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ABSTRACT

Patterns of diversity in age at death are examirsinge’, a dispersion measure that also equals
the average expected lifetime lost at death. Wéyap methods for decomposing differences in
e’. The first method estimates the contributionsvefrage levels of mortality and mortality age
structures. The second (and newly developed) ma#tadhs components produced by differences
between age- and cause-specific mortality rates.U® is close to England and Wales in mean life
expectancy, but has higher life expectancy lossddacks mortality compression. The difference
is determined by mortality age structures wherbasdale of mortality levels is minor. The
difference is related to excess mortality at ageteu 65 from various causes in the US. Regression
on 17 country-series suggests thlatorrelates with income inequality across countpigsnot

across time. This result can be attributed to ohgarity between the age- and cause-of-death
structures of temporal mortality reduction and rirtleuntry mortality variation. It also suggests

that factors affecting overall mortality decreagéed from those responsible for excess lifetime
losses in the US in particular. The latter canddated to weaknesses of health system and other
factors resulting in premature death including hdeeases, amenable causes, accidents and

violence.



INTRODUCTION

There has been a long standing tendency for miyrtidicrease to be steeper at younger
than at older ages. This tendency, also calledé&rgmilarisation” of the survival curve (Wilmoth
and Horiuchi 1999), facilitates an increase indkierage length of life. It also leads to a strong
negative correlation between life expectancy aedatinount of diversity in the life-table ages at
death both across time and across countries. Ih casses, temporal increases in life expectancy
correspond to decreases in this diversity andcekigectancy is in most cases higher in countries
where the diversity is lower. Since the 1970s, haxkein some countries one can observe
increases in average life expectancy coinciding) wiéible or even increasing disparity in age at
death (Wilmoth and Horiuchi 1999; Shkolnikov, Aneve Begun 2003; Zhang and Vaupel 2008).
It was suggested that this new trend can be exgaldiy an “expansion” of death to advanced ages

and also to difficulties in further reduction of rtedity at young and middle adult ages.

Shkolnikov et al. (2003) also pointed out consiberanter-country differences with
respect to the relationship between life expectamo/the amount of diversity in age at death. In
particular, the US population is characterized bgxpectedly high diversity in age at death
compared to the average life span, due to relgtivigh proportions of deaths at ages that are
much younger and much older than the averagepde.dt was also found that during a period of
emergence of certain public health problems betvileemid-1980s and the mid-1990s
(Kochanek, Mauer, Rosenberg 1994; Elo and Drevdh&ti04), the relative inter-individual

difference in age at death over ages 15 and aideeased (Shkolnikov et al. 2003).

Edwards and Tuljapurkar (2005) carried out an esttenstudy of potential reasons for
temporal changes in the standard deviation of adeath for ages 10 and old&d) with special

focus on its high value in the US. After analyzmetations betwee8,o and external-cause



mortality, race, educational, and income inequeditthe authors conclude that “... sources of
differential background inequality in life spangween countries remain unclear and await further
research” and that their measure of aggregate htpiteequality had not “ “simply followed

trends in either educational or income inequality...”

The present article extends prior work by contiilgito methodology for the analysis of
diversity in ages at death and also contributestaniive results to the discussion of reasons for
slow progress in life expectancy in the US that imégated in 2007 at the Annual Meeting of the

Population Association of America (Panel Discuss1607).

Apart fromS,q, inter-individual diversity in age at death hagheneasured by the inter-
guartile range IQR (Wilmoth and Horiuchi 1999), Ginefficient and likely measures of relative
inequality (Anand et al. 2001; Gakidou et al. 208Bkolnikov et al. 2003; Smits and Monden
2009), Theil index of inequality (Smits and Mond209) and average inter-individual difference
and the related measures of absolute inequalitya|8tkov et al. 2003; Moser, Shkolnikov and
Leon 2005). These measures differ from each othsome formal properties and also in the
degree of their aversion to inequality (Anand 1988and et al. 2001; Shkolnikov et al. 2003). In
this article, we use' (e-dagger), a measure highlighted by Vaupel anmti@as-Romo (2003).
Unlike S, it covers the entire range of ages and has aartaamt public health interpretation. The
value ofe” quantifies the average life expectancy lossegaldeath. It generally follows Keyfitz's
idea that “everybody dies prematurely” since evdagth “deprives the person involved of the

reminder of his expectation of life” (Keyfitz 1962:-68).

We will demonstrate thaf is also a measure of diversity in age at deatlalegua
weighted average of inter-individual differencesge at death. We will introduce procedures for

the decomposition of differences between ahwalues according to direct and compositional



components and according to age- and cause-speaifiponents. The latter allows one to

guantify the impact of mortality at different agasd from different causes upon life expectancy
losses. Reduction of mortality at the ages, anoh filee causes, that produce greater impacts on life
expectancy losses is the most direct way to acel¢ine increase in a population’s longevity.
Analysis of age- and cause-of-death componentseoflécrease in life expectancy losses in the US
and England and Wales and of the equivalent comysitd the difference in life expectancy

losses between the two countries reveals a difterertween the two structures. This meaningful
difference helps to explain our finding that regres analysis of 17 country-series shows that life
expectancy losses correlate with income inequalbitpss countries but not across time.
Decomposition analysis also provides informationagaliscussion of the reasons for particularly

high lifetime losses in the US.

METHODS

e’ as a measure of lifetime losses and of diversity age at death

The statisti®, can be traced back to Mitra (1978). It was furtheveloped by Vaupel (1986) and

recently by Zhang and Vaupel (2008).

el = [1uyeyy, )

wherel(y), u(y),e(y) are survivorship, the force of mortality, and kfepectancy expressed as

functions of age. The definition makes it cleart #gis the average life expectancy losses caused

by death at age [x, x+1) and older ages.

For empirical calculations, the following discrésemulae can be used:



1 w-1 _ 1 w-1
e;: - dyey ~or dy(ey +ey+1)' (2a)
Ix y=x 2|x y=x
" 1 w-1
el =3 dg, Sd [a-a,)+e,). (2b)
X Y=X x y=X

Formula (2b) is slightly more precise since it ut#s lay, the share of the elementary age interval

[y, y+1) lost by those dying in this interval.

If x=0 andlp=1, formula (2b) yields

w-1
e0 zdy y+1+(1_Zdyay)’ (3)
y=0
whereay is the share of the elementary age interya41) lived by those dying in this interval.

In the latter expression, the first term is therage amount of expected lifetime lost after ages
due to deaths in elementary age intervalg£1), the second term is the average amount of
lifetime lost within elementary age intervals +1). The second term usually takes values close to

0.5 years.
Life expectancy at ager1 can be also expressed as

1 w1
€ = . Zd (Y —X), wherey and X are mean ages at death within elementary intefyals
X+l y=x+1

y+1) and k, x+1), respectivell Substituting life expectancy by the latter expies in the first

term of formula (3) yields

e =S 1{Zd (y—i)}ﬂl—idyay). (4)

X= O X | y=x+1

1y — 7 —
X=x+a,,y=y+a,



Formula (4) suggests that the core pai'a$ equal to a weighted inter-individual differerine
age at death. Thus, there is a clear similaritwbete” and the numerator of the Gini coefficient,
that can be also called the average inter-individifeerence AID) in length of life (Shkolnikov et
al. 2003; Moser et al. 2005).

AID :f{ fdxdy(y—x)] (5)

x=0| y=x+1

The presence of weights [d/in formula (4) suggests thatis somewhat more sensitive thatD

to mortality at advanced ages.

The Pearson correlation coefficient betwebandAlID across all country-year life tables of
the Human Mortality Database<1972) is close to 0.99 both for males and femdilks.
corresponding correlation coefficients betweéandS;, are lower: 0.71 and 0.81 for males and
females, respectively. Different inequality measwsemetimes suggest different judgments about
relative levels of inequality (Anand et al. 200hk8Inikov et al. 2003; van Raalte 2008).
Comparisons within all possible pairs of counteéshe Human Mortality Database for the last
available year (666 comparisons) reveal about ali#fédrence betwees'-based and\ID-based
country rankings both for males and females. Theesponding percentages of disagreement

between the'-based an®,¢-based rankings are 8% and 10% for males and fenvaispectively.
Direct and compositional components of differenceand changes

Keyfitz (1977) and Vaupel (1986) performed firsabses of the relationship between
increases in life expectancy, magnitudes of rednatif death rates and shapes of mortality age

curves. Vaupel and Canudas-Romo (2003) considefaetors driving longevity progress: the



average rate of mortality reduction and the agéepabf this reduction. Longevity progress

depends on each of the two factors and on thedrantion.

This idea can be applied to life expectancy lossasell. Any difference between two
values of life expectancy losses can be presemsttitearesult of a general mortality reduction
undifferentiated by age and of a change in thepagiern of mortality. Consider a population with

mortality determined by vectors of age-specifictdeates equal to Mand M. Then the total
difference between the life expectancy losdes, =e'(M,) —€'(M,) is a sum of two components

produced by the amount of mortality change (dioechponent) and the age-structure of this

change (compositional component):

ey, =€"(AIMy) —€"(My), (6a)

Nel =e'(M,)-e'(1IM,), (6b)

cmp

. 1 . .
where the mean rate of mortality change Bc_omz(mx’l /'m ;) with m; andm, o denoting
X

elements of the vectors;Mind M, respectively. Formulae (6a) and (6b) represestmalified
calculation procedure corresponding to that exgiet§s the continuous form for mean life
expectancy by Vaupel and Canudas-Romo (2003). @bendposition is based on calculation of
the life expectancy losses resulting from applaatf the same average rate of change to each of
the initial age-specific death rates. Note thatseond (compositional) component (6b) is a
residual that combines a “pure” effect of the cleimgthe age distribution of mortality with the

effect of interaction between this “pure” effectiahe change in the average level of mortality.



Age- and cause-specific components of differencescachanges

Eachd, [&, term in definitions (2a) and (2b) is a complicatedntity. Indeed,
d, =1, [4,and therefore depends on mortality at agexf1) and younger age®, depends on

mortality at ageX, x+1) and older ages. The purpose of age decompositimnestimate thaet
contribution of mortality change at a specific age¢he total change or difference in an aggregate
demographic measure (Andreev , Shkolnikov, BegW220The age-specific contributions must
be free from side influences of other ages. Suclm@ositions of time changes or inter-country
differences provide valuable information aboutiilative importance of mortality dynamics at
different ages. Further decomposition by causeateath indicates the relative importance of

various diseases and health conditions within geegroups.

In earlier work we proposed a general algorithmdecomposition of differences between
aggregate demographic measures (Andreev et al). 2002 aggregate measure (say life

expectancy at birth) is calculated from a vectoagé-specific death rates M, the age-specific

component of the total difference between two valeigM’) —e, (M) related to agex| x+1) is
S, = &(MP™) — g, (M™). (72)
In this formula,M™ stands for a vector of age-specific death ratesaiming elements

m{ at ages from 0 tox| x+1) and elementsn, at ages/ from [x+1, x+2) to . This implies that

formula (7a) defines a decomposition method basea stepwise replacement of the elements of
the vectorM by elements of the vectdvl’. Results of the procedure (7a) amd exactly the same

depending on whether one repladé¢dy M’ or vice versaM'by M . Hence it is useful to calculate



the second set of components by making the oppds#etion stepwise replacement of the

elementsm| by the elementsn, :
J, = g(M") —g (M), (7b)

Procedures (7a)-(7b) can be used directly for aemioal decomposition but can also be
transformed into formulae for the components. & haen shown that these procedures result in
well known formulae for the decomposition of dieces between two life expectancy values

(Andreev 1982; Arriaga 1984; Andreev et al. 2002):

O, =1,(€, —&) ~ L (€1~ &), (8a)

O, =1, (e —€) ~ (81 ~ € - (8b)

The final age-specific components are calculateeveyagingd, = %(5X -0,).
The same procedure can be applied'to

1, =€ (M) e (M), (9a)

As in the case of life expectancy, the replacerfmntula (9a) can be used not only for a

numerical decomposition but also for developingranula for the age-specific component

n, (Appendix A)
o, &2d, dj| d o, | d, Lwy |
7, =3XDZL—,V+|,—V}+7X(@ +ex+1+|—,x]—f(ex +ex+1)+(|*—1—|—X] ., (&.,., (10a)
y=0[ "y y+1 X X x+1 X

The opposite-direction replacement correspondsé@dmponents

7, =e' (M) —e' (M), (9b)
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Then the formula similar to (10a) is

T x-1 d d T i
] B R G M E K il
2 =1, .| 2 | 2l I

y X X x+1 X
. 1 .
The final components aré, = E(”X -n,).

As we know, the life expectancy componegigan be further split by causes of death (Andreev

1982)
_ - m.-m.,

xizdxgu’ (11)
' m, —m

wherem,; denotes death rate at agex{+1) from cause.

Age- and cause-of-death components can be calculated in the same manner (Appendix B)

/

To =m0 12)

Expressions (11) and (12) suggest that for a galementary age interval [x, x+i8lative
cause-specific shares of the corresponding agefspsmmponent are the same for life expectancy
losses and for life expectancy. This is certairdythe case for broader ranges of ages that include

several elementary age intervals.
Regression of life expectancy losses on economiednality across countries and time

To identify relationship between life expectancgdes and economic inequality we use a
matrix of observations of values @fand the Gini index of income inequality by courand year.
The cross-sectional time series regression is pegd on a set of 17 countries for which it was

possible to acquire consistent series of Gini irddxased on household incomes since 1975. These

11



countries and regions are: Australia, Austria, Belg Canada, Denmark, Finland, France, Italy,
Japan, New Zealand, Norway, Spain, Sweden, Taitka\etherlands, the UK, and the US. Data
for the calculations were extracted from the Wdnicome Inequality Database and a small number
of additional sources (WIID2 2008; the World Bard08; OECD Statistics 2008). We did not
include country-series with numerous gaps or ingilda ruptures nor the series for Eastern
European countries. For the latter, income dataisterted by periods of political instability and
also are likely to contain incomparable segmentded to periods before and after the fall of
communism. Before running the statistical analysisfilled in the missing values of the Gini

coefficient by interpolation and also by using scedditional data sources wherever possible.

Exploratory analysis showed that time lags of Jar®y] 3 years did not improve the results
and that the logarithmic transformation did notrap@athem either. In the regression analysis, only
quinquennial data were used including years 1998011985, 1990, 1995, 2000, and 2004-5.

Such data are less likely to be serially correldesh the annual data.

Fixed- and random-effects regressions are performitdthe help of the panel regression
commands in Statal0 (Stata Corporation 2007).6f seatistic is taken as the dependent variable

and the Gini index of income inequality and time¥dnies serve as independent variables.
RESULTS
Trends in life expectancy and in life expectancy kses

It is generally known that measures of diversitage at death are strongly and negatively
correlated with average length of life (Wilmoth dddriuchi 1999) ang' can be expected to have
the same property. In spite of this correlatioe, blalance between life expectancy and life

expectancy losses can differ from one country ttlar. Figure 1 shows country-trajectories for

12



the US, England and Wales, Japan, and Swedenidure tovers the years after the Second
World War from the moment when life expectancyacteof these countries reached 60 years for
males and 65 years for females. Accordingly, tigadase series covers the period after 1951,

while the other three country-series start fromaL94

Figure 1 demonstrates a close negative correlagbmneen life expectancy and life
expectancy losses and also a relatively high lei/kle expectancy losses in the US for most of the
period. Although at certain moments in the pasttBe' values had been quite closestovalues
in Japan, England and Wales, and Sweden, latdreogap between the US and other countries has
widened due to a flatte' trajectory in the US compared to the other coeatrThe trajectories for
Japan, England and Wales and Sweden converge rainia(lkespecially for females) and constitute
a clear difference from the US. Over a long penbtme the US and the English life expectancies
have been close to each other. During the lastidelda expectancy values in England and Wales
were higher than those in the US by about one fgganales and by about half a year for females.
In spite of the closeness in average longevititssgekpectancy losses are substantially greater in

the US than in England and Wales.

Figure 2 reflects a cross-sectional correspondan2602 between life expectancy losses
and life expectancy for the 29 developed counpresent in the Human Mortality Database. Once
again, one can see a tight negative associatiovebat, ande’ (r=-0.95 and=-0.82 for males
and females, respectively). There are also sonfieréiifces ire" between countries with the same
level of life expectancy. The U& values lie considerably higher than the expectédes on the
trendline. For example, in 2002 an average maléhdedahe US caused a loss of 12.5 years of
lifetime, whereas the corresponding expected vatuthe trendline is 11.4 years (left panel of

Figure 2). This means that in 2002 an average dedéh in the US caused an excess loss of 1.1

13



years of lifetime compared to what can be expefttad experience of other countries. For US

females, the observed and the expected value'siof2002 are 11.1 and 10.0 years respectively,

suggesting the same excess loss of 1.1 yearsbirld.
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Figure 1. Thee' vs. e trajectories in England and Wales, Japan, Swedemnd the US after
the year when life expectancies in these countriesached 60 years for males and 65 years for

females.

Note: Time periods covered: 1946-2003 for Englamnd Wales, 1946-2005 for Sweden, 1951-2004 for Jaguach

1946-2004 for the USA.

Source: Human Mortality Database, 2007.

According to definition (2a), the high life expesty losses in the US must be produced by

peculiar shapes of the, [&, distributions. Figure 3 provides a comparisonheise distributions

between the US and England and Wales in 1950 a@@. Z8uring this period, in both countries a
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gross shift of the whole death distribution towalder ages has occurred. At both time points,
there is almost no difference between the modéseotwo distributions, however the US
distributions in both 1950 and 2002 are more dsgebthan those of England and Wales. The US
distributions have heavier left tails correspondimgoung-middle ages. For males, the inter-
country difference reaches maxima at ages arourath@@t ages between 40 and 60. For females,

the maximum differences are observed at ages betd@and 65.

Males Females
17 + 17 -
y =-0.2398x + 29.188
15 | 15
13 A 13 4
@ @
o o
> 11 > 11
S S
+— +—
@ 9] @ 9]
., Sw eden , Sweden
5 ‘ ‘ ‘ ‘ ‘ ‘ ‘ 5 ‘ ‘ ‘ ‘ ‘
55 60 65 70 75 80 85 90 55 60 65 70 75 80 85 90
e(0), years e(0), years

Figure 2. Thee' vs. & correspondence for 29 industrialized Human Mortaliy Database

countries in 2002.
Source: Human Mortality Database, 2007

It is remarkable that for males at ages betweean?2b45 thedx & values in the US in

2002 are almost the same as the ones observedjiar@nand Wales in 1950.

In 1950, age-specific death rates in the US weravenage higher than those in England
and Wales by about 7% for males and 9% for fem&gdhe year 2002 these differences have
increased to 29% and 25% respectively. Table 1 shberesults of decomposition of differences
in life expectancy losses between England and Waldshe US for the two years. Téle

differences in favor of England and Wales haveaased from 1.6 to 1.7 years for males and from

15



1.0 to 1.2 years for females. Calculations accgrdinformulae (6a) and (6b) make it clear that
both in 1950 and 2002 more than 90% of the intemtry difference ire’ was produced by the
compositional component determined by differencs/ben the mortality age structures. The part

of the direct component determined by differencetsvben average levels of mortality is minor.

o
o

o

3

| Males |l Females

o
S
S (5]
o
S
S (41

o
w S
a

USA, 2002 0.35 USA, 2002

o
w

E&W, 1950 0.3 E&W, 1950

USA, 1950

e(x)*d(x)
e(x)*d(x)

o
=)
a

o

0 10 20 30 40 50 60 70 80 920 100 110 0 10 20 30 40 50 60 70 80 920 100 110

Figure 3. Comparison of thed, [&, curves between the US and England and Wales in 1®5

and 2002.
Source: Human Mortality Database, 2007.

Oeppen (2008) introduced the concept of efficienicthe age pattern of mortality change.
It is based on an intuitively clear relationshigviaeen progress in average longevity and the
amount of life expectancy losses. An “efficientegaattern of mortality reduction (in terms of the
overall longevity gain) is the one that producesatgr mortality reductions at ages where the

d, (&, fractions are greater. In this regard, age patefmortality change in the US are far from

being optimal since the US excess in lifetime legstative to other countries has not been

decreasing with time.
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Table 1. Direct and compositional components of diérences between life expectancy
losses in England and Wales and in the US in 1950c&2002. (in years).

Values Components of the differences
After Total
EW us even : Direct  Composition
. difference
reduction
(@) (b) (©) (@)-(b) (@)-(c) (c)-(b)
1950 13.68 15.24 13.81 -1.56 -0.12 -1/44
2002 11.09 12.76 11.23 -1.66 -0.14 -1)52
1950 12.94 13.98 12.93 -1.04 -0.01 -1J05
2002 10.19 11.41 10.32 -1.22 -0.13 -1)09

Source: Authors’ calculations on data from the Harivbortality Database.

Age- and cause-of-death components of change ireliéxpectancy losses between 1980 and
2002

Formulae (7a, b) and (9a, b) allow one to decompgsaye the increase @& and decrease
in e', respectively. Figure 4 presents age-specific amapts of changes between 1980 and 2002
in the US and England and W&leShe Figure shows a difference between reactitisectwo
measures to the same change in age-specific nipriHtie life expectancy increases in both
countries are largely determined by decreasesdthdates at ages from 50 to 85 (upper panels of
Figure 4). Smaller contributions are produced lmpotions of infant deaths and of younger adult
mortality at ages 15 to 50. The younger adult ntibytaontribution is more important for males
than females. In England and Wales components peatloy infant and older adult ages are

greater than the equivalent components in the WEhé\same time, the younger adult-age

components are greater in the US than those inaBBdgind Wales.

For the life expectancy losses (lower panels @jufé 4), age patterns of change are quite

different. Depending on age, the mortality redutiiwoduces negative or positive contributions to

% The last year for which the cause-of-death daacarrently available for the two countries in W&lO Mortality
Database.

17



the totale’ change (Zhang and Vaupel 2008). At ages younger @rthreshold age (namatby
Zhang and Vaupel (2008)), mortality reduction ciimttes toe" negatively, whereas mortality
reduction at ages older thahcontribute tee' positively. These two balancing forces producing
negative and positive effects on life expectansgdés were defined by Zhang and Vaupel (2008)
as mortalitycompressiorand mortalityexpansionrespectively. Lack of mortality compression

(e.g. elevated sum of componewnls(&, at ages under age) is seen as unfavorable from the

public health point of view. For the mortality clyggnbetween 1980 and 2002 in both countries,
sums of the negative components of change (mgrtadinpression) were two- to three-fold greater
than sums of the positive components (mortalityagsmon). Finally, the lower panels of Figure 4
demonstrate that England and Wales experiencetegr@@mpression and expansion components
of the totale” change than the US.

The threshold age has tended to increase oveashdécades, always being somewhat
lower than the average life expectancy (Zhang aagipél 2008). Between 1980 and 2002 the male
a' has increased from 67.5 to 72.5 years and frof ¥&ars to 74.5 years in the US and England
and Wales, respectively. During the same periagiféimalea’ has increased from 76.5 to 78.5

years and from 75.5 to 79.5 years in the US anddadgand Wales, respectively.

From a public health perspective, the degree otatity compression is especially
important. It shows to what extent a society isdblprotect people from premature death. The
fact that the threshold age increases with timenméaat the ages at death that are considered as
premature are rising. Using cause of death dagéadamine mortality expansion is more
problematic because of the difficulties of deterimgna single cause of death for the very elderly

and because of the use of open age intervals.
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0.9 1 Males, life expectancy mUS 0.9 Females, life expectancy
0.8 Diff(US)=2.30, Diff(EW)=3.90
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04 Males, life expectancy losses 0.4 Females, life expectancy losses
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Figure 4. Age-specific components of increases ifel expectancy and decreases in life

expectancy lossesetween 1980 and 2002 in the US and England and Véal
Source: Human Mortality Database

Figure 5 shows cause-of-death components of miyrtaimpression in the two countries.
As the threshold ages are located within age gré66p89 and 70-74 for males and females,
respectively, the male and female decompositioadaing made for ages under 70 and ages under
75, respectively. The cause-specific componentsexd’ decrease between 1980 and 2002 are
computed from formulae (11)-(12). The greatest Gouations are produced by coronary and other
circulatory diseases. Major causes of infant deatth as perinatal conditions and congenital
abnormalities are the second greatest contribatdetreasing life expectancy losses’ under the
threshold age. Considerable contributions are @sduced by lowering mortality from lung
cancer (males) and from breast and other cancarg(és), by lowering mortality from the traffic

accidents (males) and violent causes of death maldne US).
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Figure 5. Cause-specific components of decreasedife expectancy losses between 1980 and

2002 in the US and England and Wales for the rang® ages under the threshold.
Source: Human Mortality Database and the WHO Mityt&latabase

Comparison between the two countries shows tha®89-2002 England and Wales
experienced greater reductioneindue to chronic conditions such as circulatory aigs, male
lung cancer and female breast cancer. The US exmexi greater effects related to the reduction

of male mortality from accidents and violence.

The inter-country differences in life expectancy leses in 2002

Figure 6 exhibits age-specific components of défees between England and Wales and

the US in life expectancy and in life expectancgsks in the year 2002 and reveals marked
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differences from the age patterns of temporal changrigure 4. First, the lower US death rates at
ages over 75 produce negative contributions t@{lugference between the two countries and
partly counter-balance positive components prodingetthe higher US death rates at ages under
75. At the same time, the components of inter-ayutiifference ine' life expectancy losses are

now negative at all ages. Second, the role of ddeit age and infant-age components is relatively
less important in the inter-country differencesithtiae role of the equivalent components of the
temporal change. At the same time, the contribstminyounger adult ages are more important

than the equivalent contributions to the tempohnainge.
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Figure 6. Age-specific components of differences tveeen England and Wales and the US in

life expectancy and in life expectancy losses in @D
Source: Human Mortality Database, 2007.

The cause-of-death pattern of the inter-countrfedkice in mortality compression (Figure

7) also differs substantially from the equivaleattprn of temporal change (Figure 5). Indeed, the
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role of heart diseases is relatively less prominethe inter-country difference, while causes of
death characteristic of younger adult ages su¢taasport and other accidents, violence and

HIV/AIDS are more important for the inter-countriffdrence.
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Figure 7. Cause- and age-specific components offeéifences between England and Wales and

the US in life expectancy losses in 2002 for therge of ages under the threshold.
Source: WHO Mortality Database, 2007.

Table 2 shows that if the mortality difference beén the US and England and Wales at
ages under the threshold age was instantly elimih&alS average longevity would exceed the
values for England and Wales. US life expectansgds would become much lower, but would

still exceed corresponding values in England ande¥/a
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Table 2. Life expectancy and life expectancy loss#s2002: effects of elimination of the excess
mortality in the US compared to England and Wales aages under 70 (males) and ages under

75 (females).

T

€ €o
us pw  Usafter o gy USaiter
elimination elimination
Males 74.54 76.21 76.57 1251 10.84 11.22
Females 79.79 80.74 81.14 11.16 9.93 10.27

Source: Authors’ calculations on data from the Haorvkortality Database, 2007.

Associations between life expectancy losses and momic inequality

Is it only a coincidence that the US is characeastiby one of the developed world’s highest
levels of disparity in ages at death and by onta@fdeveloped world’s highest levels of economic
inequality? To answer this question, we examinetidrevariation in economic inequality across
countries and time is statistically associated Wighexpectancy losses. Edwards and Tuljapurkar
(2005) evaluated the link between time changekarstandard deviation of ages at death above
age 10 §,0) and the Gini index of income inequality by visuapection of the trajectories of the
US and four other countries in tBg-Gini space. We approach it somewhat differentlyri®ans
of regression analysis of cross sectional timeesazonnecting life expectancy losses with the Gini

index for a greater number of countries and years.

As a preliminary step, the Pearson correlationfenefts are computed across the whole
set of country-year points. Correlations betwetndkpectancg, and the Gini index across
countries appear to be negative (as expected)nait and statistically insignificant: -0.20 and -
0.25 for males and females, respectively. Coefiitsi®f correlation betweesl and the Gini index

are much higher and statistically significant (3&): 0.70 for males and 0.73 for females.

Table 3 shows the outcomes of three regression Isiobee first “between” regression is

based on the cross-sectional setup. It connectintieeaveraged values ef to the corresponding
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values of the Gini index. For both males and fesyaleis positively and statistically significantly
associated with the Gini index. The second “witmm3ddel is a pure longitudinal model with fixed
country-effects. The model examines whether onayeethee’ trends are associated with the Gini
index trends. The Chow test suggests that sigmifitaed country-effects do exist. There is only a
very weak positive longitudinal association for eg(p<0.10) and no significant relationship for
females. Even if the association betwekand the Gini index exists for males, the regressio
coefficient of 0.013 indicates that the Gini indeauld have to be increased by a factor of 10 to
produce a moderate increasesirequal to 0.13 year. Although the random effectsiehthat
combines the cross-sectional and the longitudippt@aches) indicates significant and positive

relationships (p<0.05), the Hausman test suggesistp for the fixed effects model.

All'in all, the regression results suggest thate¢he a cross-sectional association between
lifetime losses and income inequality, but tempatalnges in lifetime losses are independent or

almost independent of changes in income inequality.

To understand whether a high diversity in age atlda the US can be attributed to
socioeconomic inequalities in health, Edwards anljapurkar (2005) compared distributions of
ages at death between broad educational grouplseaween broad income groups on the basis of
data from the National Longitudinal Mortality SupéNLMS 2007; Rogot, Sorlie, Johnson et al.
1992). It was found that the better-off groups eigueed lower values for the standard deviation
of ages at death for ages 1, but even in these groufg values were high when compared to
the international standard. Using the same NLM&,daé calculated life expectancy at age 30 and
life expectancy losses at ages 30+ for larger nusniemore finely defined educational, income,
and racial groups and also for their two-dimendianabinations (Appendix C). It appears that in

1979-1985, the differences in life expectancy ledsstween the most advantaged and the most

24



disadvantaged groups was nearly 5 years. Valuesase about 15 years for African American
males and females in the lowest income groug'wsalues of 10.5-11 years for white males and
females in the highest income group. However, oaclusion remains the same as the one by
Edwards and Tuljapurkar (2005). Even the most atdeml groups experience valuesbthat
were still slightly higher than the contemporaryues for the entire population of England and

Wales, which were below 10 years in 1979-1985.

SUMMARY OF RESULTS

This study further develops a toolkit for the asadyof inter-individual inequality in the
face of death. We focus @h, a quantity measuring diversity in ages at delahis also equal to
the amount of expected lifetime lost due to dedth.introduce procedures for calculation of this
measure from empirical data and two ways to decampadifference between tvebvalues. The
first type of decomposition reflects two fundaméiatgpects of the mortality pattern and permits
estimation of a component produced by the diffeedmetween average levels of mortality and a
component produced by differences between mortatjgystructures. The second (and more
traditional) type of decomposition is public heatttented. It allows one to compute components
produced by differences between age- and causdispeortality rates. Its usage allows one to
evaluate the relative importance of contributiohdifierent ages and causes of death to the overall

difference between life expectancy losses.
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Table 3. Relationship betweer'y and Gini index of income inequality across countss and time"

Generalized Generalized
Pooled LS with LS with Pooled LS LS with
Model: Between fixed country random Between with fixed random
effects country country effects country
effects effects
Males Females
Coefficients:
Gini 0.072 0.013 0.019 0.081 0.008 0.011
(0.012f (0.090) (0.014) (0.003) (0.174) (0.044)
Intercept 9.514 12.123 11.927 7.828 10.828 10.706
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Fixed time effects No Yes Yes No Yes Yes
Statistical tests:
Chow. HO: Absence of 36.78 55.33
fixed effects - (0.0000) - - (0.0000) - -
Hausman. HO: No
systematic difference
between random and fixed 17.67 104.78
effects - - (0.0136) - - - (0.0000) -
Breusch-Pagan.
HO: Absence of random 199.19 178.71
effects. - - (0.0000) - - (0.0000)

Notes:” Populations: Australia, Austria, Belgium, Canadanmark, Finland, France, Italy, Japan, New Zealdlmiway, Spain, Sweden, Taiwan, the Netherlan®&A U

UK.

8 p-values are given in parentheses.

Quinquennial data of the years 1975, 1980, 1988019995, 2000, 2004-5 are used., unbalanced panel.

Sources: Authors’ calculations effrom the Human Mortality Database (2007) data.CDEStatistics, 2008, The World Bank, 2008, and
WIID, 2008 for the Gini index.
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Greater focus on the public health aspect of agkeath disparity constitutes the main
difference between this study and the prior workEblyvards and Tuljapurklar (2005). We use
an alternative measure of disparity in age at déthcovers the entire range of ages and is
more public health oriented th&m. In addition to temporal change, we pay attentmoross-
sectional differences among countries that (urtideporal change) appear to be associated
with economic inequality. Using a decomposition,shew that excess life expectancy losses
in the US are attributable to certain public healtbblems related to particular age groups and

death causes.

Two empirical analyses of life expectancy lossescampleted. First, we consider

trends and made inter-country comparisons. Theysisaleveals persistently high valuesebf

in the US that are caused by relatively low margatibmpression and relatively high mortality
expansion in this country. In 2002, lifetime losaesong US males and females were greater
by 1.1 year than the values expected on the ba#ie @xperience of other developed
countries. Compared to England and Wales, the WdSskghtly lower average longevity and
much greater life expectancy losses. The first-tyfpgecomposition demonstrates that both in
the past and now, the gap between the two countries is mostly determbethe difference

between the mortality age structures.

Second, we apply the decomposition by ages ancsaisieath to decreases in life
expectancy losses between 1980 and 2002 in thedwatries and to the life expectancy

losses’ differences between the two countries D220Ve find that:

- falling infant mortality is a considerable componefithe decrease in life expectancy
losses in both countries and is much less impo#siat component of the difference in

life expectancy losses between the two countries.
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- decreasing mortality from cardiovascular diseasgissame other chronic conditions
(male lung cancer and female breast cancer) atlenaidl older adult ages constitute a
major component of the decrease in life expectdoases. From 1980 to 2002 this

component of mortality compression was greatemigl&d and Wales than in the US.

- mortality at younger adult ages 15 to 50 from aewtd (especially traffic accidents),
violence, heart attacks, HIV/AIDS, and diabeteless important than the decreasing
older age mortality from major chronic diseasea asmponent of the decrease in life
expectancy losses, but is more important as a coem@f the gap in life expectancy

losses between the US and England and Wales.

Seeking interpretations of the observed patteriiseoéxpectancy losses, we carry out
additional analyses. We perform regressions coimtget with the Gini index of income
inequality on time series for 17 industrialized soies since 1975. We find statistically

significant associations across countries but omiss time.

Using the NLMS data, we calculagbvalues for categories of education, income, and
race and all of their pair wise combinations fa thS. Although life expectancy losses vary
significantly across groups, even the lon&stalues in the most advantaged groups are still
slightly higher than values observed in the totgdydation of England and Wales. In this
regard, our substantive conclusion confirms thaai#ards and Tuljapurkar (2005) even

though we use much more detailed socioeconomiggngs.

DISCUSSION

The substantive results of this study allow usiscuss two issues. First, they provide
insights into determinants of variation in life @qgpancy losses across time and countries.
Second, they prompt more specific explanationsherparticularly high level of life

expectancy losses in the US.
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When thinking about reasons for variation in lif@ectancy losses across time and
countries, it is useful to combine the regressasults with results of age- and cause-
decompositions for the US and England and Walethisnway one can see that the complete or
nearly complete absence of the longitudinal assiocidetween life expectancy losses and
income inequality corresponds to the important ofldecreasing circulatory disease and major
cancers at old ages in the temporal decline irelfgectancy losses. At the same time, the
significance of the cross-sectional associatiomween life expectancy losses and income
inequality corresponds to a greater role of maytat younger adult ages from more acute and

avoidable causes of death in cross-sectional difiggs in life expectancy losses.

The dissimilarity between the longitudinal and srggctional health-income inequality
associations is consistent with the conclusion¥bh Lynch and colleagues (2004) whose
extensive review of 98 epidemiological studies poout the specificity of the strength of
association between income inequality and healtkegard to type of health outcome. It was
demonstrated that empirical studies (especiallgahnvolving longitudinal evidence and
control for compositional effects) provide littlgidence for a general relationship between
income inequality and total mortality (Lynch et 2004; Deaton and Lubotsky 2003; Lynch et
al. 2001; Mellor and Milyo 2001; Osler et al. 20@&ibuya et al. 2002). In particular, there is
little research support for the relationship betmveeome inequality and mortality or morbidity
from major cardiovascular and other chronic dissa$eld age (Lynch et al. 2004, pp. 74-76,
81-82). At the same time, certain health outcomesignificantly associated with income
inequality. Such associations were detected fontbeality of children and adults of working
age and for mortality from certain causes suchoasitide, stroke and heart attacks (Lynch et
al. 2004; Lohmayer and Wilkinson 2000, Kennedy, el and Prothrow-Stith 1996; Sohler
et al. 2002; Daly, Wilson and Vesdev 2001; Kennetdgl. 1998; Szwarcwald et al. 1999;

Wilkinson, Kawachi and Kennedy 1998; Franzini apé&s 2003; Osler et al. 2003; Shi et al.
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2003). The work by Backlund et al. (2007) is espicinstructive. The authors applied
advanced multilevel techniques to NLMS data andvgabthat state-level income inequality in
1990 in the US was associated with differentialstate level mortality at ages 25 to 64 after
controlling for the compositional effects of indivial characteristics such as income, education,
unemployment, and race. The association was muahggr for men than for women. No such

relationship was found for mortality at ages ab6%e

This result makes it clear why income inequality cat be a major determinant of
general mortality decrease. Indeed, in the US diner@advanced countries general mortality
decrease over the last three decades is determiimedrily by cardiovascular and other chronic
diseases at older ages that are unrelated to incwgaality (Salomon and Murray 2002;

Vallin and Meslé 2004).

Thus, our results based on age-cause decompositiohsegression analysis of 17
country-series agree with the detailed epidemialaigévidence. Both suggest that factors for
temporal decrease in life expectancy losses diften factors for inter-country differences.
Decrease in the life expectancy losses is mosiiediby reduction of major chronic diseases
at old ages that can be related to advancemenedical technologies for treatment and
diagnostics and also to favorable behavioral chasgeh as reduction in smoking (Pampel
2003). The inter-country differences are to a gneaxtent related to health and mortality at
younger adult ages that is probably associated seitioeconomic inequality amdlative
deprivation leading in turn to elevation of psyabaal stress (Marmot and Wilkinson 2001,

Siegrist 2000; Wikinson et al. 1998).

In rare cases, large temporal changes in workiregragytality cause substantial changes
in total mortality, mean length of life and life@ectancy losses. Such changes were observed
in Russia and other ex-USSR countries in the 1986t the historical health crises such as

the one in 19 century Sweden (Willner 2001, Sundin and Willn@d2) and the recent crisis in
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the former USSR were largely caused by excess fitprwéd men from causes associated with
alcohol that was attributed to psychosocial st(€smpiro 1995; Bobak and Marmot 2000;

Leon and Shkolnikov 1998).

In the modern developed world such outbreaks okimgrage mortality are exceptions
from mainstream health progress. In the US (asharadvanced countries) changes in life
expectancy losses are mainly driven by decreasingna disease among older people and are
mostly unrelated to income inequality. However, tH& excess in life expectancy losses
relativeto other countries is related to the higher UStality at younger ages and from causes

of death that can be linked to income inequality.

A high level of premature death is a long-standieglth problem in the US. So far,
progress in this area has not been rapid enougbkegatation between the US and other
countries tends to be sustained. High life expastéwsses in the US can be seen as a result of
persistent adverse conditions, such as cigareti&isgnamong some groups, and also
weaknesses of a health system that is unable tioeagscelerated reduction of premature death.
Our regression analysis signals that it is likilgttat least part of these conditions and
weaknesses is related to high income inequalitgenJS. It is noteworthy that the US is the
country where income inequality is most consistelmiked to population health by research

evidence, which is not the case in most other @@ezl countries (Lynch et al. 2004).

Socioeconomic disparities in health between pomuriajroups comprise a part of the
total amount of inter-individual disparity in regpéo age at death (and in life expectancy
losses). In the second half of thé"a@entury mortality reversals have been observecetivi
the African American population (Kochanek et al949Preston and Elo 1995; Geronimus et
al. 2001; Elo and Drevenstadt 2004). It was shdvan the last episode, lasting from 1984 to
1991, coincided with an increase in age at deaipadity among US males aged 15 and older

(Shkolnikov et al., 2003). Our analysis of NLMS aldemonstrated large differences between
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higher losses in disadvantaged groups and lowee$os advantaged groups. It is possible that
some other important types of inequalities plagla.rin the US, there are huge geographical
differences in mortality that are related not oaythe variable socioeconomic status of
individuals in various places but also to highlyighle geographic contexts (Murray et al.

2006; Ezzati, Friedman, Kulkarni 2008).

However, the socioeconomic health contrasts ari&elnlto be responsible for the total
amount of excess life expectancy losses in theltufeed, on the basis of NLMS data we found
that even the lowest losses in advantaged growpstidirslightly higher than losses in the total
population of England and Wales. Therefore, onegeass that the whole range of variation of
losses within the US is shifted toward higher valobempared to the equivalent range in
England and Wales. This suggests that there are adrerse factors that affect all or many of

the US population groups.

The American health system is one of the candi@aters. An important disadvantage
of the US is the incomplete population coverage\arthble performance characteristic of the
health system. The detailed investigation by SclamehHow (2006) reveals a range of
concrete problems in medical care, which are eafigsignificant for working people paying
their own medical bills. It was reported that abone third of Americans at ages under 65 do
not have any health insurance while the same siigreople have difficulties in paying their
medical bills. For people of working age, availapiind quality of medical care depends not
only on their wealth but also significantly varesoss health care plans, states, and hospitals.
Only half of adults receive the recommended praveritealth care including screening for
cancer. Health insurance premiums rose far faséar Wwages, rising as a share of median
incomes. Readmissions to hospitals within 30 dagsained high and were very variable across

the country.
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It is likely that the disadvantage of the US healghtem relative to other advanced
countries is tending to increase. Two studies bigd\Nend McKee (2003, 2008) estimated
mortality from medically amenable causes such atehal infections, treatable cancers,
cerebrovascular disease, part of ischemic heartisless and complications of common surgical
procedures at ages under 75 in 19 OECD countriek997-1998, the US occupied thd"15
place according to amenable mortality. By 2002-2@08 decline in amenable mortality
comprised 17% for all OECD countries and only 4%tfe US. As a result, the US has fallen

to 19" place.

As we demonstrated, excess mortality from lung eaaad heart diseases at ages under
70 for males and under 75 for females contribudele lack of mortality compression in the
US. This can be largely related to smoking. Inrthd-1960s the country was among the most
smoking nations of the world with a smoking prenake of about 50% and 30% for males and
females aged 18+, respectively (Garfinkel and 8ilgsg 1991). Since then smoking has been
dramatically reduced to 26% and 22% in 2005 amoalgsnand females, respectively. The
steeper decrease in smoking of men over the lastyears is considered to be the central
reason for the recent narrowing of the female-rtaigevity gap (Pampel 2002; Preston and
Wang 2006). Smoking-related mortality in the US basn estimated directly from survey data
(Rogers et al. 2005) and also by indirect meth&dsq et al. 2006; Preston, Glei, Wilmoth
2009). All these estimates are consistent with edlelr. According to Peto et al. (2006) 29%
of male deaths and 27% of female deaths at agas@bin the US in 2000 were attributable to
smoking. Preston, Glei and Wilmoth report similgures and demonstrate that among 20
developed countries in the year 2003, the shasenoking-attributable death in the US was the

highest for females and the sixth highest for males

Death rates among young and middle aged adultsciedly men, are also related to

risks caused by alcohol and substance use. Frarcelassic example of high alcohol-related
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mortality that contributes to the high level ofghsity in age at death in this country (Nizard
and Mufios-Perez 1993; Edwards and Tuljapurkar 200%® US is also not free of such
problems. Between 1992 and 2002, US mortality fronimtentional injuries has increased by
11% (Paulozzi, Ballesteros, Stevens, 2006). Iratfeegroup 40 to 64 years, death rates
increased for falls, poisonings, and motor vehédeidents. The increase was particularly
pronounced for poisonings at ages 15 to 24 and $9.tThe increase in unintentional injuries
is likely to be related to rises of drug abuseglatt consumption and binge drinking and also to
the use of prescribed psychoactive substancesdffingand Cox 1998; CDC 2004a; CDC

2004b; Serdula et al. 2004, Compton and Volkow 2006

Some risk factors are especially characteristibefUS and also contribute to life
expectancy losses at working ages. These areitraality easy access to firearms resulting in
higher risk of homicide (Kaplan and Geling 1998y aspecially active use of automobiles that

increases the risk of fatal traffic accidents (Haine 2002).

Finally, it is worth mentioning the rapid spreadodiesity that is considered to be a
serious public health concern in the US (Breslo®2t WWHO 1998; Sturm 2003; Olshansky et
al. 2005; Kim and Popkin 2006). During the lastats, this process has accelerated. Between
1988-1994 and 1999-2000 age-adjusted prevalenceeniveight BMI>=25) has increased
from 56% to 65%, prevalence of obesity (BMI>=30} lnacreased from 23% to 31% and
prevalence of clinically severe obesity (BMI>=4@shincreased from 3% to 5% (Flegal et al.
2002; Sturm 2003). In the early 2000s, the US desvas of overweight (25%) and obesity
(7%) among children aged 10-16 years were the seleighest among 34 countries (Janssen et
al. 2005). Obesity increases the risk of a numbeiroulatory diseases, type-ll diabetes,
certain cancers, gallbladder disease, and ostear{iKim and Popkin 2006). The minimal
number of annual deaths in the US attributablebsiy is estimated at 112 thousand (Flegal et

al. 2005; Mark 2005). Although mortality among tieese tends to decrease with time, the
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spread of obesity contributes to premature deatharJS, contributes to the gap between the
US and countries with lower levels of obesity, &ag the potential to slow down the general

mortality decline.

All'in all, during the last decades health progreste US was slower than in other
advanced nations. It was attenuated by high lifeeetancy losses. Further monitoring and

analysis of these losses, their components andndietnts is a research priority.
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APPENDIX A.
Derivation of formulae for the age-decomposition of difference between twa' values.

The general decomposition formula (8a) yields
7, =€ (MP) —e' (M) =

= >3 {0, e, M)+ ] -, e, (M) +e, (M)
22 y y y y y y

y=0
By definition of M M the quantityd (M [X]) is equal tod, for agesy < xand is equal to

ey
T [d, for agesy > x.

x+1
- eT(M [><+1]) _ eT(M [x]) -

__#Z[d e, (M[Xﬂ]) e (M[X])+ey+l(|\/|[x+1]) ey+1(M[X]))]

+d; [e (M[X+”)+ex+1(M“+”)]— Je. ) e M)+

=3l e re - Slo, e v

><+1 y=x+1 >< y=x+1

Three lines of the latter expression are partb@fge-specific component related to ages

younger than age to the age group [x, x+1), and to age4d and older, respectively.

Formulae for age-specific components of differerimesveen life expectancies are known:

&(M™) ~g,(M™) = 3, =1, (€, ) ~I1.1(Es ~ 81)

and

X+ X 1 ! / ! /
e, (M) —e (MP) =9, (y) = l—,[lx(ex —e,) ~11.,(€., —€.,)] for any agey, y <x.
y

Using these formulae, one can obtain the final @xgion for the componery contributed by

age interval [x, x+1) to the total differenet’ -
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APPENDIX B.

Derivation of formulae for the age- and cause-of-dgh decomposition of a difference
between twoe' values.

The continuous definition & (1) together with the general decomposition formni@a) allow

one to express the component of the total diffexeg)(M') — €/ (M) produced by a small age

interval [x,x+Ax)

w1, =€ (M) =l (M) = [1; T, Cley, (M) — g (M) ay +
’ (B-1)

N x]_ |; |:,U; @y(M[xmx]) _|y D-Iy @Y(M[Xl)]dy‘l‘ T[ly(M[HAX]) _Iy(M[X])],Uy Eéydy

X+AX

Three integrals in (B-1) are parts of the age-djgecomponent related to ages younger than

of the age grou;ﬁx,x+Ax) and of agesx+Ax and older, respectively.

From definitions of the survivorship and the libgpectancy functions, it is easy to derive the

following relations that hold true for a sma#lk (see also Shkolnikov et al. 2003: 328):

lone O [Q— p,0X), (B-2)
e)(+Ax C e)( - (1_ tuxe)()AX (B-3)
Using (B-2) and (B-3) the second integral in (Be@h be simplified

1T 7, o, ) -1, G, G, MDY =1, 1) B B (8

Taking into account thag,(M[X]) = :—X a, , Iy(M[X*AX]) = :”—AX [, (x>y) and also (B-2), the third

X X+AX

integral can be transformed

J'[|y(M[x+Ax]) _ |y(M[X])]ﬂyeydy: (Igﬂ_ﬂx _£j Dj.ly,uyeydy D:—’X(,ux —,u’X)AxDJ'Iyuyeydy.(B-S)

SHAX |x+Ax Ix X+0X X+4x
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Using (B-3) it is possible to show that

XHAX X L (e — 15
ey(M[ A])_ey(M[ ]) Dwm’ X>y.
y
This relation helps to transform the first integra(B-1)
1,034, ey (ar20) - e, (M) ay = 1, @, W, - )¢ ] 4 dy (B-6)
0 0

Replacement of the three original integrals in B2y their equivalents from formulae (B-4,
B-5, B-6) yields
— ! I ! I:( T ! —
axllx = {' x & EE.([ ,Ude‘lj + K XJALy oy @de} Wpy = 1) DX = (B-7)
=@, Uy, — 1) IAX
This formula is the final expression for the comguinof the difference between twbvalues

produced by a mortality change within a small aderval [x,x+Ax). Most importantly, it
includes theu, — 1. multiplier. Following our earlier study, one candgrate the left- and

right-hand sides of equation (B-7) over the agerirdl [x, x+1) (Shkolnikov et al. 2003:328-

329) and obtain

x+1

7, = (m -m) 0] ¢,dy.

Consequently,

:”&,i_mx,i
m, —m

Nyi 1., wherem,; is the death rate by cauisat agex.
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APPENDIX C.
Values ofegg and e'30in 1979-1985 in the national populations of the U8nd England and
Wales and in racial, educational, income, and combed groups in the National

Longitudinal Mortality Survey.

Males Females
Person-
years e eTso Person-years . eTso
(thousands) (thousands)
National populations (from HMD):
USA, HMD population 630,240 43.34 11.24 720,001 789. 10.52
England and Wales 147,790 43.38 9.97 147,790 48.72.76
Groups (from the NLMS):
Race Education Income
All All All 1,217 4477 11.67 1,438 5144 11.61
White All All 1,027 45.03 1141 1,106 51.70 11.30
Black All All 90 40.64 13.60 127 48.09 14.01
All Elementary All 211 42.23 12.49 238 49.52 12.27
All High school All 528 44,24 11.66 754 51.48 11.92
All College All 410 47.30 11.04 360 53.05 10.88
All All <$9,999 227 39.43 13.21 406 48.90 12.91
All All $10,000-24,999 536 4525 11.83 577 51.96 .38l
All All $25,000+ 386 47.83 10.62 370 5294 10.75
White All <$9,999 186 40.17 1281 330 49.75 12.30
White All $10,000-24,999 481 4547 11.68 516 52.111.10
White All $25,000+ 360 47.80 10.55 344 5292 10.75
Black All <$9,999 34 36.05 14.77 66 4597 15.03
Black All $10,000-24,999 41 42,77 12.83 46 49.79 .423
Black All $25,000+ 15 46.75 11.30 145 50.38 11.03
White Elementary All 187 4291 12.13 208 50.24 B1.7
White High school All 502 44.64 11.46 714 5191 6Bl
White College All 401 47.40 10.91 346 53.22 10.84
Black Elementary All 30 38.15 14.48 36 46.22 14.95
Black High school All 45 41.07 13.99 71 4780 13.79
Black College All 19 4458 12.05 25 5478 15.71
All Elementary <$9,999 101 39.46 13.09 147 48.31 .093
All Elementary  $10,000-24,999 88 4405 12.30 74 280. 11.32
All Elementary $25,000+ 21 45.00 11.64 18 51.65 640.
All High school <$9,999 95 38.82 13.37 209 49.22 912
All High school  $10,000-24,999 285 4515 11.52 35.35 12.00
All High school $25,000+ 147 46.84 10.74 190 52.611.24
All College <$9,999 30 41.97 12.46 49 49.69 12.21
All College $10,000-24,999 162 46.22 11.73 149 33.511.38
All College $25,000+ 217 49.17 10.55 162 54.66 81.3

Source: Authors’ calculations based on the data fitee National Longitudinal Mortality Study (NLM®@7).
The value of family income in unadjusted dollargi$ated (deflated) to 1980 dollars and then emember of the
family is assigned the appropriate category fortludable as indicated in the table.

39



REFERENCES

Anand, S., F. Diderichsen, T. Evans, V. Shkolnikawvg M. Wirth. 2001. “Measuring
Disparities in Health: Methods and Indicators.” B®-67 inChallenging Inequities in
Health: From Ethics to Actigredited by T. Evans, M. Whitehead, F. Diderichgen,

Bhuiya. New York: Oxford University Press.

Andreev, E.M.. 1982. “Metod komponent v analizedwifitelnosty zjizni [The Method of

Components in the Analysis of Length of LifeY/éstnik Statistik®:42—47.

Andreev, E.M., V.M. Shkolnikov, and A.Z. Begun. 200Algorithm for Decomposition of
Differences Between Aggregate Demographic Measamdsts Application to Life
Expectancies, Healthy Life Expectancies, Paritygpession Ratios and Total Fertility
Rates.”"Demographic ResearcWNol. 7, article 14:499-522. Available online at

http://www.demographic-research.org/volumes/vol77344.pdf.

Arriaga, E. 1984. “Measuring and Explaining the @dpain Life Expectancies.”

Demography21(1):83-96.

Backlund E., G. Rowe, J. Lynch, M.C. Wolfson, GKaplan, and P.D.Sorlie. 2007. “Income
Inequality and Mortality: a Multilevel Prospecti@udy of 521 248 Individuals in 50 US

States.’International Journal of Epidemiolog36(3):590-6.

Breslow, L. 1952. “Public Health Aspects of Wei@ntrol.” American Journal of Public

Health42:1116-20. Reprinted 2006&ternational Journal of Epidemiolog35(1):10-12.

Caselli, G., F. Meslé, and J. Vallin. 2002. “Epidelmgic Transition Theory Exceptions.”

Genus9:9-51.

40



Connor, J., J. Langley, and C. Cryer. 2007. “Ind¢ional Comparisons of Injury. A
Compilation of Reports to the New Zealand Injurg\antion Strategy Secretariat.”

University of Otago.

Centers for Disease Control and Prevention [CDZ]04a). “Unintentional and Undetermined

Poisoning Deaths --- 11 States, 1990-200AMWR53:233-8.

Centers for Disease Control and Prevention [CDZ]04b). “Trends in Motorcycle Fatalities
Associated with Alcohol-impaired Driving --- Unitégtates, 1983--2003MMWR

53:1103-6.

United States: Concerns and StrategiBsug and Alcohol Dependen@4:103-107.

Daly, M., M. Wilson, and S. Vasdev. 2001. “Incomeduality and Homicide Rates in Canada
and the United StatesCanadian Journal of Criminology—Revue canadienne de

criminologie43(2):219-36.

De Vogli, R., R. Mistry, R. Gnesotto, and G.A. Cerr2005. “Has the Relation Between
Income Inequality and Life Expectancy Disappearedi@dence From Italy and top

Industrialized Countries.Journal of Epidemiology and Community Hea#$1158—-162.

Deaton, A. and D. Lubotsky. 2003. “Mortality, Inedigly and Race in American Cities and

States.”Social Science and Medicih$(6):1139-53.

Edwards, R.D. and S. Tuljapurkar. 2005. “Inequalityife Spans and a New Perspective on
Mortality Convergence Across Industrialized Cowgri Population and Development

Review31(4):645-74.

Elo, I.T. and G.L. Drevenstadt. 2004. “Cause-spe€bntributions to Black-White

Differences in Male Mortality From 1960 to 199®R&mographic Researclpecial

41



Collection 2: 255-276. Available online at http:Ww.demographic-

research.org/special/2/10/s2-10.pdf.

Ezzati, M., A.B. Friedman, S.C. Kulkarni, and C.Murray. 2008. “The Reversal of Fortunes:
Trends in County Mortality and Cross-county MottaDisparities in the United States.”

Public Library of Science Medicirg4):0001-0012.

Fingerhut, L.A. and C.S. Cox. 1998. “Poisoning Nity, 1985-1995.'Public Health Reports

113:218-33.

Flegal, K.M., M.D. Caroll, C.L. Ogden, and C.L. dglon. 2002. “Prevalence and Trends in
Obesity Among US Adults, 1999-200Q6urnal of the American Medical Association

288(14):1723-27.

Flegal, K.M., B.l. Graubard, D.F. Williamson, andH Gail. 2005. “Excess Deaths Associated

With Underweight, Overweight, and ObesityAMA 293:1861-67

Franzini, L. and W. Spears. 2003. “ContributionsSotial Context to Inequalities in Years of

Life Lost to Heart Disease in Texas, USAdcial Science and Medicin&(10):1847-61.

Gakidou, E.E., C.J.L. Murray, and J. Frenk. 20@8Ftamework for Measuring Health
Inequality.” Pp. 471-484 iRlealth Systems Performance Assessment. Debatesyddeth
and Empirismedited by C.J.L.Murray and D.B. Evans. Genevarl#/dealth

Organization.

Garfinkel, L. and E.Silverberg. 1991. “Lung Canaed Smoking Trends in the United States

Over the Past 25 yearsA’Cancer Journal for Cliniciand1(3): 137-146.

Geronimus, A.T., J. Bound, T.A. Waidmann, C.G. @olend D. Steffic. 2001. “Inequality in
Life Expectancy, Functional Status, and Active LEepectancy Across Selected Black and

White Populations in the United StateBémography38(2):227-51.

42



Heuveline, P. 2002. “An International ComparisorAdblescent and Young Adult Mortality.”

Annals of the American Academy of Political andi@d&ciences80:172—-200.

Human Mortality Database?2007. Available at http://www.mortality.org and

http://www.humanmortality.de.

Janssen, I., P.T. Katzmarzyk, W.F. Boyce, C. VétercC. Mulvihill, C. Roberts C. Currie,
and W. Pickett. 2005. “Comparison of Overweight &ixesity Prevalence in School-aged
Youth From 34 Countries and Their Relationshipsh/Ahysical Activity and Dietary

Patterns.'Obesity Review8:123-32.

Kaplan, M.S. and O. Geling. 1998. “Firearm Suicidad Homicides in the United States:
Regional Variations and Patterns of Gun Ownerst8pcial Science and Medicine
46(9):1227-33.

Kennedy, B.P., I. Kawachi, and D. Prothrow-StitB9&. “Income Distribution and Mortality:

Cross Sectional Ecological Study of the Robin Homtkx in the United StatesBritish

Medical Journal312(7037):1004—7 (published erratum appears in BbR]1996]:1194).

Kennedy, B.P., I. Kawachi, R. Glass, and D. Proth&iith. 1998. “Income Distribution,
Socioeconomic Status, and Self Rated Health itJthieed States: Multilevel Analysis.”

British Medical JournaB17(7163):917-21.
Keyfitz, N. 1977 Applied Mathematical Demographiew York: John Wiley.

Kim, S. and B.M. Popkin. 2006. “Commentary: Undansting the Epidemiology of
Overweight and Obesity—a Real Public Health Contémernational Journal of

Epidemiology35:60—-67.

Kochanek, K.D., J.D. Mauer, and H.M. Rosenberg4199/hy did Black Life Expectancy
Decline From 1984 Through 1989 in the United S®itégnerican Journal of Public

Health 84:938-44.

43



Lobmayer, P. and R.Wilkinson. 2000. “Income, Indijyand Mortality in 14 Developed

Countries.”Sociology of Health & llines22(4):401-14.

Lynch J., S. Harper, G. Davey Smith, N. Ross, MIfé$ém, and J. Dunn. 2004. “US Regional
and National Cause-specific Mortality and Trendstome Inequality: Descriptive
Findings.”Demographic Researcl$pecial Collection 2: 183-228. Available onlirte a

http://www.demographic-research.org/special/2/@ 2.

Lynch, J., G. Davey Smith, M. Hillemeier, M. Shalw,Raghunthan, and G. Kaplan. 2001.
“Income Inequality, the Psychosocial Environment] &lealth: Comparisons of Wealthy

Nations.”Lancet358:194—-200.

Lynch, J., G. Davey Smith, S. Harper, M. Hillemeddr Ross, G. Kaplan and M. Wolfson.
2004. “Is Income Inequality a Determinant of PopiolaHealth? Part 1. A Systematic

Review.” The Milbank Quarterly82(1):5-99.
Mark, D. 2005. “Deaths Attributable to Obesity AMA2931918-19.

Marmot, M. and M. Bobak. 2000. “International Comgiars and Poverty and Health in

Europe.”British Medical Journal321(7269):1124-8.

Marmot, M. and R.G. Wilkinson. 2001. “Psychosoeatl Material Pathways in the Relation
Between Income and Health: A Response to Lyncli eBatish Medical Journal

322(7296):1233-6.

Mellor, J.M. and J. Milyo. 2001. “Reexamining theience of an Ecological Association
between Income Inequality and HealtAdurnal of Health Politics, Policy and Law

26(3):487-522.

Moser, K., V. Shkolnikov, and D.A. Leon. 2005. “WbMortality 1950-2000: Divergence
Replaces Convergence From the Late 198Bslletin of the World Health Organization

83(3):202-9.

44



Murray, C.J.L., S.C. Kulkarni, C. Michaud, N. Tomig, M.T. Bulzacchelli, T.J. landiorio, and
M. Ezzati. 2006. “Eight Americas: Investigating Nelity Disparities Across Race—

counties in the United State®ublic Library of Science Medicir®(9):1513-24.

NLMS 2007. National Longitudinal Mortality Survey. Alable online at

http://www.census.gov/nims/.

Nolte, E. and M. McKee. 2003. “Measuring the HealtiNations: Analysis of Mortality

Amenable to Health CareBritish Medical JournaB27:1129-33.

Nolte, E. and M. McKee. 2008. “Measuring the HealtiNations: Updating an Earlier

Analysis.” Health Affairs1:58-71.

Nizard, A. and F. Muios-Perez. 1993. “Alcohol, Tot@ and Mortality in France Since 1950:
an Estimate of the Annual Numbers of Deaths duddohol and Tobacco use in 1986.”

Population48(3):571-607.

OECD Statistics2008. Available online at
http://lysander.sourceoecd.org/vl=1292908/cl=12/hikpsVv/statistic/s36_about.htm?jnlissn

=99991004.

Oeppen, J. 2008. “Comparing the Efficiency of MiitygChanges between Countries: An
Evaluation of Past and Forecast Levels in Advartbemhomies.” Population Association of
America Annual Meeting. Presentation at sessiofiri#8rnational Perspectives on Health

and Mortality”. New Orleans, April 17.

Olshansky, S.J., D.J. Passaro, R.C. Hershow,ydldm B.A. Carnes, J. Brody, L. Hayflick,
R.N. Butler, D.B. Allison, and D.S. Ludwig. 2005 ‘Potential Decline in Life Expectancy

in the United States in the 21st Centufyéw England Journal of Medicirg52:1138-45.

45



Osler, M., E. Prescott, M. Gronbak, U. ChristengerDue, and G. Engholm. 2002. “Income
Inequality, Individual Income, and Mortality in Diah Adults: Analysis of Pooled Data

from Two Cohort StudiesBMJ 324(7328):13.

Osler, M., U. Christensen, P. Due, R. Lund, |. Aisda, F. Diderichsen, and E. Prescott. 2003.
“Income Inequality and Ischaemic Heart Disease amibh Men and Women.”

International Journal of Epidemiolog32(3):375-80.

Pampel, F.C.. 2003. “Declining Sex Differences iarhlity from Lung Cancer in High-

Income Nations.Demography40:45-65.

Panel Discussior2007. Session 113 “Why Is Health in the U.S. sc¢MWorse Than Health
in Other Developed Countries?” Population Assocratf America Annual Meeting 2007,

New York, March 30.

Pampel, F.C. 2002. "Cigarette Use and the Narrowiex) Differential in Mortality."

Population and Development Revig@. 77-104.

Paulozzi, L.J., M.F. Ballesteros, and J.A. Stev@086. “Recent Trends in Mortality From

Unintentional Injury in the United Statesldurnal of Safety Resear&7:277-283.

Peto, R., A.D. Lopez, J. Boreham, and M. Thun. 2006rtality From Smoking in developed
countries 1950-2000 (2nd edition, updated June R0@://www.ctsu.ox.ac.uk/~tobacco/

(accessed May 10, 2009).
Preston, S.H. 197®/ortality patterns in national populationdlew York: Academic Press.

Preston, S.H. and I.T. Elo. 1995. “Are EducatidDaferentials in Adult Mortality Increasing

in the United StatesJournal of Aging and Healtf(4):476—496.

46



Preston, S.H., D. Glei, and J.R.Wilmoth. 2009. “@ution of Smoking to International
Differences in Life Expectancy. Presentation toRta@el on Divergent Trends in Life

Expectancy.” National Research Council, London, dfiat2-13.

Preston, S.H. and H. Wang. 2006. “Sex Mortalityf@#nces in the United States: The Role of

Cohort Smoking PatternsDemography43:631-646.

Rogers, R.G., R.A. Hummer, P.M. Krueger, and F&npel. 2005. “Mortality Attributable to
Cigarette Smoking in the United StateBdpulation and Development Reviedt(2): 259-

292.

Rogot, E., P.D. Sorlie, N.J. Johnson, and C.A. Sthi®92. “Mortality Study of 1.3 Million
Persons by Demographic, Social and Economic Fact®i®®-1985 Follow-up. Second

Data Book.” NIH Publication No. 92—-3297. Nationas$fitutes of Health, PHS, DHHS.

Salomon, J. and C.J.L. Murray. 2002. “The Epideoua Transition Revisited: Compositional
Models for Causes of Death by Age and S@&apulation and Development Review
28(2):205-228.

Schoen, C. and S.K. How. 200%ational Scorecard on U.S.Health System Performance

Technical ReportNew York: Commonwealth Fund.

Serdula, M.K., R.D. Brewer, C. Gillespie, C.H. Dgnand A. Mokdad. 2004. “Trends in
Alcohol Use and Binge Drinking, 1985-1999: Resafta Multi-state Survey.American

Journal of Preventive Medicin26:294-8.

Shapiro, J. 1995. “The Russian Mortality Crisis @sdCauses.” IfRussian economic reform at

risk, edited byA. Aslund. London: Pinter.

Shi, L.Y., J. Macinko, B. Starfield, J.H. Xu, and Rolitzer. 2003. “Primary Care, Income
Inequality, and Stroke Mortality in the United SstA Longitudinal Analysis, 1985—

1995.” Stroke34(8):1958—64.

47



Shibuya, K., H. Hashimoto, and E. Yano. 2002. “Udiial Income, Income Distribution, and
Self-Rated Health in Japan: Cross Sectional AnsiysNationally Representative Sample.”

BMJ 324:16-9.

Shkolnikov, V.M., E.M. Andreev, and A.Z. Begun. Z0Gini Coefficient as a Life Table
Function. Computation From Discrete Data, Decontprsdf Differences and Empirical
Examples."Demographic Resesarckol. 8, article 11: 305-358. Available online at

http://www.demographic-research.org/volumes/vol8111.pdf.

Siegrist, J. 2000. “Place, Social Exchange andtHeBloposed Sociological Framework.”

Social Science and Medicird:1283-93.

Smits, J. and C. Monden. 2009. “Length of Life lnality Around the Globe.Social Science

and Medicine68:1114-23.

Sohler, N., P. Arno, C.J. Chang, J. Fang, and Ge&er. 2003. “Income Inequality and Infant
Mortality in New York City.” Journal of Urban Health-Bulletin of the New Yorkaflemy

of Medicine80(4):650—65.

Stata Corporation2007. Stata longitudinal/panel-data referenceuahrRelease 10. StataCorp

LP, College Station, Texas.

Sturm, M. 2003. “Increases in Clinically Severe 6ibein the United States, 1986-2000.”

Archives of Internal Medicin&63:2146-8.

Sundin, J. and S. Willner. 2004. “Health and Vuliie Men. Sweden: From Traditional
Farming to IndustrialisationFlygiea Internationalis 2004:1, 175-203.

http://www.ep.liu.se/ej/hygiea/

Szwarcwald, C.L., F.I. Bastos, F. Viacava, and @d.Andrade. 1999. “Income Inequality and
Homicide Rates in Rio De Janeiro, Brazihinerican Journal of Public Healt®9(6):845—

80.

48



The WHO Mortality Databas@007. Detailed data files available at

http://www.who.int/whosis/mort/download/en/indexit

The World Bank. 2008. Statistics on income inetyualivailable at
http://econ.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EPRESEARCHY/0,,contentM

DK:20699070~pagePK:64214825~piPK:64214943~theSit¢€%382,00.html.

Vallin, J. and F. Meslé. 2004. “Convergences antejences in Mortality. A new Approach
to Health Transition.Demographic Researclspecial Collection 2:1-44. Available online

at http://www.demographic-research.org/special&222.pdf.

van Raalte, A. 2008. “Inter-individual Inequality Life Spans: an Examination of Four
Methods and Five Countries.” Presentation on tla828nnual Meeting of the Canadian

Population Society. University of British ColumbMancouver, Canada, June.

Vaupel, J. W. and V. Canudas Romo. 2003. “DeconmgpSihange in Life Expectancy: a
Bouquet of Formulas in Honor of Nathan Keyfitz"¢®Birthday.”Demography0(2):201—

16.

WHO. 1998. “Obesity: Preventing and Managing the Gl&mdemic.” WHO Technical report

series no 894. Geneva: WHO.

WIID. 2008. “World Income Inequality Database, waveb2Miay 2007”. Available at

http://62.237.131.23/wiid/wiid-introduction-2005ktm

Wilkinson, R.G. 1997. “Socioeconomic Determinarit$iealth. Health inequalities: Relative

or Absolute Material StandardsBtitish Medical Journal314(7080):591-595.

Wilkinson, R.G., I. Kawachi, and B. Kennedy. 1999 ortality, the Social Environment,

Crime and Violence.5ocial Health and Ilinesg0(5):578-97.

49



Willner, S. 2001. “The Impact of Alcohol Consumption Excess Male Mortality in Early 19th
and 20th Century SwederHygiea Internationali2001 2:1:45-70. Available online at

http://www.ep.liu.se/ej/hygieal.

Wilmoth, J.R. and S. Horiuchi. 1999. “Rectangulatian Revisited: Variability of Age at

Death Within Human Populationddemography36:475—-96.

Zhang, Z. and J.W. Vaupel. 2008. “The ThresholdM@ein Compression and Expansion of
Mortality.” Population Association of America Anriudeeting. Presentation at Session 28
“Formal Demography”, New Orleans, April 17.

50



