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Abstract

This paper proposes a new approach to the measurement of equality of
opportunity in health, based on the path independent Atkinson index of
equality. The proposed decomposition is applied both to the ex-ante and
the ex-post methodologies recently adopted by the literature. The ap-
proach is applied to the measurement of equality of opportunity in health
using ten waves of the British Household Panel Survey. Results confirm
that socioeconomic background is an important factor determining indi-
vidual health in adulthood while the incidence of equality of opportunity is
around one third of the overall equality according to a substantial stable
pattern over years. Our findings also depict that differences in educa-
tion, in social conditions and in the life style are crucial determinants
of the shape of the observed health equalities in adulthood, explaining
how potential differences can be derived by the combination of different
circumstances.
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1 Introduction

There is a large literature on the measurement and the evaluation of inequality
in health. Most of this literature focuses on socioeconomic inequalities in health
and in the delivery of health care, trying to explain observable health inequalities
by differences in factors as living and working conditions, access to health care,
or health-related behaviours (Wagstaff and van Doorslaer, 2000; van Doorslaer
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and Jones, 2003; van Doorslaer and Koolman, 2004; Jones and Lopez, 2004;
Laudicella et al., 2009; Culyer and Wagstaff, 1993; Wildman and Jones, 2008).

The focus on social determinants of health and income-related health in-
equality suggests that an implicit distinction is made between some “illegiti-
mate” inequalities, that policy-makers are more concerned or should be more
concerned about, and other “legitimate” inequalities. As Fleurbaey and Shokkaert
(2009) put it ’the most obvious justification for making this distinction between
legitimate and illegitimate differences is that the former can be attributed to
causes that belong to individual responsibility’. Now, in the last two decades
a large literature has flourished in the fields of social choice which puts the re-
sponsibility principle at centre stage of equity judgements: the so called equality
of opportunity (EOp) literature (see Roemer 1998, Fleurbaey 2008). This liter-
ature originates from a well developed debate in the field of political philosophy
which has emphasized the importance of focusing on inequalities that originate
from circumstances or resources that do not depend on the individual respon-
sibility (see Rawls (1971), Arneson (1989), Cohen (1989), Dworkin (1981a, b)).
These ethical principles have been translated into formal economic models and
are increasingly influential in the debate about the measurement of inequalities
in different fields of social life: the main consequence is that the objects of the
measurement of inequality are less and less the individual achievements and
more the individual opportunities. A range of approaches to measure ‘inequal-
ity of opportunity’ or ‘responsibility sensitive inequality’ have been proposed
and applied in the recent literature, mainly in the context of income inequal-
ity and education: see, among others, Bourguignon et al. (2007), Checchi and
Peragine (2010), Ferreira and Gignoux (2008), Lefranc et al. (2008, 2009), Per-
agine (2002, 2004 a,b), Peragine and Serlenga (2008). For a recent survey, see
Pignataro (2011).

More recently, a number of papers, starting with the seminal contribution
by Fleurbaey and Shokkaert (2009), have tried to link the theoretical framework
developed in the EOp literature with the long lasting tradition in health eco-
nomics on the measurement of social and income related inequalities in health
(see, in particular Rosa Dias, 2009, 2010; Trannoy et al., 2010).

This paper is a contribution in this direction.
We first propose a methodology to measure the unfair inequality (inequality

of opportunity) in health and to decompose overall health inequality into a legit-
imate and an illegitimate component. The methodology is based on a two-step
procedure: first, the actual distribution of individual health status is trans-
formed into an artificial distribution that reflects only and fully the inequality
due to exogenous circumstances such as family background and ethnicity, while
all the effort-based inequality has been removed. As a second step, a measure of
inequality is applied: we exploit the path independent property of the Atkinson
index in order to obtain a suitable decomposition of overall inequality. Follow-
ing the existing literature (see, in particular, Fleurbaey, 2008 and Fleurbaey
and Peragine, 2009), we explore both the ex ante and the ex post approaches
to equality of opportunity.

Then we apply our methodology to measure equality of opportunity in health
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by using ten waves of the British Household Panel Survey. Our results show that
inequality of opportunity accounts for between one third and one half of overall
inequality, according to the specific measurement approach one decides to adopt.
In particular, our results support the idea that social economic background is
an important determinant of individual health achievement in the adulthood,
although individual choices on health related habits play also an important role
in determining individual health in adulthood.

The paper is organized as follows. Section 2 summarizes the EOp theory and
proposes a model to measure inequality of opportunity in health; it also com-
pares our approach with the approaches proposed by Fleurbaey and Shokkaert
(2009); section 3 proposes a methodology, based on the Atkinson index of equal-
ity, to decompose overall inequality into a legitimate and an illegitimate com-
ponent; Section 4 describes the data used in the empirical analysis. Section 5
illustrates the empirical strategy. Section 6 presents and discuss the empirical
results. Section 7 concludes.

2 Measuring inequality of opportunity in health:
the approach

Let us consider a society in which each individual is fully described by two sets
of traits: circumstances beyond individual responsibility, c ,and responsibility
characteristics (or effort), e. Circumstances belong to a finite set {c1, ..., cn} =
Ω, and effort is a scalar belonging to the set Θ = {e1, ..., em}.

The outcome of interest, health in our case, is generated by a function g :
Ω×Θ → R+:

x = g(c, e)

By xi,j we denote the health status of an individual with circumstances ci and
effort ej . Hence, this model excludes the existence of random components1.

Given a distribution of individual outcomesX, we can introduce two different
partitions. The first partition is defined by the circumstances: each group in
this partition is called a ‘type’ and includes all individuals sharing the same
circumstances. Hence, for i = 1, ..., n, type i is the set of individuals with
circumstances ci; the outcome distribution of type i is denoted by xi and µi is
the average outcome of type i. The overall outcome distribution can be written
as X = {x1,x2, ...,xn}. The second partition is defined by effort: each group
in this partition is called a ‘tranche’, and includes all individuals that exerted
the same effort. For all j = 1, ...,m, tranche j is the set of individuals who have
chosen effort ej ; the tranche j outcome distribution is denoted by xj and µj is
the average outcome of tranche j.Therefore the outcome distribution can also
be written as X = {x1,x2, ...,xm}.

Clearly, any inequality measure applied to distribution X, would capture
the overall health inequality in our society. The problem we address is: how

1See Lefranc et al. (2009) for a different model in which there is an additional factor, luck.
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to go from overall inequality to inequality of opportunity for health? And,
possibly, how to decompose the overall inequality into opportunity inequality
and effort-based inequality?

Checchi and Peragine (2005, 2010) and Fleurbaey and Shokkaert (2009) have
proposed a two-step procedure: first, the actual distribution X is transformed
into an artificial distribution (X̃ hereafter) that reflects only and fully the oppor-
tunity inequality in X, while all the effort-based inequality has been removed.
As a second step, a measure of inequality is applied to X̃.

How to construct the artificial distribution X̃? The axiomatic literature on
EOp has shown that the ideal of equality of opportunity can be decomposed
into two distinct ethical principles: the first states that differences in individual
achievements which can be unambiguously attributed to differences in circum-
stances are inequitable and to be compensated by society; this is called the prin-
ciple of compensation. On the other hand, differences of achievements which
can be attributed to effort are equitable and should not be compensated; this
is called the principle of reward.

Hence, Compensation requires that people with the same effort should ob-
tain the same outcome. For, any outcome inequality among them can only be
attributed to the different circumstances. Therefore, outcome inequality among
individuals with the same effort, or outcome inequality within tranches, is an
expression of inequality of opportunity.

On the other hand, the Reward principle states that inequality of outcome
among individuals with the same circumstances, that is inequality of outcome
within types, is fair. Hence a measure of inequality of opportunity in a given
distribution should be independent of the inequality of outcome within types.

By putting together these requirements, we can state that an artificial dis-
tribution consistent with the compensation and the reward principles is a dis-
tribution that:

(i) preserves fully the outcome inequality among individuals with the same
effort;

(ii) does not contain any outcome inequality among individuals with the
same circumstances.

Any inequality measure applied to such distribution would be a measure of
opportunity inequality consistent with both the reward and the compensation
principles.

However, as the social choice literature has shown2, it is impossible to con-
struct such a distribution as soon as the effect of circumstances on outcome is
not independent of the effort. In general, the artificial distribution will violate
either condition (i) or condition (ii). In turn, inequality of opportunity mea-
sures will be either fully consistent with the reward or with the compensation
principle. That is, any measure of opportunity inequality is the product of a
compromise between the compensation and reward principles, where priority is
given either to the former or to the latter.

2This literature started with Bossert (1995) and Fleurbaey (1995). For a recent survey see
Fleurbaey (2008).
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In a recent contributions, Fleurbaey & Schokkaert (2009) have proposed two
artificial distributions, called respectively fairness gap and direct unfairness,
which are respectively fully consistent with the compensation and the reward
principle, while violating the other principle. The first distribution, Fairness
Gap (X̃ FC) is obtained by substituting to each individual outcome xi,j =
g(ci, ej) the difference between such outcome and the outcome that would be
generated by a reference circumstance c̃, given the function g and the effort ej .

On the other hand, the Direct Unfairness distribution (X̃ DU ) is obtained by
substituting, to each individual outcome xi,j = g(ci, ej) the outcome that would
be generated by a reference effort ẽ, given the function g and the circumstances
ci.

Formally3:

• Fairness gap (X̃FG): take c̃ as the reference circumstance. Then x̃i,j =
g(ci, ej)− g(c̃, ej), ∀i ∈ {1, ..., n} and ∀j ∈ {1, ...,m}.

• Direct unfairness (X̃DU ): take ẽ as the reference effort. Then x̃i,j =
g(ci, ẽ), ∀i ∈ {1, ..., n} and ∀j ∈ {1, ...,m}.

It is easy to see that X̃FG is consistent with the principle of compensation,
in fact X̃FG fully accounts for inequality within the tranche as they are made by
the actual outcome minus a reference outcome. On the other hand X̃FG does
not guarantee reward: except in the reference type, where the X̃FG is made of
zeros, the other types do contain some inequality. Hence an inequality measure
applied to distribution X̃ FG would capture such a fair inequality. For all others
ci ̸= c̃, x̃i,j = g(ci, ej) − g(c̃, ej) ̸= g(ci, eh) − g(c̃, eh) = x̃i,h where no unfair
difference should be found within types.

Dually it is immediate to notice that direct unfairness is consistent with
the principle of reward: X̃DU does not contain any inequality within type as
each type is made by replications of the same value of outcome. On the other
hand direct unfairness does not guarantee compensation: X̃DU reflects unfair
distances between individuals in the reference tranche which, because of the non
additive decomposability of g(c, e), necessarily differ from distances in the other
tranches. For at least one ej ̸= ẽ and for at least two i, h ∈ {1, ..., n}, we can

have no inequality in X̃DU (IOp = 0) and g(ci, ej) ̸= g(ch, ej).
In this paper, following Checchi and Peragine (2005, 2010), we propose an

alternative procedure to go from the original distribution X to the artificial
distribution X̃, i.e., from overall to unfair health inequality.

We also propose two definitions of equality of opportunity: ex post and ex
ante, which are respectively fully consistent with the compensation and the re-
ward principle, while violating the other principle. Hence, similarly to direct

3Notice that Fleurbaey and Shokkaert (2009) adopt an absolute, i.e., translation invariant
approach to inequality measurement, while Checchi and Peragine (2005, 2010) adopt a relative,
i.e., scale invariant approach. In this paper we also use a relative approach, which is more
common in inequality analysis. A relative version or the Fairness gap distribution of Fleurbaey

and Shokkaert (2009) would simply be obtained by taking x̃i,j =
g(ci,ej)

g(c̃,ej)
, ∀i ∈ {1, ..., n}

and ∀j ∈ {1, ...,m}.
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unfairness and fairness gap these solutions weaken one of the two principles
focusing on the other4. The first distribution, Ex post (X̃ EP ), is obtained by
substituting to each individual outcome in a given tranche, the ratio between
such outcome and the average outcome of that tranche. This normalization
procedure is intended to remove all inequalities between tranches and to leave
unchanged the inequality within tranches. On the other hand, the Ex ante dis-
tribution5 (X̃ EA) is obtained by substituting, to each individual outcome, the
average outcome of the type she belongs. Such smoothing transformation is
intended to remove all inequality within types. Formally:

• Ex post (X̃EP ): For all j ∈ {1, ...,m} and for all i ∈ {1, ..., n}, x̃i,j =
g(ci,ej)

µj .

• Ex ante (X̃EA): For all j ∈ {1, ...,m} and for all i ∈ {1, ..., n}, x̃i,j = µi.

It is easy to see that ex post is consistent with the principle of compensation:
each tranche is obtained by dividing the actual outcome by the mean outcome
of the tranche, therefore X̃EP accounts for all variability within tranches. On
the other hand it does not guarantee reward: for at least one i and a couple

j, h, x̃i,j =
g(ci,ej)

µj ̸= g(ci,eh)
µh = x̃i,h , while no unfair difference should be found

within types. Dually it is immediate to notice that ex ante is consistent with
the principle of reward: the types of X̃EA are made by replications of the same
outcome and therefore the artificial distribution does not reflect any inequality
within type. On the other hand the X̃EA does not reflects inequality within
tranches and hence it never guarantees consistency with compensation.

Hence, for any inequality index I and any distribution X, we have two dif-
ferent measures of opportunity inequality: the ex post measure, I(X̃EP ),which
is fully consistent with the compensation principle but violates reward; the ex
ante measure, I(X̃EA),which is fully consistent with the reward principle but
violates compensation.

Once the artificial distribution has been constructed, the next step is: which
inequality measure to use? It would be desirable to use an inequality index that
allow to decompose the overall inequality into the legitimate and the illegitimate
components. In the next section we propose a measurement strategy based on
the multiplicative decomposition of the Atkinson index of equality (Atkinson,
1970).

4For a comparison between the ex ante/ex post approach and the direct unfairness/fairness
gap approach see Brunori and Peragine (2011). In fact, Brunori and Peragine show that
ex ante and ex post distributions can be rationalized as the distributions that, while fully
consistent with the reward and compensation principle respectively, minimize the violations
of the principle not fully satisfied.

5We call this approach simply ex ante, although we should qualify it as utilitarian ex ante.
See Fleurbaey and Peragine (2009) for a discussion of the different versions of the ex ante and
ex post approaches and the incompatibilities among them.
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3 Decomposing health equality by the Atkinson
index

The literature on inequality decomposition has investigated the way in which,
for a population partitioned in different groups, it is possible to express the to-
tal inequality in the population as sum of a between-group and a within-group
inequality term. In the seminal works on additively decomposable inequality
measures (see Bourguignon, 1979; Shorrocks, 1980; Cowell, 1980) the between-
group part is obtained as the inequality of a hypothetical distribution in which
each individual outcome is replaced by the mean outcome of the subgroup, while
the within-group component is a weighted sum of the subgroup inequality levels.
The only (relative) inequality measures that meet this additive decomposabil-
ity property - and other additional standard conditions - are the Generalized
Entropy measures. A serious drawback of this decomposition is that the two
components are not independent each other: as long as the weighting scheme
in the within part depend on the average outcome of the groups, it is clear that
changes in the between group inequality can produce modifications not only in
the between-group component but also in the within-group one, notwithstand-
ing there may have been no change in the within-group share6. An alternative
decomposition property, path independence, has been proposed in order to ob-
tain the independence among the between and the within group components:
in the path independence decomposition the within part is obtained by rescal-
ing each outcome by the mean outcome of the sub-group it belongs, so that in
this new standardized distribution all groups have the same mean. Foster and
Shneyerov (2000) have characterized the entire class of path independent mea-
sures and have shown that, the only path independent measure that uses the
arithmetic mean as the representative outcome of each group and that satisfy
the Pigou-Dalton Transfer Principle is the mean log deviation (MLD, hereafter).
This measure has been first applied in the context of inequality of opportunity
by Checchi and Peragine (2005, 2010).

In this paper we keep the concepts of smoothed and standardized distribu-
tions in order to obtain a between and a within component; however, we propose
a different decomposition, based on the Atkinson index of equality, which is a
normatively based index of inequality that explicitly express the degree of in-
equality aversion. Building on results by Lasso de la Vega and Urrutia (2003,
2005, 2008), who characterize the class of path independent multiplicative de-
composable indices, we propose to use the Atkinson index for a specific value
of the inequality aversion parameter, as the only one to be decomposable, path
independent and based on the arithmetic mean.

Consider a distribution of N individuals X = (x1, ..., xN ) partitioned in m
groups, with j ∈ {1, ...,m} , with group j distribution Xj , grand mean µ, group
j mean µj , group j population size Nj and population share pj . The smoothed

6The only additively decomposable measure that has a ”pure” weighting scheme, and hence
does not suffer of this problem, is the mean log deviation (Theil’s second measure).
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distribution associated to X is defined as

XB = {µ11N1 , ..., µm1Nm}

where 1Nj is the unit vector of length Nj . The standardized distribution XW

is obtained by rescaling each outcome in group j, for all groups j, by the group
mean, so that all groups have the same mean outcome:

x → µ

µi
x

The distribution XB exhibits only inequality between groups, while XW only
expresses inequality within groups.

An inequality measure I has a path independent multiplicative decomposi-
tion based on the arithmetic mean (Lasso de la Vega and Urrutia, 2005) if and
only if:

(1− I (X)) = (1− I (XB)) (1− I (XW ))

or equivalently, in terms of equality indices:

E (X) = E (XB)E (XW )

Notice that for a multiplicative path independent index, the within group
term can also be expressed as the product of each subgroup index. That is:

E (XW ) =
m∏
j=1

E
pj

j

Now, the Atkinson index of equality EA for the overall distributions is given
by:

EA (X) =

[
N∏
i=1

xi

] 1
N

µ
(4)

Let EB
A be the between-group component which can be interpreted as the

equality associated with a population of m types:

EA (XB) =

m∏
j=1

(µj)
pj

µ
(5)

We define the Atkinson’s equality index within type-j, Ej as follows:

EA,J = EA (Xj) =

Nj∏
i=1

xji

 1
Nj

µj
(6)
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From eq. (5) and eq. (6), the Atkinson index of equality EA can be further
portrayed into:

EA =

[
N∏
i=1

xi

] 1
N

µ
=

m∏
j=1




Nj∏
i=1

xji


1

Nj

µj
µj



pj

µ
=

m∏
j=1

(Ejµj)
pj

µ
(7)

By construction, the within part of the Atkinson index of equality is defined
as the product of the equality index for each group-j:

EA (XW ) =
EA (X)

EA (XB)
=

m∏
j=1

(Ejµj)
pj

µ

µ
m∏
j=1

(µj)
pj

=

m∏
j=1

E
pj

j (8)

Consequently, it follows that:

EA (X) = EA (XW )EA (XB) (9)

which can be linearly transformed into the following form:

ln(EA) = ln(EA (XW )) + ln(EA (XB)) (10)

where the percentage change of each component is additively decomposable.
The Atkinson index of equality has a very intuitive interpretation, especially

if used within the equality of opportunity framework. First, the multiplicative
property allows us to appraise the impact of marginal changes in a given compo-
nent on the overall distribution. Second, the logarithmic additive translation as
in (10) permits to observe the overall percentage rate of equality change as the
sum of the percentage changes in the within- and the between- schedules. This
manipulation can be very convenient in opportunity egalitarianism to account
for changes in the overall equality in terms of the changes inside the opportu-
nity and responsibility components (within- and between- parts as a function
of the methodologies discussed). Finally, the social preference for equality (of
opportunity) is made explicit in the choice of the inequality aversion parameter.

The decomposition above can be applied both to the ex ante and the ex post
approaches.

3.1 The ex-ante decomposition

The ex ante artificial distribution XEA was defined by replacing each individual
status in X with its type-specific mean µj . Hence, by denoting with 1Nj is the
unit vector of size Nj (the type j population), we have
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XEA =
{
µ11N1

, ..., µj1Nj
, ..., µm1Nm

}
.

Distribution XEA eliminates within-types inequality and preserves only the
between part inequality, which, in the ex-ante approach, reflects the inequality
of opportunity.

Now we can define a standardized distribution XEA
W which is obtained for

each type-i by replacing each individual health x in X with:

x → µ

µi
x

where µ is the overall mean. It eliminates all between-types equality, leaving
only equality within-types which can be interpreted as equality due to individual
effort.

By applying the Atkinson equality index EA, given the path independent
property, the equality of opportunity component, that is the equality in the stan-
dardized distribution, can be obtained residually by the ratio between EA(X)
and EA(X

EA
W ):

EA(X
EA) =

EA(X)

EA(XEA
W )

(11)

Eq. (11) can also be linearly defined as:

ln
[
EA(X

EA)
]
= ln [EA(X)]− ln

[
EA(X

EA
W )

]
3.2 The ex-post decomposition

A dual exercise can be depicted for the ex-post methodology. The artificial
distribution XEP is obtained from the original distribution X by replacing each
individual health x in tranche j with:

x → µ

µj
x

This transformation eliminates all between-tranche inequality, leaving only
inequality within-tranche, which can be interpreted as inequality of opportunity.

Now we can describe a smoothed distribution XEP
B which is obtained by

replacing each individual status x in X with its tranche specific mean µj . Thus,
XEP

B eliminates within-tranche inequality summarizing directly the between
component which in turn, in the ex-post approach, measures the inequality due
to effort.

Again, by applying the Atkinson equality index, the equality of opportu-
nity component can be obtained residually by the ratio between EA(X) and
EA(X

EP
B ):

EA(X
EP ) =

EA(X)

EA(XEP
B )

(12)

Eq. (12) can be linearly transformed as:
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ln
[
EA(X

EP )
]
= ln [EA(X)]− ln

[
EA(X

EP
B )

]

4 Data and descriptive statistics

The BHPS is a longitudinal survey of British households in Great Britain (Eng-
land, Scotland and Wales) plus Northern Ireland, from 1995 to 2005. Descrip-
tive statistics and variable definitions for the final unbalanced panel. Since we
intend to measure the effect of socioeconomic background on the late adult-
hood we consider a sample of individuals older than 55. The total number of
observations and the descriptive statistics are reported in table 1 and 2.

It includes a measure of self-assessed health (SAH). SAH is well known in
the literature on income related health inequality and has been also used as
health indicator in other studies on equality of opportunity in health (see e.g.
Rosa Dias 2009, 2010; and Trannoy et al., 2010). This variable is based on
a simple question asking the respondents to rate their own health on a five
points categorical scale ranging from very poor to excellent health status. For
waves 1995-1998 and 2000-2005, the SAH variable represents “health status over
the last 12 months” and the answer is framed in the following five categories:
excellent, good, fair, poor, very poor. However, for the wave in the 1999 an
additional health questionnaire has been included and the SAH variable in this
case refers to ”general state of health”, with the answer defined by the following
categories: excellent, very good, good, fair, poor. As a result we collapse the
SAH in four categories ranging from ”very poor/poor” to ”very good/excellent”
health. In the sample about 54% of individuals reports at least good health,
and about 15% very poor/poor health status.

Our first interest focus on parental background, i.e., father’s socioeconomic
status (SES) when individual aged 14, used as a proxy of individual circum-
stances. Particularly, BHPS measures father’s social conditions in eighteen cat-
egories with respect to the type of job performed (see tables 1 and 2). In
addition to the father’s SES we also include other variables which are likely to
affect individual health in the adulthood, but are likely to be independent from
the individual level of effort. In particular we include 1) an ethnicity indica-
tor, which equals one if individual is non white; 2) country of birth indicator,
which takes 1 if individual born in the UK, and 3) a health accident indicator,
which equals 1 if the respondent had any (unintentional) kind of accident which
required a doctor or specialist visits.

For what involves the behavioural decisions of people a set of variables has
been included to capture health related individual’s effort. In particular we in-
cluded a smoking indicator, which takes 1 if individual is not currently a smoker.
About 80% of individuals in the sample reports to do not smoke over years. In
addition to this variables we also include the educational level, which takes 1 if
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individual obtains at least an advanced degree plus an economic status indica-
tor, which takes 1 if an individual reports to have a professional or managerial
occupation.

Other demographic factors like age and gender are also included. In partic-
ular the gender indicator takes 1 if the individual reports being a female. In the
sample there are about 56% of female and the mean age is represented by a 68
years old individual.

5 Empirical strategy

In order to apply the ex ante and the ex post methodologies and to decompose
the opportunity egalitarian Atkinson index of equality, we propose for illustra-
tive purposes an application where the outcome variable is the individual health
in the adulthood. Empirically this is implemented in two steps. Since individual
health is not directly observable, in the first step we need to recover an individ-
ual health measure and then in the second step the estimated measure is used
in the decomposition as explained in section 3.

A standard strategy to measure individual health status is to assume that
the responses of SAH status are generated by a corresponding continuous la-
tent variable representing self-perceived health H∗

i , which is determined by in-
dividual circumstances and effort, see eq. (1). However the impact of social
background on health is made of two effects: a direct effect, which captures
how socioeconomic background affects individual health, and an indirect effect
through the influence of circumstances on the characteristics (effort) of the de-
scendant. Therefore to estimate individual health we need to consider and take
into account that it is likely that the proxies for individual effort are correlated
with social and family background. As in Trannoy et al. (2010), our strategy
relies on regressing the effort measures (namely the level of education, the SES
and a no-smoking indicators of the descent) within three separated equations
against the vector of circumstances. For each of these regressions we compute
the residuals, which are then introduced in the health outcome equation.

Let indicate with Educ∗i , SES∗
i and NoSmoke∗i the latent variables repre-

senting respectively the individual education, socioeconomic status and smoking
behaviour. Therefore the model can be written as follows:

Educ∗i = αa
0 + αa

1Genderi + αa
2Agei + αa

3Age2i+

+
18−1∑
k

βa
kSESFather

i (k) + γa
1Ethnicityi + γa

2Countryi + ua
i (13a)
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SES∗
i = αb

0 + αb
1Genderi + αb

2Agei + αb
3Age2i+

+

18−1∑
k

βb
kSESFather

i (k) + γb
1Ethnicityi + γb

2Countryi+

+ αb
4

ˆ
u
a

i + ub
i (13b)

NoSmoke∗i = αc
0 + αc

1Genderi + αc
2Agei + αc

3Age2i+

+
18−1∑
k

βc
kSESFather

i (k) + γc
1Ethnicityi + γc

2Countryi+

+ αc
4

ˆ
u
a

i + αc
5

ˆ
u
b

i + uc
i (13c)

H∗
i = αd

0 + αd
1Genderi + αd

2Agei + αd
3Age2i+

+

18−1∑
k

βd
kSESFather

i (k) + γd
1Ethnicityi + γd

2Countryi + γd
3Accidenti+

+ αd
4

ˆ
u
a

i + αd
5

ˆ
u
b

i + αd
6

ˆ
u
c

i + ud
i (13d)

In the model above equation 13a-13c are estimated with a Probit model,
while equation 13d with a ordered Logit model where the dependent variable

is the SAH status.7 Let also
ˆ
u
a

,
ˆ
u
b

and
ˆ
u
c

be the generalised residuals cor-
responding to the conditional expected value of the residuals given the out-

comes E
(
ua
i /EducHigh

i

)
, E

(
ub
i/SESHigh

i

)
and E (uc

i/NoSmokei) (Gourier-

oux et al., 1987). Clearly to obtain a measure of the individual health status
there are several strategies (van Doorslaer and Jones, 2003; O’Donnell et al..
2008) one can adopt. For example a common approach is to take the linear
prediction of equation (13d) and then use it directly as outcome in the decom-
position. However such as approach would require an arbitrary rescaling since
the proposed decomposition is defined in R+ , while the linear prediction may
not fully accomplish this requirements. Thus, we adopt another strategy which
consists of using the distribution of the predicted probability of reporting at
least a certain category of the SAH status (see e.g. Wagstaff and van Doorslaer,
1994; Trannoy et al., 2010). In particular in our case the reference distribution
is based on the predicted probability of having at least a good or very good SAH

7Since SAH can be affected by unobserved heterogeneity in the self-reported behaviour, we
also test the proportional odds assumption, which is not rejected in our data.
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status. This strategy does not requires any arbitrary rescaling since the prob-
ability distribution is defined in R+ , and then provides a health measurement
which can be directly employed as outcome in the decomposition.

In the second step we proceed with the Atkinson index decomposition. Types
are defined by grouping in a single categorical variable: the SES of father, the
individual ethnic group and country of birthplace and an accident indicator.
Finally tranches are defined by grouping the individual’s SES, education and
a not-smoking indicator. To allow for sampling error, the standard errors of
the Atkinson index decomposition are bootstrapped in each year from the 1995
to the 2005, with independent re-sampling within each of the subgroup types
(tranche). The bootstrap estimates for standard errors are based on 3000 repli-
cations8.

Before discussing the results on the overall level of equality of opportunity,
it is worth to note that any empirical appraisal to the measurement of equal-
ity of opportunity involves the well known issue of partial circumstances. In
fact, a true measure of equality of opportunity would imply the evaluation of
all relevant circumstances. However, this is hard to be implemented with the
most available datasets as they may not contain the desiderated set of proxies.
Recently this issue has been investigated in the health context by Rosa Dias
(2010) who exploited a matrix correlation between individual health measures
and effort variables to study the existence of unobserved factors conditional on
observed circumstance measures. Thus, as usual in the literature and also in our
case, the right interpretation of our estimates should be only in terms of lower-
bound estimates of the actual equality of opportunity that one would obtain in
the case of the inclusion of all relevant circumstances.

6 Results

The estimated coefficients of model 13a-13d for each year are reported in tables
4-9 in the Appendix. A quick glance at the results reveals that a higher fa-
ther’s SES affects positively and significantly both the individual health in the
adulthood as well as the probability of reaching an advanced education, having
a high SES and being a non smoker. Interestingly the estimated coefficients
associated with the generalized residuals for each of these equation are also sig-
nificant at 1% statistical level and are positively associated with the individual
health status9.

8A STATA routine, available from the authors upon request, has been developed to com-
pute the opportunity egalitarian Atkinson index of equality and other inequality of opportu-
nity indexes (e.g. the Mean-Log Deviation and the Gini Opportunity Index). The procedure
provides also the relevant bootstrapped standard error for the computed measures.

9For sensitivity we estimated the model using different specifications. In particular we
also tried to aggregate differently the father’s socioeconomic condition and the other variables
capturing the individual circumstances. However the results either of the model’s estimation
and the decomposition of the Atkinson index do not substantially vary.
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Table 3 reports the decomposition of the Atkinson Index of equality. In par-
ticular it shows the decomposition of the outcome equality into the opportunity
and responsibility profiles for both ex-ante and ex-post methodologies, dissect-
ing on one side the equality within- and between- types and on the other side
the equality between- and within- tranches as commented on section 3. The
level of the overall outcome equality (see eq. 7) seems to be stable along years
around 0.91 and clearly it coincides between the two approaches (see the second
and the sixth columns). Taking into account the multiplicative property of the
Atkinson index, this result suggests that in UK more than 90% of health profile
is equally distributed during the period 1995-2005. Interestingly, taking the in-
verse of this index (1−EA(X)) one can find the more traditional interpretation
corresponding to around 10% of health inequality. This result supports many
empirical studies on health and income-related health inequality developed in
the last decade (see among others Van Doorslaer and Jones, 2003; and Van
Doorslaer and Koolman, 2004).

Let us now consider the decomposition of the overall equality in the health
distribution with respect to the ex-post and ex-ante approaches and distinguish-
ing the within- from the between- components.

Starting by the ex-ante procedure, we measure the equality in health sta-
tus among individuals conditioned to different opportunity sets (circumstances)
as defined above. In this case, the percentage of equality of opportunity (i.e.,
the equality between types EA(X

EA)) refers to the share of the health dis-
tribution which is equal among types. Thus, looking at table 3, we observe
that around 96%-97% of the health profile is equally distributed among circum-
stances. While, the contribution of responsibility is measured by leaving the
individuals totally responsible for their own choice of smoking within each set.
Thus, the equality of responsibility (i.e., the equality within types, EA(X

EA
W ))

corresponds to the percentage described in the fourth column of table 3. In
this case, we observe that the share of health distribution equally distributed
within types is around 93%-94% conditioned by years. Naturally the incidence
of equality of opportunity is given by the percentage share of the overall outcome
equality originated by individual circumstances. We compute the incidence as
the share-ratio between the contribution of the equality of opportunity and the
overall equality linearly defined in the logarithmic form. Our results reported
in the fifth column of table 3 reveals that the share of equality of opportunity
accounts for between one third and one half of the entire equality from 1995
to 2005. These findings suggest that individual social background is substan-
tially important in determining individual health in the adulthood and then
they widely support the policy insight suggested by Rosa Dias (2010). A brief
overview over years indicates that the lowest measure is originated in 2001 with
an incidence of about 32% of equality opportunity. This percentage rises over
the years, while the pick is observed in 1996 when more than half of equality
is due to individual background. Considering the changes in the share for the
ex-ante approach, there is not a clear trend since the incidence falls dramatically
from 42% in 1995 to 34% in 2005 with some rises along the ten years. Note
that this approach is extremely suitable to evaluate the effect of public policy
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devoted to induce equality of opportunity.
The counterpart of the incidence of equality of opportunity (not indicated

in table 3) is guided by the effort component which can be interpreted as the
share of equality determined by individual choices, behaviour or efforts. We
may conclude that the share of equality of responsibility is always higher than
that of equality of opportunity and this results is interesting particularly in
terms of potential target intervention (e.g. smoking ban, providing incentives
for higher educational level, etc). Thus, taking into account that a relatively
limited number of proxies for circumstances is available in the BHPS, our results
can be interpreted as a lower bound estimation of the ‘true’ equality of opportu-
nity and they do not enclose any evaluation of inequality of opportunity (which
should be measured by other indexes). However the estimated share of equality
of opportunity gives an additional insight on the role played by circumstances
in determining individual health in the adulthood, in particular comparing it
with the field of inequality of opportunity as it emerges using the Gini coeffi-
cient by Rosa Dias (2009) and the Erreygers index by Trannoy et al. (2010).
Summing up, in terms of absolute levels, we observe that our estimated equal-
ity measurements are all statistically significant at 5% level and that the overall
equality of opportunity is constant around 96%, while a slight variation (at a
lower level) is noted for the overall equality from 92% in 2001 to 89% in 2005.
Moreover giving a glance at figure 1, one notes that equality of opportunity (in
magenta) and health equality (in red) follow two distinctive patterns indicating
that they depict different features on health distribution (something empirically
confirmed in other context, i.e., earnings, income, also by Bourguignon et al.,
2007 and Pistolesi, 2009).

Finally the last four columns of table 3 report the overall equality decompo-
sition obtained using the ex-post approach. This is measured among individuals
with the same degree of responsibility characteristics. Thus, equality of oppor-
tunity is measured by the equality within tranches (i.e., EA(X

EP ) on eq. (12))
as indicated in the last but one column. In this case around 96%-97% of the
health distribution is equal within tranches. Interestingly for this decomposi-
tion approach the share of equality of opportunity is even higher as compared
with the ex-ante procedure, while the analysis of the incidence of equality of op-
portunity (last column) for the ex-post approach show that differences among
opportunity sets accounts for between 30% and 63% of the health equality dur-
ing these ten years. The lowest measure is discovered now in 1999 while the
highest one is realized in 1996. Also in this case we are not able to find a clear
trend since the discontinues variations of equality of opportunity over years.
The share equality of responsibility (i.e. equality between tranches, EA(X

EP
B )

described in the seventh column) seems to be higher than that of the equality
of opportunity (similar to the ex-ante way) although the differences in absolute
terms between the opportunity and responsibility components are rather atten-
uated. In figure 2 we can observe that the trend between equality of opportunity
(in magenta) and overall health equality (in red) remains dissimilar over years
although differences are heavily reduced with respect to the ex-ante approach.
Figure 3 shows the different pattern of shares obtained by the ex-ante and the
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ex-post methods. This difference accounts for about 5% and the value of equal-
ity of opportunity seems to be constant among the years (around 95%-96%),
while the trend is similar to both procedures. Therefore, our results provide an
important tools to have an insight of the shape of equality in the distribution
of individual health in the adulthood. In addition these tools are suitable to
evaluate the effect of public policy devoted to increase equality among indi-
viduals. Our results indicate that individual health circumstances (e.g. social
background, sex, ethnicity, country of birth, etc.) affect the health distribution,
though the shape is mainly driven by the set of individual responsibilities. This
corroborates the idea that circumstances are crucial determinants of lifestyles
in adulthood influencing substantially individual health.

7 Concluding remarks

In this paper we have proposed a methodology to measure inequality of oppor-
tunity in health and to decompose overall health inequality into a legitimate
and an illegitimate component. The methodology is based on a two-step pro-
cedure: first, the actual distribution of individual health status is transformed
into an artificial distribution that reflects only and fully the inequality due to
exogenous circumstances such as family background and ethnicity, while all the
effort-based inequality is removed. As a second step, a measure of inequality is
applied: we exploited the path independent property of the Atkinson index in
order to obtain a suitable decomposition of overall inequality. Following the ex-
isting literature (see, in particular, Fleurbaey 2008 and Fleurbaey and Peragine,
2009), we explored both the ex ante and the ex post approaches to equality of
opportunity. These approaches captures different normative judgments on eq-
uity and, as we show in the empirical application, they can lead to different
results.

We believe that the decomposition we propose can be extensively used in
the health context where individual health outcome in adulthood is function of
the initial condition and health related lifestyle, which are also likely affected
by circumstances.

We applied our methodology to measure equality of opportunity in health by
using ten waves of the British Household Panel Survey. The empirical results
suggest that the lower bound estimation of equality of opportunity of health
accounts for between one third and one half on the ex ante and ex-post methods,
which seems highly robust and consistent with previous studies.
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Figure 1: The ex-ante approach of Atkinson Decomposition
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Table 1: Descriptive statistics

1995 1996 1997 1998 1999
Self Assessed Health Status 2.650 2.665 2.608 2.546 2.121
Gender 0.561 0.565 0.565 0.566 0.557
Age 68.496 68.590 68.741 68.818 68.446
Advanced Education 0.094 0.098 0.087 0.089 0.102
High Socio Economic Status 0.080 0.081 0.073 0.075 0.076
Non Smoker 0.811 0.813 0.800 0.799 0.794
Father Deceased 0.085 0.085 0.089 0.089 0.090
Unemployed 0.026 0.025 0.029 0.028 0.027
Agricultural 0.039 0.038 0.041 0.039 0.040
Skilled agricultural 0.018 0.017 0.017 0.017 0.021
Farmers 0.024 0.023 0.024 0.024 0.023
Own account 0.043 0.042 0.041 0.042 0.044
Unskilled 0.050 0.052 0.054 0.053 0.058
Semi-skilled manual 0.116 0.115 0.123 0.124 0.143
Skilled manual 0.250 0.246 0.251 0.249 0.241
Foreman manual 0.103 0.106 0.099 0.099 0.097
Junior non-manual 0.042 0.042 0.039 0.040 0.040
Non-manual Foreman 0.020 0.019 0.017 0.017 0.014
Armed forces 0.035 0.037 0.037 0.037 0.034
Office clerks and service workers 0.022 0.020 0.022 0.023 0.021
Prof. self-employed 0.006 0.006 0.006 0.007 0.005
Managers, small 0.013 0.012 0.011 0.011 0.011
Employers 0.058 0.058 0.049 0.051 0.040
Senior managers and professionals 0.051 0.055 0.051 0.051 0.050
Black or other minorities 0.012 0.012 0.011 0.011 0.010
Born outside UK 0.048 0.049 0.048 0.047 0.040
Any accident 0.093 0.088 0.085 0.084 0.089
# of Observations 2227 2246 2831 2885 4175

19



Table 2: Descriptive statistics: continued

2000 2001 2002 2003 2004 2005
Self Assessed Health Status 2.519 2.583 2.591 2.596 2.624 2.631
Gender 0.558 0.558 0.549 0.552 0.556 0.556
Age 68.266 68.173 67.785 67.879 67.864 67.971
Advanced Education 0.110 0.105 0.124 0.129 0.138 0.141
High SES 0.081 0.083 0.098 0.097 0.099 0.100
Non Smoker 0.810 0.812 0.815 0.823 0.824 0.839
Father Deceased 0.088 0.082 0.075 0.074 0.071 0.068
Unemployed 0.027 0.028 0.027 0.028 0.026 0.027
Agricultural 0.038 0.041 0.038 0.036 0.036 0.036
Skilled agricultural 0.021 0.029 0.027 0.026 0.024 0.025
Farmers 0.024 0.045 0.045 0.043 0.042 0.042
Own account 0.045 0.047 0.044 0.043 0.045 0.044
Unskilled 0.057 0.067 0.065 0.064 0.066 0.065
Semi-skilled manual 0.138 0.128 0.126 0.125 0.123 0.122
Skilled manual 0.238 0.226 0.225 0.227 0.229 0.231
Foreman manual 0.102 0.095 0.101 0.105 0.103 0.103
Junior non-manual 0.041 0.039 0.040 0.041 0.043 0.045
Non-manual Foreman 0.016 0.015 0.019 0.018 0.020 0.020
Armed forces 0.037 0.038 0.040 0.040 0.039 0.039
Office clerks and service workers 0.021 0.018 0.020 0.020 0.019 0.019
Prof. self-employed 0.006 0.005 0.006 0.006 0.007 0.008
Managers, small 0.010 0.012 0.014 0.014 0.014 0.015
Employers 0.039 0.040 0.043 0.043 0.043 0.043
Senior managers and professionals 0.052 0.044 0.047 0.046 0.049 0.049
Black or other minorities 0.011 0.009 0.011 0.012 0.012 0.012
Born outside UK 0.040 0.042 0.045 0.046 0.047 0.048
Any accident 0.078 0.077 0.081 0.072 0.076 0.076
# of Observations 4139 5091 4503 4466 4332 4254
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