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ON MEASURING AND EXPLAINING SOCIOECONOMIC

POLARIZATION IN HEALTH WITH AN APPLICATION TO

FRENCH DATA

by Bénédicte H. Apouey*

University of South Florida

This paper proposes two original measures of socioeconomic polarization, in order to quantify phe-
nomena that are not always taken into account by social inequality measures. Our approach is inspired
by the literature on bivariate inequality (the concentration index) and univariate polarization. Like the
concentration index, our social polarization measures can be easily computed thanks to a “convenient”
regression and decomposed into their determinants. Moreover changes in polarization can also be
decomposed into their causes. The paper also provides an empirical illustration of our methods for the
probability of reporting excellent or very good health, using cross-sectional data on French women.
The findings suggest that after 65 years of age, social polarization in this probability decreases whereas
social inequality remains stable. Consequently social polarization conveys additional information to
that contained in the concentration index.

1. Introduction

Reducing health inequalities between the poor and the better-off and analyz-
ing their causes are two objectives of health policies. This explains why the mea-
surement of income-related dispersion in health and the decomposition of
measures into factors are crucial.

The standard measurement tool is a bivariate measure of inequality, the
concentration index, which was first introduced by Wagstaff et al. (1989). It mea-
sures the difference between the observed distribution of health and income in
which health and income are positively correlated, and a hypothetical distribution
in which an individual’s health and his income are independent. This index has
now become a standard measurement tool in the economic literature on inequality
in health.

However empirical analyses may suggest that this inequality tool does not
always give an adequate picture of polarization phenomena. For example, the
bivariate density of health—more precisely the probability of reporting excellent
or very good health—and income suggests a polarization phenomenon for French
women between 45 and 64 years of age, followed by a depolarization phenomenon
after 65. This means that we observe first the formation of two distinct peaks, one
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being made of the wealthier and healthier, and the second one consisting of the
poorer and less healthy, and then the concentration of the distribution in one single
pole. The point is that the traditional inequality measure does not decrease when
depolarization occurs. This finding demonstrates that some aspects of variables’
dispersion are not conveyed by inequality measures and that polarization mea-
sures may be a good complement.

As a consequence in this paper we highlight the need for a socioeconomic
polarization measure in the health field using a sample of French women, and
develop an original tool to quantify social polarization. We also show that our
polarization measures can be easily computed using a “convenient” regression and
decomposed into factors, which enables us to explain polarization.

The paper is organized as follows. Section 2 summarizes the measurement
methodology on inequalities in the health literature. Section 3 contains our main
theoretical results, since we propose our indices of social polarization, show that
they can be easily computed, and develop a decomposition to unravel the causes of
polarization. Section 4 contains the empirical illustration: we highlight the useful-
ness of our measures when the inequality measure fails and then analyze the
evolution of social polarization with age for French women. Section 5 concludes.

2. Health Inequalities

This section contains a summary of the inequality tools used in the health field.
Our intention is first to highlight a way to derive a social dispersion measure

from an overall dispersion index. Indeed in the literature on health inequalities two
distinct strands are evident (Wagstaff and Van Doorslaer, 2004). The first one is a
univariate setting that analyzes overall or pure health inequalities. In this approach
all inequalities in health are measured, irrespective of the social characteristics of
the individuals. This first approach is quite rare in the literature since most
researchers consider that it is not dispersion in health which is interesting, but
income-related dispersion in health. The second strand is a bivariate or social
approach, in which the relationship between socioeconomic characteristics (such
as income) and health is taken into account. As the reader will see in what follows,
the difference between the univariate and the bivariate inequality measures is that
for the univariate measure individuals are ranked by health levels, beginning with
the least healthy, whereas for the bivariate measure individuals are ranked by
income, beginning with the poorest. Section 3 makes clear that we also use this
simple change in the ranking of individuals to derive our bivariate polarization
measure from a well-known univariate polarization index.

The second goal of this section is to present the properties of the bivariate
inequality measure because we took inspiration from them to develop a polariza-
tion index with “good” properties. Indeed the bivariate inequality measure can be
easily computed thanks to a “convenient” regression and decomposed into the
inequalities’ causes. As shown in Section 3, our social polarization measures satisfy
very similar properties.

In the rest of the paper, we assume without loss of generality that there are n
individuals and that n is odd.
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2.1. From Overall to Social Inequalities for Health

In the univariate approach, we assume that individuals are ordered by
increasing health. So if we denote yi the positive health of the i-th individual, then
the vector of health is y = (y1, . . . , yn) with y1 � . . . � yn. The traditional measure
of overall health inequalities is the Gini index for health (Wagstaff et al., 1991)
which is equal to:

G y n( ) ℜ → [ ]+: ,0 1

G y
ny

y Ri y i
i

( ) = −∑2
1,

with y the mean health and Ry,i the relative rank of individual i: R
i

ny i, =
−2 1

2
.

In the bivariate approach, income-related health inequalities are measured
using the concentration index for health. Here for the calculation of the relative
rank, individuals are ranked according to income unlike in the univariate setting:
rank 1 is given to the poorest individual and rank n to the wealthiest individual. So
if we denote wi the positive income of the i-th individual, then the vector of health
statuses and incomes are y = (y1, . . . , yn) and w = (w1, . . . , wn) with w1 � . . . � wn.
The concentration index is defined as:

C y w n, : ,( ) ℜ → −[ ]+
2 1 1

C y w
ny

y Ri w i
i

n

, ,( ) = −
=
∑2

1
1

where Rw,i is the relative rank of individual i, R
i

nw i, =
−2 1

2
.

C(y, w) lies between -1 and 1. It decreases as health inequalities favor more
the poorer members of society, and increases as health inequalities favor more the
richer individuals.

2.2. Computation of Social Health Inequalities

The concentration index can be estimated thanks to a regression (Kakwani
et al., 1997):

2 2σ α γR
i

w i iw

y
y

R u= + +,

where σRw

2 is the variance of the relative rank and a is the intercept term.
Simple calculations show that the estimator γ̂ is equal to the concentration

index:

C y w, .( ) = γ̂
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2.3. Decomposition of Social Health Inequalities

In order to understand the causes of social health inequalities, the concentra-
tion index can be decomposed into factors (Wagstaff et al., 2003). Thus if health is
explained by a number of factors xk using an additive function:

y xi x ki
k

ik
= + +∑α β ε

then decomposition is given by:

C y w
x

y
C x w

GC
y

x k
k

k

k, ,( ) = ( ) +∑
β

ε(1)

where xk denotes the mean of xk, C(xk, w) is the concentration index for xk, and

GC is a generalized concentration index for ei, GC
n

Ri w i
i

n

ε ε=
=
∑2

1
, .

Equation (1) underlines that social inequalities are due to two components.

The first component
βx k

k
k

k
x

y
C x w,( )∑ is an explained component. It is equal to a

weighted sum of concentration indices of factors xk, where the weights are the
elasticities of y with respect to xk evaluated at the mean ( y xk, ). Moreover the
presence of C(xk, w) in the decomposition indicates that a factor xk has an effect on
health distribution across income levels only if it is itself unequally distributed

across income levels. The second component of equation (1),
GC

y
ε , is an unex-

plained component or a residual.
This decomposition method has become very common in health economics

(Van Doorslaer and Jones, 2003; Wagstaff et al., 2003; Van Doorslaer and
Koolman, 2004).

3. Health Polarization

Up to now dispersion in health has been measured using inequality tools only.
However some aspects of dispersion are not captured by inequality measures.
Indeed assume that a sample of individuals is made up of two groups: first,
individuals whose income is smaller than the median income and whose health is
poor; and second, individuals whose income is greater than or equal to the median
income and whose health is good. Local equalizations of health differences among
the two groups will decrease social inequality,1 but they will also lead to two better
defined groups and so these equalizations will increase polarization between the
groups. This difference between the evolution of inequality and polarization high-
lights that inequality and polarization are distinct concepts.

This theoretical argument in favor of the use of polarization measures to
complement inequality measures is reinforced by mere observation of data. Indeed

1When the social inequality measure satisfies a transfer principle.
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they sometimes highlight the emergence of two poles in distributions (see Section
4). Such phenomena are more naturally handled with polarization tools than with
inequality measures.

This section thus presents our social polarization measures and contains the
main results of the paper.

3.1. Overall Health Polarization

Overall polarization can be quantified using a number of measures (see
Deutsch et al., 2007). Among them we concentrate on Wolfson’s index (1994) and
we apply it to the health vector. We thus assume that individuals are ranked
according to their health level, and that the population is divided into two groups
by the median health value. Then the index is defined as:

P y n( ) ℜ → [ ]+: ,0 1

P y
y

m y
L G y( ) =

( )
− ( )( ) − ( )[ ]2

2 0 5 0 5. .(2)

where m(y) denotes the median health and L(0.5) is the value of the Lorenz curve
for health at the 50th population percentile.

The index lies between 0 and 1. When the index is equal to zero then all
individuals have the same health level. This absence of polarization coincides with
perfect equality. When polarization is maximum, P = 1, then one half of the
population has the lowest health (y = 0) whereas half of the population has excel-
lent health.

Rodríguez and Salas (2003) give an interesting interpretation of this index:

P y
y

m y
G y G yB W( ) =

( )
( ) − ( )( )2

where GB and GW are respectively the between-groups and the within-groups Gini
indices.

So P is proportional to the difference between the between-group Gini and the
within-group Gini. As a consequence a decrease of inequalities among the groups
implies a rise of polarization. In other words P satisfies the “increased bipolarity
axiom” developed by Wang and Tsui (2000). Rodríguez and Salas (2003) also
show that it satisfies the “increased spread axiom.”

3.2. The Social Polarization Measure for Health

The difference between the traditional overall and social inequality measures
used in the health field is the ranking of individuals. We thus propose to create our
bivariate polarization measures by re-ordering individuals by income (instead of
health). Since we are interested in polarization, we also assume that there are two
groups (or poles):
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• The first group contains individuals whose income is strictly smaller than

the median income. So the ranks of these individuals go from 1 to n −1
2

.

• The second group is made of individuals whose income is greater than or
equal to the median income. In this group the ranks of individuals go from
n +1

2
to n.

We then quantify income-related health polarization using Wolfson’s index
and a modified Wolfson’s index for this new distribution. Our indices of social
health polarization are defined as:

Definition 1.

SP y w n
1

2, :( ) ℜ →ℜ+

SP y w
y

m
L C y w

y
y w1

2
2 0 5 0 5, . . ,,( ) = − ( )( ) − ( )[ ](3)

SP y w n
2

2 1 1, : ,( ) ℜ → −[ ]+

SP y w L C y wy w2 2 0 5 0 5, . . ,,( ) = − ( )( ) − ( )(4)

where my is the health of the individual with the median income and Ly,w(0.5) is the
concentration curve for health evaluated at the 50th percentile.

SP1 and SP2 are minimum (SP
y

my
1

2= − and SP2 = -1) when the health of the

individuals from the richer group is poor (yi = 0 for i
n

n= +1
2

, . . . , ), whereas the

health of the individuals from the poorer group is excellent. On the contrary

polarization is maximum (SP
y

my
1

2= and SP2 = 1) when the health of the indivi-

duals from the poorer group is poor (yi = 0 for i
n= −

1
1

2
, . . . , ), whereas that of the

individuals from the richer group is excellent.
The use of Wolfson’s index in a bivariate perspective is all the more pertinent

as the indices we get have an intuitive interpretation and satisfy a number of
interesting properties. First, social polarization indices can be interpreted as a
function of the difference between social inequality between the groups and social
inequality within the groups. To highlight this, we need to introduce a new notation.

Let yM be a modified health vector such that in the two groups individual
health is replaced by the group mean health:

y
n

y i
n

n
y i

ni
M

i
i

n

i
i n
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⎪

Review of Income and Wealth, Series 56, Number 1, March 2010

© 2009 The Author
Journal compilation © International Association for Research in Income and Wealth 2009

146



The between-groups concentration index CB is defined as the concentration
index obtained if individual health yi in the two groups were to be replaced by the
group mean health.

Definition 2. CB.
The between-groups concentration index is:

C y w C y wB M, ,( ) = ( )

C y w
ny

y RB
i
M

w i
i

n

, .,( ) = −
=
∑2

1
1

(5)

As for the within-groups concentration index CW, this is defined as the
weighted sum of the concentration indices within the groups (where the weights are
the share of health in each group), and this is equal to the difference between the
concentration index and the between-groups concentration index.

Definition 3. CW.
The within-groups concentration index is:

C y w C C y wW B, ,( ) = − ( )

C y w
ny

y y RW
i i

M
w i, .,( ) = −( )∑2

The intuition of Rodríguez and Salas (2003) still applies so the indices can be
reformulated as:

SP y w
y

m
C y w C y w

y

B W
1

2
, , ,( ) = ( ) − ( )( )(6)
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y

m ny
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M

i w i
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1
1

2 2
2 1, ,( ) = −( ) −⎡

⎣⎢
⎤
⎦⎥=

∑(7)

SP y w C y w C y wB W
2 , , ,( ) = ( ) − ( )(8)

SP y w
ny

y y Ri
M

i w i
i

n

2
1

2
2 1, .,( ) = −( ) −

=
∑(9)

These reformulations enable us to show that SP1 and SP2 satisfy two axioms
that are similar in a bivariate context to the “increased bipolarity axiom” and the
“spread axiom” developed by Wang and Tsui (2000) in a univariate context. To
show that we need to define an analog to the univariate transfer principle in a
bivariate context.
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Definition 4. Equalizing transfer in a bivariate perspective.
Let i and j denote the ranks of two individuals with i < j such that wi < wj. A distri-
bution (y2, w) is derived from a distribution (y1, w) by an equalizing transfer if

y max y yi i j
2 1 1= ( ), , y min y yj i j

2 1 1= ( ), , y yl l
2 2= for l � i, j. Such an equalizing transfer

is strict if y2 � y1.

The strict equalizing transfer is a health transfer from individual j to indi-
vidual i when j has both better health and higher income than i.2 A strict equalizing
transfer implies that the concentration curve for health vector y2 is above that
for y1.

The equalizing transfer is clearly inspired by the literature on correlation
increasing transfers (see Atkinson and Bourguignon, 1982; Boland and Proschan,
1988; Tsui, 1999; Abul Naga and Geoffard, 2006). However there are two minor
differences:

• A correlation increasing transfer increases inequality, whereas our equal-
izing transfer decreases inequality.

• In a bivariate perspective, a correlation increasing transfer is either a health
transfer or an income transfer, whereas our equalizing transfer is only a
health transfer. In fact we do not need to define an income transfer between
two individuals in our approach.3

This definition of an equalizing transfer permits us to develop two axioms:
increased spread and increased bipolarity in a bivariate context.

Axiom. Increased spread (in a bivariate perspective).
For any (y1, w), (y2, w), polarization for (y1, w) is strictly greater than polarization for
(y2, w) if (y2, w) is derived from (y1, w) via a sequence of strict equalizing transfers

between individuals i and j such that i
n≤ −1

2
and j

n≥ +3
2

.

This axiom means that polarization decreases when there is an equalizing
transfer between the two groups, more precisely from an individual whose income
is strictly greater than the median income to an individual whose income is strictly
smaller than the median income.

Let y- be the subvector including yi such that i
n< +1

2
and y+ the subvector

including yi such that i
n> +1

2
. Similarly let w- be the subvector including wi such

that i
n< +1

2
and w+ the subvector including wi such that i

n> +1
2

. Since my is the

2There is no denying that a health transfer is practically impossible, however the concept of health
transfer will help us to compare two distributions in terms of polarization levels. So we will do it “as if”
a distribution was derived from another one thanks to a health transfer.

3Indeed assume that p and q denote the ranks of two individuals such that yp < yq. Then a
distribution (y, w4) is derived from a distribution (y, w3) by a transfer if w max w wp p q

4 3 3= ( ), ,
w min w wq p q

4 3 3= ( ), and w wl l
4 3= for l � p, q. When w3 � w4 this transfer is a strict transfer of income from

individual q to individual p.
The point is that w4 could also have been obtained from w3 by an equalizing transfer of health from

the individual who has the larger income max(wp
3, wq

3 ) to the individual who has the lower income
min( wp

3, wq
3 ). So there is no need to define an equalizing transfer of income in our approach.
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health of the individual whose income is the median income and m(w) is the
median income, then y = (y-, my, y+) and w = (w-, m(w), w+).

Axiom. Increased bipolarity (in a bivariate perspective).
For any (y1, w), (y2, w), polarization for (y2, w) is strictly greater than polarization
for (y1, w) if (y2-, w-) is derived from (y1-, w-) via a sequence of strict equalizing
transfers or (y2+, w+) is derived from (y1+, w+) via a sequence of equalizing
transfers.

Result 1. SP1 and SP2 satisfy the Increased spread and Increased bipolarity axioms.

Proof. See Appendix, Proof 1.

Computation of the Social Polarization Measures

Our social polarization indices are all the more interesting as they can be
easily computed using econometric techniques.

Result 2. The social polarization indices can be estimated thanks to a regression:

2
22σ α γR

i
M

i
w i iw

y y
y

R u
− = + +,(10)

where σRw

2 is the variance of the relative rank, and a is the intercept term.

Simple calculations show that:

SP y w
y

my
1

2
,( ) = γ̂

SP y w2 , .( ) = γ̂

Proof. See Appendix, Proof 2.

Compared to the direct computation of the indices, this technique permits us
to obtain a standard error for SP2.4 This standard error is not wholly accurate
because of serial correlation in the errors as a result of the presence of the relative
rank variable. However for the social polarization measures, taking into account
serial correlation and sample design features make little difference, like for the
concentration index (O’Donnell et al., 2006).

Decomposition of Social Health Polarization

We now show that like the concentration index, our social polarization mea-
sures can be decomposed into their causes.

4Standard error for SP1 can be computed using several techniques. For example, the Stata nlcom
command (http://www.stata.com/help.cgi?nlcom) computes it using the delta method.
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Result 3. For a linear regression model,

y xi x ki
k

ik
= + +∑α β ε(11)

and for n odd and large, the social polarization index for y can be approximated by,

SP y w
m

m
SP x yx x

y

Elasticity

k

Contribution of x

k k

k

1 1, ,( ) ≈ ( )
β

��� 	�
� ����� 	���


 ���� ���� 
 �� ��

k

Explained

y

Unexplained

y
m

GSP∑ + 2
ε(12)

SP y w
x

y
SP x wx k

Elasticity

k

Contribution of x

k

k

2 2, ,( ) ≈ ( )
β



� ��� 	��

kk

Explained

Unexplained

GSP∑ +


 ���� ����
�

ε(13)

where mxk
is the level of xk for the individual with the median income, SP1(xk, w)

and SP2(xk, w) are the social polarization indices for factor xk, and

GSP
ny

GC
yi

i

n

ε
εε= − +⎛

⎝⎜
⎞
⎠⎟=

+( )

∑2

1

1 2

.

Note: In this article we assume that n is odd. For n even, the decomposition
is given by,

SP y w
m

m
SP x y

y
m

GSPx x

y
k

k y

k k
1 1

2
, ,( ) = ( ) +∑

β
ε

SP y w
x

y
SP x w GSPx k

k
k

k
2 2, , .( ) = ( ) +∑

β
ε

Proof. See Appendix, Proof 3.

These equations permit a partitioning of the causes of social polarization into an
explained and an unexplained component, as in the decomposition of the concen-
tration index in equation (1). In equations (12) and (13) the explained part is the
sum of the contributions of each factor. The contribution of xk is equal to the
elasticity times social polarization for xk. One can notice that in (12) the elasticity
is evaluated at the values taken by the individual with the median income, i.e. (my,
mxk

), whereas in the decomposition of the concentration index in equation (1) or
in that of SP2 in equation (13) it is evaluated at the mean ( y , xk ). The presence of
the term SP(xk, w) in the decompositions highlights that a factor xk has to be
distributed in a polarized way across income levels for it to have an effect on social
polarization in health.
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The unexplained component of the decompositions is the residual part that
cannot be explained by systematic variation in the xk.

3.3. Decomposition of Changes in Social Health Polarization

In order to unravel the causes of the change of polarization between two
subsamples A and B, we can apply an Oaxaca-type decomposition (Oaxaca, 1973).
If we denote by hkA and hkB the elasticities for the two subsamples, we get for both
SP1 and SP2:

Δ ΔSP SP x w SP x w SP x w GSPkB B k A k
k

A k kB kA
k

= ( ) − ( )( ) + ( ) −( ) +∑ ∑η η η, , , .(14)

An alternative decomposition is:

Δ ΔSP SP x w SP x w SP x w GSPkA B k A k
k

B k kB kA
k

= ( ) − ( )( ) + ( ) −( ) +∑ ∑η η η, , , .(15)

4. Empirical Illustration

In the rest of the paper, we show that the social polarization approach
complements the inequality measurement and we analyze the evolution of social
polarization with age for French women.

4.1. Data

The data are taken from the French “Enquête Décennale Santé” which is a
nationally representative health survey conducted in 2002–03. We restrict our
sample to women because women’s health distribution exhibits a polarization/
depolarization phenomenon which is worth analyzing with the tools we have just
presented, whereas men’s distribution does not. After eliminating the observations
with missing values we get a sample of 11,838 observations.

Since we are interested in the evolution of polarization with age, we create six
age groups: 18 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to 64, and more than 65. Every
group contain between 1,257 and 2,465 women.

Factors

Before presenting the construction of the health variable, we concentrate on
the factors that are correlated with health, because they are needed to create the
health variable. These factors are the following:

• The income variable. We use an equivalized household income: total house-
hold income is divided by an equivalence factor in order to correct for the
household size,5 and expressed in logarithm in order to account for the
concave relationship between health and income (Deaton and Paxson,
1998; Van Doorslaer and Jones, 2003). To keep in our sample women who

5Income by “unité de consommation.”
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declare no income, we add 1 to the equivalized income before taking the
logarithm. So the individual income variable is Ln(incomei + 1). Thus the
vector of individual incomes w = (w1, . . . , wn) is equal in the empirical
section to (Ln(income1 + 1), . . . , Ln(incomen + 1)).

• Three dummy variables indicating the education level: no education (ref-
erence); less than Baccalauréat; higher education.

• Dummy variables indicating the labor market status: employed (reference);
unemployed; retired; not in the labor force (NLF).

• The marital status: married (reference); single; divorced or separated (Div/
Sep); widowed.

• The number of children the woman gave birth to.
• The number of individuals in the household.
• The number of children in the household.
• Dummy variables for two events during childhood: handicap, accident or

death of mother; money troubles.
• Dummy variables for two events last year: death of a friend or a member of

the family (“Death last year”); money troubles.

Health

To measure health, we use the predicted probability of reporting excellent or
very good health. This probability is obtained after regressing a dichotomic sub-
jective health variable on the factors presented above.

Subjective health comes from the survey question:

“How is your health in general? Excellent, Very good, Good, Fair, Poor”

We aggregate the “Excellent” and “Very good” categories on the one hand and the
“Good,” “Fair” and “Poor” categories on the other hand so as to obtain a
dichotomic health variable indicating that individual health is excellent or very
good.

Subjective health used in this paper has interesting properties. First, it offers
a summary of an individual’s general state of health. Second, many longitudinal
studies have highlighted that a person’s own appraisal of his or her health is a very
good predictor of future mortality and morbidity. The correlation between sub-
jective health and mortality remains strong, even after controlling for other health
variables and for socioeconomic variables (see Idler and Benyamini, 1997, for a
summary of this research).

An important challenge in measuring social inequality and polarization in
health is to have a usable health measure. Indeed subjective health is ordinal and
so it cannot be used directly to quantify inequality and polarization. In this
context the traditional solution is to transform this ordinal variable into a
cardinal one, by regressing the subjective health variable on a number of
factors, then predictions of the linear index can be used as a measure of indi-
vidual health after rescaling (Cutler et al., 1997; Groot, 2000; Van Doorslaer and
Jones, 2003).

In our analysis we focus on the probability of reporting excellent or very good
health, using a linear probability model. We regress the dichotomic health variable
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(indicating excellent or very good health) on the factors,6 and the predicted prob-
ability is our variable of interest. Our model takes the form:

h xi k ki
k

i= + +∑α β ε

and the predicted probability ĥi
is the empiric analog of yi.

The results of this model are given in Table 1. The first column reproduces the
health specification described in the equation above for the whole sample, whereas
the other columns show the results for the different age groups. The variable
“retired” is excluded from the models for age groups 18–24 and 25–34 because
there are no retired individuals under 34 years of age. For the same reason
“Widow” for the age group 25–34 and “Unemployed” for the age group 65+ are
excluded.

When we look at the first column, we observe that the probability of report-
ing excellent or very good health decreases with age as expected. On average
more income is positively and significantly correlated with a larger probability of
reporting excellent or very good health; similarly, money troubles during child-
hood or last year have a negative and significant effect on this probability. On the
contrary education is positively and significantly related to this probability.
Moreover unemployed and retired individuals and individuals who are not in the
labor force have a smaller probability of reporting excellent or very good health
than employed people. Interestingly we do not find any effect of the marital
status on the probability. The number of births is negatively and significantly
correlated with the probability of reporting excellent or very good health,
whereas the number of children in the household is positively correlated with this
probability.

4.2. Comparison of Social Inequality and Polarization

We now focus on the relationship between income and the probability of
reporting excellent or very good health.

Figure 1 presents the bivariate densities for income and the probability for
women. We observe that between ages 18–24 and 25–34 there is a clear polariza-
tion process. Then from age 25–34 to 45–54 the evolution is less clear. But the
distribution polarizes with the formation of two peaks at age 55–64. Finally the
densities suggest a depolarization phenomenon between ages 55–64 and 65+ since
one of the two peaks diminishes.

We have calculated the concentration index C and the social polarization
index SP2

7 for each age group and drawn their evolutions with age in Figure 2.
Both indices are significantly positive for all age groups, which means that health
is unequally distributed in favor of the higher income individuals. Moreover the
inequality and polarization measures both support the idea of an increase of

6Our approach does not mean that the factors have a causal impact on health. Indeed, we do not
control for possible endogeneity in the health–income relationship because our aim is simply to provide
an empirical illustration of our methods. As a consequence some caution is required in giving a
causality interpretation to our findings.

7For space reasons, we only report results for SP2, but results for SP1 are very similar.
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TABLE 1

Regression Results by Age Groups

(1) (2) (3) (4) (5) (6) (7)
All 18–24 25–34 35–44 45–54 55–64 65+

Ln(income+1) 0.048 0.013 0.053 0.056 0.035 0.068 0.106
(6.90)*** (1.49) (3.30)*** (3.31)*** (1.92)* (3.05)*** (4.64)***

Less than
Baccalauréat

0.074 -0.016 0.008 0.062 0.098 0.141 0.041
(6.49)*** (0.42) (0.30) (2.45)** (3.49)*** (4.47)*** (1.64)

Higher
education

0.135 0.020 0.068 0.085 0.175 0.256 0.085
(10.75)*** (0.56) (2.48)** (3.18)*** (5.65)*** (6.83)*** (2.34)**

Unemployed -0.054 -0.049 -0.043 -0.035 -0.125 0.003
(3.35)*** (1.68)* (1.73)* (1.05) (3.46)*** (0.05)

Retired -0.062 -0.464 -0.052 -0.048 -0.239
(3.71)*** (2.71)*** (0.68) (1.72)* (1.61)

NLF -0.055 0.007 -0.025 -0.061 -0.133 -0.083 -0.199
(5.05)*** (0.33) (1.20) (2.79)*** (5.36)*** (2.60)*** (1.31)

Single -0.020 0.022 -0.028 -0.014 0.019 -0.056 -0.022
(1.36) (0.86) (1.02) (0.36) (0.38) (0.85) (0.39)

Widow -0.026 -0.162 -0.107 0.071 -0.023 -0.074
(1.41) (0.86) (1.06) (1.16) (0.42) (1.94)*

Div/sep -0.013 -0.256 0.041 0.021 -0.009 0.016 -0.048
(0.69) (1.26) (0.84) (0.51) (0.22) (0.29) (0.82)

No. births -0.015 -0.022 0.005 -0.013 -0.016 -0.014 -0.011
(4.25)*** (0.98) (0.34) (0.98) (1.74)* (1.56) (1.86)*

No. individuals
in hh

-0.005 0.003 0.017 0.030 0.028 0.034 -0.076
(0.45) (0.15) (0.73) (0.96) (0.86) (0.89) (2.28)**

No. children in
hh

0.033 0.012 -0.007 -0.001 0.005 -0.028 0.040
(2.56)** (0.57) (0.24) (0.04) (0.16) (0.59) (0.73)

Hand., acci.,
death of

-0.041 -0.049 0.010 -0.005 -0.081 -0.055 -0.063

mother dur.
child.

(2.91)*** (1.57) (0.32) (0.16) (2.27)** (1.40) (1.75)*

Money troubles
dur. child.

-0.085 -0.021 -0.062 -0.066 -0.130 -0.052 -0.122
(7.08)*** (0.68) (2.53)** (2.43)** (4.80)*** (1.56) (3.79)***

Death last year -0.030 -0.009 0.007 -0.025 -0.019 -0.102 -0.067
(2.80)*** (0.38) (0.37) (1.18) (0.77) (3.06)*** (2.01)**

Money troubles
last year

-0.118 -0.085 -0.119 -0.123 -0.101 -0.211 -0.048
(7.90)*** (2.67)*** (4.66)*** (4.36)*** (3.06)*** (4.06)*** (0.73)

25–34 -0.056
(3.36)***

35–44 -0.112
(6.47)***

45–54 -0.160
(8.85)***

55–64 -0.179
(8.70)***

65+ -0.305
(12.60)***

Constant 0.411 0.755 0.307 0.166 0.298 -0.101 -0.117
(5.84)*** (7.86)*** (1.88)* (0.93) (1.50) (0.42) (0.42)

Observations 11,838 1,257 2,051 2,465 2,317 1,629 2,119

Notes: Absolute value of t statistics in parentheses.
*significant at 10%; **significant at 5%; ***significant at 1%.
Reference categories: No education, Employed, Married, 18–24.
Source: Enquête Décennale Santé, with author’s calculations.
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dispersion between ages 18–24 and 25–34 and between 45–54 and 55–64. But
interestingly inequality remains constant between ages 55–64 and 65+ whereas
social polarization significantly decreases. As a conclusion our polarization
measure SP2 adequately shows the depolarization phenomenon that was
previously observed, whereas this is not the case for the concentration index. So
when densities suggest polarization or depolarization phenomena it seems that
our social polarization measure is a useful complement to the concentration
index.

 Ln(income+1)−0.121     11.411

 density
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Figure 1. Density of Health and Income by Age Groups

Source: See Table 1.
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4.3. Decomposition of Social Polarization Indices

Describing the evolution with age of social polarization for the probability of
reporting excellent or very good health is important, but more interesting for
policy purposes is to quantify the contribution of various determinants of this
probability to social polarization.

Since the contribution of a factor (xk) to social polarization in the prob-

ability is the product of the factor elasticity of the probability
βx kk

x

y
⎛
⎝⎜

⎞
⎠⎟

and the

social polarization in the factor (SP2(xk, w)), requirements for a factor to have an
impact on social polarization is that the factor elasticity of the probability is
large and that the factor distribution across income levels is polarized. The
decomposition of social polarization into the contributions of the factors is pre-
sented in Table 2. Columns (1) and (2) present the estimated elasticities and their
standard errors; social polarization indices and their standard errors can be
found in columns (3) and (4); the contributions of the factors and their standard
errors are in columns (5) and (6); the last column contains the contribution of
the factor expressed as a percentage of social polarization in the probability of
reporting excellent or very good health. A factor’s contribution can be either
positive (when the factor is positively correlated with the probability) or negative
(when the factor is negatively associated with the probability). In the last
column, a p percent contribution of factor xk means that income-related health
polarization would ceteris paribus be p percent lower if xk were equally distrib-
uted across income levels.

Income

The main result is that the contribution of income plays an important role in
social polarization in health for all age groups. This is particularly true for women
over 65 years old since for them social polarization in the probability of reporting
excellent or very good health would be 85 percent lower if income was not corre-
lated with the probability or if income was equally distributed. The contribution of
income is decomposed into elasticity (column 1) and social polarization (column
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3). In order to give an accurate interpretation of the results, one has to notice that
“Ln(income+1)” is the variable w which gives us the ranking of the individuals. So
the index of social polarization of income SP2(w, w) can be expressed using

Wolfson’s polarization index, SP w w
m w

w
P w2 2

,( ) =
( ) ( ) .8 Consequently SP2(w, w) is

a measure of univariate polarization in income. Income polarization is positive
and significant for all age groups (except for the age group 65+), whereas the
income elasticity of health is positive, large, and significant. So except for women
above 65, both the elasticity and the polarization of income explain the size of the
contribution of income to social polarization of health.

Education

The contribution of higher education is also important, since this explains
between 14.80 percent and 50.34 percent of social polarization in the probability of
reporting excellent or very good health. For all age groups both the elasticity and
the income-related polarization in higher education are positive and significant.
This corresponds to the positive correlation between higher education and health
found in Table 1, but it also suggests that the distribution of education across
income levels is polarized.

Number of Individuals in the Household

Between 25 and 55 years of age, the family size has a negative and significant
contribution to social polarization in the probability for women. The elasticity is
positive and significant, whereas social polarization in this factor is negative.

4.4. Decomposition of the Change of Social Polarization

We now turn to the more important question: how do the factors contribute
to the changes in polarization with age? The Oaxaca-type decompositions permit
us to answer this question. The empiric analogs of equations (14) and (15) are
provided in Table 3.

The Polarization Process Between Ages 18–24 and 25–34

As shown in Figure 2, SP2 significantly increases between ages 18–24 and
25–34. Table 3 suggests that changes in the contributions of income and higher
education are the two main explanations, and that the two impacts are very similar
in magnitude. The increase of the contribution of income is above all due to the
increase of the income elasticity of health, and not to a change of the income
polarization, whereas the strengthening of the contribution of higher education
reflects an increase of both the elasticity and the social polarization of higher
education. The number of children in the household also plays an important part
in the rise of polarization between ages 18–24 and 25–34.

8Similarly SP1(w, w) = P(w).
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The Polarization Phenomenon Between Ages 45–54 and 55–64

The second polarization episode, which takes place between ages 45–54 and
55–64, can also be explained by the increase of the contribution of income and
higher education. Again the increase of the income elasticity of health and of the
social polarization in higher education are the main explanations.

Other factors also play a significant role: being a widow, the number of births,
the number of children in the household, and money troubles the year before.
However their contributions are small.

The Depolarization Episode Between Ages 55–64 and 65+

Figure 2 highlights that social polarization diminishes between ages 55–64
and 65+. This may be due to a generation effect and to early mortality of the
poorest women, which are not taken into account in our model.

However Table 3 sheds some light on this evolution and suggests that the
depolarization process between ages 55–64 and 65+ is due to changes in respect of
higher education and retirement (columns (9) and (10)). For higher education, the
change in elasticity is the main explanation for the change in the contribution to
SP2. This finding has to be related to the decreases of the effects of higher educa-
tion (compared to no education) on the probability of reporting excellent or very
good health between ages 55–64 and 65+ in Table 1.

The changes of the contributions of the factors “handicap, accident, death of
mother during childhood” and “money troubles last year” are also making for less
social polarization in the probability of reporting excellent or very good health for
women over 65.

On the contrary changes in respect of income are making for more social
polarization in health. This is due to the increase of the correlation between income
and the probability of reporting excellent or very good health. So these changes
tend to diminish the depolarization process.

Changes in respect of a number of variables are negligible, in particular the
marital status, the number of births, of children and individuals in the household,
and of money troubles during childhood.

5. Conclusion

Our main aim in this paper has been to develop two original measures to
quantify bivariate polarization. Bivariate polarization in a variable of interest
is caused by bivariate polarization in the determinants of the variable of interest,
and a decomposition method allows one to assess the importance of these dif-
ferent determinants in generating bivariate polarization in the variable of interest.
Moreover changes in bivariate polarization can also be decomposed into changes
in the contributions of the various determinants.

We then examined polarization in the probability of reporting excellent or
very good health across income levels using French data on women. We found that
income-related polarization in the probability of reporting excellent or very good
health increases or remains stable for women between 18 and 64 years of age and
decreases after age 65. On the contrary social inequality remains constant for
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women over 65. This makes clear that polarization measures convey additional
information to that contained in social inequality. As a consequence the use of
bivariate polarization indices in health economics is empirically relevant. Thanks
to the decomposition techniques, the empirical section also explained the reasons
for the changes of social polarization in health with age. The main findings are that
the polarization episodes between ages 18–24 and 25–34 and between 45–54 and
55–64 are mainly due to increases in the contributions of income and higher
education, whereas the depolarization that occurs after 65 reflects a large reduction
in the contribution of higher education. Finally even if our results were intended to
illustrate the use of the new measures, they shed some light on the reasons of the
rise and decline of polarization with age for French women.

Appendix

Proof 1.
Proof that SP1 and SP2 satisfy the increased spread axiom:

By equation (9),
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The proof for SP1 is very similar and omitted.

Proof that SP1 and SP2 satisfy the increased bipolarity axiom:

If (y2-, w-) is derived from (y1-, w-) via a sequence of strict equalizing transfers,
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Proof 3.
For n odd, the cumulative proportion of health of the 50 percent of individuals
whose income is the lowest is by definition the following:
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where Lx wk, .0 5( ) is the concentration curve for factor xk evaluated at the 50th
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• We replace 0.5 - Ly,w(0.5) and C(y, w) by their expressions in equation (3):

SP y w
m

x L C x w
y

m
GSP

y
x k x w k

k y
k k1

2
2 0 5 0 5

2
, . . ,,( ) ≈ − ( )( ) − ( )( ) +∑β ε

with GSP
ny

GC
yi

i

n

ε
εε= − −

=

+( )

∑2

1

1 2

SP y w
m

m
x

m
L C x w

y
m

Gx x

y

k

x
x w k

k y

k k

k

k1

2
2 0 5 0 5

2
, . . ,,( ) ≈ − ( )( ) − ( )[ ]+∑

β
SSPε.

Since the polarization index for xk is:
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• We replace 0.5 - Ly,w(0.5) and C(y, w) by their expressions in equation (4):
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