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ABSTRACT Despite extensive research on cognitive impairment and limitations in basic
activities of daily living, no study has investigated the burden of their co-occurrence
(co-impairment). Using the Health and Retirement Study data and incidence-based
multistate models, we study the population burden of co-impairment using three key
indicators: mean age at onset, lifetime risk, and health expectancy. We examine patterns
by gender, race, ethnicity, nativity, education, and their interactions for U.S. residents
aged 50-100. Furthermore, we analyze what fractions of racial, ethnic, and nativ-
ity disparities in co-impairment are attributable to inequalities in educational attain-
ment. Results reveal that an estimated 56% of women and 41% of men aged 50 will
experience co-impairment in their remaining life expectancy. Men experience an ear-
lier onset of co-impairment than women (74 vs. 77 years), and women live longer in
co-impairment than men (3.4 vs. 1.9 years). Individuals who are Black, Latinx, and
lower educated, especially those experiencing intersecting disadvantages, have substan-
tially higher lifetime risk of co-impairment, earlier co-impairment onset, and longer life
in co-impairment than their counterparts. Up to 75% of racial, ethnic, and nativity dis-
parity is attributable to inequality in educational attainment. This study provides novel
insights into the burden of co-impairment and offers evidence of dramatic disparities
in the older U.S. population.
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Introduction

The lengthening of life expectancies has made maintaining older individuals’ health
and well-being a public health priority in high-income countries. Healthy cognitive
function and the ability to perform basic activities of daily living (ADLs), such as
walking, dressing, and eating, without limitations are two important components
of healthy aging. Extensive research has explored the burden of cognitive impair-
ment (Crimmins et al. 2016; Reuser et al. 2011) and ADL limitations (Freedman and
Spillman 2016; Ostchega et al. 2000; Zaninotto et al. 2020) among the older U.S.
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population. However, there is a lack of research focusing on the burden from the
simultaneous occurrence of cognitive impairment and activity limitations, which is
likely to have substantially greater ramifications for affected adults and their care-
givers than either condition alone (Riffin et al. 2017).

This study is the first to quantify the population burden of the co-occurrence of
cognitive impairment and ADL limitations (henceforth, co-impairment), and it con-
tributes to population health research in three key ways. First, using incidence-based,
discrete-time Markov chain multistate models and data from the Health and Retire-
ment Study, a high-quality panel survey representative of U.S. residents older than
50, we estimate three key indicators: (1) mean age at onset, (2) lifetime risk, and
(3) life expectancy in co-impairment. These indicators together provide a more
nuanced understanding of the burden of co-impairment among the older U.S. popu-
lation than any single indicator.

Second, we investigate how this burden differs by intersecting life course
(dis)advantages, including gender, race, ethnicity, nativity, and educational attain-
ment. Identifying subpopulations that experience greater burden will also help identify
which caregiver subgroups are at higher risk of poor health from bearing this burden.

Third, we incorporate a counterfactual framework focusing on educational attain-
ment, given that it is a fundamental and potentially modifiable health determinant. We
examine what fractions of the racial, ethnic, and nativity disparities in co-impairment
are attributable to educational inequalities by estimating a counterfactual that elimina-
tes racial, ethnic, and nativity inequalities in the distribution of educational attainment.

This study builds on research on cognitive impairment and ADL limitations.
Using advanced statistical methods, we extend knowledge on the burden of their
co-occurrence—co-impairment—and racial, ethnic, nativity, and educational dispari-
ties in co-impairment among the older U.S. population. In addition to using the widely
used indicators of life and health expectancies, we calculate indicators of lifetime risk
and mean age at co-impairment onset, providing a more comprehensive picture of the
burden of co-impairment. Furthermore, the flexibility of multistate modeling allows
us to incorporate a counterfactual framework to clarify the role of educational attain-
ment inequalities in driving racial, ethnic, and nativity disparities in co-impairment.

Background

Life expectancy at older ages has increased in the United States, contributing to the
expansion of the older population (World Health Organization 2017). Adults aged
65 and older constituted 17% (56 million individuals) of the total U.S. population in
2020 but are expected to represent 22% (81 million individuals) of the population by
2040 (Vespa et al. 2018). Population aging poses a challenge because cognitive func-
tion and the ability to carry out basic ADLs decline as adults age, often preventing
independent living.

In the United States, an estimated 18 million older individuals experienced cogni-
tive impairment in 2020 (Rajan et al. 2021), and ADL limitations translated to a loss
of 432,224 years of healthy life for adults aged 50 and older in 1998-2014 (McGrath
et al. 2019). One projection predicts that the number of older adults with cogni-
tive impairment will increase to more than 35 million by 2060 (Rajan et al. 2021),
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Population Burden of Cognitive Impairment and Activity Limitation 3

although whether prevalence in the United States is increasing or decreasing is a mat-
ter of ongoing debate (e.g., Hale, Schneider, Gampe et al. 2020; Langa et al. 2017,
Lee et al. 2021). The hefty emotional, social, and economic burden of Alzheimer’s
disease and related dementias makes cognitive impairment an important public health
issue (Alzheimer’s Association 2011, 2022).

Similarly, the odds of experiencing ADL limitations have increased significantly
in recent decades in the older U.S. population (Tsai 2017), with one U.S. study iden-
tifying more than 1 million community-dwelling older adults with co-impairment
(Riffin et al. 2017). Although extensive research has examined cognitive impairment
and activity limitations, no study has investigated the probability of ever experienc-
ing co-impairment, when in the life course individuals experience it, and how long
they expect to live in the highly disadvantaged state of co-impairment.

Addressing the burden of co-impairment in population health research is urgently
needed because the number of adults experiencing co-impairment will likely increase
as a result of population aging and other health trends. Both cognitive impairment
and ADL limitations share many common risk factors, and the risks of cognitive
impairment (Robitaille et al. 2018) and ADL limitations (Jacob et al. 2018) increase
substantially with age. These health conditions share a range of morbidities (e.g.,
diabetes, stroke, and hypertension) as risk factors (Caskie et al. 2010; Crichton et al.
2016; Hankey et al. 2002; Langa et al. 2017; Skoog and Gustafson 2006; Verruca
etal. 1996; Wong et al. 2013). These morbidities are projected to become more preva-
lent in the coming years in the United States (Heidenreich et al. 2011; Lin et al. 2018;
Ovbiagele et al. 2013).

Cognitive impairment is itself a significant risk factor for activity limitations and
vice versa (Fauth et al. 2013; Hajek and Konig 2016; Sauvaget et al. 2002). Indi-
viduals with mild cognitive impairment or dementia are considerably more likely
to experience ADL limitations than those not cognitively impaired (Andrews et al.
2016; Thomas 2001). Furthermore, activity limitations are a significant risk factor for
incident cognitive impairment, and their onset often signals an acceleration of cogni-
tive decline (Fauth et al. 2013; Rajan et al. 2013). These factors are likely to increase
cases of co-impairment.

Cognitive impairment and ADL limitations exert a considerable burden on affected
adults and are associated with reduced quality of life and an increased risk of death
(Alzheimer’s Association 2021; Ankuda et al. 2020; Gobbens 2018; Langa et al.
2008; Marengoni et al. 2009). Compared with only cognitive impairment or ADL
limitations, co-impairment is more detrimental to independent living because the
compounding of adverse health conditions means greater dependence on caregivers
(Riffin et al. 2017). Co-impaired adults also experience a substantially greater mor-
tality risk than adults with only one of these health conditions (Yu et al. 2017). In the
United States, most adults with ADL limitations or cognitive impairment receive care
in the community (Freedman and Spillman 2014; Lepore et al. 2017). Caregiving for
adults with co-impairment is taxing. The percentage of caregivers reporting physical,
emotional, and financial difficulties and social participation restrictions associated
with care provision is higher for caregivers of co-impaired adults than for care-
givers of adults with only cognitive impairment or only activity limitations (Riffin
et al. 2017). These difficulties are associated with adverse health consequences for
caregivers (Fratiglioni et al. 2000).
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Exacerbating caregiving challenges, the burden of these health conditions is not
uniform across the older U.S. population. For instance, relative to men, women are
more likely to experience cognitive impairment (Hale, Schneider, Mehta et al. 2020;
Suthers et al. 2003) and activity limitations (Wang et al. 2021) and spend more years
in these health states (Crimmins et al. 2016; Hale, Schneider, Mehta et al. 2020;
Suthers et al. 2003; Zaninotto et al. 2020). Compared with Whites, Blacks and Latinx
(both U.S.-born and foreign-born) have a significantly higher likelihood of cognitive
impairment and poorer cognitive health expectancies, even after education and other
health conditions are controlled (Garcia et al. 2019; Reuser et al. 2011). These sub-
populations also have a higher risk of, and longer expectancies in, activity limitations
than Whites (Freedman and Spillman 2016; Garcia et al. 2017; Ostchega et al. 2000;
Zsembik et al. 2000). Among these disadvantaged subpopulations, foreign-born
Latinx live the longest with cognitive impairment and activity limitations (Garcia
et al. 2019; Hayward et al. 2014). Lower educated adults have a significantly higher
risk of cognitive impairment (Reuser et al. 2011) and activity limitations (Carmona-
Torres et al. 2019), net of other sociodemographic risk factors, and live longer in
these health states (Crimmins et al. 2018; Li¢vre et al. 2008; Solé-Aur6 et al. 2014).
Within each racial and ethnic subgroup, those with lower education live a greater pro-
portion of their lives with cognitive impairment (Farina et al. 2020) and activity lim-
itations (Crimmins et al. 1996) than their higher educated counterparts. Blacks with
the lowest education experience a greater burden of activity limitations and cognitive
impairment than the lowest educated Whites. However, the burden of co-impairment
for these subpopulations has yet to be studied.

The proportion of Latinx and Blacks, who constituted 29% of the U.S. popu-
lation in 2010, is expected to reach 43% by 2060 (Jones et al. 2021; Vespa et al.
2018). These subgroups are socioeconomically disadvantaged and experience a
greater burden of chronic morbidities (Ferdinand and Nasser 2015; Whitson et al.
2011), which are risk factors of cognitive impairment and ADL limitations and
therefore may place these groups at a higher risk of co-impairment (Langa et al.
2017; Wong et al. 2013). Because the U.S. adult population is becoming much
more racially diverse, understanding how racial, ethnic, and nativity subgroups
have shaped the burden of co-impairment is essential. Also important is examin-
ing how these important social risk factors—namely, race, ethnicity, nativity, and
educational attainment—combine to differentiate the experience of co-impairment
in the older U.S. population. Carepartner pairs belonging to more disadvantaged
populations are likely to bear the considerable strain of co-impairment caregiving
longer, exacerbating adverse consequences. Therefore, identifying subpopulations
with a greater burden of co-impairment will not only help identify subgroups in
need of support resources (tertiary prevention) but may also help target appropriate
interventions for vulnerable caregivers (primary prevention).

The significant variations in cognitive functioning and performance in ADLs
among Whites, Blacks, and Latinx have garnered attention in population health
research. Several studies have argued that educational attainment inequalities across
these racial and ethnic subpopulations are responsible for a sizable portion of the
racial and ethnic disparities in these health domains (Fuller-Thomson et al. 2009;
Garcia, Saenz et al. 2018; Lin et al. 2014; Schwartz et al. 2004; Yaffe et al. 2013).
Educational attainment is a risk factor that is modifiable through appropriate policy
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interventions. Therefore, it is important to assess the extent to which increasing edu-
cational attainment would minimize racial, ethnic, and nativity disparities in cogni-
tive function and performance in ADLs.

Data and Methods

Data

This study uses data from the Health and Retirement Study (HRS), a biennial, nation-
ally representative survey of U.S. adults older than 50 and their spouses of any age.
The survey is conducted by the Institute for Social Research at the University of
Michigan and is funded by the National Institute on Aging (NIA U01AG009740)
and the Social Security Administration (National Institute on Aging and Social Secu-
rity Administration 2019). Additional details of the HRS can be found elsewhere
(Fisher and Ryan 2018). We use the RAND HRS longitudinal file 2016 (V2) from
1998-2016, which includes imputed cognitive scores for self-respondents with miss-
ing cognitive data (McCammon et al. 2019). Our analytic sample comprises study
participants and their spouses aged 50—-100 who have cognitive function and ADL
scores in at least two waves.! The unit of analysis in the multistate calculation is a
transition. To be included in the multistate calculation, an individual needs to have
been in the survey for at least two waves, which are fielded an average of two years
apart. Less than one fifth of 1% of any of the predictors are missing.

Measures
Dependent Variable

The dependent variable has five states. Four are transient states, from which recovery
is possible: Aealthy (no cognitive impairment and no ADL limitations), only cogni-
tive impairment, only ADL limitation(s), and co-impairment (cognitive impairment
and ADL limitation(s)). The fifth one—death—is an absorbing state, verified through
the National Death Index. These five states form the state space of the Markov model
(see Figure 1).

ADL Limitation(s)

ADLs are the fundamental skills usually required to manage basic daily needs
(Mlinac and Feng 2016). Self-reported ADL limitations are the measures most com-
monly used in research and clinical settings (Bravell et al. 2011) and are assessed via
questions from the ADL scale (Katz et al. 1963). The HRS asks respondents whether
they experience difficulty in dressing, walking, bathing, eating, and getting in or out

! Table S1 (online appendix) shows the HRS birth cohorts included in our analytic sample.
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of bed because of a health or memory problem. We classify respondents as having
ADL limitation(s) if they report difficulty with at least one ADL, as is common in the
literature (Bardenheier et al. 2016; Mehta and Myrskyld 2017; Payne 2022). For the
8% of our analytic sample for whom a proxy responded on behalf of the respondent,
we use proxy responses for assessing ADL limitation(s) and cognitive impairment
(Sonnega et al. 2014).

Although subjective reports and proxy responses may introduce some bias (Li
et al. 2015; Todorov and Kirchner 2000), other available ADL assessments (use of
equipment or gets help) are asked for select ADLs or to meet a narrower definition of
disability (Bugliari et al. 2020; Gill et al. 1998). Furthermore, because our focus is on
how difficulties in ADLs combined with cognitive impairment result in a greater bur-
den of co-impairment, subjective experience is also important. To address the likely
proxy bias, we include response status in our models. The practice effects adjust-
ment (discussed in the Independent Variables section) accounts for self-reports versus
proxy responses.

Cognitive Impairment

We use information from self-respondents and proxies to determine whether a person
is cognitively impaired. For self-respondents, the HRS uses a modified version of the
Telephone Interview for Cognitive Status (TICS) test. The TICS test scores range
from 0 to 27 points and include four tasks: immediate (0—10 points) and delayed
word recall (0—10 points), serial-7s (0-5 points), and counting backward (0-2 points).
The cut points (cognitive impairment, 0—11; no cognitive impairment, 12-27) were
already validated against the Aging Demographics and Memory Study (ADAMS), a
substudy of the HRS with an in-depth neuropsychological examination (Crimmins
etal. 2011; Langa et al. 2005).

For respondents requiring a proxy, we follow Langa and Weir to define cognitive
health states (Langa et al. 2017). We use a nine-point scale for the 1998 wave, which
includes the proxy’s direct assessment of (1) the respondent’s memory (0 = excellent,
4 = poor) and (2) the respondent’s limitations in five instrumental ADLs: managing
money, taking medication, preparing hot meals, using the phone, and shopping for
groceries (0-5). The total score ranges from 0 to 9 (0-2 indicates no cognitive impair-
ment, and 3-9 indicates cognitive impairment). From 2000 onward, another measure
is added: (3) the proxy’s assessment of the respondent’s difficulty completing the
interview for cognitive limitations, creating an 11-point scale (02 indicates no cog-
nitive impairment, and 3—11 indicates cognitive impairment). The addition of this
measure did not significantly affect our results. The cut points we use for proxies are
ADAMS-validated (Crimmins et al. 2011; Langa et al. 2005).

Independent Variables

Age is a continuous variable measured in completed years. The HRS reports gen-
der as a binary variable (1 = woman). Race and ethnicity are self-reported. Small
sample sizes restrict us to studying the categories White, Black, and other, with eth-
nicity categorized as Hispanic or non-Hispanic. We create a joint variable of race
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and ethnicity, categorized as non-Latinx White, Latinx Black, non-Latinx Black,
non-Black Latinx, and non-Latinx other. We combine Latinx Black with non-Latinx
Black because these groups have health outcomes more similar to non-Latinx Black
than to non-Black Latinx (Chinn and Hummer 2016). Importantly, Latinx Blacks
are a distinct subpopulation of the Latinx population. The Hispanic paradox of bet-
ter health for immigrants relative to natives does not extend to Latinx Blacks (Elo
et al. 2011), who experience greater health disadvantages than White Latinx, more
similar to those of non-Latinx Blacks (Borrell 2006; Borrell and Crawford 2006;
Chinn and Hummer 2016; Cuevas et al. 2016). Latinx Blacks are also much more
socioeconomically comparable to non-Latinx Blacks than to non-Black Latinx and
are more likely to share neighborhoods (Denton and Massey 1989; Fears 2003;
Logan 2004).

Our categorization combines very few (60) Latinx Blacks with the roughly 6,000
non-Latinx Blacks in our analytic sample. We then disaggregate non-Black Latinx
into non-Black U.S.-born Latinx and non-Black foreign-born Latinx. We include non-
Latinx other in the analyses, but we do not show the results because of small sample
sizes at older ages. Henceforth, we refer to non-Latinx White as White, Latinx Black
and non-Latinx Black as Black, non-Black U.S.-born Latinx as U.S.-born Latinx, and
non-Black foreign-born Latinx as foreign-born Latinx.

We measure educational attainment categorically to account for the nonlinear
association between education and health outcomes (see, e.g., Montez et al. 2012).
Because of the low average educational attainment for these early to mid-twentieth-
century cohorts—especially for women and Black and Latinx subpopulations—we
combine some college with high school diploma/general equivalency degree (GED)
and consider the highest education to be an associate’s degree or higher. For more
recent cohorts, we could define higher education by creating a category for bachelor’s
degree or higher. However, for Blacks and Latinx in the earlier cohorts, bachelor’s
degree attainment is rare. Only 242 U.S.-born Latinas (vs. roughly 15,000 White
women) in our analytic sample have a bachelor’s degree or higher education. Such
small sample sizes will lead to unstable estimates. For the earlier cohorts for whom
further education was rarer (see Hendi 2017)—especially for women, Blacks, and
Latinx—an associate’s degree is a significant achievement. The final educational cat-
egories are less than high school, high school/GED/some college, and an associate’s
degree or higher.

To account for practice effects, we adjust for the number of cognitive tests taken,
measured categorically as the (1) first, (2) second, (3) third to sixth, or (4) seventh or
higher cognitive assessment test taken (Goldberg et al. 2015). A fifth category identi-
fies respondents with a proxy.

Statistical Analysis
Multistate Modeling

As noted earlier, we employ incidence-based multistate methods instead of the more
widely used prevalence-based Sullivan method for exploring the population burden
of morbidity or poor health (e.g., Crimmins et al. 2016; Freedman and Spillman 2016;
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Garcia et al. 2019; Jagger et al. 2016; Suthers et al. 2003; Tom et al. 2015). Because
the Sullivan approach is based on the prevalence of a health condition, it reflects
a portion of the past risk of that condition in the population. The method does not
allow recovery from poor health, nor does it allow mortality to vary by health status.
In contrast, because the multistate method relies on incidence data, it measures the
current risk of the health condition in the population. It allows recovery (e.g., transi-
tion back from unhealthy to healthy) and allows mortality to vary by health state. In
other words, the multistate approach more accurately estimates contemporary popu-
lation health dynamics. Therefore, when the data allow, researchers often choose to
use multistate methods (e.g., Cai and Lubitz 2007; Crimmins et al. 2009; Majer et al.
2013; Payne and Kobayashi 2022).

For example, in a recent U.S.-based study, Payne (2022) compared partial cohort
life expectancies and expectancies in states of ADL limitations, chronic morbidities,
and self-reported poor health across successive birth cohorts. The multistate method
has also been applied to examine variations in life expectancies and disability-free
life expectancies with and without specific diseases, such as cancer (Payne and
Kobayashi 2022). Cai and Lubitz (2007) used this approach to examine three theo-
ries of population aging: morbidity compression, morbidity expansion, and dynamic
equilibrium. In recent years, there have been methodological advances in the Markov
chain multistate literature, including calculating additional metrics (e.g., Caswell and
Zarulli 2018; Dudel 2021). For instance, Dudel (2021) expanded the Markov chain
toolbox by presenting methods for waiting times, helping us understand the timing of
events under study (e.g., the average age at first entry into a state and leaving a state).

In this study, we apply discrete-time Markov chain multistate models to under-
stand the dynamics of co-impairment in the older U.S. population. In addition to
calculating expectancy in co-impairment, we also calculate the lifetime risk and mean
age at onset of co-impairment from multistate models. The lifetime risk of a condition
is the probability of ever experiencing that condition before dying (Kemeny and Snell
1983). Because individual life courses are only partially observed in the HRS, the cal-
culation of lifetime risk (and mean age at onset) cannot be based only on individual
trajectories. Therefore, we use established demographic multistate methods (Dudel
2021; Kemeny and Snell 1983; Mehta and Myrskyld 2017) to calculate lifetime risk
and mean age at co-impairment onset.

The Markov chain multistate models are based on the probabilities of transitions
across the states in the Markov state space. Figure 1 illustrates the states from the
Markov state space and the transitions across the states. To estimate these transition
probabilities, we use multinomial logistic regression models (Allison 1982), as is
common in applied multistate research (Bardo and Lynch 2021; Cai and Lubitz 2007,
Dudel 2021; Hale et al. 2021; Mehta and Myrskyld 2017; Payne 2022). We estimate
four multinomial logistic regression models, all stratified by gender.

To estimate transition probabilities for the overall population, we use Model 1,
which takes the form

log 7

iH

AAge2+Y4-,TPE,

:ay+b 2.

1,l.jAge+ b

where p; is the transition probability from state 7 to state j that also includes the state
death; H indicates the reference state, healthy; a; is the intercept; Age is the age
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Y

Healthy
Only Dead Only ADL
CI limitations
Co-1

Fig. 1 Markov state space along with transitions across the states denoted by the arrows. We estimate
probabilities of these transitions by age, gender, race, ethnicity, nativity, education, and their interactions.
Co-I = co-impairment. CI = cognitive impairment. ADL = activities of daily living.

during the follow-up at mid-interview; and 7; is the coefficient vector related to the
practice effects categories.

Model 2 adds race, ethnicity, and nativity to Model 1 to estimate the transition
probabilities by race, ethnicity, and nativity (e.g., for foreign-born Latinx). Model
3 adds education to Model 1 (without race, ethnicity, and nativity) to estimate the
transition probabilities by education (e.g., for an associate’s degree or more educa-
tion). The primary goal of our study is to understand the burden of co-impairment
for Whites, Blacks, and Latinx with varying educational levels and for educational
subgroups with different racial and ethnic compositions as they exist in the older
U.S. population. Notably, this approach differs from approaches aiming to assess
mechanisms. In Models 2 and 3, we allow the full set of interactions between the
predictors.

Model 4 estimates transition probabilities for all combinations of race, ethnicity,
nativity, and education (e.g., foreign-born Latinx with an associate’s degree or more)
as follows:

1ogl% = a,+b,, Age+b, ;Age’+¥;; PE+3] DEMOGR,
where §_ is a coefficient vector related to the variables in DEMOGR; it includes race,
ethnicity, nativity, education, and the full set of interactions.

To obtain the age-specific transition probabilities for the overall population from
Model 1, we set practice effects to the second interview. To obtain the age-specific
transition probabilities for a specific subgroup—for example, Whites in Model 2, an
associate’s degree or more in Model 3, and Whites with an associate’s degree or more
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in Model 4—we set the corresponding categorical variable(s) to 1 and practice effects
to the second interview.

The probability that an adult who is in state i at age x will be in state j at age x + 2,
p(x, i), is then arranged in a Markov transition matrix, M™ = [pji], for each of the
subgroups analyzed—one for the total population, one for overall Blacks, one for
Blacks with associate’s degree or more, and so on.

By performing matrix operations on the Markov transition matrix, M7, we obtain
the metrics of lifetime risk of co-impairment, mean age at onset of co-impairment,
and life expectancy in co-impairment. Section 2 of the online appendix provides a
detailed description of the estimation procedure. In brief, to estimate the expectan-
cies, we follow the standard approach of first estimating the conditional expectancies
and then calculating weighted averages across conditional expectancies. Weights are
the starting state distribution at age 50. For each of the subpopulations, we use its own
starting state distribution at age 50. To avoid small sample noise, we calculate start-
ing state over ages 50-60 during 1998-2016. We use survey weights from the HRS
to account for the complex survey design and nonresponse. We estimate confidence
intervals using the bootstrap procedure suggested by Cameron and Trivedi (2005)
based on 500 replications, as applied in multistate research (Dudel and Myrskyla
2017). We resample health trajectories at the individual level, mimicking the survey’s
complex sampling process and accounting for the cohort structure and oversampling
(Dudel and Myrskyld 2017). We conduct all analyses using R.

In this article, we focus on the state of co-impairment. However, in Tables S2 and
S3 in the online appendix, we present the expectancy estimates for all health states in
the Markov state space. Furthermore, in Table S4, we present the estimates of mean
age at onset for only cognitive impairment and only ADL limitations.

Counterfactual Model

We examine what fractions of racial, ethnic, and nativity disparities in co-impairment
are attributable to inequalities in the distribution of educational attainment by esti-
mating a counterfactual that eliminates these educational inequalities. We first cal-
culate, for each racial, ethnic, and nativity subgroup, co-impairment expectancies by
educational attainment (e.g., co-impairment expectancies for Blacks with less than
high school, Blacks with high school/GED/some college, and Blacks with associate’s
degree or more).

Next, for Blacks and U.S.- and foreign-born Latinx, we aggregate the respective
co-impairment expectancies by educational attainment using weights to obtain the
counterfactual co-impairment expectancy. The weights are the distribution of edu-
cational attainment for Whites. In other words, we estimate the counterfactual co-
impairment expectancies for Blacks and U.S.- and foreign-born Latinx by assigning
them the same educational distribution as their more advantaged White counterparts.

This counterfactual allows us to estimate potential racial, ethnic, and nativity dis-
parities in co-impairment expectancy, absent those that can be attributed to the con-
siderable racial, ethnic, and nativity inequalities in the distribution of educational
attainment. Furthermore, the online appendix (section 5) provides an example of the
calculation of counterfactual expectancies.
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Table 1 Descriptive characteristics of the sample

% Transition to

Individuals % Transitions % Co-impairment
Overall 32,697 100 195,491 100 7
Men 14,507 444 83,601 42.8 6
Women 18,190 55.6 111,890 57.2 8
White 22,451 68.7 139,476 71.3 6
Black 5,836 17.8 31,818 16.3 11
U.S.-born Latinx 1,389 4.2 8,046 4.1 10
Foreign-born Latinx 2,113 6.5 11,284 5.8 11
Less Than High School 8,353 25.5 46,312 23.7 16
High School/GED/Some College 16,606 50.8 101,663 52.0 5
Associate’s Degree+ 7,738 23.7 47,516 243 2

Source: 1998-2016 Health and Retirement Study.

Results

Descriptive Statistics

Table 1 provides the sociodemographic characteristics of the sample during 1998—
2016. The total sample size is 32,697 individuals, and the analysis is based on 195,491
transitions. Sample sizes for women, Whites, and adults with high school/GED/some
college education are higher than those for their counterparts. Blacks and U.S.- and
foreign-born Latinx are nearly two times as likely to experience a transition to co-
impairment as Whites. The lowest educated adults are eight times as likely to experi-
ence a transition to co-impairment than the highest educated.

Lifetime Risk of Co-impairment

In Table 2, we present the lifetime risk of co-impairment for the total population
and separately by race, ethnicity, nativity, and education. Overall, 56% of women
and 41% of men aged 50 are predicted to experience co-impairment in their remain-
ing life expectancy. We find considerable disparities by race, ethnicity, nativity, and
education.

U.S.- and foreign-born Latinx and Blacks experience a substantially greater life-
time risk of co-impairment than Whites, irrespective of gender. The likelihood of
co-impairment for foreign- and U.S.-born Latinas and Black women is, respectively,
30 (=81% — 51%), 20, and 18 percentage points higher than for White women. The
corresponding numbers for men are 28, 17, and 19 percentage points. The lifetime
risk of co-impairment for the lowest educated women and men is, respectively, 28
and 31 percentage points greater than for the highest educated.

Table 3 shows the lifetime risk for White, Black, and Latinx subpopulations by
educational attainment. The most disadvantaged subpopulations are lower edu-
cated Blacks and Latinx—particularly foreign-born Latinas, who experience an
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Table 2 Lifetime risk (%) of co-impairment for the total population and by race, ethnicity, nativity, and
education in the United States, 1998-2016, with 95% confidence intervals shown in parentheses

‘Women Men

Lifetime Risk (%) Lifetime Risk (%)

Total 56 (53, 59) 41 (38, 44)
White 51 (48, 54) 36 (32,39)
Black 69 (65, 73) 55 (51, 60)
U.S.-born Latinx 71 (64,77) 53 (44,61)
Foreign-born Latinx 81 (76, 86) 64 (55,71)
Less Than High School 72 (69, 75) 58 (54, 63)
High School/GED/Some College 50 (47, 54) 37 (33, 40)
Associate’s Degree+ 44 (38, 49) 27 (24, 32)

Source: 1998-2016 Health and Retirement Study.

Table 3 Lifetime risk (%) of co-impairment for interactions of gender, race, ethnicity, nativity, and
education in the United States, 1998-2016, with 95% confidence intervals shown in parentheses

Women Men

Lifetime Risk (%) Lifetime Risk (%)

White Less than high school 61 (56, 65) 51 (46, 57)
High school/GED/some college 48 (45, 52) 34 (30, 37)
Associate’s degree+ 43 (38,49) 27(23,31)
Black Less than high school 80 (76, 83) 65 (60, 71)
High school/GED/some college 62 (57, 68) 52 (46, 59)
Associate’s degree+ 52 (42, 60) 34 (22, 46)
U.S.-born Latinx Less than high school 78 (71, 83) 65 (55, 74)
High school/GED/some college 60 (48, 71) 44 (30, 57)
Associate’s degree+ 52 (14, 80) 21(3,44)
Foreign-born Latinx Less than high school 87 (83,91) 71 (62,79)
High school/GED/some college 60 (48, 72) 41 (27, 54)
Associate’s degree+ 31 (0, 54) 41 (23,61)

Source: 1998-2016 Health and Retirement Study.

87% lifetime risk of co-impairment. For each racial and ethnic subpopulation,
the likelihood of co-impairment increases as the level of educational attainment
decreases. For example, for the lowest educated U.S.-born Latinas and Latinos,
the penalty for not having a higher education is a lifetime risk of co-impairment
that is, respectively, at least 18 and 21 percentage points higher. However, racial
and cthnic disparities persist at all levels of educational attainment. Notably, the
confidence intervals for lifetime risk of U.S.- and foreign-born Latinx with an
associate’s degree or more are too wide (reflecting small sample sizes) to draw
clear conclusions for these subpopulations. However, in this article, we are mainly
interested in identifying the highly disadvantaged subpopulations, and the estima-
tes for Black and Latinx adults with the lowest education indicate a greater burden
of co-impairment with high precision.
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Table 4 The mean age at co-impairment onset and life expectancy at age 50 in co-impairment for the
total population and by race, ethnicity, nativity, and education in the United States, 1998-2016, with 95%
confidence intervals shown in parentheses

Women Men Women Men

Years Years
Mean Age Mean Age Co-impaired Co-impaired
Total 77 (76, 78) 74 (73,75) 3.4(3.0,3.8) 1.9(1.6,2.2)
White 79 (78, 80) 76 (75,77) 2.7(2.4,3.1) 1.5(1.3, 1.8)
Black 70 (69, 72) 69 (67, 70) 5.1(4.5,5.9) 3.1(2.6,3.7)
U.S.-born Latinx 73 (71,75) 70 (68, 73) 5.5(4.4,6.7) 2.5(1.9,3.3)
Foreign-born Latinx 71 (69, 72) 73 (71,75) 7.9 (6.5,9.5) 4.0(3.1,5.2)
Less Than High School 69 (68, 70) 67 (66, 69) 5.6 (5.0,6.4) 3.3(2.9,3.9)
High School/GED/Some College 79 (78, 80) 74 (73,75) 2.7(2.3,3.1) 1.6 (1.3, 1.9)
Associate’s Degree+ 83 (82, 84) 80 (79, 81) 2.1(1.7,2.5) 1.0 (0.8, 1.3)

Source: 1998-2016 Health and Retirement Study.

Mean Age at Onset of Co-impairment

Table 4 shows the mean age at onset of co-impairment for the total population and
separately by race, ethnicity, nativity, and education. On average, women become
co-impaired at age 77, and men are 3 years younger at onset. Black women and men
are 9 and 7 years younger at onset than White women and men, respectively. The
educational gradient is even steeper than the racial, ethnic, and nativity gradient. The
lowest educated women and men are, respectively, 14 and 13 years younger at onset
than their highest educated counterparts.

Table 5 shows the estimates of the mean age at onset of co-impairment for White,
Black, and Latinx subpopulations by educational attainment. For each racial, ethnic,
and nativity subgroup, the mean age at onset decreases with decreasing educational
attainment. Black women and men pay the highest penalty for having the lowest
education and are the youngest at co-impairment onset (age 64). This penalty results
in dramatic disparities in mean age at first co-impairment incidence relative to the
highest educated White women and men: 20 (= 84 — 64) years for Black women and
17 years for Black men.

Life Expectancy in Co-impairment at Age 50

Total life expectancy at age 50 was 33 years for women and 28.4 years for men,?
reflecting women’s mortality advantage (Tables S2 and S3, online appendix).
Despite being socioeconomically disadvantaged, foreign-born Latinx have lon-
ger life expectancy than their White counterparts (Cantu et al. 2013; Garcia et al.
2019), reflecting the Hispanic paradox (Markides and Eschbach 2011). Women and

2 Our life expectancy estimates are similar to the U.S. National Vital Statistics life expectancy estimates of
32.7 for women and 29.0 for men in the reference year 2007 (Arias 2011).
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Table 5 The mean age at onset of co-impairment for interactions of gender, race, ethnicity, nativity, and
education in the United States, 1998-2016, with 95% confidence intervals shown in parentheses

‘Women Men

Mean Age Mean Age

White Less than high school 72 (71,73) 69 (68, 71)
High school/GED/some college 80 (79, 81) 75 (74, 76)

Associate’s degree+ 84 (83, 85) 81 (79, 82)

Black Less than high school 64 (62, 65) 64 (62, 66)
High school/GED/some college 73 (72,75) 70 (68, 72)

Associate’s degree+ 78 (76, 80) 75(72,78)

U.S.-born Latinx Less than high school 68 (65, 71) 65 (62, 68)
High school/GED/some college 79 (76, 81) 73 (70, 77)

Associate’s degree+ 78 (73, 84) 77 (72, 82)

Foreign-born Latinx Less than high school 68 (66, 70) 71 (69, 73)
High school/GED/some college 78 (76, 80) 77 (74, 80)

Associate’s degree+ 80 (77, 85) 79 (75, 84)

Source: 1998-2016 Health and Retirement Study.

men with less than a high school education live 6 fewer years than those with an
associate’s degree or more.

Table 4 shows the number of years expected to live in co-impairment at age 50 for
the total population and separately by race, ethnicity, nativity, and education. On aver-
age, women live 1.5 more years co-impaired than men. Compared with White women,
foreign- and U.S.-born Latinx and Black women live 5.2, 2.8, and 2.4 more years in
co-impairment; respective figures for men in these racial and ethnic subgroups (relative
to White men) are 2.5, 1.0, and 1.6 years. The lowest educated men and women live,
respectively, 2.3 and 3.5 more years in co-impairment than the highest educated.

Table 6 shows life expectancies in co-impairment for all racial and ethnic subpop-
ulations by educational levels. In each racial and ethnic subpopulation, the lowest
educated have the longest life expectancy in co-impairment. Black and Latinx adults
with the lowest education are substantially disadvantaged. The lowest educated
foreign-born Latinx live the longest co-impaired (5.0 years for men and 9.7 years
for women), followed by Blacks. Further, the educational gradients are greater for
Black and Latinx adults, especially for the two Latinx subpopulations, compared with
Whites. For instance, having at least an associate’s degree is associated with fewer
years lived in co-impairment: 8.6 years for foreign-born Latinas and 3.2 years for
U.S.-born Latinos. In contrast, the difference in co-impairment expectancies between
the lowest and highest educated White men (women) is only 1.6 years.

Counterfactual: Eliminating Inequalities in the Distribution of Educational Attainment

In panels a (women) and b (men) of Figure 2, the bars represent the racial, ethnic, and
nativity disparities in co-impairment expectancy in the empirical and counterfactual sce-
narios. For instance, in the empirical scenario, Black women live 2.4 (= 5.1 —2.7) years
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Table 6 Life expectancy in co-impairment at age 50 for interactions of gender, race, ethnicity, nativity,
and education in the United States, 1998-2016, with 95% confidence intervals shown in parentheses

Women Men

Years Co-impaired  Years Co-impaired

White Less than high school 3.7(3.2,4.3) 2.6 (2.0,3.1)
High school/GED/some college 2.5(2.1,2.8) 1.4 (1.1, 1.7)
Associate’s degree+ 2.1(1.7,2.4) 1.0 (0.8, 1.2)
Black Less than high school 7.5(6.3,8.7) 4.1(3.3,4.9)
High school/GED/some college 4.0 (3.3,4.8) 2.9(2.2,3.7)
Associate’s degree+ 2.7(1.8,4.0) 1.4 (0.7,2.4)
U.S.-born Latinx Less than high school 6.9 (5.4,8.5) 3.8(2.7,5.2)
High school/GED/some college 3.5(2.2,5.1) 1.8 (1.0,2.9)
Associate’s degree+ 3.0(0.3,9.1) 0.6 (0.1, 1.8)
Foreign-born Latinx Less than high school 9.7(8.1,11.4) 5.0(3.7,6.5)
High school/GED/some college 3.5(2.2,5.1) 1.7 (1.0, 2.8)
Associate’s degree+ 1.1 (0.0, 3.0) 1.8(0.7,4.4)

Source: 1998-2016 Health and Retirement Study.

longer in co-impairment than White women. Compared with the empirical scenario, the
differences between White, Black, and Latinx subpopulations’ co-impairment expec-
tancies are reduced in the counterfactual scenario. Black men and women experience a
reduction of 31% and 33%, respectively. Even more dramatically, respective reductions
for U.S.-born Latinos and Latinas are 70% and 54%, and those for foreign-born Latinos
and Latinas are 68% and 75%.

Tables S5 and S6 (online appendix) present the counterfactual expectancies for
all the health states and total life expectancies for Blacks and U.S.- and foreign-
born Latinx, along with the empirical estimates. These tables show that eliminating
educational inequalities reduces disparities in healthy life expectancy considerably,
especially for Latinx subgroups, but has a mostly negligible effect on total life expec-
tancies. In other words, eliminating inequalities in the distribution of educational
attainment would likely compress morbidity among Blacks and Latinx.

Discussion

Being either cognitively impaired or having ADL limitations poses serious disadvan-
tages for the affected adults, their family members, their caregivers, and the wider
society. However, research on the dynamics of the co-occurrence of these adverse
health conditions has been lacking. The present study contributes to population health
research by being the first to assess the burden of co-impairment. Using three key
metrics derived from incidence-based, discrete-time Markov chain multistate mod-
els and drawing on a nationally representative sample of adults living in the United
States, we reveal four major findings.

First, we estimate the lifetime risk of experiencing co-impairment at age 50, find-
ing a significantly higher lifetime risk for women than for men. This disadvantage
is partly attributable to women’s greater longevity, which increases their years of
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a. Women

52
2.8
24
1.6 1.3 1.3

Empirical Counterfactual Empirical Counterfactual Empirical Counterfactual

Black U.S.-born Latina Foreign-born Latina

b. Men

25
1.6
1.1 1.0
0.8
0.3

Empirical Counterfactual Empirical Counterfactual Empirical Counterfactual

Black U.S.-born Latino Foreign-born Latino

Fig. 2 Racial, ethnic, and nativity disparities in co-impairment expectancy in the empirical versus counter-
factual scenario for U.S. women (panel a) and men (panel b), 1998-2016. Source: 1998-2016 Health and
Retirement Study.

exposure in higher risk age groups. Blacks,? U.S.- and foreign-born Latinx, and lower
educated adults have a substantially higher likelihood of co-impairment than Whites
and the higher educated.

Second, because lifetime risk does not clarify when in the life course co-impairment
is experienced, we estimate the mean age at co-impairment onset. On average, men
experience an earlier onset of co-impairment than women. Irrespective of gender,
Blacks and the lowest educated, especially those at the intersection, are the most
disadvantaged: they experience the earliest onset of co-impairment among all the
subpopulations examined.

Third, we estimate how many years an adult aged 50 can expect to live co-impaired.
Men aged 50 have fewer years co-impaired than women. Compared with older Whites

3 As a reminder: White includes only non-Latinx White; Black includes Latinx Black and non-Latinx
Black; and U.S.-born Latinx and foreign-born Latinx are both non-Black.
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and the higher educated, older Blacks, U.S.- and foreign-born Latinx, and the lower
educated live significantly more years co-impaired.

The combination of two of the social risk factors for poor health reveals large dis-
parities. For instance, the highest educated White men aged 50 can expect to live only
one year in co-impairment, whereas the lowest educated foreign-born Latinas aged
50 can expect to live 9.7 years co-impaired. A difference of almost nine years indi-
cates the dramatic disparity between disadvantaged and advantaged subpopulations.

Fourth, our sample aged 50—100 displays considerable racial, ethnic, and nativity
inequalities in educational attainment. For instance, only 18% of Whites have less
than a high school education, compared with 34% of Black individuals, 43% of U.S.-
born Latinx, and 62% of foreign-born Latinx. Our findings reveal that eliminating
these inequalities in educational attainment substantially reduces racial, ethnic, and
nativity disparities in co-impairment. The disparity reduction is greater for Latinx
subgroups than for Blacks. This counterfactual exercise underscores the importance
of educational attainment interventions for narrowing future racial and ethnic dispar-
ities in health. However, such interventions are not applicable to the cohorts under
analysis or even to contemporary cohorts who have completed their education.

In our sample, 82% of Whites have at least a high school education, compared
with 66% of Blacks, 57% of U.S.-born Latinx, and 38% of foreign-born Latinx. How-
ever, even by 2021, the percentage of those aged 50 and older with at least a high
school education was 94% for Whites, 87% for Blacks, and 67% for Latinx (includ-
ing foreign-born Latinx; U.S. Census Bureau 2022). For even more recent cohorts,
educational attainment has increased differentially, such that the racial and ethnic
inequalities in educational attainment have narrowed substantially among young
adults aged 18-29 (U.S. Census Bureau 2022). Although education levels among
more recent cohorts for all racial, ethnic, and nativity subgroups increased relative to
those of older birth cohorts, the rate of increase is greater for U.S.- and foreign-born
Latinx (Everett et al. 2011). Variation also exists within the Latinx subgroup: U.S.-
born Latinx have higher levels of education than foreign-born Latinx (Everett et al.
2011).

Although increasing educational attainment and narrowing educational inequali-
ties may decrease the racial, ethnic, and nativity disparities in co-impairment in the
older U.S. population in the coming decades, we may also need to consider other fac-
tors, such as educational quality. Recent evidence suggests that equality in educational
attainment does not lead to racial and ethnic equality in healthy aging (McLaughlin
et al. 2020). Evidence shows racial and ethnic disparities in the quality of educa-
tion, with Black and Latinx subgroups lying at the disadvantaged end (Glymour
and Manly 2008; Sisco et al. 2015). Indeed, racial disparities in educational quality
explain a substantial portion of the racial disparities in cognitive function among
adults matched on educational level (Manly et al. 2002). Therefore, both levels and
quality of education are likely essential for narrowing or eliminating the racial, eth-
nic, and nativity disparities in the burden of co-impairment in the coming decades.

Blacks and Latinx are also substantially disadvantaged in markers of socioeco-
nomic status other than education, for instance, wealth and income (Bhutta et al.
2020; Iceland 2019; U.S. Census Bureau 2020). These disadvantages only partially
explain racial and ethnic disparities in health. Other exposures are likely to perpet-
uate health disparities, such as differential access to health care and stress caused
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by individual and structural racism. Research has found that the greater discrimina-
tion Blacks and Latinx experience partially explains racial and ethnic disparities in
health (e.g., Colen et al. 2018; Williams et al. 2008). Counterintuitively, Colen and
colleagues (2018) showed that an increase in socioeconomic status for Blacks and
Latinx adults might lead to even more exposure to discrimination, further indicating
that eliminating racial and ethnic inequalities in socioeconomic status may not elim-
inate health disparities. Understanding the role of these factors in disparities in the
co-impairment burden is a potential avenue for future research.

Our research highlights that the most disadvantaged subpopulations, which are likely
to be the least economically resourced, bear the greatest burden of co-impairment.
Thus, policy implications include not just interventions on proximate determinants of
health, such as promoting positive health contexts (e.g., increasing social connectedness),
but also providing support for these vulnerable populations (e.g., expanding coverage
of health and long-term care insurance).

Because of the lack of research on co-impairment, direct comparison with previ-
ous studies is not possible. Previous research on cognitive impairment (Garcia et al.
2019) and activity limitations (Hayward et al. 2014) reported a higher burden for
Blacks and Latinx, especially for foreign-born Latinx. Another study found a consid-
erable reduction in disparities in the odds of cognitive impairment for foreign-born
Latinx after eliminating educational inequalities (Garcia, Saenz et al. 2018). How-
ever, the study found risk reduction to be lower for Black individuals.

The current study provides a detailed overview of disparities in co-impairment
across population subgroups but does not attempt to explain the mechanisms
behind these disparities. The underlying mechanisms are likely multifaceted. For
instance, relative to Whites, Blacks and Latinx experience higher rates of chronic
morbidities, such as diabetes (Ferdinand and Nasser 2015; Whitson et al. 2011),
which is associated with poor cognitive health and ADL limitations (Langa et al.
2017; Wong et al. 2013). Black and Latinx adults have higher odds of experiencing
discrimination than Whites (Colen et al. 2018), for example, in health care, employ-
ment, and police interactions, as well as through microaggressions and racial slurs
(Bleich et al. 2019). Many studies show that racial and ethnic discrimination is
associated with poorer physical and cognitive health outcomes (e.g., Coogan et al.
2020; Williams et al. 2008). Prior research indicates that the advantage in ADL
limitations among younger foreign-born Latinx over Whites (the healthy immigrant
effect) does not hold in later life (Melvin et al. 2014). Foreign-born Latinx most
often come to the United States for employment, which often involves low-paid,
physically demanding work (Tienda et al. 2006). The cumulative toll of physically
taxing (and sometimes hazardous) jobs, such as in the construction or meatpacking
industry (Kochhar 2008), may place them in a particularly vulnerable position in
terms of health in later life.

The greater burden of chronic morbidities and discrimination experienced by
Blacks and Latinx, when combined with low educational attainment, might create an
even greater burden for those with intersecting disadvantages, which may partially
explain the substantially greater lifetime risks, younger onsets, and longer years in
co-impairment for lower educated Black and Latinx subgroups. Prior evidence also
points to a greater health disadvantage for lower educated Blacks than higher edu-
cated Blacks (Farina et al. 2020; Reuser et al. 2011).
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The results may provide insight into the continuing discourse on the future pros-
pects for morbidity compression or expansion. We observe that for educational cate-
gories not accounting for race and ethnicity, as levels of education increase, total life
expectancies increase; however, life expectancies in co-impairment decrease. Also,
for racial and ethnic subpopulations, with increasing educational levels, the number
of co-impairment years decreases. In other words, advantaged subpopulations have
longer life expectancies but shorter co-impaired years. These findings are promising
in light of the continued debate about whether increasing life expectancy implies
increases in morbid years (Steensma et al. 2017).

Furthermore, our findings may also help to identify the highly vulnerable caregiver
subgroups who may need additional support. Family members or other caregivers
often provide home care to adults with poor health as long as possible, meaning
caregivers of co-impaired adults are particularly vulnerable because they carry the
greatest caregiving burden (Freedman and Spillman 2014; Lepore et al. 2017; Riffin
et al. 2017). In particular, relative to White adults, Black and Latinx adults are more
dependent on their family members for caregiving support (Rote and Moon 2018).
Our findings show that Blacks, Latinx, and socioeconomically disadvantaged adults
live substantially longer in co-impairment than Whites and the highly educated. As a
result, their caregivers are at greater risk of poor health outcomes because of the sub-
stantial strain of the longer duration of co-impairment caregiving. In addition, Black
caregivers® are less likely to use respite services and tend to use fewer formal services
for caregiving (Chow et al. 2010; Crist et al. 2009; Parker and Fabius 2020). All these
factors raise concerns about the caregivers of co-impaired adults, especially for Black
and Latinx, immigrant, and socioeconomically disadvantaged subgroups.

The severity of co-impairment is likely to increase with age (Yu et al. 2017), which
may lead to co-impaired adults being transitioned to institutional care. In recent
decades, the length of stay in institutional care and the number and percentage of
adults using nursing homes have increased for Blacks and Latinx compared with
Whites (Feng, Fennell et al. 2011; Freedman and Spillman 2016). Such transitions
can be particularly disadvantageous for socioeconomically disadvantaged subgroups
as nursing home costs have increased in recent decades (Stewart et al. 2009), and
older Blacks and Latinx are more likely to reside in less-resourced nursing homes
with lower staffing ratios, fewer financial resources, and poor care (Fennell et al.
2010; Smith et al. 2007).

The United States has experienced significant population aging, and the popu-
lation is also becoming racially more diverse. The shares of Latinx and Blacks are
expected to increase from 18% and 13% to 28% and 15%, respectively, between 2016
and 2060 (Vespa et al. 2018). In such a situation, the considerably higher burden of
co-impairment for these subgroups, who are also disadvantaged in terms of socioeco-
nomic perspectives, presents a serious challenge for policymakers and may adversely
impact national health indicators in the years to come.

This study has some limitations that could be characterized as issues with (1) mea-
surement, (2) sampling, and (3) estimation. First, regarding measurement, categorizing

* A high proportion of couples in these cohorts are in racially homogamous partnerships—for example,
97% for those married by 1967 and 90% of individuals in couples of any age (Livingston and Brown
2017)—so most familial caregivers for Blacks and Latinx are also Blacks or Latinx, respectively.
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cognitive function into two standard categories of no cognitive impairment and cog-
nitive impairment results in a loss of information: it does not distinguish between
mild and severe impairment. Unfortunately, the two-category measurement is a nec-
essary simplification for this analysis, as using three cognition states, two ADL states,
and death led to zero transitions across many states, making the model inestimable.

Another issue with measurement is that the HRS assessment of ADLs might mis-
classify respondents with activity limitations. To reduce respondent burden, from
Wave 3 onward, for respondents self-reporting no difficulty with any of the tasks
asked before the ADLs, all the ADL questions are skipped and set to no difficulty.
From Wave 4 forward, for respondents self-reporting no difficulty in dressing and
reporting difficulty with only one of the tasks asked before the ADLs, the remaining
ADL questions are skipped and set to no difficulty—the assumption being that no dif-
ficulty in the initial questions would lead to no difficulty with the subsequent skipped
questions (Bugliari et al. 2020). However, this is not necessarily a safe assumption
and would result in the misclassification of those with ADL limitations as not limited.

Another reason ADLs (and co-impairment) could be misclassified is that cogni-
tively impaired adults may overrate their performance, (mis)reporting having no dif-
ficulties with ADLs (Puente et al. 2014). They could therefore be misclassified as
having only cognitive impairment instead of co-impairment, leading to biased esti-
mates of the transitions. Most problematically, the bias might overestimate the prob-
abilities of transitioning from only cognitive impairment to death and underestimate
the transition probabilities from co-impairment to death (because having ADL limita-
tions is a risk factor for accelerated cognitive decline and death) (Ankuda et al. 2020;
Fauth et al. 2013; Rajan et al. 2013). Furthermore, the ADL questions ask respondents
to exclude any limitation expected to last less than three months. This time frame
constraint adds further complexity to the ADL measures, especially for adults with
poorer cognitive function, which may contribute to their misreporting.

Despite these elements likely contributing to the underestimation of ADLs and
co-impairment, there is a high degree of concordance among self-rated, medically
diagnosed, and performance-based measures of basic functional ability (Bravell et al.
2011; Wu et al. 2016). Furthermore, a large body of literature has used these ADL
measures from the HRS (Bardenheier et al. 2016; Mehta and Myrskyla 2017; Payne
2022; Payne and Kobayashi 2022; Raymo and Wang 2022; Sauerberg and Canudas-
Romo 2022).

Second, another limitation relates to sampling: although all the calculations are
based on survey weights to account for the complex survey design and nonresponse,
we do not consider primary sampling units or strata in the estimations because of the
analytic complexity involved in doing so. Therefore, the estimated standard errors
may be underestimated. However, our confidence interval calculations are based on
established multistate research that resamples health trajectories at the individual
level, mimicking the complex sampling process of the survey and accounting for the
cohort structure and oversampling (Dudel and Myrskyld 2017).

Third, the study has estimation limitations. The counterfactual estimates for foreign-
born Latinas may be partially based on imprecise estimates. Foreign-born Latinas
are mainly concentrated in the lowest educational category, resulting in small cell
sizes for foreign-born Latinas with higher educational attainment. Furthermore,
although this study is based on quality longitudinal data spanning nearly two decades,
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information on health states is available only at waves of data collection, conducted
two years apart. Thus, the health states develop in discrete steps from Wave 4/year
1998 to Wave 13/year 2016 at two-year intervals, and we do not have information on
health states between any two waves.

Finally, our findings do not correspond to any particular birth cohort in the HRS.
The results reflect the burden of co-impairment in a synthetic cohort if the cognitive
impairment and ADL limitations observed during the years 1998-2016 hold through-
out that synthetic cohort’s ages 50—100 (period perspective).

Conclusion

This study provides novel insights into the burden of the co-occurrence of cognitive
impairment and limitations in basic ADLs and offers evidence of dramatic co-impairment
disparities in the older U.S. population. Our findings call attention to the impor-
tance of considering cognitive impairment and activity limitations simultaneously in
assessing the health of older individuals in the United States. The considerable dis-
parities across subpopulations indicate that the country has a long way to go to attain
health equity. Further research should use traditional regression-based approaches
or causal inference modeling to examine the mechanisms driving the racial, ethnic,
nativity, and educational disparities in co-impairment. m
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