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BACKGROUND: Eliminating health disparities among
different segments of the US population is an overarching
goal of the US Healthy People 2020 objectives.
OBJECTIVE: Examine changes in educational, rural-
urban, and racial disparities in premature mortality dur-
ing the past 10 years.
DESIGN AND PARTICIPANTS:Descriptive analysis of US
mortality data from 2007 to 2017.
MAIN MEASURES: Relative and absolute rural-urban,
educational attainment, and Black-White disparities in
premature mortality for all-cause and top 10 causes of
death among persons ages 25–74 years, estimated as rate
ratios and rate differences between ≤12 and ≥16 years of
education, rural versus urban, and non-Hispanic Black
(Black) versus non-Hispanic White (White), respectively,
in 2007 and 2017.
KEY RESULTS: During 2007–2017, mortality rates in
persons aged 25–74 years in theUSA increased for several
leading causes of death, especially in persons with <16
years of education, rural residents, andWhite people. As a
result, disparity inmortality between 2007 and 2017wid-
ened on both relative and absolute scales for all-cause
and for 6 of the top 10 causes of death by education and
for all-cause and for 9 of the top 10 causes by rural/urban
residence. In contrast, Black-White disparities narrowed
for all-cause and for all 7 causes that Black people had a
higher rate than White people. For all-cause mortality for
example, absolute disparities in the number of deaths per
100,000 person-years between 2007 and 2017 increased
from 454.0 (95%CI, 446.0–462.1) to 542.7 (535.6–549.7)
for educational attainment and from 85.8 (82.8–88.8) to
140.5 (137.6–143.4) for rural versus urban; in contrast,
absolute Black-White disparity decreased from 315.3
(311.0–319.7) to 221.7 (218.1–225.3).
CONCLUSIONS:Educational and rural-urban disparities
in premature mortality widened, whereas Black-White
disparities narrowed in the USA between 2007 and
2017, though overall rates remained considerably higher
in Black people.
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INTRODUCTION

In December 2010, the U.S. Department of Health and Human
Services (HHS) launched the Healthy People 2020 initiative as
it has done every 10 years during the past few decades.1 One
of the Healthy People 2020 initiative’s four overarching goals
was to achieve health equity and to eliminate health disparities
among different segments of the US population defined by
dimensions such as socioeconomic status (SES), rural/urban
residence, and race/ethnicity.2,3

Over the past 10 years, many major national and local efforts
have addressed this goal, including the Affordable Care Act
(ACA) to expand healthcare coverage to broad group of low-
income adults, HHS Action Plan to Reduce Racial and Ethnic
Health Disparities,4 the National Stakeholder Strategy for
Achieving Health Equity,5 and the National Partnership for
Action to End Health Disparities.6 For example, over 20million
adults have gained insurance coverage through the ACA.7

Previous studies examined progress in reducing disparities
over the past decade by race/ethnicity,8 SES,9 or rural/urban.10

Few studies, however, examined progress by all these three
dimensions concurrently. Herein, we assessed progress in elim-
inating educational, rural-urban, and Black-White disparities in
premature mortality in men and women ages 25–74 years from
all-cause (all causes combined) and the 10 leading causes of
death during 2007–2017. Findings from this study can inform
future interventions to reduce health disparities.

METHODS

Data Source

Deaths occurring in ages 25–74 years by sex, race/ethnicity,
and educational attainment from 2007 to 2017 in the USA (the
50 states and the District of Colombia) which served as the
numerator for calculating death rates, were obtained from the
National Centers for Health Statistics 11. Underlying causes of
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death were coded based on the selection and coding rules of
the tenth revision of International Classification of Disease
(ICD-10) codes 12 (see eTable1 for the ICD codes for all-cause
and 10 leading causes of death). In 2017, these 10 leading
causes accounted for about 78% of total deaths among persons
ages 25–74 years.13

Population data, which served as the denominator of rates,
for the corresponding age group, sex, race/ethnicity, educa-
tional attainment, and calendar year were obtained from the
public-use microdata sample files of the American Communi-
ty Survey (ACS).14 However, information on educational
attainment from ACS was measured by the highest level of
education completed, while from NCHS it was measured by
the number of years of schooling. To make the two measures
comparable, we broadly categorized educational attainment
from NCHS to ≤12 years education comparable to ≤ high
school, 13–15 years of education comparable to some college,
and ≥16 years of education comparable to Bachelor’s degree
or above.
We obtained age-standardized death rates for all-cause

and the 10 leading causes of death from 2007 to 2017 for
ages 25–74 years by sex and urbanicity (residence in met-
ropolitan counties [urban] or in non-metropolitan
counties[rural]) from the SEER*Stat database.15 We restrict-
ed analyses to ages 25–74 years to emphasize disparities in
premature mortality among adults and to account for some
people not completing their highest education until age 25
years.16 For racial/ethnic disparities, we limited analysis to
non-Hispanic Black (Black) versus non-Hispanic White
(White) because Hispanic and Asian American, Native Ha-
waiian, or Pacific Islander have a lower mortality rate than
White population17 and because accuracy of race/ethnicity
information on death certificates is considerably lower for
American Indian/Alaskan Natives.18

Statistical Analysis

Annual direct age-standardized death rates were calculated
by sex, educational attainment (≤12, 13–15, and ≥16 years
of education), rural/urban residence, and race/ethnicity (all
races combined, White, and Black) based on the 2000 US
standard population. Annual percent changes (APCs) and
average APCs (AAPCs) in age-standardized death rates
from 2007 to 2017 along with their 95% confidence
intervals (CIs) were estimated by grid search of joinpoints
by permutation test with a maximum of 1 joinpoint allowed,
using Joinpoint Regression Program, Version 4.7.0. Trends
were considered increasing or decreasing when the 95%CIs
of corresponding APCs or AAPCs did not include 0; other-
wise, they were considered stable. Relative and absolute
educational, residential, and racial disparities in morality,
comparing rates between persons with ≤12 and with ≥16
years of education, between rural and urban residents, and
between Black and White were estimated as rate ratios
(RRs) and rate differences (RDs), respectively, in 2007

and 2017. The resulting absolute and relative disparities
between 2007 and 2017 were considered statistically signif-
icantly different if their 95%CIs did not overlap. In addi-
tional analysis, we also examined if trends were different by
sex and different rural/urban designations.

KEY RESULTS

From 2007 to 2017, a total of 11,851,982 all-cause
deaths (59.6% in men and 40.4% in women) occurred
in ages 25–74 years in the USA (eTable2). By race,
White and Black persons accounted for 73.8% and
15.8% of the deaths, respectively. By educational attain-
ment, persons with ≤12 years of education accounted for
63.8% of the deaths, followed by persons with 13–15
years of education (20.9%) and persons with ≥16 years of
education (15.2%). About 80.5% of the deaths occurred
in urban residents and 19.5% of the deaths in rural
residents. Cancer was the leading cause of premature
death (30.2%) followed by heart disease (20.4%) and
accidents (7.7%).
Figure 1 and eTable3 show mortality trends by educa-

tional attainment for all-cause and the 10 leading causes
of death for both sexes combined. Overall, the all-cause
mortality rate decreased by 1.50% (95%CI, 0.98–2.02%)
per year during 2007–2012. But it increased by 0.73%
(95%CI, 0.22–1.24%) per year from 2012 to 2017. This
increase, however, was confined to those with ≤15 years
of education, among whom rates increased by close to 2%
per year, and was in a stark contrast with a declining trend
(0.93% [95%CI, 0.5–1.36%] per year) among those with
≥16 years of education.
Similarly, the mortality trends for the 10 leading causes of

death were most favorable for most educated persons (Fig. 1
and eTable3). For causes with an overall decreasing trend
(cancer, heart disease, chronic lower respiratory diseases,
and cerebrovascular diseases), decreases were either con-
fined to or steeper in persons with ≥16 years of education.
Among causes of death with an overall increasing trend
(accidents, suicide, and chronic liver disease and cirrhosis),
increases were confined to or steeper in persons with ≤15
years of education. For example, during 2007–2017, cancer
death rate decreased by 2.36% (95%CI, 2.02–2.69%) per
year among those with ≥16 years of education, compared to
1.35% (95%CI, 1.16–1.54%) per year among those with
≤12 years of education. Notably, the death rate for accidents
increased from 2013 to 2017 for all levels of education,
ranging from 3% per year for those with ≥16 years of
education to 10.6% per year for those with ≤12 years of
education. Generally similar patterns were observed in both
men and women for all-cause and the 10 leading causes of
death (eTable4 and eTable5).
Figure 2 and eTable6 show mortality trends for urban and

rural residents for both sexes combined. During 2007–2017,
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all-cause mortality rate decreased (AAPC, 0.42% [95%CI,
0.20–0.64%]) among urban residents but increased (AAPC,
0.55% [95%CI, 0.24–0.86%]) among rural residents, although
rates ticked up among urban residents 2012–2017. Cause-
specific mortality trends were more favorable for urban areas
than rural areas for 9 of the 10 leading causes of death. For
example, heart disease mortality rate from 2011 to 2017
increased by 0.91% (95%CI, 0.48–1.34%) per year in rural
areas but remained stable in urban areas, after declining by
1.52% and 2.96% per year, respectively, during 2007–2011.
In additional analysis, we found that mortality trends were
more favorable for large metropolitan areas than small metro-
politan areas within urban area groups but were generally
similar within rural area groups by population size and dis-
tance to the metropolitan areas (eTable7).
Figure 3 and eTable8 show both sexes combined mortal-

ity trends for White and Black populations. All-cause mor-
tality in White people declined slightly from 2007 to 2012
but increased from 2012 to 2017, resulting in an overall
stable trend (AAPC=0.04%; 95%CI, −0.24–0.32%) during
2007–2017. In contrast, the rate in Black people declined
steeply then stabilized, resulting in an overall decrease of
1.11% (95%CI, 0.65–1.58%) per year from 2007 to 2017. In
general, trends were more favorable in Black than in White
for each of the 10 leading causes of death. For example,
cancer death rates from 2007 to 2017 declined by 2.31%
(95%CI, 2.17–2.45%) per year in Black people compared to

by 1.78% (95%CI, 1.72–1.85%) in White people. Diabetes
mellitus death rates from 2011 to 2017 increased by 1.69%
(95%CI, 1.16–2.23%) per years in White but stabilized in
Black, after declining in both White and Black people from
2007 to 2011. Generally similar patterns were observed in
both men and women (eTable9 and eTable10).
Figure 4 and supplemental eTable11 show relative and

absolute educational, urban-rural, and Black-White
disparities in mortality in 2007 versus 2017 for all-
cause and 10 leading causes of death. In 2007, death
rates were higher in persons with ≤12 years of education
than in persons with ≥16 years of education for all-cause
(RR=2.53, RD=454.0/100,000 persons) and for all ten
leading causes of death, ranging from 1.9 times as high
for cancer to 4.7 times as high for chronic lower respi-
ratory disease. Between 2007 and 2017, such educational
disparities widened on both relative and absolute scales
for all-cause (RR=3.10, RD=542.7/100,000 persons) and
for six (heart disease, accidents, chronic lower respiratory
diseases, diabetes mellitus, suicide, and septicemia) of the
10 leading causes of death, with accidents showing the
largest increase in absolute disparity. Generally similar
patterns were observed among men and women
(eTable11).
Rural residents had higher death rates than urban residents

for all-cause and for all leading causes of death (Fig. 4,
eTable11). From 2007 to 2017, rural-urban disparities

Fig. 1 Trends in death rates by cause of death and educational attainment, ages 25–74 years, 2007–2017. Note: Rates were age-standardized to
the 2000 US standard population and expressed per 100,000 person-years. Dots in graphs are observed rates and lines are fitted rates based on
joinpoint analysis. CLRD denotes chronic lower respiratory diseases. Chronic liver disease denotes chronic liver disease and cirrhosis. Nephritis

denotes nephritis, nephrotic syndrome, and nephrosis.
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widened on both relative and absolute scales for all-cause
mortality (from RR=1.17, RD=85.8/100,000 persons to
RR=1.29, RD=140.5/100,000 persons) and for 9 of the 10
leading causes, with heart disease and cancer showing the
largest increase in the absolute disparity. Generally similar
patterns were observed among men and women (eTable11).
In contrast to increasing educational and rural-urban

disparities, Black-White disparity in all-cause mortality
narrowed from 2007 to 2017 (from RR=1.60, RD=315.3/
100,000 persons to RR=1.42, RD=221.7/100,000 persons),
largely driven by cancer and heart disease (eTable11). Gener-
ally similar patterns were observed among men and women
(eTable11).

DISCUSSION

Based on US national mortality data, mortality rates in persons
aged 25–74 years during 2007–2017 increased for all-cause
and several leading causes of death, especially in persons with
<16 years of education, rural residents, andWhite people. As a
result, educational and rural-urban disparities in premature

mortality widened between 2007 and 2017 on both relative
and absolute scales for all causes combined and most leading
causes of death, whereas Black-White disparities narrowed
slightly. Notably, educational disparities dwarfed those of
other demographic measures, with the disparity in the overall
mortality more than twice as high in both absolute and relative
scales.
Widened educational and rural-urban disparities reflect the

differential mortality trends that favored most educated
persons and urban residents than their counterparts for nearly
all the 10 leading causes of death. For example, for
accidents— the major driver of increasing educational dispar-
ity in all-cause mortality—the death rates increased 3 times
faster during 2013–2017 among those with ≤12 years of
education than those with ≥16 years of education. For heart
disease—the major driver of increasing rural-urban disparity
in all-cause mortality—the death rates decreased by 1.2% per
year during 2007–2017 among urban residents while the rates
remained stable among rural residents.
Underlying these differential trends are a broad array of

individual, societal, and environmental shared risk factors

Fig. 2 Trends in death rates by cause of death among urban and rural residents, ages 25–74 years, 2007–2017. Notes: Rates were age-
standardized to the 2000 US standard population and expressed per 100,000 person-years. Dots in graphs are observed rates and lines are
fitted rates based on joinpoint analysis. CLRD denotes chronic lower respiratory diseases. Chronic liver disease denotes chronic liver disease

and cirrhosis. Nephritis denotes Nephritis, nephrotic syndrome, and nephrosis.
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(social determinants of health) across conditions that contrib-
ute to educational and rural-urban disparities in the USA.19,20

Persons with less educational attainment and those residing in
rural areas are more likely to have lower SES, live in poverty,
be uninsured, lack health literacy, and if employed, be unable
to take time off from work for receipt of preventive services as
well as care for acute and chronic conditions.20–22 They are
also more likely to live in neighborhoods that lack grocery
stores for fresh fruits and vegetables 23,24; parks or other safe
places for recreational and leisure-time activities 25,26; and
health care facilities or providers for high-quality emergent
and preventive services.27,28 Impoverished neighborhoods are
also more likely to be targeted for advertising by the tobacco,
fast food, beverage, and alcohol industries.29–31

Lower education and rural residence are also associated
with higher levels of risk behaviors.32–34 During the past
decade, progress in reducing tobacco use has been slower
among less educated persons and smoking prevalence has
remained higher.35 Similarly, the prevalence of obesity, high
blood pressure, diabetes, high blood cholesterol, and physical
inactivity has remained much higher in persons of lower

SES.36,37 Recent data showed that prevalence of chronic
HCV infection, a major risk factor of chronic liver disease,
liver cancer, and cirrhosis, was twice as high in those with <12
years of education as in those with ≥12 years of education.38,39

The opioid epidemic, a major driver for increasing deaths from
accidents and for flatting or falling US life expectancy over the
past decade,40 has disproportionately impacted persons with
lower SES.41,42 Widespread implementation and dissemina-
tion of effective interventions to reduce risk behaviors, such as
enhancing access to care and increasing excise tax on tobacco,
are essential for reducing educational and rural-urban health
disparities. However, it is noteworthy that even in egalitarian
countries with universal healthcare coverage there is substan-
tial disparity in mortality by educational attainment43 although
considerably lower than that found in the USA.
In contrast to the widening disparities by educational

attainment and urban-rural residence, Black-White
disparities in mortality narrowed, because of more favorable
trends for many of leading causes of death in Black people.
For example, for heart disease, one of the two major drivers
of decreasing Black-White disparity in all-cause mortality,

Fig. 3 Trends in death rates by cause of death among non-Hispanic White (White) and non-Hispanic Black (Black) aged 25–74 years, 2007–
2017. Notes: Rates were age-standardized to the 2000 US standard population and expressed per 100,000 person-years. Dots in graphs are
observed rates and lines are fitted rates based on joinpoint analysis. CLRD denotes chronic lower respiratory diseases. Chronic liver disease

denotes chronic liver disease and cirrhosis. Nephritis denotes nephritis, nephrotic syndrome, and nephrosis.
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death rates decreased by 1.6% per year during 2007–2017
among Black people compared to 0.8% per year among
White people during same time period. This may, in part,
reflect the historic improvements in Black-White disparities
in major risk factors, especially cigarette smoking,44 and
improved quality and equity of care in US hospitals.45 The
narrowing of the disparity may also in part reflect the in-
crease in proportion of persons in the most educated group
in Black than White people during the study period
(eTable12). Nevertheless, Black people continued to have
a much higher mortality rate than White people in 2017, in
part because of greater Black representation in lower SES
groups and lower educational attainment,46 reflections of
life course exposures to structural racism.47 As the most
basic component of SES, education not only determines a
person’s future earning potentials, occupational opportuni-
ties, and social status but also provides health-information-
seeking skills.48 In an increasingly diverse US population,
however, future disparities evaluation research must contin-
ue to assess dimensions of race and ethnicity, SES (e.g.,
educational attainment), geography, sexual orientation,
levels of disability, and more in order to ensure equitable
gains in public health.
Recently, many national efforts have begun to address

social determinants as the root causes of health disparities.4–6

Growing attention to alternative payment models focusing on
paying for value, not volume, could also strengthen
collaborations between the healthcare sector and communities
in addressing disparities. The Affordable Care Act increased
insurance coverage options and provided federal incentives for

states to expand Medicaid eligibility to low-income adults,
which has been associated with improved health insurance
coverage and receipt of preventive, screening and treatment
services.49–51 However, as of July 2021, 12 states have not
adopted Medicaid expansion; many non-expansion states are
in southern and midwestern states which are disproportionate-
ly represented by Black and rural populations and high pov-
erty and uninsured rates.
Our study has several limitations. First, it is restricted to

people aged 25–74 years and thus lacks information on
disparities in children and adolescents and older seniors. Sec-
ond, educational attainment recorded on the death certificates
tends to be higher than self-reported information,52 which
could result in underestimated socioeconomic disparities. We
used broad educational categories to minimize this bias, how-
ever. Third, SES is a multidimensional construct that includes
income, wealth, occupation, and education, among other indi-
vidual and community-level factors53 that are not reported
consistently on death certificates, and thus our findings of
educational disparity in mortality may not reflect the whole
spectrum of socioeconomic disparities arising from exposures
over a life course. Fourth, national-level disparity in mortality
patterns may mask substantial variations by state, county, and
neighborhood. Fifth, we did not consider the intersectionality
of the disparities by educational attainment, race/ethnicity, and
urban/rural. This will be an important area for additional
research. Sixth, we examined the change in racial/
ethnic mortality disparity only between Black and White
people. Future studies should examine the disparity for the
other racial/ethnic populations.

Fig. 4 Educational, rural-urban, and black-white disparities in death rates by cause of death, ages 25–74 years, 2007 and 2017. CLRD denotes
chronic lower respiratory diseases. Cerebrovasc Dis. denotes cerebrovascular diseases. Liver disease denotes chronic liver disease and cirrhosis.

Nephritis denotes nephritis, nephrotic syndrome, and nephrosis.
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CONCLUSIONS

All people, regardless of their race, ethnic origin, residence, or
socioeconomic circumstance, deserve an equal opportunity to
fulfill their full potential for health. Based on national mortal-
ity data, however, disparity in premature mortality from all
causes and many major causes of death from 2007 to 2017
widened by educational attainment and rural residence but
narrowed by race/ethnicity. Disparities not only affect socio-
economically disadvantaged populations, but also limit con-
tinued national improvements in health care and overall pop-
ulation health. As the US population becomes more diverse, it
is increasingly important to address and mitigate health
disparities across many dimensions to ensure equitable
improvements in public health.

Supplementary Information The online version contains sup-
plementary material available at https:// doi. org/10. 1007/
s11606- 021- 07268-5.
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