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U.S. Small-area Life Expectancy Estimates
Project: Methodology and Results Summary

by Elizabeth Arias, Ph.D., and Loraine A. Escobedo, Ph.D., National Center for Health Statistics; and Jocelyn
Kennedy, M.S., Chunxia Fu, M.S., and Jodi Cisewski, M.P.H., Northrop Grumman Corporation

Objectives

This report describes the methodology developed to
produce the first set of abridged period life tables for U.S.
census tracts for the 2010-2015 period and presents a
summary of results.

Methods

The methodology used to calculate the U.S. census-
tract abridged life tables consisted of several stages.
First, through a collaboration between the National
Vital Statistics System registration areas and the
National Center for Health Statistics, death records
of U.S. residents (excluding residents of Maine and
Wisconsin) for deaths occurring in 2010 through 2015
were geocoded using decedents’ residential addresses
to identify and code census tracts. Second, population
estimates were produced based on the 2010 decennial
census and the 2011-2015 American Community Survey
5-year survey. Third, a methodology that combined
standard demographic techniques and statistical
modeling was developed to address challenges posed
by small population sizes and small and missing
age-specific death counts. Last, standard, abridged
life table methods were adjusted to account for error
introduced by population estimates based on sample
data.

N

Results

Statistically reliable, abridged, period life tables were
produced for 88.7% of U.S. census tracts (65,662). A
battery of tests revealed that the census-tract life table
functions followed expected patterns; their distribution
about state and U.S. values showed no aberrations;
and their weighted mean values compared well with
state- and national-level estimates. The weighted
mean life expectancy at birth for the 65,662 census
tracts was 78.7 years compared with the official U.S.
estimate of 78.8 years in midyear 2013. The results of
this study concur with previous research showing that
a minimum population size of 5,000 is acceptable, with
the caveat that missing age-specific death counts cannot
be ignored. The methodology developed for this study
addressed the issues of small populations and zero
deaths as robustly as possible, although it is not without
error.

Keywords: census tract e life tables e mortality
disparities e National Vital Statistics System ¢ American
Community Survey ¢ 2010 Decennial Census

J

Introduction

A growing body of research is recognizing the importance
of measuring mortality outcomes in small geographic areas,
such as U.S. census tracts, to identify health disparities within
a population (1-5). The indicator most widely identified as
the ideal measure of a population’s mortality experience
is life expectancy at birth. The concept of life expectancy is
intuitive and easily understood by both policymakers and
the lay public (6,7). Life expectancy is estimated for national
populations by most developed countries, including the
United States, which has produced the estimate annually
since 1945 and decennially since 1900 (8). However, its
calculation is relatively complex compared with that of
other summary mortality measures, because it entails the
calculation of six distinct functions and requires a minimum

number of age groups and total population size, below
which the estimates become unstable and unreliable (9,10).

For geographic areas with relatively small populations,
such as U.S. census tracts, several data and methodological
challenges need to be resolved to produce reliable and useful
life expectancy estimates. The two most important data
issues are the availability of death counts and population
estimates for small geographic areas. In the United States,
the smallest geographic identifier available nationally for
mortality data is the county of residence of decedents.
Similarly, the U.S. Census Bureau does not produce annual
population estimates for geographic areas smaller than
counties. Methodologically, small numbers of deaths and
populations pose another set of difficulties. Below a certain
minimum death count and population size, death rates and,
by extension, life expectancy estimates become unstable
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and unreliable. Selecting a methodological strategy that can
reliably address these issues is a challenge.

This report presents the first set of abridged U.S. census-
tract life tables for 2010-2015 for the District of Columbia
(D.C.) and all states excluding Maine and Wisconsin. The
strategy used to produce these tables consisted of three
stages. First, in collaboration with National Vital Statistics
System (NVSS) registration areas, death records of U.S.
residents for deaths occurring in 2010 through 2015 were
geocoded using decedents’ residential addresses to identify
and code census tracts. Second, because Census Bureau
postcensal population estimates for census tracts are not
available, alternative population estimates were generated
based on a combination of 2010 decennial census counts
and American Community Survey (ACS) 5-year data for
2011-2015. Finally, a combination of demographic methods
and statistical modeling was used to address the challenges
to the calculation of reliable life tables posed by small
population sizes and small and missing age-specific death
counts.

Background

The Life Table

There are two types of life tables, cohort and period. The
cohort life table presents the mortality experience of a real
birth cohort from birth through consecutive years until all
members of the cohort have died. A period life table presents
the mortality experience of a population during a particular
point (period) in time and applies the age-specific death
rates of an actual population to a hypothetical birth cohort.
Under the assumption that the hypothetical cohort will
experience at every age the mortality of a real population
in a particular period, the period life table provides detailed
mortality information such as the probability of dying and
life expectancy by age. A further classification of life tables
is the size of age intervals. A complete life table includes
information for every single year of age except the final
age group, which is usually open-ended. An abridged life
table aggregates ages into 5- or 10-year intervals, with the
exception of the first (ages 0 to 1 year) and second (ages 1-5
years) age categories and the final open-ended age interval
(8). The selection of either a complete or abridged life table
depends on the availability of age-specific mortality and
population data.

For small areas, such as U.S. census tracts, it is impossible
to estimate complete life tables due to the small number of
people at each age and the resulting small or nonexistent
death counts. It is difficult to estimate a reliable age-specific
death rate, which is the first function needed to calculate
a life table. As a result, the abridged life table is the most
appropriate type for small populations. The most widely
used method for the estimation of abridged life tables is
that developed by Chiang (9,10). The method presumes no

age-specific missing information. Indeed, one of the reasons
Chiang proposed for the construction of an abridged rather
than a complete life table is that the latter is more likely
to have missing age-specific information (i.e., deaths or
populations) unless the population is very large (10).

More recently, Silcocks et al. proposed a different
methodology for estimating abridged life tables for small
areas. The Silcocks method differed from Chiang’s method
with respect to the assumed shape of mortality within
age groups and in the measurement of the variance of life
expectancy in the final age interval (6). Chiang assumed
deaths were distributed evenly throughout an age interval
except for the first age group (10). Silcocks, on the other
hand, assumed that the death rate was constant throughout
an age interval and, therefore, the number of survivors
decreased exponentially (6). Chiang assumed no variance
in the life expectancy of the final age interval because the
probability of death was 1 and survival O in this age category.
The Silcocks method assumed the factor of relevance was
the length of survival, not its probability, and estimated a
variance based on this assumption (11). Comparisons of the
two methods concurred that the Chiang method was the
most accurate, although estimation of the variance of life
expectancy in the oldest age group, which Chiang omits, was
recommended (7,11-13).

Minimum Population Sizes and Death
Counts

No universal standard exists for the minimum population
size or death count required to estimate a reliable small-area
life table. In the case of crude, age-specific and age-adjusted
death rates, the National Center for Health Statistics (NCHS)
has established guidelines that preclude the release of
estimates with coefficients of variation (CV) greater than
23%, or based on fewer than 20 deaths (14). With respect
to life tables, NCHS has alternatively relied on the use of the
CV and smoothing techniques to determine the minimum
number of deaths required to produce reliable complete
life tables. The 1969-1971 decennial life table series, for
example, excluded state-specific life tables for the black
population that had crude death rates with CVs of more than
2.5% (15). The 1989-1991 series excluded tables based on
fewer than 700 deaths using a manual smoothing technique
(16). The latest decennial tables exclude tables with fewer
than 300 deaths based on a statistical smoothing method
that borrows information from past mortality data (17).

Experimental work investigating methods for calculating
small-area life expectancy estimates, published by the
United Kingdom’s Office for National Statistics and the South
East Public Health Observatory, concluded that a minimum
population size of 5,000 was necessary for reliable estimates
(7,11,12,18).

NATIONAL CENTER FOR HEALTH STATISTICS
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Missing Age-specific Deaths (Zero Cells)

Besides the problem of small population sizes and death
counts, there is also the issue of missing deaths in some age
groups. Missing deaths in an abridged life table estimated
using Chiang’s method causes the calculation of standard
errors of the probability of death to fail and, therefore, leads
to underestimation of the variance of life expectancy at birth.
The Silcocks method allows for missing age-specific deaths;
however, as already noted, some comparative research of
the two methods consistently found that the Chiang method
produced more accurate estimates. Further, missing age-
specific deaths present other problems beyond the effects
on variances of the life table functions. A significant problem
rarely discussed in previous research on small-area life
expectancy estimation is the biasing effect of missing age-
specific deaths on overall life expectancy estimates and the
underlying mortality profile of a population. The focus has
been solely on the effect of missing deaths on the standard
error of life expectancy at birth. Because of the seemingly
small impact of zero age bands on the standard errors of life
expectancy at birth for populations of 5,000 or larger, several
authors have recommended refraining from any form of
imputation, except for the oldest age interval to avoid
assigning an infinite mean life expectancy for the oldest
age band (11,12,19). Leaving age bands with zero deaths,
however, ignores the underlying age-specific mortality
pattern, or schedule, of a population. The underlying true
mortality pattern can be misidentified when age-specific
information is missing, particularly when the numbers of age
categories with missing information are large.

Several methods of imputation have been proposed and
tested (6,20) that include using death rates from larger
geographic units, applying weights that are inversely
proportional to the standard error of the census tract and
adjacent units, and substituting zero cells with small positive
values. Other tested methods include standard regression
analyses that model relationships between death rates and
population demographic and socioeconomic characteristics;
graduation techniques that smooth crude mortality rates;
and Bayesian random effects models that pool strength
over geographic areas, age, time, and population groups
(4,5,21-27). Amore recent study supplemented the Bayesian
framework with principal component methods that capture
typical age patterns of mortality to estimate small-area
death rates (1).

Data Availability for Small Areas
Mortality data

NCHS agreements with the 57 vital registration areas that
form part of the official NVSS for the collection of mortality
data do not include the requirement to produce geographic
identifiers below the county level. As a result, county of
residence is the smallest geographic identifier available
in official NVSS mortality data files created by NCHS. To

produce census tract-level life tables for this project, it was
necessary to first geocode death records (28).

Population data

Census tracts typically have 1,200-8,000 people, with
an average population size of 4,000 people, and were
designed to be homogenous with respect to demographic
characteristics, economic status, and living conditions when
first delineated using local committees (29). In 2010, 70% of
U.S. census tracts had populations of less than 5,000 (30).

To prepare the annual U.S. life tables, NCHS uses census
counts and post- and intercensal population estimates based
on the decennial census, produced under a collaborative
agreement with the Census Bureau (8). As with mortality
data, population estimates based on census data are not
available for geographic areas below the county level.
Although not intended for this purpose, ACS is the only
source of population estimates at the census-tract level for
intercensal years. Conducted by the Census Bureau, ACSis an
ongoing survey implemented during and between decennial
census years. It has been designed to measure the changing
social, economic, demographic, and housing characteristics
of the U.S. population since 2005 (31).

Data and Methods

Data

The data used to produce the abridged life tables combine
6 years of NVSS mortality data (2010-2015) and use
2010 decennial census population counts and ACS 5-year
estimates (2011-2015).

NVSS data

The mortality data used to compute the abridged life tables
by census tracts are the final death counts for each year of
the 2010-2015 period, collected from death certificates
filed in state vital statistics offices and reported to NCHS as
part of NVSS. Fifty-one registration areas—all U.S. states
(excluding Maine and Wisconsin), New York City, D.C., and
Puerto Rico—provided NCHS with usable residential address
information for all deaths that occurred in their jurisdictions
in 2010 through 2015. Through a collaborative agreement
between NCHS and the U.S. Department of Housing and
Urban Development (HUD), residential addresses of
decedents were sent to the HUD Geocode Service Center for
geocoding. The geocoded information was used to identify
their corresponding census tract codes. Death records that
were successfully geocoded to census tract were matched
back to NVSS mortality data files for 2010-2015, and those
considered of high quality—records whose census-tract
codes were based on street address or 9-digit zip code
matches—were used to produce the abridged life tables by
census tracts.
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Census and ACS data

The population data used to compute the 2010-2015
abridged life tables by census tracts include counts of the
population residing in the United States and enumerated
as of April 1, 2010, by the decennial census conducted by
the Census Bureau; and population estimates based on ACS
combined 2011-2015 samples. The primary focus of ACS is
not the provision of official post- or intercensal population
estimates (31). However, the Census Bureau’s Population
Estimates Program does not produce population estimates
for geographic areas below the county level and, therefore,
ACS was the only available source of estimates for 2011-2015
census tract-level populations.

The strategy of combining decennial census counts with
ACS survey-based estimates resulted from an exploration of
the benefits and drawbacks of pooling 5 or 6 years of data.
Pooling over a shorter time span increases the accuracy of
the life expectancy estimates (20). However, the reliability of
these estimates diminishes when death counts are too small
or missing and population estimates have sampling error.
Adding an additional year of data increased the number of
deaths while simultaneously reducing the variance of the
population estimates, because the decennial census counts
are not affected by sampling error; only the 2011-2015 ACS
5-year population estimates are affected by sampling error.
As a result, the 6-year population estimate is affected by only
5 years of sampling error.

Methods

The final stage of this project, the methodology, consisted
of three phases. Phase 1 entailed the estimation of age-
specific death rates for census tracts with minimum
pooled population sizes of 5,000 people over the 6-year
period (2010-2015) and no missing age-specific death
counts. Tracts with acceptable age patterns, or schedules,
of mortality (defined below) served as models from which
to borrow information for tracts with missing age-specific
death counts. In Phase 2, zero-truncated Poisson and
negative binomial models were fitted to Phase 1 model
tracts. Resulting model parameter estimates were used
to predict age-specific death rates. Missing observed age-
specific death rates due to zero death counts in tracts
with minimum pooled population sizes of 5,000 over the
6-year period were replaced with predicted values based
on their combinations of demographic, socioeconomic,
and geographic characteristics included in the models. In
Phase 3, abridged life tables were calculated for all tracts
with minimum pooled population sizes of 5,000; complete
age-specific death counts, either observed or predicted; and
acceptable age patterns of mortality. Results were evaluated
for reliability using various demographic and statistical
techniques.

Selection of Phase 1 tracts for modeling

The selection of Phase 1 census tract-data for the generation
of predicted death rates depended on whether the observed
age-specific death rates were consistent with the age-
specific mortality pattern universally observed in human
populations (Figure 1). Figure 1 displays the age-specific

Figure 1. Age pattern (schedule) of mortality: United States, 2013

0or

Natural logarithm of age-specific death rate
&
T

12 1 1 1 1 1

Under 1 1-4 5-14 15-24 25-34

35-44
Age group (years)

45-54 55-64 65-74 75-84 85
and over

NOTE: Values are based on official statistics published in "Deaths: Final Data for 2013," available from: https://www.cdc.gov/nchs/data/nvsr/nvsré4/nvsr64_02.pdf.

SOURCE: NCHS, National Vital Statistics System, Mortality.
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death rates on the logarithmic scale for the U.S. population
in 2013, selected as the midpoint of the 2010-2015 period.
Three components of the mortality curve stand out. First,
mortality at birth is higher than in subsequent ages into
middle adulthood. Second, mortality is at its lowest point
in middle childhood, around ages 5-14. Third, the rate of
change in mortality increases with age and may decelerate
in very old ages. Smoothing was undertaken in the adult age
range when very small counts made the rates erratic, making
it difficult to observe the rate of change across age-specific
death rates. Phase 1 census tracts with age-specific mortality
curves that had these three basic characteristics were
considered acceptable and selected for modeling regardless
of overall mortality levels or other variations, such as the
existence or absence of accident humps.

Predicted age-specific death rates

Under the assumption that the underlying distribution
of deaths follows a Poisson process, age-specific zero-
truncated Poisson or negative binomial models were fitted
to the model Phase 1 census tract—tracts with a minimum
population of 5,000 over the 6-year period, no missing age-
specific death counts, and age patterns of mortality that met
the characteristics described above. Predicted age-specific
death rates, ,M,, were estimated from the model results.
The models included seven covariates that describe the
socioeconomic and demographic characteristics of the tract-
level populations, obtained from the 2010 decennial census
data and the 2011-2015 ACS 5-year sample. They included
quartiles of median household income, population density,
and the proportions of the population that are non-Hispanic
black, Hispanic, and had a 4-year college degree or higher in
the census tract; and a binary variable indicating whether
the census tract belonged to a Purchased/Referred Care
Service Delivery Area (PRCSDA). PRCSDAs are counties that
include all or part of a reservation or share a boundary
with a reservation and, as a result, have high proportions
of American Indian and Alaska Native populations who
have significantly higher mortality than all other race and
Hispanic-origin groups in the United States (32).

A control for geographic region (Northeast, Midwest, South,
and West) of the country was also included to reduce
the potential biasing effects of regional concentration
of census tracts in Phase 1 on the predicted values. The
Northeast region comprises 9 states: Connecticut, Maine,
Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont. The 12 states
that make up the Midwest region are lllinois, Indiana, lowa,
Kansas, Michigan, Minnesota, Missouri, Nebraska, North
Dakota, Ohio, South Dakota, and Wisconsin. The South region
includes D.C. and 16 states: Alabama, Arkansas, Delaware,
Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi,
North Carolina, Oklahoma, South Carolina, Tennessee, Texas,
Virginia, and West Virginia. The West region consists of 13
states: Alaska, Arizona, California, Colorado, Hawaii, ldaho,

Montana, Nevada, New Mexico, Oregon, Utah, Washington,
and Wyoming.

The choice of a Poisson model compared with a negative
binomial model is dictated by the variance of the count
variable—in this case, the age-specific number of deaths,
»Dy. In cases where the variance is not equal to the expected
value of the count variable (i.e., overdispersion), a negative
binomial modelis preferred, because it accounts for the extra
variation of a Poisson-distributed count variable. Deviance
goodness-of-fit tests were used to determine whether a
Poisson process with no overdispersion generated the data.
The negative binomial model includes an overdispersion
parameter, a. A likelihood ratio test of a = 0 is used to
determine if the negative binomial model is preferable.

The predicted death rate, ,//,, was estimated as:
nﬁx _ eﬁ0+ﬁ1Y1+“.+ﬁkYk [1]

where Sy, f;, and Y; are the model constant, coefficients,
and independent covariates, respectively. The age-specific
exposure is the observed age-specific population count,
+Py, and the age-specific predicted number of deaths, ,D,,
is defined as:

an — eln(”Px)+ﬁ0+ﬂlY1+...+ﬁkYk 2]

Abridged life tables

Census-tract abridged life tables were constructed using the
methodology developed by Chiang with the modifications
described below (10). The life table columns include:

Age
The age interval between two exact ages, x and x + n. For this

study, the 11 age groups used were: 0, 1-4, 5-14, 15-24,
25-34,35-44, 45-54, 55-64, 65—74, 75-84, and 85 and over.

Probability of dying, ,,¢.

The probability of dying between two exact ages, x and x + n,
is defined as:
ny * My

n X= [3]
1 1+(1-ay) *n, * M,

VID\'

where ,M, is the age-specific period death rate, E, and

$=2015

DCP ACSP

nDy = Z any:anzrlPx +(5 *,P, )
y=2010

PDCP

rn- x

is the 2010 decennial census population count; L is the
average ACS 2011-2015 population estimate; n, is the size of
the age interval in years; and a, is the fraction of life lived by
those who died in the age interval.

Number surviving, [,

The number of persons surviving to the beginning of the age
interval from the original 100,000 hypothetical live births is

Series 2, Number 181

NATIONAL CENTER FOR HEALTH STATISTICS



defined as:
lx*n = lx_ndx [4]

where the radix of the table /, = 100,000.

Number dying, ,d,

The number of persons dying in the age-interval xand x + n
is defined as:

ndx :lx * nqx [5]

Person-years lived, ,L,

The number of person-years lived by the hypothetical life
table cohort within an age interval x and x + n is defined as:

wLe=n. .- ,d)+a,*n.~* ,d (6]

n—x

where L, , the person-years lived in the final open-ended
age interval, is defined as:

Total number of person-years lived, T,

The number of person-years that would be lived after the
beginning of the age interval x and x + n is defined as:

X=00
JTo=Y 4L, (7]
x=0

Expectation of life, e,

The average number of years to be lived by those surviving
to age x is defined as:

e, =— (8]

Variances and standard errors of the probability
of dying and life expectancy

Variance of ,¢q,

The variance of the age-specific probability of dying, Var(,q,),
is a function of the variance of the age-specific death rate,
Var(,M,). The standard definition of Var(,M,) is based on
the assumption that ,P, is a constant and, as a result, only
the random error of ,D, affects Var(,M,). However, because
ACS population estimates are based on sample data, the
denominator of ,M, is affected by sampling error. As a result,
Var(,M,) is a function of both the variance of ,D,, Var(,D,),
and the variance of ,P,, Var(,Px). The delta method was
used to approximate Var(,M,) and Var(,q,) as:

2
Var(nMx)z( 12 * Var(,,Dx))+(”1[D)—x4 * Var(,P,) [9]

and

Ny

(+(1-ay) * n, * M)

Var(nqx)z( 2 % Var(,M)  [10]

where Var(,M,) and Var(,D,) are used in place of the
observed values as needed for Phase 2 tracts.

Variance of e,

The variance of the age-specific expectation of life, e, is a
function of the variance of the age-specific probability of
death, Var(,q.). Chiang assumed that because ggs+ = 1.00
and, equivalently, the probability of survival, pss+, is equal
to zero, then Var(ggs+) is equal to zero, and as a result, so is
Var(egs). Silcocks et al. proposed that in the final age group,
life expectancy is dependent on the mean length of survival
and not on the probability of survival, and, therefore, the
assumption of no variance is incorrect (6). This proposition
has been determined to have merit and, as a result, the
variance of the last age interval is accounted for in this study
(11,13). For ages 0 through 75-84:
x=75-84
Z lx2 * [(l_ax) * nx+ex+n]2 * Var(nqx)

Var(e,) ~ —=2 I [11]

and for ages 85 and over:

l 2
857 7 * VCH"(M85+)
85+

Results

Var(egs+) =

The total number of census tracts identified in both the
decennial U.S. Census 2010 and the 5-year 2011-2015 ACS
population data sets was 74,001 (Figure 2). Of these, 69,520
(93.9%) had a minimum resident population of at least one
over the 6-year period of 2010-2015. After excluding census
tracts in Maine and Wisconsin, which had only 5 years of
geocoded death records (2011-2015), the majority of tracts
with at least one resident, 66,960, had a pooled population
of 5,000 or more over the 6-year period and, therefore,
were eligible for inclusion in the study. Phase 1 census
tracts—those that met the population size requirement and
had no missing age-specific death counts or age-specific
death counts smaller than the population size—included
5,741 (8.6%) of the eligible tracts. Census tracts that met
the population size criterion, had no age groups where
the number of deaths were more than the population or
where there was no population at all, but had one or more
age groups with missing deaths (Phase 2), included 60,685
(90.6%) of eligible tracts.

Phase 1—Model Tracts

Of the total 5,741 Phase 1 tracts, 4,639 (80.4%) had age-
specific mortality patterns consistent with the standard age-
specific mortality schedule (Figure 3). Figure 3 presents the
age-specific death rates on the log scale. Each of the 4,639
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Figure 2. Distribution of U.S. census tracts, by study phases

geographic, socioeconomic, and

demographic indicators known

Census tracts in
U.S. Census 2010 and
ACS 2011-2015
population data
(n=74,001)

to be closely associated with
mortality outcomes.

Statistical Model

I

Results

Tables 2 and 3 show the results

Census tracts with
6-year total population
size of 1 or more
(n=169,520)

size of zero (n=4,481),

of the age-specific zero-truncated
negative binomial models fitted
to the 4,639 Phase 1 tracts that

Census tracts with
6-year total population

excluded from study

Census tracts after
excluding those in
Maine and Wisconsin

met the mortality schedule
criterion. Table 2  contains
estimates for the models that
included all covariates, and Table
3 contains the results for models
that excluded census tract-level

Census tracts with 6-year
total population size of
5,000 or more and at least
1 death in all age groups

Census tracts with 6-year
total population size of
5,000 or more and 1 or

more age groups with

(n = 66,960)
household income. Household
income information was not
available for 103 tracts in Phase
Phase 1 Phase 2 Census tracts with 6-year 2. For all age groups, both zero-

truncated Poisson and negative
binomial models were estimated,
and the latter was found to fit

total population size

smaller than 5,000

(n=222), excluded
from study

(n=>5,741) zero deaths (n = 60,685)

the data better, as indicated by
the likelihood ratio tests of the

NOTE: ACS is American Community Survey, U.S. Census Bureau.
SOURCE: NCHS, National Vital Statistics Systems, Mortality.

tracts is indicated by a dark blue circle. The circles appear
as vertical blue bars where they overlay each other. The
equivalent values for the United States in 2013 are shown
as an intersecting connected green line. The census-tract
values for most age groups are distributed evenly around
each age-specific U.S. value. The census-tract distribution
is somewhat skewed toward the higher mortality ends in
the first three age groups, that is, more tracts have values
above the U.S. total than below it. This is likely a function
of several factors. One is the population data source. The
ACS population estimates are affected by relatively large
variances, particularly in the younger age groups. Birth
data, the more accurate denominator for the estimation of
the probability of death at birth, is not available at the tract
level. The other bias factor may be the regional distribution
of the tracts in Phase 1. Fifty-one percent of Phase 1 census
tracts are in the South (Table 1), where mortality is generally
higher than in other regions of the country (15%, 12%,
and 2% higher than in the West, Northeast, and Midwest,
respectively). Finally, tracts with no missing deaths in any
age group may have higher mortality overall (see Table 1 for
descriptive characteristics of tracts by study phase). It is not
possible to correct for the data problems posed by the use
of the ACS population estimates or the lack of birth data.
However, it is possible to mitigate some of these issues as
well as regional effects through inclusion in the models of

overdispersion parameter, alpha

(a). The likelihood ratio tests

showed that a was statistically

different from zero. The parameter
estimates show a strong correlation between most of the
selected covariates and mortality, and the direction of the
relationship between each covariate and mortality was
as expected. Higher percentages of Hispanic and college-
educated populations and higher household incomes were
associated with significantly lower mortality at the census-
tract level, net of all other covariates. On the other hand,
higher proportions of non-Hispanic black populations were
associated with higher mortality. The relationship between
mortality outcomes and population density, region, or
counties designated as PRCSDA was observed for some age
groups but was of much smaller consequence.

Figure 4 shows the age distribution of observed ,M, and
predicted ,M, on the log scale for each model Phase 1
census tract against the U.S. 2013 schedule. The observed
rates for the model tracts are shown as dark blue circles,
the predicted rates as light blue circles, and the U.S. rates as
an intersecting connected green line. The circles appear as
vertical bars where they overlap. The distributions suggest
that the models performed rather well in predicting age-
specific mortality at the census-tract level. The spread of the
predicted death rates, ,/,, about the U.S. values is much
tighter than the observed rates and varies as expected by
age. For example, the spread declines with increasing age
and is at its smallest in the oldest age group, 85 and over.
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Figure 3. Age patterns of mortality for Phase 1 model census tracts, 2010-2015, compared with United States,

2013 schedule
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NOTES: Census tracts from Maine and Wisconsin are excluded. Values for the United States, 2013, are based on official statistics published in "Deaths: Final Data for 2013," available from:

https://www.cdc.gov/nchs/data/nvsr/nvsré4/nvsré4_02.pdf.
SOURCE: NCHS, National Vital Statistics System, Mortality.

This result is consistent with previous findings that show
mortality disparities across groups decline with age (8,32,33).

Phase 2

Table 4 shows the distribution of census tracts by the number
of age categories without deaths and by the age categories
missing deaths. The majority of these census tracts (89.0%)
had one to three age groups with missing deaths, and 10%
had four or more age groups with missing deaths (Table 4).
The majority of census tracts (84.5%) were missing deaths in
the 0-1, 1-4, and 5-14 age categories, at 13.6%, 37.0%, and
33.9%, respectively. The high percentages in the second and
third age categories are consistent with universally lower
mortality in childhood ages.

Missing age-specific death rates resulting from zero death
counts were replaced with predicted values in Phase 2 tracts
that had one to five age groups missing deaths, based on
the zero-truncated negative binomial models fitted to Phase
1 data and extrapolated to the entire sample. For census
tracts with six or more age groups missing deaths, all were
replaced with predicted values. Each tract with missing age-
specific information received a predicted value based on its
particular combination of socioeconomic and demographic
characteristics included in the models. For example, tract
X with missing death counts in the age group 1-4 years
received a predicted estimate such as:

4 Ml _ eﬁo+ﬁ1 quartile% Hispanic+-- -+ Brquartile Population density

Figure 5 shows the age distribution of observed ,M, and
predicted ,M, on the log scale for each Phase 2 tract about

the U.S. 2013 schedule. The observed rates for the Phase
2 tracts are shown as dark blue circles, the predicted rates
as light blue circles, and the U.S. rates as an intersecting
connected green line. The circles appear as vertical bars
where they overlap. The distributions show large spreads
in the observed values about U.S. values, but mortality
schedules consistent with the expected pattern. Similar to
Phase 1 tracts, observed ,M, values for the youngest age
groups were somewhat skewed toward higher mortality.
In this case, it is not likely a result of regional bias because
Phase 2 contains the bulk of all tracts (Table 1), and regional
distribution is almost identical to the national distribution.
The skewed distributions for the youngest age groups are
most likely a result of large variances in population data
quality and the lack of birth data for the first age group. The
predicted values are much tighter about and equidistant to
the U.S. values.

Evaluation and Selection of Final Abridged
Life Tables

Abridged life tables were calculated for a total of 66,426
Phase 1 and Phase 2 census tracts that met the mortality
schedule criterion. Among the 5,741 Phase 1 census tracts,
4,639 abridged life tables were based exclusively on
observed age-specific death rates (known as model tracts),
and 1,102 were based on predicted death rates for all ages.
Among the 60,685 Phase 2 census tracts, 56,915 abridged
life tables were based on a combination of observed and
predicted death rates, and 3,770 were based only on
predicted death rates. Those based exclusively on predicted
death rates were census tracts with mortality schedules that
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Figure 4. Age patterns of mortality for Phase 1 model census tracts, 2010-2015, based on observed and
predicted age-specific death rates, compared with United States, 2013 schedule
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Figure 5. Age patterns of mortality for Phase 2 census tracts with observed and predicted age-specific death

rates, compared with United States, 2013 schedule
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did not meet the age-specific mortality pattern criterion or
had more than five age groups with zero death counts.

To select the most reliable census tract-level abridged life
tables, abattery oftestswas performed. First, the distributions
of age-specific life expectancy estimates and their standard
errors were examined to identify obvious outliers. Second,

mean values of tract-level life table functions were compared
with national and state-level estimates to identify outliers not
found through the previous evaluation. Third, the patterns
of other life table functions were compared with those of
the United States and individual states as a further check for
implausible values. The relationship between life expectancy
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at birth and select demographic,

socioeconomic, and geographic and 2 census tracts

Figure 6. Distribution of standard error of life expectancy at birth, Phases 1

indicators was explored as a

final check on the validity of the 80
estimates.

Life expectancy 60
Of the 66,426 census tracts

for which abridged life tables

40

Percent

were calculated, 44,066 had life
expectancy at birth that ranged
from 56.3 to 89.9 years, with a
weighted mean standard error (SE) 20
of 1.46 years (Table 5). For 16,768
census tracts, life expectancy at
birth ranged from 59.0 to 94.2 0
years, with a mean SE of 2.39
years. For 4,828 census tracts, life
expectancy at birth ranged from

2 or less

More than 2 up to More than 4

and including 3

More than 3 up to
and including 4

Standard error (years)

60.7 to 97.5 years, with a mean
SE of 3.41 years. Finally, for 764
census tracts, life expectancy at
birth ranged from 71.2 to 83.4
years, with SE values of 4 years or more and a mean of
24.04 years (Figure 6, Table 5). The group of tracts with SE
at birth greater than 4 years contains clearly unacceptable
SE estimates, despite having been based exclusively on
predicted age-specific death rates. This group of life tables
was dropped from the sample, leaving a final set of 65,662
abridged life tables. Of these, 87.0% were based on a
combination of observed and predicted values of ,M,, and
13.0% were based exclusively on predicted values. Of the
first group (87.0%) in the final set, 88.6% were made up of
tracts with zero to three age groups missing death counts.

Life expectancy at birth ranges and associated SEs for
the first three groups outlined above are plausible and
acceptable (Table 5). Mean life expectancy at birth for the
65,662 census tracts was 78.7 years, with a minimum of
56.3 years, a maximum of 97.5 years, and a weighted mean
SE of 1.80 years. Comparable small-area life expectancy
at birth estimates include United Kingdom ward-level life
expectancy at birth estimates based on 1999-2003 data.
These estimates ranged from 65.4 to 93.4 years (18). Life
expectancy at birth worldwide ranged from 52.9 years in
Lesotho to 84.2 years in Japan in 2016 (34).

The top panel of Table 6 presents mean abridged life table
functions, weighted by census-tract population size, for the
65,662 census tracts. For comparison, the bottom panel
shows the 2013 U.S. abridged life table. The weighted mean
life expectancy at birth for the 65,662 census tracts was 78.7
years. Life expectancy at birth for the total U.S. population
in 2013 was 78.8 years. The difference of 0.1 year was well
within a 95% confidence interval, based on a weighted
mean SE for the census-tract estimates of 1.80 years. For
all other age groups, differences between the census-
tract estimates and the United States were concentrated

NOTE: Maine and Wisconsin are excluded.
SOURCE: NCHS, National Vital Statistics System, Mortality.

in the youngest ages. This appears to be mostly a result
of the very small numbers of deaths in these age groups,
the large variances of the ACS population estimates, and
the unavailability of birth data for the denominator of the
probability of death at birth. Figure 7 presents age-specific
life expectancy estimates for each census tract about the
2013 U.S. values. The estimates for the census tracts are
shown as dark blue circles, which appear as vertical bars
where they overlap, and the U.S. values are shown as light
blue circles. The census-tract estimates fall mostly about
the U.S. values with no aberrant outliers. Skewness in the
oldest age group is consistent with the larger variance for
this estimate (Table 6).

Table 7 shows the mean life expectancy at birth, standard
deviation (SD), and minimum and maximum values,
weighted by census-tract population size for each state,
based on the tract-level abridged life tables compared with
life expectancy at birth estimated for the entire population
of each state. The state estimates are based on abridged life
tables, calculated using pooled death counts for 2011-2015
and midperiod 2013, postcensal population estimates for
ages 1 and over, and birth counts for ages 0 to 1. Figure 8
presents the ratio of the state-level weighted means of the
tract-level life expectancy at birth to the direct state-level
estimates. The ratios fall slightly above but are very close
to 1.00 for most states, suggesting that the census-tract
estimates are robust but overestimate mortality to some
degree. The absolute differences between the census-tract
weighted means and state values range from no difference
for several states to 1.5 years for D.C. and Wyoming.
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Figure 7.

Age-specific life expectancy estimates: Census tracts, 2010-2015, and United States, 2013
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Figure 8. Ratio of state-level weighted means of census tract-level life expectancy at hirth to direct state-level

life expectancy at birth estimates, 2010-2015
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Probability of dying

Figure 9 shows the age-specific probability of dying,
#Jx, estimates for each of the final 65,662 census tracts
compared with the values for the United States in 2013. The
observed probabilities for the tracts are shown as dark blue
circles, which appear as vertical bars where they overlap,
and the U.S. probabilities are shown as an intersecting
connected green line. The census-tract estimates fall about

the U.S. values as expected, with some skewness toward
higher mortality in the younger age groups. As with ,M,, the
skewness in the younger ages is predominantly a function of
the very small number of deaths, relatively large ACS-based
population variances, and lack of birth data. Figure 10 shows
the distributions of census tract-level ,g, about the state
values. In all cases, the census-tract ,g, distributions behave
as expected, with wider spreads for some states.
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Figure 9. Probability of dying, by age: Census tracts, 2010-2015, and United States, 2013
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Survivorship

Figure 11 presents the age-specific percentage surviving for
each of the final census tracts compared with the 2013 U.S.
values. The observed percentages for the tracts are shown
as dark blue circles, which appear as vertical bars where
they overlap, and the U.S. percentages are shown as an
intersecting connected green line. The shape of the survival
curves is as expected. The spread about the U.S. values
increases with age and is consistent with the distributions of
the age-specific life expectancy and probabilities of death.
Figure 12 shows the census tract-level percentage surviving
in each state compared with the state-level values. The
distributions of tract-level survival curves have acceptable
patterns about each state-level value, with no aberrant
outliers.

Demographic, Socioeconomic, and
Geographic Correlates of Life Expectancy

Table 8 presents the number and percentage of census tracts
for each quartile of life expectancy at birth by each of the
demographic, geographic, and socioeconomic variables used
in the statistical models. Among census tracts that belong
to the lowest quartile of life expectancy at birth (56.3-75.7
years), more than one-half are found in the southern U.S.
region (52.2%), have predominantly non-Hispanic black
populations (51.0%), and consist of populations with low
educational attainment (56.7%) and low median income
(60.9%). Among census tracts that belong to the highest
quartile group (81.0-97.5 years), more than one-half have
highly educated populations (56.3%) and high median
income (56.8%). Figure 13 shows the ratio of the means

of the fourth quartile group’s probability of dying, ,¢. , to
each of the first three quartile groups, for median household
income and the percentages of the tract-level population
that are non-Hispanic black, Hispanic, and had 4 or more
years of college education.

Generally, census tracts belonging to the highest quartile of a
socioeconomic variable have lower ,g, estimates than those
census tracts belonging to the lower 75% of the percentile,
resulting in ratios greater than 1.00 (Figure 13). These
disparities in ,g, are substantial for educational attainment
and median household income and, although observed
in all age groups, are largest for age groups 35-44 and
55-64. As expected, the larger the gaps are in educational
attainment and median income, the larger the differences
in ,qx. Census tracts having a predominantly non-Hispanic
black population have consistently higher ,g, estimates than
census tracts with smaller non-Hispanic black populations,
resulting in ratios greater than 1.00 across all age groups, but
the relative differences disappear in the older age groups
where the ratios between the fourth quartile and each of
the first two quartiles merge. On the other hand, having a
predominantly Hispanic population appears to be protective
(lower ,g, estimates), especially for age groups under 1 year
to 25-34, which is consistent with previous findings showing
a Hispanic mortality advantage (35). In the older age groups,
census tracts that are predominantly Hispanic have roughly
similar ,g, estimates compared with census tracts with
smaller Hispanic populations, resulting in ratios equal or
close to 1.00. Differences in ,g, between the most and least
densely populated census tracts that are substantial in the
younger age groups also disappear in the older age groups
(figure not shown).
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Figure 10. Age pattern of mortality, by census tracts within each state compared with overall state patterns, 2010-2015
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Figure 11. Percentage surviving, by age: Census tracts, 2010-2015, and United States, 2013
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https://www.cdc.gov/nchs/data/nvsr/nvsr66/nvsr66_03.pdf.
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Aside from demographic and socioeconomic disparities,
geographic disparities in ,¢, and life expectancy at birth also
exist. The largest differences in ,,g, are observed between the
Southern and Western regions of the United States (Table 8).
The relatively low life expectancy at birth estimates for the
Southern region are prominent in Figure 14, where the
geographicdistribution of life expectancy at birth, categorized
into quartile groups, for the census tracts in 48 states (Maine
and Wisconsin are excluded) are presented. When the higher
or lower median of life expectancy at birth is paired with
either the higher or lower median of educational attainment,
37.0% (n = 24,559) of the census tracts are found to have
both low life expectancy at birth and populations that have
lower educational attainment. Another 37.0% (n = 24,494)
have both high life expectancy at birth and populations
that have higher educational attainment; 13.0% (n = 8,676)
have high life expectancy at birth but populations that have
lower educational attainment; and 13.0% (n = 8,697) have
low life expectancy at birth despite having highly educated
populations (Figure 15).

Summary and Conclusions

Statistically reliable, abridged, period life tables were
calculated for a total of 65,662 (88.7%) U.S. census tracts
(excluding tracts in Maine and Wisconsin) for 2010-2015.
Small-area estimation challenges were addressed in the most
statistically robust manner possible. Through a collaborative
effort between state vital registration areas and NCHS,
mortality data were geocoded using decedents’ address
information to identify census tracts. Census tract-level

population estimates were generated through an innovative
technique that combined decennial census data with ACS
sample data. The problem of small numbers of deaths,
missing age-specific death counts, and small population sizes
was addressed through a unique combination of statistical
and demographic methods.

The results of this study concur with the findings of previous
research showing that a minimum population size of 5,000
is acceptable for the estimation of abridged life tables, with
a caveat (7,11,12,19). This study showed that the proportion
of census tracts with a minimum population size of 5,000
over a 6-year period that also had at least one age group
with zero deaths was rather high, at 90.6%. To date, the most
robust abridged life table methodology is that developed by
Chiang, and it fails to produce reliable estimates when there
are zero death counts in any age group. Further, ignoring
missing deaths can lead to misidentification of the underlying
mortality pattern of a population, something that life table
functions are designed to estimate (10). The methodology
developed for this study addressed this issue using standard
statistical modeling to fill in missing information. Final
results suggest that the methodology was successful. The
census-tract life table functions followed expected patterns,
their distributions about state and U.S. values showed
no aberrant patterns, and their weighted mean values
compared exceedingly well with state- and national-level
estimates. Finally, the associations between life expectancy
and the probability of dying, and select socioeconomic,
demographic, and geographic characteristics of census-tract
populations, were found to be consistent with the large
body of research on mortality in the United States.
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Figure 12. Percentage surviving, by census tracts within each state compared with overall state values, 2010-2015

Percent
rrrrrrorrr1rT11

Alabama

E

Delaware

;

Indiana

Michigan

g

New Hampshire

Oklahoma

4
2
:

Texas

;
4

Alaska

:

District of Columbia

§

lowa

J

Minnesota

;

New Jersey

2

L3

Oregon

Utah

Arizona

Florida

:

Kansas

E

Mississippi

E

L]

New Mexico

;

y

Pennsylvania

Vermont

Arkansas

Y

Georgia

. l
Kentucky

| l
Missouri

. Il

New York

T

Rhode Island
. I\

Virginia

California

E
g

Hawaii

y
E

Louisiana

,é
g

Montana

y

North Carolina

South Carolina

y

Washington

J

e emmm Census tract

Colorado

Idaho

Massachusetts

Nebraska

;

North Dakota

g

South Dakota

West Virginia

Connecticut

:

Ey

lllinois

Maryland

E

Nevada

Ohio

;

Tennessee

Y

Wyoming

-

—— State, overall

e

3 5 7 9 11

-

3 5 7 9 11

Age category

5 7 9 1

1 3 56 7 9 N

-

3 5 7

9

11

SOILSILVLS HLTV3H 404 ¥31N3D T¥NOILYN

NOTES: Census tracts from Maine and Wisconsin are excluded. Age categories are 1 = Less than 1 year, 2 = 1-4 years, 3 = 5-14 years, 4 = 15-24, 5 = 25-34, 6 = 35-44, 7 = 45-54, 8 = 55-64, 9 = 65-74, 10 = 75-84, and
11 = 85 and over.
SOURCE: NCHS, National Vital Statistics System, Mortality.



Figure 13. Ratio of mean probability of dying for quartile groups of select statistical model covariates, by age

group: United States, 2010-2015
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NOTES: g, is probability of dying. Census tracts from Maine and Wisconsin are excluded.
SOURCE: NCHS, National Vital Statistics System, Mortality.

Despite the successful production of the first-ever census
tract-level life expectancy estimates, this study has
important limitations. The most significant is the lack of
census tract-level post- or intercensal population estimates
based on decennial census counts. The use of population
estimates derived from sample data introduces additional
error into the estimates of life table functions. If the
production of decennial census-based population estimates
at the tract level remains beyond the scope of the Census
Bureau’s population estimates program, census tract-level
mortality data and construction of future census tract-level
life tables need to be centered on a decennial census year.
Another limitation of the study is the lack of birth data for
the estimation of the probability of death at birth. Because
mortality in infancy is concentrated in the beginning of

the age interval, assigning deaths to the appropriate birth
cohort is preferable (8). The lack of birth data combined
with the large variances of the ACS population estimates
led to overestimation of mortality in the younger ages, as
comparisons with state and national estimates indicated.
An additional limitation of this study was the omission of
the states of Maine and Wisconsin. Abridged life tables
will be estimated for these states using the available
5 years of geocoded mortality data for 2011-2015 and ACS
population estimates. Estimates found to be acceptable
will be published as an addendum to this report. Finally, as
more reliable population data become available for small
geographic areas in the United States, the methodology
presented here may be revised.
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Figure 14. Life expectancy at birth, by census tract: United States, 2010-2015
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NOTE: Census tracts from Maine and Wisconsin were excluded.
SOURCE: NCHS, National Vital Statistics Systems, Mortality.
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Figure 15. Life expectancy at hirth and population educational attainment, by census tract: United States, 2010-2015
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NOTES: Census tracts from Maine and Wisconsin are excluded. LEB is life expectancy at birth.
SOURCE: NCHS, National Vital Statistics Systems, Mortality.
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Table 1. Selected population characteristics at census tract level, 2011-2015

Census tracts
Characteristic Phases 1 and 2 Phase 1 Phase 2
Number (percent) 66,426 (100) 5,741 (8.6) 60,685 (91.4)
Geographic distribution by region (percent)
Northeast 18.7 9.5 19.6
Midwest 224 184 22.7
South 36.4 50.8 35.1
West 22.5 21.3 22.6
Socioeconomic and demographic characteristics
Mean percentage of population’ with bachelor’s degree or higher 27.8 19.4 28.5
Mean household median income during past 12 months (U.S. dollars) 67,771 53,855 69,089
Mean percentage of population that is Hispanic 16.0 214 15.5
Mean percentage of population that is non-Hispanic black 13.5 211 12.7
Mean population density 5311.8 4,8254 5,357.8
Percentage of census tracts in PRCSDA counties 24.0 24.0 24.0

Summary vital statistics

Mean number of deaths per census tract (min)(max)
Mean population size per census tract (min)(max)

210 (0)(1,825)

26,440 (5,013)(302,261)

264 (28)(1,825)

35,616 (5,324)(302,261)

205 (0)(1,556)

25,572 (5,013)(219,222)

TAged 25 and over.

NOTES: Maine and Wisconsin are excluded. PRCSDA is Purchased/Referred Care Service Delivery Area; min is minimum value; and max is maximum value.

SOURCES: NCHS, National Vital Statistics Systems, Mortality, and U.S. Census Bureau, American Community Survey 5-year survey, 2011-2015.
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Table 2. Estimated parameters 8y and ; of zero-truncated negative hinomial models used for predicting ,,M,, by age group (years)

Under 1 year 5-14 15-24 25-34 35-44
Parameter (B,) Bi SE Bi SE Bi SE Bi SE Bi SE Bi SE
Region:
Northeast ref ref ref ref ref ref ref ref ref ref ref ref
Midwest 0.203452 0.0546 -0.144519 0.1133 0.075771 0.1095 0.160638 0.0380 -0.008660 0.0351 -0.007919 0.0305
South 0.172910 0.0506 0.064959 0.1015 0.107234 0.1002 0.107280 0.0350 0.041436 0.0321 0.049817 0.0281
West 0.082675 0.0562 -0.145568 0.1136 0.020038 0.1105 0.054163 0.0388 0.020086 0.0356 0.006390 0.0313
Percentage of census-tract population
that is non-Hispanic black:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile 0.070776 0.0466 -0.003567 0.0914 -0.015040 0.0844 -0.036040 0.0312 -0.005275 0.0291 0.068348 0.0250
Third quartile 0.164937 0.0438 0.081118 0.0847 0.060002 0.0787 0.035798 0.0295 0.034339 0.0276 0.096969 0.0240
Fourth quartile 0.382905 0.0426 0.091568 0.0831 0.242931 0.0769 0.134604 0.0290 0.125224 0.0273 0.182708 0.0237
Percentage of census-tract population
that is Hispanic:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile -0.127480 0.0399 -0.194160 0.0808 0.002361 0.0739 -0.082038 0.0271 -0.155961 0.0254 -0.091987 0.0220
Third quartile -0.183334 0.0399 -0.258767 0.0815 -0.111131 0.0762 -0.140210 0.0276 -0.274603 0.0258 -0.186853 0.0223
Fourth quartile -0.389853 0.0410 -0.410884 0.0826 -0.237287 0.0778 -0.385009 0.0285 -0.493275 0.0267 -0.442902 0.0232
Percentage of census-tract population’
with bachelor’s degree or higher:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile -0.118984 0.0324 -0.064155 0.0638 -0.140464 0.0608 -0.109842 0.0224 -0.136966 0.0208 -0.124658 0.0181
Third quartile -0.135035 0.0435 -0.271147 0.0895 -0.251134 0.0825 -0.174976 0.0299 -0.314067 0.0279 -0.276770 0.0243
Fourth quartile -0.399614 0.0676 -0.387918 0.1419 -0.389258 0.1278 -0.386323 0.0472 -0.528940 0.0437 -0.604580 0.0386
Median household income during
past 12 months:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile -0.115686 0.0340 -0.031584 0.0668 0.031636 0.0627 -0.107703 0.0234 -0.135468 0.0218 -0.194542 0.0189
Third quartile -0.194314 0.0438 -0.218736 0.0886 -0.131273 0.0820 -0.153498 0.0298 -0.163583 0.0278 -0.379358 0.0243
Fourth quartile -0.236463 0.0648 -0.306894 0.1369 -0.171343 0.1207 -0.197976 0.0445 -0.276002 0.0420 -0.646025 0.0369
Population density:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile 0.109944 0.0374 -0.151726 0.0725 -0.178901 0.0659 -0.026143 0.0252 -0.017696 0.0237 0.030676 0.0204
Third quartile 0.130396 0.0418 -0.118947 0.0828 -0.206592 0.0771 -0.035178 0.0288 0.009396 0.0268 0.073357 0.0233
Fourth quartile 0.143639 0.0474 -0.075182 0.0946 -0.214300 0.0895 0.007503 0.0328 -0.029662 0.0307 -0.000135 0.0269
PRCSDA:
Outside PRCSDA ref ref ref ref ref ref ref ref ref ref ref ref
Within PRCSDA -0.032818 0.0326 0.082211 0.0645 0.035702 0.0609 0.070591 0.0223 0.051928 0.0209 0.028223 0.0183
Constant (8y) -5.030287 0.0638 —7.772357 0.1322 -8.806323 0.1268 -6.841273 0.0432 -6.227108 0.0400 -5.795418 0.0348
Likelihood ratio test of alpha = 0,
chi-square (d.f.) 994.82 (1) 21.55 (1) 12.34 (1) 179.36 (1) 726.23 (1) 1,374.51 (1)
Probability > chi-square 0.000 0.000 0.000 0.000 0.000 0.000

See footnotes at end of table.
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Table 2. Estimated parameters 8y and B; of zero-truncated negative hinomial models used for predicting ,7,, by age group (years)—Con.

45-54 55-64 65-74 75-84 85 and over
Parameter (B3;) Bi SE Bi SE Bi SE Bi SE Bi SE
Region:
Northeast ref ref ref ref ref ref ref ref ref ref
Midwest -0.024619 0.0237 0.055719 0.0202 0.073666 0.0190 0.054644 0.0207 0.041026 0.0318
South 0.027591 0.0219 0.098626 0.0187 0.054119 0.0176 0.061518 0.0193 0.081979 0.0297
West -0.034924 0.0245 0.041198 0.0209 0.036260 0.0197 0.049549 0.0215 0.015272 0.0331
Percentage of census-tract population
that is non-Hispanic black:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile 0.118887 0.0196 0.119931 0.0165 0.117090 0.0153 0.080075 0.0168 0.044223 0.0260
Third quartile 0.151288 0.0189 0.151729 0.0160 0.150741 0.0149 0.097182 0.0164 0.022133 0.0253
Fourth quartile 0.178645 0.0188 0.212471 0.0159 0.187507 0.0149 0.097124 0.0163 0.049113 0.0253
Percentage of census-tract population
that is Hispanic:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile -0.011402 0.0173 -0.013505 0.0147 0.009952 0.0137 0.016513 0.0152 -0.013033 0.0235
Third quartile -0.084658 0.0176 -0.054120 0.0149 -0.032400 0.0140 -0.039618 0.0155 0.010965 0.0239
Fourth quartile -0.308649 0.0184 -0.189761 0.0156 -0.128922 0.0148 -0.107886 0.0163 0.004116 0.0250
Percentage of census-tract population’
with bachelor’s degree or higher:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile -0.110537 0.0145 -0.107614 0.0123 -0.102601 0.0116 -0.058889 0.0128 -0.043102 0.0199
Third quartile -0.237630 0.0193 -0.254500 0.0163 -0.199248 0.0153 -0.130700 0.0168 -0.027018 0.0261
Fourth quartile -0.519075 0.0300 -0.505537 0.0252 -0.449159 0.0235 -0.200751 0.0258 0.046845 0.0397
Median household income during
past 12 months:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile -0.247024 0.0152 -0.198726 0.0129 -0.123342 0.0122 -0.020817 0.0134 -0.010179 0.0208
Third quartile -0.437035 0.0193 -0.338829 0.0163 -0.185057 0.0154 -0.046365 0.0169 0.035474 0.0261
Fourth quartile -0.697164 0.0287 -0.524344 0.0242 -0.296670 0.0226 -0.071032 0.0248 0.013578 0.0382
Population density:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile 0.067035 0.0162 0.081802 0.0137 0.058422 0.0128 0.060178 0.0142 0.002392 0.0220
Third quartile 0.094491 0.0185 0.094397 0.0157 0.061365 0.0147 0.059457 0.0162 0.013964 0.0251
Fourth quartile 0.049652 0.0213 0.074759 0.0181 0.019054 0.0171 0.027402 0.0188 0.031639 0.0291

See footnotes at end of table.
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Table 2. Estimated parameters 8y and B; of zero-truncated negative hinomial models used for predicting ,7,, by age group (years)—Con.

45-54 55-64 65-74 75-84 85 and over
Parameter (B3;) Bi SE Bi SE Bi SE Bi SE Bi SE

PRCSDA:

Outside PRCSDA ref ref ref ref ref ref ref ref ref ref

Within PRCSDA 0.019481 0.0146 0.007113 0.0124 -0.018466 0.0116 -0.017072 0.0128 -0.019707 0.0196
Constant (5,) -5.025023 0.0273 —-4.458481 0.0232 —-3.788808 0.0217 -2.991029 0.0237 -1.859557 0.0367
Likelihood ratio test of alpha = 0,

chi-square (d.f.) 4,445.07 (1) 7,318.61 (1) 8,487.56 (1) 16,000.00 (1) 43,000.00 (1)
Probability > chi-square 0.000 0.000 0.000 0.000 0.000

... Category not applicable.
TAged 25 and over.

NOTES: Maine and Wisconsin are excluded. SE is standard error of 3;; ref is reference category; PRCSDA is Purchased/Referred Care Service Delivery Area; and d.f. is degrees of freedom. Sample size is 4,639.

SOURCES: NCHS, National Vital Statistics System, Mortality, and U.S. Census Bureau, American Community Survey 5-year survey, 2011-2015.
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Table 3. Estimated parameters B, and G; of zero-truncated negative binomial models used for predicting ,, M, without household income information, by

age group (years)

Under 1 year 5-14 15-24 25-34 35-44
Parameter (B,) Bi SE Bi SE Bi SE Bi SE Bi SE Bi SE
Region:
Northeast ref ref ref ref ref ref ref ref ref ref ref ref
Midwest 0.211348 0.0547 -0.134860 0.1135 0.083612 0.1097 0.164833 0.0381 -0.002444 0.0353 0.011713 0.0317
South 0.189087 0.0506 0.088957 0.1014 0.124770 0.1001 0.119934 0.0350 0.055031 0.0322 0.091432 0.0291
West 0.070512 0.0563 -0.153042 0.1138 0.018516 0.1105 0.044704 0.0389 0.007997 0.0358 -0.011321 0.0326
Percentage of census-tract population
that is non-Hispanic black:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile 0.060353 0.0466 -0.015129 0.0916 -0.020430 0.0845 -0.044039 0.0313 -0.015424 0.0293 0.043643 0.0260
Third quartile 0.157320 0.0439 0.069051 0.0849 0.053998 0.0787 0.027435 0.0296 0.025936 0.0278 0.079374 0.0249
Fourth quartile 0.400435 0.0426 0.103328 0.0833 0.247508 0.0771 0.148266 0.0290 0.145018 0.0274 0.222185 0.0246
Percentage of census-tract population
that is Hispanic:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile -0.134904 0.0400 -0.196647 0.0811 0.004442 0.0741 -0.088674 0.0272 —0.163028 0.0256 —0.102491 0.0229
Third quartile -0.189662 0.0400 -0.260572 0.0819 -0.107664 0.0763 —-0.145748 0.0277 -0.281751 0.0260 -0.198153 0.0232
Fourth quartile -0.389438 0.0411 -0.407067 0.0830 -0.234272 0.0781 -0.385255 0.0287 -0.491762 0.0269 -0.438894 0.0242
Percentage of census-tract population’
with bachelor’s degree or higher:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile -0.176094 0.0301 -0.112085 0.059%4 -0.163926 0.0563 -0.158714 0.0208 -0.193349 0.0194 —-0.234728 0.0174
Third quartile -0.257462 0.0352 —0.415896 0.0738 —0.343765 0.0664 —0.271498 0.0243 -0.427518 0.0229 -0.541487 0.0206
Fourth quartile -0.569595 0.0517 -0.625961 0.1065 -0.540968 0.0940 -0.522615 0.0361 -0.707813 0.0341 -1.057623 0.0307
Population density:
First quartile ref ref ref ref ref ref ref ref ref ref ref ref
Second quartile 0.130761 0.0372 -0.141215 0.0724 -0.178742 0.0657 -0.010413 0.0251 -0.000038 0.0237 0.058961 0.0211
Third quartile 0.167321 0.0412 —0.091949 0.0818 -0.199537 0.0761 -0.004589 0.0285 0.044161 0.0266 0.138004 0.0239
Fourth quartile 0.194924 0.0463 -0.032579 0.0923 -0.199005 0.0873 0.051830 0.0320 0.020735 0.0302 0.095342 0.0273
PRCSDA:
Outside PRCSDA ref ref ref ref ref ref ref ref ref ref ref ref
Within PRCSDA -0.021208 0.0326 0.092311 0.0646 0.040057 0.0609 0.078612 0.0223 0.063177 0.0210 0.052141 0.0191
Constant () -5.107398 0.0618 —7.837337 0.1290 -8.829011 0.1237 -6.907504 0.0418 -6.306727 0.0387 -5.943230 0.0349
Likelihood ratio test of alpha = 0,
chi-square (d.f.) 1,007.74 (1) 23.46 (1) 13.23 (1) 189.50 (1) 77553 (1) 1,745.95 (1)
Probability > chi-square 0.000 0.000 0.000 0.000 0.000 0.000

See footnotes at end of table.
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Table 3. Estimated parameters B, and g; of zero-truncated negative binomial models used for predicting ,, M, without household income
information, by age group (years)—Con.

45-54 55-64 65-74 75-84 85 and over
Parameter (B;) Bi SE Bi SE Bi SE Bi SE Bi SE
Region:
Northeast ref ref ref ref ref ref ref ref ref ref
Midwest -0.003386 0.0255 0.069999 0.0214 0.080671 0.0194 0.056966 0.0207 0.039075 0.0319
South 0.068335 0.0235 0.129599 0.0197 0.070092 0.0180 0.066285 0.0193 0.078190 0.0297
West -0.055931 0.0263 0.025836 0.0221 0.026249 0.0201 0.047725 0.0215 0.012930 0.0331
Percentage of census-tract population
that is non-Hispanic black:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile 0.094525 0.0210 0.101642 0.0175 0.107684 0.0157 0.077604 0.0168 0.044421 0.0260
Third quartile 0.137284 0.0203 0.138938 0.0170 0.144265 0.0152 0.095597 0.0164 0.021357 0.0254
Fourth quartile 0.230193 0.0200 0.253240 0.0168 0.210986 0.0151 0.102250 0.0163 0.046474 0.0252
Percentage of census-tract population
that is Hispanic:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile -0.024923 0.0186 -0.023508 0.0156 0.003404 0.0140 0.015317 0.0152 -0.012997 0.0235
Third quartile —0.094421 0.0189 -0.064061 0.0158 -0.039267 0.0143 -0.040545 0.0155 0.010809 0.0239
Fourth quartile -0.303455 0.0197 -0.186699 0.0165 -0.127966 0.0151 -0.107307 0.0163 0.003981 0.0250
Percentage of census-tract population’
with bachelor’s degree or higher:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile -0.239770 0.0143 -0.208229 0.0120 -0.161978 0.0109 -0.071934 0.0118 -0.036714 0.0183
Third quartile —-0.533440 0.0169 -0.479765 0.0141 -0.325240 0.0127 -0.161680 0.0137 -0.009329 0.0213
Fourth quartile -1.002467 0.0244 -0.867089 0.0202 -0.651256 0.0181 -0.251607 0.0194 0.065605 0.0297
Population density:
First quartile ref ref ref ref ref ref ref ref ref ref
Second quartile 0.104769 0.0172 0.113855 0.0144 0.076123 0.0130 0.063830 0.0141 0.001386 0.0218
Third quartile 0.170084 0.0195 0.155228 0.0164 0.094897 0.0148 0.066509 0.0160 0.011468 0.0247
Fourth quartile 0.160587 0.0224 0.163435 0.0187 0.067787 0.0171 0.038133 0.0183 0.026066 0.0285
PRCSDA:
Outside PRCSDA ref ref ref ref ref ref ref ref ref ref
Within PRCSDA 0.047633 0.0156 0.028551 0.0131 -0.006257 0.0119 -0.014432 0.0128 -0.019722 0.0196
Constant (8y) -5.201248 0.0283 -4.598712 0.0237 -3.868962 0.0214 -3.008588 0.0228 -1.855458 0.0352
Likelihood ratio test of alpha = 0,
chi-square (d.f.): 5,874.93 (1) 8,967.87 (1) 9,103.02 (1) 16,000.00 (1) 43,000.00 (1)
Probability > chi-square 0.000 0.000 0.000 0.000 0.000

... Category not applicable.
Aged 25 and over.

NOTES: Maine and Wisconsin are excluded. SE is standard error of B;; ref is reference category; PRCSDA is Purchased/Referred Care Service Delivery Area; and d.f. is degrees of freedom. Sample size

is 4,639.

SOURCES: NCHS, National Vital Statistics System, Mortality, and U.S. Census Bureau, American Community Survey 5-year survey, 2011-2015.



Table 4. Distribution of Phase 2 census tracts with zero death counts by number of age groups, and by age group

Number of age Number of
groups with zero Number of Age group census tracts with

death counts census tracts Percent (years) zero deaths! Percent
1 17,400 28.7 Under 1 year 18,033 13.6
2 23,643 39.0 1-4 49,120 37.0
3 12,942 21.3 5-14 45,081 33.9
4 4,911 8.1 15-24 11,425 8.6
5 1,398 2.3 25-34 5,853 4.4
6 276 0.5 35-44 2,624 2.0
7 44 0.1 45-54 272 0.2
8 12 0.0 55-64 89 0.1
9 15 0.0 65-74 81 0.1
10 16 0.0 75-84 100 0.1
1 28 0.1 85 and over 131 0.1
Total 60,685 100.0

0.0 Quantity more than zero but less than 0.05.
"Not mutually exclusive.

NOTE: Maine and Wisconsin are excluded.

SOURCE: NCHS, National Vital Statistics System, Mortality.
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Table 5. Distribution of census-tract life expectancy at birth, by standard error

Standard error of life expectancy at birth

More than 2 years up to  More than 3 years up to

Characteristic 2 years or less and including 3 years and including 4 years More than 4 years
Number of census tracts 44,066 16,768 4,828 764
Life tables based on predicted A7, 6,878 1,296 385 764
Weighted mean (LEB) 78.0 79.9 81.6 781
Min LEB 56.3 59.0 60.7 71.2
Max LEB 89.9 94.2 97.5 83.4
Weighted mean (SE) 1.4580 2.3866 3.4079 24.0400

NOTES: Maine and Wisconsin are excluded. LEB is life expectancy at birth; min is the minimum value; max is the maximum value; and SE is standard error.

SOURCE: NCHS, National Vital Statistics System, Mortality.
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Table 6. Weighted mean abridged life table functions for census tracts, 2010-2015, compared with
United States, 2013 abridged life table

Probability Person-years  Total number of
of dying Number Number dying  lived between person-years
between ages surviving between ages ages lived above Expectation Standard error
xandx +n to age x xandx +n xandx +n age x of life at age x of e,
Age group (years) ndx I8 ndx L T, ey SE
Census tracts!
Under 1 year 0.007451 100,000 745 99,329 7,868,455 78.7 1.8021
1-4 0.001520 99,256 151 396,723 7,768,638 78.3 1.9188
5-14 0.001735 99,105 172 990,194 7,371,915 744 1.9155
15-24 0.008147 98,934 805 985,308 6,381,721 64.5 1.9135
25-34 0.011898 98,128 1,165 975,457 5,396,412 55.0 1.9015
35-44 0.017813 96,963 1,720 961,035 4,420,954 45.6 1.8903
45-54 0.040411 95,244 3,818 933,345 3,459,919 36.3 1.8908
55-64 0.083300 91,425 7,508 876,712 2,526,574 27.6 1.9233
65-74 0.169839 83,917 13,967 769,337 1,649,862 19.6 2.0261
75-84 0.385691 69,950 26,565 566,677 880,525 12.5 2.2819
85 and over 1.000000 43,385 43,385 313,848 313,848 71 3.1331
United States?

Under 1 year 0.005960 100,000 596 99,474 7,882,618 78.8
1-4 0.001016 99,404 101 397,371 7,783,144 78.3
5-14 0.001299 99,303 129 992,435 7,385,773 744
15-24 0.006373 99,174 632 989,187 6,393,338 64.5
25-34 0.010574 98,542 1,042 980,476 5,404,151 54.8
35-44 0.016944 97,500 1,652 967,654 4,423,675 454
45-54 0.039500 95,848 3,786 942,164 3,456,021 36.1
55-64 0.083846 92,062 7,719 885,908 2,513,857 27.3
65-74 0.172854 84,343 14,579 778,776 1,627,949 19.3
75-84 0.395218 69,764 27,572 572,263 849,173 12.2
85 and over 1.000000 42,192 42,192 276,910 276,910 6.6

... Category not applicable.
1Exclude Maine and Wisconsin; weighted using census-tract population sizes.
2Values based on official life tables published in “Deaths: Final Data for 2013,” available from: https://www.cdc.gov/nchs/data/nvsr/nvsr64/nvsré4_02.pdf.

SOURCE: NCHS, National Vital Statistics System, Mortality.
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Table 7. Weighted means of census tract-level life expectancy at birth, standard deviation, and minimum and
maximum values, by state, compared with direct state-level estimates of life expectancy at birth, 2010-2015

Census tract-level estimates'2 State-level estimates!
Weighted SD of Minimum Maximum

Area mean LEB mean LEB LEB LEB LEB
Alabama 75.4 3.416 63.6 88.2 755
Alaska 791 3.326 65.7 86.9 78.8
Arizona 785 3.323 65.8 90.8 79.9
Arkansas 76.0 3.244 65.8 89.6 76.0
California 80.3 3.348 64.4 93.4 81.3
Colorado 79.7 3.334 67.3 89.5 80.5
Connecticut 80.3 3.119 68.9 89.1 80.9
Delaware 78.0 3.006 68.2 86.1 78.7
District of Columbia 77.0 5.389 63.2 90.7 78.5
Florida 78.8 3.822 61.1 91.6 80.1
Georgia 771 3.294 63.3 87.6 7.7
Hawaii 81.4 3.400 70.8 92.2 82.0
Idaho 79.4 2.759 701 89.2 79.4
lllinois 78.7 3.742 59.9 91.8 79.3
Indiana 77.5 3.755 62.0 90.7 774
lowa 79.4 3.546 66.3 90.2 79.6
Kansas 78.5 3.436 62.5 89.7 78.6
Kentucky 76.0 3.435 62.4 88.9 759
Louisiana 75.9 3.464 62.3 88.1 76.0
Maryland 79.2 4.082 62.6 96.1 79.6
Massachusetts 80.6 3.041 68.1 94.2 80.7
Michigan 78.0 3.724 62.0 90.8 78.2
Minnesota 80.7 3.394 64.8 91.9 81.0
Mississippi 75.5 3.469 59.5 85.5 74.9
Missouri 774 3.692 60.7 89.2 77.6
Montana 78.9 3.432 66.4 89.2 78.6
Nebraska 79.2 3.284 67.3 89.6 79.6
Nevada 7.7 3.270 64.0 86.1 78.4
New Hampshire 80.1 3.001 63.9 88.3 80.1
New Jersey 80.0 3.491 65.8 91.6 80.5
New Mexico 78.6 3.393 67.9 89.2 78.4
New York 80.6 3.578 59.0 93.6 81.0
North Carolina 776 3.381 64.6 97.5 781
North Dakota 79.7 3.557 68.1 88.0 79.7
Ohio 77.3 3.825 60.0 89.2 77.6
Oklahoma 76.2 3.909 56.3 89.4 75.8
Oregon 79.2 3.031 66.2 89.1 79.6
Pennsylvania 78.5 3.585 62.0 919 78.6
Rhode Island 79.3 2.877 70.2 90.0 79.9
South Carolina 77.0 3.577 64.3 89.4 77.0
South Dakota 79.9 3.682 69.7 90.5 79.4
Tennessee 76.0 3.518 64.3 88.0 76.3
Texas 78.2 3.252 60.7 89.7 78.8
Utah 79.5 3.047 66.1 90.4 79.8
Vermont 81.0 3.387 70.8 90.8 80.0
Virginia 78.7 3.701 61.5 911 79.4
Washington 79.9 3.242 66.0 90.7 80.3
West Virginia 76.2 3.717 56.9 89.6 753
Wyoming 80.3 3.084 724 925 78.8

'Exclude Maine and Wisconsin.
2Weighted using census-tract population sizes.

NOTES: LEB is life expectancy at birth; SD is standard deviation. State-level estimates are based on pooled 2011-2015 National Vital Statistics System mortality
and birth data, and midperiod 2013 postcensal population estimates.

SOURCE: NCHS, National Vital Statistics System, Mortality.
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Table 8. Number and percentage of census tracts for each quartile of life expectancy at birth, by demographic,
geographic, and socioeconomic characteristics of tracts

Life expectancy at birth (years), quartiles

56.3-75.7 75.8-78.4 78.5-80.9 81.0-97.5
Number of Number of Number of Number of
Characteristic census tracts ~ Percent  census tracts  Percent  censustracts  Percent  censustracts  Percent
Region:
Northeast 1,798 10.8 2,473 15.1 3,469 20.9 4,607 274
Midwest 4132 24.9 3,791 23.1 3,763 22.6 3,048 18.1
South 8,656 52.2 6,499 39.7 5,030 30.2 3,670 21.8
West 1,828 11.0 3,381 20.6 4134 24.8 5,383 32.0
Percentage of census-tract
population that is non-Hispanic black:
First quartile 2,132 12.9 3,831 23.4 4,523 27.2 5,307 31.5
Second quartile 2,250 13.6 3,572 21.8 4612 27.7 6,037 35.9
Third quartile 3,568 21.5 4,549 27.8 4,642 27.9 3,975 23.6
Fourth quartile 8,464 51.0 4,192 25.6 2,619 15.7 1,389 8.3
Percentage of census-tract
population that is Hispanic:
First quartile 5,261 31.7 4,015 24.5 3,805 22.9 3,417 20.3
Second quartile 3,938 23.7 3,673 22.4 4,092 24.6 4,816 28.6
Third quartile 3,672 221 3,761 23.0 4,322 26.0 4,913 29.2
Fourth quartile 3,543 21.4 4,695 28.7 4177 251 3,562 21.2
Percentage of census-tract
population® with bachelor’s degree
or higher:
First quartile 9,400 56.7 4,342 26.5 1,856 11.2 1,005 6.0
Second quartile 4,758 28.7 5,668 34.6 3,801 22.8 2,108 12.5
Third quartile 1,805 10.9 4,673 28.5 5,729 34.4 4,120 24.5
Fourth quartile 451 2.7 1,461 8.9 5,010 30.1 9,475 56.3
Median household income during
past 12 months:
First quartile 10,101 60.9 3,897 23.8 1,441 8.7 908 5.4
Second quartile 4,596 27.7 6,014 36.7 3,718 22.3 2,029 121
Third quartile 1,490 9.0 4,687 28.6 5,999 36.1 4122 24.5
Fourth quartile 224 14 1,544 9.4 5,235 315 9,557 56.8
Population density:
First quartile 3,993 241 4,782 29.2 4,212 253 3,332 19.8
Second quartile 4,102 24.7 3,812 23.3 4,099 24.6 4,359 25.9
Third quartile 4,478 27.0 3,721 22.7 4141 249 4,301 25.6
Fourth quartile 3,841 23.2 3,829 23.4 3,944 23.7 4,716 28.0
PRCSDA:
Outside PRCSDA 13,161 79.3 12,211 74.5 12,145 73.0 12,367 73.5
Within PRCSDA 3,253 19.6 3,933 24.0 4,251 25.6 4,341 25.8

1Aged 25 and over.
NOTES: Maine and Wisconsin are excluded. PRCSDA is Purchased/Referred Care Service Delivery Area.
SOURCES: NCHS, National Vital Statistics System, Mortality, and U.S. Census Bureau, American Community Survey 5-year survey, 2011-2015.
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