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Abstract

Although cognitive and physical impairments often co-occur in older individuals, they are
typically studied as separate outcomes. Using the Health and Retirement Study (1998-2016)
and multistate models, we quantify the population burden of their co-occurrence (joint
impairment) using two key indicators- lifetime risk and expectancy, by gender,
race/ethnicity/nativity, education and their interactions for Americans aged 50 and over.
Furthermore, we analyze what fraction of the racial/ethnic inequalities in joint impairment is
attributable to inequalities in educational attainment. Results reveal that 58% of women and
42% of men aged 50 are predicted to experience joint impairment in their remaining life
expectancy. Women also live longer in joint impairment than men (3.4 vs 1.9 years).
Foreign-born Latinas have 83% lifetime risk compared with Whites’ 52% and three times
more jointly impaired years. Lower educated men experience 32 percentage points higher
lifetime risk and three times more joint impairment years than higher educated men. The
lowest educated Blacks and Latinx carry the greatest joint impairment burden. This study
emphasizes the importance of considering cognitive and physical impairment simultaneously
in assessing older-age disability. The finding that up to 74% of the racial/ethnic disparities

are attributable to inequalities in educational attainment can inform policy.

Keywords: Health disparities, cognitive impairment, physical impairment, lifetime risk,

health expectancy.



Introduction

With lengthening of life expectancies, maintaining health and well-being of older individuals
has become a public health priority in higher-income countries. Prior studies have assessed
older age health impairments, such as cognitive or physical impairment, as separate health
outcomes (Crimmins et al. 2016; Freedman and Spillman 2016; Ostchega et al. 2000; Reuser
et al. 2011; Zaninotto et al. 2020). Recent evidence, however, suggests the importance of
studying disability from the perspective of simultaneous cognitive and physical impairment.
Co-occurrence of these impairments has greater ramifications on the affected adults as well
as on their caregivers compared with the consequences from single domain impairment

(Riffin et al. 2017).

This study is the first to quantify the population burden of disability related to the
simultaneous occurrence of cognitive and physical impairment (joint impairment) and
contributes to population health research in four key ways. First, using the Health and
Retirement Study, a high-quality panel survey representative of Americans aged 50 and over,
we estimate two key indicators: 1) lifetime risk of ever experiencing joint impairment, and 2)
number of years expected to live jointly impaired. These indicators can help us gain an
understanding of the burden of joint impairment in older US population. Second, we
investigate how this burden differs by intersecting life-course (dis)advantages, including
gender, race/ethnicity/nativity, and education. Identifying the subpopulations with greater
burden will also help to identify the caregiver subgroups who are at higher risk of poor health

due to bearing a substantial caregiving burden. Third, we examine what fraction of the



disparities in joint impairment are attributable to educational inequalities by estimating a
counterfactual that eliminates racial/ethnic inequalities in the distribution of educational

attainment.

The majority of the health research exploring the burden of disability has applied the
Sullivan method (Crimmins et al. 2016; Freedman and Spillman 2016; Garcia et al. 2019;
Suthers et al. 2003). This approach is based on disability prevalence, which reflects a portion
of the past risk of impairment in the population. The method does not allow recovery from
disability, nor does it allow mortality to vary by health status. In contrast, the multistate
method relies on incidence data, which is a measure of current risk of impairment in the
population. It allows recovery (e.g., transition back from disability to healthy when one
recovers from an illness that inhibits ADLs or cognitive function) and allows mortality to
vary by different health states considered. In sum, the multistate approach helps to estimate
contemporary population health dynamics more accurately. Therefore, we address our novel

objectives using preferred incidence-based discrete-time Markov chain multistate models.

Background

Older age life expectancy has increased in the US in recent decades (WHO 2017). This
increased life expectancy has contributed to the expansion of older population. For instance,
adults aged 65 and over constituted 17% (56 million) of the total US population in 2020
(Vespa et al. 2018). By 2040, the share of older adults will escalate to 22% (81 million).
Population aging poses a challenge as cognitive and physical function decline as adults age,

often preventing independent living.



Over 6 million older Americans are affected by severe cognitive impairment and
limitations in physical activities translate into a loss of 432,224 years of healthy life for older
Americans (McGrath et al. 2019; Rajan et al. 2019). Findings from recent longitudinal
analyses indicate a significant rise in the prevalence of cognitively and physically impaired
older Americans in recent decades (Hale et al. 2020; Wang et al. 2021). One study identified
over 1 million community-dwelling Americans aged 65 and over experiencing the
co-occurrence of cognitive and physical impairment (Riffin et al. 2017). Although extensive
research has been carried out on the individual impact of cognitive and physical impairment,
there exists no study that estimates the lifetime risk of and expectancies in both of these

impairments, which is likely to be a highly disadvantaged health state.

There is an urgent need to address the burden of joint impairment in health research, as
the number of adults affected by joint impairment is likely to increase. First, both cognitive
and physical impairments share common risk factors, such as age and a range of morbidities
like diabetes, stroke, hypertension (Caskie et al. 2010; Crichton et al. 2016; Hankey et al.
2002; Langa et al. 2017; Skoog and Gustafson 2006; Verruca et al. 1996; Wong et al. 2013).
The burden of these morbidities is projected to grow in coming years in the US (Heidenreich
et al. 2011; Lin et al. 2018; Ovbiagele et al. 2013). For instance, the prevalence of diabetic
adults aged 65 and over is projected to increase from 9.2 million in 2014 to 35.2 million by
2060 (Lin et al. 2018). Second, cognitive impairment is itself a significant risk factor of
physical disability (Hajek and Konig 2016; Sauvaget et al. 2002) and the number of older

adults with dementia is projected to be more than double (14 million) by 2060 (Rajan et al.



2019). All of these factors, in addition to the substantial increase in the share of adults in the

high-risk older ages, are likely to increase joint impairment cases.

Cognitive and physical disability exert considerable burden on the affected adults, lower
quality of life, and increase risk of death (Alzheimer’s Association 2021; Ankuda et al. 2020;
Gobbens 2018; Langa et al. 2008). Compared with single domain impairment, joint
impairment is more detrimental for independent living, as the compounding of impairments
means greater dependence on caregivers to support daily activities (Riffin et al. 2017). The
percentage of caregivers reporting physical, emotional, and financial difficulties and
limitations in social-participation associated with care provision are highest for caregivers of
jointly impaired adults, compared with the caregivers of adults with only cognitive or
physical impairment (Riffin et al. 2017), which are associated with adverse health

consequences (Fratiglioni et al. 2000).

Exacerbating caregiving challenges, the burden of these health impairments is not
uniform across the US population. For instance, more women than men are cognitively and
physically impaired, and they also spend more years in these impairments than men (Calenti
et al. 2010; Crimmins et al. 2016; Hale et al. 2020; Suthers et al. 2003; Zaninotto et al. 2020).
Compared with Whites, Blacks and Latinx (both US-and foreign-born) have significantly
higher odds of cognitive impairment and poorer cognitive health expectancies, net of
education and other health conditions (Garcia et al. 2019; Reuser et al. 2011). These
subpopulations also have higher risk of disability and have longer disability expectancies

compared with Whites (Freedman and Spillman 2016; Garcia et al. 2017; Ostchega et al.



2000; Zsembik et al. 2000). Lower-educated older adults have significantly higher risk of
cognitive impairment (Reuser et al. 2011) and disability (Carmona-Torres et al. 2019), net of
other socio-demographic risk factors, and live longer in cognitive and physical impairment
(Crimmins and Saito 2001; Crimmins et al. 2018; Liévre et al. 2008; Zaninotto et al. 2020).
Moreover, among racial/ethnic sub-groups, those with lower education live a greater
proportion of their lives in cognitive and physical impairment compared with their highly
educated counterparts (Crimmins et al. 1996; Farina et al. 2020; Guralnik et al. 1993).

However, the burden of joint impairment for these subpopulations has yet to be studied.

The significant variations in cognitive and physical health among Whites, Blacks, and
Latinx have garnered attention in population health research. A number of studies argue that
inequalities in educational attainment across these racial/ethnic subpopulations is responsible
for an important portion of the racial/ethnic disparities in cognitive and physical health
(Garcia et al. 2018; Lin et al. 2014; Schwartz et al. 2004; Thomson et al. 2009; Yaffe et al.
2013). Educational attainment is a modifiable risk factor of cognitive and physical
impairment that can be increased through appropriate policy. Therefore, it is important to
assess to what extent increasing educational attainment would minimize disparities in

cognitive and physical well-being.

Data and Methods

This study is based on data from the Health and Retirement Study (HRS), a biennial,
nationally-representative survey of Americans aged 50 and older along with their spouses of

any age. The survey is conducted by the Institute for Social Research at the University of



Michigan and is funded by National Institute on Aging (NIA U01AG009740) and the Social
Security Administration (National Health Services 2019). Additional details of the HRS can
be found elsewhere (Fisher and Ryan 2018). We use RAND-HRS longitudinal file 2016 (V2)
from 1998-2016, which also includes imputed cognitive scores for self-respondents with
missing cognitive data (McCammon et al. 2019). Our analytical sample consists of
respondents aged 50 to 100 who have cognitive function and ADL scores in at least two

waves. Fewer than one-fifth of 1% on any of the predictors is missing.

Measures

Dependent variable

The dependent variable is a variable with three states: two transient states- joint impairment
(cognitively as well as physically impaired) and no joint impairment and one absorbing state-
death. Death is verified through the National Death Index. These three states form the state

space of the Markov model.

Physical impairment

Activities of daily living (ADL), also called basic or physical ADLs, cover the fundamental
skills required to fulfill basic/physical needs (Mlinac and Feng 2016). Self-reported ADL is
the most commonly-used approach to assess physical functioning ability in research and
clinical settings (Bravell et al. 2011). At each wave in the HRS, participants self-report their
ability to perform five physical ADL: getting in/out of bed, walking, bathing, dressing, and

eating. Respondents reporting having limitations in at least one of these five ADLs are



classified as ‘physically impaired’. Prior investigation has confirmed significant association
between subjective evaluation and performance-based evaluation of physical functioning

(Bravell et al. 2011).

Cognitive impairment

We use information from self-respondents and from proxies to define 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, which includes four tasks: immediate (0—10 points) and delayed word recall (0-10
points), serial-7s (0—5 points), and counting backward (02 points). The cut-points (cognitive
impairment, CI: 0—11, and no cognitive impairment, NCI: 12-27) were validated against the
Aging Demographics and Memory Study (ADAMS) (Crimmins et al. 2011; Langa et al.

2005), which is a sub-study of the HRS with an in-depth neuropsychological examination.

For the respondents who require a proxy, we follow Langa and Weir to define cognitive
health states (Langa et al. 2017). We use a nine-point scale for 1998 that includes proxy’s
direct assessment of (a) respondent’s memory (zero = excellent, four = poor) and (b)
respondent’s limitations in five instrumental activities of daily living (IADLs): managing
money, taking medication, preparing hot meals, using the phone, and shopping for groceries
(zero—five). The total score ranges from zero to nine (NCI: zero-two; CI: three-nine). From
2000 onwards, we use an 11-point scale as another measure: (¢) interviewer’s assessment of
the respondent’s difficulty completing the interview for cognitive limitations was included

(NCI: 0-2; CI: 3-11). The changes in proxy measures in 2000 did not significantly affect our
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results. Similar to the cut points for TICS, the cut points we use for proxies are

ADAMS-validated.

Independent variables

Age is a continuous variable measured in completed years. The HRS reports gender as a
binary variable (I=woman). Race/ethnicity categories are Non-Latinx White, Latinx and
Non-Latinx Black, US- and foreign-born Latinx, and Others. Because of similar health
outcomes of Latinx and Non-Latinx Blacks (Chinn and Hummer 2016), we combine these
two subpopulations. Henceforth, we refer to Non-Latinx White as “White” and Latinx and
Non-Latinx Black as “Black”. We include “Others” in the analyses, but we do not show the
results because of its small sample sizes at older ages. Educational categories are less than
high school (HS), high school/general equivalency degree (GED)/some college, and associate
and above. We combine HS/GED with some college, and Associate with college due to the
low mean educational attainment for these earlier cohorts, especially for minority
subpopulations, and the small sample size for those with an Associate. We also adjust for the
number of cognitive tests taken to account for practice effects (Goldberg et al. 2015), which

arise from the repetition of the TICS test across waves.

Statistical analysis

Multistate modelling

We calculate the lifetime risk of ever experiencing joint impairment conditional on being not

jointly impaired at age 50 and average number of years spent in that state using
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incidence-based discrete-time Markov chain multistate models. This method models
transitions among different health states and also captures mortality. The transitions from one
health state to the other, e.g., transitions from no joint impairment to joint impairment, are
governed by transition probabilities, which are the central inputs to our multistate models.
These transition probabilities are then entered into a Markov chain matrix model to calculate

the lifetime risk of and life expectancy in joint impairment.

We estimate the models for men and women separately. We estimate two sets of models.
In the first set, we include only one predictor (e.g., race/ethnicity). This set of models is used
to estimate transition probabilities by that single predictor (e.g., transition probabilities for
Latinas). The second set of models is used to model intersections between all the predictors to
estimate transition probabilities for all combinations of the predictors. For example, transition
probabilities for Latinas with Associate+ education. Practice effect is set to the second

interview.

Multistate calculations require specification of a starting state distribution in each of the
states at age 50. For each of the subpopulations, we use their own starting state distribution at
age 50, e.g., starting state distribution for Whites in the first set of models and for Whites
with Associate+ education in the second set of models. To avoid small sample noise, starting
state distributions are calculated over the age interval 50-60 during 1998-2016. We calculate
the 95% confidence intervals using bootstrapping (500 replications). We use sampling
weights from the HRS to account for the complex survey design and non-response. We

conduct all analyses using R.
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In the supplementary section, we also present the expectancy estimates for “only
cognitively” and “only physically” impaired states, which are currently included in the no
joint impairment state. In the main paper, we are focusing on the state of joint

impairment—the main focus of this research.

Counterfactual model

We examine what fraction of the disparities in joint impairment are attributable to
educational inequalities by estimating a counterfactual that eliminates racial/ethnic
inequalities in the distribution of educational attainment. To calculate these estimates, first,
we calculate life expectancy in joint impairment by all combinations of race/ethnicity,
nativity, and education. Second, we aggregate these estimates by weighting the educational
categories according to Whites’ educational distribution, i.e., we combine these estimates by
multiplying them with the proportion of Whites in each educational category. In other words,
we provide a counterfactual where Blacks and Latinx have the same educational distribution
as Whites. This allows us to estimate the racial/ethnic/nativity differences, if they exist, in the
years lived in joint impairment absent those which can be attributed to the considerable
racial/ethnic inequalities in the distribution of educational attainment. This approach has been
applied in a recent study in assessing the benefit of eliminating educational inequalities

across racial groups against working poverty (Hale et al. 2021).

Results

Descriptive statistics
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Table 1 provides the socio-demographic characteristics of the sample during 1998-2016. The
total sample size is 37,136 individuals and the analysis is based on 199,930 transitions.
Sample sizes for women, Whites, and adults with HS/GED/Some college education are
higher than their counterparts. Blacks and foreign- and US-born Latinx are nearly two times
more likely to experience a transition to joint impairment than Whites. The lowest educated
adults are eight times more likely to experience a transition to joint impairment than the

highest educated.

Lifetime risk of joint impairment

In Panel A (men) and Panel B (women) of Figure 1, we present the lifetime risk of joint
impairment for adults who are not jointly impaired at age 50 for total population and by
race/ethnicity/nativity, and education separately. Overall, 58% (0.58 x 100) of women and
42% of men aged 50 are predicted to experience joint impairment in their remaining life

expectancy. We find considerable disparities across the characteristics under study.

Foreign- and US-born Latinx and Blacks experience greater lifetime risk of joint
impairment than Whites, irrespective of gender, and the disparities are substantial. For
women, foreign- and US-born Latinas and Blacks experience 31 (=83%-52%) percentage
point (pp), 20pp, and 17pp higher likelihood of joint impairment than Whites, respectively.
For men, the corresponding numbers are 30pp, 17pp, and 20pp. The lowest educated women
and men experience 27pp and 32pp greater lifetime risk of joint impairment, respectively,

compared with the highest educated.
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Table 2 shows the lifetime risk for Whites, Blacks, and Latinx subpopulations by
educational attainment. Lower educated minorities are the highly disadvantaged
subpopulations, especially foreign-born Latinas who experience an 88% lifetime risk of joint
impairment. For each racial/ethnic subpopulation, the likelihood of joint impairment
increases as level of educational attainment decreases. For example, for the lowest educated
US-born Latinas (and Latinos), the penalty for not having higher education is facing at least
16pp (and 22pp=66%-44%) higher lifetime risk of joint impairment. However, racial/ethnic
disparities persist at all levels of educational attainment. Notably, the confidence intervals for
lifetime risk of US- and foreign-born Latinx with Associate+ education are too wide
(reflecting small sample sizes) to draw clear conclusions for these subpopulations. However,
in this paper, we are mainly interested in identifying the highly disadvantaged subpopulations,
and the estimates for Black and Latinx adults with the lowest education indicate a greater

burden of joint impairment for them with a high precision of estimates.

Expectancy in joint impairment at age 50

Panel A (men) and Panel B (women) of Figure 2 show the average number of years lived in
joint impairment at age 50 for total population and by race/ethnicity/nativity, and education
separately. On average, women live 1.5 years more jointly impaired compared with men.
Compared with Whites, foreign- and US-born Latinx and Black women (men) live 5.4 (2.6),
2.9 (1.1), and 2.5 (1.6) years more in joint impairment. Lowest educated men and women live

2.2 and 3.3 years more in joint impairment than the highest educated, respectively.
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Table 3 shows the life expectancies in joint impairment for all the racial/ethnic
subpopulations by various educational levels. In each racial/ethnic subpopulation, the lowest
educated have the longest exposure in joint impairment. In particular, Black and Latinx adults
with the lowest education are substantially disadvantaged, especially the lowest educated
foreign-born Latinx who live longest being jointly impaired (men: 5.0 years, women: 9.6
years), 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 degree decreases the years lived in joint impairment by
8.5 years for foreign-born Latinas and 3.2 years for US-born Latinos. In contrast, White men

and women have a difference of only 1.5 years.

Counterfactual: Eliminating disparities in educational attainment

In Table 4, we present the empirical and counterfactual estimates of joint impairment
expectancy for racial/ethnic/nativity subpopulations. For example, 5.2 years in joint
impairment for Black women is what we have observed in the empirical scenario. If they had
the same educational distribution as White women (counterfactual scenario), they could

expect to live 4.3 years in joint impairment — about a year less.

For a better understanding of the results, we show the disparities in Panel A (men) and
Panel B (women) of Figure 3, where the bars represent the racial/ethnic/nativity disparities in
joint impairment expectancy in the empirical vs. counterfactual scenarios. For instance, in the
empirical scenario, Black women live 2.5 (=5.2-2.7) years more in joint impairment than

White women.
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Compared with the empirical scenario, the differences between Whites and Black and
Latinx subpopulations’ years lived in joint impairment have reduced in the counterfactual
scenario. In particular, the two Latinx subpopulations experience the greatest benefit from
eliminating the disparities in the distribution of educational attainment. Compared with Black
men (women) who experience a reduction of 30% (36%), US- and foreign-born Latinos
(Latinas) experience a reduction of 72% (54%) and 66% (74%) in the disparities in joint

impairment expectancy, respectively.

Discussion

Being impaired cognitively as well as physically in later life poses serious disadvantages for
the affected adults, their family members and caregivers, and for the wider society. Existing
research on the burden of disability tends to focus on either cognitive or physical impairment
but ignores the aspect of their simultaneous occurrence. Using a nationally representative
sample of adults aged 50 and older, this study is the first to assess the burden of joint

impairment. This study has three major findings.

First, we estimate the lifetime risk of ever experiencing joint impairment for those who
are not jointly impaired at age 50. The lifetime risk of adult women is significantly higher
compared with men. This disadvantage is partly attributable to women’s advantage in terms
of longevity that increases their years of exposure in higher-risk age groups. Blacks, US- and
foreign-born Latinx, and lower educated adults have a substantially higher likelihood of joint

impairment compared with Whites and the higher educated.
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Second, we measure the burden of joint impairment by estimating how many years an
adult aged 50 can expect to live jointly impaired. Men aged 50 have fewer years in joint
impairment than women. Compared with older Whites and the higher educated, the number
of years lived jointly impaired is significantly higher for older Blacks, US- and foreign-born

Latinx and the lower educated.

The combination of two of the primary social determinants of health reveals the large
disparities. For instance, the highest educated White men aged 50 can expect to live only one
year in joint impairment, whereas the lowest educated foreign-born Latinas aged 50 can
expect to live 10 years jointly impaired. Thus, a difference of nine years indicates how

dramatic the disparity can be between a vulnerable and an advantaged subpopulation.

Third, there are considerable racial/ethnic inequalities in educational attainment in our
sample. For instance, 84% of Whites have more than a high school education, whereas 35%
Blacks, 44% US-born and 63% foreign-born Latinx do not have a high school degree. Our
findings reveal that eliminating these inequalities in educational attainment reduce
racial/ethnic/nativity disparities in joint impairment considerably. The reduction in the
disparities is higher for Latinx subgroups and lower for Blacks. The implication of this
exercise include that policies targeted to increase educational attainment could play an
important role in reducing racial/ethnic/nativity gaps with Whites, especially for Latinx.
However, other factors, for instance, quality of education received (Glymour and Manly

2008), may also be necessary for complete elimination of the disparities.
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Due to the lack of research on joint impairment, direct comparison with previous studies
is not possible. Previous research focusing on single impairment also reported a higher
burden of disability for Blacks and Latinx, especially for foreign-born Latinx (Garcia et al.
2019; Hayward et al. 2014). Another study found considerable reduction in the disparities in
the odds of cognitive impairment for foreign-born Latinx after eliminating educational

inequalities (Garcia et al. 2018). However, the risk reduction was lower for Blacks.

The current study provides a detailed overview of the disparities in joint impairment
across population subgroups. However, it does not attempt to explain the mechanisms behind
these disparities. These are potential areas for further research. There are likely multifaceted
explanations. For instance, Blacks and Latinx experience higher rates of chronic morbidities,
such as diabetes, than Whites (Ferdinand and Nasser 2015; Whitson et al. 2011), which is
associated with poor cognitive and physical health outcomes (Langa et al. 2017; Wong et al.
2013). Prior research indicates that the advantage in disability among the younger
foreign-born Latinx over Whites (healthy immigrant effect) does not hold in later life (Melvin
et al. 2014). Foreign-born Latinx most often come to the U.S. for employment, which often
involves low-paid, physically demanding work (Tienda and Mitchell 2006). The cumulative
toll of physically taxing (and sometimes hazardous) jobs, such as in the construction or
meat-packing industry (Kochhar 2005), may place them in a particularly vulnerable position

in terms of health in later life.

Higher education is associated with better cognitive and physical health

(Carmona-Torres et al. 2019; Gobbens 2018). The protective effect of education against
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cognitive decline is usually attributed to highly educated older adults having higher cognitive
reserve (Meng and D’Arcy 2012). Cognitive reserve is the ability of the brain to maximize
performance through the usage of more efficient brain networks (Stern 2002). Higher
educational attainment also influences health positively through better economic and work
conditions, higher access to social-psychological resources, and healthier behaviors (Ross and
Wu 1995). The disadvantages associated with being Black, Latinx, and lower educated might
combine to create an even greater burden for those with intersecting disadvantages. This may
partially explain the substantially greater risks as well as longer years in joint impairment for
lower educated minorities. Prior evidence also points to a greater health disadvantage for
lower educated Blacks compared with highly educated Blacks (Farina et al. 2020; Reuser et

al. 2011).

The results may provide some insight into the continuing discourse on the future
prospects for morbidity compression or expansion. We observe that for educational
categories not accounting for race/ethnicity, as levels of education increase, total life
expectancies increase (life expectancy estimates are provided in Table 5); however, life
expectancies in joint impairment decrease. Also, for racial/ethnic subpopulations, with
increasing educational levels, number of joint impairment years decrease. In other words,
advantaged subpopulations have longer life expectancy but shorter jointly impaired years.
These findings are promising as there continues to be a debate about whether increasing life

expectancy means addition of more morbid years (Steensma et al. 2017).



20

Furthermore, our findings may also help to identify the highly vulnerable caregiver
subgroups who may need additional support. Disabled adults are provided home care as long
as possible by their family members or -caregivers, which means caregivers of
jointly-impaired adults are particularly vulnerable due to carrying the greatest caregiving
burden (Freedman and Spillman 2014; Lepore et al. 2017; Riffin et al. 2017). In particular,
Black and Latinx older people are more dependent on their family members for caregiving
support compared with White older people (Rote and Moon 2016). According to our findings,
Blacks, Latinx and the socio-economically disadvantaged live substantially longer in joint
impairment compared with Whites and the highly educated. As a result, their caregivers are at
greater risk of poor health outcomes due to the substantial strain arising from the longer
duration of joint impairment caregiving. To add, 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 concern about the caregivers of jointly
impaired adults, especially for racial/ethnic minorities, immigrant, and socio-economically

disadvantaged subgroups.

As they become increasingly impaired, jointly impaired adults may transition to
institutional care. In recent decades, the length of stay in institutional care and the number as
well as the percentage of adults using nursing homes has increased for Blacks and Latinx
compared with Whites (Feng et al. 2011; Freedman and Spillman 2016). However, such
transitions can be particularly disadvantageous for socio-economically disadvantaged

subgroups. For instance, nursing home costs have increased in recent decades (Stewart et al.
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2009), and older Blacks and Latinx are more likely to reside in less resourced nursing homes,
e.g., with lower staffing ratios, fewer financial resources, and poor care (Fennell et al. 2010;
Smith et al. 2007). To add to these disadvantages, almost 16% of all nursing home facilities
have been closed in the United States in the most recent decade, and these closures were

mainly in minority communities (Feng et al. 2011).

The US has been experiencing significant population aging, and the population is
becoming racially more diverse as well. For example, the share of Latinx and Blacks will
increase from 18% and 13.3% to 28% and 15%, respectively, between 2016 and 2060 (Vespa
et al. 2018). In such a situation, the considerably higher burden of joint impairment for
minority and lower educated adults, who are also disadvantaged in terms of socio-economic

resources, present a serious challenge for policy makers.

This study has some limitations. First, physical activities of daily living are assessed
using self-reported information. However, studies have shown a high degree of concordance
between self-rated disability and medically diagnosed disability (Wu et al. 2016) and
performance-based measures of disability (Bravell et al. 2011). Second, categorizing
cognitive function into two standard categories of “no cognitive impairment” and “cognitive
impairment” results in a loss of information, but they are a necessary simplification in
estimating state expectancies. Third, our findings do not correspond to any particular birth
cohort in the HRS. The results reflect the burden of joint impairment if the cognitive and

physical health situations during the years 1998-2016 hold throughout the ages 50 and above.
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Conclusion

In sum, this study provides insight into the burden of the co-occurrence of cognitive and
physical impairment and offers evidence of dramatic disparities in this largely ignored
component of health impairment in older US population. Our novel findings call attention to
the importance of understanding the burden of older age disability from the simultaneous
perspective of cognitive and physical impairment. The considerable disparities across
subpopulations indicate that the US has a long way to go to attain health equity. Policy with
the objective of increasing educational attainment for these minority subpopulations can play
a significant role in reducing the disparities in joint impairment, especially for Latinx. Further
investigation is required to understand the mechanisms behind these disparities and the
reasons for the differential effect of increasing educational attainment on the reduction of

disparities across racial/ethnic/nativity subgroups.
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Table 1 Descriptive characteristics of the sample

% transition
Individuals % Transitions % to joint

impairment
Overall 37,136 100 199,930 100 17
Men 16,475 44 .4 85,569 42.7 6
Women 20,661 55.6 114,361 57.3 8
White 24,336 65.5 141,361 70.7 6
Black 7072 19.0 33,054 16.5 11
US-born Latinx 1703 4.6 8,360 4.2 10
Foreign-born Latinx 2686 7.2 11,857 5.9 11
Less than high school 8,986 24.2 46,945 23.5 16
HS*GEDY/ Some college 18,882 50.9 103,939 52.0 5
Associatet+ 9,268 25.0 49,046 24.5
2 High School

® General equivalency degree
Source: 1998-2016 Health and Retirement Study



Table 2 Lifetime risk (in %) of joint impairment for interactions of gender,
race/ethnicity/nativity, and education in the US, 1998-2016, with 95%

confidence interval (CI)

Women Men
Lifetime Lifetime I
risk (%) risk (%)
Less than high school 61 (57,66) 51 (46,57)
White  HS*GEDYSome college 49 (45,53) 34 (31, 38)
Associate+ 45  (39,50) 27 (23,30)
Less than high school 79  (75,83) 66 (61,71)
Black  HS/GED/Some college 62 (57,67) 53 (46, 60)
Associate+ 52 (42,61) 36 (23,49)
US-b Less than high school 78 (71,84) 66 (56,74)
La_tir(l)pl;n HS/GED/Some college 62 (49,73) 44 (32, 58)
Associate+ 50  (12,82) 21 (3,44)
Foreiench Less than high school 88 (84,91) 72 (64, 80)
Oriﬁ?gxom HS/GED/Some college 63  (49,73) 42 (28, 55)
Associate+ 31 (0,56) 43 (22,63)
2 High School

® General equivalency degree

Source: 1998-2016 Health and Retirement Study
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Table 3 Life expectancies in joint impairment at age 50 for interactions of
gender, race/ethnicity/nativity, and education in the US, 1998-2016, with 95%
confidence interval (CI)

Women Men
Years Years
jointly CI jointly CI
impaired impaired

Less than high school 3.6 (3.0,4.1) 25 (2.0,3.0
White HS*GED"/Some college 2.5 (2.1,2.8) 13 (1.1,1.6)
Associate+ 21 (1.7,25) 1.0 (08,1.2)

Less than high school 74  (6.1,8.7) 4.0 (3.4,49)
Black HS/GED/Some college 40 (34,48 29 (2.2,3.0)
Associate+ 28 (1.8,4.1) 15 (0.7,2.7)

Less than high school 6.8 (54,85 38 (2.7,5.2)
HS/GED/Some college 3.6 (23,53) 1.8 (1.1,3.0)
Associate+ 3.0 (0.3,11.2) 0.6 (0.1,2.1)

US-born
Latinx

Less than high school 9.6 (81,11.4) 5.0 (3.7,6.5)
HS/GED/Some college 36 (22,54) 1.7 (1.0,2.9)
Associate+ 1.1 (0.0,32) 2.1 (0.7,4.5)

Foreign-born
Latinx

2 High School
b General equivalency degree
Source: 1998-2016 Health and Retirement Study



Table 4 Results showing how eliminating
racial/ethnic inequalities in educational attainment
would reduce racial/ethnic disparities in joint
impairment, measured in number of years

Years

Men Women

White empirical 1.5 2.7
Black empirical 3.1 5.2
Black counterfactual 2.6 4.3
US-born Latinx empirical 2.6 5.6
US-born Latinx counterfactual 1.8 4.1
Foreign-born Latinx empirical 4.1 8.1

Foreign-born Latinx counterfactual 2.4 4.1

Source: 1998-2016 Health and Retirement Study
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Table 5 Total life expectancies at age 50 with 95% confidence

interval (CI)
Years

Men 95%CI Women 95% CI
Total 28.4 (27.5,29.3) 329 (31.8,33.8)
White 28.8 (27.8,29.7) 333 (32.2,34.3)
Black 25.6 (24.2,26.9) 29.7 (28.3,31.0)
US-born Latinx 26.8 (24.7,28.9) 34.0 (31.9,359)
Foreign-born Latinx 31.9 (30.0,33.7) 36.3 (34.7,37.8)
Less than high school 253 (24.1,264) 29.6 (28.4,30.8)
HS*GED"/Some college 28.0 (27.1,29.0) 33.2 (32.0,34.1)
Associate+ 31.4 (30.3,32.5) 353 (34.1,36.4)
2 High School

® General equivalency degree
Source: 1998-2016 Health and Retirement Study
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Figures
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Fig. 1 Lifetime risk of joint impairment for total men (Panel A) and women (Panel B)

population and by race/ethnicity/nativity, and education in the US, 1998-2016.

Notes. A lifetime risk of 0.83 can also be expressed in percentage (83%). HS and GED are

abbreviated versions of high school and general equivalency degree, respectively.

Source: 1998-2016 Health and Retirement Study
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Fig. 2 Expectancy in joint impairment at age 50 for total men (Panel A) and women (Panel B)

population and by race/ethnicity/nativity, and education in the US, 1998-2016.

Notes: HS and GED are abbreviated versions of high school and general equivalency degree,

respectively.

Source: 1998-2016 Health and Retirement Study
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Men 2.6
1.6
0.3

Empirical ~ Counterfactual ~ Empirical ~ Counterfactual ~ Empirical  Counterfactual

Black US-born Latino Foreign-born Latino

Women

2.
2.5 ?

Empirical ~ Counterfactual ~ Empirical ~ Counterfactual ~ Empirical  Counterfactual

Black US-born Latina Foreign-born Latina

Fig. 3 Racial/ethnic/nativity disparities in joint impairment years in empirical vs.

counterfactual scenario for men (Panel A) and women (Panel B) in the US, 1998-2016.

Source: 1998-2016 Health and Retirement Study
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Figure titles
Fig. 1 Lifetime risk of joint impairment for total men (Panel A) and women (Panel B)

population and by race/ethnicity/nativity, and education in the US, 1998-2016.

Fig. 2 Expectancy in joint impairment at age 50 for total men (Panel A) and women (Panel B)

population and by race/ethnicity/nativity, and education in the US, 1998-2016.

Fig. 3 Racial/ethnic/nativity disparities in joint impairment years in empirical vs.

counterfactual scenario for men (Panel A) and women (Panel B) in the US, 1998-2016.



47

Supplementary materials

In the main paper, we focused on the joint cognitive and physical impairment which was the
primary focus of this paper. In this supplementary section, we present the expectancy
estimates in “only cognitively” and “only physically” impaired states in Table 6 and Table 7.

Table 6 Life expectancies in “only cognitively” and “only physically” impaired states
at age 50 by race/ethnicity/nativity, and education in the US, 1998-2016, Men

Only Cognitive impairment  Only Physical impairment

Total 3.3 24
White 2.6 2.4
Black 59 2.2
US born Latinx 54 2.2
Foreign born Latinx 6.3 34
Less than high school 6.8 24
HS?*GED/Some college 2.8 2.8
Associate+ 1.5 2.2
2 High School

b General equivalency degree
Source: 1998-2016 Health and Retirement Study



Table 7 Life expectancies in “only cognitively” and “only physically” impaired states
at age 50 by race/ethnicity/nativity, and education in the US, 1998-2016, Women

Only Cognitive impairment  Only Physical impairment

Total 3.6 3.5
White 2.7 3.3
Black 6.0 3.6
US born Latinx 7.7 3.6
Foreign born Latinx 7.3 4.8
Less than high school 6.8 3.9
HS*/GED/Some college 2.9 3.6
Associate+ 1.8 33
2 High School

b General equivalency degree
Source: 1998-2016 Health and Retirement Study
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