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Abstract

Objectives: This study examines total life expectancies (TLEs) for both healthy and diabetic U.S.-born populations and 2
measures capturing quality of life: (a) the proportion of remaining life to be spent without either other chronic conditions
or activities of daily living disabilities (ADLs) and (b) the proportion of remaining life to be spent with ADLs for U.S.-born
diabetic populations by race/ethnicity and educational attainment.

Methods: Using the 1998-2014 waves of the Health and Retirement Study (7 = 16,983), we apply a Bayesian multistate
life table method to calculate these quantities from the constructed life tables.

Results: TLE at age 50 is shorter for diabetic individuals than healthy individuals, for non-Hispanic Blacks than mem-
bers of other racial/ethnic groups, and for less-educated individuals. Gaps in TLE at age 50 between healthy and diabetic
populations range from 6.3 to 8.8 years across sex—race combinations and from 5.6 to 9.2 years across sex—education
combinations. Among the diabetic population, those with at least a college degree on average have a higher proportion of
remaining life to be spent without either other chronic conditions or ADLs. Hispanics and those without a college degree
have a particularly high proportion of remaining life to be spent with ADLs. Although diabetic women on average live
longer than men, their quality of life tends to be lower.

Discussion: The impact of diabetes on population health varies across racial/ethnic and educational groups. The findings
support targeted interventions for vulnerable groups, such as people of color, women, and less-educated individuals.

Keywords: Diabetes, Education, Health disparities, Life expectancy, Race/ethnicity

In the past several decades, the prevalence of diabetes of the population was afflicted with diabetes; less than two
has increased dramatically in the United States, a trend decades later, this figure climbed to 12.0% between 2013
that parallels the simultaneous rapid increase in obesity and 2016 (Centers for Disease Control Prevention, 2020).

(Bhupathiraju & Hu,2016). Between 1999 and 2002, 9.5% The true prevalence may be even higher than what is
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reported: while 34.2 million people in the United States re-
port having diabetes, an estimated 7.3 million adults may
have undiagnosed diabetes (Centers for Disease Control
Prevention, 2020). Most common among those aged 65
and older, diabetes is a major cause of death and a risk
factor for other health complications including, but not
limited to, kidney disease, retinopathy, and cardiovascular
disease (Zimmet et al., 2016). In 2016, 7.8 million hos-
pital discharges, which included strokes, lower-extremity
amputations, and hyperglycemic crisis, reported diabetes
as one of the listed diagnoses. These discharges account for
approximately 21.96% of all hospital discharges in 2016
(Centers for Disease Control Prevention, 2020). The eco-
nomic cost of diabetes in the United States is enormous:
costs incurred by diabetic persons accounted for one in
four health care dollars spent in the United States in 2017,
and the total diabetes-related societal costs are projected to
be higher than $622 billion by 2030 (American Diabetes
Association, 2018; Rowley et al., 2017).

The public health burden of diabetes varies consider-
ably by race/ethnicity and educational attainment in the
United States. Non-Hispanic Blacks (“Blacks” hereafter),
Hispanics, and those with lower educational attainments
tend to experience greater diabetes incidence (Agardh
et al., 2011; Centers for Disease Control Prevention, 2020).
Furthermore, Blacks, Hispanics, and those with lower
levels of education tend to experience more diabetes-related
complications and deaths (Dray-Spira et al., 2010; Dupre
et al., 2015; Osborn et al., 2013; Rosenstock et al., 2014;
Saydah et al., 2013). Among all diabetes-related complica-
tions, other chronic conditions and disability in activities of
daily living (ADLs) are two major ones. Prior studies have
found that approximately 97.5% of diabetic adults have
other chronic conditions (Iglay et al., 2016), and diabetic
adults are 1.82 times more likely to develop ADLs com-
pared to those without diabetes (Wong et al., 2013). Racial/
ethnic differences in diabetes-related complications vary
depending on the type of complications: Diabetic Blacks
and Hispanics tend to have lower or equal incidence of car-
diovascular disease compared to their non-Hispanic White
(“Whites” hereafter) counterparts, but they are more likely
to develop microvascular complications and lower limb
amputations that can lead to ADLs (Lanting et al., 2005;
Spanakis & Golden, 2013). Diabetic adults with lower
levels of educational attainment are more likely to develop
other chronic conditions and ADLs (Chiu & Wray, 2011;
Secrest et al., 2011; Tsai, 2017).

Despite our knowledge about racial/ethnic and educa-
tional disparities in incidence and prevalence of diabetes
and its downstream health outcomes (e.g., other chronic
conditions, disabilities, and death) for diabetic versus
nondiabetic persons, few studies have attempted to view
the acquisition of diabetes, its evolution toward other
chronic conditions and disabilities, and its consequences
for survival from a holistic life course perspective. In partic-
ular, at the individual level, our lives unfold over time with

health at one time being a function of social, economic,
and health conditions earlier. In early work in gerontology,
Nagi (1976) recognized this evolution in presenting his
disablement process. In his theory, Nagi argued that dis-
ability was the end of a process of physical deterioration
that began with cellular pathology, which then developed
into organ system impairments and manifested eventually
in physical limitations and ultimately the inability to fulfill
social roles. Verbrugge and Jette (1994) extended his theory
by arguing that social factors directly affected each stage
of the disablement process, either delaying or catalyzing
progression toward disability and death. More recently,
cumulative inequality theory suggests that poor social and
economic conditions accumulate over time to produce poor
health outcomes and that poor health outcomes often com-
pound over time (Ferraro et al., 2009). Synthesizing the
two lines of theories, poor social and economic conditions
may accumulate to accelerate physical deterioration in the
disablement process. In the literature on the intersection of
age and inequality, race/ethnicity and education constitute
two key social dimensions along which health inequalities
accumulate (Ferraro, 2011). A large body of research has
established that Blacks and Hispanics tend to suffer worse
health outcomes than Whites, almost regardless of what
health outcome is measured (Hummer et al., 2004; Mays
et al., 2007). Similarly, literature that dates back to at least
the 1970s has established strong educational gradients
in health and mortality (Brown et al., 2012; Kitagawa &
Hauser, 1973; Montez et al., 2011). Race and education are
closely related: educational attainment is often considered
to be a mediator that explains racial/ethnic disparities in
health. Due to structural racism, Blacks and Hispanics tend
to have greater difficulties in obtaining high educational at-
tainment compared to Whites, and high educational attain-
ment has protective effects on health. Although some may
argue that educational gradients in health may vary by ra-
cial groupings, we assume, at a minimum, that differences
in educational attainment across Whites and non-Whites
explain some of the racial differences in health.

Studies that simply investigate the incidence or prevalence
of a single health outcome fail to capture a holistic view of
the process by which health disparities across race and ed-
ucational attainment emerge across the life course. Thus,
we adopt a methodological approach that involves multiple
health outcomes and allows us to estimate the consequences
of transitions between states defined by qualitatively distinct
health outcomes for years of life to be spent in different stages
of the disablement process. Specifically, we model health tran-
sitions using a multistate life table (MSLT) method and focus
on three quantities for the U.S.-born older population: total
life expectancy (TLE), healthy life expectancy, which fore-
casts years of life disease-free, and disabled life expectancy,
which forecasts years of life with ADLs (Katz et al., 1983).
Compared to many other population health outcomes such
as age-adjusted mortality, life expectancies have the advan-
tage of being easily understood by the general public and
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policymakers (Silcocks et al., 2001). Therefore, they are par-
ticularly useful for policymakers to project future medical
care costs and design effective and efficient strategies to meet
future needs (Guralnik et al., 2002).

We first differentiate TLE at age 50 between diabetic
and nondiabetic populations, by race/ethnicity and educa-
tional attainment. Second, we calculate two general meas-
ures of population health among diabetic persons, adding
a quality-of-life aspect to life expectancy: the proportion of
remaining life to be spent at age 50 without either chronic
conditions or ADLs (%XLE) and the proportion of re-
maining life to be spent at age 50 with ADLs (%XDLE).
We use a proportion measure rather than a year measure to
compensate for differences in TLE across racial/ethnic and
educational groups. Finally, we estimate the probabilities
that the health of Blacks and Hispanics is poorer than that
for Whites, and that the health of those without a college
degree is worse than those with a college degree. Based on
prior literature, we hypothesize that (a) diabetic popula-
tions have lower TLE at age 50 than healthy populations;
(b) among the diabetic population, Blacks and Hispanics
have worse health outcomes (lower TLE, lower %XLE,
and higher %XDLE); and (¢) among the diabetic popula-
tion, those with higher educational levels have better health
outcomes. While most existing studies examine the burden
of diabetes that different populations are currently facing,
our estimates reveal the burden of diabetes that different
populations will face over the course of their remaining
lives, which may be more relevant for long-term policy and
health care budgeting.

Method

Our data come from the Health and Retirement Study
(HRS) 1998-2014 waves. The HRS is a biennial, longitu-
dinal, nationally representative panel study that provides
health and economic data of American adults older than
the age of 50. Respondents in our sample were either inter-
viewed in 1998 or brought into the survey as new cohort
HRS members in 2004 or 2010. We include only one person
per household to avoid statistical dependency between in-
dividuals. Furthermore, given the complexity of the rela-
tionship between nativity and race/ethnicity in shaping
population health, for simplicity, we exclude individuals
who were foreign-born, lived outside of the United States
in any wave, or were dropped by the HRS in any wave. Our
units of analysis in this study are transitions between health
statuses as determined by health measures described below.
Transitions are defined based on the observed health states
occupied by an individual in adjacent survey waves. After
deleting 3,816 transitions (4.54%) due to missing health
information, our final sample consists of 80,146 transitions
measured on 16,983 respondents. No systematic differ-
ences by race/ethnicity or educational attainment are ob-
served between the observations deleted and our sample
after controlling for other covariates.

Measures

We consider three categories of health conditions: diabetes,
other chronic conditions, and disability. We use individ-
uals’ self-reported diabetes status obtained from the yes/
no question: “Has a doctor ever told you that you have
diabetes or high blood sugar?” For chronic conditions, we
use responses to questions concerning whether the partici-
pants had ever been told by a physician that they had heart
disease, stroke, cancer, or lung disease, as there is evidence
that diabetes is a major risk factor for these chronic con-
ditions (Ehrlich et al., 2010; Wojciechowska et al., 2016).
We measure disability using ADLs, which are defined by
whether the participant experienced difficulty with at least
one of the following activities: bathing, bedding, dressing,
eating, toileting, and walking. For older adults, these activ-
ities are considered essential for maintaining independence
in the community (Katz et al., 1983).

A participant has one of the eight possible health sta-
tuses at the start of a 2-year transition interval, as shown
in Figure 1: no health problem, any one chronic condition
or disability (diabetes, other chronic conditions, ADLs),
any pairwise combination, or all three. A participant has a
ninth possible outcome at the end of a transition interval:
death. These states at the beginning and end of a transition
interval allow for 72 possible types of transitions. However,
some transitions are impossible (i.e., some states are “tran-
sient”). For example, following previous studies, a person
cannot transition from being diagnosed with diabetes or
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Figure 1. State space of interest. Notes: States include (a) being healthy
(H), (b) being diabetic (D), (c) having at least one chronic condition (C),
(d) having at least one activity of daily living (ADL) disability (A), (e)
being diabetic with at least one condition (DC), (f) being diabetic with at
least one ADL disability (DA), (g) having at least one condition and one
ADL disability (CA), (h) being diabetic with at least one condition and
at least one ADL disability (DCA), and (i) death. Death is not shown but
is allowed from all states. Retention is not shown but is allowed. The
parenthetical numbers next to each state indicate how many transitions
are possible from the given state.
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other chronic conditions to not being diagnosed (Laditka
& Laditka, 2015). Because of these assumptions, we are left
with 44 valid transitions. Supplementary Appendix Table
A1 presents the frequency of these transitions in a matrix
for the full data. Most transitions are on the diagonal of the
matrix (i.e., they are nontransitions, or “retentions”): For
example, approximately 35% of the recorded transitions
are from “healthy” to “healthy.” The next most common
transitions are retentions in the “chronic conditions” state,
followed by retentions in the “ADL-disabled” state. Among
the transitions between states, the most common ones are
from “chronic conditions” to “chronic conditions + ADLs,”
reflecting health decline probably from disease progression.
Due to the instability of coefficient estimates attributable to
sparse data in one cell of the matrix, transitions from state
A to state DC were combined into the transitions from
state A to state DCA.

The main predictors of interest are race/ethnicity and
educational level. Race/ethnicity includes non-Hispanic
White, non-Hispanic Black, and Hispanic. Education is
measured as below high school (less than 12 years of edu-
cation), high school or some college (12-15 years of educa-
tion), and college or higher (at least 16 years of education).
We also control for basic demographic covariates, including
age (in years), sex (male = 1), birth cohort (birth year minus
1900), region of birth, and region of residence at time of
interview (Northeast, Midwest, South, and West) to adjust
for differences in life expectancies due to these character-
istics. We do not include any potential mediators through
which race/ethnicity or educational attainment may affect
life expectancies, such as income, marital status, and access
to health care. Descriptive statistics for our covariates are
given in Table 1.

Statistical Methods

We calculate various state expectancies using an MSLT
method that extends the Bayesian MSLT method devel-
oped by Lynch and Brown (2005) to handle a large number
of transitions between living states. The extension of the
method can accommodate “transient” states that may not
be revisited once they are left. For example, as discussed
earlier, once a person has been diagnosed as diabetic, s/he
cannot return to a nondiabetic state. Whereas the original
method proposed by Lynch and Brown allowed for two
living states and modeled these states at a later time as a
function of the individual’s state at an earlier time, our ap-
proach models the transition itself over time intervals as
the outcome using a multinomial logit model with 44 out-
comes (less one as the reference outcome).

We first sample parameters from the multinomial logit
model predicting transitions with the above-mentioned
covariates using Gibbs sampling. We account for sample
weighting by directly controlling for major factors that
affect the probability of inclusion and nonresponse (e.g.,
race/ethnicity, sex, and region) in our model (Gelman,

Table 1. Descriptive Statistics

Variable Mean (SD) [range] or percent

Birth cohort 35.3 (11.7) [-8, 59]

Age 69.4 (10.7) [50.2, 109.7]
Male 44.4%
Race
White (reference) 79.0%
Black 18.0%
Other 3.0%
Hispanic 4.6%
Education level
Below high school (reference) 58.0%
High school and some college 31.1%
College and above 10.9%
Birth region
South 40.3%
Northeast 20.7%
Midwest 30.0%
West 9.0%
Current region
South 41.4%
Northeast 15.3%
Midwest 26.1%
West 17.2%

Notes: Data come from 1998 to 2014 waves of the Health and Retirement
Survey. Descriptive statistics include all 7z = 80,146 transition intervals. Cohort
is computed as birth year — 1900. Our sample is restricted to the U.S.-born
population.

2007). We run two Gibbs samplers in parallel, each pro-
ducing 2,500 samples of the parameters. The first 500
samples from each sampler are treated as “burn-in” sam-
ples and are discarded. To reduce autocorrelation of sam-
ples produced by using a Markov chain-based sampling
method, we retain every fourth sample from each sampler
after discarding the burn-in sample, leaving us with 1,000
samples of the parameters. For each of these samples, we
compute predicted transition probability matrices for each
age by 2-year increments from ages 50 to 110 (i.e., 50, 52,
54, ..., 110) for a total of 31 age-specific transition prob-
ability matrices for each posterior sample. The predictors
of interest in the study in these computations are set to
values to produce sets of transition probability matrices
for specific subpopulations of interest (e.g., Whites vs.
Blacks, more educated vs. less educated). Control variables
are fixed at overall sample means to isolate differences be-
tween subpopulations of interest net of compositional dif-
ferences attributable to the controls. We construct 1,000
life tables for each subpopulation of interest using standard
multistate demographic methods applied to the sets of tran-
sition probability matrices (Palloni, 2000). Finally, we sum-
marize various state expectancies from the constructed life
tables. Interval estimates are computed by using empirically
obtained values at desired percentiles from the 1,000 ta-
bles (see the work of Lynch and Brown (2005) for more
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discussion of the general methodology; see Supplementary
Appendix for more discussion of our extension).

Status-based life tables are constructed to compare the
diabetic population with the nondiabetic population. Tables
for the diabetic population are produced by assuming all
life table population members are diabetic (but without
other conditions or disabilities) at age 50 (i.e., the “radix”
population). Tables for the nondiabetic population are pro-
duced by assuming all population members are healthy at
age 50. State expectancies are compared across and within
each sex. Following the frequentist literature showing that
comparing 84% confidence intervals is roughly equivalent
to hypothesis testing for differences between groups at the
a = 0.05 level (under an equal standard error assumption;
Payton et al., 2003), we show 84% credible intervals (Cls)
for life expectancies in our figures. It is important to note,
however, that the interpretation of Bayesian “Cls” is not the
same as the interpretation of a classical confidence interval.

We conduct three sets of analyses. First, we compare TLE
at age 50 for diabetic and healthy populations to examine
the impact of diabetes on population health. TLE is calcu-
lated by summing years to be lived in all states (i.e., state
expectancies) for each sex—race or sex—education combina-
tion. Second, we calculate %XLE and %XDLE to evaluate
quality of life for the diabetic population. For diabetic in-
dividuals, higher %XLE or lower %XDLE indicates better
health. Using diabetic status-based life tables, the former
is calculated by dividing the remaining years to be spent
without other health problems (XLE) by TLE among dia-
betic persons, and the latter is calculated by dividing the re-
maining years to be spent with ADLs (XDLE) by TLE among
diabetic persons. Third, we directly calculate the probabil-
ities that people of color have worse health outcomes (i.e.,
shorter TLE, shorter XLE, lower %XLE, longer XDLE, or
higher %XDLE) than Whites and that people without a col-
lege degree have worse health outcomes than those with a
college degree. Interval estimates and probabilities are com-
puted directly from the 1,000 posterior samples. A detailed
description of our method is provided as a Supplementary
Appendix. Full results for various state expectancies, in-
cluding XLE and XDLE, by sex, race, and education are
given in (Supplementary Appendix Tables A2-AS).

Results

Racial Disparities

Interval estimates for TLE at age 50 for diabetic and healthy
populations are presented for each sex-race combination in
Figure 2, Panel A. TLE for the diabetic population ranges
from 20.2 to 24.2 years, whereas the TLE for the healthy
population ranges from 25.9 to 33.1 years. The difference
between these two populations ranges from 5.7 to 8.9 years
across sex-race combinations (Supplementary Appendix
Table A6). Among the healthy population, the 84% CI for
TLE indicates that for any given race, females tend to have

longer TLE than males. For both males and females in the
healthy population, Whites and Hispanics have longer TLE
than Blacks. The median gap between healthy White and
Black females is 1.9 years (84% CI, 1.3-2.6), and the corre-
sponding estimate for males is 2.4 (84% CI, 1.7-3.1) years
(Supplementary Appendix Table A7). Similar patterns can
be seen for the diabetic population, although the estimates
are less precise. The median gap between diabetic White
and Black females is 1.1 years (84% CI, -0.3 to 2.6), and
the estimate for males is 1.3 years (84% CI, -0.2 to 2.9).

For diabetic individuals, % XDLE and %XLE are shown
in Panel B of Figure 2. In general, for a given race, males
have higher %XLE and lower %XDLE than females. For
each sex, on average, Blacks tend to have the highest % XLE.
Across all sex-race combinations, Black males (54.1 [84%
CI, 49.5-58.1]) have longer %XLE compared to Hispanic
females (42.3 [84% CI, 35.9-48.6]) and White females
(43.3 [84% CI, 39.7-47.0]). White males (6.8 [84% CI,
5.3-8.4]) have the shortest %XDLE, which is substantially
different from those for Hispanic males (11.1 [84% CI,
8.1-14.6]), Hispanic females (14.9 [84% CI, 11.1-19.2]),
and Black females (12.7 [84% CI, 10.4-15.2]).

Table 2 (Panel A) presents the probability that health
for Whites is better (i.e., longer TLE, longer XLE, higher
%XLE, shorter XDLE, lower %XDLE) for a given sex—
race combination. Among females, Blacks are more
likely than Whites (prob = 0.870) to have lower TLE. It

Panel A: Total Life Expectancies for Healthy and Diabetic Populations
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Figure 2. Impact of diabetes on population health by gender-race
combinations, with 84% credible intervals. Notes: %XLE refers to the
proportion of life to be spent without other chronic conditions or ac-
tivity of daily living (ADL). %XDLE refers to the proportion of life to be
spent with ADL disability. For gender-race combinations, F: female, M:
male, W: non-Hispanic White, B: non-Hispanic Black, and H: Hispanic.
Estimates only apply to the U.S.-born population.
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Table 2. Posterior Probabilities for Group Comparisons

Panel A: Probabilities that Whites’ health is better

Black Hispanic  Black Hispanic

female female male male
TLE 0.870 0.375 0.894 0.308
XLE 0.386 0.505 0.294 0.234
XDLE (<) 0.914 0.973 0.921 0.994
%XLE 0.098 0.602 0.022 0.244
%XDLE (<) 0.968 0.973 0.973 0.991

Panel B: Probabilities that people without a high school diploma’s
health is worse

HS female CH female HS male CH male
TLE 1.000 1.000 0.999 1.000
XLE 1.000 1.000 0.999 1.000
XDLE (<) 0.987 0.971 0.994 0.991
%XLE 0.994 0.999 0.905 0.852
%XDLE (<) 1.000 1.000 1.000 1.000

Notes: TLE = total life expectancy. XLE refers to the life to be spent without
other chronic conditions or activities of daily living (ADL). XDLE refers to
the life to be spent with ADLs. %XLE and %XDLE stand for the proportion
of XLE and XDLE in TLE, respectively. For all outcomes, longer estimates in-
dicate better health, except for XDLE and %XDLE. BH refers to below high
school (less than 12 years), HS refers to high school diploma and some college
credits (1215 years), and CH refers to a college degree or higher (more than
15 years). Estimates only apply to the U.S.-born population.

is also very likely that Black females have longer XDLE
(prob = 0.914) and higher %XDLE (prob = 0.968) than
White females. Similarly, Hispanic females have very high
probabilities of having longer XDLE (prob = 0.973) and
higher %XDLE (prob = 0.973) than White females. In
contrast, the probabilities that White females have longer
XLE or higher %XLE than Black females are only 0.386
and 0.098, respectively. The patterns for males are similar
with those for females, except that the probabilities that
Whites have longer XLE or higher %XLE are smaller for
Hispanic males compared to Hispanic females.

Educational Disparities

As shown in Panel A of Figure 3, the mean TLE for
the healthy population ranges from 26.2 to 36.4 years,
whereas the range for the diabetic population is from
20.0 to 27.7 years. The gap in TLE between these two
populations ranges from 6.2 to 8.7 years across sex—ed-
ucation combinations (Supplementary Appendix Table
A6). Among the healthy population, for a given educa-
tion level, females have longer TLE than males. For both
sexes, we observe a clear educational gradient—those
with a college degree have longer TLE, followed by high
school graduates. Among the healthy population, the me-
dian gap between those with and without a college degree
is 2.9 years (84% CI, 2.1-3.6; Supplementary Appendix
Table AS8). The corresponding estimate for the gap

Panel A: Total Life Expectancies for Healthy and Diabetic Populations

M-CH- --— M-CH- T
S M-HS - g M-HS ——
E i
S M-BH- @ S M-BH- =@
© kel
b 4
© F-CH -~ & F-CH —
E !
k5 [
O F-Hs - O F-Hs —

F-BH- - F-BH ——

275 300 325 350 375 21 24 27 30

Healthy Population Diabetic Population

Panel B: Quality of Life for Diabetic Population

M-CH- ——r— M-CH - =i

S M-HS- — S M-HS -

§ g

3 M-BH- + 3 M-BH +

° °

i i

© F-CH- B — ® F-CH- ———

° °

c c

@ @

O F-HS- —— O F-HS- ——
F-BH -  me——— F-BH- D _s—

' ' ' ' ' ' '
40% 45% 50% 55% 4% 8% 12%
%XLE %XDLE

Figure 3. Impact of diabetes on population health by educational at-
tainments, with 84% credible intervals. Notes: %XLE refers to the pro-
portion of life to be spent without other chronic conditions or activity
of daily living (ADL). %XDLE refers to the proportion of life to be spent
with ADL disability. For gender-education combinations, F: female, M:
male, BH: below high school (less than 12 years), HS: high school di-
ploma and some college credits (12-15 years), and CH: college degree
or higher (more than 15 years). Estimates only apply to the U.S.-born
population.

between those with and without a high school diploma
is 3.5 years (84% CI, 3.0-4.1). A similar educational gra-
dient can be seen in the diabetic population. Particularly,
diabetic individuals with a college degree have the longest
TLE, which is substantially different from those of their
less-educated counterparts. Among the diabetic popula-
tion, the median gap between those with and without a
college degree is 2.9 years (84% CI, 0.9-4.6). The corre-
sponding estimates for the gap between those with and
without a high school diploma are 2.8 years (84% CI,
1.4-4.2).

For diabetic individuals, % XDLE and %XLE are shown
for each sex—education combination in Figure 3, Panel
B. %XDLE and %XLE range from 4.3% to 12.9% and
41.2% to 51.6%, respectively. On average, for a given sex,
those with less than a high school education have lower
%XLE and higher %XDLE. Across sex—education com-
binations, male high school graduates have higher %XLE
(51.0 [84% CI, 47.3-54.4]) in comparison to the group
with the lowest mean %XLE—females with less than a
high school education (41.2 [84% CI, 37.1-45.2]). Males
with a college degree (4.4 [84% CI, 3.2-5.7]) and male
high school graduates (5.8 [84% CI, 4.7-7.1]) both have
lower %XDLE in comparison to females with less than a
high school education (12.9 [84% CI, 10.6-15.4]). Males
with a college degree also have lower % XDLE than female
high school graduates (8.9 [84% CI, 7.4-10.7]).
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Table 2 (Panel B) presents the probability that a person’s
health without a high school diploma is worse than that of
persons with a diploma. Females with at least a high school
diploma have high probabilities (prob >95%) of having
longer TLE, longer XLE, higher %XLE, shorter XDLE,
and lower %XDLE than those without a high school di-
ploma. Similar patterns are observed for males. However,
the probability that males without a high school diploma
have lower %XLE is 0.905 when compared to high school
graduates and is 0.852 when compared to college degree
holders. These probabilities are relatively smaller than the
corresponding probabilities for females.

Discussion

Using population-based survey data and an innovative life
table method, this study is the first to document racial/
ethnic and educational disparities in not only TLE but also
quantities capturing healthy life expectancy among U.S.-
born diabetic older adults. We found marked disparities
in health outcomes by race/ethnicity and educational level
in both healthy and diabetic populations, after adjusting
for a variety of demographic characteristics such as region
and birth cohort. Consistent with our hypothesis, TLE at
age 50 is shorter for the diabetic population compared to
the healthy population. The gap in TLE between these two
populations ranges from 5.7 to 8.9 years across sex—race
combinations and from 6.2 to 8.7 years across sex—educa-
tion combinations. Our estimates of TLE among healthy
and diabetic populations at age 50 are highly consistent
with national estimates from the Framingham Heart Study
(Franco et al., 2007; Jonker et al., 2006) and from other
studies using the HRS (Diaz-Venegas et al., 2017). We
also estimate the proportions of remaining life to be spent
without other health problems among diabetic individuals
to be 42.3%-54.1% across race-sex combinations and
41.2%-51.6% across education—sex combinations. The
proportions of remaining life to be spent with ADLs among
diabetic individuals are estimated to be 6.8%-14.9%
across race-sex combinations and 4.4%-12.9% across ed-
ucation—sex combinations.

Our findings tell a complex story about race/ethnicity.
On the one hand, our findings on TLE confirm that both
healthy and diabetic people of color experience poorer
health outcomes than their White counterparts (Harris
et al., 1998; Osborn et al., 2013; Resnick et al., 2004). We
find that the TLE for White females is around 0.9 years
longer than that for Black females in the healthy popula-
tion and 1.2 years longer in the diabetic population. The
corresponding numbers for males are 2.4 years in the
healthy population and 1.3 years in the diabetic popu-
lation. Among the diabetic population, White males also
have the lowest %XDLE. Cumulative inequality theory
can help explain these disparities. Culturally and socioeco-
nomically advantaged individuals often have biased views
about people of color, those with low socioeconomic status

(SES), women, and older adults, and these views are re-
flected in social institutions such as aging policies (Putnam,
2002). People of color face structural racism in the United
States and are more likely than Whites to have poor social
and economic conditions in childhood, and thus lower SES
in adulthood, and fewer resources as older adults. These
adversities accumulate over the life course, leading people
of color to experience faster health deterioration in the dis-
ablement process. On the other hand, Blacks have higher
%XLE than Whites and Hispanics. Prior studies show
that although Black diabetic adults have equal or lower
incidences of cardiovascular diseases than Whites, their
mortality rate caused by cardiovascular diseases is higher
(Spanakis & Golden, 2013). Because our measure of other
chronic conditions disproportionately captures cardiovas-
cular diseases (e.g., heart diseases and stroke), this may ex-
plain the observed higher %XLE among Blacks: Diabetic
Blacks are on average less likely to have cardiovascular dis-
eases, but once they have, they die faster than Whites. This
result suggests that for Blacks, cumulative disadvantages
may affect the progression of cardiovascular diseases more
compared to the onset of the diseases.

Individuals with a college degree unsurprisingly have
the longest TLE, followed closely by high school gradu-
ates. In the healthy population, the median difference in
TLE between individuals who hold a college degree and
those who do not is 2.7 years for females and 3.1 years for
males. This gap is about the same among the diabetic popu-
lation, with the median gap being 2.6 years for females and
3.0 years for males. Additionally, for those with diabetes,
individuals with higher educational levels also have better
health outcomes. These patterns are consistent with our hy-
pothesis and findings from prior research documenting that
diabetes-related mortality is inversely related to education
(Saydah et al., 2013; Vandenheede et al., 2015). Lower ed-
ucational attainments may lead to lower levels of income
and wealth and thus a lower ability to afford high-quality
health care (Hahn & Truman, 2015). These adversities may
accumulate over the life course to produce the observed ed-
ucational disparities among older adults. Beyond these ec-
onomic factors, one potential explanation for the observed
educational disparities is that low educational levels are as-
sociated with nonattainment of goals relating to diabetes
care (Heltberg et al., 2017), which leads to a faster health
deterioration in the disablement process. Thus, if education
serves as a protective factor against diabetes-related com-
plications, it is imperative that health care providers take
the backgrounds of individuals with diabetes into account
when monitoring compliance with diabetic care.

Limitations

There are several limitations to this study. First, our life
table method uses a discrete-time Markov chain approach,
with the assumption that only one net transition can
happen for each respondent within each 2-year transition
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interval in the HRS. This assumption is not ideal, consid-
ering that older adults may experience rapid disease accu-
mulation and may experience more than one net health
transition within a 2-year interval. Thus, we may overes-
timate the years individuals will spend healthy. Although
alternative assumptions can be made regarding (possible)
unobserved transitions, no method performs particularly
well without highly frequent measurement occasions (Wolf
& Gill, 2009).

Second, life table estimates are based on a hypo-
thetical cohort, that is, transition probabilities are sta-
tionary. Although we include birth cohort as a covariate
in our models, which allows for some relaxation of the
stationarity assumption, our estimates cannot anticipate
dramatic changes in transition probabilities that may occur
outside the time frame of our data, such as those that could
be attributed to coronavirus disease 2019 or other signifi-
cant period changes, such as the adoption of the Affordable
Care Act. This is, however, a limitation of any data source
and any method.

Third, the use of self-reported measures of diabetes
and other chronic conditions is a limitation. In particular,
among people of color and individuals with low educa-
tional attainment, diabetes may be underdiagnosed and
therefore underreported. However, Heiss et al. (2017)
found that self-reported diabetes and diabetes “diagnosis”
based on biomarkers in the HRS are consistent for 85%
of the observations, and the proportion of undiagnosed
cases is around 3%—-4%. In addition, no evidence shows
that the probability of being undiagnosed is related to race/
ethnicity or educational attainment (Heiss et al., 2017).
Future studies are needed to combine self-reported meas-
ures, information from biomarkers, and information from
insurance claims to construct high-quality measures of
chronic conditions (St Clair et al., 2017; Heiss et al., 2017).
Relatedly, we only focused on ADLs as our measure of disa-
bility in this study. Most studies of disabled life expectancy,
including the original study by Katz et al. (1983), have ex-
clusively used ADLs. However, other types of measures of
disability, such as those based on physical functioning (e.g.,
the ability to climb a flight of stairs or lift a bag of flour) or
those based on more complicated tasks (e.g., those meas-
ured with instrumental activities of daily living), are pre-
cursors to ADLs and are also affected by diabetes. Future
studies may consider these types of disabilities.

Fourth, we only focused on the U.S.-born population
in this study. Considering the large proportion of foreign-
born Hispanics in the United States and the health differ-
ences between U.S.- and foreign-born Hispanics (Palloni
& Arias, 2004; Riosmena et al., 2013), our estimates for
Hispanics cannot be generalized to Hispanics in general.
Future studies are needed to examine the complex interac-
tion between race/ethnicity and nativity when examining
health disparities among diabetic older adults. Relatedly,
the intersectionality theory also highlights the importance
of examining health disparities by both race/ethnicity and

SES (Brown et al., 2016). Future studies should also ex-
amine interactions between race/ethnicity and SES because
returns to education may differ by race/ethnicity.

Public Health Implications

To improve current diabetic care, understanding how fac-
tors such as race/ethnicity and education are associated
with health outcomes over the life course is crucial. Our
findings have relevance in how health care resources can
be deployed more effectively to the most vulnerable popu-
lations. In all health outcomes we examined, the most vul-
nerable populations tend to be people of color and those
with less schooling. Clinicians should also be aware of the
management of comorbidities in certain diabetic individ-
uals, which may lead to a greater proportion of remaining
life to be spent with ADLs. A number of underlying mech-
anisms, including persons with diabetes, providers, and
overall health care system factors, may help explain the
disparities seen in this study. Thus, prospective studies on
differing provider care among these vulnerable populations
are also warranted to improve overall diabetes care in the
United States. The life expectancy quantities provided in
this study are also useful for policymakers when making
health care budgets and estimating health care burden in
the coming years.
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