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Introduction
There is evidence in all regions of the world, even in most high-income countries with
comprehensive and affordable health care systems in place, which suggests that health and
survival are strongly associated with income, wealth, education and type of occupation.
Numerous analyses confirm for instance the existence of substantial mortality advantages for
better educated and wealthier individuals over others [1–6]. Particularly in times of increasing
social inequalities in all OECD countries [7–9], the association between social position and
structural inequalities with respect to health measures leads to concerning conclusions for
future population health [10]. An increasing body of research is dedicated to explaining and
projecting such health inequalities and in turn leads to an increasing need for unified
measurement strategies and comparability. Aiming to fill part of this void, we introduce a data
model which, in each setting, combines information from various data sources in order to assess
persisting or prospective health inequalities within a population. Given the growing accessibility
and use of administratively produced data, the model is specifically adapted to population
register data. Examples are based on data sources covering the Spanish population but not
limited to it. This report on the data model for combined analysis of inequalities in health is
structured in three main parts. In the first part, the occurrence and development of structural
social inequalities as most prominent but least desirable underlying cause for health inequity
are described. We try to explain how different socioeconomic aspects can be related to health
on an individual and population level. The second part is centered around health as central
concept of analysis of health inequalities. We aim to highlight the potential pitfalls of working
with this highly dimensional and shifting concept in relation to population science. The
concluding part is a description of our data model as an attempt to structure the assessment of
health inequalities with population registers.

Measuring social inequalities to predict health
There are countless possible pathways to explain why individuals or groups are healthier
than others. The largest part of the occurring disparities at an individual level can probably be
traced back to variations in genetic predisposition, the involvement in accidents, and behavioral
aspects regarding diet, smoking, and risk adversity. From the perspective of public health
research, however, a simple aggregation of these measures is not sufficient for the
comprehension of patterns and structural differences which need to be understood to provide
large-scale interventions. Apart from the direct effects we need to ask how underlying factors
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lead to the aforementioned patterns which often emerge based on existing socioeconomic
differences. Wealthier and higher educated people tend on average to be healthier and can
expect to live longer than their less wealthy and less educated counterparts. This indirect
association between the socioeconomic position and the physical and mental wellbeing can be
understood as the central concern of the research on health inequalities. Moreover,
understanding and analyzing this relationship seems to be crucial regarding predictions and
action on various social spheres, including the assurance of a certain degree of social fairness
and the efficiency of public health interventions.

Although health and socioeconomic position can be related within a theoretical
framework as, for instance, by the absolute and relative income hypothesis [see 11, 12],
quantifying and comparing structural social inequalities often requires a sophisticated
operationalization to avoid numerous pitfalls [8]. On the one hand, researchers face the problem
that data on socioeconomic position is time dependent on at least two different scales. While
temporally varying macroeconomic developments like recessions or boom periods affect price
levels, salaries, and labor market demands, the occurrence and timing of particular life course
events, like the birth of a child or the completion of a degree, has substantial impact on the
socioeconomic position of individuals and is interrelated with the macro-level development. In
order to make general statements or well-founded predictions, such dynamic requires the
availability of time series data or retrospective data. Given that the individual socioeconomic
status is not static in time, it might be necessary to account for biographical trends and common
life course trajectories. Although there appear to be geographical differences, two macro
hypotheses have emerged which attempt to broadly describe and generalize trajectories of
social inequalities and structural disparities in health over the life course. While the
accumulation theory suggests that members of lower socioeconomic groups in contrast to more
affluent and wealthier individuals accumulate relative disadvantages over time, the
convergence-divergence hypothesis argues that socioeconomically based health inequalities
might peak at early old age before they are balanced by social security and retirement payments
[13, 14].

If time series and individual level information are available on the other hand, one still
faces the challenge of the relative arbitrary decision of choosing a set of threshold values.
Therefore, it will be necessary to decide how to define who is poor and who is not? Furthermore,
it requires to make the rather difficult distinction between inequality which might be desirable
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as a kind of economic incentive and inequality which is the result of structural disadvantages.
Making these decisions is often not easy and requires a careful assessment of different aspects
of validity. Regarding health inequalities, the big theoretical question is centered around the
possible outcomes of experienced social inequality on an individuals’ or a groups health, often
over substantial periods of time. Consequently, social inequalities functions as explanatory
concept for existing inequalities in various health and mortality measures. On the other hand, it
can be argued that the state of health determines your access to education and the job market,
an endogenous relationship which has be controlled for if one assumes that health inequalities
emerge from social inequalities [15].

Health – Assessing a multi-factorial concept
The quantitative research on inequalities in health and mortality plays an important role
in the understanding and quantification of macro developments which not only address the
aspects of social fairness but support policy planning in fields like the estimation of the future
care load or urban planning of health facilities. While estimating and measuring mortality is the
bread and butter of demographers, health can often only be measured through absence, or in
other words the occurrence of a health problem, or in another indirect fashion. It is surprisingly
difficult to decide between healthy and unhealthy in the first place. While self-assessed general
well-being is often used as a relatively economical approximate the overall health status of an
individual, the application of newer and more objective measures revealed that differences in
self-assessed health seem to exaggerate actual inequalities and regional disparities within and
between countries [16, 17].

Health measures which are aggregated on a population level like incidence or
prevalence rates can be obtained from various open data sources including the WHO website,
the most accurate way to assess socioeconomically based inequalities in health status is
arguably to apply individual, longitudinal data. It might not be the only way but these data type
allows for disease trajectories and a linkage to socioeconomic information. Even if we assume
such data is available, there are further challenges ahead the road for the research on health
inequalities. Among those are the lack of medical knowledge, missing information on comorbidity, and the sensitivity of individual health data [18].
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Nevertheless, there is guidance and several useful tools like the International
Classification of Diseases (ICD), an internationally accepted guideline for coding and grouping
morbidity and mortality statistics, which eleventh revision is about to be released soon [19]. The
increasing accessibility to administratively collected morbidity data and the linking of various
register-based data bases further increases the possibilities to estimate inequalities in health
and the association with socioeconomic disadvantages.

The data model for the combined analysis of health inequalities
To analyze the association between two highly dimensional concepts like socioeconomic
position and health inequalities, it will be necessary to consider and discover various allies which
potentially contribute to the explanation of a macro-situation. In an attempt to account for the
above-mentioned pitfalls and difficulties, we developed a data model for the combined analysis
of health inequalities with different population registers based on an example applied to a
register-based longitudinal population dataset, the Base de Datos Longitudinal de Población de
Andalucía (BDLPA). This highly integrated, relational data infrastructure, provided by the
Institute of Statistics and Cartography of Andalusia, probably offers more opportunities for
assessing different areas of population health and environmental impact than most available
data sets. This will, however, offer us the possibility to create a more complex and adaptable
model which can then be reduced based on the available data structure of a prospective user. If
particular information cannot be assessed, one can use a related, parallel ally to link the two
constructs or analyze a part of the underlying association. We are aware what the model,
depicted in figure 1 in the appendix, can do. It does not give a universal answer to the, as above
mentioned, highly complex relationship of the two multi-dimensional constructs. Our data
model can be rather understood as a suggestion how to approach the analysis of health
inequalities given the availability of data sources, which are in the best case linkable.

Accounting for time trends and trajectories is essential for individual level assessment
of such an association. Health problems as well as socioeconomic disadvantages can accumulate
over a life time. At the same time, there are several hypotheses which stress the importance of
early life events and therefore put more weight on this period.
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