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past three decades. For each race/ethnic group, disparities across states have increased. While
race/ethnic disparities decreased within most of the 23 states estimated, they increased for women
in 7 states and men in 5 states.

Funding: This research was supported by the National Heart, Lung, and Blood Institute (NHLBI)
grant 5RO1HL136868-03.
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Background

Methods

Life expectancy is no longer increasing in the United States after several decades of gradual
improvements.(1) This national trend masks larger disparities in health outcomes among
states, between men and women, and between race/ethnicity groups. For example, national
average life expectancy decreased for women between 2016 and 2017 while remaining
unchanged for men. Also, national age-adjusted death rates differed by race/ethnicity and by
state, but trends in LE for race/ethnicity groups within states have not been systematically
examined or reported.(1,2) There remains a gap in the tracking of health inequities in the
United States for states, where health policies are often set.(3,4)

At the national level, large differences in life expectancy have been observed between race/
ethnicity groups.(5) To better understand long-term trends in health at the state level, we
estimated LE for the three largest race/ethnicity groups for each US state and the District of
Columbia from 1990 to 2019 separately by sex.(6)

Death certificate and census data were combined to create smoothed time-series for each
race/ethnicity group in each state. Methods are described below and with additional

details in the supplementary methods. The Guidelines for Accurate and Transparent Health
Estimates Reporting checklist is included as eTable 1. A flowchart of the estimation process
is included as eFigure 1. Details of data sources are included as eTable 2. A file of all LE
estimates is provided as a supplement. All analyses were performed using R 4.05 and Python
3.8.8.(7,8)

Statistical Race/Ethnicity Categories

Race and ethnicity are socially derived categories defined by individual self-reporting.
Statistical race/ethnicity categories are constructed by the design of census and survey
questions and reported by government and other institutions, usually for the purpose

of achieving social or policy goals.(9) We report on the largest mutually exclusive and
collectively exhaustive statistical race/ethnicity groups as defined by the US Office of
Management and Budget: 1) Hispanic and any race; 2) Non-Hispanic and Black; 3) Non-
Hispanic and White. Estimates for Non-Hispanic people reporting other races, which include
people who reported more than one race, are provided in the Supplement.
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Adjustment for Misclassification of Race/ethnicity on death certificates

Misclassification in the recording of race and ethnicity for vital registration has been
reported based on analyses of data sets of linked surveys, where race/ethnicity was self-
reported, and death certificates, where it was assigned by the certifier.(10) We multiplied
age-sex-specific death rates by race/ethnicity-specific correction ratios to adjust estimates of
all-cause mortality to account for this small degree of misclassification of race/ethnicity on
death certificates.

Statistical Analysis

Population and All-cause mortality—We used bridged race/ethnicity data from the
United States Census (https://www.cdc.gov/nchs/nvss/bridged_race.htm) to construct a time
series by age, sex, and state-race/ethnicity group from 1990 to 2019. To generate estimates
of all-cause mortality, we used death certificate data from the National Vital Statistics
System. To generate a complete time series from 1990 to 2019, we modeled counts of
deaths using a structured linear regression with a multi-dimensional Gaussian smoother to
borrow strength across multiple dimensions (age and time), informed by observed residuals
and their uncertainty.(11) To carry the uncertainty from the models through the rest of the
process, we took 1000 draws from the posterior distribution of the model.(12-15)

Life Expectancy Calculation—To generate estimates of life expectancy at birth, we
constructed bridged period life tables, using the draws of all-cause mortality rates described
above as input data.(16) This approach generated 1000 draws of life expectancy for each
age, sex, year, and state-race/ethnicity group. For each group, point estimates were generated
by taking the mean of the draws and the bounds of the 95% uncertainty intervals were
determined by taking the 2.51 and 97.5t" percentiles of the draws. Supported changes in

LE were interpreted as a 95% Ul for percentage change that did not cross zero. In order

to capture differences between leading and lagging locations, absolute disparities in LE
between state-race/ethnicity groups were calculated as the difference between the range.(17)
For some state-race/ethnicity groups in some years, we observed extremely low numbers

of deaths, most notably for the oldest age groups among smaller populations. We excluded
those state-race/ethnicity location-groups when the average number of deaths for either sex
in any decade was less than 10 for the terminal age group of 85 years or older.

Role of the Funding Source

Results

This research was supported by the National Heart, Lung, and Blood Institute (NHLBI)
grant 5R01HL136868-03. The funder had no role in the design, conduct or analysis of this
study or decision to submit this manuscript.

Figure 1, eFigure 2 and eFigure 3 show LE over time for each location and the trend for
states where LE was least, greatest, and closest to the median in 1990. Trends in the 5th
percentile, mean, and 95th percentile of the distribution of LE are also shown. Tables 1A
and 1B show the corresponding values of LE for these trends in 1990, 2000, 2010 and 2019
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as well as the minimum and maximum estimated LE. LE from age 25 and 65 are provided
as supplemental files. In presenting results, the term “disparity” may refer to differences in
LE between states, or between racial/ethnic groups. In the first section, we present results
for trends over time for women and men separately, first across all states, then by specific
racial/ethnic groups across states. In the second section we present trends within individual
states..

Trends in Life Expectancy across states among women

Trends across states—In 1990, the disparity across states in LE for women was 8.0
years between women in the District of Columbia (74.1 years [95% CI 73.5-74.6]) and
women in Hawaii (82.1 years [95% CI 81.6-82.5]). By 2019, the disparity across states

had fallen to 7.9 years between women in Mississippi (77.9 years [95% CI 77.5-78.3]) and
women in Hawaii (85.8 years [95% CI 85.1-86.4]). Over the same period of time, the mean
LE across states for women increased from 79.3 years (95% CI 79.2-79.4) in 1990 to 81.3
years (95% ClI 81.3-81.4) in 2019, an increase of 2.0 years (a percent change of 2.6% [95%
Cl 2.5-2.7]).

Trends across states accounting for race/ethnicity groups—When accounting
for race/ethnicity groups, the disparities across states was 20.7 years (Black non-Hispanic
women in the District of Columbia [71.4 years (95% CI 70.7-72.0)] to Hispanic women

in Ohio [92 years (95% CI 87.4-99.6)]) for women in 1990, decreasing to 18.5 years

(Black non-Hispanic women in the District of Columbia [76.2 years (95% CI 75.4-77.2)]

to Hispanic women in Georgia [94.7 years (95% CI 93.1-96.5)]) for women in 2019.
Examination of trends over time for each race/ethnicity group show further distinct patterns.
Non-Hispanic Black women had the lowest mean LE across states in 1990 (74.2 years
[95% CI 74.0-74.4]), but had the greatest improvement on average by 2019 (6.9% [95% ClI
6.5-7.3]). Hispanic and non-Hispanic White women had higher mean LE across states in
1990 (84.8 years [95% CI 84.2-85.6] and 79.9 years [95% CI 79.8-80.0] respectively), with
an increase of 4.0% (95% CI 3.0-4.7) and 1.9% (95% CI 1.8-2.0), respectively, by 2019. In
2019, despite improvement over time, non-Hispanic Black women still had lower mean life
expectancy across states than non-Hispanic white and Hispanic women, with a range across
states of 76.2 years in the District of Columbia (Cl 75.4-77.2) to 87.1 years in Rhode Island
(C1 84.7-90.3). The life expectancy for Non-Hispanic White women and Hispanic women in
2019 overlapped the range for non-Hispanic Black women, ranging from 78.0 years in West
Virginia (ClI 77.5-78.5) to 88.7 years in the District of Columbia (CI 87.5-90.1) and from
80.8 years in Hawaii (ClI 79.9-81.9) to 94.7 years in Georgia (Cl 93.1-96.5), respectively.

Trends across states by race/ethnicity groups—Disparities in LE across states
increased for women within each of the three race/ethnicity groups between 1990 and
2019, but increased most for non-Hispanic White women and non-Hispanic Black women
(6.6 and 5.8 years, respectively) and least for Hispanic women (1.5 years). In 1990, the
disparity in LE for non-Hispanic Black women across states was 5.1 years (71.4 [95% ClI
70.7-72.0] in the District of Columbia to 76.4 years [95% CI 74.0-79.6] in New Mexico).
By 2019, the disparity had increased to 10.9 years (76.2 years [95% CI 75.4-77.2] in the
District of Columbia to 87.1 years [95% CI 84.7-90.3] in Rhode Island). The least change
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occurred among non-Hispanic Black women in 2 states (Louisiana [3%, Cl —0.9-4.9] and
West Virginia [2.9%, CI —0.2-6]), whereas LE for non-Hispanic Black women improved the
most in Rhode Island (21.1%, CI 15.9-26.9), followed by New York (11.7%, CI 11.0-12.3),
Connecticut (11.2%, CI 9.2-13.1%), and Massachusetts (11.1%, Cl 9.0-13.2). In 1990, the
disparity in LE for non-Hispanic White women was 4.0 years (78.0 [95% CI 77.5-78.4]

in Nevada to 82.0 years [95% CI 81.5-82.5] in North Dakota). By 2019, the disparity had
increased to 10.7 years (78.0 years [95% CI 77.5-78.5] in West Virginia to 88.7 years [95%
Cl 87.5-90.1] in the District of Columbia). LE for White non-Hispanic women decreased

in 2 states (Mississippi [-0.9%, CI —-1.7 to —0.2] and Tennessee [-0.7%, Cl —-1.1 to —0.2]),
whereas LE improved the most for non-Hispanic White women in the District of Columbia
(10.4%, CI 8.4-12.4) and Alaska (5.6%, CI 4.0-7.0). Disparities in LE for Hispanic women
increased the least (1.5 years). In 1990, the disparity in LE for Hispanic women was 12.3
years (79.7 [95% CI 78.8-80.7] in New Mexico to 92.0 [95% CI 87.4-99.6] in Ohio). By
2019, the disparity increased to 13.9 years (80.8 [95% CI 79.9-81.9] in Hawaii to 94.7 [95%
Cl1 93.1-96.5] in Georgia). The greatest increase in LE among Hispanic women occurred in
Missouri (16.2%, CI 11.6-21.1), followed by Virginia (9.7%, Cl 5.6-12.8) and Pennsylvania
(8.7%, ClI 4.6-11.8).

Trends in Life Expectancy among men

Trends across states—In 1990, the disparity in LE across states for men was 12.2

years between men in the District of Columbia (63.9 years [95% CI 63.2-64.5]) and men in
Hawaii (76.1 years [95% CI 75.5-76.6]). This disparity between states decreased to 7.8 years
in 2019 between men in Mississippi (71.7 years [95% CI 71.3-72.0]) and men in Hawaii
(79.5 years [95% CI 78.9-80.1]). The mean LE across states for men also increased from
72.6 years (95% Cl 72.6-72.7) in 1990 to 76.3 years (95% CI 76.2-76.3) in 2019, an increase
of 3.7 years (5.0% [95% CI 4.9-5.2]).

Trends across states accounting for race/ethnicity groups—When accounting for
race/ethnicity groups, the disparity across states was 24.5 years (Black non-Hispanic men

in the District of Columbia [59.4 years (95% CI 58.6-60.1)] to Hispanic men in Georgia
[83.8 years (95% CI 81.1-87.4)]) for men in 1990. By 2019, this disparity decreased to 23.7
years (Black non-Hispanic men in the District of Columbia [66.9 years (95% CI 66.0-67.8)]
to Hispanic men in Virginia [90.7 years (95% CI 89.2-92.4)]). Examining such trends
within each race/ethnicity group reveal Hispanic and non-Hispanic White men had mean LE
across states in 1990 of 77.2 years (95% CI 76.8-77.8) and 73.5 years (95% CI 73.4-73.6),
respectively. Both groups experienced an increase in LE of 7.2% (95% CI 6.4-7.9) and
4.2% (95% Cl 4.1-4.4), respectively, by 2019. Non-Hispanic Black men had the lowest
mean LE across states in 1990 (65.7 [95% CI 65.5-65.9]), but had the greatest improvement
on average by 2019 (10.9% [95% CI 10.5-11.3]). Despite this improvement, non-Hispanic
Black men still had lower mean life expectancy across states than non-Hispanic white

and Hispanic men in 2019, with a range across states of 66.9 years in the District of
Columbia (95% CI 66.0-67.8) to 81.1 years in Rhode Island (95% CI 78.6-84.5). The

life expectancy in 2019 for Non-Hispanic White men and Hispanic men ranged from 72.7
years in Mississippi (Cl 72.3-73.1) to 85.9 years in the District of Columbia (Cl 84.9-86.9)
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and from 75.5 years in Hawaii (Cl 74.6-76.4) to 90.7 years in Virginia (CI 89.2-92.4),
respectively.

Trends across states by race/ethnicity groups—Between 1990 and 2019, disparities
in LE across states increased for men within each of the three race/ethnicity groups.

The difference in disparities across states increased by only 3.5 years and 3.9 years for
Hispanic men and Black non-Hispanic men, respectively. However, for White non-Hispanic
men, the difference in disparities across states between 1990 and 2019 increased by 8.0
years. In 1990, the disparity in LE for non-Hispanic Black men across states was 10.2
years (59.4 years [95% CI 58.6-60.1] in the District of Columbia to 69.6 years [95% CI
67.9-71.5] in Colorado). This disparity increased to 14.2 years by 2019 (66.9 years [95%
Cl 66.0-67.8] in the District of Columbia to 81.1 years [95% CI 78.6-84.5] in Rhode
Island). Non-Hispanic Black men experienced large increases in LE from 1990 to 2019,
with the largest improvements in Rhode Island (27.2% [95% CI 20.8-34]), followed by
New York (18.7% [17.9-19.5]), Minnesota (17.0% [95% CI 12.0-21.4]), and Connecticut
(16.5% [95% CI 14.4-18.7]). For non-Hispanic White men, the disparities in LE across
states in 1990 was 5.2 years (71.1 years [95% CI 70.6-71.5] in West Virginia to 76.2 years
[95% CI 75.2-77.4] in Hawaii). By 2019, the disparities across states had increased to

13.2 years (72.7 years [95% CI 72.3-73.1] in Mississippi to 85.9 years [95% CI 84.9-86.9]
in the District of Columbia). LE improved the most for non-Hispanic White men in the
District of Columbia (17.6%, CI 15.7-19.7) and Alaska (9.5%, CI 7.9-11.0). Disparities in
LE across states for Hispanic men increased the least (3.5 years) but remained higher than
the other race/ethnicity groups. In 1990, the disparity in LE for Hispanic men was 11.7
years (72.1 years [95% CI 70.2-74.4] in Pennsylvania to 83.8 years [95% CI 81.1-87.4] in
Georgia). This disparity increased to 15.2 years by 2019 (75.5 years [95% CI 74.6-76.4] in
Hawaii to 90.7 years [95% CI 89.2-92.4] in Virginia). The greatest increase in LE among
Hispanic men occurred in Missouri (21.0%, CI 16.0-26.7), followed by Virginia (16.5%, ClI
12.9-19.9) and Pennsylvania (13.2%, CI 9.8-16.5).

Trends in Disparities Within States

For the 23 states where LE of all three race/ethnicity groups were estimated, most states
experienced a decrease in racial/ethnic disparities since 1990 (Figure 2, eFigure 4, and
eFigure 5). However, racial/ethnic disparities increased in 7 states for women and 5 states
for men, with the largest increase in Missouri, where it increased by 9 years for women and
10.8 for men. The gap narrowed in 16 states for women and 18 states for men, with the
largest decrease in Massachusetts, Connecticut, and Oregon, where it decreased more than 5
years for both women and men.

For women in 1990, the greatest racial/ethnic disparity was in Ohio, with a difference in

LE between Non-Hispanic Black women and Hispanic women of 17.5 years. By 2019,

the greatest racial/ethnic disparity was between Non-Hispanic Black women and Hispanic
women in Missouri (16.3 years). For men in 1990, this disparity was greatest between
non-Hispanic Black men and Hispanic men in Georgia (18.8 years). By 2019, the greatest
difference in LE was between non-Hispanic Black men and Hispanic men in Missouri (19.6
years).
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Discussion

While mean LE in the United States increased from 1990 to 2010, the trend has remained
flat since 2010. This national trend masks growing differences across race/ethnicity
subgroups between and within states. Disparity in LE across states are substantially greater
when considering race/ethnicity groups rather than the average for an entire state. While
disparities across states as a whole have decreased, for each of the three race/ethnic

groups studied, disparities across states within each race/ethnicity group have increased

over the past three decades. Over the same period of time, the racial/ethnic disparities in LE
decreased for most of the 23 states studied, but increased for women in 7 states and men in

5 states. Life expectancy has improved but remains lowest for non-Hispanic black people for
almost every state.

Our analysis shows LE varies widely by race/ethnicity groups and by state. While there
have been substantial improvements for many of these groups in some states, improvements
have stagnated for a number of locations. LE for Black men remained generally lower than
other subgroups but had the largest improvement since 1990, with increases of up to 16%

in some states. The disparities in LE across all states was 7.9 years for women and 7.8
years for men in 2019 but was over twice that amount, 18.5 years for women and 23.7
years for men, when accounting for race/ethnicity groups across states. Geographic variation
in LE within race/ethnicity groups helps to quantify the way other less readily observed
social determinants effect health. As a result, the differences between locations with the
lowest LE among one group and highest among another is narrowing as those with the
lowest LE improves more quickly. Over the same period, within each race/ethnicity group,
improvements for the highest LE locations have outpaced improvements among the lowest.
Our results suggest that state-level analysis which includes race/ethnicity is an important
component for measuring health inequity that could be added to the standard reporting of
national average trends.(1)

Our analysis is not intended to explain the observed differences in LE. Socioeconomic
status, race/ethnicity, environmental, behavioral, and metabolic risk factors are all known to
play a role in disparities in LE.(17-19) These risks can be influenced by more proximate
social determinants of health that reflect the complex interplay of economic, cultural,

and political factors. Racism and its consequences may be a further driver affecting life
expectancy through a multitude of mechanisms.(20)

Lower mortality and resulting longer LE among people reporting Hispanic ethnicity
compared to people reporting White non-Hispanic race/ethnicity in the United States has
been attributed to a range of factors, including lower rates of tobacco smoking and the
possibility of underestimation of mortality due to misclassification or individuals leaving the
US prior to death. Consistent with prior studies, our analysis shows greater life expectancy
among Hispanic people. We extend this observation to the state level going back three
decades and show that it persists even after our adjustment for the small mismatch between
race/ethnicity as it appears on death certificates rather than when self-reported. The wider
disparities in LE for Hispanic people compared with other race/ethnicity groups suggest
that health for this population in particular may be driven by factors that vary markedly by
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location, such as early life course exposures that vary by country of origin. An important
and persistent challenge is that Hispanic ethnicity, as defined for statistical purposes in the
US, remains an artificial and heterogenous aggregation of ancestry and national origin with
varying average mortality for each included subgroup.(21)

Our analysis focused on LE from birth. Calculation of LE from other ages may also prove
useful when considering Medicare or other age-related national or state health policies. We
have also included life expectancy calculated from ages 25 and 65 (Supplement). Increases
in LE from age 65 since 1990 have been even greater than LE at birth for almost every
location-group, reflecting greater improvements in mortality rates above that age.

While our analysis produced estimates of LE for race/ethnicity groups in the state where
death occurred, future studies could attempt to categorize estimates by other relevant
characteristics recorded on death certificates. Research might examine LE by decedents
income, education, degree of rurality at the location of death, or location of birth (including
for immigrant populations). Additional analysis is required to better understand the quality
of these less frequently used data. These kinds of novel analyses would lead to measures of
LE that may better reflect the risk exposures accrued throughout the life course regardless of
the location of death.

Limitations

For 37 state-race/ethnicity groups, we observed extremely low numbers of deaths among the
oldest adults for earlier years in the time series. We excluded state-race/ethnicity location-
groups when the average number of deaths for either sex in any decade was less than 10

for the terminal age group of 85 years or older, and thus could only estimate within-state
disparity across race/ethnic groups for 23 states. (22) The uncertainty intervals include
measurement uncertainty as reflected in the input data for models but may not contain

all uncertainties involved in the modelling process. Additionally, the Gaussian Kalman
smoothing approach may under-estimate uncertainty for death count data, especially for
cases where mortality rates are very low. Detailed vital registration data for years since 2019
have not yet been released by NCHS. As suggested by the 2016 NIH Workshop on the Use
of Race and Ethnicity in Genomics and Biomedical Research, future analyses must address
the limitations of current Office of Management and Budget race/ethnicity categories.(23)

Conclusion

The disparity in LE across states, 7.9 years for women and 7.8 years for men in 2019,

was greater when considering race/ethnicity groups within those states, which increased
the disparity to 18.5 years for women and 23.7 years for men in 2019. This disparity, as
measured in years of LE, has decreased over the past three decades but differences in LE
across states within each race/ethnicity group have increased. Within the 23 states where
all three race/ethnicity groups were estimated, disparity between these groups increased for
women in 7 states and men in 5 states.
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Figure 1: State-level estimates of life expectancy at birth between 1990 and 2019, total population
and Hispanic, Black, and White race/ethnicity groups.

Figure shows LE at the state-level and for each race/ethnicity group for each year from
1990 to 2019 for women and men. Each dot represents a location or race/ethnicity group
within that location. The state with minimum, median and maximum LE in 1990 is tracked
through all years with a colored line as described in the legend. The LE mean, 51, and

95! percentile of the distribution for each year is also shown plotted as dashed lines as
described in the legend. The location with the minimum LE in 1990 was the District of
Columbia (DC) at the overall state-level for women, New Mexico (NM) for Hispanic women
of any race, the District of Columbia (DC) for non-Hispanic Black women, Nevada (NV)
for non-Hispanic White women, the District of Columbia (DC) at the overall state-level for
men, Pennsylvania (PA) for Hispanic men, the District of Columbia (DC) for non-Hispanic
Black men, and West Virginia (WV) for non-Hispanic White men. In 1990, the state with
the median LE value, or the lower of the two states with LE values closest to the median if
there was an even number of states reported, was Missouri (MO) at the overall state-level
for women, Florida (FL) for Hispanic women, Oregon (OR) for non-Hispanic Black women,
Virginia (VA) for non-Hispanic White women, New Mexico (NM) at the overall state-level
for men, California (CA) for Hispanic men, Maryland (MD) for non-Hispanic Black men,
and Michigan (M) for non-Hispanic White men. The state with the maximum LE in 1990
was Hawaii (HI) at the overall state-level for women, Ohio (OH) for Hispanic women, New
Mexico (NM) for non-Hispanic Black women, North Dakota (ND) for non-Hispanic White
women, Hawaii (HI) at the overall state-level for men, Georgia (GA) for Hispanic men,
Colorado (CO) for non-Hispanic Black men, and Hawaii (HI) for non-Hispanic White men.
CA = California, CO = Colorado, DC = District of Columbia, FL = Florida, GA = Georgia,
HI = Hawaii, MD = Maryland, MI = Michigan, MO = Missouri, ND = North Dakota, NM =
New Mexico, NV = Nevada, OH = Ohio, OR = Oregon, PA = Pennsylvania, VA = Virginia,
WV = West Virginia.
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Figure 2: Life expectancy gapsin stateswith estimates for all 3 race/ethnicity groupsin 1990 and
2019

Figure shows locations where all three largest race/ethnicity groups were large enough to
be estimated in both 1990 and 2019. Locations are ordered from greatest to smallest gap
between the lowest and highest race/ethnicity group for LE in 1990. LE values for each
race/ethnicity group in 1990 and 2019 are connected by lines as described in the legend,
showing where these ranges overlap between groups and across states.
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