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Abstract

This paper, following earlier work on the cardinal measurement of ordinal health inequality,
proposes an axiomatic derivation of the health achievement in a population when only ordinal
information on health is available. An empirical illustration based on EU data for 27 countries
during the period 2005-2012 is then presented which confirms the usefulness of the new measure

of health achievement that has been introduced.
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1. Imntroduction

In many instances health variables are ordinal rather than cardinal. This is the case for surveys of
self-assessed health (SAH) where the individual is asked to state his/her level health, the choice
being, for example, between “very good”, “good”, “fair”, “bad” and “very bad”. Various solutions
have appeared in the literature where this type of ordinal variable is transformed into a cardinal
one. Such an ordinal health status may thus be considered as a latent variable and an ordered logit
or probit regression may then be estimated where the observed (ordinal) health status is assumed
to depend on explanatory variables such as the gender, age, area of residence, etc. of the individual.
Such an approach amounts then to transforming an ordinal variable (the health status indicated by
the individual) into a continuous variable (the latent variable) so that traditional inequality indices
may be applied to the distribution of the cardinal variable derived from that of the latent variable.
Another possibility is to implement the “interval regression” approach. Van Doorslaer and Jones
(2003), for example, used the Canadian "National Population Health Survey 1994-1995", which
included traditional questions on self-assessed health, as well as the "McMaster Health Utility
Index Mark III" (HUI) to apply the values of the empirical distribution function of the Canadian
Mc Master Health Utility Index (HUI) to the cumulative frequencies of self-assessed health (SAH)
which were available in the survey they used. This technique allowed them to derive upper and
lower bounds for an interval regression from which individual levels of health are predicted. The
results obtained were then compared with those of an OLS regression using the HUI data and those
of an ordered probit based on the SAH data.

A completely different way of looking at health, in particular at the inequality of the
distribution of self-assessed health, has been proposed by Abul Naga and Yalcin (2008). Following
Allison and Foster’s (2004) widely cited paper, they first stressed that traditional measures of
inequality such as the Gini or entropy related indices cannot be used when the variables under
study are ordinal. Allison and Foster (2004) had in fact also emphasized the fact that the mean
cannot serve as reference point for ordinal variables because its location relative to the distribution
will be very sensitive to the scale chosen. This is why, in the case of health, Allison and Foster
(2004) recommended using the median health status as reference level, the reason being that the
relative position of the median will not change when the scale changes and that the median is

‘responsive to significant changes in the distribution’. The main contribution of Abul Naga and



Yalcin (2008) was to derive axiomatically a cardinal measure of health inequality which can be
applied when only ordinal information is available.

Applying the technique proposed by Van Doorslaer and Jones (2003), Madden (2010) then
compared the values of generalized entropy indices based on the individual cardinal measures of
health with those obtained on the basis of the cardinal indices of health inequality proposed by
Abul Naga and Yalcin (2008) when only ordinal information is available.

Other recent contributions in this field include the work of Zheng (2011) who suggested a
new approach relating socioeconomic class with health status and his proposition did not require
any cardinal specification of ordinal heath data. More recently Lazar and Silber (2013), borrowing
ideas from the literature on the measurement of occupational or residential segregation, suggested
that the indices of ordinal segregation recently proposed by Reardon (2009) could be also applied
to the measurement of health inequality. Similarly Apouey and Silber (2013) proposed two
approaches to the measurement of inequality and bi-polarization when only ordinal information is
available.

Finally, more recently, using a somehow different set of desirable axioms for a measure of
health inequality when only ordinal variables are available, Lv, Wang and Xu (2015) developed
axiomatically a new class of inequality indices. They then gave an empirical illustration based on
self-reported health status data from the 2007 wave of the China Household Income Project Survey
(CHIPS). They also compared their results with those obtained when using the indices proposed
by Apouey (2007), Abul Naga and Yalcin (2008), Reardon (2010) and Lazar and Silber (2013).

The present study attempts to extend this previous work on the measurement of health
inequality when only ordinal variables are available. It first derives axiomatically some new
classes of measures of the level of health in a population when the health variable is ordinal. It
may be noted that our measures of health inequality are along the line of the approach to economic
inequality by Atkinson (1970) that is based on a social welfare function. The paper then gives an
empirical illustration, based on data on self-assessed health in 27 countries of the European Union,

which shows the usefulness of the new measure of health introduced in the present study.

2. An axiomatic approach to the measurement of health in the case of ordinal data



Let N = {1, ..., n} be the set of individuals in the society with n = 2. The set of health status
is denoted by K = {1, ..., K} with K > 2 and a lower number indicating a better health status. A
health vector, s = (s, ..., Si, --., Sp) € K", represents the health status of each individual in the
society with s; € K being individual i’s health status.

A health equivalent adjusted level (HEAL) index is defined as a mapping h: K* — [0,1] so
that, for each health vector s = (sy, ..., S;, ..., Sp) € K", h(s) reflects the overall health level of the
society: for any s,t € K", h(s) = h(t) is interpreted as implying that the overall health of the
individuals in the society under s is at least as good as the overall health of the individuals in the
society under t, and, h(s) > h(t) is interpreted as implying that the overall health of the
individuals in the society under s is better than the overall health of the individuals in the society
under t.

For each s = (sq, ..., S, -..,Sp) € K" and every k € K, let pi(s) = #{i € N:s; = k}, and
p(s) = (p,(5), ..., px(s)). Therefore, p(s) is the frequency distribution of the heath vector s.

We now propose three basic properties for a HEAL index h.

Axioms for the HEAL index h

Separability. There exists a function g: K — [0,1] such that, for each s = (54, ..., Sj, ..., Sp)» t =
(ty, oertiy oo ty) EK™ () = h(t) © g(s1) + -+ g(sp) = g(ty) + -+ g(sp)-

Weak Pareto Principle. Forall k, k' € s,t € K", if k < k', then h(k, ..., k) > h(k', ..., k").
Weak Equity Principle. For alli,j € N and all s = (sl, ey Sip wees Sj) ...,sn) € K", if, for some
k'€ K,s; <k'<sjors; <k'<s;, then, there exists t = (t, ..., t;, ..., t}, t,,) € K" with [Vi" €

N\{i,j}: sy = ty] and [s; < t; < t; < s;] such that h(s) < h(t).

Separability is a fairly standard property used in welfare economics. It requires that an
HEAL index h admits an additively separable representation so that, in this representation, the
contributions of individuals’ health statuses to the overall health level in society are additively
separable. Weak Pareto Principle is yet another commonly used property in welfare economics
and social choice theory. It requires that a health vector in which every individual has the same
health status k represents a better overall health level for the society than another health vector in

which every individual has the same health status k' whenever k is a better health status than k'.



Weak Equity Principle resembles the Pigou-Dalton transfer principle in the literature on
measurement of income inequality. It basically requires that, other things the same, changes of
two individuals’ health statuses from two further-apart health statuses to two “closer” statuses
should not decrease the overall health level of the society. The idea is that, in such changes, the
(local) “inequality’ of the health statuses among the individuals in the society seems to have
decreased and this should have a positive bearing on an HEAL index.

With the help of the above three basic properties of an HEAL index, we can prove the

following result.

Proposition 1. A HEAL index h satisfies Separability, Weak Pareto Principle, and Weak Equity
Principle if and only if, there exists a4, ..., &g such that,

@) for all S = (S, Siy s Sp)y t=(tg, e, tiy o, ty) EK® h(s) = h(t) &
YR=1Pe(S) e = Y= () i,

(i1) a; > > ag,

(iii)) forallk =2,..,K—1, 20 = Ap_q + Agyq-

Proof. Suppose a HEAL index h satisfies Separability, Weak Pareto Principle, and Weak Equity
Principle. By Separability, there exists a function g: K — [0,1] such that, for all s =
(S1y s Siy s S t = (tq, woes iy oy ty) € K,

(1) h() = h(®) & XL 9(s:) = k=1 9 (&)

Then, for each k € K, let a;, = g(k); and for each s = (s4, ..., S, ..., Sp) € K", we have
(2) Y1905 = Xie1 Pr($) .

Note that, for any k € K, we have )i~ g(k) = aj. Then, a straightforward application of
Weak Pareto Principle gives us a; > -+ > ag. Finally, for any k = 2,...,K — 1, consider s =
(51, ) Siy -, Sp) E K" withs; =k —1and s, = k + 1. Note that s; < k < s,, by Weak Equity
Principle,

(3)  there exists t = (ty,...,t;) € K* with [Vi € N\{1,2}:s; =¢;] and [s; =k —-1<

t; <t, <s, =k +1],and h(s) < h(t).



Clearly, froms; =k —1<t; <t, <s, =k + 1, it must be the case that
(4) tl = tz = k

From (1), (2), (3) and (4), we have h(s) < h(t) iff XX_, pp () < XX_ i@ ay iff aj_q +
A1 < ap + ag; thatis, 2a, = Qp_1 + Ap41-

On the other hand, it can be checked that, if a HEAL index h has the properties (i), (ii) and (iii)
figured in Proposition 1, then it satisfies Separability, Weak Pareto Principle, and Weak Equity
Principle. Q.E.D.

The intuition underlying Weak Equity Principle can be extended by requiring that the
changes of two individuals’ health statuses from two further-apart health statuses to two “closer”
statuses should increase the overall health level of the society, and this intuition is captured by the
following property, Equity Principle I. Obviously, Equity Principle I is logically stronger than
Weak Equity Principle.

Equity Principle I. Foralli,j € N andall s = (51, ey Siy s Sj) ...,sn) € K", if, for some k' € K,
s; <k' <sjors;<k'<s;, then, there exists t = (ty,...,t;, ..., tj, t,) € K* with [Vi' € N\

{i,j}: sy =ty]and [s; < t; < t; <s;] such that h(s) < h(t).

If Weak Equity Principle is replaced with Equity Principle I, we can obtain the following

result. The proof is very similar to that of Proposition 1 and we omit it.

Proposition 2. A HEAL index h satisfies Separability, Weak Pareto Principle, and Equity
Principle I if and only if, there exists a;, ..., ax such that,

(iv)  forall s = (Sq, ., Siy s Sp)r t = (Eq, ey iy ooes t) € K™ R(S) = h(E) © XX_ pr(s)ay =
Yi=1 PO,

V) > >a,

(vi) forallk=2,..,K—1,2a; > a_1 + Xpyq.



The intuition underlying Weak Equity Principle can be extended in another direction by
requiring that the changes of two individuals’ health statuses from two further-apart health statuses
to two “closer” statuses should neither increase nor decrease the overall health level of the society,
in other words, such changes should leave the overall health level of the society unchanged. This
intuition is captured by the following property, Equity Principle II. It can be easily checked that
Equity Principle II is logically stronger than Weak Equity Principle.

Equity Principle II. Foralli,j € N and all s = (sl, e Siy s Sj) ...,sn) € K", if, for some k' €
K, s; < k' <sjors; <k'<s, then, there exists t = (ty, ..., t;, ..., tj, t,) € K" with [Vi’ € N\

{i,j}: sy =ty]and [s; < t; < t; <s;] such that h(s) = h(t).

If we replace Weak Equity Principle with Equity Principle II, then we obtain the following

result.

Proposition 3. A HEAL index h satisfies Separability, Weak Pareto Principle, and Equity
Principle II if and only if,
(vii)  for all S = (S, ) Siy s Sp) t = (tg, ooy tjy oy t)) EK™® h(s) = h(t) &

(K-k) (K-k)
Zlk(=1 pk(s) (K—l) 2 Zﬁ:l pk(t) (K—l)'

Proof. Suppose a HEAL index h satisfies Separability, Weak Pareto Principle, and Equity
Principle II. By Separability, there exists a function g:IK — [0,1] such that, for all s =
(81, v Sjy s Sy t = (tq, oo\ tiy ey t) € K™,

(5)  h(s) 2 h(®) & XL 9(s:) = k=1 9(t2).

Then, for each k € K, let a;, = g(k); and for each s = (sy, ..., S, ..., Sp) € K", we have

©)  Xi19(s) = Xk=1pr(s)ay.
For any k = 2,...,K — 1, consider s = (54, ..., Sj, ..., Sp) E K" withs; =k —1ands, =k +
1. Note that s; < k < s,, by Equity Principle II,



(7)  there exists t = (ty,..,t,) € K* with [Vi € N\{1,2}:s; =¢;] and [s; =k —1<
t;1 <t, <s, =k + 1], and h(s) = h(t).

Clearly, froms; =k —1<t; <t, <s, =k + 1, it must be the case that
(8) tl = tz = k
(viii) From (5), (6), (7) and (8), we have h(s) = h(t) iff XX_, pr()ax = X¥_; pr(®)ay iff

Ap_1 + A1 = ay + ai. Now, if we “normalize” ax = 0 and a; = 1, then, for each k € K, we

_ (K-k)

must have a; = “D Therefore, for all s = (sq, ..., Sj, oo, Sp), t = (t1, oo, tiy oe, ) € K™,
(K—k) (K-k)
h(s) = h(t) © w1 () ooy 2 Zie=1 P (D) e

On the other hand, it can be checked that, if a HEAL index h has the properties (i), (ii) and
(ii1) figured in Proposition 3, then it satisfies Separability, Weak Pareto Principle, and Weak Equity
Principle II. Q.E.D.

Remark 1. It may be noted that, each of our results, Propositions 1, 2 and 3, provides a
characterization of a class of HEAL indices. For example, in Proposition 1, we provide a
characterization of the class of HEAL index h such that, it admits an additively separable
representation g over individual health status and has the properties specified in (ii) and (iii) of
Proposition 1. Therefore, for any health vector s, h(s) can be given by any increasing

transformation of Y.X_, pr(s)ay.

Remark 2. Fora given y € (0,1] and each k € K, let
(K- k)Y
Ay = s
(K — 1)
Then,

K (K — k)Y
h(s) = Zkzlpk(s) =17



has the properties (i), (ii) and (iii) figured in Proposition 1 and satisfies Separability, Weak Pareto
Principle, and Weak Equity Principle; further, if y < 1, then the above h has the properties (iv),
(v) and (vi) figured in Proposition 2.

Remark 3. Note that, in Proposition 3, if we let, for all s = (sy, ..., S}, ..., Sp) € K",

A =D ) e
s)= )=

TRV
Then, noting that following,

(K -2)
K-1

1
+ -+ pr-1(8) 5—< + Pr(s)0

h(s) = p1(s)1 + p(s) (K-1)

we have
(K = Dh(s) = (K = Dp1(s) + (K = 2)pa(s) + -+ + 2pg—2(5) + 1pg-1(s) + Opk(s)
Equivalently,
(K = Dh(s) = p1(s) + [p1(s) + p2()] + - + [pa(s) + p2(s) + -+ + P—1(5)]
Remembering that a lower subscript indicates a better health status and defining F (s) as

Fi(s) = Z;-‘zlp i(s), that is, F ;(s) refers to the cumulative relative frequency of the various

categories of health status, we can easily derive that

K-1

(K=Dh(s)= ). Fls)

And therefore,

1 K-1
M) = 5 0, Fe®

3. An empirical illustration

The data base is provided by Eurostat (2014) and gives for each country the level of self-perceived
health by sex, age and educational attainment level. We have however made no distinction by
gender, age or educational level. Five levels of perceived health were distinguished: very good,
god, fair, bad and very bad. We computed for each country, for which data were available, and for
each of the years 2005 to 2012, the index HEAL specified in Remark 2 previously, for three values
of the parameter y, namely y=0.5;y=1and y=0.1.

10



Tables 1 to 3 give the results corresponding to each of these three cases for the 27 European
Union countries as well as for the European Union (EU) as a whole. We also give the 5%-95%
bootstrap confidence interval for the health achievement of every country and for every year. It
may be noted that the values reported in Tables 1 to 3 are the corresponding values of the HEAL
index multiplied by 100. For comparison reason, we note that, in our samples, K = 5 so that a; =
1, a, =.75, a3 = .5, a4 = .25and a5 = 0.

In Tables 4 to 6 we classify the countries into three categories: those whose overall health
achievement is significantly lower than the average heath achievement in the European Union,
those whose overall health achievement is significantly higher than the average health achievement
in the European Union and those whose health achievement is not significantly different from that
of the European Union as a whole. In each table we present these classifications for the year 2005
and the year 2012. Table 4 refers to the case where the parameter vy is equal to 0.5. Table 5 gives
the classification for y = 1 and Table 6 for y =0.1.

As a whole the classifications are not very different in 2005 and 2012, whatever the value of
the parameter y we choose. Most of the countries remain in the same category and the variation
between 2005 and 2012 for a given value of y or, for a given year (2005 or 2012) for the three

different cases examined (y = 0.5, 1 or 0.1) is marginal.

4. Concluding comments

This paper, following earlier work on the cardinal measurement of ordinal health inequality,
first derived axiomatically some new classes of the level of health achievement in a population,
when only ordinal information on health is available. An empirical illustration based on EU data
for 27 countries during the period 2005-2012 seems to confirm the usefulness of the new classes

of measures of health achievement that have been introduced.
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Table 1: Heal index with bootstrap based confidence intervals (y = 0.5)

Country 2005 2005 (5%) 2005 2006 2006 (5%) 2006 2007 2007 (5%) 2007 2008 2008 (5%) 2008
(95%) (95%) (95%) (95%)
EU 27 80.8 79.93 81.66 80.88 79.96 81.83 81.28 80.42 82.04 81.82 80.93 82.8
Belgium 84.17 83.35 85.05 84.61 83.75 85.46 84.61 83.83 85.43 84.29 83.39 85.07
Czech Rep 78.58 77.58 79.57 78.71 77.68 79.71 79.46 78.49 80.44 79.39 78.35 80.46
Denmark 86.94 86.13 87.78 85.95 84.92 86.83 85.95 85.08 86.95 84.62 83.68 85.58
Germany 79.51 78.65 80.32 79.49 78.63 80.28 79.22 78.4 80.11 80.69 79.77 81.46
Estonia 75.36 74.33 76.39 75.67 74.7 76.58 75.76 74.9 76.66 76.11 75.13 77.04
Ireland 89.29 88.56 90.01 89.27 88.58 90.01 89.62 88.93 90.26 89.7 89.06 90.36
Greece 87.63 86.45 88.6 87.21 86.15 88.23 87.6 86.57 88.67 87.3 86.27 88.34
Spain 81.13 80.24 82.1 81.34 80.41 82.34 81.22 80.3 82.08 82.9 82.06 83.69
France 82.05 81 82.97 82.37 81.45 83.24 84.17 83.26 84.99 82.73 81.84 83.5
Italy 79.11 78.16 79.94 78.44 77.55 79.36 79.3 78.43 80.24 79.52 78.55 80.33
Cyprus 86.29 85.22 87.12 86.93 86 87.78 86.19 85.17 87.22 87.47 86.56 88.44
Latvia 69.41 68.2 70.47 71.52 70.4 72.6 71.93 70.84 72.96 73.12 72.11 74.04
Lithuania 73.51 72.53 74.39 73.57 72.63 74.54 75.01 74.03 76.04 74.62 73.65 75.53
Luxembourg 84.57 83.66 85.47 84.66 83.72 85.47 84.68 83.84 85.48 84.4 83.48 85.19
Hungary 72.91 71.75 73.91 73.85 72.79 74.85 73.22 72.07 74.35 75.32 74.12 76.55
Malta 83.98 83.28 84.66 85.94 85.19 86.66 85.65 84.88 86.31 85.93 85.25 86.64
Netherlands 84.22 83.44 84.94 84.35 83.67 85.07 84.67 83.93 85.44 84.49 83.64 85.22
Austria 84.54 83.5 85.46 84.65 83.76 85.61 84.58 83.48 85.55 83.26 82.24 84.27
Poland 75.76 74.7 76.82 76.47 75.37 77.47 76.86 75.75 77.78 77.35 76.23 78.37
Portugal 75.27 74.21 76.31 76.07 75.08 76.96 75.6 74.62 76.55 76.1 75.04 77.17
Slovenia 76.2 75.09 77.22 77.05 75.96 78.1 77.41 76.42 78.36 78.03 77.07 79.03
Slovakia 75.97 74.87 77.22 75.96 74.78 77.19 76.37 74.98 77.49 77.41 76.2 78.63
Finland 83.94 82.76 84.98 84.04 82.98 85.16 82.42 81.49 83.34 82.45 81.65 83.23
Sweden 85.97 84.95 86.77 86.13 85.28 87 87.02 86.25 87.79 86.64 85.89 87.46
UK 84.94 84.05 85.78 85.38 84.57 86.2 86.33 85.57 87.16 86.9 86.05 87.66
Iceland 87.5 86.53 88.39 88.47 87.52 89.34 88.02 87.27 88.92 88.02 87.17 88.92
Norway 83.52 82.67 84.4 83.57 82.59 84.46 84.56 83.64 85.4 84.44 83.66 85.28
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Table 1 (cont.): Heal index with bootstrap based confidence intervals (y= 0.5)

Country 2009 2009 (5%) 2009 2010 2010 (5%) 2010 2011 2011 (5%) 2011 2012 2012 (5%) 2012
(95%) (95%) (95%) (95%)
EU 27 81.81 80.86 82.72 81.97 81.03 82.9 81.83 80.86 82.75 81.95 81.02 82.81
Belgium 83.5 82.54 84.46 83.39 82.4 84.28 83.4 82.38 84.41 84.15 83.27 85
Czech Rep 79.27 78.23 80.18 79.76 78.73 80.75 78.89 77.82 79.87 78.98 77.89 79.99
Denmark 83.54 82.51 84.51 83.03 82.08 83.95 82.97 82.09 83.9 82.97 82.05 83.99
Germany 80.95 80.14 81.78 80.95 80.14 81.76 80.73 79.92 81.58 80.97 80.11 81.78
Estonia 76.23 75.33 77.01 76.22 75.32 77.14 75.5 74.54 76.47 75.67 74.78 76.62
Ireland 88.95 88.27 89.64 89.13 88.36 89.84 89.07 88.36 89.72 88.89 88.21 89.65
Greece 86.73 85.57 87.75 86.78 85.74 87.8 87.14 86.03 88.1 86.23 85.11 87.3
Spain 82.29 81.4 83.08 82.96 82.09 83.71 84.09 83.27 84.9 83.99 83.06 84.79
France 82.5 81.56 83.36 81.91 80.98 82.88 82.1 81.28 82.97 82.71 81.79 83.5
Italy 79.49 78.51 80.29 80.6 79.72 81.42 79.26 78.41 80.22 79.94 79.04 80.89
Cyprus 85.98 85 86.97 86.2 85.19 87.2 86.4 85.41 87.42 87.23 86.28 88.05
Latvia 74.24 73.41 75.27 74.09 73.07 75.07 73.59 72.53 74.54 74.06 73.06 75.03
Lithuania 74.61 73.6 75.57 74.91 73.92 75.8 72.64 71.61 73.72 72.75 71.6 73.68
Luxembourg 84.69 83.78 85.44 84.65 83.8 85.45 83.49 82.61 84.26 83.53 82.7 84.31
Hungary 76.24 75.07 77.44 76.16 74.94 77.29 76.57 75.46 77.65 76.98 75.83 78.08
Malta 83.9 83.2 84.64 83.14 82.41 83.83 84.24 83.51 84.95 83.79 83.1 84.42
Netherlands 84.88 84.14 85.59 84.94 84.16 85.61 83.99 83.24 84.65 84.43 83.67 85.12
Austria 83.25 82.26 84.24 83.24 82.24 84.11 83.1 82.06 84.13 83.44 82.46 84.44
Poland 77.11 76.02 78.13 77.75 76.71 78.78 78.15 77.2 79.12 78.17 77.2 79.16
Portugal 75.57 74.59 76.53 75.48 74.3 76.36 76.21 75.06 77.24 75.82 74.82 76.81
Slovenia 78.44 77.46 79.33 78.51 77.42 79.52 78.69 77.6 79.78 79.57 78.56 80.61
Slovakia 78.69 77.61 79.7 79.48 78.43 80.55 79.12 78.08 80.11 80.35 79.31 81.34
Finland 82.42 81.68 83.22 82.34 81.51 83.12 82.54 81.73 83.33 81.82 81.04 82.54
Sweden 86.99 86.14 87.82 86.95 86.25 87.75 87.2 86.34 87.91 86.91 86.13 87.64
UK 86.93 86.06 87.74 86.86 86.06 87.66 86.17 85.36 87 85.57 84.57 86.54
Iceland 88.17 87.28 89.04 86.88 85.99 87.74 86.56 85.63 87.4 86.59 85.74 87.44
Norway 84.81 84.04 85.65 84.85 83.91 85.68 83.3 82.39 84.13 85.69 84.79 86.56
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Table 2: Heal index with bootstrap based confidence intervals (y = 1)

Country 2005 2005 (5%) 2005 2006 2006 (5%) 2006 2007 2007 (5%) 2007 2008 2008 (5%) 2008
(95%) (95%) (95%) (95%)
EU 27 68.6 67.45 69.88 68.65 67.4 69.95 69.25 67.97 70.38 69.95 68.8 71.18
Belgium 73.72 72.6 74.97 74.2 73.05 75.38 74.18 73.08 75.3 73.6 72.43 74.72
Czech Rep 65.5 64.18 66.72 65.7 64.33 66.9 66.6 65.28 67.88 66.65 65.4 68.03
Denmark 78.38 77.1 79.55 77.2 75.85 78.5 77.2 76 78.45 74.68 73.47 75.85
Germany 65.97 64.8 67.13 65.93 64.78 67.13 65.55 64.47 66.72 67.72 66.68 68.88
Estonia 60.47 59.28 61.7 60.75 59.58 62 60.8 59.7 61.9 61.2 60.03 62.35
Ireland 81.73 80.58 82.85 81.65 80.55 82.78 82.05 81 83.18 82.13 81.1 83.1
Greece 80.5 79.15 81.88 80.08 78.65 81.35 80.68 79.3 82.05 80.08 78.6 81.47
Spain 69.13 67.72 70.43 69.13 68.03 70.35 68.85 67.58 69.95 71.08 70 72.13
France 70.35 69.13 71.6 70.8 69.47 71.93 73.35 72.1 74.45 71.05 69.93 72.33
Italy 65.4 64.25 66.5 64.5 63.45 65.58 65.98 64.7 67.03 66.22 65.08 67.28
Cyprus 78.28 76.93 79.6 78.97 77.68 80.33 78.15 76.93 79.5 79.52 78.18 80.8
Latvia 52.6 51.43 53.68 55.23 54.13 56.38 55.65 54.53 56.78 57.15 56.08 58.23
Lithuania 57.45 56.28 58.75 57.65 56.55 58.65 59.6 58.38 60.8 59.1 58.05 60.33
Luxembourg 74.43 73.25 75.7 74.55 73.47 75.7 74.33 73.2 75.4 73.88 72.6 75.03
Hungary 58.13 56.83 59.4 59.25 57.93 60.48 58.85 57.45 60.13 62 60.8 63.5
Malta 72.35 71.35 73.47 75.77 74.7 76.85 75.2 74.18 76.28 75.78 74.5 76.83
Netherlands 72.88 71.83 73.9 73.05 71.95 73.97 73.58 72.53 74.6 73.45 72.33 74.55
Austria 74.78 73.3 76.08 74.77 73.45 75.93 74.72 73.35 76.18 72.72 71.45 74
Poland 61.95 60.55 63.28 62.58 61.28 63.93 63.22 61.88 64.55 63.97 62.63 65.22
Portugal 60.43 59.3 61.48 61.38 60.23 62.48 60.43 59.35 61.5 61.73 60.53 62.85
Slovenia 62.18 60.85 63.53 63.4 62.2 64.58 63.98 62.8 65.2 64.63 63.48 65.8
Slovakia 63.25 61.85 64.65 63.15 61.53 64.63 63.78 62.4 65.25 64.85 63.38 66.33
Finland 74.78 73.4 76.1 75 73.63 76.4 70.7 69.43 71.93 70.73 69.55 71.83
Sweden 76.68 75.45 77.88 76.65 75.58 77.88 78.15 77 79.2 77.45 76.28 78.63
UK 75 73.75 76.2 75.58 74.47 76.88 76.95 75.93 78.18 77.98 76.78 79.18
Iceland 80.03 78.75 81.2 81.18 79.93 82.35 79.93 78.6 81.15 80.07 78.8 81.28
Norway 72.75 71.55 74.1 72.8 71.63 73.95 74.25 73.08 75.4 73.8 72.65 74.85
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Table 2 (cont.): Heal index with bootstrap based confidence intervals (y= 1)

Country 2009 2009 (5%) 2009 2010 2010 (5%) 2010 2011 2011 (5%) 2011 2012 2012 (5%) 2012
(95%) (95%) (95%) (95%)
EU 27 70.03 68.72 71.15 70.2 69.03 71.35 70.05 68.85 71.28 70.35 69.22 71.63
Belgium 72.8 71.43 73.97 72.57 71.35 73.93 72.97 71.63 74.25 73.83 72.6 75.05
Czech Rep 66.35 64.88 67.68 67.27 65.85 68.55 65.9 64.55 67.25 66.08 64.78 67.33
Denmark 73.18 72 74.3 72.27 70.95 73.53 72.28 70.93 73.45 72.1 70.9 73.4
Germany 68.17 67.03 69.3 68.13 66.95 69.25 67.9 66.72 69 68.35 67.35 69.53
Estonia 60.75 59.58 61.8 61.13 59.9 62.28 60.3 59.05 61.43 60.68 59.33 61.75
Ireland 80.88 79.8 81.85 81.3 80.18 82.35 81.02 79.83 82 80.85 79.8 81.95
Greece 79.38 78 80.7 79.23 77.75 80.55 79.65 78.3 80.93 78.23 76.75 79.63
Spain 70.43 69.35 71.47 71.25 70.03 72.45 73.2 72.1 74.45 73.05 71.97 74.18
France 70.8 69.63 72.1 69.95 68.7 71.22 70.18 69.05 714 71.1 69.83 72.4
Italy 66.3 65.15 67.45 67.85 66.75 68.95 66.22 64.9 67.4 67.32 66.2 68.55
Cyprus 77.48 76.08 78.78 77.65 76.55 78.95 78.4 77.03 79.75 79.13 77.83 80.38
Latvia 58.35 57.38 59.4 58.48 57.4 59.65 57.75 56.6 58.88 58.2 56.98 59.25
Lithuania 59.25 58 60.4 59.7 58.63 60.93 56.83 55.58 57.98 57 55.78 58.28
Luxembourg 74.68 73.4 75.9 74.43 73.28 75.65 72.48 71.35 73.63 72.47 71.33 73.6
Hungary 62.98 61.58 64.38 62.65 61.25 64.08 63.1 61.7 64.35 63.68 62.25 65.03
Malta 72.35 71.22 73.4 70.93 69.9 71.9 72.78 71.65 73.9 71.88 70.9 72.97
Netherlands 73.97 72.93 75.03 73.88 72.85 74.8 72.62 71.6 73.75 73.33 72.25 74.4
Austria 72.75 71.47 73.95 72.75 714 73.95 72.43 71.08 73.7 73.28 71.97 74.53
Poland 63.6 62.33 64.88 64.45 63.15 65.9 64.75 63.4 65.97 64.83 63.48 66.03
Portugal 61.15 59.98 62.53 60.62 59.43 61.8 61.93 60.7 63.1 61.18 59.98 62.43
Slovenia 65.38 64.2 66.55 65.47 64.33 66.78 65.85 64.5 67.28 67.1 65.68 68.45
Slovakia 66.35 65.03 67.6 67.25 65.9 68.53 66.6 65.28 67.78 68.22 66.93 69.45
Finland 70.52 69.25 71.63 70.25 69.1 71.33 70.6 69.38 71.58 69.15 68.15 70.15
Sweden 78.13 76.97 79.3 77.83 76.58 78.9 78.32 77.22 79.5 77.85 76.88 78.97
UK 78.13 76.88 79.3 78.05 76.85 79.2 76.68 75.47 78 76.47 75.25 77.83
Iceland 80.18 79.13 81.22 78.35 77.08 79.6 77.85 76.68 79.05 77.85 76.58 79.03
Norway 74.5 73.18 75.68 74.55 73.33 75.68 72.05 70.85 73.08 75.8 74.63 76.9
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Table 3: Heal index with bootstrap based confidence intervals (y = 0.1)

Country 2005 2005 (5%) 2005 2006 2006 (5%) 2006 2007 2007 (5%) 2007 2008 2008 (5%) 2008
(95%) (95%) (95%) (95%)
EU 27 94.04 93.27 94.73 94.14 93.44 94.82 94.23 93.52 94.98 94.52 93.86 95.21
Belgium 95.16 94.48 95.81 95.57 94.96 96.13 95.57 94.98 96.13 95.57 94.87 96.07
Czech Rep 93.03 92.19 93.78 93.13 92.2 93.91 93.62 92.87 94.29 93.45 92.61 94.17
Denmark 96.09 95.47 96.65 95.32 94.55 96.02 95.38 94.74 96.04 95.11 94.38 95.82
Germany 94.07 934 94.67 94.07 93.34 94.71 93.93 93.22 94.56 94.44 93.75 95.03
Estonia 91.88 91.09 92.71 92.2 91.39 93 92.3 91.48 93.15 92.61 91.79 93.38
Ireland 97.05 96.57 97.47 97.05 96.62 97.48 97.3 96.86 97.65 97.39 96.96 97.69
Greece 95.45 94.6 96.2 95.04 94.23 95.86 95.21 94.41 96 95.29 94.47 96.05
Spain 94.05 93.22 94.69 94.41 93.82 95.1 94.39 93.67 95.07 95.07 94.48 95.61
France 94.71 93.96 95.34 94.87 94.23 95.45 95.69 95.19 96.16 95.27 94.67 95.81
Italy 93.9 93.13 94.53 93.57 92.89 94.25 93.56 92.79 94.3 93.76 93.03 94.51
Cyprus 95.13 94.31 95.89 95.73 95.07 96.32 94.96 94.14 95.76 96.18 95.54 96.75
Latvia 88.67 87.55 89.71 89.96 88.93 90.99 90.29 89.23 91.21 91.04 90.02 91.92
Lithuania 91.78 90.99 92.61 91.52 90.59 92.36 92.18 91.28 92.97 92.07 91.32 92.9
Luxembourg 95.39 94.76 95.95 95.35 94.65 95.94 95.59 94.99 96.08 95.59 94.94 96.14
Hungary 90.07 88.97 91.11 90.62 89.53 91.73 89.91 88.76 91.09 90.45 89.35 91.54
Malta 96 95.6 96.37 96.45 96.01 96.84 96.46 96.09 96.81 96.44 96.11 96.79
Netherlands 95.84 95.3 96.31 95.94 95.41 96.39 96.09 95.64 96.49 95.82 95.36 96.3
Austria 95.13 94.35 95.73 95.32 94.65 95.89 95.22 94.56 95.82 94.68 93.95 95.37
Poland 91.47 90.44 92.35 92.18 91.28 92.96 92.21 91.28 93.06 92.4 91.44 93.17
Portugal 91.59 90.76 92.47 92.23 91.22 93.03 92.27 91.39 93.11 91.93 91.03 92.81
Slovenia 91.98 91.03 92.81 92.34 91.42 93.23 92.29 91.35 93.12 92.89 92.08 93.69
Slovakia 90.45 89.38 91.52 90.59 89.48 91.59 90.77 89.62 91.82 91.36 90.34 92.39
Finland 94.11 93.32 94.99 94.06 93.21 94.84 94.9 94.23 95.5 94.91 94.26 95.46
Sweden 95.73 94.98 96.28 96.01 95.42 96.46 96.22 95.65 96.71 96.21 95.64 96.65
UK 95.48 94.86 96.01 95.67 95.11 96.26 96.13 95.57 96.59 96.18 95.61 96.66
Iceland 95.38 94.6 96.13 96.08 95.42 96.7 96.51 96.03 97 96.22 95.55 96.78
Norway 94.99 94.29 95.57 95.15 94.52 95.75 95.54 94.88 96.08 95.68 95.14 96.21
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Table 3 (cont.): Heal index with bootstrap based confidence intervals (y= 0.1)

Country 2009 2009 (5%) 2009 2010 2010 (5%) 2010 2011 2011 (5%) 2011 2012 2012 (5%) 2012
(95%) (95%) (95%) (95%)
EU 27 94.44 93.56 95.09 94.56 93.83 95.2 94.45 93.77 95.08 94.4 93.57 95.03
Belgium 94.91 94.18 95.5 94.96 94.27 95.52 94.57 93.84 95.32 95.21 94.51 95.8
Czech Rep 93.5 92.72 94.28 93.47 92.68 94.23 93.19 92.36 93.95 93.2 92.4 93.93
Denmark 94.41 93.64 95.2 94.36 93.58 95.1 94.27 93.49 95.02 94.43 93.68 95.11
Germany 94.5 93.87 95.07 94.57 93.95 95.11 94.37 93.76 94.98 94.42 93.75 95.03
Estonia 93.4 92.81 94.04 93 92.25 93.64 92.51 91.72 93.23 92.47 91.7 93.28
Ireland 97.14 96.78 97.48 97.1 96.59 97.53 97.25 96.83 97.57 97.05 96.62 97.44
Greece 94.85 93.95 95.72 95.09 94.22 95.84 95.33 94.56 96.06 94.97 94.17 95.7
Spain 94.61 93.89 95.26 95.07 94.35 95.65 95.26 94.5 95.93 95.3 94.67 95.94
France 95.13 94.51 95.63 94.77 94.12 95.31 94.9 94.33 95.43 95.19 94.62 95.71
Italy 93.61 92.75 94.33 94.11 93.44 94.73 93.31 92.57 94.11 934 92.74 94.2
Cyprus 95.16 94.43 95.88 95.44 94.62 96.1 95.03 94.14 95.79 95.92 95.23 96.52
Latvia 91.93 90.98 92.64 91.51 90.55 92.38 91.31 90.42 92.19 91.67 90.67 92.46
Lithuania 91.91 91.02 92.7 91.98 91.04 92.69 90.66 89.69 91.6 90.75 89.77 91.65
Luxembourg 95.41 94.76 95.97 95.49 94.81 96.08 95.15 94.56 95.68 95.1 94.46 95.76
Hungary 91.21 90.21 92.3 91.29 90.27 92.22 91.62 90.62 92.63 91.8 90.83 92.64
Malta 95.9 95.55 96.24 95.75 95.29 96.11 96.07 95.67 96.47 95.98 95.61 96.34
Netherlands 96.06 95.61 96.46 96.3 95.84 96.68 95.7 95.17 96.14 95.94 95.41 96.38
Austria 94.54 93.83 95.27 94.6 93.83 95.33 94.65 93.97 95.3 94.42 93.62 95.18
Poland 92.34 91.47 93.11 92.66 91.75 93.42 93.13 92.36 93.89 93.07 92.27 93.88
Portugal 91.49 90.52 92.47 91.99 91.01 92.8 91.88 90.93 92.8 91.94 91.11 92.79
Slovenia 92.78 91.94 93.63 92.87 91.97 93.76 92.83 91.93 93.66 93.2 92.33 94.06
Slovakia 92.36 91.48 93.24 93 92.21 93.86 92.86 91.96 93.69 93.61 92.74 94.36
Finland 94.99 94.39 95.52 95.13 94.58 95.68 95.17 94.57 95.73 95.17 94.66 95.63
Sweden 96.21 95.63 96.68 96.37 95.83 96.86 96.35 95.75 96.84 96.14 95.56 96.67
UK 96.18 95.61 96.7 96.09 95.39 96.57 96.09 95.53 96.59 95.31 94.55 96.03
Iceland 96.48 95.9 97 95.79 95.15 96.43 95.78 95.15 96.42 95.73 95.1 96.35
Norway 95.69 95.14 96.18 95.77 95.17 96.26 95.26 94.67 95.82 95.99 95.43 96.48
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Table 4a: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2005, when y= 0.5

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic Spain Austria
Germany Belgium
Estonia Cyprus
Hungary Denmark
Italy Finland
Latvia France
Lithuania Greece
Poland Iceland
Portugal Ireland
Slovenia Luxembourg
Slovakia Malta
Netherlands
Norway
Spain
Sweden
United Kingdom
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Table 4b: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2012, when y= 0.5

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic Finland Austria
Germany France Belgium
Estonia Cyprus
Hungary Denmark
Italy Greece
Latvia Iceland
Lithuania Ireland
Poland Luxembourg
Portugal Malta
Slovenia Netherlands
Slovakia Norway
Spain
Sweden
United Kingdom
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Table 5a: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2005, when y= 1

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic Spain Austria
Germany Belgium
Estonia Cyprus
Hungary Denmark
Italy Finland
Latvia France
Lithuania Greece
Poland Iceland
Portugal Ireland
Slovenia Luxembourg
Slovakia Malta
Netherlands
Norway
Sweden
United Kingdom
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Table 5b: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2012, when y=1

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic France Austria
Germany Belgium
Estonia Cyprus
Finland Denmark
Hungary Greece
Italy Iceland
Latvia Ireland
Lithuania Luxembourg
Poland Malta
Portugal Netherlands
Slovenia Norway
Slovakia Spain
Sweden
United Kingdom
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Table 6a: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2005, when y= 0.1

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic Finland Austria
Estonia France Belgium
Hungary Germany Cyprus
Latvia Italy Denmark
Lithuania Spain Greece
Poland Iceland
Portugal Ireland
Slovenia Luxembourg
Slovakia Malta
Netherlands
Norway
Sweden
United Kingdom

23




Table 6b: Classifying countries according to the value of the index HEAL

with respect to that of the EU as a whole in 2012, when y= 0.1

HEAL index HEAL index not HEAL index
significantly smaller significantly significantly higher
than that of the EU different from that than that of the EU

of the EU
Czech Republic Austria Belgium
Estonia Denmark Cyprus
Hungary Germany Finland
Italy Greece France
Latvia Slovakia Iceland
Lithuania Ireland
Poland Luxembourg
Portugal Malta
Slovenia Netherlands
Norway
Spain
Sweden
United Kingdom
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