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Abstract
The connection between education and mortality has already been widely analysed. And the
idea of including the level of education among the main demographic dimensions is not new. At
the same time, the availability of data concerning the stratification of mortality according to level
of education is rare and often limited to developed countries and recent years. Considering the
interplay between mortality and education, the focus up to this point has mainly been on how
education, often seen as a proxy for socio-economic status, affects life choices and habits and
thus, indirectly, mortality. When mortality has been considered directly, the focus has been more
on life expectancy in specific countries and for specific ages, without engaging in a systematic
study with a broad geographical and temporal spectrum. Leaving aside the education dimension
and focusing on the use of Bayesian models for estimating mortality rates, the focal point has been
primarily on predicting future mortality rates and not on reconstructing past ones. In this paper
we propose a mortality-specific model that is able to combine patchy data in order to produce
estimates of past mortality curves according to the level of education. The proposed model is
a hierarchical Bayesian model that uses data on known mortality age schedules by education
attainment and combines them with data from DHS to produce age, sex and education-specific
mortality curves. The model is applied in a case study for the female population of Turkey.
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Introduction

Although the connection between mortality and educational attainment has already been extensively analysed both globally (Pradhan et al. 2017, Gakidou et al. 2010, Byhoff et al. 2017) and
at national (Montez et al. 2012, M. et al. 2015) and intra-national levels (Sasson et al. 2019), the
availability of data concerning this connection remains very limited. Only a few institutions collect
this kind of data and the collection is usually limited to Europe and relatively recent periods (last
10 years).

Figure 1: The number of available life tables in the Eurostat database, without and with educational attainment attribute.
When the level of education is taken into account, the studies concerning past years focus
on understanding the role of education as an indicator for the socio-economic status, as an alternative of occupation (Davey Smith et al. 1998, Luy et al. 2019) or together with it (Luy et al.
2011). Other works have mainly dealt indirectly with this connection, analysing individual causes
of death and the differences in their incidence according to level of education in specific countries
(Malamud et al. 2018, Clark et al. 2013, Tjepkema et al. 2012). Differently, in this work we aim at
developing a mortality specific model which combines data from different sources and that allows
us to account for possible inaccuracies and biases in the input parameters. A Bayesian model
is the most natural answer given our needs. Specifically, we modified and adapted the Bayesian
hierarchical model proposed by Alexander et al. 2017 by defining sub-populations as the different levels of education within the same nation. Moreover, for the construction of the inputs we
used data form the Eurostat data base (life expectancy by age, sex and educational attainment)
and from DHS (infant mortality by mother’s education). In the following paragraphs we describe
the model and some preliminary results for the female population in Turkey, which was selected
because of the availability of data both in the Eurostat and DHS databases.

2
2.1

Methodology
The model

The model is improving on Alexander et al. 2017 and aims at estimating mortality rates by sex, age
and educational attainment. The model was implemented using the software R. Using the package
rjags we performed the sampling from the posterior distribution directly in the R environment but
exploiting the JAGS software computational structure.
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The deaths counts at age x, time t and for the educational attainment e are assumed to be
Poisson distributed
yx,e,t ∼ P oisson(Px,e,t · mx,e,t )

(1)

Where mx,e,t is the mortality rate for the same specifications and Px,e,t the population size.
The log-mortality rates are modelled as combination of the first three principal components
(Yj,x ) of the set of age and sex specific mortality curves (which depends on the modelled country)
and a random effect. The principal components are meant to create the underlying structure,
the regional mortality curve which is going to be additionally shaped for the different educational
attainment.
mx,e,t = β1,e,t · Y1,x + β2,e,t · Y2,x + β3,e,t · Y3,x + ux,e,t

(2)

Where the weights are modelled as
βi,e,t ∼ N (µi,t , σx2 )

(3)

ux,e,t ∼ N (0, σx2 )

(4)

and the random component

And finally the components of the weights
µβi,t ∼ N (2 · µβi,t−1 − µβi,t−2 , σµ2 β )

(5)

σβi,t ∼ U (0, 40)

(6)

σµ2 β

(7)

i,t

i,t

∼ U (0, 40)

σx ∼ U (0, 40)

(8)

Besides the definition of prior and posteriors, the key step for this model is the definition of the
inputs. In particular, given the scarcity of data we mentioned in the introduction, the estimation of
the inputs is a fundamental step of the modelling section.

2.2

The inputs construction

The needed inputs for the model are the population sizes by educational attainment (which can
be inferred from the Wittgenstein Center Data Explorer) and the mortality rates, both specified
by sex, age and educational attainment. For this first application we geographically restricted
the study to Europe. For the construction of the mortality rates, starting from the infant mortality
by mother’s education (got from DHS), we began from the age, sex and education specific logmortality rates which we could infer from the Eurostat data base 1 . In Figure 2 and in the rest
of the text we indicate with lower, middle and higher the education categories which correspond
respectively to the ISCED11 categories from 0 to 2, from 3 to 4 and from 5 to 8.

1 To

construct the life tables from the life expectancy we utilised the algorithm from Sauerberg 2021
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Figure 2: The log-mortality rates from Eurostat.
When looking at this graph, it became clear that the usual methods for constructing whole life
tables from minimum inputs (Clark 2016, Wilmoth et al. 2012, Clark et al. 2011) were not suitable
for our case. This is due to the priority we put in representing the different profiles that are
modelled by the different educational attainments. We have therefore developed an alternative
method for the construction of mortality curves which we will use as inputs for the Bayesian
procedure.
Since our focus is on the differentiation of age schedules according to the level of education,
we decided to opt for a rather direct method that meets our needs. We relied on log-returns2 of
the mortality rates.

Figure 3: The log-returns from Eurostat.
These, shown in Figure 3, are used to construct an entire mortality curve from an initial input
(e.g. infant mortality) on the assumption that the level of education of the mother is the character2 for

a general time series Xt , logrett =

log(Xt )
log(Xt−1 )
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istic that allows us to differentiate the curves according to education at all ages. This assumption
is confirmed by its coherence with the procedure followed by Eurostat for the definition of life expectancy by age sex and educational attainment and by the consistent evidences that parents’
education predicts children’s education outcomes (Eccles 2005, Ludeke et al. 2020, Dubow et al.
2009) and that maternal schooling plays a key role in determining children’s chances of survival
(Kiross et al. 2019, Li et al. 2010, Green et al. 2019, Caldwell et al. 1982, Mandal et al. 2019).
Imposing that the age-schedules for the different sex/education categories correspond to those
shown in Figure 3, we are able to create mortality curves that are sex and education specific.
These, together with the population sizes properly grouped by the Wittgenstein Center Data Explorer allow us to use the model described above to reconstruct sex age and education specific
log-mortality rates.
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Preliminary Results

We now show some preliminary results that we developed for the female population in Turkey.
To arrive at this results we followed the scheme summarized in Figure 4: first of all we used
the infant mortality by mother’s education from the DHS waves that are available for Turkey and
extracted the values. At this point we used the log returns shown in Figure 3 (for the female case)
and constructed mortality curves (without using all the inputs in order to allow more freedom
in structuring the model). At this point we extracted the necessary population values from the
Wittgenstein center data explorer and calculated the principal components from a collection of
mortality curves representing the European, North African and West Asian regions in order to
guarantee a backbone to the model that is representative (and at the same time flexible) of the
specific case we proposed to study.
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DHS waves
Turkey

Inputs:
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Bayesian model
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Figure 4: The log-returns from Eurostat.
In Figure 5 we report the result of the reconstruction for the year 2011. In the figure are reported the 99% c.i. and the median values (solid black lines), moreover the colored dots represent
the real values coming from the Eurostat data base.
As we can see, the results obtained are quite promising. Apart from the higher education
category, for which corrections are still necessary, almost all values from the Eurostat data base
are contained in the 99% c.i.
What is important to note is that the inputs used in the reconstruction were constructed by
combining infant mortality from DHS, log-returns from the Eruostat database and population sizes
from the Wittgenstein Center Data Explorer. The principal components were obtained from a
collection of UN and Turkstat life tables. in the light of this, we can say that we have made full use
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Figure 5: The log(mx ) estimations for Turkey 2011.
of the possibility of using data from different sources, which is extremely advantageous given the
scarcity of data that we have mentioned.
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Future Research

Starting from the structure we have set out, we propose to extend our study to different regions,
trying to make full use of all possible sources of data that can link mortality and education levels. The wide variety of countries involved in surveys such as DHS allow us to have a very large
catchment area for our modelling both geographically and temporally. We also aim to explore
possible technical improvements to the model in terms of both flexibility and performance. The
development of this idea would lead to an innovative model for the reconstruction of mortality
rates, differentiated by sex, age and level of education. The limited requirements for the development of the inputs respond optimally to the lack of data found when analysing the connection
between mortality and education during the 20th century.
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