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ABSTRACT 
   
Aim: To identify the age-, sex- and cause-specific premature mortality rates 
contributing to the association between life expectancy and income distribution in 
developed countries. 
  Data: Income distribution was calculated for the 13 OECD countries and years for 
which the Luxembourg Income Study held data.   Potential Years of Life Lost (1-65 
years) by sex and cause, as well as age- and sex-specific all-cause mortality rates and 
Standardised Mortality Ratios for children 1-19 years were calculated from data 
supplied by WHO 
  Methods: On finding evidence suggesting that reported income distribution is 
strongly affected by low response rates in some income surveys, we used two measures 
of income distribution: that among households where the 'head of household' was aged 
less than 65  (weighted by response rates), and among households with children 
(among whom response rates are thought to be higher).  Partial correlations and 
regressions controlling for year were used to analyse the relationship between 
mortality and income distribution. 
  Results: Both measures of income distribution showed broadly similar results.  A 
more egalitarian distribution of income was related to lower all-cause mortality rates 
in both sexes in most age groups.  All six major categories of cause of death 
contributed to this relationship. The causes of premature mortality contributing most 
were road accidents, chronic liver disease and cirrhosis, infections, ischaemic heart 
disease among women, and other injuries among men.  Income distribution was 
associated not only with larger absolute changes in mortality from these causes, but 
also with larger proportionate changes. Suicides and stomach cancer tended to be 
more common in more egalitarian countries. 
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INTRODUCTION 
There is evidence from a number of sources of a close association between the distribution 
of income within countries and average life expectancy.  This was first demonstrated by 
Rodgers using data from around 1965 from 56 developed and less developed countries.1 Le 
Grand reported that average age of death in a group of 17 developed countries was related to 
income distribution.2  Analysing data from 70 rich and poor countries Waldmann found that 
if the real incomes of the poorest 20 percent of the population is statistically held constant, 
increases in the incomes of the richest 5 percent are associated with rising rates of infant 
mortality.3  Using mid century data from some 20 countries at various stages of development 
Steckel has shown that income distribution is an important determinant of height.4  He 
reported that the effect on height of a doubling of per capita income could be offset by "a 
modest rise of 0.066 in the Gini coefficient" of income inequality.5  Wennemo has shown 
very close relationships between infant mortality rates in developed countries and relative 
poverty.6  In a study of 59 countries Flegg found that income distribution had an important 
effect on infant mortality which was independent of the effects not only of variations in 
GDP per capita, but also of the provision of doctors and nurses, and of maternal education.7 
These factors appeared to play much the same role in the determination of infant mortality 
rates in developed and in less developed countries.  Wilkinson has reported relationships 
between income distribution and life expectancy on two sets of cross-sectional data and 
three sets of data on changes over time - all among developed market economies.8, 9   
Working independently, both Kaplan and Kennedy have found income distribution and life 
expectancy to be closely associated among the 50 states of the United States, even after 
controlling for average incomes, absolute poverty and race.10, 11 
 
In total, at least eight different research workers or groups have reported statistically 
significant relationships between income distribution and measures of mortality, and a ninth 
has reported a relationship with height.  Of these nine, one has used data exclusively on 
developing countries,7 three on a mixture of developed and developing countries 1, 3, 4, 5 and 
five exclusively on developed countries.2, 6, 8, 9, 10, 11  In all, the relationships with mortality 
has been shown using ten separate sets of income distribution data. The association has been 
found to be independent of fertility, maternal literacy and education in developing countries, 
and of average incomes, absolute poverty, racial differences, smoking and various measures 
of the provision of medical services in developed countries.2, 3, 4, 10, 11  
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To our knowledge no attempt to breakdown the association between income distribution and 
life expectancy or all causes mortality into the component age-, sex- and cause-specific 
mortality rates has yet been published. This paper is intended to provide that analysis for a 
group of developed countries in the hope that it might shed light on the processes linking 
income distribution and mortality. Rodgers' finding that income distribution was even more 
closely related to life expectancy at age five than it was to infant mortality implies that the 
relationship goes beyond that found with infant mortality. 
 
We report here on premature mortality among the population aged under 65. This 
approximates the division between the population of working age, primarily dependent on 
earnings, and the retired population dependent on pensions.  Recent evidence suggests that 
among a number of developed countries widening income differences during the 1980s have 
been associated particularly with a widening of differences in earnings.12  
 
 
DATA AND METHODS 
Income distribution data were taken from the Luxembourg Income Study (LIS) which holds 
electronic records of surveys of household incomes supplied by national governments.  
After some data preparation to improve international comparability, LIS makes SPSS data 
files available for analysis via electronic mail. While additional data sets are added from 
time to time, at the start of this project LIS provided access to data from some 16 developed 
countries for between 1 and 5 non-consecutive years between 1967-91.  We confined our 
analysis to 13 countries which are members of the Organisation for Economic Cooperation 
and Development (OECD) - the rich market economies.  The 33 combinations of countries 
and years of data are shown in table 1. Because the aim was not to test the relationship but 
to identify the contributory age-specific and cause-specific mortality rates, we decide to use 
all the information available for these countries despite the recognition that several 
observations from the same country should not be regarded as truly independent.  
Observations which were always several years apart and sometimes spanned as much as 
twenty years were likely to contain valuable additional information which, given the paucity 
of data, should not be lost. 
 
Shares of personal disposable income (after taxes and benefits) were computed for each 
decile of the population, from the poorest to the richest, in each country at each date. To 
allow for the economies of scale accruing to households of two or more people, household 
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income was adjusted for household size using the LIS "subjective" equivalence scales.13 As 
a result of problems of the response rates in national surveys of household income 
(explained below) two sets of income distribution data were used: one confined to the 
distribution of income among households where the "head of household" was under 65 
years old (HHLT65), and another for all households with children aged 18 years and under 
(CHILDHSE). We calculated the proportion of income received by each decile within these 
populations. 
 
Death rates for the countries and years shown in table 1 were calculated from deaths and 
populations supplied by WHO from the World Health Statistics Data Bank.  Data for 
Germany prior to unification were missing. We calculated 14 age-specific 'all causes' death 
rates for infants, 1-4 years, and for the 12 remaining 5-year age groups to 64 years of age for 
males and females separately.  In addition we used two summary measures of mortality 
across age groups: Standardised Mortality Ratios for children 1-19 years, and potential 
years of life lost (PYLL) from deaths occurring between the ages of 1 and 65 for all causes 
combined and for each of the causes listed in table II.  Both were standardised on the total 
OECD population in 1985.  PYLL sum the differences between ages at death and 65 years 
according to formula 2.4 given by Romeder and McWhinnie 14 and are expressed per 
100,000 of the standard population. 
 
It is clear that there is an important long-term decline in mortality which continues even 
when income distribution is unchanged.  We believe that changes in income distribution are 
among the factors which may affect the rate of this improvement.  To remove the 
background difference in mortality associated simply with the different years for which data 
were available (table 1), all correlations reported below are first-order partial correlations 
controlling for year and year was entered in all regressions as the first independent variable. 
 
Response rates 
We encountered a serious problem related to the response rates in the sample surveys of 
household income in different countries. Although earlier reports using data for the smaller 
number of countries previously available from LIS had shown the expected strong 
relationship with life expectancy,6, 8, 9  once the countries more recently added to LIS were 
included we found only weak evidence of an association.  The relationship we had intended 
to break down into its age-, sex- and cause-specific components seemed to have largely 
disappeared! 
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As shown in table 1, response rates in surveys of household income sometimes fall as low as 
50 percent.  (The response rates shown in the table were taken from LIS country files.  
Where response rates were given for a country in a particular year but not in others, we have 
assumed that the rate remained unchanged if subsequent income surveys were part of the 
same series using the same methods.)  We found four pieces of evidence suggesting that the 
relationship with national mortality rates was hidden by a tendency for response rates to be 
disproportionately low among the poor and, to a lesser extent, the rich compared to the rest 
of the population. 
 
First, despite the possibility that societies with genuinely narrow income distributions might 
be more cohesive and so have higher response rates - producing an association between 
more equality and higher response rates, the LIS data shows an inverse relationship between 
response rates and equality. Regression analysis showed that lower response rates were 
associated with higher reported shares of income received by the lower deciles and lower 
shares by the higher deciles. The ratio of income received by the bottom 30 percent to the 
top 30 percent of households was significantly correlated (r=0.35, p=0.03) with non-
response rates (Figure 1). This suggests that low response rates may loose the poor and/or 
the rich and lead to an underestimate of the extent of income inequality. Although a 
genuinely narrow income distribution may be reported on the basis of low response rates, 
the conspicuous lack of data above the diagonal in Figure 1 shows that no country except 
Ireland has reported a wide income distribution using a survey with low response rates.  It is 
also notable that Belgium is the only country to report a similar income distribution with 
very different response rates.  Whereas other countries conduct new surveys at each date, 
the 1988 Belgium survey was a follow up of people who had responded to the 1985 survey. 
The non-response here was, unlike that in other countries, a failure to contact people who 
had previously responded. 
 
Second, when countries were weighted by the square of the proportion responding (the 
square was chosen not by inspection but in order to discount countries with low response 
rates more heavily) the expected relationship between mortality and income distribution 
appeared (see table 3). 
 
Third, the Family Expenditure Survey, which is the source of the British data held by LIS, 
has been found to under-represent the poor and, to a lesser extent, the rich.  Its response 
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rates decrease with age, are lower among those born in Northern Ireland, the "new 
commonwealth" and Pakistan,  and are lower among households with more than two cars.15 
Response rates are also low among the self-employed who are known to be concentrated at 
both extremes of the income distribution.16  Nor is the pattern of lower response rates among 
rich and poor unique to Britain.17 Studies of response rates in social surveys more generally 
suggests that resentment of an invasion of privacy is among the most common reason for 
non-response and people are more likely to object to questions about money than almost any 
other subject.18  Reluctance to cooperate on these grounds may be more common among 
people whose incomes lie outside the normal range. 
 
The fourth pointer concerns households with children which is the largest group for whom 
response rates were consistently high in the Family Expenditure Survey.13  Measures of the 
distribution of income exclusively among families with children were found to be strongly 
related to mortality rates whether or not the data was weighted. Table 3 shows the weighted 
and unweighted correlations between various mortality rates and the share of income 
received by the poorest 30 percent in the HHLT65 and CHILDHSE income distributions. 
 
In all analyses below we show how mortality is related to income distribution both among 
HHLT65 (weighted) and among CHILDHSE (unweighted).  This allows the results of two 
quite different ways of dealing with low response rates to be compared: the first discounts 
countries with low response rates, and the second measures income distribution among 
families with children who are known to have higher response rates than the rest of the 
population. In terms of coverage, the former is more appropriate to mortality measured by 
PYLL before age 65, but a preference for unweighted data makes it desirable to include 
CHILDHSE though it covers 30-40 percent fewer people in most countries.  Because of the 
large number of single mothers, CHILDHSE will cover a much smaller proportion of single 
men than women.  This may be why the correlation between CHILDHSE and PYLL is not 
only weaker for men than women, but is weaker for men against CHILDHSE than against 
HHLT65 (table 3).  As information was lacking on response rates in Finland and the first 
two of the four Swedish surveys (table 1), these cases are excluded from the weighted 
HHLT65 data. 
 
RESULTS 
Decile shares 
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Which part of the income distribution is most closely related to mortality? Figures 2 a. & b. 
show the strength of correlations between three all-causes mortality rates (infant mortality, 
SMRs 1-19 years and PYLL before age 65 years) and the share of income received by each 
decile separately.  Correlations are negative among the poorer deciles showing that 
mortality rates tend to be lower where less well-off people receive a larger share of income.  
This pattern is reversed giving positive correlations among the richer deciles. 
 
If decile shares of income are cumulated to show the proportion of income received by 
everyone below the 2nd, 3rd, 4th... decile etc. the pattern of correlations with mortality 
reach their strongest with the proportion of income received by the poorest 30 percent 
(figures 2c. & d.).  However, in contrast to the picture for separate deciles, when 
accumulating the proportion of income received across deciles, the correlation weakens 
beyond the third but remains negative right up to the ninth. 
 
Although the all-causes mortality rate is most closely related to the proportion of income 
received by the poorest 30 percent of the population, each specific cause has its own pattern.  
Table 4 shows the deciles over which the cumulated share of income is most closely related 
to cause-specific mortality.  Traffic accidents, for example, are most closely related to the 
share of income received by the poorest 20 or 30 percent (deciles 0-2 or 0-3) in each sex on 
both CHILDHSE and HHLT65.  Here the correlations were close to 0.7 in all cases.  Only 
statistically significant correlations (p<0.05) are shown in table 4. 
 
Age and sex 
Figures 3 a. & b. show the correlations between age specific death rates 0-65 years and the 
share of income received by the poorest 30 percent of the population.  Correlations are 
strongest among children and younger adults but a more equitable distribution of income is 
associated with lower mortality at most ages.  The association weakens after age 25, 
particularly among men on the CHILDHSE income distribution. This may partly reflect the 
exclusion of adults in households without children from these income figures.   As in figure 
2, the associations are slightly stronger with female than male mortality when using the 
CHILDHSE income distribution, but there is no clear sex difference when using income 
among HHLT65. 
 
Causes of death 
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The non-standardised regression coefficients showing the relation between changes in the 
share of income received by the bottom 30 percent of people among HHLT65 and 
CHILDHSE and PYLL from each cause are shown in the pie-charts in figures 4 a.- d..  
These provide estimates of the contributions of the different causes to the association 
between income distribution and the all causes death rates. In both sexes and on both 
measures of income distribution, chronic liver diseases and cirrhosis, traffic accidents and 
infections come within the top four contributory causes.  Eleven of the 12 regression 
coefficients for these three causes of death (for each sex on both measures of income 
distribution) were statistically significant: the exception was chronic liver disease and 
cirrhosis among women which just failed to reach significance (p=0.06) in relation to the 
HHLT65 income share. 
 
Among women but not among men, the contribution of IHD deaths and "other" causes is 
statistically significant on both measures of income distribution.  Among men the 
contribution of cancers is statistically significant against the CHILDHSE income share, and 
deaths from "other injuries" is significant on the HHLT65 income share. 
 
Taking the PYLL from each cause per 100,000 of the OECD population as 100 percent, 
figure 5 shows the estimated percentage reduction in each cause associated with a five 
percent increase in the income share of the least well-off 30 percent.  The percentage 
reductions in each cause associated with this decrease in relative deprivation tends to be 
larger in relation to HHLT65 than CHILDHSE.  However, it is apparent on both bases that 
chronic liver diseases and cirrhosis, traffic accidents and infections are important 
contributors to the all causes association partly because these conditions are 
disproportionately sensitive to changes in income distribution.  Compared to CHILDHSE, 
income shares among HHLT65 are associated with bigger reductions in IHD, particularly 
among women, and in other injury, particularly among men.  The estimated impact on 
cancers, respiratory and "other" causes is small on both bases.  
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DISCUSSION 
Throughout this analysis levels of statistical significance must be treated with extreme 
caution.  The requirement that observations are independent is compromised in the 
associations between mortality and HHLT65 income shares by weighting data, and in all 
measures of association by the fact that wherever it was available (table 1) several years of 
income distribution data have been included for the same country.  Although it is impossible 
to show weighted data in the form of a scattergram, figure 6 shows the unweighted relation 
between CHILDHSE and childhood SMRs (1-19 yrs) recorded in table 3.  Inspection shows 
that the relation is not dependent on outliers or on the points for any single country. 
 
We believe that the importance of the underlying issues and the lack of better internationally 
comparable income distribution data justifies the flawed methods we have been obliged to 
use here.  Indeed, we believe that it may not be possible to take analysis of these issues 
much further on the basis of the international data currently available.  The relationship 
between all causes mortality and income distribution was well established: our purpose was 
merely to gain some insight into its age-specific, sex-specific, and cause-specific 
components.  The fact that the two measures of income distribution show broadly similar 
relationships to mortality (see table 4 and figures 4 & 5), despite the major differences 
between them, suggests that the findings are fairly robust. Not only are the populations 
included in HHLT65 and CHILDHSE substantially different, but the weighting of HHLT65 
discounts the data from countries with low response rates and shows again that the 
relationship is not wholly dependent on which groups of countries are examined. 
 
The evidence suggests that the association between income distribution and mortality is 
spread over most of life.  The variations in the strength of the association across the age 
range may be partly a reflection of differences in the age groups covered by HHLT65 and 
CHILDHSE, and may also reflect the known tendency for response rates to decline with 
age.13 
 
Although male mortality has sometimes appeared the more closely related of the two sexes 
to socioeconomic factors, our results provide no evidence that this is true in relation to 
income distribution. The stronger relation with female than with male mortality when using 
the CHILDHSE income shares (figure 2) may reflect the larger number of women included 
in households with children by virtue of their predominance as single parents. 
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The analysis by cause of death suggests that the contribution of traffic accidents is central - 
both in terms of its size and statistical significance.  It might be thought that this is largely 
due to the fact that PYLL (1-65 yrs) emphasises the main causes of death at younger ages.  
But figure 5 shows that a narrowing of income distribution is also associated with a bigger 
percentage reduction in deaths from traffic accidents than in deaths from most other causes. 
The association with chronic liver disease and cirrhosis appears substantial in each analysis 
and may indicate a relationship between alcohol consumption and income distribution 
which may also contribute to traffic accidents.  However deaths from causes such as 
hepatitis are also included in this category. Deaths from "other injuries" among men and 
women are significantly related only to income shares among HHLT65.  This may be 
because HHLT65 will include many single people, particularly men, prone to high accident 
rates, while CHILDHSE covers only those adults with children who are likely to adopt safer 
lifestyles. 
 
Suicides, which are included in "other injuries", and stomach cancer both show a tendency 
to be more common in more egalitarian countries (see table 4).  Some weight is lent to this 
finding by the fact that Japan, for which data was not available from LIS, has narrow 
income differentials as well as high suicide and stomach cancer rates.  However, in Britain, 
parasuicide has been linked to unemployment among men19 and young men's, but not young 
women's, suicide rates have risen rapidly.20  An association between male suicides and 
unemployment would run counter to any tendency for suicide to be more common in more 
egalitarian societies and may explain why that relationship is statistically stronger among 
women than men. Durkheim suggested that there were different kinds of suicide related to 
the degree of social integration.21 If our results are to be believed, "egotistic" suicide may be 
less important than Durkheim's other categories. 
 
The likelihood that the association between income distribution and national mortality rates 
is accounted for largely by an effect of income distribution on health inequalities within 
countries is suggested by the very strong association (r=0.87) reported by van Doorslaer et 
al between inequalities in self-reported morbidity and inequalities in income in nine 
European countries.22 Their study was able to use income and mortality data for the same 
individuals. 
 
Socioeconomic differences in mortality appear in different causes of death in different 
countries.  Perhaps the underlying socioeconomic inequalities find expression through a 
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variety of national cultural patterns. In France, alcohol and cirrhosis are major contributors 
to excess mortality, but heart disease is not.23  In Britain differentials in respiratory and 
cardiovascular disease have been particularly large.24 In Finland accidents and 
cardiovascular disease have been important.  However, our results show that as well as these 
differences, there are also some causes of death which are more frequently raised where 
income differentials are large.  These may represent the most direct expressions of the 
effects of greater socioeconomic inequality.   If we were to take the causes of excess 
mortality in Harlem, New York, as exemplifying the extremes of relative deprivation in the 
Western world, it is interesting to note how much the pattern of cause-specific mortality has 
in common with the pattern found in our international data.25 The six highest SMRs were for 
deaths caused by drug dependency, homicide, alcohol, cirrhosis, disorders of new-borns and 
infections. Much as in our data, suicide was the only one of seventeen separate causes which 
was actually slightly lower in Harlem than in the USA as a whole.  Kaplan found that wider 
income differences were associated with higher homicide across the 50 states of the USA 
and there is evidence that the same relationship holds internationally.10 26  Since Durkheim, 
it has been widely recognised that suicide and homicide tend to vary inversely with each 
other.27  
 
It is important to note that, as figures 5a & b illustrate, all the major categories of cause of 
death show at least some reduction associated with narrower income differences. Like 
health inequalities themselves, income distribution appears to involve a broad spectrum of 
conditions.  It is likely that a number of social and psychosocial pathways relate mortality to 
income distribution. Deaths from traffic accidents, alcohol related deaths and deaths from 
other injuries make a plausible group of 'social' causes which might be affected by 
socioeconomic stress.  It is perhaps too early to say whether psychoneuroendocrinology and 
psychoneuroimmunology will lend weight to the possible involvement of heart disease 
among women and of infections in this picture.28, 29, 30 
 
The prominent position of road accidents in a group of causes of death which may reflect 
socioeconomic stress is interesting. Road safety is clearly diminished by aggressive and 
competitive driving.  Could it be that the amount of courtesy and cooperative behaviour 
road users show each other may be a sensitive indicator of people's attitudes to other 
members of society as unknown fellow citizens? Do they stop to let waiting pedestrians 
cross? Do they allow a car from a side road to enter a queue of slow moving traffic, or do 
they more often cut each other up in an effort to gain individual advantage?  Road accidents 
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may be an example of a cause of death which would spread the increased risks associated 
with socioeconomic stress throughout society. The involvement of alcohol, and the possible 
link with  homicide which others have reported, might lend plausibility to the hint in our 
data that deaths from "other injuries" among single men are involved.  "Other injuries" 
includes homicide, all non-road accidents, poisonings and a proportion of deaths related to 
drug abuse. Perhaps we have here the beginnings of a picture of the effects of 
socioeconomic stress. 
 
This work was funded by the Economic and Social Research Council. 
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