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Chapter 1

Introduction

“In any discussion of social equity and justice, illness drehlth must figure as
a major concern.[...] First, health is among the most important conditions of
human life and a critically significant constituent of hunzapabilities which we
have reason to value. Any conception of social justice thaépts the need for a
fair distribution as well as efficient formation of human edydities cannot ignore
the role of health in human life and the opportunities thatspes, respectively,
have to achieve good health - free from escapable illnessidable afflictions

and premature mortality” Amartya Seh

The relevance of equity in health for a fair and equitableettgyment of human resources
and societies, respectively, has been well explained by&E¥?). Individual incomes, social
arrangements, genetic propensities, working conditiodglae epidemiological environments
are among the factors which may contribute to health achiewgs or failures. In his article,
Sen (2002) points out that discussions on equity in heabblslby no means be restricted to
the question how health care is distributed. Although Segsses that health inequity is not

equivalent to health inequality and that concentratinghenlatter is not sufficient to assess

IAmartya Sen: Why Health Equity? Keynote Address to the Tiiahference of the International Health
Economics Association; York, 23 July 2001 (publishedialth Economicas Sen, 2002)
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the former, he still agrees that inequalities in health aneadter of interest of its own. It
(health inequalitydoes have interest of its own, and it certainly is a very intgatr part of
our understanding of health equity, which is a broader natigen, 2002, p. 662). Needless
to say that equity should be considered as a concept whialosply neither objective nor
directly measurable, but rather a social and political eosss to be found. The present thesis
tries to contribute to this process by extending the emgdibasis. More precisely, it is focused
on the introduction and application of a new econometricag@gh to measure variations in

health inequalities.

The concentration index is an adaptive tool for the measen¢iwf income-related inequal-
ities which offers some advantages over techniques sudagsgcomparisons of prevalences
in income quintiles or other population subgroups. In oreexplain the causes of health
sector inequalities, Wagstalff et al. (2003) propose thegosition of the concentration in-
dex to measure the contribution of demographic and socieeo@ characteristics to total
health inequality. Using the marginal effects of thesealalgs on the health outcome, they
compute the respective elasticities and rewrite the caragon index of the health variable as
the sum of the concentration indices of the explanatoryatdes weighted by their respective
elasticities. From this decomposition approach, one magr imow health inequality would
change if, say, no demographic effects were preddones and Lopez Nicolas (2006) further
separate the contribution of response heterogeneity finemnexplained (residual) part in the
decomposition formula derived by Wagstaff et al. (2003) ey boint out that response het-
erogeneity in the elasticities may change the compositfdrealth gradients considerably.
During a research project on health and health care utdzatequalities in Germany (Lun-
gen et al., 2009), however, a major shortcoming of both deosition approaches became
evident: They do not allow comparisons of inequalities asrage groups. When trying to

gain a better understanding of the origins of health inageslin Germany, the question in

2Note that this method has extensively been applied in Luegeah (2009).
3More precisely, Jones and Lépez Nicolas (2006) analyzedgeeaeity in terms of age and sex.



which age groups inequalities could actually be observatkaap repeatedly. At the time the
research described in Lingen et al. (2009) was finisheds #e@med to be no suitable method

to measure age-specific income-related health inequglitie

This lack of suitable methods to describe variations in theilequalities is the point of
departure for the present thesis. Chapter 2 presents a rwreetric approach to measure
variations in inequalities with respect to some other cardgus or discrete explanatory vari-
able. The proposed model combines the well-establisheckodration index with the smooth
coefficient model introduced by Li et al. (2002) to a semipagtic inequality index. The
chapter introduces the model and presents a feasible éstiwlaich is applied to data on self-
assessed health from the 2005 and 2009 surveys of the Gerioartemsus. It is found that
the extent of health inequalities varies considerably betwage groups. While no inequal-
ities to the detriment of the poor are observed among childred the elderly, considerable
health disadvantages are found among the economicallyv@dgrarticularly in later mid-life.
The method is compared with the results obtained when eftigneoncentration indices for
five year interval age groups. The estimator’s behavior iallensamples is assessed through
drawing subsamples from the data. The results suggestibatdex works well for normal

and large sized samples with more than thirty to forty thadsabservations.

One may argue that the health variable in chapter 2 is rathrezrgl and subjective. Chapter
3 uses data on specific diseases drawn from the TNS HealthACaess Panel. Using the
methods introduced in chapter 2, age-specific variationsafme inequalities and income-
related health inequalities in obesity, hypertension aiatetes are addressed. The results
show that the social gradients concerning the prevalenteeafiseases under consideration
vary considerably with age in the female sample. Intergtironly marginal variations are
found in the male sample. Similar to chapter 2, the stronigesjualities to the detriment of

the economically deprived are found in later mid-life.

While chapters 2 and 3 illustrate health outcomes, chapdddesses smoking as an addic-
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tive behavior being a major threat to one’s health. Sen (R6B2sses the distinction between
a free decision not to care for one’s health and failure teesghgood health because of inade-
quate social arrangements and lacking resources. He paittisat ‘indeed even smoking and
other addictive behaviour can also be seen in terms of a géedrunfreedom’ to conquer
the habit Sen (2002, p. 660). The method from chapter 2 is applied ta ftam the 2005
and 2009 surveys of the German microcensus. Chapter 4 addrége prevalence of current
and ever-smoking as well as smoking cessation. The resydestithat men are, on average,
more likely to be current smokers and ever-smokers than wor@earrent and ever-smoking
are both concentrated in worse-off households in youngén bohorts. Smoking cessation
is concentrated among the better-off in all age groups. €kalts from the 2005 and 2009
samples are quite similar. This may be seen as a hint that itrecansus data on smoking

are fairly reliable?

Although age-specific variations in health inequalitiegehlaeen in the main focus in chap-
ters 2, 3 and 4, the varying inequality index is by no meansictsd to age. The factor by
which inequalities are allowed to vary may be replaced byraagningful variable. As an ex-
ample, the Index of Multiple Deprivation used by Maier et(aD11) is employed in chapter 5
as both, the socioeconomic status variable and in placesofldge present thesis goes beyond
a pure application of the German Index of Multiple Deprigatand uses the within-domain
rankings to propose an empirically driven weighting sché@sed on factor analysis. Com-
paring the theory driven and the empirically driven apphess it is found that the weighting
scheme derived from factor analysis puts considerably raonehasis on income and unem-
ployment rates than the index derived from the literaturgthRleprivation indices are highly
correlated and produce similar rankings, though. As in t#a®, data on obesity, hyperten-

sion, diabetes, income, age and sex are drawn from the TNBhHgare Access Panel. The

“Note that no household should have participated in bothestsras they are only included in four subsequent
waves and are removed then. Hence, the last householdsgéacin 2005 were removed in 2008 and the
samples are non-overlapping. The comment that the micstisathata are fairly reliable is motivated by the
fact that the two non-overlapping samples produce almastvakpnt results.



results for age-specific community deprivation-relatedltimeinequalities are similar to those
found for age-specific income-related inequalities. Thaults for the deprivation-specific
variations of income-related health inequalities, howgyield no significant variations. It is
found in chapter 5 that the results obtained when using theryhdriven and the empirically
driven deprivation indices look rather similar. When meadufor communes with similar
deprivation status, income-related health inequalittedess marked than the overall-sample
income-related inequalities. They do, however, not vamwie community deprivation rank.
In summary, this thesis presents evidence that incoméetkiiaequalities to the detriment of
the economically deprived households exist in Germany.|&\this holds for health status in
almost all age groups, smoking only concentrates among éingeaoff households in younger
cohorts. Considering the results for ever-smoking as artafi@ct, the results suggest that
smoking indeed changed from a pro-rich towards a pro-pobit baer the twentieth century.
While individual income and community deprivation are darly associated to individual

health, income-related health inequalities do not varjhwdmmunity deprivation.






Chapter 2

Semiparametric modeling of age-specific

variations in income-related health

inequalities !

2.1 Introduction

The existence of socioeconomic gradients in the distraoudf health to the detriment of the
deprived is firmly established among health economistsigBaid Jones, 2008; Erreygers,
2009; Humphries and van Doorslaer, 2000; van Doorslaer.efl@97; van Doorslaer and
Koolman, 2004; van Doorslaer et al., 2004; Jones and Lopeal&, 2006; Wagstaff et al.,
1991; Wagstaff and van Doorslaer, 2000; Wagstaff et al. 320Qittle is known, however,

about the mechanisms through which different socioecoadactors affect health status and
its distribution over the life course (van Kippersluis et 2D09, 2010). Adding the life course
perspective supports, for instance, the notion that labaref participation contributes sub-

stantially to the socioeconomic gradient in health in th8.{Case and Deaton, 2005), Great

1This chapter is based on a manuscript co-authored by Karlevios



Chapter 2 Semiparametric modeling of health inequalities

Britain (Banks et al., 2007) and the Netherlands (van Kiplogs et al., 2010).

The literature has long been divided into two competing ligeses explaining why dispar-
ities in health may differ over the life course: the disadege accumulation hypothesis and
the age as leveler hypothesis (Dupre, 2007). Both hyposhegee that low socioeconomic
status and lacking resources are associated with lessdiddistyles, higher health risks,
a faster decline of health status and higher mortality rafdse disadvantage accumulation
hypothesis argues that social gradients in health develaaily life and become stronger
as socioeconomic and health disadvantages accumulatéhaventire life course (Kim and
Durden, 2007; van Kippersluis et al., 2010; Lynch, 2003;dvisky and Ross, 2005; Prus,
2004; Ross and Wu, 1996; Willson et al., 2007). The age aselefigpothesis adds the as-
sumption that the decline of health is an unavoidable padgafig. Followers of the age as
leveler hypothesis argue that health inequalities evglfiom socioeconomic disadvantages
increase up to some point in midlife but are then outperfarimethe decline in health status
due to aging and to some extent attenuated by a relief throetghment (Case and Deaton,
2005; Deaton and Paxson, 1998; Elo and Preston, 1996; KinMaach, 2009; van Kipper-
sluis et al., 2010; Kunst and Mackenbach, 1994). The two tihgses have long been treated
as competing. However, van Kippersluis et al. (2010) arpaedvidence found for the age as
leveler hypothesis is also consistent with the disadvawagumulation hypothesis. Some au-
thors stress that leveling may be an artificial result due ¢otatity selection, though Beckett

(2000) points out that this needs not necessarily be trusdibireported health.

A common approach to measure health inequalities is theetration index. Although
it requires some ranking, say, by income, its computaticgsdmt require predefined socio-
economic groups. Using data from eleven European countr@esKippersluis et al. (2009)
define age cohorts and compute batteries of concentratitices for each country. Since the
bounds of the concentration index depend on minimum, maxirand mean of the respec-

tive variable, they correct their indices following Erreyg (2009) to assure comparability
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between age groups and countries. Their graphical congperisupport the accumulation
hypothesis for most countries, however, their resultsrféie age as leveler hypothesis for
France, Germany and the U.K.

This chapter introduces a varying inequality index for di@dmous health variables which
does not require a priori sample stratification. As in vang€rsluis et al. (2009), the objective
of this chapter is to describe the differences in incomateel health inequalities across age
cohorts. One may consider estimating a nonparametric $rapttrough age-specific con-
centration indices as an alternative, however, this agpraauld reduce the reliability of the
results considerably. The number of observations in preeéfage groups of, say, five year
intervals may be rather small resulting in high uncertapayticularly among the oldest age
groups. Further, the estimates for ages close to the uppeer() cohort limits would only be
subject to the younger (older) individuals within the sarabart and hence likely be biased.
Smoothing over such results in a second step would then addvit uncertainty and lead to
fairly imprecise results. Based on the varying coefficieotel (Hastie and Tibshirani, 1993;
Li et al., 2002), a semiparametric extension of the convenmegression approach (Kakwani
et al., 1997) is proposed here. Using kernel smoothing fgales and a locally chosen band-
width allows to estimate the functional relationship begwéhe concentration index and age.
The varying index is adjusted using Wagstaff’s (2005) adirom formula for binary variables

with local estimates of the mean.

2.2 Methods

2.2.1 The concentration index

In their paper, Wagstaff et al. (1991) introduce the conaéptoncentration curves and in-
dices to the field of health inequality analyses. The comaénonh indexC stems from the

concentration curve where the cumulative share of somereatiabley is plotted against
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the cumulative share of the population ranked by socioemin@osition (Wagstaff et al.,
1991). It measures twice the area between the concentratime and the line of equality.
C is bound in thg —1; 1) interval and becomes positive (negative), if the varialflmterest

concentrates among the rich (pod®)is zero if no income-related inequality is observed.

Using the covariance approach in Lerman and Yitzhaki (198@kwani et al. (1997)
present the regression formula for the concentration index
207

Ty: Bo+ Bar + €, (2.1)

whereptis the mean of the health variable anig the fractional rank with varianeg?. Equa-

tion (2.1) can be estimated using linear regression modealbtain the concentration index as

C =

2.2.2 Varying coefficient models

In the framework of varying coefficient models, Li et al. (2)(ropose a semiparametric
smooth coefficient model based on locally weighted leasasaguregression. Witk denot-
ing the regressor matrix andthe dependent variable, the elements of the coefficienbwect
(Bo, ---,Bg) are modeled as smooth functions of another regressahnich varies in some

ZCR:
Q

y=Bo(2)+ ) Bq(2)xq+e. (2.2)
g=1
This model can be estimated using nonparametric smoothaigiques (see Li et al., 2002;

Hastie and Tibshirani, 1993) from

B(2) = (E(X'X |2)) " E(Xy| 2), (2.3)

10
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whereX = (1X;...Xg). Li et al. (2002) have shown that, for increasing numbershskeova-
tionsn, the estimatoﬁ(z) obtained from (2.3) asymptotically follows a normal distriion,
i.e. v/nh, ([3(2) - B(z)) ~ N(0,Q(2)); see section 2.2.5 for the estimation of the covariance

matrix.

2.2.3 A semiparametric inequality index

Combining the weighted regression approach from equa#idr) (ith the varying coefficient

model (2.2), the proposal for a semiparametric convenegriession formula is

ot (2)

H(2)

y="Bo(2) +B1(29)r(2) +e, (2.4)

such thalC(z) = B1(2), z€ Z. Note that the concentration index is a bivariate extension
the Gini index; ify is the social status variable, equation (2.4) works as aaaninetric Gini
index. The local meap(z) can be estimated nonparametrically. The weighted fraaticamk
r(z) has to be written as a function af Intuitively, when estimating a varying concentration
index, one will be interested in the observable inequalivgigz. Hence, taking into account
all subjects in the sample for computingegardless of their individual values bfvould be
misleading. Technically, the condition that the sum of thmple weights has to equal 1 and
the mean and variance of the weighted fractional rank havet@5 andl/12, respectively,
must hold (Lerman and Yitzhaki, 1989). This can only be figdlif the weighted fractional
rank is computed using only those individuals included mlttal regression and incorporat-
ing the kernel weightg, (u;):

2= 3 i)~ @5
The vector of sample weightg(z) must be rescaled such tHg_; w; (z) kn,(u;) = 1 for each

ze€ Z. Note that the mean and variancer(f) are then (asymptotically) sample independent

11
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and do not vary witlz.

For binary variables, the bounds of the concentration irdkpend inversely on the vari-

able’s mean|C| < 1— u(see Wagstaff, 2005, 2011; Erreygers, 2009). For an intugxplana-

tion, first assume a constant equal to 1. With no differentedsen individuals, concentration
among rich or poor is impossible; the concentration indexaéjzero. Now consider, say, 10
percent ones and 90 percent zeros. Ordering the variabteddf; bne would obtain a Gini in-
dex of Q9; the largest possible concentration. Analogously, theimam possible inequality
for a binary variable with 90 percent ones and 10 percensaeould equal L (see Wagstaff,
2011, for a graphical illustration). Comparisons of concaion indices of binary variables

with rather different means may thus be misleading.

There is an ongoing discussion on possible correction ndstfar concentration indices of
limited variables (Erreygers, 2009; Wagstaff, 2005, 204ith a dissent between the authors
on how a corrected index should react to changes of the measidering the above example,
Erreygers (2009) would argue that an increase from 10 to 2€epeimplies a decrease in
inequality as now the second richest (poorest) decile tsadfected. The argument in Wagstaff
(2005, 2011) is that, as still only the richest (poorest) @fected, the new situation still
corresponds with the maximum possible inequality. A reactif the index to pure prevalence
changes would not be desirable here as the motivation oftiaister is to compare inequalities
across age groups and sexes. The proposal is to adapt thddomwagstaff (2005, 2011) as

a pointwise correction of the semiparametric concentndtidex using the local meatr{z) of

Y.

W(2) = : (2.6)

12
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2.2.4 Estimation

Applying a consistent Nadaraya-Watson estimator, samplghs are taken into account and

C(2) = B1(2),z€ Z, is obtained by computing

n -1 n
Bz) = [z ki (U)W (2) x’m] [ S K, (U)Wi(2) w] . (2.7)
i=1 i=1

Note thaty; = (297(2/uz)) y; andX = (1 ri(z)) depend orz as the local mean and the local
fractional rank from equation (2.5) are involved (for simafty, X; is written in place ofX;(2)
here). The kernel weights akg, (Uj) = Kp, (U) [Z?:l Kp, (Uj)} " with u; =z —z The quartic
kernel K (uj) = (15/16) (1— uiz)2 Iiy|<1 With ||KZ|| = [ K?(u)du = 57 is used, where

is an indicator function of restrictioA. The bandwidthh; is included such thakK,(-) =
(h,) 1K (/). The quartic kernel assigns higher weights to observatitoser toz (smaller
u;), lower weights for observations further away franflargeru;) and zero weights if an
observation is outside the bandwidthAlthough the estimator is asymptotically unbiased
(Li et al., 2002), any nonparametric regression in finite gi@s suffers to some extent from
a tradeoff between bias and variability: decreasing thelwadth parameter decreases the
bias but at the cost of increasing uncertainty; and viceavésse also Bilger, 2008, for a
discussion). This problem is addressed here by choosingahéwidth inversely to the local
data density ab, = 1.066,n%2f, 03 wheref, is the estimated kernel density at a particular
value ofz and g, is the standard deviation afobtained from the sample. Fan and Gijbels

(1992) have shown that adaptive local smoothers generially good results and, in addition,

avoid the well-known boundary effect.

To obtain confidence intervals for the semiparametric cotnagon index, its standard er-
ror needs to be estimated. Kakwani et al. (1997), Wildmar®32@nd O’Donnell et al.

(2008) argue that it is not sufficient to estimate the stashdaror of 31(z) from equation

2ForKhZ(ui), restrictionAis |uj| < h, making the indicator function 1 jfii| < h; and 0 otherwise.

13
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(2.1) because of the sample variability pfz). One may estimat@;(z) and ;(z) from

y = By(2) + Bi(2)r(z) +€* and consider the concentration index as a nonlinear coridima

of the two coefficients witly(z) + 0.5033(2) in place ofu(z). The variance can be approx-

imated using thé method (Rao, 1965) 08(2) ~ 20%(2) [Bj(2) —|—O.5[3j(z)]*1ﬁj(z) for the

semiparametric concentration ind&xThe variance of the varying Wagstaff indéx(z) can

be estimated analogouslyFurther, it has been argued that the covariance matrix fraima

ple OLS regression is not wholly accurate because the emoret may be autocorrelated and

heteroscedastic (Kakwani et al., 1997). This chaptervaldVildman (2003) who proposes

using the order of the rank variable in place of time to corapdintwise heteroscedasticity

and autocorrelation consistent Newey-West covarianceaeeat(see section 2.2.5 for details).

2.2.5 Variance estimation

According to Li et al. (2002), the covariance mat€)Xz) in the semiparametric varying coef-

ficient model is

Q(2) = [fE(X'X | 2)] " ®(2) [LE(X'X|2)] "

3This yields
B3(2)011(2) + B2(2)022(2) — 2B1(2)Bo(2)012(2)
(Bo(2) + 0.5B1(2))*

03(2) ~ 40%(2)

for the variance2 (2) of C(z), where theg;j (2) are theijth elements of the covariance mat€z) of B(2).

4Equation (2.6) foW(z) can be written as

_ C» _ 202(2)
Vo =1 U2 — (Bo(2)+0.5B1(2))(1— Bo(z) — 0.5B1(2)) P(2).

One may then estimate the variara@(z) of W(z) as

1
36(Bo(2) + 3B1(2)) " (1~ Bo(2) - 3Br(2)”
« |PBi2102(2) (1 Pol2) - 3Pol2B%(2))

+B5(2)011(2) (1— 4(1 - Ba(2)Bo(2) — 2B1(2) + 4B5(2) + Bi(2))
+012(2)Bo(2)B1(2) (—2+ 6Bo(2) — 4B5(2) + BL(2) + 2B1(2) — 2Ro(2)B1(2))

+%B§(Z) (8B1(2)012(2) + P1(2)022(2) — 8012(2)) + %022(2)30(2)[5%(2) :

2

14



2.3 Data and variables

with ®(z) = f, E (X'X 02(2) | X, 2) |K|| andoz(z) = E(e? |X, 2). To estimate a heteroscedas-
ticity and autocorrelation consistent covariance ma®ic(z), ®(z) must be adapted accord-

ingly. Following the proposal by White (19803p,z) is computed as

Pac(2) = f (%(z)+iw,—,mw,-(z)> K3 (2.9)
=
with
Vi@ = 5 kn(u)wi(2) &igi-j (XX_j+X-jX) (2.10)
i=]+1

andWo = S, kn, (Ui)Wi(2)e2Xx;. Bartlett weightswj m = 1— i/(m+1) are applied to assure a
positive semi-definite covariance matrix (Newey and We887), E(X'X|z) and the kernel

density are computed as above.

2.3 Data and variables

Data for the empirical application were drawn from the 2008y of the German microcen-
sus provided by the Research Data Centers of the FedergitiStdtOffice and the Statistical
Offices of the Federal States (ForschungsdatenzentrentaestiSchen Amter des Bundes
und der Lander). The microcensus is Europe’s largest aromuadtry-wide survey with one
percent of the German households (approximately, @20 individuals) being interviewed.
Households are included in four consecutive surveys ande2éept of the households are
replaced each year. In 2005, the vast majority of intervietas conducted by trained staff as
face to face interviews. Answers were recorded directly the data collection software. The
rate of self-fillers was approximately twelve percent. Thierotensus comprises an annu-
ally surveyed socioeconomic module for which response isdatory. A health related part
for which responding was voluntary was included in 2005. Busample size and manda-

tory response, the German microcensus can be seen as oeendshrepresentative samples

15



Chapter 2 Semiparametric modeling of health inequalities

available (see FSO, 2006 or Reeske et al., 2009).

The scientific use file (SUF) available for non-profit reshawyanizations is used for the
empirical illustration. The SUF comprises a randomly dranbsample of approximately 70
percentn= 477,239 of the German microcensus. Inverse probability weightsaeting for
the regional, age and sex specific composition of the samelpravided by the Federal Sta-
tistical Office (see Lechert and Schimpl-Neimanns, 2007 aftechnical report). Removing
92,458 individuals from the sample owing to missing informatieavean = 384, 781 obser-
vations (198877 female and 18904 male) for the empirical analysis. The inverse probgbili

weights were adjusted accordingly.

The health outcome variable is a subjective measure offhaadt whether an individual
experienced illness including chronic diseases duringptieeeding four weeks. Although
positive responses may include (common) acute diseaskasuolds or light flues, one may
assume that these affect all socioeconomic groups. Théhhaaticome is measured via the
question “have you been ill (including chronic diseaseshpjured by an accident during the
last four weeks” with possible answers “yes, ill”, “yes,urgd”, “no” or “no statement”. The
analysis is restricted to having been ill and a binary vadgiatith outcome 1 for “yes, ill” is
generated. The options “no” and “yes, injured” were bothted as “not ill” and hence coded
as 0. Assuming that only those who actually felt affected @monsider themselves as ill,
this measure of health has the advantage that it only insldd®ases if they were relevant to

the respective individual.

Household income is used to assess an individual’s relategmeconomic position (note
that this is not restricted to a particular source of incomthe data). One may consider this
as unsuitable for some countries particularly after reteat. However, Germany is an ex-
emption because its welfare policies can be seen as ra#ites gireserving (Brockmann et al.,
2009). Approximately 90 percent of the German populati@cavered by the public pension

system where benefits after retirement depend on computsoryibutions subtracted from
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Figure 2.1: Descriptive figures (2005 sample)
Empirical density of age (left) and smoothed age-specifevgence of sickness within the
preceding four weeks (right) for males (solid lines) anddéms (dashed lines).

the gross income (for a description of the German publiciparsystem, see Boersch-Supan
and Wilke, 2004). Therefore, considerable changes of tladive socioeconomic position
within one’s age group after retirement seem unlikely andskebold income can be seen as
a suitable indicator for the socioeconomic position over ¢htire life course. The modified
OECD equivalence scale is used to compute net equivalersehold income. Equivalence
weights are assigned as follows: 1 for the first adult, 0.®&wh additional person aged 14 or
older and 0.3 for children younger than 14 (see e.g. van Deerst al., 2004; van Kippersluis

et al., 2009).

2.4 Results

2.4.1 Results from the 2005 sample

The left graph in figure 2.1 describes the kernel densityresté f, of the nonparametric
smoothing regressar(age). The graphs for the male and female samples implytibdatgest

bandwidth parameter was used for subjects older than 80otbrdexes. The distribution of
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age groups corresponds with the population pyramid for Gagm Without adjusting for
mortality, birth cohorts younger than 40 (i.e. born afte63Pare smaller than those born

earlier. One may see this as evidence for an aging sociesye(gevon Weizsacker, 1996).

The right graph in figure 2.1 presents the smoothed agefgpg@valence of illness within
the preceding four weeks. The graphs suggest that childsanger than 10 have a higher
prevalence than individuals aged between 10 and 40 yeans #5 years onward, prevalence
increases almost linearly and stagnates for the elderlgrakdan 80. While the prevalence is
somewhat lower for female children, the graph suggeststtisaglightly higher among female

adolescents and adults until around 45 and for elder women&t\:

The upper and lower left graphs in figure 2.2 present the pgeHsc means of the net
equivalent household incomes for males and females, riagplgc Considering that income
is assigned equally to each household member, the grapgsstufat households with chil-
dren have, on average, the lowest net equivalent househoddnie. While the age-specific
mean income does not differ between sexes for childrent ateh have, on average, higher
incomes. The sex difference appears to be highest for tlesldver 75). Between the age of
20 and 60, one may say that the older an individual the hightéra expected net equivalent
household income. The bump around age 40 for in both graphssstom the higher average
number of dependent children which increases the equivalemights in the corresponding
households. The expected mean income peaks around 57askesmeith retirement (i.e. for
subjects aged between 57 and 70) and varies arouf@DIEuro for males and, 200 Euro for

females older than 70.

The homogeneous (age-independent) Gini index28® with a standard error of. @033
for the female and @915 with a standard error of@36 for the male sample. The right hand
graphs in figure 2.2 present the corresponding age-spedifficifiglices. The age-specific
index varies around.@7 for children and adolescents in both samples. For malkes2ty the

graph suggests an increasing income inequality which patakge 57 with a Gini of B2. In
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Figure 2.2: Age-specific income and Gini indices (2005 sapl
Age-specific mean (left) and Gini indices (right) with 95 gemt confidence intervals (dashed
lines) of net equivalent household income for males (topl)famales (bottom).

the female sample, income inequality is somewhat highemgnaalults (Gini of 28) than
among children. It increases between 50 and 60 and peaks &Bagith a Gini of 03. With

the retirement age, the index drops back to approximat@ly for both sexes.

Computing the homogeneous concentration indices for thievieeks prevalence of illness
yields —0.0606 with a standard error of @26 for the female and0.0653 with a standard
error of Q0028 for the male sample. The homogeneous Wagstaff indiees@0696 with a
standard error of @074 for the female and-0.0738 with a standard error of@79 for the

male sample. The negative and highly significant conceatraind Wagstaff indices suggest
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Figure 2.3: Varying inequality index (2005 sample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for males (top) and females (bottom); the step functionesgnts concentration indices com-
puted for five year age groups.

a considerable concentration of illness among the poor.

The varying Wagstaff indices in figure 2.3 vary around the bgemeous estimates. The
graph for the male sample suggests a statistically insggmficoncentration of illness among
the better-off for children younger than 14. lliness is #igantly concentrated among males
in lower income households in the age groups between 19 and 2@l as between 33 and
77. There is no significant concentration among elder males®v. The graph for the female
sample suggests a significant concentration of illness grhagher income households for

children younger than 5. As in the male sample, the indexdordles shifts from a concen-
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2.4 Results

tration among the better-off towards a concentration antbagvorse-off in late childhood.
Significant concentration among females in lower incomeskbolds is found for those be-
tween 17 and 25 as well as between 39 and 74. No significaneotmation is found for the
elderly over 74. Considerable sex-specific differencefiéndurve shapes are only found for
the 20 to 40 years old. While there is some flattening for thiersample, inequality is lower
among females in this age group than around the 20 as weleatOtto 70 years old.
Comparing the results of the varying and the homogeneoustafgndices, it is observed
that the homogeneous index significantly underestimatsahcentration of illness among
the lower income households for females between 44 and 65nahes between 44 and 67.
Conversely, the homogeneous indices would suggest a sigmifconcentration of illness
among children in lower income households while the ageifipéndices yield opposite or
insignificant results. The results from the index computedife year age groups are some-
what similar to those from the varying index where data amsde However, the five year
interval index exhibits several leaps and a consideralgidri variability. Comparison of the

two graphs demonstrates the above mentioned bias close gwadbip limits.

2.4.2 Results from the 2009 sample °

The patterns of the kernel density estimates and the agefispgrevalences in figure 2.4
are similar to those in figure 2.1. It should be mentioned thatevel of the kernel density
estimate differs somewhat and that the estimated prevaleaies are higher across all age
groups in the 2009 sample than in the 2005 sample for botlss&ke variations between age
groups, however, are similar in both figures.

Comparing the results for income in figure 2.5 with those ingg2.2, it is found that the
age-specific mean net equivalent household income is hightee 2009 sample than in the

2005 sample in all age groups and for both sexes. One may thgtthis increase in incomes

5The 2009 microcensus is introduced in section 4.2.
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Figure 2.4: Descriptive figures (2009 sample)
Empirical density of age (left) and smoothed age-specifevgence of sickness within the
preceding four weeks (right) for males (solid lines) anddéss (dashed lines).

likely reflects inflation rates and increases in wages. Thespgcific estimates of income
inequalities in figure 2.5 do not differ noteworthy from tleas figure 2.2. In summary, the
results for income and income inequality are fairly similarthe 2005 and 2009 samples.
As in the figures concerning density, prevalence, incomemmeame inequality, the observed
age-specific income-related health inequality in figurei2féirly similar to that in figure 2.3.

One may agree that no considerable differences betweersaotples are evident here.

2.4.3 A note on smaller samples

As the varying inequality index introduced in this chaptas hot been applied before, one may
be interested in its smaller sample behavior. The followiggres present estimates for the
age-specific inequalities computed for random subsampdeafrom the underlying sample.
The results are compared with the concentration indicegpated for five year intervals as
suggested by van Kippersluis et al. (2009).

Figure 2.7 presents the estimates from a 50 percent subs#8#%780 males and 9811
female). The results are similar to those in figure 2.3 andatestnate that randomly halving

the sample does not change the results considerably. Thksrés the 25 percent (4893
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Figure 2.5: Age-specific income and Gini indices (2009 sanpl
Age-specific mean (left) and Gini indices (right) with 95 gemt confidence intervals (dashed
lines) of net equivalent household income for males (top)famales (bottom).

males and 4902 females) subsample in figures 2.8 also do not differ demnably from the

full sample results in figure 2.3. When further reducing thmple size, the curves become
flatter and variations across age groups seem less prorthuiités can be observed in the
10 percent subsample (E23 males and 1955 females) in figure 2.9 and the 5 percent
subsample (252 males and,®87 females) in figure 2.10. This flattening may to some extent
be caused by a selection bias despite the random samplmgHefull sample, however, the
decreasingy may also have increased the degree of smoothing. It is fuotheerved that the

confidence intervals widen with decreasing samplesize
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inequality
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Figure 2.6: Varying inequality index (2009 sample)
Age-specific inequality (solid lines) with 95 percent coefide intervals (dashed lines) for
males (top) and females (bottom).

2.4.4 A note on nonresponses

As responding to the health module was voluntary, one magtieedsted in the distribution of
nonresponses. Figures 2.11 and 2.12 demonstrate the agéesppcome-related gradient of
nonresponses to the health module in the 2005 and the 20Q89esmespectively. It is found
that the patterns of inequalities in nonresponses ar¢ feimilar in both samples. However,
the concentration of nonresponse among the worse-off iseabiat more pronounced and
considerably more significant in the 2009 sample. Under gseiraption that the econom-
ically deprived are more affected by illness than the beiterthe observed concentration
of nonresponses among the worse-off may lead to some unidesiien of the age-specific

income-related concentration of illness among them.
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Figure 2.7: 50 percent subsample (2005 sample)
Age-specific inequality indices (smooth solid line) with @&rcent confidence intervals
(dashed line) and five year interval Wagstaff indices (steyction); 50 percent subsample
with 92, 780 males (top) and 9811 female (bottom) of the 2005 microcensus.

2.5 Discussion

In this chapter, the notion of concentration indices (Egesg, 2009; Kakwani et al., 1997; van
Kippersluis et al., 2009; Wagstaff et al., 1991; WagstafiQ)2) is combined with semipara-
metric regression techniques (Hastie and Tibshirani, 106& al., 2002) to a semiparametric
inequality index with some convenient properties. Using ¥arying bandwidth inverse to
local density, the index adapts itself to the data withoutiarpstratification into age or in-
come groups. This method allows an age-specific computafidime inequality index with

a sufficiently large number of observations guaranteed exere observations are scarce.
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Figure 2.8: 25 percent subsample (2005 sample)
Age-specific inequality indices (smooth solid lines) with percent confidence intervals
(dashed lines) and five year interval Wagstaff indices (fiaptions); 25 percent subsample
with 46,493 males (top) and 4902 female (bottom) of the 2005 microcensus.

The quotient obtained through the local correction baseéd/agstaff’s (2005) formula allows
comparisons of the extent of inequality throughout the suippf the smoothing regressor.
Considering the results for smaller subsamples, the dverplession is that the index per-
forms well for samples larger than 40,000 to 50,000 obsemat Where samples become
considerably smaller (i.e< 20,000), however, it seems that the varying inequality index

should be applied with caution.

Using German microcensus data, the power of the semipatianapiproach to describe

age-specific income and income-related inequalities isothatnated. Prus (2004) argues that
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Figure 2.9: 10 percent subsample (2005 sample)
Age-specific inequality indices (smooth solid lines) with percent confidence intervals
(dashed lines) five year interval Wagstaff indices (stegtions); 10 percent subsample with
18,523 males (top) and,955 female (bottom) of the 2005 microcensus.

one would require panel data to test the accumulation hgsethSimilar to e.g. van Kipper-
sluis et al. (2009), the aim of this chapter was to illusttatevariation of income and health
inequalities across age groups in Germany. As a main rasigtfound that direction and

extent of the income-related inequality varies considgralith age. While children exhibit

pro rich inequality, strong inequalities to the detrimehttee poor are observed for people
aged between 30 and 70. In line with van Kippersluis et al0o@20the strongest inequality
is observed around the common age for retirement (notehbagtatutory age for retirement

in Germany is 65, however, most people retire between 58 ansge@ Wingerter, 2010). Ac-
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Figure 2.10: 5 percent subsample (2005 sample)

Age-specific inequality indices (smooth solid lines) with percent confidence intervals
(dashed lines) and five year interval Wagstaff indices (fteptions); 5 percent subsample

with 9,252 males (top) and,987 females (bottom) of the 2005 microcensus.

cording to Dupre (2007), the leveling found among the rdtiray be an artificial effect owing
to mortality selection as both decline of health and inceedsnortality rates are faster among

the worse-off. However, Beckett (2000) has shown that thexds not necessarily be true for

self-reported health.

It seems unlikely that the observed leveling is solely afficiel effect evoked by mortality
selection. Mortality rates in 2005 did not exceed 2 percefote the age of 68 (74) and 5
percent before the age of 77 (81) in the male (female) sarapeluman Mortality Database,

2012)% The results for those older than 80 should be treated wittiagithough, as mortal-

SMortality rates were similar in 2009.
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Figure 2.11: Nonresponse to health module (2005 sample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for nonresponse in the male (top) and female (bottom) sasipldne voluntary health module
included in the microcensus 2005.

ity may play a considerable role in these age groups. As tkespgcific income inequality
persists to some extent in older age, one may further canisiae unlikely that the decline in

income-related health inequalities could simply be duetegualization of the net equivalent

household income after retirement.

’Note that technically, only income ranks, but not differesibetween incomes, matter. One may still consider
it as possible that income equalizations may lead to a fiagesf the income-related gradient if one considers

income as relevant to health.
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Figure 2.12: Nonresponse to health module (2009 sample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for nonresponse in the male (top) and female (bottom) sasiplie voluntary health module
included in the microcensus 2005.

2.6 Conclusions

One may conclude that the observed variations in age-spéeiilth inequalities can be seen
as support the age as leveler hypothesis. The health gtédieomes pro-poor among adoles-
cents and is strongest in the late working life. As the reidaan health inequalities coincides
with a substantial increase in the age-specific prevalesmoe may agree that a large part of
the observed leveling can be attributed to an age-relatelthdeof health. No income-related
health inequality is observed in the female sample arourd3y As the average number

of dependent children is highest around this age, one magukgie that the flatter gradient

30



2.6 Conclusions

between 20 and 40 among females may be related to maternity.
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Chapter 3

On age-specific variations in

Income-related inequalities in diabetes,

hypertension and obesity 1

3.1 Introduction

With the introduction of the health concentration index (Ataff et al., 1991), socioeconomic
gradients in the distribution of health became an impontase¢arch field in health economics
(see e.g. van Doorslaer et al., 2004, 2006; Kakwani et a@71®cKinnon et al., 2011).
Banks et al. (2007), Case and Deaton (2005) and van Kippeetial. (2010) point out that
considering the life course perspective may be importanafbetter understanding of the
origins of disparities in health.

The relation of low socioeconomic status and less healtbstiiles, higher health risks and

increased rates of premature mortality is well documentetie literature (Balia and Jones,

1A previous version of this chapter has been accepted foriqatlan as Siegel M, Luengen M, Stock S. “On
age-specific variations in income-related inequalitiediabetes, hypertension and obesityfiternational
Journal of Public HealthDOI: 10.1007/s00038-012-0368-7; downloadable from
http://ww. springerlink.conicontent/181l 52078524547u/ .
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2008; Case and Deaton, 2005; Deaton and Paxson, 1998; Kinbarden, 2007; Lynch,
2003; Prus, 2004). The two currently predominant explanatifor variations in socioeco-
nomic health gradients over the life course are the disadgaraccumulation hypothesis and
the age as leveler hypothesis. The former states that duzadth gradients develop in early
life and emerge over the complete life course through caatiaccumulation of health dis-
advantages among the deprived (Kim and Durden, 2007; vapefstuis et al., 2010; Lynch,
2003; Prus, 2004; Ross and Wu, 1996). The age as levelertiggist on the other hand, has
long been considered as an antithesis (Dupre, 2007). lbvgever, rather an extension adding
the assumption that the decline of health (being an ineletaart of aging) may outperform
the accumulation of health disadvantages around mid-agee(@nd Deaton, 2005; Deaton
and Paxson, 1998; Kim and Miech, 2009; Kunst and Mackenki®®y). According to van
Kippersluis et al. (2010), evidence for the age as levelgolhesis is generally consistent
with an accumulation process up to some point where age @gimg as a leveler in later
life. Associating the accumulation process to the indigidand leveling through age to the

aggregate level, Dupre (2007) has shown that both mechamisby no means contradictory.

A growing body of literature analyzes the health status tiverife course for distinct so-
cioeconomic groups. van Kippersluis et al. (2010), foransk, use cross sectional data from
the Netherlands and compare the development of self repbdalth, disability and mortal-
ity for distinct educational groups. Mirowsky and Ross (2DMvestigate differences in the
predicted health status between educational levels in thietl States. Both find that health
status declines faster among the less educated. Usingrdateefeven European countries,
van Kippersluis et al. (2009) find a continual disadvantagaimulation for most countries,

however, they discover some leveling for France, Germautlaa U.K.

No work has yet been done on the life course perspective omeerelated inequalities of
specific diseases. The aim of this chapter is to highlighhgka of the social gradients in

three health outcomes across different age groups. Usingn&@esurvey data, age-specific
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variations in income-related health inequalities in hygesion and diabetes are investigated.
The risk of hypertension and diabetes is negatively cardlith socioeconomic status in de-
veloped countries and both are considered as avoidableghiidestyle and health behavior
(Harati et al., 2010; Puska, 2010). The present chaptdrduenalyzes obesity as it increases
the risk of hypertension and diabetes considerably (Haft2@06; WHO, 2003). The semi-
parametric extension of the concentration index introducechapter 2 is used to measure

age-specific income-related health inequalities.

3.2 Data

To assure sufficiently large numbers of observations pdatity in the oldest age groups, data
from the 2002 and 2006 waves of the Health Care Access Pamglomied for the empiri-
cal analysis. The data were collected by TNS Healthcare,idhufmow Kantar Health) for
commercial purposes. For each wave of this voluntary mailesy approximately 5@00
households were drawn randomly from a large database. Ithtiiee was 6 weeks without
active reminding and the response rates were approxim@fepercent in both waves. Pot-
thoff et al. (2004) provide an extensive discussion on tlE22@ave of the HCAP showing that
the underlying sampling procedure yields representativeptes for the German population.

The pooled sample comprises 1187 individuals in 48574 households. 7%22 individu-
als in 29421 households were included in 2002 and385 individuals in 28828 households
in 2006. 18510 individuals in 8718 households participated in both surveys. As chronic
conditions rarely affect younger individuals and a meafuhigterpretation of the body mass
index is problematic for children and adolescents,3®® individuals younger than 20 were
removed. Another 176 observations were dropped owing to missing data on iecdrhe
sample for the empirical analysis eventually comprise$8Y individuals (45889 women
and 41712 men) in 47867 households.

The social status is measured using the monthly net equivataisehold income. In the
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HCAP, individuals were asked to specify the sum of all inceraeailable to the household
(e.g. from labor, capital, pensions or welfare benefits).e Todified OECD equivalence
scale is used to compute net equivalent household incorae(gevan Doorslaer et al., 2004;
van Kippersluis et al., 2009). Benefits from the public pensscheme depend largely on
incomes over the life course (Boersch-Supan and Wilke, P80d German welfare policies
are considered as highly status preserving (Brockmann.,e2@09). Disparities in the in-
come distribution and the relative socioeconomic positimtherefore likely to persist after
retirement. Accordingly, one may consider household ineasa good measure of the social
position before and after retirement.

The body mass index (BMI) is computed from self-reportecheogometric data as body
weight in kg divided by the squared body height in metegym?. Following the standard
WHO classification (WHO, 2009), obesity is defined as BMI 086r The second health
outcome is hypertension. Individuals were asked to indigdtether they had hypertension
during the preceding twelve months. The third health outeddiabetes in the preceding
twelve months, however, the survey does not allow a distindtetween type one and type two
diabetes. Type two diabetes is agreed to be age relatedffughiceable through lifestyles and
health behavior (see e.g. Harati et al., 2010; Puska, 2@i@petes is analyzed irrespective
of insulin-dependency because type one diabetes is hestdened as mainly genetic and

therefore equally distributed across socioeconomic ggoup

3.3 Econometric Model

Age-specific income-related health inequalities are nrealsusing the semiparametric exten-
sion of Wagstaff's (2005) corrected concentration indexonéntration indices are derived
from concentration curves where the cumulative share dtthesacompared with the cumu-
lative share of the population ranked by income (Wagstadil.et1991). If no income-related

inequality is present, the concentration curve coincidéh the line of equality (45° line).
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3.3 Econometric Model

Technically, the concentration index measures twice tha between the concentration curve
and the line of equality. It is bound in tHe-1;1) interval and becomes positive (negative),
if the variable of interest concentrates among the beffefamrse-off). The index equals
zero if no income-related inequality is observed. Note thatconcentration index is a bivari-
ate extension of the Gini index; using income in place of thea$ outcome variable would
yield the well known Lorenz curve and Gini index. Konings ket{2010) provide an intuitive

introduction to the concept of Gini-type concentrationioed.

The model proposed in chapter 2 is used to obtain the coratEmtrindex as a smooth
function of some regressar(i.e. age). The convenient regression approach (Kakwaati,et

1997) is adapted to estimate

o7 (2)
H(2)

y=Bo(2) +B1(2)r(2) +e, (3.1)

using the varying smooth coefficient approach (Hastie abghirani, 1993; Li et al., 2002).
Individualsi = 1,...,n must be sorted by income in ascending orderizgdenotes the local
fractional rank. The coefficierft;(2z) is the varying concentration indéX(z) andy is the

dependent variable with local meg(z).

As proper sample weights are not available for the pooled, datmula (2.5) from section

2.2.3 for the fractional rank simplifies to

r(z) = i kn, (Uj) — khzéui) (3.2)
=1

with u; = z —z. Using the kernel weightky,(u;) is important here to assure that the lo-
cal estimates for the mean and variance of the local rankviani(z) equal their theoretical

asymptotic values.6 and /12 throughout the support af A Nadaraya-Watson estimator
with a quartic kernel is used. This kernel function assigighér weights to observations

closer toz, lower weights for observations being further away and rezight to observations
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outside the bandwidth,. The kernel weights arl,,(uj) = <ZT:1 KhZ(Uj)>_1KhZ(Ui) with
Kn,(Ui) = (1/hz) K (ui/hz) and S, kn,(u) = 1. The local bandwidth parametey is chosen
inversely to the local kernel densify owing to the tradeoff between estimation bias and un-
certainty. The kernel density is the nonparametric eseroithe probability density function
(pdf) of z

Comparing concentration indices of binary variables wéhAang means may be misleading
as the bounds then depend inversely on the med@| ., = 1 — p (Wagstaff, 2005, 2011).
Alike in chapter 2, Wagstaff's (2005) approach is adaptezhghatW(z) = C(z)/ (1—p(2))
is the varying Wagstaff index. Similar to its homogeneoustterpart\W(z) is always bound
inthe(—1;1) interval irrespective ofi(z). This allows comparisons of inequalities throughout
the support okz. The varying Wagstaff indices are computed separately fam and women
and pointwise confidence intervals are reported.

The local standard errarc(z) of the varying concentration index can be approximated by
estimating; and; from equation (3.1) with the untransformed health variatiteplace of
(202(2)/u(2))y. One may then take advantage of the fact f§#r) +0.53;(2) = p(2) and ap-
ply thed method taC(2) = 202(2)B;(2) [B5(2) + 0.5B;(2)] ! (Kakwani et al., 1997; Wildman,
2003). The standard erroty(z) for W(z) can be estimated analogously (see chapter 2). Note
that mean and variance of the rank variable need not be @resics stochastic as they are
sample independent. The error term may likely be heter@stiedand autocorrelated (Kak-
wani et al., 1997; Wildman, 2003; McKinnon et al., 2011);dbblewey-West type standard
errors are therefore estimated (for computational dessitsa more technical introduction of

the method, see chapter 2).

3.4 Results

The graphs for the estimated densﬁ()z) with respect to age (the smoothing paramejen

figure 3.1 exhibit similar patterns for both sexes. Cohodsnger than 35 are smaller than
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Figure 3.1: Kernel density and age-specific prevalencesédasample 2002, 2006)
Empirical density of age (upper left) and age-specific pevaes of obesity (upper right),
hypertension (bottom left) and diabetes (bottom right)tfer male (solid lines) and female
(dashed lines) samples from the 2002 and 2006 Health Caresadtanel.

those born before the 1970’s. This corresponds with the latipn pyramid for Germany and
supports existing evidence for an aging society (see ergWaizsacker, 1996). Note that the
observed kernel densil@(z) implies that the bandwidth parameteris minimal at age 33 for
women fi; =~ 5.95) and at 39 for merhg &~ 6.22). The bandwidth is largest for the 79 years

old for both sexesh; ~ 16.6 for women andx 16.9 for men).

The overall sample prevalence of obesity in table 3.1 isdrigimong women than among
men. Comparing the age-specific estimates in figure 3.1fawisd that this holds in all age
groups. The prevalence is highest among the 56 years old wame:the 58 years old men

and lower in the younger and older age groups. The overaiptaprevalence of hypertension
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Table 3.1: Descriptive statistics (pooled sample 20026200

female (1= 45,889) male = 41,712)
prevalence w Oow prevalence w Oow

income 1394907 0.2971 0.003Z  1,46090% 0.2994° 0.003%

obesity 1657% —0.1283 0.0126 1519% —0.0543 0.0137
hypertension 173% —-0.0623 0.0122 1954% -0.0114 00123
diabetes d4% —-0.1283 0.0273 415% —0.0535 0.0246

Homogeneous estimates from the 2002 and 2006 Health Caessa&anel.

*) significant at the 1 percent levé); significant at the 5 percent level;

) mean of net equivalent household inco®eGini-index of net equivalent household income
(without Wagstaff's correction¥)) standard error of the Gini-index

is higher among men. The shape of its age-specific prevalamee in figure 3.1 suggests
that prevalence rises almost monotonously with increaageyand flattens after age 70 for
both sexes. It is highest among the 76 years old women andatd g&d men. The overall
sample prevalence of diabetes in table 3.1 is again soméwgdtedr for men. The age-specific
estimates vary around one percent being somewhat higherdioren until the late thirties.
The prevalence then rises faster among men, is highest &%@e 12 percent) and varies
around this value for the oldest. For women, itis highestjaté¥ & 10 percent) and decreases
to approximately 7 percent for the oldest.

The age-specific mean net equivalent household income iref)@ yields similar patterns
for men and women. The graphs suggest that the youngesiduodls live in households
with the lowest incomes. A first peak is observed around tleecd@0 and the highest mean
income is found shortly before the statutory retirementa@fd#s. The lower mean net equiva-
lent household incomes between 35 and 50 stem from an irciredise equivalence weights
owing to a peak in the average number of children per houdehadhese age groups. In
all age groups, men have a higher mean income than women. gehgpecific Gini index is

somewhat lower for women and men around 30 than for the yaingdter age 30, income
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Figure 3.2: Age-specific income and Gini indices (pooledard002, 2006)
Age-specific mean net equivalent household incomes (laff)Gini indices (right) with 95
percent confidence intervals (dashed lines) for the malpgiy@mnd female (bottom) samples
from the 2002 and 2006 Health Care Access Panel.

inequality increases and is highest for women around 50 amaround 60. The Gini index
drops back to approximately2¥ for both sexes during the common retirement period. Note
that the statutory retirement age is 65, however, most paetite in the preceding seven years
(see Wingerter, 2010). Although the results suggest thimeéneent leads to some leveling in

household incomes, considerable income inequalitiesgp@fser retirement.

The homogeneous Wagstaff indidésfor obesity in table 3.1 are both significantly nega-
tive suggesting a concentration of the disease among theevadf for both sexes. The varying
Wagstaff index for men in figure 3.3 is negative but statalycsignificant for no age. The sig-

nificantly negative index for women aged between 28 and 7i2atels a concentration among
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Figure 3.3: Age-specific inequality of obesity (pooled s&§902, 2006)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from th@ 20@ 2006 Health Care Access
Panel.

the worse-off in these age groups. While the varying indexrien shows no considerable
changes over the life course, women exhibit a lower levetefuality in mid-age and a higher

level among those over 55.

The homogeneous Wagstaff index for hypertension among waméable 3.1 is again
highly significant. The varying Wagstaff index in figure 3s4statistically significant for those
between 50 and 69 in the female sample. For all age group#de& varies around-0.1.
The varying index for men is negative for those aged 23 orrolddée homogeneous and

varying Wagstaff indices for the male sample are both infigant.

The homogeneous Wagstaff indices for diabetes in tabler&.&ignificantly negative for
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Figure 3.4: Age-specific inequality of hypertension (poadeample 2002, 2006)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from th@ 20@ 2006 Health Care Access
Panel.
women and men, again suggesting a concentration of thesgisgaong the worse-off. The
varying Wagstaff index for the female sample in figure 3.5agative for all age groups. It

is, however, only significant for women aged between 51 and\g2significant age-specific

income-related gradients are observed for diabetes in #ie sample.

3.5 Discussion

Using the varying inequality index introduced in chaptetis chapter addressed age and
sex specific variations in income-related health ineqiaalit One may consider computing

batteries of concentration indices for distinct age gro{gsse.g. in van Kippersluis et al.,

43



Chapter 3 Age-specific inequalities in diabetes, hyperderand obesity

04—~ = ' ' '
S~ o male

~ - -
0.2 N - - T~ _ - A
2 T~ o -
< 0 -
> /\/\
- - T——— T - -
2 -0.2f - - -
P _ =
-04r _ .
—"T__— I I I I
20 30 40 50 60 70
age
04._’_~ T T T T T ]
T =< female _ A
~
0.2F ~ - = -~

inequality
o |
}
I
|
|
\
\
1

0.2 S
_04 B P TN - - - - - - ~
- ~=-"
| | | | |
20 30 40 50 60 70
age

Figure 3.5: Age-specific inequality of diabetes (pooled gi@2002, 2006)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from th@ 20@ 2006 Health Care Access
Panel.

2009) and smoothing over these as an alternative. As arguetapter 2, however, this
would involve double uncertainty and a considerable bidsst,Fparticularly the oldest age
groups may become rather small which would involve high taggty and large confidence
intervals. Second, smoothing over such estimates wouldtsdgvn uncertainty. In addition,
the estimates close to the age group limits would likely mséd which is avoided in the
kernel smoothing approach.

This chapter has shown that socioeconomic gradients intgblegpertension and diabetes
vary across age groups in Germany. Significant age-specdgualities to the detriment of
the deprived in hypertension and diabetes are only obsdovedomen in midlife. The age-

specific gradient for obesity is significant for almost aleagroups in the female sample.
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3.5 Discussion

Somewhat surprisingly, no significant age-specific incoplated inequalities were found
among men. Although some leveling is observed for diabetesg both sexes and hyperten-
sion among men, one may agree that the results are neitrearasadipport for the accumulation

nor for the age as leveler hypothesis.

Using the varying index has some advantages compared withuting homogeneous con-
centration or Wagstaff indices. Using the latter may invekt Islam et al. (2010) refer to
as student and pension effects. According to the formemgaeople in the beginning of
their career, in job trainings or universities are usuallgood health conditions but have low
incomes. This may result in an underestimation of healtadliantages for lower income
households. Conversely, the pension effect describestiwnrthat older people have compa-
rably bad health conditions due to their age and lower incoatftr retirement. This, again,
may lead to an overestimation of health disadvantages toptor. The homogeneous in-
dices actually underestimate the extent of inequality fostage groups in hypertension and

obesity compared with the age-specific results.

When considering self-reported data on specific diseasesmay argue that certain dis-
eases have to be diagnosed by a physician. Individual aessemay therefore, to some
extent, depend on health care utilization and communicdt@ween patients and physicians.
However, approximately 90 percent of the German populatmmact a physician within a
year and, more importantly, Germany is known for a fairlyieajle access to health care (see
e.g. van Doorslaer et al., 2004, 2006). Considerable rigygpbiases owing to inequalities
in health care utilization are hence rather unlikely. Théeptal of biases owing to social
distances between physicians and less educated or lowmnméepatients, however, remains.
Considering the results found in Kelly-Irving et al. (201@&pe may speculate that such bi-
ases may lead to a pro-rich bias, i.e. an underestimationegfuialities to the detriment of
the deprived. Concerning the results for obesity, it shdaddnentioned that self-reported

anthropometric data may involve some measurement or iegdstas which may lead to an
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underestimation of the prevalence and socioeconomicgmnadf obesity.

Using cross sectional data involves some limitations. tFtrey do not facilitate a clear
distinction between life course effects and cohort effedi®mwever, van Kippersluis et al.
(2009) found no consistent cohort effects for Germany. éutfh cohort effects cannot fully
be excluded, one may agree that these likely play a minoamdethe observed variations are
mostly an age effect. Second, the data do not allow a digtimttetween income effects on
health and health effects on income or to test the causdimeship between then. However,
one may assume possible losses of income through adversie tet@ted selection into both
early old age and reduced earning capacity retirement td tménor importance (Brockmann
et al., 2009). Only B and 16 percent of women and men among the 45 to 50 years old in
the sample are retired. The shares are somewhat higher ahmBbg to 55 years old;.8 and
4.3 percent, respectively. Further, German welfare poliaresseen as rather status preserving
(Brockmann et al., 2009). Pensions largely depend on casoputontributions over the life
course (Boersch-Supan and Wilke, 2004) The relative soormm@mic position within a birth
cohort will therefore change only marginally with retirembeFinally, Dupre (2007) and Prus
(2004) argue that leveling may be an artificial result owingrortality selection. However,
Beckett (2000) has shown that this needs not necessarilpéddr self reported health. The
age-specific mortality rates did not excee8 (1) percent for women younger than 60 (65)
in the respective years in Germany (Human Mortality Datapa812). The rates were about
double for men. One may therefore reject the notion that bsewed variations in income-

related inequalities could be solely caused by mortalitycimon.

3.6 Conclusions

One may agree that the results are of particular interestefeearchers and health policy
makers alike since the health outcomes under considerat@among the major risk factors

for cardiovascular diseases and premature mortality ieldeed countries. In addition, this
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3.6 Conclusions

chapter adds an important contribution to the field of ageetie analyses of income-related
health inequalities. Given the demographic developmentsast industrialized countries as
demonstrated by the evidence for an aging German sociehdfouthe data, such analyses
will likely become an increasingly important tool for hdalpolicy makers to maintain an

efficient allocation of both, preventive and curative hHeakrvices.
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Chapter 4

Age-specific variations in income-related

Inequalities in smoking behavior

4.1 Introduction

A broad body of literature provides evidence on the varicagandous effects of smoking.
For example, smoking increases the risk of pulmonary ardi@aascular diseases (Kamholz,
2004), asthma among adolescents (Genuneit et al., 2008iagadancer (Peto et al., 2000).
It is associated with premature mortality (Balia and Jorz€88) and lower quality of life
(Slama, 2008).

Social gradients in smoking behavior in industrialized ritoies are well documented in
the literature. Individuals with lower socioeconomic g&tin general, have higher consump-
tion levels, start smoking earlier in life and are less hki quit (Schaap and Kunst, 2009).
These finding were repeatedly confirmed for Germany. LangettBurger (2004) compare
the prevalence of smoking in different social classes ugieg2003 German National Tele-
phone Health Survey. Helmert and Buitkamp (2004) analyreesudata from four national

health surveys and three waves of the Bertelsmann HealthtddorBoth find that tobacco
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consumption is less common among people with higher edugaticcupational status and
income. Analyzing data from the 1998 German National Ted@ehHealth Survey, Lampert
and Thamm (2004) find that both educational and income gntgli@a smoking prevalence

reduce with increasing age.

Giskes et al. (2005), Graham (1996) and Schulze and Mon$j2f¥scribe the develop-
ment of the smoking epidemic since the early twentieth agrand find similar patterns in
most industrialized countries. Smoking was rather uncomamong women and prevalence
rates first rose among higher educated men. While becomimg ocmonmon among the less
educated, smoking prevalence declined among individuiglshigher social status. Accord-
ing to Schulze and Mons (2006), the social gradient reveva#dthe 1930s birth cohort.
Lampert (2010) addresses the recent developments in Ggriméme light of actions under-
taken to reduce the smoking prevalence. Alike Giskes et280%), however, he finds no
significant changes over the recent years. Using data fragtvénEuropean countries, Gra-
ham (1996) find leveling in gender differences in smokingawatr due to a faster decline of

the smoking prevalence among men.

To quit smoking may prevent the incidence of smoking-relatiseases even in later mid-
life (Peto et al., 2000). Monitoring socioeconomic inedfiesg in tobacco consumption is
therefore crucial when aiming at an equitable distributbhealth (Schaap and Kunst, 2009).
Empirical evidence concerning age-specific variationagome-related inequalities in smok-
ing behavior, however, still seems scarce. This chaptesurea age-specific income-related
inequalities in smoking behavior based on three outcomiahas drawn from the German
microcensus. The outcomes are current smoking, ever (favnairrent) smoking and smok-
ing cessation among the ever-smokers. As analyzing so@adients in smoking behavior
based on homogeneous measures would neglect the abovibdési@velopments even when
controlling for birth cohorts, the semiparametric extensof the concentration index intro-

duced in chapter 2 is applied.
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4.2 Data and variables

Data are drawn from the 2009 wave of the German microcensishvid a representative
survey of the German population conducted by the Researth Oanters of the Federal
Statistical Office and the Statistical Offices of the Fed8tates (Forschungsdatenzentren der
Statistischen Amter des Bundes und der Lander). Comprispgmyoximately one percent
of the German households, the microcensus is considerdtandst representative survey
available for Germany (FSO, 2006; Reeske et al., 2009). étwmlds are included in four

consecutive surveys and 25 percent of the households deee€peach year.

The present chapter uses the scientific use file comprisingdom subsample of approx-
imately 70 percentrn(= 489,349) of the German microcensus. Children younger than 15
(64,808) were not asked about smoking and388 individuals over 15 did not respond to
the smoking-related questions. 3833 individuals (179659 female and 16314 male) aged
15 or older provided information about their smoking bebaviAnother 26597 observa-
tions (12763 male and 1834 male) had to be removed because of missing information on
household income. The final sample comprises 916 (151151 male and 16825 female)

individuals. Sample weights were adjusted accordingly.

Interviewees were asked whether they currently were fretjeecasional or non-smokers.
Non-smokers were then asked whether they were former frequenccasional smokers. As
one may agree that the subjective distinction between &meigand occasional smoking is
rather weak, individuals are only grouped into smokers anmdsmokers and smoking is an-
alyzed regardless of its frequency. The first outcome vhaimbcurrent smoking, the second
outcome is ever-smoking. Ever-smokers are individuals weittzer currently smoke or for-
merly smoked. As a third outcome, smoking cessation is rmedsas former smoking among
the ever-smokers. It should be noted here that this measuwmaking cessation does not
only include those who stopped smoking in the respective ged may thus overestimate the

annual cessation rates.
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The socioeconomic status is measured using household enddata on income comprise
all possible sources (e.g. from labor, capital or pensiohs)account for the household size,
total income is adjusted using the modified OECD equivaletede (see e.g. van Doorslaer
et al., 2004). One may question the reliability of income aseasure for the socioeconomic
position particularly after retirement. While this may belplematic for some countries, the
German welfare system is considered to be highly statugpieg (Brockmann et al., 2009).
Approximately 90 percent of the German population are aavéy the public pension scheme
and benefits depend largely on compulsory contributioni netirement (Boersch-Supan and
Wilke, 2004). One may therefore agree that the relativecsmainomic position within one’s
age group is unlikely to change considerably with retiretnBrcome is thus used to measure

the socioeconomic status in all age groups.

4.3 Methods

Age-specific income-related inequalities are measuretubie semiparametric extension of
Wagstaff's corrected concentration index (Wagstaff, 208 1) introduced in chapter 2. Let
the outcome bg with meanp. The weighted fractional rank is = zijzle — wi/2 with

S ,w =1andindividual$ = 1,...,nsorted in ascending order by income. The concentration
index isC = 2/uy ' ; yiri — 1 and measures twice the area between the line of equalitthand
concentration curve (Wagstaff et al., 1991). The lattetgolbe cumulative share of outcome
y against the cumulative share of the population ranked bynecC is bound in the—1;1)
interval and becomes positive (negative), if the outconcemcentrated among the rich (poor).
Where no inequality is observed, the concentration curvecades with the line of equality
andC equals zero (see e.g. van Doorslaer and Koolman, 2004; varser et al., 1997, 2004,
2006; Wagstalff et al., 1991; Wagstaff, 2005, for descrimtiadiscussions and applications).
Konings et al. (2010) and O’Donnell et al. (2008) providelitive introductions to the concept

of Gini-type concentration indices.

52



4.3 Methods

In chapter 2, the convenient regression approach (Kakwaahi,d997) has been combined
with the varying coefficient model (Li et al., 2002) to obtdlre concentration index as a

smooth function of some regressos Z C R. The convenient regression formula

o7 (2)
H(2)

y=Bo(2) +B1(2)r(2) +¢ (4.1)

and thez-specific meam(z) of y can be estimated using nonparametric estimation techsique
The z-specific concentration index is th@a(z) = C(z), 6?(2) is the variance of (z) ande
denotes the error term. Note thatyifs the living standard variable used for rankiis a

varying Gini index.

As pointed out in chapter 2, the sample and kernel weigtasdky, (u) must be included
in the computation of the fractional rank. Technically, toadition that the locally weighted
mean and variance @{z) must be 06 and /12, respectively, must hold for are Z. In-
tuitively, when computing the concentration index for agpe z, including all observations

regardless of would be misleading. Alike in equation (2.5)z) is computed as

(D)= 3 oy () wy(2) — @.2)

=1

where the vector of sample weightsnust be rescaled for eaglsuch thaty !, kn, (Ui) wi(z) =

1 holds for anyz € Z.

Similar to chapter 2, the present chapter employs a consiBladaraya-Watson estima-
tor such that the kernel weights akg (ui) = Kn,(ui)/ 31 Kn,(uj) with FiL,kp, (ui) = 1.
The quartic (biweight) kernel with<(u;) = 15/16(1— ui2)2[|ui|<1, U =z —zandKp,(u) =
(1/hy)K(ui/hy) is applied. I denotes an indicator function which is 1 if restrictiénis is
fulfilled and zero otherwise. The quartic kernel assignfi@igveights to observations closer
to z(smallery;), lower weights to observations further away fraittargeru;) and zero weight

if an observation is outside the bandwidth. Fan and GijkiE®2) have shown that adaptive
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local smoothers generally yield good results and avoid tek-knmown boundary effect. The
bandwidth parametédr, is here chosen inversely to the local data density

It has further been argued in chapter 2 that comparing caratem indices of dichoto-
mous outcomes with varying prevalences may be misleadingoring to Wagstaff (2005,

2011), the bounds of concentration indices for binary \deis.depend inversely on the mean

K, |C| < 1—w To allow comparisons of inequalities throughout the suppiw, one may adapt
Wagstaff’s (2005) approach such thtz) = C(z)/ (1 — u(z)) is the varying Wagstaff index.
W(z) is then rescaled to &1; 1) interval irrespective ofi(z). This index has the advantage
that it compensates changes in the concentration indexeddayspure changes of the under-
lying prevalence. See chapter 2 for a more technical inttio and further computational

details.

4.4 Results

4.4.1 Results from the 2009 sample

The results in table 4.1 for the full sample show that meaniad@ver in the male than in
the female sample. The average net equivalent househadmds higher for men than for
women in the full and the restricted sample. Women have aiderably lower prevalence
of ever and current smoking than men. The homogeneous Waigstiaes demonstrate that
current smoking is significantly concentrated among thesexmff for both sexes in the full
and the (restricted) ever-smoker sample. Conversely,doemoking is concentrated among
the better-off in all samples. Ever-smoking is significardbncentrated among the lower
income households in the male sample while no significant&aination is observed in the
female sample. This is also reflected by the average inconrehvidlower for men among
the male ever-smokers compared with the full samples. Altegito table 4.1, the prevalence

of current smoking among the ever-smokers is higher for wothan for men. In contrast
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Table 4.1: Descriptive smoking statistics (2009 sample)

male female
mean W ow mean W Oow
full sample n=151151 n= 165825
age 47.08 48.9%

income 1,597.32 0.289¢* 0.0046  1,493.36 0.2807P*0.004F
ever-smokers 56.26% —-0.08340.0071 37.36% -0.0039 0.0059
current smokers  31.33% -—0.16870.0063 22.12% -0.11080.0065
former smokers 24.93% 0.0843 0.0067 15.24% 0.1408 0.0073

ever-smokers B 84,745 n= 60,131
age 48.64 45.36
income 1,541.48 0.2862° 0.0062  1,493.68 0.2850° 0.006%

current smokers  55.69% —0.18140.0089 59.21% -0.20270.0101
former smokers 44.31% 0.1814 0.0095 40.79% 0.20270.0121

Mean net equivalent household incomes and prevalencesreituever and former smoking
for the male and female full and restricted samples from B@92microcensus’) significant
at the 99 percent leve?) mean of variable®) Gini index (without Wagstaff’s correction) for
income;®) standard error for varying concentration (here Gini) inde
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Figure 4.1: Descriptive figures (2009 sample)
Empirical density of age (upper left) and prevalence of @éntrismoking (upper right), ever-
smoking (bottom left) and smoking cessation among everksnsgbottom right) for the male
(solid lines) and female (dashed lines) samples from th® 2@iGrocensus.

to the full sample, ever-smoking women are, on average, g@uthan ever-smoking men.
The Wagstaff index for former smoking in table 4.1 is exatlig negative of the Wagstaff
index for current smoking in the ever-smoking subsampldédh sexes. Note that the index
must fulfill the so-called mirror conditiowgyrrent= —Wiormer D€CaUSse ever-smokers can only

be current or former smokers (Erreygers, 2009; Wagstatf120

The data density plot in figure 4.1 presents the distribubibage in the male and female
sample and corresponds with the population pyramid for @agm The lower density for
those younger than 40 corresponds to the often discussétepref an aging society (von

Weizsacker, 1996). The data density estimate is highehémale than for the female sample
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for those younger than 68 and higher for the female samplkbaése who are older. This result
is in line with the higher average age for females found imetdbl and may be explained by

their higher life expectancy.

The age-specific prevalence of current smoking in figure dols similar patterns for men
and women. It starts around 21 percent for males and 17 geiarefemales aged 15 and is
higher for the male sample in all age groups. It increaseadIsafor both sexes peaking around
age 29 for males and 25 for females. The prevalence variesdm@pproximately 40 percent
for men and 30 percent for women in the age groups between @6@nlit then decreases

until age 80 and flattens out around 7 percent for elder mer8gredcent for elder women.

The ever-smoking curve for females in figure 4.1 is shapedagiiyto the current smoking
curve but at an approximately 10 percent higher level foltagomen. In contrast, the ever-
smoking curve for men differs from that for current smokirig.all cohorts older than 26,
almost 60 percent of the men are ever-smokers while the leresa of current smoking is
lower for those older than 50. The current and ever-smokinges for the female sample
both suggest lower prevalences for those older than 50. Giyeread this as a cohort effect
suggesting that smoking became common among females omggyounger birth cohorts

(i.e. born after 1950).

The share of ever-smokers who quit smoking starts aroundet&pt for the youngest
males and 19 percent for the youngest females and is lowdsitefd 7 years old. The smoking
cessation rate then increases until age 80 where it flattend be curves intersect at age 46.

Among ever-smokers older than 46, females are less likdiyate quit smoking then males.

The varying Wagstaff indices in figure 4.2 suggest a conaéintr of current smoking
among the worse-off. The index for men is negative for all ggrips and significant for
those younger than 80. In contrast, women exhibit an inBagmt concentration among the
better-off older than 74. While the concentration is lowaryounger males and strengthens

among the 20 to 30 years old, it varies around some constarg uatil age 50 in the female
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Figure 4.2: Age-specific inequality of current smoking (2G@ample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from thé® 20@rocensus.
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Figure 4.3: Age-specific inequality of ever-smoking (20@tgle)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from th® 20@rocensus.

sample. One who is interested in gender aspects may wishmpare the indices for both
sexes. The confidence intervals for the indices for the mraddemale samples do not overlap
for those aged between 52 and 59. This may be considered gaificaintly stronger con-
centration of current smoking among lower incomes in theencaimpared with the female
sample in this age group.

Similar to the graphs in figure 4.2, the curves for ever-smgkn figure 4.3 show a positive
trend with increasing age for men over 30 and all women. Euweokers are (at the 5 percent
level) significantly concentrated among the worse-off f@aes younger than 70 and females
younger than 52. In contrast to the male sample, a signifim@mtentration of ever-smokers

among the higher incomes is observed for females older tbanGhe may read this as a
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cohort effect indicating that the risk of smoking ever irelghifted from the rich towards the
poor during the twentieth century; the change was more pnoced in the female sample. The
concentration of ever-smoking among lower-income adeletsds stronger in the female than
in the male sample for those younger than 23. For the oldesre@hwomen have a weaker
concentration among the poor or, where the index is pos#iatronger concentration among
the better-off than men. The confidence intervals for thenedes from the male and female
samples do not overlap for those aged between 50 and 75.ndicaites that the concentration
of ever-smokers in lower-income households is signifigastiftonger among males in these
age groups. Comparing the results in figure 4.3 with thosguréi 4.2, one may note that the
curves for current and ever-smoking follow similar pattelait at a somewhat higher level for
the latter.

Figure 4.4 presents the age-specific inequality indicesrfioking cessation estimated from
the restricted ever-smokers subsample. The graph sugbastsigher income ever-smokers
are more likely to quit smoking than those in lower incomegeholds. This is in line with the
stronger concentration of current smoking compared wigr-emoking among the worse-off.
The concentration among the better-off is significant attipercent level for males between
23 and 72 and females between 22 and 74. Comparing the vaNaggtaff indices for men

and women yields no significant gender differences.

4.4.2 Results from the 2005 sample !

Comparing the results in table 4.2 with table 4.1, it can meoled that individuals in the 2005
sample are, on average, somewhat younger than in the 20(8esaithe mean net equiva-
lent household income increased while the prevalencesasf@woking, current smoking and
former smoking decreased marginally between 2005 and 2089observed income inequal-

ity as well as the income-related inequalities of smokinlyaweor do not differ significantly.

1The 2005 sample is described in section 2.3.
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Figure 4.4: Age-specific inequality of smoking cessatiddD@sample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from th® 20@rocensus.
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Table 4.2: Descriptive smoking statistics (2005 sample)

male female
prevalence W ow prevalence W Oow
full sample n= 155251 n= 169 286
age 45.68 47.7%
income 1,471.89 0.291%* 0.004Z 1,383.8% 0.2824* 0.0040
ever-smokers 57.02% -0.07830.0070 37.73% 0.0093 0.0059
current smokers 32.85% -0.16700.0062 23.49% —0.10900.0064
former smokers 24.17% 0.0963 0.0066 14.24% 0.1426 0.0075
ever-smokers B 88,336 n==61614
age 47.09 43.38¢
income 1,424.61 0.288%* 0.0054 1,385.68 0.2902* 0.0067F
current smokers 57,62% —-0.18730.0093 62.26% —0.20220.0130
former smokers 42.38% 0.18730.0083 37.74% 0.20220.0100

Mean net equivalent household incomes and prevalencesrehtuever and former smoking
for the male and female full and restricted samples from O@b2nicrocensus’) significant
at the 99 percent level) mean of variable®) Gini index (without Wagstaff’s correction) for
income;®) standard error for varying concentration (here Gini) inde
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Figure 4.5: Descriptive figures (2005 sample)
Empirical density (upper left) and prevalence of currenbkimg (upper right), ever-smoking
(bottom left) and smoking cessation among ever-smokertsafmoright) for the male (solid
lines) and female (dashed lines) samples from the 2005 peosus.

The changes in age and income between 2005 and 2009 arersimiti@ restricted sample.

Similarly, the composition of the ever-smokers sampleimgof current and former smokers
differ only marginally. Income inequality and income-iteld inequality of former and current
smoking among ever-smokers do not differ significantly. &bge-specific descriptive statis-
tics for the 2005 microcensus sample in figure 4.5 are sirtol#nose for the 2009 sample in
figure 4.1. It can be observed that the graphs for ever-srgakiial smoking cessation in the
2005 sample seem to be shifted somewhat to the left. Thisates that similar values were

observed for the same birth cohorts in both samples.

Regarding the age-specific inequalities in smoking, it isnfib that the results for current
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Figure 4.6: Age-specific inequality of current smoking (2@@ample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from thé 20@rocensus.
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Figure 4.7: Age-specific inequality of ever-smoking (20@mgle)

Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from thé& 20@rocensus.
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Figure 4.8: Age-specific inequality of smoking cessatiddD@sample)
Age-specific inequality indices (solid lines) with 95 parteonfidence intervals (dashed lines)
for the male (upper) and female (bottom) samples from thé 20@rocensus.

66



4.4 Results

smoking from the 2005 sample in figure 4.6 do not differ sigalifitly from those obtained
from the 2009 sample in figure 4.2. Comparing the results¥er-emoking, one may agree
that the overall patterns of the graphs in figure 4.3 and 4&7arly similar. One may note
that the turnover point where the income-related gradibiitssfrom a pro-rich towards a
pro-poor distribution is approximately in the same birthax for both samples. For the age-
specific inequality of smoking cessation, figures 4.4 andld.8ot suggest significant changes

between the 2005 and 2009 samples.

4.4.3 A note on nonresponses

Although the similarities between the results obtainednftbe 2009 and 2005 microcensus
samples suggest that the results are fairly reliable, onebwaanterested in the age-specific
income-related concentration of nonresponses to the tarlpyemoking module. According to
the results in figure 4.9, males and females in householdis@iter net equivalent household
incomes were less likely to answer the questions concestimaking behavior. Figure 4.10
demonstrates that the relation between income and nomrespeas considerably weaker in

the sample from the 2005 microcensus.

Given that the results from both samples are fairly simitewre may agree that consider-
able selection biases seem to play a minor role here. Howg\strould be mentioned that
an income-related concentration of nonresponse may leatbruhe assumption that the re-
lation between income rank and smoking behavior also hattsng the nonrespondents, to
an underestimation of the income-related gradient to tiendent of economically deprived

households in smoking.
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Figure 4.9: Nonresponse to smoking module (2009 sample)
Age-specific inequality indices (solid lines) for with 95rpent confidence intervals (dashed
lines) for nonresponse to the smoking module in male (upged)female (bottom) samples
from the 2009 microcensus.
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Figure 4.10: Nonresponse to smoking module (2005 sample)

Age-specific inequality indices (solid lines) for with 95rpent confidence intervals (dashed
lines) for nonresponse to the smoking module in male (upged)female (bottom) samples
from the 2005 microcensus.
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4.5 Discussion

The present chapter applied the varying inequality indesetiaon the concept of Gini-type
concentration indices introduced in chapter 2 to data orkemgdoehavior from the German
microcensus. It has been found that the income-relatedegrtsdvary considerably with age.
The results suggest that a homogeneous index would neitverrbvealed the lower concen-
tration of current and ever-smokers among adolescentsnarllmmcome households nor the
pro-rich distribution of current and ever-smoking among éiderly. In contrast to Richter
and Leppin (2007), a significant gradient related to houskeinecome for adolescents of both
sexes is observed here. Smoking cessation exhibits ndisagrtiincome-related gradients
for the youngest. One may consider two reasons for this; flistestimates for the varying
Wagstaff indices are close to zero among the youngest. 8eonty few stopped smoking
among the youngest. It is important to mention here that smetprevalence rates increase

the uncertainty and hence widen the confidence intervals.

Bauer et al. (2007) stress the importance of gender-spgmficies to reduce smoking
efficiently. The microcensus data reveal an increasing gawden men and women in the
prevalence of current and ever-smoking with increasing(agether words decreasing for
later birth cohorts). This is in line with the common resthiat gender differences reduced
during the twentieth century. For all age groups, howeven siill exhibit a higher prevalence
of current and ever-smoking than women. Somewhat surghsismoking cessation is more
common among male than female ever-smokers. Female ewakessrare more likely to quit
smoking only until age 46. In older age groups, women who sweked are less likely to be
former smokers than men. As Bauer et al. (2007) could nabat& such gender differences
to differences in socioeconomic position and endowmehts,authors assume them to be
mainly a behavioral effect which may be explained with gendées. The socioeconomic
gradients for current and ever-smoking computed from the¥eoensus data suggest similar

patterns for males and females in terms of income-relatedualities among those older
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than 30. Despite the similarities, the concentration ofentrand ever-smoking among the
worse-off is significantly weaker in the female sample asag@-59 for current and 50-75 for

ever-smoking.

The above results for the inequality in ever-smoking sugipes its income-related concen-
tration shifted from the higher to the lower incomes during twentieth century. The varying
Wagstaff indices presented in figures 4.3 and 4.7 changepgromiich (positive index) to pro-
poor (negative index) distributions around the 1930 bidhart in the male sample (age 78
in figure 4.3 and age 75 in figure 4.7) and around the 1950 batiort in the female sample
(age 57 in figure 4.3 and age 55 in figure 4.7). One may objectunigg cohort effects in
socioeconomic gradients via household income and argaénttame may vary over the life
course while e.g. education could be considered as a duasbkt. However, Schulze and
Mons (2006) found similar results for the educational disien of inequalities in smoking.
They identify a change from the better to the less educattaddes the 1921-30 and 1931-40
birth cohorts for men and between the 1931-40 and 1941-80 dohorts for women. Com-
paring age-specific smoking prevalences for different atiocal levels in the underlying data

yields similar results.

Analyses of health inequalities over the life course basedross-sectional data may be
subject to certain biases. It is widely agreed that life exqecy is lower among the deprived
(see e.g. Balia and Jones, 2008). As smoking is related ®resaliseases and premature
mortality (Genuneit et al., 2006; Kamholz, 2004; Peto et2000; Slama, 2008), smoking-
related mortality may be considered as a possible confaur@demparing the results with
the overall mortality rates from the Human Mortality DatabgHuman Mortality Database,
2012), one may agree that mortality is unlikely to bias theults considerably before age
70. Another issue may be a potential bias through bad hegligieteon into early retirement.
However, this should lead to opposite results at least fer-sinokers. One may agree that,

in contrast to the observed results, the adverse healteqaeaces should accumulate among
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the worse-off and lead to a concentration of smoking amoamtiCurrent and ever-smoking

are, however, pro rich for the oldest.

4.6 Conclusions

The distributions of current and ever-smoking among adelets and young adults is sig-
nificantly pro-poor. Smoking cessation, in contrast, is @moommon among the better-off
ever-smokers (note that in the full sample, former smoksngo-poor among adolescents and
pro-rich among adults). The results suggest that anti-gmygbolicies should aim at adoles-
cents and young adults in lower-income households.

One may conclude from the results that the smoking epidemsicstiarted among the better-
off. The smoking prevalence increased somewhat later anteengconomically deprived
while smoking apparently became less common among ther{oéttel he patterns are quite
similar for males and females; the results suggest that ¢hreldpments started earlier for
males than for females, though. It seems that the smokirdgepc proceeds similarly for
both sexes but with some delay for females.

The results suggest that most males and females, if eversstaking in adolescence or
early adulthood. Smoking prevalence is high among the yeuadults and individuals appar-
ently stop in mid-life. Sundmacher (2012) has shown thatiéngocessation is closely related
to diagnoses of related diseases. One may speculate thatimsases rarely occur before
mid-life and consider this as a possible explanation fopti¢erns of the current smoking and
smoking cessation curves. One may further speculate tadtig¢fner rates of smoking cessa-
tion among younger females compared with males may be a mitgteffect as the average

number of dependent infants is particularly high in housghwith 20 to 40 year old women.
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Chapter 5

Using an alternative measure of
socioeconomic status: Community

deprivation-related health inequalities

5.1 Introduction

Population is usually ranked by some individual or housgletel variable in health inequal-
ity analyses using (rank-based) concentration indices. irstance, Wagstaff et al. (2003)
rank children in Vietnam by per capita household consumpaod Jones and Lépez Nicolas
(2006), van Doorslaer et al. (2004) and van Doorslaer andrkao (2004), as well as chap-
ters 2, 3 and 4 use net equivalent household income to &eilihe socioeconomic ranking in
industrialized countries.

The question whether, and to what extent, health is influigktgeneighborhood or com-
munity deprivation has become an increasingly importasudsn epidemiology and health

inequality analyses (see e.g. Maier et al., 2011; Kuznets@l., 2011, 2012). Noble et al.

1An enhanced version of this chapter is planned to be pulalisisea joint article with Andreas Mielck and
Werner Maier.
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(2006) describe five Indices of Multiple Deprivation for thimited Kingdom: the English
Indices of Deprivation 2000, the English Indices of Deptima 2004, the Welsh Index of
Multiple Deprivation 2000, the Northern Ireland Measurés/altiple Deprivation 2001 and
the Scottish Indices of Deprivation 2003. Maier et al. (204&re the first to use the key prin-
ciples described in Noble et al. (2006) to propose a Bavdridax of Multiple Deprivation.
This index has been applied to Bavarian health data redgdt@aiznetsov et al., 2011, 2012)
and was recently extended to a German Index of Multiple agan.

After analyzing age-specific variations in income-reldtedlth inequalities in the previous

chapters, the present chapter addresses two relatedansesti

1. To what extent can age-specific community deprivatidated health inequalities be

observed?
2. How do income-related health inequalities vary withtreeacommunity deprivation?

The varying inequality index introduced in chapter 2 is &ggpto data on obesity, hypertension
and diabetes drawn from the pooled sample of the 2002 and 268kh Care Access Panel
which were already used in chapter 3. The German Index ofiMelDeprivatior? is used to

determine the community deprivation.

5.2 Data and variables

Data for the empirical analysis are drawn from the TNS He@Hline Access Panel provided
by Kantar Health (formerly TNS Infratest Healthcare). Tdaib sufficiently large numbers
of observations throughout all age groups and regions,@2 and 2006 waves of the Health
Care Access Panel are pooled for the analysis (see Potthalff 004 and section 3.2 for

further descriptions of the data).

2] would like to acknowledge that Werner Maier kindly provitiae the within-domain rankings and the theory-
based Index of Multiple Deprivation ready for use.
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Of the 117167 individuals (48574 households) included in the pooled sample 122
individuals (29421 households) participated in 2002 and585 individuals (28828 house-
holds) in 2006. 1810 individuals (8718 households) participated in both surveys,328
individuals younger than 20 were excluded as chronic carditrarely affect younger indi-
viduals and a meaningful interpretation of the body mass»rid problematic for children
and adolescents., 176 observations had to be removed owing to missing dataaonia?
Another 7991 observations had to be dropped owing to unsuitable mabandes Gemein-
dekennziffer. The sample for the empirical analysis eventually congsig9610 individuals

(41,767 females and 3843 males) in 4352 households.

The modified OECD equivalence scale is applied to computeaquivalent household in-
come as a measure of socioeconomic status in terms of incelated health inequalities. The
first health outcome is obesity defined as a body mass index)(@kr 30 (see WHO, 2009).
The body mass index is computed as body weight in kg dividethbysquared body height
in meters from self-reported anthropometric data. Thersg@bealth outcome is hypertension
within the preceding twelve months and the third is diabeteflitus. Note that the survey
does not allow a unique distinction between type one andtiypediabetes. One may, how-
ever, consider type two diabetes as age related and inflaklecarough lifestyles and health
behavior (see Harati et al., 2010; Puska, 2010) and type iaetes as mainly genetic and
thus likely to be equally distributed across socioeconamnieips. As in chapter 3, diabetes is

analyzed regardless of its type or insulin dependency.

3Up to this point, data preparation and the resulting sam@@xsactly the same as in chapter 3.
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5.3 Methods

5.3.1 Building the Index of Multiple Deprivation

The Index of Multiple Deprivation has been developed to remmunities or administrative
areas by a set of weighted deprivation domains. The domiadhsded in such an index have
to be relevant in the context of deprivation and suitablecatr variables for each domain

must be available (Noble et al., 2006). Such indicators rest

“(1) ‘domain specific’ and appropriate for the purpose (asatit as possible mea-
sures for that form of deprivation), (2) measuring majorttgas of that depriva-
tion (not conditions just experienced by a very small nundbgreople or areas),
(3) up-to-date, (4) capable of being updated on a regulansg®) statistically
robust, and (6) available for the whole of the country in giesat a small-area

level in a consistent form{Noble et al., 2006, p. 176).

Based on these requirements, Maier et al. (2011) define sleveains for the Bavarian and the
German Index of Multiple Deprivation. The variables and @ims included in the Bavarian
Index of Multiple Deprivation are listed in table 5.1. Ther®an Index of Multiple Depriva-
tion is computed similarly here; with one exception, thoughe crime rates included in the
security domain for the Bavarian index are not included ex@erman Index of Multiple De-
privation? The indicator variables are standardized usingztseore transformation. Noble
et al. (2006) propose to perform a maximum likelihood faetoalysis to combine the chosen
indicators to univariate domains. However, as the maximumbrer of indicators per domain
is two, techniques such as factor analyses would not camériio the present analysis. Maier
et al. (2011) argue that such techniques are only requireshwbmbining at least three indi-
cators into one domain. Where only one single indicatorgtuiged, this variable is the only

factor and therefore the main factor. Where two indicatoescambined to one domain, it is

4Crime rates at the community level for overall Germany amesnily not available for the computation.

76



Table 5.1:

Domains of the German Index of Multiple Deprigati

5.3 Methods

weights from

factor
domain indicators theory analysis
personal income total income per tax payer 25% 39.51%
employment unemployment rate per employable 25%  39.68%
population (age 15 - 65)
education rate of unskilled workers per employees 15% -15.37%
s.t. social insurance contributions
communal income  communal gross revenues surplus/shortfal 15% 7.76%
and debts per citizen

social capital migration rates (communal level) and 10% 32.19%
voter participation

environment share of sealed surfacertimercial, 5% -4.10%
industrial and traffi¢

personal security  average number of traffic accidents pieeni 5% 0.33%

crime rates per citizén

Source €xcluding the right column Maier et al. (2011, table 3). The left column shows the
seven domains included in Maier et al.’s Index of Multipleptieation. The center column
lists the indicators included in each domain. The two rigiridhcolumns present the theory-
based weights proposed by Maier et al. (2011) and weightsradd through factor analysis
performed on the 2002 and 2006 sample from the Health Cares&ceanel.?) Note that
the crime rates are only included in the Bavarian index beedluey were not available at the
community level for overall Germany when the German IndeMattiple Deprivation used

in the present analysis was generated.
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technically impossible to identify a main factor. Both \adoies would be equally weighted
because algorithms such as principal component or factysis would consider them as

equipollent.

The domain variables computed in the previous step are tbet 10 rank communities in
ascending order by deprivation. These rankings could be aselomain deprivation indices
for domain-specific analyses. One who is interested in aeXraf Multiple Deprivation,
however, now needs to combine the domains into one indes.réquires a judgment to what
extent more deprivation in one domain may be compensateddsydeprivation in another
domain. It has been argued thascore transformation and untransformed rankings within
domains may both lead to such cancellations (Noble et abgRMMaier et al. (2011) follow
Noble et al. (2006) who argue that exponential transforomatif the domain ranks may tackle
this problem. Denoting as the communal rank within a domain, the best-off commuse ha

p = 1/n (least deprived) and the worst-off has= 1 (most deprived). The transformed within-

D=-9 In{l—p(l—exp{—%})}. (5.1)

Noble et al. (2006) and Maier et al. (2011) both advise to sbabe facto® = 23. They

domain rank is then

point out that this choice is fully arbitrary but has the adtege that all domain variabl&s
are transformed to a (0; 100) scale, where only the mostwkpdecile obtains values larger

than 50.

The separate domains then have to be combined to a singbe dhdiéultiple Deprivation.
Note that it is impossible to do this without deciding on agtging scheme; even simply sum-
ming up the domains would correspond to arbitrarily chospraéweights. Weights should be
carefully chosen, though; for example based on theoriagatefrom the literature or on em-
pirical methods. An alternative may be a somewhat arbitragighting scheme with respect
to policy relevance. Either way, the weighting scheme walvér considerable impact on the

final index and researchers should be aware of the implreaitbbwhatever weighting scheme
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they choose (see Noble et al., 2006, who discuss this inldetae weighting scheme for the

British indices has been derived from the literature andydatus on income and employment
(see Noble et al., 2006). Maier et al. (2011) adopt the Brisisheme and similarly assign the
highest weights to these two domains. The lowest weightass&gned to the environment

and security domains. The weights are presented in table 5.1

Noble et al. (2006) mention that empirically driven weigigtischemes obtained through
factor analysis may be an alternative to the above desctiteaty-based approach. To avoid
cancellation effects, this chapter uses the domain sdorektained from equation (5.1) to
obtain empirically justified weights through factor anaysFor each domairD is z-score
transformed to facilitate identification of a main factorahgh maximum likelihood estima-
tion techniques. The weights obtained from this empincdliven approach are given the

right column in table 5.1.

5.3.2 Measuring inequality

Age-specific and community deprivation-specific incomietesl health inequalities, as well
as age-specific community deprivation-related health uabties, are measured using the
semiparametric extension of the concentration index ¢htced in chapter 2. The index was
derived from the well-known concentration indéxvhich has become a common technique
to measure socioeconomic gradients in health (see e.g.téfagsal., 1991; Wagstaff and
van Doorslaer, 2000; van Doorslaer et al., 2000; Kakwani.etl897). C stems from the
concentration curve where the cumulative share of somdreatiabley is plotted against
the cumulative share of the population ranked by socioemimgtatus. The curve lies be-
low (above) the line of equality (45° line), yfconcentrates among the better-off (worse-off).
Measuring twice the area between the concentration curdé¢hre45° lineC is bound in the
(—1;1) interval and becomes positive (negative), if the concéotmaurve lies below (above)

the line of equality. Where no inequality is observed, ikingividuals have the same level
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of y regardless of their socioeconomic status, the concemtratirve is exactly the line of
equality andC is zero. Konings et al. (2010) and O’Donnell et al. (2008)vte intuitive

introductions to the concept of concentration curves adit@s.

The estimation of homogeneous (overall-sample) condamtrandices has been discussed
elaborately elsewhere (see e.g. van Doorslaer et al., 2894, van Doorslaer and Koolman,
2004; Kakwani et al., 1997; Konings et al., 2010; O’'Donnelle 2008; Wagstaff et al., 1991;
Wagstaff and van Doorslaer, 2000; Wagstaff et al., 2003,dotian a few). The present chap-
ter applies the varying inequality index introduced in deaj2. To obtain the concentration
index as a function of some other parameterZ C R, the convenient regression approach
(Kakwani et al., 1997; Wagstaff et al., 2003; Wildman, 2083)ombined with the varying co-
efficient model (Hastie and Tibshirani, 1993; Li et al., 20Phe formula for the convenient

regression is
ot(2)
H(2)

y=PBo(2) +B1(2)r(2) +e, (5.2)

whereC(z) = B1(z) with ze€ Z andp(2) is thez-specific mean oy. C(z) andp(z) can both be

obtained through nonparametric regression. The fradtiami has to be computed locally as

@)=Y by () — ), (5.9

wherez € Z andu; = z — z Individualsi must be sorted in ascending order by socioeconomic
status andky, (ui) = Ky, (u;) [z?l KhZ(Uj)}

n being the number of observations. Computing the rank vigrialbally using equation (5.3)

1
are the kernel weights witfi! ; kn,(u) = 1 and

assures that the locally computed mean and variance of taériank variable are (asymptot-
ically) 1/2 and1/12, respectively, for any givene Z (see also chapter 2). The varying concen-
tration index is estimated using a Nadaraya-Watson estimdth a quartic kernel function.
The kernel function assigns higher weights to observatuboser toz, lower weights to ob-

servations further away fromand zero weights if an observation is outside the bandwigth
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The local bandwidth parametby is chosen inversely to the local densityto find an opti-
mal balance between bias and uncertainty. Wheatenotes age, the bandwidth is chosen as
h, = 1.066,n%2f, 03 with f, being the empirical density at a giver Z andd, the standard
error ofz obtained from the data (see chapter 2). Wieirethe communal deprivation rank,

it has been found that choosing the bandwidth.as 1.066,n%1f; 03 performs well.

As the bounds of the concentration index for binary varisldepend inversely on the
mean, comparisons particularly across age groups may ¢teatdstieading results. For the
age-specific analyses, the varying concentration indeéheiefore corrected using Wagstaff’s
(2005) formula such that/(z) = C(z)/ (1—u(z)); see section 2.2.3 for details. Pointwise
confidence intervals are reported using the variance appation described in sections 2.2.4

and 2.2.5.

5.3.3 Testing rank sensitivity

Wagstaff and Watanabe (2003) derive a straightforward atetb compute and statistically
test the differences between concentration indices basetifi@rent socioeconomic status
variables (for further descriptions and applications dee kindelow, 2006; O’Donnell et al.,

2008).

Let two different socioeconomic status variables yield @hfferent vectors of fractional

ranks,r; andr,. The homogeneous concentration index using the first rgnkaniabler is

2 n
CL= n_ui;ylrll -1, (5.4)

C, is computed analogously. Wagstaff and Watanabe (2003) stamen that the difference
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between both concentration indices can be written as

2 n 2 n
AC=C—-C = mi;)ﬁrz -1- [mi;)ﬁrh —1]
2 n
= mi;)ﬁ(fzi—m)

2 n
= n_lli;ylAr” (5.5)

whereAr; = rp —rq is individuali’s change of the fractional rank. Wagstaff and Watanabe
(2003) and Lindelow (2006) have shown ti&t can be computed via the convenient regres-
sion approach,

203,

TR Bo+ Bilr +¢, (5.6)
wherea3, is the variance ofir. The advantage of this straightforward method is that ong ma
compute the standard erroxc for AC = 31 using equation (5.6) (Lindelow, 2006; O’Donnell
et al., 2008; Wagstaff and Watanabe, 2003). The samplebityaof | is taken into account
here following Wagstaff and Watanabe (2003) and O’'Donrtedl €2008), respectively.

Wagstaff and Watanabe (2003) stress th@t= 0 does not necessarily imply that socio-
economic ranks do not differ between two socioeconomicistadriables, i.e. thdfr; = O for
all i. By measuring the covariance between the change of the eardble, however, it would
indicate that the health variable does not vary vlith In other words, it shows to what extent

the decision how to measure socioeconomic status influeheeseasured inequality.

5.3.4 Indirect standardization

Figure 5.1 demonstrates that health status is stronglyetkl®m age. The oldest have the

highest prevalence rates but, on average, the lowest ireeofhés is unproblematic when per-

5The unstandardized age-specific prevalences in figure BKldomewnhat similar to those in figure 3.1. The
7,991 observations dropped owing to unsuitable regional €@ggarently have not caused considerable
changes in the age-specific prevalences compared to théesagsul in chapter 3.
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forming age-specific analyses. In other cases, howevehas® account for the age-specific
distribution of the outcome variables. For the communitgrdation-specific analyses here,
neglecting the above mentioned age dependency of healihemte may evoke the so-called
student or pension effects (see Islam et al., 2010, andse®:%h). The pension effect describes
that older people after retirement have worse health outsaamd lower incomes compared
with younger individuals in their working lifes which maywse an artificial concentration of
bad health among the poor. In contrast, the student effscritbes that young individuals in
the beginning of their working lifes are, on average, haadliit have low incomes. This may

cause an underestimation of health disadvantages amomgtke-off.

A common approach to tackle this problem is to statisticadiypove the purely age-related
health effects by means of indirect standardization (vaonrBlaer et al., 2000; O’'Donnell
et al., 2008; Wagstaff and van Doorslaer, 2000). The praeeduas follows: Lek be the
matrix of demographic indicators to be used for standatidizgage groups here) and the
predicted risk at a giverbey = Pr(y = 1|x). The formula for the indirect standardization is

then

Yi=yi— (i — ), (5.7)

wherey; is thex-standardized health variable for théh individual (O’'Donnell et al., 2008).
The meanu'of the age predicted health varialylés’included to assure that the overall sam-
ple mean of the standardized variable equals the overalplgamean of the unstandardized
variable,u* = .. Note that O’'Donnell et al. (2008) present the formula uging place of i
such thati" =y; — (§i — ). Numerically, howevernl = fi does not necessarily hold wheye *

is obtained through nonlinear regression.

For the present analysis, data were stratified by sex andidudils were then grouped by
age into five year intervals, each indicated by a dummy vhiabhe age-predicted risks of
obesity, hypertension and diabetes were obtained thraggstic regression using maximum

likelihood estimation. The age-standardized prevalemege then computed using equation
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Figure 5.1: Age-specific and standardized prevalenceddgaample 2002, 2006)

Age-specific (left) and age-standardized (right) prevedsnof obesity (top), hypertension
(middle) and diabetes (bottom) for the male (solid lineg) famale (dashed lines) samples

from the 2002 and 2006 Health Care Access Panel.

(5.7).

The unstandardized and the standardized age-specificlgmeea are presented in figure
5.1. While the observed age-specific prevalences in thetdfimn vary with age (similar
results were found in figure 3.1), the standardized precateare almost constant across all
age groups. The latter will be used in this chapter whereveratl-sample or community

deprivation-specific statistics are computed. The unstatizied values will be used for all

age-specific analyses.
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5.4 Results

5.4.1 Comparing the two community deprivation indices

Comparing the weighting schemes for the theory-based anthttor analysis based Indices
of Multiple Deprivation in table 5.1, one may agree that tive approaches produce con-
siderably different results. Both approaches highlighividual income and unemployment
rates, however, the results from factor analysis are muate fosused on these two domaifhs.
Both together account for approximately 79.2 percent inviegghting scheme derived from
factor analysis while accounting for only 50 percent in theighting scheme derived from
the literature. Further, the proportion of the social capitomain is 30.2 percent in the fac-
tor analysis based weighting scheme while theory suggesesght of only 10 percent. One
may consider the higher weight for the social capital donaive plausible as high migration
rates and low voter participation may be consequences kihigopportunities and sustained
dissatisfaction with an area or commune. In contrast tohtherly-based approach, the factor
analysis based index does not consider higher rates oflletskiorkers as deprivation. By
assigning a negative weight to this domain, the index irtdcthe opposite: Unskilled work-
ers are more likely to be employed in areas with higher incrh&her voter participation,
lower unemployment rates and less emigration (and viceayeraccording to the theory-
based approach, communal revenues are among the moreamibotnains, however, factor
analysis assigns approximately half the weight (7.8 peyc8oth approaches give the lowest
(absolute) weight to personal security.

Despite the different weighting schemes, the rank coielatoefficients in table 5.2 sug-
gest a high correlation between the theory-based and ther fanalysis based deprivation
indices. Although education has a comparably high weighthéweighting scheme derived

from theory, the corresponding rank correlation coeffic@r0.0368 is comparably low. The

SPrincipal component analysis using Spearman’s rank @iioal matrix yields a similar index. Its correlation
coefficient with the factor analysis based index is 0.98Mé;dorresponding rank correlation coefficient is
0.9738.
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Table 5.2: Correlation matrix of overall deprivation rarfgeoled sample 2002, 2006)

Index of domain deprivation rank by
Multiple Deprivation
theory factor communal social
based analysis income employment education revenue lkagit@ironment

factor analysis 0.7983
deprivation domain

income 0.6440 0.8856
employment 0.7979 0.9124 0.6714
education 0.0368 -0.3219 —0.2524 -0.3341
comm. revenue 0.6238 0.3221 0.2246 0.3237 -0.0339
social capital 0.5922 0.6539 0.5556 0.5130 0.0235 0.1141
environment 0.2650 0.0486 —0.1936 0.2732 0.1395 0.08637950.
security 0.0975 0.0242 —0.0561 0.0732 0.0865 —0.0826 6.097 0.2199

Spearman’s rank correlation coefficients for the multipid aingle domain deprivation ranks from the 2002 and 2008tki€are
Access Panel. All rank correlation coefficients are higldydicant (p-values< 0.001).
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low coefficients of deprivation in terms of environment @B6) and security (0.0242) with
the factor analysis based deprivation index reflect thewadbsolute weights. As prefigured
by the weighting schemes derived from factor analysis itet&ll, the deprivation rank in the
education domain is negatively correlated with the rankheper capita income, employ-
ment and communal revenue domains. Somewhat surprisimglly,education is negatively
correlated with the factor analysis based index despitendgative weight also assigned to
the environment domain. The negative correlation betweerg@pita income deprivation and
environmental deprivation likely reflects higher averagmmes in urban compared with rural
areas. Similarly, the negative correlation between thé&enment and social capital domain
ranks indicates migration flows towards more urbanizedn@igncome) areas. These inter-
pretations are confirmed by the rank correlation betweemmonity population size and the
deprivation ranks in the income domain (negative sign)jrenment domain (positive sign)

and social capital domains (negative sign) observed in ate. d

5.4.2 Overall-sample estimates and rank sensitivity

Before presenting the results for deprivation-relateduradities, it should be emphasized that
higher deprivation ranks often represent worse-off comasun the literature. To retain com-
parability of the results with the other chapters, howea#rsini and concentration indices
(both varying and homogeneous) are computed using dejoriviat descending order: simi-
lar to the computation of income-related concentrationcesiwhere a higher rank indicates
a better-off household, higher ranks for deprivationtedainequalities represent better-off
communes.

The results in table 5.3 suggest that mean income is highteimale than in the female
sample. For both sexes, the average income is similar tarthalble 3.1. The income-related
concentration indices are all highly significant. The Gimdex for income is similar to that in

table 3.1 and roughly corresponds to the estimates fromQ@fag and 2009 microcensus data
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Table 5.3: Rank sensitivity: household income and Index aitidle Deprivation derived
from the literature (pooled sample 2002, 2006)

Index of Mul-
preva- individual income tiple Deprivatién sensitivity
lence C oc C oc AC OAC
male n= 37,843
income 1,463.51  0.2996* 0.0018 0.0408 0.0020 —0.2588 0.0020
obesity 14.98% —0.0592 0.0069 —0.0347 0.0071 0.0245 0.0094
hypertension  19.76%  —0.02380.0056 —0.0267 0.0056 0.0029 0.0074
diabetes 571% -0.08580.0118 —0.0508 0.0117 0.0355 0.0153
female n=41767
income 1,396.60 0.296%* 0.0017 0.0411 0.0018 —0.2558 0.0019
obesity 16.12% —0.1209 0.0062 —0.0395 0.0064 0814 0.0084
hypertension 17.89% —0.06750.0055 —0.0366 0.0056 0.0309 0.0074
diabetes 4.05% -0.15500.0133 —0.0597 0.0135 0.0958 0.0177

Means and concentration indices of income and age-stazddrtealth variables from the
2002 and 2006 Health Care Access Pamgsignificant at the 95 percent levé); significant
at the 99 percent leveF) Index of Multiple Deprivation derived from the literatu(®aier
et al., 2011).P) Mean of net equivalent household inconfgGini index of net equivalent

household income
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(see section 2.4 and table 4.1, respectively). Alike thelte$or income-related inequalities,
the concentration indices with respect to the Indices oftidld Deprivation are all highly
significant. The deprivation-related concentration obime is considerably lower than the
Gini index of income for both sexes. While the income-redatencentration indices differ
significantly between the male and female samples, the\dgjm-related estimates in table
5.3 do not. In summary, males exhibit weaker income-relepetentration of diseases among
the worse-off than females while no gender-specific difiees are found for inequalities with

respect to the Index of Multiple Deprivation based on wesglgrived from the literature.

The right two columns in table 5.3 demonstrate that the ed@mfor the concentration in-
dices change considerably when using community deprivatiplace of equivalent income.
These changes are highly statistically significgm&(0.01) for income, obesity and hyper-
tension in the female sample. In the male sample, differeace significant at the 99 percent
level for income and at the 95 percent level for obesity aathelies. To summarize, the results
indicate that the rank sensitivity seems more pronounc#tkifemale than in the male sample

for the diseases and vice versa for income inequality.

Table 5.4 presents the inequalities of income and the healitbmes with respect to the
theory-based and the factor analysis based deprivatiaceigadAll concentration indices com-
puted on the basis of the deprivation index weighted by faat@lysis are highly signifi-
cant. Assuming that communal per capita income is to somenexgbrrelated with equiva-
lent household income, one may agree that the higher contydeyprivation-related income
inequality observed when using the index derived from tlgofaanalysis based weighting
scheme likely stems from the higher emphasis put on incorpaw@gion here. In line with
these results, the concentration of hypertension and wialie more deprived communes is
significantly stronger when using the factor analysis badsutivation index. Sex specific
differences in the factor analysis based deprivationt@dlaoncentration are significant only

for hypertension.
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Table 5.4: Rank sensitivity, Indices of Multiple Deprivati with theory and factor analysis

based weighting (pooled sample 2002, 2006)

Index of Multiple Deprivation

weights from

weights from

the literature factor analysis sensitivity
C Oc C Oc AC oac
male n= 37 843
income 0.0408 0.0020 0.0632 0.0018 0.0224 0.0012
obesity —0.0347 0.0071 —-0.0362 0.0070 —0.0015 0.0044
hypertension -0.0267 0.0056 —0.0334 0.0056 —0.0068 0.0035
diabetes —0.0503 0.0117 —-0.0632 0.0121 —-0.0129 0.0076
female n=41767
income 0.0411 0.0018 0.0612 0.0017 0.0202 0.0011
obesity —0.0395 0.0064 —0.0454 0.0064 —0.0059 0.0041
hypertension -0.0366 0.0056 —0.0503 0.0057 —0.0138 0.0036
diabetes —0.0597 0.0135 —-0.0798 0.0137 —0.0200 0.0086

Comparison of concentration indices using the weightsvddrirom the literature and from
factor analysis (see table 5.1 and Maier et al., 2011), 2662806 Health Care Access Panel

1) significant at the 95 percent levé)significant at the 99 percent level.
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Figure 5.2: Age-specific inequality of obesity, index frameory (pooled sample 2002, 2006)
Age-specific deprivation-related inequality (solid lipn@sth 95 percent confidence intervals
(dashed lines) of obesity for the male (upper) and femalédbg samples from the 2002 and
2006 Health Care Access Panel. Deprivation index deriva the literature.

5.4.3 Age-specific variations

The rank sensitivity tests in table 5.3 demonstrate thatékalts based on multiple depri-
vation and on income differ significantly (excluding hymrsion in the male sample). One
may now be interested in the age-specific variations in conitywdeprivation-related health
inequalities in comparison with the income-related heiaégualities analyzed in chapter 3.
Figure 5.2 indicates significant age-specific inequalittesno age group for the depriva-
tion index computed from theory-based weights. Relevanatrans in deprivation-related
inequalities across age groups are not observed. Compgargwyith the results in figure 3.3,

it is found that the age-specific concentration of obesitgnisch weaker in deprived com-
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Figure 5.3: Age-specific inequality of obesity, deprivatiadex from factor analysis (pooled

sample 2002, 2006)

Age-specific deprivation-related inequality (solid lin@gth 95 percent confidence intervals
(dashed lines) of obesity for the male (upper) and femaltdby samples from the 2002 and
2006 Health Care Access Panel. Deprivation index derivead fiactor analysis.
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Figure 5.4: Age-specific inequality of hypertension, degtion index from theory (pooled

sample 2002, 2006)
Age-specific deprivation-related inequality (solid lipn@sth 95 percent confidence intervals

(dashed lines) of hypertension for the male (upper) and lerfittom) samples from the
2002 and 2006 Health Care Access Panel. Deprivation indéxedifrom the literature.

munes than in lower income households. This is indicatechbyldwer absolute (i.e. less
negative) results in figure 5.2. While the concentration loéity among women in lower
income households is statistically significant for thoseveen 28 and 70, this only holds for
the age-specific community deprivation-related inequédit the 50 years old women. Taking
the results in figure 5.3 into account, one may agree thaugléegs observed when using
the weights derived from factor analysis as a basis are muoriéas to the results obtained
from individual income. The shift towards a stronger hegltadient observed for the female

sample in figure 3.3 is, although somewhat moderated, alserebd in figure 5.3.

Regarding the results for hypertension in figure 5.4, nosgagsific community deprivation-
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Figure 5.5: Age-specific inequality of hypertension, degtion index from factor analysis

(pooled sample 2002, 2006)

Age-specific deprivation-related inequality (solid lin@gth 95 percent confidence intervals
(dashed lines) of hypertension for the male (upper) and lerfeottom) samples from the
2002 and 2006 Health Care Access Panel. Deprivation indéxedefrom factor analysis.
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related inequalities are observed for the male sample whiey the theory-based weighting
scheme. Inequalities do not change considerably acrosgraggs but are significant for
the 43 to 51 years old females. Similar to the results for ipetbe observed age-specific
inequalities are weaker when using community deprivatioplace of household income.
Note that, in contrast to the results in figure 5.4, the incoetated inequalities in figure 3.4
are statistically significant for females approximatelyween ages 50 and 70. The results
from the factor analysis based deprivation index in figueed&e somewhat more similar to
the income-related inequalities in figure 3.4 than thosmffigure 5.4. As already observed
for obesity in figure 5.3, the index for hypertension in figbte yields significance in older
age groups compared with the index for income-related iaktigs in hypertension in figure
3.4.

Similar to the results found for obesity and hypertensibe,dstimates for diabetes in fig-
ure 5.6 suggest weaker health gradients when using thexssedldeprivation ranks compared
with the income-related health gradients in figure 3.5. Whije-specific income-related in-
equalities are significant in the female sample for the 5@tgedrs old, no statistically signifi-
cant estimates are found for community deprivation-relatequalities using the theory-based
weighting scheme. This changes somewhat when using thar facalysis based weighting
scheme. Figure 5.7 yields significant age-specific commuagprivation-related inequalities
for males around age 50 and females between ages 60 and 7fesTiits for the female sam-
ple yield, again, significant results in an older age grouptie deprivation-related inequality

compared with the income-related inequality.

5.4.4 Community deprivation-specific income-related ineq ualities

Tables 5.3 and 5.4 have shown that health gradients to thenget of the socioeconomically
deprived can be observed regardless of whether one useguiedlent household income or

community deprivation. Table 5.4 suggests that the resoitthe two Indices of Multiple
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Figure 5.6: Age-specific inequality of diabetes, deprivaindex from theory (pooled sample

2002, 2006)

Age-specific deprivation-related inequality (solid lin@gth 95 percent confidence intervals
(dashed lines) of diabetes for the male (upper) and femalttofin) samples from the 2002
and 2006 Health Care Access Panel. Deprivation index d&fieen the literature.
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Figure 5.7: Age-specific inequality of diabetes, deprimaindex from factor analysis (pooled

sample 2002, 2006)
Age-specific deprivation-related inequality (solid lipn@sth 95 percent confidence intervals

(dashed lines) of diabetes for the male (upper) and femalttofin) samples from the 2002
and 2006 Health Care Access Panel. Deprivation index defreen factor analysis.
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Figure 5.8: Deprivation-specific descriptive figure, degtion index from theory (pooled
sample 2002, 2006)

Empirical density (upper left) and deprivation-specifigéastandardized) prevalences of obe-
sity (upper right), hypertension (bottom left) and dialsetigottom right) for the male (solid
lines) and female (dashed lines) samples from the 2002 ad@ E@alth Care Access Panel.
Deprivation index derived from the literature.

Deprivation are fairly similar at least in the male sampléeTollowing figures demonstrate
how income inequalities and income-related health inetiesivary with the communes’ so-

cioeconomic status.

The kernel density estimates in the upper left graphs of éig&.8 and 5.9, respectively,
show three noteworthy peaks in the better-off two quintiled one in the worst-off quintile.
The worst-off peak around 0.16 (theory-based, 0.22 faatalyais based) represents Berlin,
Germany’s largest city. A second peak is found around 0.@Lfé@tor analysis based) which

corresponds to Hamburg. The third peak found at a rank ofcequpeately 0.64 (0.63 factor
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Figure 5.9: Deprivation-specific descriptive figure, degtion index from factor analysis

(pooled sample 2002, 2006)

Empirical density (upper left) and deprivation-specifigéastandardized) prevalences of obe-
sity (upper right), hypertension (bottom left) and dialsefigottom right) for the male (solid
lines) and female (dashed lines) samples from the 2002 a6l Bealth Care Access Panel.
Deprivation index derived from factor analysis.
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analysis based) is the administrative area of Darmstadt. bEist-off peak around 0.85 (0.89

factor analysis based) can be associated to the admiiistesiea of Munich.

The results for obesity, hypertension and diabetes in fgg6r8 and 5.9 illustrate the re-
sults from tables 5.3 and 5.4. The age-standardized déprivapecific estimates vary around
their homogeneous counterparts shown in table 5.3. Therpatbf the prevalence rates’
deprivation-specific variations correspond to the sigaiftchealth gradients to the detriment
of deprived communes identified in table 3.&his is confirmed in the figures where higher
community ranks (indicating less deprivation) are assediaith lower prevalence rates. One
may further note that the deprivation-specific variatiohshe prevalence rates are consid-
erably lower than the age-specific variations demonstratddjure 5.1. The comparably
low variations are considered as negligible here and theaf@ece correction applied to the
unstandardized prevalences in previous chapters (seeech@y 3 and 4 as well as section
5.4.3 in this chapter) is omitted in this section. This se@mssfied as the correction factor
1/(1-n(2)) from Wagstaff’s correction formula (see equation 2.6 artise 5.3) would vary

only marginally between different community ranks.

The distribution of mean net equivalent household incommesscdeprivation ranks in fig-
ures 5.10 and 5.11 demonstrates that households in bétissromunes have, on average,
higher net equivalent incomes. This is consistent with ttrarmunity deprivation-related con-
centration indices of income in table 5.4 and may also beagxtl by the comparably high
weights assigned to per capita income in the theory-basgdaator analysis based depriva-
tion indices. Figures 5.10 and 5.11 also suggest that indoswality is somewhat higher
in the better-off communes compared with the worse-off. sNariation of the estimated
deprivation-specific income inequalities is, howeveryamlarginal and not statistically sig-
nificant. The deprivation-specific estimates for both, meanequivalent household income

and income inequality, vary around their homogeneous espatts shown in table 5.3.

"Note that the results for the theory-based weighting schieahex were also presented in table 5.3 but are
identical to the left column of table 5.4.
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Figure 5.10: Deprivation-specific income and Gini indicdsprivation index from theory

(pooled sample 2002, 2006)

Deprivation-specific income (left) and income inequalitgltt) for the male (upper) and fe-
male (bottom) samples from the 2002 and 2006 Health Cares&deanel. Deprivation index
derived from the literature.
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Figure 5.11: Deprivation-specific income and Gini indiaegprivation index from factor anal-

ysis (pooled sample 2002, 2006)
Deprivation-specific income (left) and income inequaliiglit) for the male (upper) and fe-
male (bottom) samples from the 2002 and 2006 Health Cares&deanel. Deprivation index

1800

1600
1400
1200

1000
0

1800

1600
1400
1200

1000
0

commune rank

female

commune rank

derived from factor analysis.

102

02 04 06 08 1

02 04 06 038 1

income inequality

income inequality

o
()
a

o
w

0.25¢

o
(N

o
~

0.35¢

o
w

0.25¢

o
(V)

v
0 02 04 06 038 1
commune rank
female y
-_— - -

0.2

0.4 0.6
commune rank

0.8 1



5.4 Results

o
=

7

I

3

o
o®
1

inequality
o
|

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
commune rank

T T T T T T T T T
0.1F female g
> N
2 Op==— ——==—- - - =——=-c-—-=-Z-= 7
c | T m = —_——__ . -
g 0.1
GJ_.
£
_02[—\\ _______ /’—--—5__———\ _____ \_
- N
1 1 1 1 1 1 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
commune rank

Figure 5.12: Deprivation-specific inequality of obesitgpdivation index from theory (pooled
sample 2002, 2006)

Deprivation-specific income-related inequality (solidds) of obesity with 95 percent confi-

dence intervals (dashed lines) for the male (upper) andlée(battom) samples of the 2002

and 2006 Health Care Access Panel. Deprivation index defreen the literature.

Figures 5.12 and 5.13 illustrate the estimates for the dafpon-specific income-related in-
equalities in obesity. The estimated index for the male $anmpfigure 5.12 approximately
equals zero for the worst-off five percent and varies aroemdchomogeneous counterpart
(—0.0592) from table 5.3. For the female sample, the index isifsogmt for all deprivation
ranks and, alike the index for the male sample, varies ardagngomogeneous counterpart
in table 5.3 (i.e.—0.1209). The results for the factor analysis based weightohgme are

similar to those for the theory-based weighting scheme.

The results for deprivation-specific income-related iredigies in hypertension are shown in
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Figure 5.13: Deprivation-specific inequality of obesitgpdvation index from factor analysis
(pooled sample 2002, 2006)
Deprivation-specific income-related inequality (solides) of obesity with 95 percent confi-

dence intervals (dashed lines) for the male (upper) andléethattom) samples of the 2002
and 2006 Health Care Access Panel. Deprivation index defreen factor analysis.
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Figure 5.14: Deprivation-specific inequality of hypertiems deprivation index from theory
(pooled sample 2002, 2006)

Deprivation-specific income-related inequality (solides) of hypertension with 95 percent

confidence intervals (dashed lines) for the male (upper)famdle (bottom) samples of the

2002 and 2006 Health Care Access Panel. Deprivation indéxedifrom the literature.

figures 5.14 and 5.15. Similar to the results for obesitydyarivation-specific estimates vary
around their homogeneous counterparts. As noted beforer@spect the results for obesity,
no considerable variations of the deprivation-specificjuadities are found for hypertension

in both, the male and female samples.

The results for diabetes in figures 5.16 and 5.17 vary, sitpilathe above described results
for obesity and hypertension, around their homogeneousteuarts from table 5.3. The
results suggest a slightly weaker inequality among theebeff 50 percent and particularly

among the best-off communes. One may, however, agree thateitrease in inequality is
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Figure 5.15: Deprivation-specific inequality of hypertems deprivation index from factor
analysis (pooled sample 2002, 2006)

Deprivation-specific income-related inequality (solidds) of hypertension with 95 percent

confidence intervals (dashed lines) for the male (upper)famdle (bottom) samples of the

2002 and 2006 Health Care Access Panel. Deprivation indéxedefrom factor analysis.
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Figure 5.16: Deprivation-specific inequality of diabetedgprivation index from theory
(pooled sample 2002, 2006)

Deprivation-specific income-related inequality (soliods) of diabetes with 95 percent confi-

dence intervals (dashed lines) for the male (upper) andlée(battom) samples of the 2002

and 2006 Health Care Access Panel. Deprivation index defreen the literature.

only marginal and may not be considered as a significanttresul

5.5 Discussion

The present chapter applied the Index of Multiple Depromativhich was adapted for Bavaria
by Maier et al. (2011) and recently extended to a Germangwidex. In addition to the

theory-based weighting scheme applied by Maier et al. (R0this chapter also applied a
factor analysis based weighting scheme. Although the wgiffom these two approaches

differ to some extent, the results are fairly similar. Botldices are highly correlated and
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Figure 5.17: Deprivation-specific inequality of diabetgsprivation index from factor analy-
sis (pooled sample 2002, 2006)

Deprivation-specific income-related inequality (solidds) of diabetes with 95 percent confi-

dence intervals (dashed lines) for the male (upper) andléethattom) samples of the 2002

and 2006 Health Care Access Panel. Deprivation index defreen factor analysis.
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inequalities with respect to either of them have been foordifter only marginally. The rank
sensitivity tests in table 5.4 suggest that changing thghteig scheme significantly changes
the results for income for both sexes; as well as for hypsitenand diabetes in the female

sample.

Applying the varying inequality index introduced in chapBhas shown that the results
for age-specific community deprivation-related ineqieditare similar to those found when
using net equivalent household income. The results for tmencunity deprivation-specific
variations of income-related health inequalities suggestignificant variations between de-
privation ranks. The estimated inequalities are similah&r homogeneous counterparts indi-
cating that the income-related health gradients do notwétyrespect to relative community

deprivation.

When analyzing the different weighting schemes in table &g may have noted that the
theory-based weighting scheme proposed by Maier et al1(28xid the weighting scheme ob-
tained through factor analysis differ considerably in sqgramts. What has been defined and
considered as environmental deprivation by Maier et all{2@nters the Index of Multiple
Deprivation as an advantage when applying the empiricailyed weighting scheme. A pos-
sible explanation may be that the indicators assigned tertiigonmental deprivation domain
may actually measure the degree of urbanization. Whilenizked areas have environmen-
tal disadvantages compared with more rural areas, they maypbsiderably advantaged in
other domains, particularly income and employment. A simgsue is observed concerning
the education domain. Higher deprivation according to tie®ty-based weighting scheme is
considered as an advantage by the factor analysis apprdagtter rates of unskilled workers
may indicate a higher demand in the labor market and henter logtportunities particularly
for unskilled persons in search of work. The education dardafined in Maier et al. (2011)
may therefore alternatively be considered as an indicdt@bor market advantages instead

of being considered as an indicator of educational deporat
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For the comparisons of income with the Indices of Multipleobeation (regardless of the
underlying weighting scheme), one should note that comimaoame deprivation and net
equivalent household income are not fully independent.hdlgh the deprivation indices
were not computed from the Health Care Access Panel, holgsettomes are still included
in the indices as they are part of the average per tax payemeased as income domain (see

table 5.1).

As already discussed in chapter 3 for self-reported datgeaific diseases, one may argue
that these would have to be diagnosed by a physician. As a&qaeace, one could expect
reporting biases where distinct inequalities in healtte edilization are observed. However,
approximately 90 percent of the German population contgmtyssician within a year and
Germany is known for its equitable access to health careg$pean Doorslaer et al., 2004,
2006). Biases owing to inequalities in health care utilmathence seem rather unlikely. The
potential of biases arising from social distances betwégsipians and less educated or lower
income patients, however, remains. Considering the efund in Kelly-Irving et al. (2011),
one may speculate that this would most likely lead to an wextgnation of the concentration
among the worse-off. Concerning the results for obesitghduld be mentioned that self-
reported anthropometric data may involve some measureangeporting errors which are

again likely to lead to an underestimation of the prevalafabesity.

When comparing socioeconomic gradients between age gragpg cross sectional data
involves some further limitations. Some argue that vasiadiin age-specific health inequal-
ities, particularly leveling in older age groups, may be difieial result owing to mortality
selection (Dupre, 2007; Prus, 2004). It has been shown litheeds not necessarily be
true for self reported health (Beckett, 2000), though. Tde-specific mortality rates did not
exceed (b (1) percent for women younger than 60 (65) and were aboublddor men in
the respective years in Germany (Human Mortality Datab2@8&2). The notion that the ob-

served variations in income-related inequalities in ollpr groups could be solely caused by
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mortality selection hence seems rather unlikely (see astian 3.5).
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