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BSTRACT

 

Background

 

Mortality from all causes is higher for
persons with fewer years of education and for blacks,
but it is unknown which diseases contribute most to
these disparities.

 

Methods

 

We estimated cause-specific risks of death
from data from the National Health Interview Survey
conducted from 1986 through 1994 and from linked
vital statistics. Using these risk estimates, we calculat-
ed potential years of life lost and potential gains in life
expectancy related to specific causes, with stratifica-
tion according to education level and race.

 

Results

 

Persons without a high-school education
lost 12.8 potential life-years per person in the popula-
tion, as compared with 3.6 for persons who graduated
from high school (ratio, 3.5; P<0.001). Ischemic heart
disease contributed most (11.7 percent) to the differ-
ence according to education in potential life-years lost
(with all cardiovascular diseases accounting for 35.3
percent). All cancers accounted for 26.5 percent, in-
cluding 7.7 percent due to lung cancer; other lung dis-
eases and pneumonia contributed 10.1 percent of the
total, whereas human immunodeficiency virus (HIV)
disease accounted for none of the difference accord-
ing to education. The pattern of disparities according
to level of income was similar to that according to lev-
el of education. Blacks and whites lost 7.0 and 5.2 po-
tential life-years per person, respectively, as a result of
deaths from any cause (ratio, 1.35; P<0.001). Cardio-
vascular diseases accounted for one third of this dis-
parity, in large part because of hypertension (15.0 per-
cent); HIV disease (11.2 percent) contributed almost
as much as ischemic heart disease (5.5 percent), stroke
(2.8 percent), and cancer (3.4 percent) combined; trau-
ma and diabetes mellitus accounted for 10.7 percent
and 8.5 percent, respectively.

 

Conclusions

 

Although many conditions contribute
to socioeconomic and racial disparities in potential
life-years lost, a few conditions account for most of
these disparities — smoking-related diseases in the
case of mortality among persons with fewer years of
education, and hypertension, HIV, diabetes mellitus,
and trauma in the case of mortality among black per-
sons. These findings have important implications for
targeting efforts to reduce existing disparities in mor-
tality rates. (N Engl J Med 2002;347:1585-92.)

 

Copyright © 2002 Massachusetts Medical Society.

 

From the Division of General Internal Medicine and Health Services Re-
search (M.D.W., M.F.S., S.L.E.) and the School of Public Health, Depart-
ments of Health Services (M.F.S., S.L.E.) and Biostatistics (W.J.B.), Univer-
sity of California at Los Angeles, Los Angeles. Address reprint requests to
Dr. Wong at the University of California at Los Angeles, Division of Gen-
eral Internal Medicine and Health Services Research, 911 Broxton Plaza,
Los Angeles, CA 90095-1736, or at miwong@mednet.ucla.edu.

 

ORTALITY rates in the United States
have declined dramatically over the past
century. Yet persons with fewer years of
education and black persons still live ap-

proximately six fewer years than better-educated per-
sons and whites, respectively.

 

1,2

 

 Consequently, the
Healthy People 2010 initiative

 

3

 

 has made the elimina-
tion of disparities in health its primary goal.

The task of eliminating health disparities seems
overwhelming, since minorities and the less educated
have higher mortality rates for a wide range of diseas-
es, including stroke,

 

4,5

 

 diabetes,

 

6,7

 

 cancer,

 

8-11

 

 heart dis-
ease,

 

12-15

 

 the acquired immunodeficiency syndrome
(AIDS),

 

16,17

 

 and lung disease.

 

11,18

 

 However, we might
achieve greater success by targeting the diseases that
have the greatest influence on disparities in mortality.
In this study, therefore, we estimated the differences
associated with race and level of education in terms of
potential life-years lost and potential gains in life ex-
pectancy related to specific causes, with the goal of de-
termining which contribute most to the disparities.

 

METHODS

 

Study Design

 

Using nationally representative data, we estimated cause-specific
risks of death among adults in the United States. These estimates
were then used in a simulation model to calculate the differences
according to level of education and race in potential years of life lost
and potential gains in life expectancy. Both statistics measure the
influence of different causes on premature death. Potential life-years
lost are the years a person would have lived (up to an age cutoff )
had he or she not died, with the number of years attributed to a
specific cause.

 

19

 

 The potential gain in life expectancy is the increase
in life expectancy that would result if a specific cause of death were
eliminated. Unlike the former method, it does not assume that the
person would have survived until the cutoff age.

 

Sources of Data

 

We examined data from the National Health Interview Survey
conducted from 1986 through 1994; this survey is conducted an-

M
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nually on a cross-sectional probability sample of U.S. households
representing the civilian, noninstitutionalized population.

 

20

 

 The
National Health Interview Survey contains demographic and health
information on each household member. This information is linked
to data on mortality from the National Death Index (with caus-
es coded with the use of the ninth revision of the 

 

International
Classification of Diseases 

 

[ICD-9]) through December 1997.

 

21

 

From the sample of 1,009,451 persons, we excluded 281,491
persons less than 18 years of age (27.9 percent of total) because data
on deaths in this age group were unavailable. We excluded 23,902
persons (2.4 percent) with insufficient data for adequate matching
with the National Death Index data,

 

21

 

 4848 persons (0.5 percent)
with missing data on education, and 77,812 persons (7.7 percent)
who were not classified as either black or white.

Data on mortality from the National Health Interview Survey
extend only to 1997 and thus do not reflect recent improvements
in mortality rates among patients with AIDS.

 

22

 

 From 1994 to 1999,
the annual mortality rate for patients with AIDS dropped by 75.7
percent for white men, 55.8 percent for black men, 59.5 percent
for white women, and 42.1 percent for black women.

 

17

 

 According
to these trends, we proportionately decreased estimates from Na-
tional Health Interview Survey data regarding the risk of death
from AIDS.

 

Estimating Cause-Specific Mortality

 

We used the Kaplan–Meier product-limit method to estimate the
one-year risk of cause-specific death for each subgroup defined by
age, race, sex, and education.

 

23

 

 We dichotomized education using
a cutoff of completion of high school, and we used one-year age
strata. We examined the underlying cause of death, determined by
an algorithm that identified the single, initiating cause ultimately
leading to death from among all causes listed on the death certif-
icate.

 

1,24

 

 We examined deaths from cardiovascular disease, cancer,
infection, diabetes mellitus, renal disease, liver disease, rheumatolog-
ic disease, alcohol-related diseases, trauma (accidents, suicide, and
homicide), and more specific types of cardiovascular disease, cancer,
and infection. The remainder of deaths were categorized as due
to other causes. Using locally weighted scatter-plot smoothing,

 

25

 

we smoothed the hazard probabilities according to cause of death
and strata defined by sex, race, and education.

For the survival analyses, we used weights made up of three com-
ponents. We used original probability weights from the National
Health Interview Survey, which account for the sampling meth-
ods. We also used an “ineligibility weight,” equal to the inverse of
the predicted probability of linkage with the National Death In-
dex (based on a logistic-regression analysis that used age, sex, race,
and income as predictors). Thus, subjects who were demographical-
ly more similar to ineligible persons were assigned greater weights.
Each yearly sample represents the total U.S. population. Thus, com-
bining nine samples (those for 1986 through 1994) would result
in estimates for a sample nine times as large. We therefore used a
third weighting method

 

26

 

 to adjust for the combining of nine Na-
tional Health Interview Survey samples. This weight equals the
proportion of the estimated population for a particular yearly sam-
ple to the combined estimated population for 1986 through 1994.
Thus, a National Health Interview Survey subject in 1986 had a
cohort weight of 0.12 (2.36¬10

 

8

 

 subjects in the estimated pop-
ulation of the 1986 National Health Interview Survey divided by
1.97¬10

 

9

 

 subjects in the combined estimated population).

 

Estimating Potential Life-Years Lost and Potential Gains
in Life Expectancy

 

Estimates of cause-specific risks of death were used in a state-
transition Monte Carlo simulation to model deaths among adults
in the United States. Persons entered the simulation at the age of
25 years and were followed in one-year cycles until death. At each
cycle transition, individual persons either survived to the next year
(thus aging one year) or died from a specific cause. A set of risks

of cause-specific death estimated as a function of age, sex, level of
education, and race (as described above) determined each transition.

To compare deaths according to level of education, we simulated
a corresponding population of persons with more and less educa-
tion who were 25 years of age (100 million in each group) with the
sex and race distribution of the total adult population of the Unit-
ed States, on the basis of data from the 2000 National Health In-
terview Survey. This simulated population consisted of white men
(42.0 percent), black men (5.7 percent), white women (45.2 per-
cent), and black women (7.0 percent). To compare deaths accord-
ing to race, we used a simulated population of black persons and
white persons 25 years of age that included men with more educa-
tion (high-school graduation or greater, 38.3 percent), men with
less education (no high-school graduation, 9.5 percent), women
with more education (42.1 percent), and women with less educa-
tion (10.2 percent).

From this simulation, we estimated potential life-years lost as the
difference between age at death and the maximal number of years
a person could have lived, which we set at 75 (i.e., no life-years were
considered lost after the age of 75 years). We estimated the poten-
tial gain in life expectancy for each cause of death as the change in
life expectancy when the mortality for that particular cause was set
to zero. To make the results of the calculations for potential gains
in life expectancy and potential life-years lost comparable, we trun-
cated life expectancy at the age of 75.

We estimated standard errors using percentile nonparametric
bootstrap methods with 1000 repetitions.

 

27

 

 Because of the large
sample, we estimated 99 percent confidence intervals. We used Stata
version 7.0 software for survival analyses and SAS version 8.0 for
smoothing hazard probabilities and for the simulation.

 

Sensitivity Analyses and Validation
of the Simulation Model

 

Estimation of potential life-years lost before the age of 85, the
use of other cutoffs for education categories, and categorization of
education into six groups did not significantly change the results.
We also compared income groups, using annual family income
(<$20,000 vs. »$20,000) and the poverty-line cutoff, which is
based on family income adjusted for household size. Results for in-
come were unaffected by the use of other cutoffs and were similar
to the disparities according to level of education.

Errors in the identification of the underlying cause of death may
occur. In particular, death from ischemic heart disease may be mis-
attributed to hypertension, since these are common coexisting con-
ditions. Our results were unchanged when we recategorized deaths
from hypertension as deaths from ischemic heart disease when is-
chemic heart disease was listed anywhere on the death certificate.

To validate the simulation model, we compared the results of the
simulation with empirical estimates for the combined survey cohort
(with an average of 7.4 years of follow-up). We repeated the simu-
lation model for seven annual cycles, using a population similar to
the National Health Interview Survey cohort in age, sex, race, and
level of education. The simulation and the empirical results were
similar.

 

RESULTS

 

Educational Disparities in Potential Life-Years Lost

 

When adjusted for age, sex, and race, the number of
potential life-years lost from all causes of death was 3.5
times as great for persons with less education than for
persons with more education. Persons with less edu-
cation and those with more education lost 12.8 and
3.6 potential life-years before 75 years of age per per-
son, respectively, a difference of 9.2 years (99 percent
confidence interval,  8.5 to 10.7) (Table 1). Less-edu-
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cated persons lost more potential life-years than more-
educated persons for every specific cause we examined,
though not all differences were statistically significant.
Ischemic heart disease contributed most to the edu-
cational disparity in life-years lost (11.7 percent of the
total difference in life-years lost), followed by lung
cancer (7.7 percent), stroke (5.8 percent), congestive
heart failure (5.1 percent), pneumonia (5.1 percent),

and lung disease (5.0 percent). Hypertension contrib-
uted only 3.5 percent, and no difference due to infec-
tion with the human immunodeficiency virus (HIV)
was observed.

 

Racial Disparities in Potential Life-Years Lost

 

When adjusted for age, sex, and level of education,
the number of potential life-years lost from all causes

 

*The number of potential life-years lost per 1000 persons was calculated as (

 

�

 

[75¡age at death for those dying before
75 years of age]÷n)¬1000, where n is the number of persons at risk for death in the population at base line. For edu-
cational differences, persons with less than a high-school education were compared with those who completed high
school, with adjustment for age, sex, and race. For racial differences, blacks were compared with whites, with adjustment
for age, sex, and level of education. CI denotes confidence interval, and HIV human immunodeficiency virus. Because
of rounding, columns may not sum to the totals shown.

†These values are the percent contribution of a specific cause of death to the overall difference in potential life-years
lost to death from all causes between persons with less education and those with more education.

‡These values are the percent contribution of a specific cause of death to the overall difference in potential life-years
lost to death for all causes between blacks and whites.

 

T

 

ABLE

 

 1.

 

 R

 

ACIAL

 

 

 

AND

 

 E

 

DUCATIONAL

 

 D

 

ISPARITY

 

 

 

IN

 

 P

 

OTENTIAL

 

 L

 

IFE

 

-Y

 

EARS

 

 L

 

OST

PER

 

 1000 P

 

ERSONS

 

 

 

BEFORE

 

 

 

THE

 

 A

 

GE

 

 

 

OF

 

 75.*

 

C

 

AUSE

 

 

 

OF

 

 D

 

EATH

 

E

 

DUCATIONAL

 

 D

 

IFFERENCE

IN

 

 L

 

IFE

 

-Y

 

EARS

 

 L

 

OST

 

(99% CI)

% 

 

OF

 

 O

 

VERALL

 

E

 

DUCATIONAL

 

D

 

IFFERENCE

 

† 

R

 

ACIAL

 

 D

 

IFFERENCE

IN

 

 L

 

IFE

 

-Y

 

EARS

 

 L

 

OST

 

(99% CI)

% 

 

OF

 

 O

 

VERALL

 

R

 

ACIAL

 

D

 

IFFERENCE

 

‡

 

Cardiovascular disease 3241 (2815 to 4591) 35.3 612 (147 to 1157) 34.0
Ischemic heart disease 1075 (849 to 2184) 11.7 98 (¡235 to 521) 5.5
Cerebrovascular stroke 537 (204 to 1008) 5.8 50 (¡138 to 207) 2.8
Hypertension 324 (138 to 450) 3.5 270 (136 to 422) 15.0
Congestive heart failure 471 (184 to 1000) 5.1 2 (¡143 to 185) 0.1
Other atherosclerotic disease 414 (145 to 706) 4.5 102 (¡26 to 272) 5.6
Other cardiovascular disease 420 (230 to 750) 4.6 90 (¡41 to 273) 5.0

Cancer 2437 (1703 to 2968) 26.5 55 (¡177 to 503) 3.4
Lung 706 (411 to 1102) 7.7 63 (¡136 to 306) 3.5
Breast 246 (107 to 423) 2.7 ¡36 (¡101 to 130) ¡2.0
Colon 299 (44 to 455) 3.3 ¡25 (¡92 to 144) ¡1.4
Liver 13 (¡19 to 75) 0.1 28 (¡12 to 152) 1.5
Pancreas 123 (42 to 196) 1.3 34 (¡33 to 112) 1.9
Esophagus 47 (¡7 to 81) 0.5 44 (1 to 133) 2.4
Stomach 83 (5 to 138) 0.9 36 (¡6 to 85) 2.4
Uterus or ovary 63 (¡1 to 112) 0.7 ¡17 (¡48 to 36) ¡1.0
Cervix 47 (15 to 83) 0.5 8 (¡7 to 62) 0.5
Prostate 35 (¡52 to 109) 0.4 59 (¡14 to 185) 3.3
Bladder or kidney 62 (¡18 to 158) 0.7 ¡36 (¡79 to 66) ¡2.0
Leukemia or lymphoma 251 (70 to 429) 2.7 ¡44 (¡140 to 59) ¡2.4
Other 464 (226 to 817) 5.1 ¡61 (¡202 to 88) ¡3.4

Infection 839 (515 to 1253) 9.1 381 (219 to 623) 21.1
Tuberculosis 14 (¡5 to 31) 0.2 11 (¡3 to 76) 0.6
Pneumonia 471 (200 to 842) 5.1 93 (¡65 to 229) 5.2
Viral hepatitis 14 (¡5 to 55) 0.1 2 (¡23 to 73) 0.1
Sepsis 141 (34 to 248) 1.5 61 (1 to 142) 3.4
HIV 3 (¡13 to 47) 0.0 202 (161 to 279) 11.2
Other infections 197 (75 to 346) 2.1 11 (¡34 to 135) 0.6

Lung disease 461 (169 to 723) 5.0 ¡104 (¡193 to 100) ¡5.8
Diabetes mellitus 361 (200 to 556) 3.9 153 (4 to 298) 8.5
Renal disease 77 (¡12 to 216) 0.8 72 (¡33 to 192) 4.0
Liver disease 215 (104 to 329) 2.3 46 (¡9 to 123) 2.6
Rheumatologic diseases 5 (¡24 to 28) 0.0 24 (¡12 to 78) 1.4
Alcohol-related diseases 29 (0 to 90) 0.3 14 (¡11 to 112) 0.8
All trauma 487 (350 to 718) 5.3 193 (117 to 517) 10.7

Motor vehicle accident 130 (61 to 218) 1.4 45 (3 to 170) 2.5
Suicide 82 (8 to 177) 0.9 ¡45 (¡98 to 91) ¡2.5
Homicide 48 (3 to 99) 0.5 153 (113 to 352) 8.5
Other accidents 227 (124 to 381) 2.5 40 (¡59 to 148) 2.2

All other causes 1033 (836 to 1692) 11.2 357 (139 to 654) 19.8

Total 9186 (8490 to 10,718) 100.0 1803 (1404 to 2781) 100.0
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of death was 35 percent greater for blacks than for
whites. Black persons and white persons lost 7.0 and
5.2 potential life-years before the age of 75 per per-
son, respectively, a difference of 1.8 years (99 percent
confidence interval, 1.4 to 2.8).

Blacks fared worse than whites for the majority of
specific causes that we examined (Table 1). Death from
hypertension contributed most to the racial disparity
in potential life-years lost (15.0 percent), followed by
HIV disease (11.2 percent), diabetes (8.5 percent),
and homicide (8.5 percent). These estimates have been
adjusted for recent declines in mortality from HIV.

 

17

 

Of the major categories of disease, cardiovascular
disease contributed most to the disparity in mortality
from any cause (34.0 percent), followed by infection
(21.1 percent) and trauma (10.7 percent). Cancer con-
tributed only 3.4 percent to the racial disparity in po-
tential life-years lost, even though cancer was the pre-
dominant cause of death among white persons (33
percent of the total life-years lost) and the second most
common cause among black persons (25 percent).
Deaths from cardiovascular disease ranked first among
black persons (31 percent) and second among white
persons (30 percent). All results were similar when po-
tential life-years lost before the age of 85 years, rather
than the age of 75 years, were examined.

 

Potential Gains in Life Expectancy

 

For each person, potential life-years lost was attrib-
uted to a single cause. Had the person not died from
that cause, however, he or she might have died prema-
turely from another cause. Consequently, potential
life-years lost may not accurately account for “com-
peting risks” of death and may give excessive weight
to causes of death occurring at younger ages.

 

28

 

 The
measure of potential gains in life expectancy avoids
this limitation by estimating the change in life expect-
ancy that would result if a particular cause of death
were eliminated.

 

29

 

The disparity in life expectancy according to educa-
tional level (up to 75 years of age) was 9.19 years over-
all (8.71 years among blacks and 9.27 years among
whites). The elimination of ischemic heart disease
would result in the biggest change, decreasing the
disparity according to educational level to 8.35 years
(a decrease of 0.84 year per person), followed by lung
cancer (decrease, 0.54 year), stroke (decrease, 0.42
year), pneumonia (decrease, 0.37 year), congestive
heart failure (decrease, 0.36 year), lung disease (de-
crease, 0.36 year), colon cancer (decrease, 0.32 year),
diabetes (decrease, 0.28 year), hypertension (decrease,
0.25 year), breast cancer (decrease, 0.19 year), and
leukemia or lymphoma (decrease, 0.18 year) (Fig. 1).

When categorized into six groups, education level
appeared to have some dose–response effect on mor-
tality. As compared with persons with less than a

ninth-grade education, the life expectancy was 7.4
years greater for those with some high-school educa-
tion, 13.1 years greater for those who graduated from
high school, 12.4 years greater for those with some
college education, 13.0 years greater for college grad-
uates, and 12.8 years greater for those with a gradu-
ate-level education.

The disparity in life expectancy according to race
(up to 75 years of age) was 1.80 years overall (1.46
years among less-educated persons and 1.94 years
among more-educated persons). The elimination of
hypertension would have the biggest effect, decreas-
ing this disparity to 1.57 years (a decrease of 0.23 year
per person) (Fig. 1). HIV remained the second most
important cause of the disparity (a decrease of 0.18
year per person), followed by homicide (decrease, 0.13
year), diabetes (decrease, 0.12 year), colon cancer (de-
crease, 0.08 year), pneumonia (decrease, 0.08 year),
and ischemic heart disease (decrease, 0.06 year).

Potential life-years lost and gains in life expectancy
produce similar rankings of the importance of specific
diseases to the disparities in mortality. Thus, the re-
sults in the analysis of potential life-years lost appear
robust against the problem of competing risks.

 

Marginal Effect of Education and Race

 

Adjustment for race had a minimal effect on the
educational disparity in potential life-years lost (Fig.
2). For death from all causes, the disparity was 9.3
years per person (99 percent confidence interval,  8.7
to 10.7) without adjustment for race, and 9.2 years per
person (99 percent confidence interval, 8.5 to 10.7)
with such adjustment. The educational disparity in po-
tential life-years lost was statistically significant for ev-
ery specific cause of death except renal and rheumato-
logic diseases, regardless of adjustment for race.

For all causes, the racial disparity was 2.9 potential
life-years lost per person (99 percent confidence in-
terval,  2.4 to 3.9) without adjustment for education
and 1.8 per person (99 percent confidence interval,
1.4 to 2.8) with such adjustment. Irrespective of ad-
justments for education, blacks lost significantly more
potential life-years than whites due to cardiovascular
disease, infections, diabetes, liver disease, and trauma
(Fig. 3). Adjustment for education had the greatest
effect on racial disparities in deaths from cardiovascu-
lar disease and cancer, the two causes for which the
educational disparity was largest.

 

Adjustment for Recent Trends in Mortality
from HIV Disease

 

After protease inhibitors were introduced in 1996,
mortality from HIV disease declined dramatically.

 

22

 

When we adjusted for this trend, the contribution of
HIV to the racial disparity in potential life-years lost
was 11.2 percent. Before this trend (with mortality es-
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Figure 1.

 

 Change in the Disparity in Life Expectancy If Selected Diseases Were Eliminated.
The change in the disparity in life expectancy according to educational level is calculated as (LE

 

less educated 

 

¡LE

 

 more educated

 

)¡
(LE

 

less educated

 

¡LE

 

more educated 

 

when the cause-specific risk of death is set to zero), with LE denoting life expectancy until 75 years of age.
The change in the disparity in life expectancy according to race is calculated as (LE

 

blacks

 

¡LE

 

whites

 

)¡(LE 

 

blacks

 

¡LE

 

 whites

 

 when the cause-
specific risk of death is set to zero), with LE denoting life expectancy until 75 years of age.
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timates from the 1994 National Health Interview Sur-
vey), HIV contributed 17.4 percent to the total racial
disparity in potential life-years lost. Recent improve-
ments in mortality from HIV have favored whites
more than blacks. Had mortality from HIV disease
improved equally, the racial disparity in mortality from
HIV disease would have dropped further, contribut-
ing only 6.5 percent.

 

DISCUSSION

 

Though numerous studies have found racial and
educational differences in mortality, only a small num-
ber have attempted to identify which diseases contrib-
ute most to existing disparities.

 

11,14,15,30-35

 

 These stud-
ies have been limited in several ways. First, almost
all

 

11,14,15,31,32,34

 

 compared mortality risk ratios, which fail
to reflect absolute numbers of deaths or age at death.
For example, the relative risk of death from prostate
cancer for blacks as compared with whites is particu-
larly large,

 

34

 

 which suggests that it contributes sub-
stantially to the racial disparity in life expectancy.
However, we estimate that this cause contributes only
3.3 percent to the total disparity in potential life-years
lost — mainly because death from prostate cancer
tends to occur late in life and, to a lesser extent, because
it is a relatively uncommon cause of death. Previous
studies are also limited because they examined data
collected before the HIV epidemic,

 

30 examined data

from outside the United States,11,31,33 examined racial
or educational disparities but not both,35 and lacked
sufficient details about specific causes of death.35

Our study provides important information for pol-
icy makers, researchers, and clinicians. So far, much of
the research attempting to understand health dispar-
ities has focused on ischemic heart disease. A recent
review of the literature found 63 studies that examined
racial differences in the use of cardiovascular proce-
dures.36 Though significant disparities in the use of
coronary angiography, angioplasty, and bypass sur-
gery are evident, the broader implications of these
findings for directing future research and interventions
must be considered. Ischemic heart disease contrib-
utes only 5.5 percent to the total racial disparity in
potential life-years lost. HIV disease and hypertension
each contribute two to three times as much.

Though we have not examined factors that might
explain these disparities, such as health insurance, ac-
cess to care, quality of care, or health-related behavior,
our results indicate areas that warrant the investment
of greater resources. The top six contributors to the
educational disparity in mortality are ischemic heart
disease, lung cancer, stroke, pneumonia, congestive
heart failure, and lung disease, which together con-
tribute 40.4 percent to the total disparity according
to educational level in potential life-years lost. All six
are smoking-related diseases, suggesting that interven-

Figure 2. The Effect of Adjustment for Race on the Disparity in Potential Life-Years Lost between Persons with Less Education and
Those with More Education, According to the Specific Cause of Death.
Potential life-years lost are calculated as years of potential life lost before 75 years of age. Trauma includes deaths from accidents,
suicides, and homicides. The I bars represent 99 percent confidence intervals.
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tions to prevent smoking could have an enormous im-
pact. Also, future research and interventions should
target screening and treatment for hypertension and
prevention and treatment of HIV infection among
blacks. Improvements in the delivery of cardiac-revas-
cularization procedures would have a much smaller
effect on racial disparities.

Disentangling the effects of race and education on
health is often challenging. A few observations deserve
mention. First, the disparity in life expectancy when
it is truncated at 75 years of age is greater according
to level of education than according to race (9.2 and
1.8 years, respectively). These estimates were truncat-
ed at 75 years so they would be comparable to the es-
timates of potential life-years lost. Without any age
cutoff, however, the disparities in life expectancy ac-
cording to level of education and race are 4.9 and 6.3
years, respectively, which are similar to values reported
in previous studies1,2 and suggest that much of the
racial disparity occurs after the age of 75. Regardless
of which cutoff is used, the relative importance of dif-
ferent causes of death to the overall disparity in mor-
tality remains the same for both educational and ra-
cial disparities.

Second, the level of education and race each appear
to have strong, independent effects that persist after
adjustment for the other. Third, the patterns of racial
and educational disparity are markedly different, which
suggests that different sets of factors may explain these

patterns. As previously mentioned, smoking-related
diseases are more strongly associated with level of ed-
ucation than with race. We did not examine cigarette
use; however, the results are consistent with studies
showing that rates of smoking are higher among less-
educated persons but vary less according to race.37-39

Our study assumes that dying from one disease is
noninformative about the risk of death from another.
Since violation of this assumption is more likely when
two diseases with similar risk factors (i.e., correlated
competing hazards) are examined, conclusions about
stroke as compared with ischemic heart disease, for
example, require some caution. Less concern is war-
ranted for unrelated diseases, such as HIV and can-
cer,40 and also when patterns of mortality are com-
pared according to race and level of education.

In addition, death certificates may inaccurately
record the true cause of death, and the underlying
cause-of-death coding could be biased. The person
filling out the death certificate does not determine the
underlying cause. Instead, the National Center for
Health Statistics follows a widely used coding algo-
rithm, which may reduce the potential for bias. Mis-
classification may still occur, however, and the study
results should be viewed with this potential limita-
tion in mind.

Given limited resources to eliminate health dispar-
ities, we need to focus our efforts so as to achieve the
maximal gain. Our data suggest that targeting ische-

Figure 3. The Effect of Adjustment for Level of Education on the Disparity in Potential Life-Years Lost between Black Persons and
White Persons, According to the Specific Cause of Death.
Trauma includes deaths from accidents, suicides, and homicides. The I bars represent 99 percent confidence intervals.
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mic heart disease and lung cancer would be most use-
ful in reducing the educational disparity in mortality,
whereas targeting hypertension, HIV, trauma, and di-
abetes would have the greatest effect on the racial
disparity.

Supported by an Institutional National Research Service Award from the
Health Resources and Services Administration (6 T32 PE-190001-13 R1),
the Mary and Irving Lazar Program in Health Services Research, University
of California at Los Angeles Department of Medicine Specialty Training
and Advanced Research program, a grant (5PO1 HS10858) from the Ex-
cellence Centers to Eliminate Ethnic/Racial Disparities Program of the
Agency for Health Care Research and Quality, and a grant from the Behav-
ioral and Social Research Program at the National Institute on Aging to the
Center on Biodemography and Population Health of the University of Cal-
ifornia at Los Angeles and the University of Southern California (P30-
AG17265).

Presented in part at the 24th Annual National Meeting of the Society of
General Internal Medicine, San Diego, Calif., May 2–5, 2001.

We are indebted to Hsin-ju Hsieh for her programming assistance.

REFERENCES

1. Minino AM, Smith BL. Deaths: preliminary data for 2000. Natl Vital 
Stat Rep 2001;49(12):1-40.
2. Rogot E, Sorlie PD, Johnson NJ. Life expectancy by employment sta-
tus, income, and education in the National Longitudinal Mortality Study. 
Public Health Rep 1992;107:457-61.
3. Department of Health and Human Services. Healthy People 2010: un-
derstanding and improving health. 2nd ed. Washington, D.C.: Government 
Printing Office, November 2000.
4. Sacco RL, Boden-Albala B, Gan R, et al. Stroke incidence among white, 
black, and Hispanic residents of an urban community: the Northern Man-
hattan Stroke Study. Am J Epidemiol 1998;147:259-68.
5. Howard G, Russell GB, Anderson R, et al. Role of social class in excess 
black stroke mortality. Stroke 1995;26:1759-63.
6. Nilsson PM, Johansson SE, Sundquist J. Low educational status is a risk 
factor for mortality among diabetic people. Diabet Med 1998;15:213-9.
7. Robinson N, Lloyd CE, Stevens LK. Social deprivation and mortality 
in adults with diabetes mellitus. Diabet Med 1998;15:205-12.
8. Edwards MJ, Gamel JW, Vaughan WP, Wrightson WR. Infiltrating duc-
tal carcinoma of the breast: the survival impact of race. J Clin Oncol 1998;
16:2693-9.
9. Mundt AJ, Connell PP, Campbell T, Hwang JH, Rotmensch J, Wag-
goner S. Race and clinical outcome in patients with carcinoma of the uter-
ine cervix treated with radiation therapy. Gynecol Oncol 1998;71:151-8.
10. Madison T, Schottenfeld D, Baker V. Cancer of the corpus uteri in 
white and black women in Michigan, 1985–1994: an analysis of trends in 
incidence and mortality and their relation to histologic subtype and stage. 
Cancer 1998;83:1546-54.
11. Marmot MG, Shipley MJ, Rose G. Inequalities in death — specific ex-
planations of a general pattern? Lancet 1984;1:1003-6.
12. Alexander M, Grumbach K, Remy L, Rowell R, Massie BM. Conges-
tive heart failure hospitalizations and survival in California: patterns accord-
ing to race/ethnicity. Am Heart J 1999;137:919-27.
13. Coughlin SS, Gottdiener JS, Baughman KL, et al. Black-white differ-
ences in mortality in idiopathic dilated cardiomyopathy: the Washington, 
DC, dilated cardiomyopathy study. J Natl Med Assoc 1994;86:583-91.
14. Smith GD, Neaton JD, Wentworth D, Stamler R, Stamler J. Socioeco-
nomic differentials in mortality risk among men screened for the Multiple 
Risk Factor Intervention Trial. I. White men. Am J Public Health 1996;
86:486-96.
15. Smith GD, Wentworth D, Neaton JD, Stamler R, Stamler J. Socioeco-
nomic differentials in mortality risk among men screened for the Multiple 

Risk Factor Intervention Trial. II. Black men. Am J Public Health 1996;
86:497-504.
16. Curtis JR, Patrick DL. Race and survival time with AIDS: a synthesis 
of the literature. Am J Public Health 1993;83:1425-8.
17. HIV/AIDS surveillance report. Vol. 13. No. 1. Atlanta: Centers for 
Disease Control and Prevention, 2001:1-41.
18. Grant EN, Lyttle CS, Weiss KB. The relation of socioeconomic factors 
and racial/ethnic differences in US asthma mortality. Am J Public Health 
2000;90:1923-5.
19. Gardner JW, Sanborn JS. Years of potential life lost (YPLL) — what 
does it measure? Epidemiology 1990;1:322-9.
20. National Center for Health Statistics. National Health Interview Sur-
vey, Part 1. 1994. Springfield, Va.: National Technical Information Service, 
1994 (data base).
21. National Health Interview Surveys, 1986-1994: multiple cause of 
death, dates of death, 1986-1997. Hyattsville, Md.: National Center for 
Health Statistics, 1997.
22. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity 
and mortality among patients with advanced human immunodeficiency vi-
rus infection. N Engl J Med 1998;338:853-60.
23. Klein JP, Moeschberger ML. Survival analysis: techniques for censored 
and truncated data. New York: Springer-Verlag, 1997.
24. Israel RA, Rosenberg HM, Curtin LR. Analytical potential for multi-
ple cause-of-death data. Am J Epidemiol 1986;124:161-79.
25. Goodall C. A survey of smoothing techniques. In: Fox J, Long JS, eds. 
Modern methods of data analysis. Newbury Park, Calif.: Sage, 1990:126-76.
26. Botman SL, Jack SS. Combining National Health Interview Survey 
datasets: issues and approaches. Stat Med 1995;14:669-77.
27. Davison AC, Hinkley DV. Bootstrap methods and their application. 
Cambridge, England: Cambridge University Press, 1997.
28. Lai D, Hardy RJ. Potential gains in life expectancy or years of potential 
life lost: impact of competing risks of death. Int J Epidemiol 1999;28:894-
8.
29. Chiang CL. Introduction to stochastic processes in biostatistics. New 
York: John Wiley, 1968.
30. Otten MW Jr, Teutsch SM, Williamson DF, Marks JS. The effect of 
known risk factors on the excess mortality of black adults in the United 
States. JAMA 1990;263:845-50.
31. Smith GD, Shipley MJ, Rose G. Magnitude and causes of socioeco-
nomic differentials in mortality: further evidence from the Whitehall Study. 
J Epidemiol Community Health 1990;44:265-70.
32. Kallan J. Effects of sociodemographic variables on adult mortality in 
the United States: comparisons by sex, age, and cause of death. Soc Biol 
1997;44:136-47. [Erratum, Soc Biol 1997;44:294.]
33. Wilkins R, Adams O, Brancker A. Évolution de la mortalité selon le 
revenu dans les régions urbaines du Canada entre 1971 et 1986. Health 
Rep 1989;1:137-74.
34. Howard G, Anderson RT, Russell G, Howard VJ, Burke GL. Race, so-
cioeconomic status, and cause-specific mortality. Ann Epidemiol 2000;10:
214-23.
35. Feldman RH, Fulwood R. The three leading causes of death in Afri-
can Americans: barriers to reducing excess disparity and to improving 
health behaviors. J Health Care Poor Underserved 1999;10:45-71.
36. Kressin NR, Petersen LA. Racial differences in the use of invasive car-
diovascular procedures: review of the literature and prescription for future 
research. Ann Intern Med 2001;135:352-66.
37. Pierce JP, Fiore MC, Novotny TE, Hatziandreu EJ, Davis RM. Trends 
in cigarette smoking in the United States: projections to the year 2000. 
JAMA 1989;261:61-5.
38. Idem. Trends in cigarette smoking in the United States: educational 
differences are increasing. JAMA 1989;261:56-60.
39. Wagenknecht LE, Perkins LL, Cutter GR, et al. Cigarette smoking be-
havior is strongly related to educational status: the CARDIA study. Prev 
Med 1990;19:158-69.
40. Chiang CL. Competing risks in mortality analysis. Annu Rev Public 
Health 1991;12:281-307.

Copyright © 2002 Massachusetts Medical Society.

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission. 


