables in equation (1) 

accumulate as we move towards much older ages. Indeed, in the Nordic countries, the 

prevalence rates for supercentenarian women and men are, respectively, 2.1 and less than one 

per thousand centenarians (Skytthe et al. 2010), while our projected estimates indicate rates as 

high as 3.6 for women and 4.3 for men in 2030. Therefore, it is most likely that the current 

supercentenarian population in Brazil includes fewer than ten individuals of both sexes, while 

in 2030 it will comprise not more than 40 people instead of the 85 that we projected.  
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Table 2. Age distribution of the estimated centenarian population  

by sex, Brazil, 1910 to 2030. 

 
Source: author’s own calculation. 

 

The demographic transition in Brazil started earlier in the southern part of the country where 

urbanization and socioeconomic conditions were significantly better. Although mortality and 

fertility levels have been converging throughout the country, life expectancy at age 50 remain 

higher in the southern areas as shown in Table 3. Therefore, it is not surprising that more than 

half of the estimated centenarian population for the years 2000-2030 live in either the south or 

southeast regions. Yet, despite the slightly higher mortality levels in the northeast region than 

in the south, the former comprises twice as much population, which explains the larger 

concentration there in the years 2000 to 2020. Eventually, as the adult mortality transition 

continues, the prevalence rates in the south region become higher than in any other region, 

including the most populous southeast and northeast, attesting the role of survival rates at older 

ages for the evolution of the centenarian population.   

Table 3- Estimated centenarian population by region and sex, Brazil, 2000 to 2030. 

 
Source: author’s own calculation. 

 

 

100-104 105-109 110+ 100-104 105-109 110+

1900 1 0 0 1 0 0

1910 1 0 0 2 0 0

1920 5 1 0 7 0 0

1930 9 1 1 13 1 0

1940 10 1 1 24 1 1

1950 18 2 1 33 2 1

1960 29 3 3 55 4 3

1970 56 6 6 155 11 6

1980 87 8 7 214 15 8

1991 118 9 4 381 25 7

2000 236 17 8 855 54 13

2010 827 46 11 2,695 158 23

2020 2,685 125 19 8,788 492 47

2030 4,571 192 21 16,599 904 64

Male Female

Life 

expectancy 

at age 50

Prevalence 

(per 10,000)

Number of 

Centenarians

Life 

expectancy 

at age 50

Prevalence 

(per 10,000)

Number of 

Centenarians

Life 

expectanc

y at age 50

Prevalence 

(per 10,000)

Number of 

Centenarians

Life 

expectancy 

at age 50

Prevalence 

(per 10,000)

Number of 

Centenarians

Male 23.93 0.032 22 25.83 0.083 68 26.79 0.066 62 27.61 0.125 128

Female 26.84 0.064 41 29.20 0.183 146 30.82 0.183 168 32.02 0.343 347

Male 24.29 0.072 174 25.74 0.155 416 27.00 0.156 443 28.10 0.272 796

Female 28.00 0.159 393 30.02 0.387 1,071 31.80 0.528 1,572 33.08 1.026 3,189

Male 25.27 0.045 27 27.14 0.118 84 28.30 0.118 96 29.26 0.247 223

Female 28.78 0.099 59 30.82 0.259 186 32.41 0.290 240 33.65 0.614 567

Male 24.71 0.043 159 27.35 0.148 600 29.49 0.251 1,096 30.78 0.649 2,955

Female 29.73 0.180 674 32.02 0.485 2,027 33.81 0.917 4,123 35.07 2.195 10,316

Male 24.55 0.029 37 27.63 0.119 166 29.52 0.223 334 30.92 0.673 1,049

Female 29.12 0.115 147 32.12 0.403 572 34.32 0.908 1,389 35.91 2.615 4,197

2020 2030

North

Northeast

Southeast

Region

2000 2010

South

Center-West
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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 by 

threefold between 1960 and 2010, and currently comprises more than 25,000 individuals. 

Whereas it is true that the number of centenarians is increasing, our indirect estimates suggest 

that the rate of growth has been much higher than the one implicit in the census data. On the 

other hand, the estimated population size is probably significantly smaller than the number of 

census records, having increased from fewer than 100 individuals in 1960 to about 3,800 people 

in 2010. The lower rate of growth in the census data is a clear indication of improvements in 

data collection over time. Consistently, sex ratios for the centenarian population in the census 

are also higher than the ratios we estimated indirectly, reinforcing the hypothesis of over-

enumeration of centenarians, particularly men, in the census. Therefore, 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.    

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 for population size at older ages. In addition, we lack robust mortality data at 

advanced ages precluding us to determine the true conditional probabilities of surviving to 

advanced ages. The over-representation of supercentenarians in our estimated populations 

confirm that indirect methods are unable to substitute the process of age validation of extreme 

cases of longevity used in several low-mortality countries. Unfortunately, census, vital and 

administrative records are not integrated in a single database in Brazil, impeding us to perform 

the age validation of the supposed cases.  

Nevertheless, this is the first study to provide a systematic comparison between indirect 

estimates and census records of centenarians for a period longer than a century in Brazil. An 

earlier study had found large inconsistencies between census records and death files at ages 100 

and older in the year 1991 (Gomes and Turra 2012). Here, we have shown that the number of 

centenarians is not only substantially smaller than census records but probably 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 

larger in the census records resulting in artificially lower mortality rates at older ages, as 

preconized by Preston, Elo and Stewart (1999).  
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We expect census data collection at older ages in Brazil to improve over the next decades 

because of compositional effects that will arise from the ongoing educational transition and the 

consolidation of the vital registration systems. Nevertheless, future research should look at the 

consistency of census records at ages younger than 100, for example after age 65, since poor 

data quality is a problem not restricted to the centenarians, and affects our ability to measure 

mortality rates properly among adults at different ages.   
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