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Mortality

Gross Mortality Rate (TBM)

• What is the death risk of a person in a certain year? 

– Relation : total deaths/ total population in a year (j)

– TBM:

• Which population ? 

– JAN:  would exclude new births, the weights for survivals can not be the same 
as the ones that will die;

– DEZ: would exclude people that died along the year; the ones born along the 
year did not have the same death risk.

– IDEAL: “person-year” 

• People presented from the beginning till the end of the year  integral

• The born/dead  along the year  fraction of the year alive 

Pj = Population time j

Oj = n deaths time j



Gross Mortality Rate (TBM)

Instead of the ideal (person-Year) 

• Mid-year Total Population  considering uniformity  of births and deaths
(or any 12 consecutuive months)

• n deaths/1000 inhabitants

• Depends on: 

– Intensity of deaths at each age range 

– different probability / age range            Population Age Distribution 

Mortality



Mortality

Specific Death Rate (TEM)

• Death risk / age range 

• Rate:           Total of deaths for an specific age range

Total population for the specific age rage

• TBM & TEM ?
(Gross and Specific Mortality?)

x = lower age limit of the age range;

n = amplitude of the are range;

j = reference year

Q x,j = Population at age range  x, at time j



Mortality

Specific Death Rate (TEM)

• Death risk / age range 

• Rate:           Total of deaths for an specific age range

Total population for the specific age rage

• TBM & TEM relation:

x = lower age limit of the age range;

n = amplitude of the are range;

j = reference year

Q x,j = Population at age range  x, at time j



Mortality

• Total of Deaths in a year:

• TBM:

• Weighted average of specific mortality / age rates, or:

• TBM  - depend on the intesity (nTEMx,j) and proportional age distribution

 Population with similar TEMs   can have distinct  TBMs , right?



Mortality

A
B

If :           TEM (A) > TEM (B) for every age:  
 then: mortality (A)   >  mortality (B) !   

HOWEVER....
depending on proportional population age distributions...
TBM(A) can be smaller than TBM(B) !!!

CONCLUDING: 
TBM - is not a good indicator for analyzing mortality levels among different populations              

(unless age structures are similar)

Specif Rates  are more adequate for comparisons.  
And can be extended to other variables that influence the risk of dying: 
sex, marital status, causes of death, socioeconomic groups, etc.

vsConsidering Pop A   and Pop B :



Mortality

Infant Mortality Rate (TMI)

• Corresponds to the risk of a live-born die before reaching one year of age. 

(Includes the idea of a Probability )

Children born in an year (j), will only complete one year of age in the following 
year, (j + 1)

 Infant mortality (in a calendar year) will occur along two 
consecutive years, j and j + 1.

 It would take 2 years to calculate the TMI of the live births of j !!!!

N = n of live-born; 

1Oo
(nj) = deaths of children younger than 1 year, born in time j;

j ,  j + 1 = observation years



Mortality

Infant Mortality Rate (TMI)

• Corresponds to the risk of a live-born die before reaching one year of age. 

- Subject to underregistration, depending on the quality of the vital statistics system in the 
region in question, corrections may be required to have a more reliable indicator

- It can be taken as a measure of probability.

TMI 0TEM. 

- Differences in Denominator:

- TMI = live-born along one year 

- 0TEM = Population younger than 1 year old,  in mid-year



Mortality
Infant Mortality Rate (TMI)

Numerator = children < 1y

- unequal distribution of deaths in this interval:

Situations:

Pop with low infant mortality  &  deaths concentrated in 
the first weeks of life 

- due to genetic causes and / or related to childbirth

Pop with high infant mortality  & deaths less
concentrated in the first weeks of life 

- linked to environmental conditions such as 
sanitation, nutrition, etc.

To Differentiate them…..



Mortality
Infant Mortality Rate (TMI)

Neonatal Mortality Rate (TMN)

Ratio between:

deaths occurring within the first 4 weeks of life 

(less than 28 days of age)   

number of births

Postnatal Mortality Rate (TMPN)

Ratio  between:

deaths of children from 28 days to one year of life 

number of births



Mortality
Infant Mortality Rate (TMI)
Infant Mortality in Brazil - 2000 - 29.0 deaths/1000 live births

2013 - 15.0 deaths/1000 live births, (-48.2%)
2016 - 13.3

(2013) Regional inequalities:  NE (19.4), N (19.2) and CO (15.6);  SE(11.6) and S (10.4);
extreme values: Maranhão (24.7) and Santa Catarina (10.1)
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Fonte: IBGE, Projeção da População do Brasil, por Sexo e Idade, para o Período 2000/2060, Revisão 2013, e 
Projeção da População das Unidades da Federação, por Sexo e Idade, para o Período 2000/2030, Revisão 2013.



Mortality

Life expectancy at a given age(x) -> e0
x

Indicator that is a summary measure

It is not affected by the age structure of the population (TBM x TEM  remember ??)

 average number of years that an individual will live from that age; 

 considering the level and structure of mortality by age observed in that population.

e0
x = 50      You will survive 50y, in average !?

(if mortality / age range were maintained)

Calculates from a  life-table survival  

(tabela de sobrevivência; tábua de mortalidade; tábua de vida)

( )

Coorte = a group of people who have in common an event that occurred in the same period. 

Ex: cohort of people born in the 2002 World CUP, cohort of people who entered the first series in 2001, cohort of married 
people who entered at PGINPE in 2018.

Stationary Population = population in each unit of time, n of births  = n of deaths



Mortality
Life expectancy at a given age(x) -> e0

x

• To get    e0
x 

– Take a coorte of birth in a specific year;

– Follow it till the extinguishment, taking note of the time living for each person;

– Calculate the average life time of individuals in the coorte

This is a  survival table of a cohort or actual generation  need  long series of good quality death statistics 
(European populations).

Usual:  

– to submit hypothetical cohort of newborns to the experience of mortality;

– (TEMs) from a real pop of the year and follow it until the death of the last 
individual.

Or 

consider a stationary population



Mortality
Life expectancy at a given age(x) -> e0

x

• To get    e0
x 

submit hypothetical cohort of newborns to experience mortality      OR 
consider a stationary population.

From Survival Tables, or LIFE Table:

life expectancies are obtained, which allow comparisons of mortality 
levels among different populations.

Life expectancy at e0
x (unlike TBM):

do not depend on the age structure of the actual populations under 
study, but only on their mortality.



Mortality
Life Table

n = amplitude  of the class 
interval

Nqx = Death´s Probability of  
I of age x die before 
completing x + n

Probability of death of the I of 
age x die before completing 
x + n

What is the probability that 
a 10-year-old woman  
die before she is 15? 

R: 0.00195

qx = dx /Ix

N deaths  x/pop age x



Mortality
Life Table

n = amplitude  of the class 
interval



Mortality
Life Table
I = survivals

lx = Hypothetical Cohort 

Number of survivors at the age x, 
from an initial cohort (10 = 
100,000 births), depending on 

nqx of the table.

How many women from the initial 
cohort (of 100,000 women) 
will survive (with this life table) 
at the age of 10 years ?

R: 94,506

lx = Stationary Population: 

N of people reaching age x every 
year

How many women complete 50y  
each year ?

R: 87,026



Mortality
Life Table

d = n deaths

ndx = Hypothetical Cohort 

Number of deaths between the ages x 
and x + n of survivors of the cohort of 
age x.

How many surviving women of the age 
of 15 will die before their 20th birthday? 

R: 306

ndx = Stationary Population: 

N of deaths that occurs every year from 
people between  age x and x + n.

How many women between the ages of 
40 and 45 die each year ? 

R: 1,679



Mortality
Life Table
L = “age-time”

nLx = Hypothetical Cohort 

Time to be lived by the cohort survivors 
at age x, between this age and the 
beginning of the next age group. It is the 
number of person-years between the 
ages x and x + n

Survivors aged 15 years together will 
live 470,845 years in the next 5 years

nLx = Stationary Population : 

N of persons with age x to x + n or the 
population of the age group at which 
time

At any time, the number of women aged 
40 to 45 years is 451,283



Mortality
Life Table
L = “age-time”

nLx = n (lx+n + nax * ndx)

In this case: nax = 0.5 for x>=4 ...

5L15 = 5 (94016+ 0.5* 306)

nLx = n (lx+n + nax * ndx)

For x<5, nax varies according to the 
level of mortality. 

• 1a0 in populations with low 
mortality, as in the example, is 
estimated as 0.10. In 
underdeveloped populations 1a0 

can increase up to 0.3; 

• 4a1, generally estimated = 0.40. 

• For Brazilian data from the 1990s, it 
is reasonable to use 1a 0 = 0.2

• In this exemple: 1a0 = 0.19336



Mortality
Life Table
T = “age-time to the end”

ou

Tx = = Hypothetical Cohort 
Time to be lived from the age 
cohort x until this cohort is 
extinguished.

Survivors of the age of 15 years 
together will live 5,689,540 years 
until the last one has died

lx = Stationary Population : 

N of people of age x or more.

At any time, the number of women 
over 40 is 3,361,904



Mortality
Life Table
ex

0 = is the life expectancy. 

Average number of years of life 
expected from age x.

ex
0 = Tx / lx

The life expectancy of 15-year-
old women is 60.32 years

The life expectancy of 40-year-
old women is 36.91 years.



Mortality
Life Table
nPx+n = Proportion of a certain age 
group that will survive n years 
(Survival Rate)

nPx+n = nLx+n / nLx

Or

Average probability of people in 
group x to x + n surviving for n more 
years

The average Prob of a woman 
between 15 and 20 years to survive 
from 1985 to 1988 is 0.99621

The average P of a woman between 
40 and 45 years surviving from 1985 
to 1988 is 0.97745

(Based on mortality level in BH –
1983)



Mortality Table projected for 2016

Mortality Table projected for 2016 – reference July 1, 2015 comes from a 
projection of mortality from the mortality table built for the year 2010, 

+ data population of the Demographic Census 2010,estimates based on the same census survey and 
notifications and official records of deaths by sex and age.

Results:

Life expectancy of 75.8 years for the total population by 2016

- increase of 3 months and 11 days to the estimated for 2015 (75.5 years).

Male population = 72.2 years

increase of 3 months and 18 days to the estimated for 2015 (71.9 years).

Female population = 79.4 years

increase of 3 months and 7 days to the estimated for 2015 (79.1 years).

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2015/tabua_de_mortalidade_analise.pdf

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2015/tabua_de_mortalidade_analise.pdf


ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf



ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_analise.pdf



ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2015/tabua_de_mortalidade_analise.pdf



ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf



Male over-mortality

Male over-mortality: It is the quotient of the central rate of male mortality by the female in 
each age range (x, x + n). Provides the number of times a man of age x has a chance of not 
reaching the age x + n, than a woman.

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf



Infant Mortality (%o) / UF

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf



Life Expectancy / UF

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf



Life Expectancy / 
UF

ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf

Os maiores diferenciais de 
mortalidade por sexo refletem os altos 
níveis de mortalidade de jovens e 
adultos  jovens  por  causas  violentas,  
que  incidem  diretamente  nas  
magnitudes  das  esperanças  de  vida  
ao nascer da população masculina. 
A maior diferença entre as 
expectativas de vida de homens e 
mulheres foi no  Estado de Alagoas, 
9,5 anos a favor das mulheres, 
seguido da Bahia, 9,2 anos e Sergipe, 
8,4 anos (Gráfico 7). 



ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf

The higher sex-mortality differentials reflect the high levels of mortality among young people and young adults due to 
violent causes that directly affect the magnitudes of life expectancy at birth in the male population.
The largest difference between the life expectancy of men and women was in the State of Alagoas, 9.5 years in favor of 
women, followed by Bahia, 9.2 years and Sergipe, 8.4 years (Graph 7).

Life Expectancy / UF



ftp://ftp.ibge.gov.br/Tabuas_Completas_de_Mortalidade/Tabuas_Completas_de_Mortalidade_2016/tabua_de_mortalidade_2016_analise.pdf

Comparing 1940 x 2016

In 1940, an individual completing 50 years had a life expectancy of 19.1 years, living on average 69.1 years. With the mortality in this period, a 
single 50-year-old in 2016 would have a life expectancy of 30.3 years, expecting to live on average up to 80.3 years, that is, 11.3 years longer 
than an individual of the same age in 1940.
The highest life expectancy at birth for both sexes was found between countries in 2015, belongs to Japan, 83.7 years, followed closely by 
Italy, Singapore and Switzerland, all in the 83 years .





Mortality
BR Life Expectancy/ sex / Region (IBGE, 2009)



Mortality
BR Life Expectancy/ Region (IBGE, 2009)



Mortality
Life Expectancy by Continent (IBGE, 2014)

"Life expectancy at birth is another indicator of mortality, related to the living and health conditions of the population, and 
expresses the average number of years of life a newborn is expected to live by maintaining the observed mortality pattern 
in the period.
In 2000, life expectancy at birth for Brazilians was 69.8 years, to 74.8 years in 2013. "

In the world context, 
(UN) life expectancy 
at birth is 70.0 years 
in the period 
2010/2015.

The life expectancy of 
Brazilians (74.8 years) 
was very close to that 
estimated for Latin 
America and the 
Caribbean (74.7 
years), and 
substantially above 
the indicator 
estimate for the less 
developed regions 
(68.3 years).



https://www.un.org/development/desa/publications/graphic/wpp2017-global-life-expectancy



https://esa.un.org/unpd/wpp/Graphs/DemographicProfiles/



http://www.geoba.se/population.php?pc=world&type=015&year=2018&st=crworld&asde=d&page=2



Article discussion

1. Summary

2. Important subjects

3. Caveats

Population TFT (The Economist)

https://www.youtube.com/watch?v=0CNC_VJ11CM

Population x CC (The Gardian)

https://www.youtube.com/watch?v=SxbprYyjyyU

UN Population Division

• World Population Prospects 2017 (https://esa.un.org/unpd/wpp/)

https://www.youtube.com/watch?v=0CNC_VJ11CM
https://www.youtube.com/watch?v=SxbprYyjyyU


Population Size – previous class

• Results:

– Annual Growth Rate    (r = 0.0117, ou 1,17 %a.a.)

– Valor intercensitário para 2007

• P2007 = P2000 (1 +r) t   184.210.802

• 183 987 291 recenseados

– Se mantida esta taxa de crescimento,

em quanto tempo a população duplicaria

T2 = 60 anos


