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1 Introduction
Universal health coverage presupposes access to a wide variety of quality
health services (Evans et al. 2013). In developing as well as developed coun-
tries, striking access limitations to health care however persist (Karanikolos
2013, Cylus and Papanicolas 2015), raising concerns for the key disparity
between individuals having access and individuals having not.

In this paper we propose a novel strategy to assess disparities in access
to healthcare. Such strategy, based on the ideal of equal potential access
(e.g. Aday et al. 1980, Mooney 1983, Khan 1992), is suitable to disentangle
the contribution of supply-side factors from that of demand-side factors to
overall inequality.

Despite some similarities with popular conceptions of equity in health/
health care — i.e., those based on the principle of ‘equal health care for those
in equal health need’ (Wagstaff and van Doorslaer 2000) and those inspired
by the ideal of ‘equal health care for those equally responsible’ (Fleurbaey and
Schokkaert 2009) — our proposal is, overall, quite off-path. Following the
Rawlsian tradition of fair equality of opportunity (Rawls 1971, Daniels 1981),
it assesses equity in health care by looking at the distribution of ‘potential
access’ in society.

In opting for a notion of potential access as the cornerstone of a theory
of equality of opportunity in health care, our paper agrees with a venerable
tradition (e.g. Le Grand 1982, 1987; Olsen and Rodgers, 1991; Khan, 1992),
whose attractiveness has been diminishing over time. The lack of an adequate
consensus on what should be meant by equality of potential access, coupled
with the difficulties arisen in the attempt to carry on empirical investigations,
seriously contributed to its progressive neglect in favour of an approach based
on the equal use-per-need principle (Allin et al. 2007).

We propose to partially restore the potential access approach, in such a
way as to make it sufficiently general to attract consensus and not excessively
information-demanding so as to hinder empirical investigations.

In the ex-ante perspective we propose (e.g. Abatemarco et al. 2020a,
2020b), the use-per-need principle is disregarded in favour of a criterion that
focuses on the cost of a bundle of quality health services for any set of relevant
characteristics an individual may have. A specific list of characteristics is
what, in our terminology, constitutes a cell. A cell can be defined in such
a way as to represent any individual with specific characteristics in terms
of place of residence, age, disability, need for personal assistance, and so
on. These characteristics are relevant in that they determine the size of the
barriers that must be overcome.

Note that, within the framework at hand, equity in health care is con-
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cerned with expected disparities in access health care from any given cell (no
information is instead available about the identity of the individuals popu-
lating any given cell).

For each cell we consider (i) the cell-specific minimum cost of access to
adequate health care, which is defined through the monetization of access bar-
riers to a bundle of health treatments of adequate quality1;(ii) the cell-specific
distribution of accessible financial resources, which is defined by taking into
account both income and wealth.

By exploiting some similarities with the wide literature on poverty mea-
surement (Foster et al. 1984, Blackwood and Lynch 1994), we make exten-
sive use of an Access Gap index, defined as the average amount of finan-
cial resources required to achieve universal access within a cell (universal
local access). This index - that can be expressed as the product of the fre-
quency (headcount ratio) and the intensity (money gap) of non-access - is
factor-decomposable in terms of supply-side (cost-specific) and demand-side
(resource-specific) determinants. As for the supply-side, our approach allows
to disentangle the contribution to the Access Gap of productive inefficien-
cies from that deriving by local shortages of health care providers. As for
demand-side, it allows to determine how both the level and the dispersion of
accessible financial resources available in the cell, impact non-access.

Given the distribution of the Access Gap Index across cells, overall in-
equality of opportunity in health care can be measured by applying standard
inequality metrics (Gini, Entropy, ...).2 and the determinants of inequality of
opportunity in health care can be identified by standard techniques for the
factor-decomposition of inequality (Shorrocks 1982, Lerman and Yitzhaki
1985, Shorrocks 2013).

In a policy perspective, the factor-decomposition we propose is immedi-
ately relevant, since different sources of health care inequality require differ-
ent policy responses 3. For instance, inequality of opportunity in health care
originating from supply-side (cost-specific) factors require a better adminis-
tration of public funds allocated to the health sector. Differently, demand-
side (resource-specific) determinants of inequality may require more general
redistributive policies - based, for example, on means-tested tax expenditures
or travel and accommodation reimbursements.

1For our purposes we restrict the attention to the sole direct costs of access (Levesque
et al. 2013), neglecting other out-of-pocket costs, like, for example, foregone earnings
opportunities.

2As for the application of inequality metrics to local poverty distributions see, among
all, Andreoli et al. (2021).

3Not surprisingly, decomposition procedures have been proposed also for outcome-based
approaches to equity in health status (Wagstaff et al. 2003, Carrieri and Jones 2018).
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To sum up, three major traits characterize our methodological proposal.
First, following the Rawlsian tradition of fair equality of opportunity, equity
in health care is measured with respect to the distribution of opportuni-
ties (potential access), not outcomes (health care utilization). Second, since
inequality of opportunity is assessed in monetary terms, it is possible to
account for disparities in the chance of access as well as for disparities in
access conditions. Third, it is possible to capture the contribution of several
determinants to inequality of opportunity in health care by disentangling
the impact of supply-side (cost-specific) and demand-side (resource-specific)
factors.

The paper is organized as follows. In section 2, we outline our framework.
The focus is on the measurement of potential access in terms of Access Gap
and then on the measurement of overall inequality of potential access. In
Section 3 we run a simple empirical exercise to illustrate how our methodol-
ogy can be easily applied. We consider a single health treatment, i.e. breast
cancer surgery, and focus on Italian data. Section 4 concludes.

2 Methodology

2.1 Notations
Let Θ = ×Θm

k=1 be the space of individual characteristics (e.g., place of living,
age, assistance needs, ...) that, given the features of the health care delivery
(e.g. geographical distribution of health care providers, structure of access
fees, and other out-of-pocket payments,...), and other more general aspects of
the economy (e.g. transportation system), affect the cost of access to health
care, that is, the out-of-pocket cost borne by an individual to actually have a
need for care fulfilled, independently from individual preferences and choices
(Levesque et al. 2013).

A vector θi ∈ Θ is a point in the Θ-space fully characterizing the ith cell.
Let θ = {θi}n

i=1 be the set of such cells defining a disjoint and exhaustive
partition of the entire population. Individuals belonging to a given cell, θi,
or populating a cell, are pooled together because their situation is identified
by the same point in the space of characteristics (for example: they live in
the same place, they have the same age, and so on). To each cell is associated
a given cost of access to health care in case a health need emerges.

Let Ĥ be the set of all healthcare providers of the NHS supplying a given
health treatment. We indicate by H ⊂ Ĥ the sub-set of healthcare providers
granting appropriate quality of the health treatment according to official
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statistics4. For instance, the appropriateness of health treatments may be
indirectly jeopardized by excessive diffusion of health needs at the local level
(i.e. excess demand) causing long waiting lists, and disservices in general.

We write C(Θ|H) = {c(θ1|H), c(θ2|H) . . . , c(θn|H)} to denote the dis-
tribution of the minimum cost of access to a health treatment of appropri-
ate quality, i.e. the minimum cost that individuals populating the ith cell
must bear to obtain the health treatment under consideration. Whereas
C(Θ|Ĥ) = (c(θ1|Ĥ), c(θ2|Ĥ)...c(θn|Ĥ)) is the corresponding distribution of
the minimum cost of access to a healthcare provider independently from the
quality of supplied care (usually the nearest provider).

To simplify notations, in what follows we will write ci = c(θi|H) and
ĉi = c(θi|Ĥ) to indicate the cost associated to cell i under C(Θ|H) or C(Θ|Ĥ)
respectively, with ci ≥ ĉi (ci = ĉi when the cheapest provider to cell i supplies
health treatments of appropriate quality). Finally, we define the average cost
of access to a health treatment as ˆ̄c = (1/n)∑n

i=1 ĉi.
For each individual j populating cell i, we define the accessible financial

resources, yij, as the overall value of the assets the individual can readily em-
ploy to gain access to healthcare in case of need. Hence, yi = (yi1, yi2, ...yini

)
indicates the accessible resource distribution (hereafter, resource distribu-
tion) in the population of individuals belonging to ith cell.

Cell-specific and overall average resources are defined as, respectively,
µi = (1/ni)

∑ni
j=1 yij and µ = (1/N)∑n

i=1
∑ni

j=1 yij with N = ∑n
i=1 ni.

2.2 Measuring potential (non-)access
Before health needs emerge, an individual j in the ith cell is said to have
potential access to a health treatment of appropriate quality if he can afford
it, that is, if the private cost of access is not greater than his/her resource
endowment, i.e. ci ≤ yij.

If one considers all of the individuals populating the ith cell, the ex-ante
frequency (or probability) of non-access to a health treatment of appropriate
quality is given by the headcount ratio (qi/ni), where qi is the number of
individuals in the ith cell for whom access is denied. The intensity of non-
access — intended as the average amount of financial resources required to
grant universal access to all the individuals populating the ith cell — is(
(1/qi)

∑qi
j=1(ci − yij)

)
.

4Official statistics on the quality of health treatments are increasingly available for
health systems, at least in advanced economies (e.g., PNE (Programma Nazionale Esiti)
in Italy, NHQDR (National Healthcare Quality and Disparities Report) in the U.S., QSI
(Quality and Safety Indicators) in France, ...).
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Hence, drawing from the wide literature on poverty measurement (Black-
wood and Lynch 1994), given the ith cell populated by individuals j =
1, ... ni, we define the Access Gap index, Ai, as follows

Ai = 1
ni

ni∑
j=1

max (ci − yij, 0) =
(

qi

ni

) 1
qi

qi∑
j=1

(ci − yij)
 (1)

This index accounts for both the frequency (non-access rate) and the intensity
of potential (non-)access, which is our money measure of access (dis-)oppor-
tunities associated to the ith cell. Specifically, the Access Gap, Ai, measures
the absolute amount of financial resources that should be allocated, on av-
erage, to individuals of the ith cell in order to grant universal access to
them (what we term local universal access). By normalizing for ci, relative
versions of the same index may be considered as well (Foster et al. 1984);
however, provided that the currency is the same across cells, here we opt
for the absolute money metric since it facilitates the intelligibility for policy
purposes.5

The Access Gap index in (1) satisfies the following standard properties.

• Income Monotonicity (IM): if ci = ck, let (yi, yk) be two equally-sized
income vectors such that yij = ykj ∀ j ̸= z and yiz > ykz with yiz ≤ ci

and ykz ≤ ck, then Ai < Ak.

• Cost Monotonicity (CM): given two income vectors such that yi = yk,
if ci < ck, then Ai < Ak.

• Focus (F): let (yi, yk) be two equally-sized income vectors such that
yij = ykj ∀ j ̸= z and yiz > ykz with yiz > ci and ykz > ck, then
Ai = Ak.

From IM and F, it follows that within-cell (non-reranking) rich-to-poor
income transfers, from an individual having access to care to another one for
whom access is denied, must reduce the Access Gap.

• Symmetry (S): if ci = ck, let (yi, yk) be two income vectors such that
yk = yi × M with M indicating any ni × ni permutation matrix, then
Ai = Ak.

• Translation Invariance (TI): let (yi, yk) be two income distributions
such that yk = yi + λ1 and ck = ci + λ with λ ∈ ℜ, then Ai = Ak.6

5For a review on the debate between relative and absolute poverty indexes see Blackorby
and Donaldson (1980), Foster and Shorrocks (1991), Zheng (1994).

6This property is replaced by scale invariance when the relative version of the Access
Gap index is obtained by normalizing Ai for ci.
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• Replication Invariance (RI): let (yi, yk) be two income distributions
such that yk is a t-fold replication of Yi with t indicating any positive
integer and ck = ci, then Ai = Ak.

• Additive Subgroup Decomposability (ASD): let (A1
i , A2

i , ...As
i ) be the Ac-

cess Gap indexes associated to a disjoint and exhaustive s-partition of
the population in the ith cell, Ai = A1

i + A2
i + ...As

i .

Clearly, ASD allows to implement factor-decompositions aimed at iden-
tifying different possible sources of the Access Gap which we will discuss in
the next section.

As compared to the absolute version of the well known FGT poverty index
(Foster et al., 1984), we assume that the Access Gap index, Ai, is neutral
with respect to rich-to-poor income transfers among individuals for whom
access to the health treatment is denied. This is formalized in the following
property.

• Transfer Independence (TIn): let (yi, yk) be two income distributions
such that yij = ykj ∀ j ̸= v, z, provided that yiv < yiz ≤ ci and ykv <
ykz ≤ ck, if yiv = ykv + δ, yiz = ykz − δ with δ > 0, then Ai = Ak.

As for TIn, while rich-to-poor income transfers among poor income re-
cipients may reasonably alleviate overall poverty conditions, provided that
access to care is still denied after the transfer, rich-to-poor transfers among
individuals without access to appropriate healthcare services do not amelio-
rate access conditions at all (as far as access is still denied for both the donor
and the recipient). In this sense, since rich-to-poor transfers among individu-
als having no access (i) do not alter the amount of overall resources required
to achieve universal access; and (ii) do not induce better access conditions in
the society, TIn seems to be a natural starting-gate for our purposes.

As compared to poverty measurement, it is also worth observing that the
cost of access, ci, in eq. (1) is not exogenously given in a policy perspective.
Hence, access opportunities may be ameliorated by both/either reducing the
cost of access and/or increasing accessible financial endowments. This implies
that universal access may be alternatively or jointly pursued through health
care and income or wealth distribution policies.

2.2.1 Decomposing the Access Gap

In what follows, we propose a factor-decomposition of the Access Gap in
eq. (1) into four different determinants; two of them concern the supply of
healthcare services and are related with the cost of access; the other two
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pertain to demand factors, and are related with the distribution of resources.
Specifically, we consider the following decomposition.

Ai = A1
i + A2

i + A3
i + A4

i =

=
(

qi

ni

(ci − ĉi)
)

+
(

qi

ni

(ĉi − ˆ̄c)
)

+
 qi

ni

qi∑
j=1

ˆ̄c − ỹij

qi

+
 qi

ni

qi∑
j=1

ỹij − yij

qi


(2)

where ỹi = (ỹi1, ỹi2, ...ỹini
) with ỹij = (µ/µi)yij is the virtual resource

distribution in the ith cell obtained by rescaling the corresponding actual
distribution, yi, under the hypothesis of equally distributed average resources
across cells.

A1
i is the contribution to the Access Gap, Ai, of the greater cost of access

originating from local productive inefficiencies (lack of appropriate quality of
the nearest healthcare provider), as weighted by the non-access rate, since
the extra-cost is expected to be more deleterious when the non-access rate is
higher; specifically, A1

i = 0 if, either universal local access is granted (qi = 0),
or the nearest healthcare provider supplies a health treatment of appropriate
quality (ci = ĉi).

A2
i is the cost gap for the ith cell with respect to the NHS (National Health

Service) average cost of access to cheapest healthcare provider delivering
the treatment — independently from quality standards — calculated for the
entire population. This is weighted by the non-access rate since the extra-cost
is more penalizing when the non-access rate is higher. The A2

i component
is positively contributing to the Access Gap in the ith cell if the cost of
access in this cell is greater than the NHS average cost of access, and vice
versa; specifically, A2

i = 0 if, either universal local access is granted (qi = 0),
or the cost of access to the healthcare treatment supplied by the cheapest
healthcare provider is the same as the NHS average cost (ĉi = ˆ̄c).

A3
i is the average gap — weighted by the non-access rate in the ith cell —

between the NHS average cost of access to cheapest healthcare providers (i.e.
independently from quality standards) and the virtual resource endowment
of individuals for whom access is denied in the ith cell. Provided that the
virtual endowment, ỹij, is obtained under the hypothesis of equal average
resource endowments across different cells while preserving existing within-
cell (local) inequalities, and that the NHS average cost of access, ˆ̄c, is not
cell-specific, it must be the case that, given a fixed non-access rate, (qi/ni),
the A3

i component is decreasing in the share of financial resources held by
the individuals for whom access is denied in the ith cell. Moreover, the
contribution of the A3

i component to the overall Access Gap, Ai, is zero

7



if, either the virtual resource distribution in the ith cell, ỹi is sufficiently
egalitarian to avoid excessive low resource conditions causing non-access to
health treatments for some7, or access is universally granted in the ith cell
when the actual resource distribution, yi, is considered (qi = 0).8

A4
i is the gap between the virtual and the actual resource endowment

of each individual in the ith cell. As such, given the amount of resources
held by those having no access, the A4

i component measures the contribution
of the average resource endowment gap across cells to the Access Gap, Ai,
which is negative (positive) when µi > µ (µi < µ) and it is zero if, either the
local average resource endowment in the ith cell is the same as the national
one (µi = µ), or access is universally granted in the ith cell (qi = 0).9

Since the Access Gap, Ai, measures potential (non-)access in terms of a
monetary distance between real and universal access conditions at the local
level, the factor-decomposition in eq. (2) resembles the standard income (so
monetary) decomposition by sources which is well known in the field of in-
equality measurement (Shorrocks 1982, Lerman and Yitzhaki 1985, Shorrocks
2013). For our purposes, the factor decomposition is used to capture how
much local productive inefficiencies (A1

i ), local undersupply of healthcare
providers (A2

i ), local income inequalities (A3
i ), and local average income (A4

i ),
contribute to non-access in the ith cell.

Notably, from the factor-decomposition in eq. (2), the proportional con-
tribution to the Access Gap of each factor can be measured both at the
local and at the national level. At the local level, provided that k = 1, ...4,
ak

i = (Ak
i /Ai) identifies the proportional contribution of the kth factor to the

Access Gap in the ith cell (∑4
k=1 ak

i = 1). As for the national level, instead, let
A = ∑n

i=1
∑4

k=1 Ak
i be the Access gap index for the entire population, which

is the amount of income that should be given, on average, to each member of
the entire population to grant universal access at the national level. Hence,
ak =

∑n

i=1 Ak
i

A , with ∑4
k=1 ak = 1, is the proportional contribution of the kth

factor to the national Access Gap, A.
The identification of the contribution of each determinant to the local

and national Access Gap is not only relevant for a better design of healthcare
policies but, as discussed in the next section, it is additionally important for
a better understanding of the origins of unequal opportunities of access to

7This would not imply that access is universally granted according to the actual resource
distribution in the ith cell, and vice versa.

8It can be shown that A3
i = qi

ni

ˆ̄c − µL( qi

ni
) where L(·) is the Lorenz curve of the

original (or, equivalently, virtual) income distribution. Hence, given a fixed non-access
rate, (qi/ni), the A3

i component is lower the larger is the income share held by individuals
without access to health treatments of appropriate quality.

9This is straightforward from A4
i = ( µ−µi

niµi
)
∑qi

j=1 yij .
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health care.

2.3 The measurement of inequality of access
Let A = (A1, ..., An) be the vector of local Access Gaps associated to the
disjoint and exhaustive partition of the entire population into n cells. In-
equality of access to health care across cells can be measured by taking any
inequality metric. As far as the factor decomposition of the inequality metric
is crucial for our analysis, we opt for generalized entropy measures and the
Gini index, which are known to be additively decomposable by sources.

Generalized entropy measures

Let µ(A) indicate the average local Access Gap. The generalized class of
entropy measures is defined as follows

GE(α) =



1
nα(α − 1)

n∑
i=1

((
Ai

µ(A)

)α

− 1
)

α ̸= 0,

1
n

n∑
i=1

Ai

µ(A) ln Ai

µ(A) α = 1,

− 1
n

n∑
i=1

ln Ai

µ(A) α = 0

(3)

The parameter α regulates the weight given to distances between local
Access Gaps at different parts of the Access Gap distribution; the greater is
α the more the index is sensitive to high Access Gaps, that is, inequality is
more increasing when a high Access Gap increases. Vice versa, the lower is
α the more the index is sensitive to low Access Gaps, that is, inequality is
more increasing when a low Access Gap decreases.

Several well known inequality metrics can be obtained from generalized
entropy measures by using different values of α (e.g., the mean log deviation
index for α = 0, the Theil index for α = 1, ...). In this paper, we restrict
our attention to GE(2), which is known to be half the square Coefficient of
Variation (CV), i.e.

GE(2) = 1
2

σ2(A)
(µ(A))2 = 1

2CV (4)

This decision is driven by reasons of expediency since some of the factor-
components, Ak

i , might go reasonably negative, so that both log transforma-
tions and odd exponents wouldn’t be applicable for our purposes.
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Define the vector Ak = (Ak
1, ..., Ak

n) with Ak
i indicating the contribution

of the kth component to the Access Gap in the ith cell. By definition of
variance

σ2(A) =
4∑

k=1
σ2(Ak) +

∑
j ̸=k

4∑
k=1

ρjkσ(Aj)σ(Ak) (5)

where ρjk is the correlation coefficient between the vectors Ak and Aj. Notice
that, as far as ρjk can be also negative, ∑4

k=1 σ2(Ak) might be greater than
σ2(A), implying that some factor(s) is (are) reducing the overall variance.

Hence, if ρjk = 0 ∀ j, k then the decomposition of overall inequality would
be simply obtained by considering the variances originating from each of the
four components distributions σ2(Ak). Instead, if ∃ j, k : ρjk ̸= 0, as shown
in Shorrocks (1982), the ‘natural’ decomposition of the variance assigns to
factor k half the value of all the interaction terms involving this factor. The
contribution of factor k then becomes

σ2(Ak) +
∑
j ̸=k

ρjkσ(Aj)σ(Ak) = Cov(A, Ak) (6)

Hence, it follows that the Coefficient of Variation is factor-decomposable
as follows,

CV =
4∑

k=1

Cov(A, Ak)
(µ(A))2 (7)

so that, the proportional k-factor contribution to overall inequality of access
(to be not confused with the k-factor contribution to the Access Gap, ak

i ,
defined above) is

CVk(%) = Cov(A, Ak)
σ2(A) (8)

which sum up to unity for all factors.

Gini index

Let A = (A1, ..., An) be the distribution of the local Access Gaps associated
to n cells. Following Stuart (1954) and Kakwani (1980), the Gini index can
be defined with respect to the covariance between local Access Gaps and
cell’s ranks (in terms of Access Gap) so that

G = 2Cov(F (A), A)
µ(A) (9)

where µ(A) and F (A) indicate, respectively, the average and the cumulative
distribution (rank). Remarkably, as shown by Lerman and Yitzhaki (1985),
the Gini coefficient can be factor-decomposed as follows
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G =
∑4

k=1 2Cov(F (A), Ak)
µ(A) (10)

where Cov(F (A), Ak) is the covariance between the cumulative distribution,
F (A), and the k-factor contributions, Ak = (Ak

1, ..., Ak
n).

Through easy algebraic calculations, the k-factor contribution can be fur-
ther decomposed in terms of the product of three components, that is,

G =
4∑

k=1

(
Cov(F (A), Ak)
Cov(F (Ak), Ak)

)(
2Cov(F (Ak), Ak)

µ(Ak)

)(
µ(Ak)
µ(A)

)
=

=
4∑

k=1
(RkGkSk)

(11)

where Rk is the correlation between the k-factor contribution, Ak, and
the Access Gap, A; Gk is the Gini calculated with respect to the k-factor
contribution, Ak;10 Sk is k-factor share.

From the Gini’s decomposition in eq. (10), the proportional k-factor
contribution to overall inequality of access is then defined as

Gk(%) = Cov(F (A), Ak)
Cov(F (A), A) (12)

which sum up to unity for all factors.
Two major differences can be highlighted with respect to the Coefficient

of Variation. First, the Gini index is rank-dependent (Atkinson 1970); hence,
rich-to-poor redistribution is more inequality-reducing according to the Gini
when occurring between top and low ranked cells, whereas the sole money
values of the Access Gaps matter for the Coefficient of Variation. Second, the
Coefficient of Variation is known to be much more sensitive than the Gini to
variations of top values (Cowell and Falchaire 2007); hence, the contribution
of a factor is over-estimated by the Coefficient of Variation (with respect to
the Gini) when this is highly positive in cells with a higher Access Gap.

Shapley decomposition

Despite the vast use of inequality metrics decomposable by sources, a new
methodology based on some concepts of the cooperative game theory has
spread out in the economic literature related to decomposition analysis. This

10Notice that the vector of k-factor contributions, Ak, may include negative values as
well. Hence, the Gini index, Gk, loses the normalization property, since it is known to be
no longer bounded between 0 and 1 (Chen et al. 1982, Berrebi and Silber 1985).
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technique has come to be called the Shapley decomposition as it aims at
assessing the relative importance of different factors affecting the aggregate
statistical indicator of interest, applying a procedure formally equivalent to
the Shapley value (Shorrocks 2013).

Basically, this procedure consists of calculating the marginal impact of
dropping each factor in sequence, and then averaging the marginal effects ob-
tained considering all of the possible dropping sequences. For the desirable
properties in terms of intuitive interpretation, as well as for the exact addi-
tivity of the contributory terms, the Shapley decomposition has attracted a
large interest for its applicability to both factor- and subgroup-decomposition
procedures.11

Recall the distribution of local Access Gaps associated to n cells, A =
(A1, ..., An), and the k-factor contributions, Ak = (Ak

1, ..., Ak
n) with k = 1, ...4.

Given a generic inequality index I : ℜn
+ → ℜ, let σ = (σ1, ...., σm) be the

order in which factors are removed and S(σr, σ) = {σi|i > r} the set of factors
that remain after factor σr has been excluded. Considering altogether the
m! possible elimination paths [Σ], and then averaging the marginal effects of
adding factor k to the set S, denoted by ∆kI(A|S), the Shapley decomposition
allows to disentangle the expected marginal contribution of the k factor to
the overall level of inequality of access, i.e.

Ck = 1
m!

∑
σ∈Σ

Cσ
k = 1

m!
∑
σ∈Σ

∆kI (A|S (k, σ)) (13)

Hence, the proportional k-factor contribution to overall inequality of access
is

Ck(%) = Ck

I(A) (14)

which sum up to unity for all factors.

3 An application to Breast cancer surgery in
Italy

In the remainder of the paper we illustrate with an example how our method-
ology can be easily applied. To this end, we consider a single health treat-

11As for the decomposition in terms of within-group and between-group inequality, it
has been show that Shapley decomposition satisfies path independence, in that the within-
group inequality component does not depend on between-group inequality, a property
satisfied by the sole mean log deviation index among all other generalized entropy measures
(Foster and Shneyerov, 2000; Shorrocks, 2013).
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ment, i.e. breast cancer surgery, and focus on Italian data. The case of
breast cancer surgery is of particular interest, for breast cancer is the most
common cancer among women; it represents about 30% of all female can-
cer diagnoses in Italy (AIOM 2020). Moreover, as reported by AGENAS
– the Italian National Agency which supervises the performance of the Re-
gional Health Services – about 13.50% of total hospital admissions in 2017
occurred in regions different from the one in which the patient resided, what
clearly affects the cost of access to treatments 12. As we rely only on one
characteristic affecting access opportunities - i.e. region of residence - the
exercise performed has to be intended as merely illustrative of the proposed
methodology. In a companion paper we will develop a more comprehensive
application.

3.1 Data
The Italian NHS allows patients to get breast cancer surgery anywhere in
Italy. However, according to the data provided by the Ministry of Health
(Programma Nazionale Esiti, 2018), only 8 over 490 hospitals, respected
quality standards in 2017. Figure 1a illustrates the number of healthcare
providers by province, whereas Figure 1b shows where the hospitals providing
appropriate treatments are localized. As it is evident from the maps, despite
healthcare providers are evenly distributed across Italian provinces, those
delivering treatments of appropriate quality are not.

As for access costs, despite the Italian NHS grants breast cancer treat-
ment and surgery to anyone in need, a considerable amount of out-of-pocket
expenses is generally sustained by oncological patients. These significantly
affect patients’ consumption patterns (FAVO 2019). Out-of-pocket expenses
are mainly related to: a) transportation and accommodation costs; b) physi-
cians’ consultations; c) diagnostic tests; d) non-oncology drugs.

We assume that the only relevant characteristic – distinguishing each cell
from any other – is geographic location (region of residence).

The map in Figure 1c displays the distribution of the cost of access to
breast cancer surgery of appropriate quality associated to each cell 13. Such
cost is significantly different across Italian regions. In particular, it is higher
for people living either in Southern regions or in the extreme North.

To compute disparities in access opportunities, besides the cell-specific
cost of access, it is also necessary to consider the distribution of financial re-

12More in general, a large flow of patients going from southern to northern regions in
search for better quality health treatments has been observed (Levaggi and Zanola 2004,
Fabbri and Robone 2010, Beraldo et al. 2020).

13See section A1.2 in the Appendix for a detailed description of costs’ computation.
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Figure 1: Geographical distribution of healthcare providers and related
access costs (€)

Notes: List of providers delivering appropriate treatments (b): i. Mater Domini (VA);
ii. IEO (MI); iii. Humanitas (MI); iv. AOU-MO; v. AOU-PR; vi. AOU-PI; vii. S.

Eugenio (RM); viii. S. Salvatore (AQ).

sources available to potential patients. Figure 2 shows the results of our com-
putation procedure in assessing available resources (details are described in
section A1.3 in the Appendix). Figure 2, shows marked asymmetries among
areas. In particular, it confirms the well-known North-South disparities in
income and wealth levels.

3.2 Results
Given the distribution of accessible resources and the cost of access associated
to each cell, computations of the Access Gap index in eq. (1) are reported
in Table A1 in the Appendix. A graphical illustration of the Access Gaps –
disentangling the frequency of non-access (headcount ratio) from the intensity
of non-access (money gap) according to eq. (1) – is in Figure 3.

Our computations highlight that the Access Gap is sensibly higher in
Southern regions (Fig. 3a), especially in Campania. This result is driven

14



Figure 2: Equivalent accessible resources (€)

by the probability that a randomly chosen person does not have access to
a breast cancer surgery of adequate quality (Fig. 3b). This probability is
equal to about 25% in Southern regions and to about 15% in Northern ones
(see column 2, Table A1 in Appendix). Moreover, the intensity of non-access
(Fig. 3b) – given by the amount of financial resources required, on average,
by people not having access in order to fill the gap – is, in Southern regions,
slightly higher than in Northern ones (respectively 1750 versus 1726 euro
according to column 3, Table A1 in Appendix). As emphasized in Section 2,
a finer decomposition of the local Access Gap allows to catch the contribution
to the Access Gap of four factors; two of whom are related with supply-side
conditions, whereas other two with the demand-side.

Table A2 in the Appendix reports the results of the decomposition exer-
cise. Figure 4 is based on these results.

As for the supply-side, it is evident that productive inefficiencies of local
healthcare providers – whose proportional contribution is measured by a1

i =
A1

i /Ai (see Section 2.2.1) – cause extra-costs for patients in several regions.
According to the results of the present exercise, under-supply of healthcare
providers has instead a negligible impact on the Access Gap in almost all

15



Figure 3: Non-access for breast cancer surgery in Italy

regions.
As for the demand-side, a huge effect on access conditions is caused by

income and wealth inequality at the local level (within-cell), a3
i = A3

i /Ai;
this effect is extremely relevant in Northern regions (e.g. 106% in Emilia
Romagna and Lombardia). Conversely, local average income and wealth
conditions, a4

i = A4
i /Ai, raise the amount required to reach universal access

in most Southern regions.
Overall, the local Access Gap decomposition shows that the causes of non-

access considerably differ across regions. The problem is not related with the
lack of health care providers, rather with the fact than most providers do not
deliver treatments of adequate quality.

The analysis also suggests that – in comparative terms – in Northern
regions non-access problems are mainly related to inequalities in the local
distribution of available resources (within-cell inequality), whereas in South-
ern regions denied access mainly originates from the low level of accessible
resources (between-cell inequality).

To evaluate inequality of Access Gaps among different cells, we compute
standard inequality measures, i.e. the Coefficient of Variation and the Gini
index.

16



Figure 4: Access gap decomposition

In columns 1 and 3 of Table 1, we report the relative contribution of
each factor, according to the decomposition of the Coefficient of Variation,
CVk(%), and the Gini index, Gk(%), respectively. Columns 2 and 4, rely on
the Shapley rule (Section 2.3). Results are found to be very similar in each
of the four columns, so that we only comment Column 1.

The evidence shows that the main contribution to disparities in access
conditions come from demand-side factors. More specifically, given overall
inequality CV = 0.108, 28.7% comes from local inequalities in the distri-
bution of resources and 52.8% derives from delays in the overall level of
economic activity.

Looking at the supply side, local productive inefficiencies are responsi-
ble for 19.1% of the overall inequality of access opportunities, whereas local
under-supply of healthcare providers displays a negligible negative contribu-
tion (-0.6%).

4 Concluding Remarks
In this paper we have proposed a novel strategy to assess disparities in access
to healthcare. Such strategy is based on the ideal of equal potential access
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CV (=0.108) Gini (=0.243)
(1) (2) (3) (4)

CVk(%) CCV
k (%) Gk(%) CG

k (%)
Source Shorrocks (1982) Shapley rule Lerman & Yitzhaki (1985) Shapley rule
A1 0.191 0.191 0.190 0.186
A2 -0.006 -0.006 -0.004 0.002
A3 0.287 0.287 0.284 0.304
A4 0.528 0.528 0.529 0.507
Total 1.00 1.00 1.00 1.00

Table 1: Application of different Inequality decomposition by sources

and is suitable to disentangle the contribution of supply-side factors from
that of demand-side factors to overall inequality.

Our approach allows to account for different inequities characterizing ac-
cess to care, that is, (i) the disparity among individuals having access and
those having not, and (ii) the disparity of access conditions across the pop-
ulation.

In a way that resembles previous contributions (Wagstaff et al. 2003,
Carrieri and Jones 2018), our measurement strategy allows to gather direct
policy suggestions through the application of standard factor-decomposition
techniques. By virtue of such decomposition, it is indeed possible to isolate
the impact on access opportunities of various supply and demand factors,
what is particularly relevant for policy-makers, especially in decentralized
health systems.

For illustrative purposes, we have performed a simple exercise on data
from breast cancer surgery in Italy. Results suggest that isolating the im-
pact on access opportunities of various supply and demand factors might be
relevant. For example, we find that in Northern regions non-access prob-
lems are mainly related to inequalities in the local distribution of available
resources (within-cell inequality), whereas in Southern regions denied access
mainly originates from the low level of accessible resources (between-cell in-
equality) or inadequacy of health care providers.

Overall our approach is very general, and can be applied to very different
health care settings, such as those in developing countries or those charac-
terized by a massive presence of private providers.

Although the example described in the previous Section focuses on spa-
tial inequality of access, it is worth noticing that the geographical dimension
is just one of the dimensions that our methodology can cope with. Another
interesting application would be, for instance, the study of health treat-
ments whose access conditions are influenced by characteristics other than
geographic location.

18



Just to make an example, consider the case of edentulism and oral health.
Edentulism is a debilitating and irreversible condition; a major disease world-
wide, especially among older adults. It affects life quality not only by jeopar-
dizing oral functions; it severely constrains social life and daily activities, for
tooth loss influences self-image, leading to isolation, psychosocial well-being
decline and decreased self-esteem. Since dentures and dental prostheses are
excluded by the essential levels of health assistance (LEA – Livelli essenziali
di assistenza) set by the Italian Ministry of Health, the chance of access to
appropriate treatments might be extremely sensitive to characteristics other
than the place of living.

Also in this case, our methodology would allow assessing both the in-
tensity and the frequency of non-access to appropriate dental treatments,
besides identifying the role of inadequate economic resources and inadequate
supply in hampering care opportunities.
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Appendix

A1 Empirical exercise: variables’ definition

A1.1 Identifying quality standards
As for the appropriateness of breast cancer surgery, the Italian Ministry of
Health lists the following criteria:

1. number of per-year surgical treatments, greater than 150;

2. share of breast cancer surgical treatments, implemented in hospital
divisions performing more than 135 breast cancer surgeries per year,
no smaller than 80%;

3. share of patients readmitted within 120 days of discharge, no greater
than 8%;

4. share of patients receiving breast reconstruction with prosthesis during
total mastectomy, no smaller than 70%.

To be considered as a health facility providing appropriate treatments,
in what follows we posit that all of the above criteria must be at once satis-
fied. We concede that this is a particularly severe perspective that might be
softened in different applications, where appropriateness might be assessed
with less stringent criteria. This choice is justified in our empirical exercise,
for our aim is just one of providing insights in how the methodology can be
applied. As we consider just a restricted number of cells (specifically, the
twenty Italian regions), more stringent criteria allow us to catch differences
at the macro level that we would otherwise overlook.

A1.2 Computing costs
Since we assume that the only relevant characteristic – distinguishing any
cell from any other – is geographic location (region of residence), we treat
all of the usual out-of-pocket expenses for breast cancer as fixed, focusing
on the cost of mobility (transportation and accommodation costs). Hence,
let v = 1, ...8 indicate the location of the healthcare providers satisfying the
quality standards discussed above, the minimum cost of access to adequate
care for an individual living in cell i is obtained by summing up, respectively,

civ = CI + TCiv + ACv ∀ i = 1, ..., 20; ∀ v = 1, ..., 8 (15)
where
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• CI is the cell-invariant cost the patient has to bear independently from
where s/he resides. Cell-invariant costs are defined up to the sum of
main out-of-pocket expenses related to care needs and informal pay-
ments. Data come from a survey aimed at assessing breast cancer costs
borne by Italian households (LILT 2008). Such expenses basically con-
sist of: 1) cancer specialist’s consultations, 2) medical examinations, 3)
rehabilitation services, 4) drugs never covered by the NHS, 5) recon-
structive supports (prostheses, hairpieces)14;

• TCiv is the travel cost from region i to province v, borne by the pa-
tient and by whoever provides personal assistance to him/her. Trans-
portation costs are computed using the Michelin Guide, considering the
cheapest route between any province including the regional capital and
each healthcare provider supplying the appropriate treatment 15;

• ACv is the accommodation cost, borne by the caregiver during the
period of hospitalization. Accommodation costs — incurred by the
caregiver during the four days (on average) the patient is hospitalized
— are calculated by using information on the accommodation prices
required by the B&Bs and/or the Hotels advertised on the websites
of the eight Italian hospitals providing appropriate treatments, in the
area dedicated to informing patients about facilities.

As for the cost of access to the cheapest provider in the ith cell, ĉi, since
there is at least one health facility delivering breast cancer surgery in any
region we consider the sum of the cell-invariant costs related to care needs,
CI, and the public transportation cost to commute to the health facility,
PTCi, as follows,

ĉi = CI + PTCi ∀ i = 1, ...20 (16)
where PTCi is computed by considering the regional hourly cost of pub-

lic transportation adjusted for a ratio proxying for the regional kilometer
coverage of health facilities with respect to the national one16.

14Some additional costs might be considered in more comprehensive applications, such
as those related with the necessary professional assistance to people with disabilities.

15We assume that all of the out-of-pocket expenses associated to any regional capital are
representative of those borne by people residing in any other area of the region to which
the regional capital belongs.

16Notice that PTCi is sustained twice by the patient, whereas the caregiver commutes
during the four days (on average) the patient is hospitalized.
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A1.3 Computing accessible financial resources
The distribution of accessible financial resources may be remarkably differ-
ent from the simple distribution of income. Whoever in need may indeed
either use its wealth (past savings) or receive additional resources from other
members of the social networks she belongs to (family, friends, and so on).

To estimate accessible resources, we use data provided by the Survey of
the Bank of Italy on Household Income and Wealth (Bank of Italy, 2015).
This survey gathers data on income and wealth of the Italian households. The
sample comprises about 8,000 households (20,000 individuals), distributed
across the twenty provinces including the regional capitals of Italy.

For any household in the survey, we have drawn information about the
net disposable income and consumption. Then, by using the equivalence
scales provided by the Italian Statistical Office (ISTAT), we have computed
the equivalent consumption on an individual basis. Comparing this with the
poverty threshold (ISTAT, 2018) – determining equivalent absolute poverty
in consumption – we have estimated, for each individual j17, the amount of
resources, beyond the subsistence level, that can be possibly used to tackle
unforeseen risky events related to the health status.

Accepting the hypothesis that in the case one’s health is adversely af-
fected, all the family savings can be used to help the member in need, we
have added to the difference between one’s equivalent consumption and the
poverty threshold, the whole family savings and other financial assets18.

The amount of equivalent accessible resources (yij) for individual j in cell
i is therefore equal to

yij = (CE
ij − P E

ij ) + Sj + FAj (17)

where the difference between the equivalent per-capita consumption within
the household, CE

ij , and the equivalent poverty line, P E
ij , gives the amount

of resources that an individual can rely upon in case of need; Sj and FAj

indicate, respectively, the overall savings of the family and other financial
(immediately available) assets.

17We assume that a generic individual j is representative of the household’s potential
health need. Despite the probability of having the need might vary according to family
composition, we maintain this simplifying assumption due to the illustrative nature of the
exercise.

18Since we are not considering rehabilitation costs, we have excluded non-financial illiq-
uid assets, such as, for example, the house where one lives, for the obvious reason that
they cannot be converted into promptly usable resources. Moreover, although we have im-
plicitly made the assumption of intra-household transfers, we have neglected – for the lack
of reliable data – other transfers that individuals can enjoy because of their membership
to other social networks.
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A1.4 Detailed results

(1) (2) (3)
Region Ai Headcount ratio Money gap
Piemonte 247.34 0.142 1740.98
Valle d’Aosta 414.52 0.279 1485.35
Lombardia 261.64 0.146 1789.78
Trentino Alto Adige 190.35 0.109 1742.41
Veneto 236.35 0.140 1684.84
Friuli Venezia Giulia 272.69 0.140 1945.20
Liguria 211.65 0.124 1707.94
Emilia Romagna 199.47 0.117 1709.37
Toscana 197.63 0.112 1758.33
Umbria 238.16 0.134 1783.00
Marche 186.55 0.099 1892.97
Lazio 408.39 0.265 1538.28
Abruzzo 273.32 0.191 1429.69
Molise 201.10 0.099 2029.25
Campania 736.48 0.416 1769.52
Puglia 535.58 0.311 1720.70
Basilicata 264.19 0.156 1690.82
Calabria 501.87 0.276 1815.09
Sicilia 579.16 0.307 1883.79
Sardegna 464.34 0.280 1659.06

Table A1: Local Access Gaps with frequency and intensity components
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(1) (2) (3) (4)
Region Ai A1 A2 A3 A4
Piemonte 247.34 34.28 -0.58 221.52 -7.88
Valle d’Aosta 414.52 61.41 10.14 250.32 92.64
Lombardia 261.64 0.00 -1.82 277.20 -13.74
Trentino Alto Adige 190.35 20.68 3.20 157.52 8.95
Veneto 236.35 32.42 -1.25 226.01 -20.84
Friuli Venezia Giulia 272.69 38.47 -0.18 247.38 -12.97
Liguria 211.65 21.96 -0.53 188.41 1.80
Emilia Romagna 199.47 3.81 0.26 211.25 -15.85
Toscana 197.63 6.42 0.38 196.90 -6.07
Umbria 238.16 18.05 0.42 227.74 -8.04
Marche 186.55 17.30 -0.52 173.67 -3.90
Lazio 408.39 0.00 -3.48 354.37 57.50
Abruzzo 273.32 0.00 -0.97 249.65 24.64
Molise 201.10 16.12 -0.60 180.87 4.71
Campania 736.48 81.87 -5.82 467.44 192.99
Puglia 535.58 77.35 -2.25 262.22 198.26
Basilicata 264.19 33.84 1.59 177.49 51.27
Calabria 501.87 78.61 -0.95 256.56 167.65
Sicilia 579.16 155.87 -2.73 169.35 256.67
Sardegna 464.34 61.03 2.68 205.54 195.09

Table A2: Factor-decomposition of local Access Gaps
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