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Abstract
Background: Racial mortality disparities in the U.S. are well-documented and central to the debate on social
inequalities in health. We argue that standard measures that are used to describe the disparities, such as life
expectancy or years of life lost, underestimate those disparities.
Methods: We analyze contemporary U.S. mortality disparities comparing Blacks and Hispanics to Whites using
CDC and NCHS data. We estimate mortality disparities using standard metrics and a novel approach that weights
mortality inequalities by the population fraction that is exposed to the inequalities. We then express the magnitude of
these inequalities by comparing them to the loss of life due to leading causes of death.
Results: Based on the exposure-adjusted measure, the Black mortality disadvantage is as deadly or deadlier than
circulatory diseases, the top cause of death in the U.S; and 43% (men) and 87% (women) larger than the
disadvantage as measured by life expectancy. For Hispanics, the exposure-adjusted mortality advantage over Whites
is over two times larger, for both men and women, than what life expectancy disparities would imply, and 21%
(men) and 11% (women) larger than when measured using standard years of life lost.
Conclusions: Mortality inequalities experienced by real populations can differ markedly from the inequalities that
are calculated for synthetic populations that are used in standard calculations. We show that racial/ethnic disparities
in the U.S. are underestimated if not adjusted for the populations experiencing the inequalities. For health policy the
exposure-adjusted inequalities are likely to provide a more reasonable signal on where to allocate scarce resources.
Key messages (3 points)
●

Racial mortality inequalities in the U.S. remain large and are a central component in racial inequalities in
well-being.

●

Commonly used approaches to measure the racial mortality inequalities are based on synthetic (artificial)
populations.

●

We propose a new exposure-adjusted measure that shows that the disparities experienced by the real
population are markedly larger than what standard measures suggest.
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Introduction
Racial/ethnic disparities in mortality in the U.S. are large and persistent, despite the recent narrowing of the
gap between Black and White Americans.1 The standard indicators for measuring and monitoring these inequalities
include life expectancy and years of life lost. By design, these indicators are based on synthetic or standard
populations; that is, they disregard the actual population age structures when comparing mortality experiences across
populations. This feature may be highly beneficial in some contexts, such as when there are differences in
population age structures, as with Blacks, Whites, and Hispanics in the U.S. (Whites are older). 2 For health policy,
however, measures that account for population size and structure may be helpful in providing a signal on where to
allocate scarce resources.
Furthermore, the age structure-independence property can result in misleading conclusions in some
contexts. The current COVID-19 pandemic provides a salient example. The risk of complications and death after
infection increases exponentially with age.3,4 Therefore, we would expect countries with older populations to be
more heavily afflicted by the pandemic.5 However, an assessment based on life expectancy would conclude that for
two populations the impact of the pandemic would be the same given similar baseline age-specific mortality rates
and COVID-19 related age-specific mortality rates, even if one of the populations is relatively older and would thus
be more affected. That is, the decline in life expectancy would be the same despite one of the populations
experiencing more deaths at old ages. This shortcoming is known,6 but often not sufficiently acknowledged.
A key alternative summary measure to life expectancy is years of life lost, which is commonly used to
assess the relative importance of specific causes of death within a population and thus guide public health
interventions.7 Years of life lost are the sum of the years between the age at which death occurs and the age at which
we would expect the death to occur, that is, remaining life expectancy.8,9 Years of life lost measures need to be
directly age-standardized for cross-population comparisons, using a shared population age structure. This is not
without controversy, as there is no generally agreed-upon objective way to choose the standard population, and
results may vary strongly depending on the standard,10 affecting not only the magnitude of disparities but even their
direction.11 Given the importance of age structures in mortality assessments, this is a partial solution at best.
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We propose a novel measure for evaluating mortality inequalities that accounts for the actual age structures
of the populations. In contrast to the common approach used in years of life lost calculations, our proposed
exposure-adjusted indicator addresses shortcomings of subjective and direct age-standardization by using the real
population exposures. We demonstrate this exposure-adjusted measure with a case study evaluating contemporary
mortality inequalities in the U.S. between non-Hispanic Blacks, non-Hispanic Whites, and Hispanics. To highlight
the magnitude of the differences among measures, we compare our measure of exposure-adjusted inequalities to the
inequalities estimated when using life expectancy and standardized years of life lost. Our findings suggest that
standard demographic indicators underestimate the mortality inequalities because they disregard actual population
age structures when comparing mortality experiences across populations. The results based on the novel
exposure-adjusted indicator, which we call the exposure-adjusted mortality gap, suggest that inequalities are
substantially larger than standard demographic methods would imply.

Methods
The measurement of the racial mortality gap
The object of interest of this study, the racial mortality gap, is measured as the difference between given mortality
indices across two races (A,B). In the case of comparisons based on life expectancy, this is simply given by:
𝐴,𝐵

𝐴

𝐵

Δ𝑒0 = 𝑒0 − 𝑒0 (1)
𝐺

where 𝑒0 stands for the life expectancy at birth of racial group G; for simplicity, we denote the mortality gap
measured using this approach as Δ𝑒0. Another common strategy is based on the years of life lost (YLL)
framework.8,9 While typically YLL are used to assess cause-related mortality, they can also be utilized to assess the
racial mortality gap. The standard approach calculates YLL per death as the difference between the age at death and
the life expectancy at that given age. At a population level, they are often expressed in rates (per 100k); for
population G, YLL (rates) are given by:
𝐺

𝐺

𝑌𝐿𝐿𝐺 = ∑ 𝑚𝑥 · 𝑒𝑥 · 𝐶𝑥 ·100000

(2)

𝑥
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𝐺

𝐺

where 𝑚𝑥 , 𝑒𝑥 , 𝐶𝑥

are the age-specific mortality rates, standard remaining life expectancy for persons dying in

each age group, and fraction of the population, respectively. In cross-population comparisons, such as racial/ethnic
𝑠

groups, they are typically (directly) age-standardized employing a reference standard population ( 𝐶𝑥), which we
denote 𝑠𝑌𝐿𝐿. This version of the racial mortality gap, denoted Δ𝑠𝑌𝐿𝐿, is thus:
Δ𝑠𝑌𝐿𝐿𝐴,𝐵 = 𝑠𝑌𝐿𝐿𝐴 − 𝑠𝑌𝐿𝐿𝐵

(3)

A counterfactual approach to racial mortality inequality
We propose a counterfactual method to the measurement of mortality disparities. The basic idea, in the
spirit of indirect standardization methods, consists of measuring the disparity between a population A and its
reference B as the mortality change for A from attaining B’s mortality rates while holding constant A’s age structure.
We embed this calculation in the standard years of life lost (YLL) approach. We call this indicator the
exposure-adjusted mortality gap (𝑒Δ𝑌𝐿𝐿).
We operationalize this idea in the following manner. Instead of using direct age-standardized YLL (𝑠𝑌𝐿𝐿),
we compute a counterfactual YLL ( 𝑐𝑌𝐿𝐿), with A’s age structure and B’s mortality rates.
𝐵

𝐴

𝑐𝑌𝐿𝐿𝐴 = ∑ 𝑚𝑥 · 𝑒𝑥 · 𝐶𝑥 · 100000

(4)

𝑥

𝑐

Then, we measure the MG as the difference between 𝑌𝐿𝐿 and the actual YLL, i.e. the YLL at both A’s current
mortality rates and population age structure; that is, 𝑒Δ𝑌𝐿𝐿 is the difference between (2) and (4).
𝑒Δ𝑌𝐿𝐿𝐴,𝐵 = 𝑌𝐿𝐿𝐴 − 𝑐𝑌𝐿𝐿𝐴 (5)
Thus, a positive 𝑒Δ𝑌𝐿𝐿 (5) shows how many years of life are lost (a “disadvantage”) and a negative 𝑒Δ𝑌𝐿𝐿 how
many years are gained (an “advantage”) relative to a reference population’s mortality. This age-structure-dependent
measure of mortality differences can then be used as the foundation to study the racial/ethnic mortality disparity,
without arbitrarily choosing a population for (direct) age standardization.
Similar counterfactual approaches are frequently used in demography, epidemiology, and public health. Our
proposal follows the logic of indirect standardization methods.12 Indirect standardization measures, such as the
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standardized mortality ratio, compare observed death counts to a counterfactual based on the actual population age
structure and the reference population’s mortality rates. We embrace this approach and extend it to consider the age
gradient of the loss of life accrued by deaths. How can these counterfactual mortality rates be understood? Mortality
disparities are rooted in mutable social inequities, such as socioeconomic disparities and racial discrimination. For
example, the approximately double infant mortality rates Blacks suffer compared with Whites13 have been tied to
access to care,14 race-related biases at treatment,15 and other social factors.16 Thus, it is conceivable that
disadvantaged racial/ethnic groups might achieve the lower mortality rates of the more advantaged. This is our
counterfactual.
Intuitively, population groups may place more importance on mortality risks affecting larger fractions of the
population. In the infant mortality rate example above, for a group with a young population with high fertility rates,
reducing infant mortality could represent a greater reduction in loss of life than improving mortality rates at the
upper end of the mortality distribution. And the contrary could be true for a relatively older population group, as in
the COVID-19 example above, where older populations may focus more resources on COVID-19 prevention. Thus,
adjusting for the actual age structure of the population may lead to a greater understanding of how to prioritize
public health interventions to reduce loss of life. Our measure, 𝑒Δ𝑌𝐿𝐿 , allows us to evaluate these trade-offs.

Comparisons to other approaches
In order to compare our results to those of existing methods measuring the mortality gap using life
expectancy (Δ𝑒0) or standardized YLL (Δ𝑠𝑌𝐿𝐿), we normalize each measure by dividing it by the loss of life from
leading causes of death. This normalization serves two purposes. First, it serves as a reference for the magnitude of
the 𝑒Δ𝑌𝐿𝐿,2 by comparing it with important causes of death (COD) with which we are already familiar. Second, it
facilitates the comparison of the racial gap across metrics using different units of measure. The importance of these
causes of death within a racial/ethnic group is assessed using standard approaches; for 𝑒0, we use a cause-deleted life
table approach11 and for YLL, we compute the YLL associated with each COD.8,9
We measure racial mortality gaps through counterfactuals based on examining actual populations with
alternative mortality rates. In contrast, both Δ𝑒0 and Δ𝑠𝑌𝐿𝐿 evaluate the racial mortality disparities for
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counterfactuals based on synthetic populations with actual mortality rates. In the case of Δ𝑠𝑌𝐿𝐿, it captures the racial
mortality inequalities that would exist should all races share the age structure of a reference population (e.g., the
U.S. standard population). In turn, Δ𝑒0 based assessments can be given a population interpretation, whereby
differences in life expectancy at birth between race-specific populations are the disparity in mean ages at death in
their respective stationary populations (stable -- long run -- populations based on current mortality rates and no
population growth). Therefore, both approaches evaluate mortality disparities in synthetic / theoretical populations
that do not reflect the fraction of the populations suffering from the existing mortality disparities. Figure 1 illustrates
the differences in age structure by race and gender between the current population and the life table and the U.S.
standard populations. Both the Hispanic and Black actual populations are younger than the life table and standard
populations suggest (more in the Hispanic case), whereas the reverse is true for Whites.
Application
We use the 𝑒Δ𝑌𝐿𝐿 to re-analyze contemporary racial/ethnic mortality inequalities in the U.S., using the
National Center for Health Statistics (NCHS) data. We compare non-Hispanic Blacks and Hispanics (irrespective of
race) to non-Hispanic Whites. We use circulatory diseases, the leading cause of death in the U.S., for normalizing
racial disparities. Table 1 displays all the elements of these calculations and the results. We divide the racial
mortality gap calculated according to each approach (table 1, column 4) by the loss of life from a cause of death
(table 1, column 5). For Blacks, the normalized mortality disparity is interpreted as "the mortality disadvantage of
Blacks compared to Whites is X times as much loss of life as circulatory diseases." Hispanics have lower mortality
than Whites, so the ratio captures the mortality advantage of Hispanics. We calculate similar relative metrics based
on Δ𝑒0 and Δ𝑠𝑌𝐿𝐿.

Data
Life tables for year 2018 by single year of age, sex, race, and Hispanic origin were retrieved from the
NCHS Life Tables website's public files.17 Death counts for 2018 by cause, single-year of age, sex, race, and
Hispanic origin were obtained from the Mortality Multiple Cause Files, available through the Vital Statistics online
data portal.18 Causes of death were defined following the 10th revision of the International Statistical Classification
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of Diseases (ICD-10). The U.S. standard population and U.S. population estimates by single year of age (0, 1, 2,...,
85 years and over), abridged race, Hispanic origin, and sex, on July 1, 2018, were taken from the abridged-race
intercensal estimates of the resident population of the United States website.19 Standard life expectancies by single
year of age and a 85+ open-ended age interval were taken from the WHO.8

Results
Figure 2 (Panel A) shows the racial/ethnic mortality disparity for Blacks and Hispanics based on life
expectancy (Δ𝑒0), the direct age standardized (using the U.S. standard population) YLL (Δ𝑠𝑌𝐿𝐿), and the
exposure-adjusted racial mortality gap (𝑒Δ𝑌𝐿𝐿). Each point represents the ratio of the racial/ethnic disparity to the
gains from removing circulatory diseases. We find that, across race/ethnicity and gender, mortality disparities based
on 𝑒Δ𝑌𝐿𝐿 are larger than those captured by Δ𝑒0. The Black/White disparity in Δ𝑒0 is two thirds (0.66) the size of the
loss of life expectancy from circulatory diseases for the total Black population. However, based on YLL - both
Δ𝑠𝑌𝐿𝐿 and 𝑒Δ𝑌𝐿𝐿 - the racial disadvantage is as deadly as the leading COD (1.02 and 1.1). That is, the Black/White
racial disparity is 67% (1.07/0.66) larger based on our approach. The Hispanic mortality advantage based on Δ𝑠𝑌𝐿𝐿
and 𝑒Δ𝑌𝐿𝐿 (1.31 and 1.5) is more than two times larger than what the Δ𝑒0 based metric implies (0.61). In some
cases Δ𝑠𝑌𝐿𝐿 and 𝑒Δ𝑌𝐿𝐿 differ substantially. For instance, for Hispanic men compared with White men, Δ𝑠𝑌𝐿𝐿
indicates that ethnic disparities are roughly as deadly as circulatory disease (1.08), while the 𝑒Δ𝑌𝐿𝐿 indicates that
ethnic disparities are a considerably bigger killer (1.31).

Gender specific results
The gender specific results show, across measures, that the mortality disadvantage is higher for Black males
than females, and that Hispanic females have a greater mortality advantage than males. However, gender disparities
within racial/ethnic groups vary by measure. According to Δ𝑒0, the racial gap is 39% (0.53/0.87) smaller for Black
females than males, whereas based on the 𝑒Δ𝑌𝐿𝐿 it is 20% (0.99/1.24) smaller. We find the opposite results for
Hispanics, with a larger advantage for females based on 𝑒Δ𝑌𝐿𝐿, 35% (1.77/1.31), compared to Δ𝑒0, 5% (0.61/0.58).
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Comparison to other leading causes of death
In figure 2 (Panel B) we normalize by the five leading causes of death in the U.S. to assess whether our
results are anomalous to circulatory disease or demonstrative of a pattern. We find that racial/ethnic disparities based
on existing approaches (Δ𝑒0, Δ𝑠𝑌𝐿𝐿) are smaller across almost all causes of death. The exception is external causes,
for which the disparity is larger based on Δ𝑒0 than on our approach. This is in part due to the relatively young
population composition of Hispanics and Blacks, combined with the fact that, unlike most causes of death, external
causes disproportionately affect younger ages. Thus, results for external causes cannot be interpreted as an
indication that the racial mortality disparity is relatively smaller according to our counterfactual-based analysis.

Discussion
Our results show that racial/ethnic mortality evaluations that account for actual population age structures
indicate larger mortality disparities than analyses based exclusively on differences in mortality rates, such as life
expectancy. Based on our exposure-adjusted measure, the 𝑒Δ𝑌𝐿𝐿, we find a (67%) larger Black/White mortality
disparity, and a greater (146%) Hispanic mortality advantage than what life expectancy based calculations would
imply. These disparities are also larger than the results obtained using standardized years of life lost measures,
indicating that using real age structures instead of standard age structures identifies greater racial/ethnic mortality
disparities in the U.S. context.
Our measure complements existing approaches to measure mortality trends and disparities; ultimately, the
best approach depends on the question. We have posited that exposures ought to play a central role in understanding
population-level disparities, and as such, the 𝑒Δ𝑌𝐿𝐿 is particularly well-suited to study racial/ethnic mortality
inequalities. The focus on exposures might not always be warranted. Age-specific life expectancies are commonly
used as population-based estimates of remaining life years for actuarial calculations, such as the ones involved in the
forecasts of pension expenditures.20 In trying to understand and model individual behaviour (e.g. savings decisions),
individual survival probabilities play a central role.21 Finally, we might want to hold age structures constant in
assessing temporal trends in issues such as the burden of disease, as to assess the improvement of condition-specific
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mortality rates.22 Our approach is thus tailored for analyses in which age-structures are a fundamental component,
not merely a confounder.
Similar to existing approaches, a shortcoming of our approach is that we do not consider the effect
changing mortality rates could have on age structures. This is clearly the case for Δ𝑠𝑌𝐿𝐿, since direct age
standardization assumes that different mortality rates can coexist with an identical age distribution. It might appear
that Δ𝑒0 does not suffer for this shortcoming. Indeed, in the calculation of 𝑒0, the age structure is implicitly derived
from the mortality rates. However, the implicit age structure of the life table is based exclusively on mortality rates,
and thus does not represent a realistic approximation of the age structure under alternative mortality distributions.
Beyond technical considerations, the approaches to mortality evaluation we have presented also correspond
to distinct perspectives on racial equity in mortality. The underlying notion of equity behind Δ𝑒0-based analysis is
that equality will be achieved when any two individuals born in the U.S., regardless of race/ethnicity, have the same
life expectancy (individual equality). Alternatively, we have presented a different version whereby equality implies
that, given their age structure, no race/ethnicity would be better off exchanging their mortality rates with those of
any other race/ethnicity (population equality). The two notions are not equivalent, as we have illustrated in this
work, and thus can lead to different recommendations for policies that pursue the reduction of disparities. Given that
both approaches have similar data requirements and analytical complexity, the preferred approach will depend on the
research question.

Conclusion
The purpose of this piece is to introduce a new approach to measuring mortality disparities. The
exposure-adjusted mortality gap (𝑒Δ𝑌𝐿𝐿) explicitly incorporates age structures in cross-population analyses. We also
compare the 𝑒Δ𝑌𝐿𝐿 to the disparity found using two common alternatives - life expectancy and years of life lost.
Other indicators that quantify additional dimensions of mortality and health disparities might benefit from insights
from this work, such as measures of life table based longevity like the median and modal ages at death23 and lifespan
inequality indices.24 Other measures, such as quality adjusted years of life years (QALY), often used in policy
evaluations,25 consider the disability status of years lived. While these measures provide additional insights on
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racial/ethnic mortality disparities beyond those covered by our approach, the exposure-related considerations at the
core of our contribution also apply. Exploring the quantitative implications of incorporating exposures into these
measures represents an interesting potential avenue for future research.
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Tables and figures

Race

Gender

Metric

5.92

0.53

Δ𝑠𝑌𝐿𝐿

4841.49

5003.87

0.97

𝑒Δ𝑌𝐿𝐿

5118.75

5171.75

0.99

4.91

5.65

0.87

Δ𝑠𝑌𝐿𝐿

9301.01

8487.66

1.10

𝑒Δ𝑌𝐿𝐿

9259.43

7448.90

1.24

3.92

5.93

0.66

Δ𝑠𝑌𝐿𝐿

6688.90

6547.06

1.02

𝑒Δ𝑌𝐿𝐿

6913.89

6267.33

1.10

-3.22

5.31

0.61

Δ𝑠𝑌𝐿𝐿

-3632.78

2266.27

1.60

𝑒Δ𝑌𝐿𝐿

-2937.75

1655.30

1.77

-2.88

4.99

0.58

Δ𝑠𝑌𝐿𝐿

-4352.55

4039.22

1.08

𝑒Δ𝑌𝐿𝐿

-3341.36

2551.48

1.31

-3.20

5.28

0.61

Δ𝑠𝑌𝐿𝐿

-4045.20

3076.66

1.31

𝑒Δ𝑌𝐿𝐿

-3159.35

2100.87

1.50

Δ𝑒0
Black

Male

Δ𝑒0
Total

Δ𝑒0
Female

Δ𝑒0
Hispanic

Male

Δ𝑒0
Total

Ratio of
mortality gap
to life loss
circulatory
diseases

3.11

Δ𝑒0
Female

Mortality gap

Gain from
circulatory
diseases
elimination

Table 1. The table presents Δ𝑒0, Δ𝑠𝑌𝐿𝐿, 𝑒Δ𝑌𝐿𝐿 for: the racial gap between each race and Whites (column 4), the
loss of life from circulatory diseases for each race (column 5), and the ratio of the two (column 6). In the case of
Hispanics, the mortality gap is negative (advantage), whereas for Blacks it is positive (disadvantage).
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Figure 1. Deviations from the actual age distribution (2018).
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Figure 2. Mortality gap based on life expectancy (Δ𝑒0), standardized YLL (Δ𝑠𝑌𝐿𝐿) and exposure-adjusted YLL (
𝑒Δ𝑌𝐿𝐿). Panel A displays the racial/ethnic disparity for females, males, and total in relation to circulatory diseases.
Panel B reports the racial/ethnic disparity for females, males, and total using other causes of death (top 5 causes) as a
reference.

15

