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ABSTRACT

Objective Examining the power (ability) of classical epidemiological estimators to rate
inequality in health in univariate and composite ways.
Methods Ecological study. Ratio, excess risk, attributable risk (AR) and relative difference
were the estimators used for showing disparities; all of them were weighted by
population size. Kappa concordance coefficient was used between weighted estimators
and weighted Gini coefficients for each health outcome used. Cumulative variance at
first factor in principal component analysis was used for determining the estimators’
suitability for use in a composite index. 24 high-income OECD (Organisation for
Economical Cooperation and Development) countries’ data for 1998-2002 were
included. Such data was obtained from OECD health data for 2004 (3rd edition). Data
concerning child mortality and gross domestic product (GDP) was obtained from
World Development Indicators for 2005 on CD-ROM.The main outcomes compared
amongst countries were: maternal mortality, child mortality, infant mortality, low birth-
weight, life-expectancy, measles’ immunisation and DTP immunisation.
Results Ratio and AR ranked maternal mortality as being the condition having the
most disparity; risk excess ranked vaccination programmes and relative difference
ranked low birth-weight as being the worst conditions. There was concordance in the
ranking of inequities amongst ratio, AR and Gini coefficients (p<0.05). Cumulative
variance in the first factor was higher for ratio and AR when they were used for
constructing a composite index.
Conclusions Ratio and AR were better than risk excess and relative difference for
measuring disparities in health and constructing composite inequity in health indexes.

Key Words: Health status indicator, world health, health inequality, developed
country (source, MeSH, NLM).
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RESUMEN

Objetivo Evaluar la capacidad de la Razón (R), exceso de riesgo (ER), fracción
atribuible (FA) y diferencia relativa (DR) para medir las desigualdades en salud.
Metodos Estudio ecológico. Se ponderó por el tamaño de la población. La concor-
dancia por indicador entre estimadores y coeficiente de Gini (Gini) se evaluó con
coeficiente Kappa. La varianza acumulada en el primer factor (análisis de compo-
nentes principales) fue utilizada para evaluar la capacidad de los estimadores
para ser utilizados en un índice compuesto. 24 Países de Alto Ingreso (según
Banco Mundial) entre 1998 y 2002, fueron incluidos. Los datos se obtuvieron del
OECD Health Data, 2004 y del World Development Indicators-2005. Los indicadores
comparados entre los países fueron: Mortalidad materna, mortalidad en niños
menores de 5 años, mortalidad infantil, bajo peso al nacer, expectativa de vida al
nacer, inmunización contra sarampión y contra DTP.
Resultados R y FA posicionaron la mortalidad materna como la condición de
mayor disparidad, ER posicionó los programas de vacunación y DR posicionó el
bajo peso al nacer como la peor condición. Hubo concordancia en el posiciona-
miento de las desigualdades entre R, FA y Gini (p<0.05). La varianza acumulada
en el primer factor fue mayor para R y FA, cuando ellos se utilizaron para construir
un indicador compuesto.
Conclusiones R y la FA atribuible son mejores que el ER y la DR para medir
desigualdades en salud entre países y para construir un indicador de inequidad
en salud compuesto.

Palabras Clave: Indicadores de salud, salud mundial, desigualdades en la salud,
países desarrollados (Fuente: DeCS, BIREME)

thereby allowing researchers to know how a condition (especially money) is
distributed amongst a particular population. Other authors have used this
methodology for estimating concentration curves and index (2-8). The discussion
about how to measure equity in health is still ongoing. However, equity and equity-
in-health should be considered when countries make interventions and especially
interventions in health.

This work was aimed at examining classical epidemiological estimators’
ability to rate inequality-in-health (in univariate and composite ways) in countries
having low expected inequality in health given the existence of such
epidemiological estimators and considering that they can be used to show
differences in populations.

nequality in health has existed and been tolerated within and between
countries for many years (1). The problem of overall inequity has been
measured using indicators such as the Gini Coefficient and Lorenz CurveI
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METHODOLOGY

This was an ecological study. Seven general health or general disease indicators
were included (six of them suggested in the Millennium Development Goals) (9).
The indicators used were: maternal mortality (per 100,000 live births), child
mortality (per 1,000 children), infant mortality (per 1,000 live births), low birth-
weight (percentage of all live births), life-expectancy (years at birth), measles
immunisation (percentage of children immunised) and DTP immunisation (% of
children immunised). The epidemiological estimators used to show disparities
were: ratio, risk excess, AR and relative difference. The latter method was taken
from the methodology used for estimating the variables used to construct the
Human Development Index (HDI) (10) which we used for validating two indicators
of economic and health gaps (11). Twenty-four high-income OECD (Organisation
for Economical Cooperation and Development) countries, so classified by the
World Bank, were selected. Data was obtained from OECD health data 2004
(3rd edition) (12); 1998 to 2002 were the years selected. Data regarding child
mortality and gross domestic product (GDP) were obtained from the 2005 World
Development Indicators on CD-ROM (13). In some cases, blank spaces had to
be filled in with data from the previous year. In the case of maternal mortality
ratio, a value of 1 per 100,000 live births was assigned as minimum because the
value 0 (Iceland) produced error when dividing by zero.

Defining epidemiological measurements

Risk ratio (RR) is defined as the probability of developing a disease in people
exposed to it compared to that of non-exposed people (14). It was estimated as
RR=country rate/lowest country rate in case of negative outcomes and
RR=country rate/best country rate in case of positive outcomes.

Excess risk (ER) is an absolute measurement of risk (sometimes called risk
difference). It was estimated as ER=country rate-lowest country rate for negative
outcomes or ER=highest country rate-country rate for positive outcomes.

Attributable fraction (AR) is defined as being the amount or proportion of
disease incidence which could be attributed to specific exposure, meaning
actually living in each country studied and not in countries having the best
indicators. It is a relative risk measurement (14,15). Each country was
considered as being exposed and the country having the lowest rate was
considered to be the non-exposed group. The formula used was AR=((country
rate-lowest rate)/country rate)*100 for negative outcomes and AR=(highest
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country rate-country rate)/highest country rate for positive outcomes.
Equation (5) was used for positive outcomes such as immunisation coverage
or life-expectancy. Interpreting these results implied that “living in the target
country increased the risk of not being covered, or of having lower life-
expectancy, compared to the best country in the region.”

Relative difference to total difference ratio (RD) is a relative measurement
of risk in which the ratio is established by using the absolute difference
between the best and worst countries being compared. RD is estimated as:
RD=(country rate–lowest country rate)/(highest country rate–lowest country
rate)*100 in case of negative outcomes and RD=(highest country rate–
country rate)/( highest country rate–lowest country rate)*100 for positive
outcomes.

All epidemiological measurements were adjusted for population size
(weighted) and a summary estimation was made for each of them (summarised
and weighted estimator - SWE) using the following equation: SWE=∑(crude
estimations per country)* (n/N), where n is the respective country’s population
and N is total OECD countries’ population for that respective year. A
consistency test (Kappa) was used for evaluating agreement between positions
of inequity estimated by SWE and Gini coefficients. Gini coefficients for life-
expectancy were estimated using the cumulative percentage of years
expected to be lived at birth with the cumulative percentage of births in the
same year, based on previous work (16). Gini coefficients were based on
Schneider et al., (5). Principal component analysis (PCA) was used for
determining which SWE had the highest variance represented in the first
factor (CV1) and cut-off point (CV). Kaiser’s eigenvalue rule and Cattell’s
scree test were used for defining the cut-off point. In cases where they
disagreed, the cut-off point was selected using the factor nearest to one.
PCA was done with weighted and non-weighted measurements. Some
components did not have normal distribution (maternal mortality ratio for
1998, 199, 2000, 2001 and measles immunisation coverage for 1998); we
therefore preferred to use the median and 95% confidence interval (CI).
The database was constructed and Gini coefficients and Lorenz curves
estimated using Excel (17). STATA version 8.1 was used for statistical analysis.

RESULTS

The countries included had between 78 % and 79 % of the world’s GDP, expressed
in constant dollars for 2000, and 57 % to 54 % when this was based on GDP



7Eslava - Epidemiological estimators

adjusted for parity of purchasing power (PPP). When the median was used,
child mortality rate was the only indicator which showed a stable tendency
throughout the five-year study period (Table 1). All other indicators oscillated in
both median value and 95 %CI. However, some countries were in worse positions
than the 95 %CI’s lower or higher limits, depending on whether the indicator was
negative or positive. For example, countries like Belgium, France, Denmark,
Korea, Luxembourg and the Netherlands had maternal mortality ratio values
higher than 7.9 for 1998 (between 8.6 and 20). A similar situation happened for
the other years and indicators. Table 2 gives the best and worst indicators for
OECD countries.

The Gini coefficients did not reveal unequal GDP distribution amongst
OECD countries (at constant 2000 values); the tendency improved between
1998 and 2002, being 0.1452, 0.1396, 0.1420, 0.1371 and 0.1359, respectively.
Maternal mortality revealed higher inequality when it was measured using
Gini coefficients during the study period. The other Gini coefficients for the
health indicators tested did not reveal any inequity in outcome distribution
(Tables 3a, 3b).

Table 1. Exploratory analysis of variables selected
High-income OECD countries, 1998-2002

Source: OECD Health Data, 2004. Data of Child mortality were taken from World Development Indicators,
2005, World Bank

The results for each population size-weighted epidemiological estimator
are shown in Tables 3a and 3b. Maternal mortality occupied the top position
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for inequality amongst the variables selected when using the ratio for
measuring inequality in OECD countries.

Table 2. Best and worst indicators in high-income OECD Countries in five
conditions of health and two of health promotion, 1998-2002

Source: OECD Health Data, 2004. Child mortality data was taken from World Development Indicators,
2005, World Bank

By contrast, inequality in vaccination programme coverage amongst OECD
countries became more important when ER was used, maternal mortality
being placed in the lowest position. Maternal mortality assumed the highest
inequality of all when AR was used, followed by infant and child mortality.
Maternal mortality assumed a middle position amongst all variables when
RD was used, low birth-weight being in first place followed by infant and
child mortality and life-expectancy at birth (i.e. using absolute or relative
indicators led to a different ordering of some aspects considered to have
more inequality than others).



9Eslava - Epidemiological estimators

Inequality was more evident in negative outcomes when only relative
measurements were used. However, the results using RD were different
from those obtained when using ratio or AR. There was agreement in ran-
king inequality amongst the different health outcomes studied in terms of
ratio, AR and Gini coefficient (p<0.05), as can be seen in Tables 3a and 3b.

Table 3a. Weighted epidemiological estimators in five conditions of
health and in two health promotion programmes in high-income

OECD Countries, 1998-2002

Source: OECD Health Data. 2004. Child mortality data was taken from World Development
Indicators, 2005, World Bank

PCA showed that cumulative variance estimated in first factor (CV1)
and global cumulated variance (CV) at cut-off point were higher in all weighted
estimators compared to non-weighted estimators (Table 4). CV1 was the
highest estimator for ratio and AR. AR had the highest cumulative variance
for non-weighted estimators at first factor and the highest cumulative variance
at cut-off point. However, differences in global cumulative variance were
very slight.
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Table 3b. Weighted epidemiological estimators in two health promotion
programmes in high-income OECD countries, 1998-2002

Source: Estimated from OECD Health Data, 2004. Data for estimating child mortality was taken
from World Development Indicators, 2005, World Bank

Table 4. Epidemiological estimators’ cumulated variance at first factor and
cut-off point for high-income OECD countries, 1998-2002

DISCUSSIÓN

Equity-in-health in this study has been assumed to be, “equal outcomes or results
in health in equal populations,” based on Tawney, Shiell and Le Grand’s arguments
about using results or outcomes when evaluating inequality (18-20). It does not
matter how investment in health (vertical or horizontal) is made. Put simply,
people do not have to die because they are women, poor, richer, black or live in a
different geographical region. The existence of countries having rates, ratios or
coverage outside the expected median confidence interval limits suggests a
substantial difference between them, respecting those distributed within the
confidence interval. However, the size of disparity in health within OECD countries
could not be shown with just these results. In other words, showing that there are
countries in extreme positions (or outliers) is not enough to show the magnitude
of disparity in the region where the studied countries are located, nor would just
using the worst value o show the greatest disparity as it would not reflect real
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disparity size. The existence of individual disparities justified the need for SWE
measurement of each indicator’s overall disparity within the countries being studied.
SWE per se reflected inequality-in-health in each indicator used in high-income
OECD countries. Maternal mortality presented an SWE-ratio higher than 7.0,
meaning that the ratio between each group of countries and the best of them all
was 7 to 1. Child mortality inequality which could be explained by the differences
between countries was between 52 % and 58 % (Tables 3a, 3b). However,
maternal mortality ratio alone or just the child mortality rate cannot show the
level of total inequality-in-health existing in these countries. When a composite is
going to be made for measuring inequality then SWE should be used as the
construct for such composite. SWE ratio and SWE AR ranked the indicators
included in the study in almost the same positions as the Gini coefficient ranked
them. By contrast, ER and RD did not agree with each other or with the other
measurements used.

The next step in this study was to evaluate the estimators’ pattern when they
were used together in a composite. We used the CV1 and CV explained by each
SWE. The best results were returned for SWE ratios and SWE ARs in this
study, little difference being seen between them. Another study has used this
methodology for comparing four scales’ behaviour in measuring inequalities in
health, also using variance in the first factor for selecting the best socioeconomic
status index (21).

Though ER and RD were similar mathematically, their results should be
interpreted in a different way. In fact, PCA results show that using ratios better
explains CV1 than using AR. The ratio has the disadvantage that division by zero
can happen whilst this cannot occur with AR. RD also has the disadvantage of
producing results depending on changes in both numerator and denominator. RD
could thus make estimations comparable between countries during the same
period; however, it was not useful when comparisons were made between periods
because, the gap between the best and worst country could increase (denominator)
and the country being studied would stay at the same level. RD would become
reduced in this case because the denominator had increased. Comparisons made
during the same period would thus be credible, but not so between periods. This
was reflected in this study by low birth-weight RD; while the prevalence of
children’s low birth-weight generally went up, it went down when RD were
applied (Tables 1 and 3). Epidemiological estimators are known and used by
almost everybody, but not usually for measuring inequality. Keppel et al., have
presented a good review about their use in health disparity, but they did not adopt
a final position concerning which of them was the best for measuring inequality
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(22). This paper provides the reader with two additional elements which have not
been considered before: epidemiological estimators’ ability to show and rank
disparity in health compared to Gini coefficients when used in a scenario regarding
countries where lower (or zero) disparity is expected from them, plus their ability
to show total variance when they are going to be used as a “composite.”

This study’s results suggested using ratios and ARs for estimating disparity in
health, given that they agreed with Gini coefficients in ranking inequality and
better represented total variance when they were added together. AR and ratios
showed better cumulative variance than the other estimators, though each one
had high cumulative variance in the first factor when they were weighted. It is
also strongly recommended (as usually suggested in epidemiology) weighting
summary measurements in cases of measuring populations’ disparities-in-health.
Keppel et al., have suggested the use of weighted or non-weighted measurements,
assuming that non-weighted values imply that what is important is the group
itself, regardless of its share of the population, and weighting offers a population-
based perspective on disparity (22). Several authors have written about how to
measure disparity and disparities in health (22-24). However, all these proposals
were intended to quantify equity in the fields of access, use or income. Keppel et
al., (22) have proposed a way for measuring AR which is opposed to the formula
which we have used. They used the reference point as denominator in cases in
which the reference point was presumed to be lower than the point of interest,
calling it “percentage difference” (PD), using the following equation: PD= (rate
of interest–reference point)/(reference point)*100 (22). It is highly probable that
differences greater than 100 % will be produced because of the denominator’s
size. High-income OECD countries were selected because disparity in this kind
of country is expected to be small. Even though weighted differences were
“slight” there were important disparities between them. It is worrying that the
maternal mortality ratio increased from 7.22 to 7.45 during the period being studied
or that AR were higher than 80 %, meaning that such percentage could be
attributed to being from a country different to the country having the lowest
maternal mortality ratio. Other authors have shown disparities between countries.
For instance, Houweling et al., have studied the relationship between income
and child mortality (21,25). Arntzen has studied its relationship with infant mortality
in Nordic countries (26).

This study revealed a better pattern for relative estimators (ratio and AR)
regarding the amount of variance which they could explain when all SWEs were
brought together in a composite. They also agreed with Gini coefficients in ranking
inequity, being better than Gini coefficients because they amplified disparity size
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compared to Gini coefficients and were able to show greater disparity where
Gini coefficients showed less disparity. Regarding maternal mortality, inequality
shown by Gini coefficients was 0,21 to 0,25 whilst using ratio gave 7,2 to 7,48 and
AR ranged from 81 % to 83 %. The same could be said for low birth-weight in
which Gini coefficients had nearly perfect equality (0.092 to 0.095) whilst ratios
were between 1,83 and 2,14 and AR ranged from 43,1 % to 51,5 %. ARs and
ratios could also be more easily used for making a bi-dimensional composite, as
in the example developed in this study, something which could not be done with
Gini coefficients because these are per se bi-dimensional estimators of an area
under the Lorenz curve whilst ratio and AR are one-dimensional estimators.

We did not want to validate SWEs joined in an inequality-in-health estimator
because we wanted first to prove which SWE measurements could best estimate
inequality and which would work better when added to others regarding the
same condition. This methodology can only be applied to making comparisons
between countries which effectively measure their health status through these
indicators. It is true that poor countries do not measure their health status (27)
and that these indicators do not reflect the real state of inequity around the world.
Just like other ecological studies, this study could lead to an ecologic fallacy in the
sense that the observations made have not been linked to individuals but to
countries.

We would thus recommend using relative estimators for measuring inequality
in health because they better represent variance in the summary measurements
built with them, amongst them being the AR and ratio. Even though a new
inequality-in-health indicator constructed as a composite of SWEs can be built
using the suggested methodology, it should always be fully validated before being
used ♣♣♣♣♣
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