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Abstract
Research on socioeconomic inequalities in health often examines inequality in mortality rates or life expectancy. The choice of inequality measure is
important because it should be consistent with the dominant temporal trend
in the characteristic of interest. The author argues that proportional measures of inequality in mortality rates and additive measures of inequality in
life expectancy are preferable to the alternatives because the dominant temporal pattern in mortality has been one of proportional decline in mortality
rates concomitant with additive increase in life expectancy. Proportional
diﬀerentials in mortality rates are mathematically consistent with additive
diﬀerentials in life expectancy, and both are stable measures of inequality
given the temporal trends.

Social inequalities in health are a perennial topic of much popular interest
and scholarly research (1–3). Because health is multidimensional, the array
of possible measures is extremely wide. Although subjective measures can be
predictive of objective health outcomes like death (4, 5), and the incidence of
speciﬁc diseases is often of independent interest, researchers studying broad
trends among populations often select mortality as a good objective measure
of poor health (1, 2).
There are almost as many indexes of inequality as there are measures of
health, and numerous sources in the research community have sought to oﬀer
guidance regarding the diﬀerences across indexes and how to choose between
them (6, 7). Two broad classes of inequality indexes are those based on additive (“absolute”) diﬀerences between indicators, like the number of inches
I may be shorter in height than my neighbor, and those based on proportional (“relative”) diﬀerences, like the fact she may earn 25% more than I
do. There are many other measures of inequality that are less functionally
constrained, such as the Gini coeﬃcient, the index of dissimilarity, and other
entropy measures, but these measures do a poor job of capturing socioeconomic inequality in health (8). Each type of index arguably has intrinsic
merit, but researchers should choose indexes that are not misleading in the
context of the problem they seek to describe.
Inequality is very interesting in an intertemporal setting, and many studies have examined trends in socioeconomic inequalities in mortality over periods of time (1, 2, 9–15). Measured at a point in time, any inequality index
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can reveal how far we must go to achieve equality. From a public health perspective, absolute levels of risk may always be important (2). But to gauge
trends in inequality, the index we use should be consistent with the general
trend in the underlying variable of interest.
In this paper, I argue that the nature of temporal change in mortality
implies there are optimal choices of inequality indexes when measuring either mortality rates or life expectancies across groups, and those two optimal
choices are not the same. Proportional inequality in mortality rates is more
meaningful than is additive inequality because mortality rates are trending
downward exponentially. Additive inequality is more meaningful than proportional inequality in life expectancy for a similar reason. The research
community already seems comfortable with interpreting additive diﬀerences
in life expectancy as inequality (1, 14–16), but it also frequently explores additive diﬀerences in mortality rates when proportional diﬀerences are more
appropriate. Because these two types of measures can easily disagree on the
trends, this leads to unnecessary confusion.
As I show, my recommendations about the optimal index given the choice
of mortality measure are supported by the data and by theory. In the space
that follows, I review the literature on trends in socioeconomic diﬀerentials
in mortality, illustrating the problems of interpretation that arise from the
use of multiple and often conﬂicting indicators. I present the two most common measures of socioeconomic inequality in mortality rates and illustrate
why they can easily indicate diﬀerent trends. Then I discuss the empirical
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and theoretical evidence why measures of proportional inequality in mortality rates, like measures of additive inequality in life expectancy, should be
preferred.

The literature on socioeconomic inequalities in mortality
In mortality studies, variation in the choice of inequality index typically
arises when the socioeconomic variable of interest is not dichotomous, when
it is not measured well in vital statistics, or when both are true. The sex
gap is probably the most fundamental inequality in human mortality, and
there is little disagreement in the literature that the additive gap between
the sexes in life expectancy is the most appropriate measure of inequality
(16–19). Similarly, the race gap in the U.S. is typically calculated as the
additive diﬀerence in life expectancy between African Americans and whites
(14, 20). In both cases, the covariate is dichotomous and well measured
in vital statistics, so it is straightforward to calculate life tables and life
expectancy with precision.
When the indicator variable is either continuous, as with education or
income, or not well measured in vital statistics, cell size constraints typically
prompt researchers to examine mortality rates rather than life expectancy.
Ecological studies using county-level vital statistics matched to county-level
characteristics like median income or % black often cannot examine life ex-
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pectancy, which requires measurement of age-speciﬁc mortality rates (1, 2).
Individual-level studies of trends have typically compared small, short panels
that are separated across time, where small cell size motivates the choice of
mortality rates (9–13). A recent study of educational diﬀerentials measures
life expectancy after increasing cell sizes by treating education as dichotomous and measuring age in 10-year groupings (15). But when exploring the
contributions to mortality by cause, the study switches to examining additive diﬀerences in mortality rates. As I will show, this is not the ideal
juxtaposition.
Rather than making a choice, many researchers who examine socioeconomic inequality in mortality rates report indexes of both additive and relative inequality, probably in part because there is controversy over which type
of measure is more meaningful (2, 7). Problems arise when the two measures
indicate opposite trends in inequality. Often they have not, as in the case
of two prominent studies that ﬁnd that additive and proportional socioeconomic diﬀerentials in mortality rates widened among white men between
the 1960s and the 1980s (9, 10). But the latter study reveals that trends in
additive and proportional inequality in mortality rates among older women
had moved in opposite directions.
Other studies of trends produce results with very clear inconsistencies
across the two types of measure. Two related articles examine diﬀerentials
in mortality rates across education and income between the 1960s and 1980s
(12, 13). They ﬁnd that proportional inequality had increased between for
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all race/sex groups, while additive inequality decreased for all but one group.
A recent article reveals uniform narrowing in both additive and proportional
indexes of income and racial inequality in mortality rates between 1966 and
1980, followed by a period of rising proportional inequality but stagnant additive inequality (2). An unpublished study of inequality in mortality rates
among military retirees according to their ﬁnal rank reveals widening proportional inequality in mortality rates since 1974 but stagnant or decreasing
additive inequality (Edwards RD, Queens College, CUNY).
Reporting or at least exploring trends in all possible measures of inequality is certainly an option for researchers studying diﬀerential mortality
rates. But when trends contradict one another, inference is clouded. I argue
that evidence and theory suggest that proportional inequality in mortality
rates should be the preferred indicator, just as additive diﬀerences in life
expectancy seem to be universally well regarded. Both choices are motivated
by similar evidence and theory. For exposition, I ﬁrst explore how and why
measures can disagree on trends in inequality.

Proportional versus additive inequality in mortality rates
It is very easy for trends in additive measures of additive socioeconomic inequality in mortality rates to diverge from trends in proportional measures.
As discussed in a recent review of the literature (21), the key element is
the nature of change in mortality rates. If all mortality rates are declining
proportionally, then proportional inequality must remain the same while ad5

ditive inequality will decrease, since additive gains are larger for groups with
high mortality. If instead all mortality rates are declining additively, then
additive inequality will naturally remain unchanged while proportional inequality will increase because gains are proportionally larger for groups with
low mortality.
Table 1 depicts these patterns in two simple examples of inequality trends
observed after a “top” group starts with half the mortality rate of a“bottom”
group. I use two indexes of inequality that are standard in the literature. The
slope index of inequality (SII) measures the average additive change in an
indicator over the entire distribution of a characteristic at a point in time. In
this dichotomous example, the SII is merely the diﬀerence of the two groups’
mortality rates. The relative index of inequality (RII) is the proportional
analogue of the SII. It is the average additive change over the distribution
in the proportion of an indicator relative to the unconditional average of the
indicator. Here, it is the SII divided by the average mortality rate over the
two groups. These and other inequality measures are reviewed and discussed
in greater detail elsewhere (8).
The SII and RII register very diﬀerent trends in inequality depending on
the underlying nature of mortality change. In panel A of Table 1, mortality
rates of both groups decline at 1%, which leads to a larger additive change in
the bottom group’s mortality rate and an improvement in additive inequality
as measured by the SII. But since both groups’ mortality rates decline at
the same proportional rate, the RII remains unchanged. Panel B considers
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inequality when mortality rates decline by a constant additive amount for
both groups. The SII remains constant under this scenario, but the RII
measures a worsening in proportional inequality because the bottom group
experienced a less-rapid decline.
Which measure of inequality in mortality rates is better for examining
trends in inequality depends on the nature of the overall trend in mortality.
It is intuitive to expect that if groups are sharing equally in the typical gains
against mortality, then inequality should remain ﬁxed. Additive measures
of inequality like the SII would be appropriate for indicators that tend to
increase additively over time, while proportional measures like the RII would
be appropriate when the trend is proportional change.

Temporal trends in mortality
Our common perception of additive diﬀerences in life expectancy as best indicating socioeconomic inequality in mortality is already consistent with the
notion that sharing equally in gains in life expectancy should be associated
with static inequality. Throughout the last several hundred years of human
history, “best practices” female life expectancy at birth, the highest recorded
level in any country in a particular year, has increased remarkably linearly
(22). The same is true of the life expectancy for both sexes in industrialized countries since 1955 (23), for which a straight line regression explains
90 percent or more of the temporal variation.
In any particular country, life expectancy is not strictly linear but may
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accelerate and decelerate somewhat over time, as shown for the U.S. since
1933 in Figure 1. Progress against mortality is a complicated function of
the advent and implementation of new technologies, incomes, and behaviors,
all of which ﬂuctuate around trends. The ﬁgure also shows the waxing and
waning of the female advantage, arguably the most fundamental human inequality in mortality that is universally measured as the additive gap in life
expectancy (16–19).
As life expectancy has grown additively, and as additive inequality in
life expectancy has ebbed and ﬂowed, mortality rates have been declining
proportionally. In fact, demographers have historically tended to characterize
the dominant temporal trend in mortality in industrialized countries since
the Second World War as one of steady proportional decline in mortality
rates (24–26). There are signs this view may be changing somewhat given
the linearity of life expectancy increases (27, 28), but proportional decline
remains the basis for many oﬃcial forecasts, including those of the U.S. Social
Security Administration.
Figure 2 plots the logarithm of age-adjusted mortality rates in the U.S.
since 1933 for males, females, and both sexes combined using data from the
Human Mortality Database (29). As with life expectancy, rates of decline
in mortality rates have clearly oscillated, but 92.7 percent of the temporal variation in U.S. log mortality rates can be explained by a straight-line
projection (23, 24). Comparison of Figures 1 and 2 also reveals the tight
empirical link between the proportional female advantage in mortality rates
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and the additive female advantage in life expectancy.

Perspectives from mathematical demography
Recent advances in mathematical demography have revealed that proportional change in mortality rates and additive change in life expectancy are
conceptually as well as empirically related. By extension, these ﬁndings suggest that proportional diﬀerences in mortality rates across any covariate are
roughly equivalent to additive diﬀerences in life expectancy. Since we measure additive inequality in life expectancy, we should measure proportional
inequality in mortality rates; both measures are consistent with the concept of sharing equally in the gains against mortality as representing stable
inequality.
The formal relationship between mortality rates and life expectancy is
complicated (30, 31). But a recent contribution (32) reveals the following
relationship between changes in remaining life expectancy at birth, eo (0, t),
and changes in mortality rates over time, t:
∂ o
e (0, t) = ρ̄(t)e† (t) + Covf [ρ(a, t), eo (a, t)],
∂t

(1)

where ρ(a, t) is the proportional rate of decline in mortality rates at age a;
ρ̄(t) is the average across all ages; e† (t) is the average years lost per death;
and the last term is the covariance between ρ(a, t) and eo (a, t), the expected
years remaining at age a, weighted by the probability density of ages at
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death, f (a, t). The covariance term in equation 1 tends to be small, and e†
changes slowly, so the equation reveals that additive change over time in life
expectancy arises from proportional change over time in mortality rates.
Mortality rates and life expectancies change across other covariates as
well as time, of course. In the traditional proportional hazards model (33),
we assume that mortality rates vary proportionally with some covariate x.
It is straightforward to reinterpret equation 1 to apply more generally to the
gradient in life expectancy through a socioeconomic covariate x, where the
proportional change in mortality rates through x, ρx , is now important:
∂ o
e (0, t, x) = ρ̄x (t)e† (t, x) + Covf [ρx (a, t), eo (a, t, x)].
∂x

(2)

The covariance term is likely to be small, as it was before, but the years of
life lost per death, e† (t, x), may vary more across the socioeconomic variable
x than across time t, as was important in equation (1). But to a ﬁrst approximation, equation 2 suggests that additive socioeconomic diﬀerences in
life expectancy arise from proportional socioeconomic diﬀerences in mortality
rates.
These perspectives all point to a single bottom line. The dominant temporal pattern in mortality can be viewed as either proportional decline in
mortality rates or additive increase in life expectancy. Either way, measures
of inequality that appropriately capture equal progress against mortality are
proportional in the case of mortality rates or additive in the case of life ex-
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pectancy. In the cross section, proportional diﬀerences in mortality rates are
approximately equivalent to additive diﬀerences in life expectancy. Given
that we measure socioeconomic diﬀerentials in life expectancy on an additive
basis, we should measure socioeconomic diﬀerentials in mortality rates on a
proportional basis.

Discussion
The choice and interpretation of inequality measures, like the underlying
socioeconomic disparities in health they are designed to illuminate, is a topic
of much recent interest in epidemiology and public health (3, 34, 35). In this
paper I have tried to argue that when the indicator of health is mortality, we
should measure either proportional inequality in mortality rates or additive
inequality in life expectancies. These two measures are consistent with the
temporal trends in either indicators, meaning that stable inequality implies
equal sharing in the gains against mortality. They are also approximately
equivalent to one another through formal demography.
While it is not incorrect to report both proportional and additive measures of socioeconomic inequality in mortality rates, the literature has shown
that doing so can lead to confusion because the two indicators can easily
diverge. Researchers should attempt to provide the clearest picture of trends
to policymakers and the public.
Formally, I remain agnostic regarding the separate but related topic of
the ideal measure of socioeconomic inequality in health conditions. Other
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work has dealt with this issue directly (3, 6, 34, 35). I speculate that since
proportional indexes of inequality, like the RII, are better for measuring
socioeconomic diﬀerentials in mortality rates, they may also be preferable
to additive indexes of inequality in the prevalence of health conditions. We
typically model the odds of death rising linearly with health conditions, and
odds ratios are more similar to mortality rates than years of life expectancy.
This view would be consistent with a recent strand in the literature (6).
When viewed with the perspectives I have outlined in this paper, the
preponderance of empirical evidence suggests that socioeconomic health inequalities have been widening. Additive diﬀerentials in mortality rates may
be stable or even falling, but the trends in proportional diﬀerences in mortality rates or in additive diﬀerences in life expectancy best inform us about the
evolution of socioeconomic disparities in health. As one recent report pointed
out (15), it is striking that the racial gap in mortality seems to have narrowed
since the late 1980s (14), while inequality based on education or income appears to have widened during that period. Adopting a common framework
of measurement and interpretation will streamline continued research into
dynamics such as these.

12

Acknowledgements
Author aﬃliations
Economics Department, Queens College, City University of New York (Ryan
D. Edwards); Graduate Center, City University of New York (Ryan D. Edwards); National Bureau of Economic Research (Ryan D. Edwards).

References
[1] Murray CJ, Kulkarni SC, Michaud C, et al. Eight Americas: Investigating mortality disparities across races, counties, and race-counties in
the United States. PLoS Medicine 2006;3(9):1513–1524.
[2] Krieger N, Rehkopf DH, Chen JT, et al. The fall and rise of US inequities
in premature mortality: 1960–2002. PLoS Medicine 2008;5(2):227–241.
[3] Harper S, Lynch J, Meersman SC, et al. An overview of methods for
monitoring social disparities in cancer with an example using trends in
lung cancer incidence by area-socioeconomic position and race-ethnicity,
1992-2004. American Journal of Epidemiology 2008;167(8):889–899.
[4] Mossey JM, Shapiro E. Self-rated health: A predictor of mortality
among the elderly. American Journal of Public Health 1982;72:800–808.
[5] Hurd MD, McGarry K. Evaluation of the subjective probabilities of sur-

13

vival in the Health and Retirement Study. Journal of Human Resources
1995;30(supp):s268–s292.
[6] Kakwani N, Wagstaﬀ A, van Doorslaer E. Socioeconomic inequalities in
health: Measurement, computation, and statistical inference. Journal
of Econometrics 1997;77(1):87–103.
[7] Keppel K, Pamuk E, Lynch J, et al. Methodological issues in measuring
health disparities. Vital Health Statistics 2 2005;141:1–16.
[8] Wagstaﬀ A, Pact P, van Doorslaer E. On the measurement of inequalities
in health. Social Science & Medicine 1991;33(5):545–557.
[9] Feldman JJ, Makuc DM, Kleinman JC, et al. National trends in the
educational diﬀerentials in mortality. American Journal of Epidemiology
1989;129(5):919–933.
[10] Preston SH, Elo IT. Are educational diﬀerentials in adult mortality
increasing in the United States?

Journal of Aging and Health 1995;

7(4):476–496.
[11] Duleep HO. Measuring socioeconomic mortality diﬀerentials over time.
Demography 1989;26(2):345–351.
[12] Pappas G, Queen S, Hadden W, et al. The increasing disparity in mortality between socioeconomic groups in the United States, 1960 and 1986.
New England Journal of Medicine 1993;329(2):103–109.
14

[13] Schalick LM, Hadden WC, Pamuk E, et al. The widening gap in death
rates among income groups in the United States from 1967 to 1986.
International Journal of Health Services 2000;30(1):13–26.
[14] Harper S, Lynch J, Burris S, et al. Trends in the black-white life expectancy gap in the United States, 1983–2003. Journal of the American
Medical Association 2007;297(11):1224–1232.
[15] Meara ER, Richards S, Cutler DM. The gap gets bigger: Changes in
mortality and life expectancy, by education, 1981–2000. Health Aﬀairs
2008;27(2):350–360.
[16] Glei DA, Horiuchi S. The narrowing sex diﬀerential in life expectancy
in high-income populations: Eﬀects of diﬀerences in the age pattern of
mortality. Population Studies 2007;61(2):141–159.
[17] Tabutin D, Willems M. Diﬀerential mortality by sex from birth to adolescence: The historical experience of the West (1750-1930). In: Too
Young to Die: Genes or Gender?, New York: United Nations Population Division. 1998;17–52.
[18] Stolnitz GJ. A century of international mortality trends: II. Population
Studies 1956;10(1):17–42.
[19] Pampel FC. Cigarette use and the narrowing sex diﬀerential in mortality.
Population and Development Review 2002;28(1):77–104.

15

[20] Elo IT. New African American life tables from 1935–1940 to 1985–1990.
Demography 2001;38(1):97–114.
[21] Wilmoth JR, Dennis M. Social diﬀerences in older adult mortality in
the United States: Questions, data, methods, and results. In: Robine
JM, Crimmins EM, Horiuchi S, et al., eds., Human Longevity, Individual
Life Duration, and the Growth of the Oldest-Old Population, Dordrecht:
Springer. 2006;297–332.
[22] Oeppen J, Vaupel JW. Broken limits to life expectancy. Science 2002;
296:1029–1031.
[23] White KM. Longevity advances in high-income countries. Population
and Development Review 2002;28(1):59–76.
[24] Lee RD, Carter LR. Modeling and forecasting U.S. mortality. Journal
of the American Statistical Association 1992;87(419):659–671.
[25] Tuljapurkar S, Li N, Boe C. A universal pattern of mortality decline in
the G7 countries. Nature 2000;45:789–792.
[26] Lee RD, Miller T.

Evaluating the performance of the Lee-Carter

approach to modeling and forecasting mortality. Demography 2001;
38(4):537–549.
[27] Bongaarts J. Long-range trends in adult mortality: Models and projection methods. Demography 2005;42(1):23–49.
16

[28] Bongaarts J. How long will we live?

Population and Development

Review 2006;32(4):605–628.
[29] Human Mortality Database. 2008. University of California, Berkeley
(USA) and Max Planck Institute for Demographic Research (Germany).
Available at www.mortality.org.
[30] Vaupel JW. How change in age-speciﬁc mortality aﬀects life expectancy.
Population Studies 1986;40(1):147–157.
[31] Pollard JH. On the decomposition of changes in expectation of life and
diﬀerentials in life expectancy. Demography 1988;25(2):265–276.
[32] Vaupel JW, Romo VC. Decomposing change in life expectancy: A bouquet of formulas in honor of Nathan Keyﬁtz’s 90th birthday. Demography
2003;40(2):201–216.
[33] Cox DR. Regression models and life-tables. Journal of the Royal Statistical Society. Series B (Methodological) 1972;34(2):187–220.
[34] Messer LC. Invited commentary: Measuring social disparities in health
— what was the question again? American Journal of Epidemiology
2008;167(8):900–904.
[35] Harper S, Lynch J, Meersman SC, et al. Harper et al. respond to “Measuring social disparities in health”. American Journal of Epidemiology
2008;167(8):905–907.
17

Table 1: Two Simple Examples of the SII and RII in Mortality Rates per
10,000
Panel A: Uniform proportional decline
Percent Additive
Period 1 Period 2 Change Change
Mortality in:
Top group
100.0
99.0 −1.0%
−1.0
200.0
198.0 −1.0%
−2.0
Bottom group
150.0
148.5 −1.0%
−1.5
Average
SII
−100.0
−99.0 −1.0%
1.0
−0.667
−0.667
0.0%
0.000
RII
Panel B: Uniform additive decline
Period 1
Mortality in:
Top group
100.0
200.0
Bottom group
150.0
Average
SII
−100.0
−0.667
RII

Period 2
99.0
199.0
149.0
−100.0
−0.671

Percent Additive
Change Change
−1.0%
−1.0
−0.5%
−1.0
−0.7%
−1.0
0.0%
0.0
0.7%
−0.004

Notes: The top three rows in each panel depict mortality rates in two time
periods and their associated percentage and additive changes for two ﬁctional
population groups of equal size, “top” and “bottom,” and for the population
average. The slope index of inequality (SII) in mortality rates is the additive diﬀerence between mortality at the top and bottom of the distribution,
while the relative index of inequality (RII) is the SII divided by the average
mortality level.
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Figure 1: Period Life Expectancy at Birth in the U.S. Since 1933
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Source: Human Mortality Database (29).
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Figure 2: Log Age-Adjusted Mortality Rates in the U.S. Since 1933
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Source: Human Mortality Database (29) and author’s calculations. These data are
weighted averages of an annual age and sex-specific mortality rates where the weights
are the population age distribution for both sexes combined for 1970.
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