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ABSTRACT Despite exten sive research on cog ni tive impair ment and lim i ta tions in basic 
activ i ties of daily liv ing, no study has inves ti gated the bur den of their co-occur rence 
(co-impair ment). Using the Health and Retirement Study data and inci dence-based 
mul ti state mod els, we study the pop u la tion bur den of co-impair ment using three key 
indi ca tors: mean age at onset, life time risk, and health expec tancy. We exam ine pat terns 
by gen der, race, eth nic ity, nativ ity, edu ca tion, and their inter ac tions for U.S. res i dents 
aged 50–100. Furthermore, we ana lyze what frac tions of racial, eth nic, and nativ-
ity disparities in co-impair ment are attrib ut  able to inequalities in edu ca tional attain-
ment. Results reveal that an esti mated 56% of women and 41% of men aged 50 will 
expe ri ence co-impair ment in their remaining life expec tancy. Men expe ri ence an ear-
lier onset of co-impair ment than women (74 vs. 77 years), and women live lon ger in  
co-impair ment than men (3.4 vs. 1.9 years). Individuals who are Black, Latinx, and 
lower edu cated, espe cially those expe ri enc ing intersecting dis ad van tages, have sub stan-
tially higher life time risk of co-impair ment, ear lier co-impair ment onset, and lon ger life 
in co-impair ment than their coun ter parts. Up to 75% of racial, eth nic, and nativ ity dis-
par ity is attrib ut  able to inequal ity in edu ca tional attain ment. This study pro vi des novel 
insights into the bur den of co-impair ment and offers evi dence of dra matic disparities 
in the older U.S. pop u la tion.

KEYWORDS  Health disparities  •  Cognitive impair ment  •  ADLs  •  Social strat i fi ca tion  •  
Multistate mod els

Introduction

The length en ing of life expec tan cies has made maintaining older indi vid u als’ health 
and well-being a pub lic health pri or ity in high-income countries. Healthy cog ni tive 
func tion and the abil ity to per form basic activ i ties of daily liv ing (ADLs), such as 
walk ing, dress ing, and eat ing, with out lim i ta tions are two impor tant com po nents 
of healthy aging. Extensive research has explored the bur den of cog ni tive impair-
ment (Crimmins et al. 2016; Reuser et al. 2011) and ADL lim i ta tions (Freedman and 
Spillman 2016; Ostchega et al. 2000; Zaninotto et al. 2020) among the older U.S. 
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pop u la tion. However, there is a lack of research focus ing on the bur den from the 
simul ta neous occur rence of cog ni tive impair ment and activ ity lim i ta tions, which is 
likely to have sub stan tially greater ram i fi ca tions for affected adults and their care
giv ers than either con di tion alone (Riffin et al. 2017).

This study is the first to quan tify the pop u la tion bur den of the cooccur rence of 
cog ni tive impair ment and ADL lim i ta tions (hence forth, co-impair ment), and it con-
trib utes to pop u la tion health research in three key ways. First, using inci dence-based, 
dis crete-time Mar kov chain mul ti state mod els and data from the Health and Retire-
ment Study, a high-qual ity panel sur vey rep re sen ta tive of U.S. res i dents older than 
50, we esti mate three key indi ca tors: (1) mean age at onset, (2) life time risk, and  
(3) life expec tancy in co-impair ment. These indi ca tors together pro vide a more 
nuanced under stand ing of the bur den of co-impair ment among the older U.S. pop u-
la tion than any sin gle indi ca tor.

Second, we inves ti gate how this bur den dif fers by intersecting life course  
(dis)advan tages, includ ing gen der, race, eth nic ity, nativ ity, and edu ca tional attain-
ment. Identifying sub pop u la tions that expe ri ence greater bur den will also help iden tify 
which care giver sub groups are at higher risk of poor health from bear ing this bur den.

Third, we incor po rate a coun ter fac tual frame work focus ing on edu ca tional attain-
ment, given that it is a fun da men tal and poten tially mod i fi able health deter mi nant. We 
exam ine what frac tions of the racial, eth nic, and nativ ity disparities in co-impair ment 
are attrib ut  able to edu ca tional inequalities by esti mat ing a coun ter fac tual that elim i na-
tes racial, eth nic, and nativ ity inequalities in the dis tri bu tion of edu ca tional attain ment.

This study builds on research on cog ni tive impair ment and ADL lim i ta tions. 
Using advanced sta tis ti cal meth ods, we extend knowl edge on the bur den of their  
co-occur rence—co-impair ment—and racial, eth nic, nativ ity, and edu ca tional dispari-
ties in co-impair ment among the older U.S. pop u la tion. In addi tion to using the widely 
used indi ca tors of life and health expec tan cies, we cal cu late indi ca tors of life time risk 
and mean age at co-impair ment onset, pro vid ing a more com pre hen sive pic ture of the 
bur den of coimpair ment. Furthermore, the flex i bil ity of mul ti state mod el ing allows 
us to incor po rate a coun ter fac tual frame work to clar ify the role of edu ca tional attain-
ment inequalities in driv ing racial, eth nic, and nativ ity disparities in co-impair ment.

Background

Life expec tancy at older ages has increased in the United States, con trib ut ing to the 
expan sion of the older pop u la tion (World Health Organization 2017). Adults aged 
65 and older con sti tuted 17% (56 mil lion indi vid u als) of the total U.S. pop u la tion in 
2020 but are expected to rep re sent 22% (81 mil lion indi vid u als) of the pop u la tion by 
2040 (Vespa et al. 2018). Population aging poses a chal lenge because cog ni tive func-
tion and the abil ity to carry out basic ADLs decline as adults age, often pre vent ing 
inde pen dent liv ing.

In the United States, an esti mated 18 mil lion older indi vid u als expe ri enced cog ni-
tive impair ment in 2020 (Rajan et al. 2021), and ADL lim i ta tions trans lated to a loss 
of 432,224 years of healthy life for adults aged 50 and older in 1998–2014 (McGrath 
et al. 2019). One pro jec tion pre dicts that the num ber of older adults with cog ni-
tive impair ment will increase to more than 35 mil lion by 2060 (Rajan et al. 2021), 
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although whether prev a lence in the United States is increas ing or decreas ing is a mat-
ter of ongo ing debate (e.g., Hale, Schneider, Gampe et al. 2020; Langa et al. 2017; 
Lee et al. 2021). The hefty emo tional, social, and eco nomic bur den of Alzheimer’s 
dis ease and related demen tias makes cog ni tive impair ment an impor tant pub lic health 
issue (Alzheimer’s Association 2011, 2022).

Similarly, the odds of expe ri enc ing ADL lim i ta tions have increased sig nifi  cantly 
in recent decades in the older U.S. pop u la tion (Tsai 2017), with one U.S. study iden-
ti fy ing more than 1 mil lion com mu nity-dwell ing older adults with co-impair ment 
(Riffin et al. 2017). Although exten sive research has exam ined cog ni tive impair ment 
and activ ity lim i ta tions, no study has inves ti gated the prob a bil ity of ever expe ri enc-
ing co-impair ment, when in the life course indi vid u als expe ri ence it, and how long 
they expect to live in the highly dis ad van taged state of co-impair ment.

Addressing the bur den of co-impair ment in pop u la tion health research is urgently 
needed because the num ber of adults expe ri enc ing co-impair ment will likely increase 
as a result of pop u la tion aging and other health trends. Both cog ni tive impair ment 
and ADL lim i ta tions share many com mon risk fac tors, and the risks of cog ni tive 
impair ment (Robitaille et al. 2018) and ADL lim i ta tions (Jacob et al. 2018) increase 
sub stan tially with age. These health con di tions share a range of morbidities (e.g., 
dia be tes, stroke, and hyper ten sion) as risk fac tors (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). These morbidities are projected to become more prev a-
lent in the com ing years in the United States (Heidenreich et al. 2011; Lin et al. 2018; 
Ovbiagele et al. 2013).

Cognitive impair ment is itself a sig nifi  cant risk fac tor for activ ity lim i ta tions and 
vice versa (Fauth et al. 2013; Hajek and König 2016; Sauvaget et al. 2002). Indi-
viduals with mild cog ni tive impair ment or demen tia are con sid er ably more likely 
to expe ri ence ADL lim i ta tions than those not cog ni tively impaired (Andrews et al. 
2016; Thomas 2001). Furthermore, activ ity lim i ta tions are a sig nifi  cant risk fac tor for 
inci dent cog ni tive impair ment, and their onset often sig nals an accel er a tion of cog ni-
tive decline (Fauth et al. 2013; Rajan et al. 2013). These fac tors are likely to increase 
cases of co-impair ment.

Cognitive impair ment and ADL lim i ta tions exert a con sid er able bur den on affected 
adults and are asso ci ated with reduced qual ity 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 cog ni tive impair ment or ADL 
lim i ta tions, co-impair ment is more det ri men tal to inde pen dent liv ing because the 
compounding of adverse health con di tions means greater depen dence on care giv ers 
(Riffin et al. 2017). Co-impaired adults also expe ri ence a sub stan tially greater mor-
tal ity risk than adults with only one of these health con di tions (Yu et al. 2017). In the 
United States, most adults with ADL lim i ta tions or cog ni tive impair ment receive care 
in the com mu nity (Freedman and Spillman 2014; Lepore et al. 2017). Caregiving for 
adults with co-impair ment is tax ing. The per cent age of care giv ers reporting phys i cal, 
emo tional, and finan cial dif fi cul ties and social par tic i pa tion restric tions asso ci ated 
with care pro vi sion is higher for care giv ers of co-impaired adults than for care-
giv ers of adults with only cog ni tive impair ment or only activ ity lim i ta tions (Riffin 
et al. 2017). These dif fi cul ties are asso ci ated with adverse health con se quences for 
caregiv ers (Fratiglioni et al. 2000).
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Exacerbating care giv ing chal lenges, the bur den of these health con di tions is not 
uni form across the older U.S. pop u la tion. For instance, rel a tive to men, women are 
more likely to expe ri ence cog ni tive impair ment (Hale, Schneider, Mehta et al. 2020; 
Suthers et al. 2003) and activ ity lim i ta tions (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 for eignborn) have a sig nifi  cantly higher like li hood of cog ni tive 
impair ment and poorer cog ni tive health expec tan cies, even after edu ca tion and other 
health con di tions are con trolled (Garcia et al. 2019; Reuser et al. 2011). These sub-
pop u la tions also have a higher risk of, and lon ger expec tan cies in, activ ity lim i ta tions 
than Whites (Freedman and Spillman 2016; Garcia et al. 2017; Ostchega et al. 2000; 
Zsembik et al. 2000). Among these dis ad van taged sub pop u la tions, for eign-born 
Latinx live the lon gest with cog ni tive impair ment and activ ity lim i ta tions (Garcia 
et al. 2019; Hayward et al. 2014). Lower edu cated adults have a sig nifi  cantly higher 
risk of cog ni tive impair ment (Reuser et al. 2011) and activ ity lim i ta tions (Carmona- 
Torres et al. 2019), net of other sociodemographic risk fac tors, and live lon ger in 
these health states (Crimmins et al. 2018; Lièvre et al. 2008; Solé-Auró et al. 2014). 
Within each racial and eth nic sub group, those with lower edu ca tion live a greater pro-
por tion of their lives with cog ni tive impair ment (Farina et al. 2020) and activ ity lim-
i ta tions (Crimmins et al. 1996) than their higher edu cated coun ter parts. Blacks with 
the low est edu ca tion expe ri ence a greater bur den of activ ity lim i ta tions and cog ni tive 
impair ment than the low est edu cated Whites. However, the bur den of co-impair ment 
for these sub pop u la tions has yet to be stud ied.

The pro por tion of Latinx and Blacks, who con sti tuted 29% of the U.S. pop u-
la tion in 2010, is expected to reach 43% by 2060 (Jones et al. 2021; Vespa et al. 
2018). These sub groups are socio eco nom i cally dis ad van taged and expe ri ence a 
greater bur den of chronic morbidities (Ferdinand and Nasser 2015; Whitson et al. 
2011), which are risk fac tors of cog ni tive impair ment and ADL lim i ta tions and 
there fore may place these groups at a higher risk of co-impair ment (Langa et al. 
2017; Wong et al. 2013). Because the U.S. adult pop u la tion is becom ing much 
more racially diverse, under stand ing how racial, eth nic, and nativ ity sub groups 
have shaped the bur den of co-impair ment is essen tial. Also impor tant is exam in-
ing how these impor tant social risk fac tors—namely, race, eth nic ity, nativ ity, and 
edu ca tional attain ment—com bine to dif fer en ti ate the expe ri ence of co-impair ment 
in the older U.S. pop u la tion. Carepartner pairs belong ing to more dis ad van taged 
pop u la tions are likely to bear the con sid er able strain of co-impair ment care giv ing 
lon ger, exac er bat ing adverse con se quences. Therefore, iden ti fy ing sub pop u la tions 
with a greater bur den of co-impair ment will not only help iden tify sub groups in 
need of sup port resources (ter tiary pre ven tion) but may also help tar get appro pri ate 
inter ven tions for vul ner a ble care giv ers (pri mary pre ven tion).

The  sig nifi  cant  var i a tions  in  cog ni tive  func tion ing  and  per for mance  in ADLs 
among Whites, Blacks, and Latinx have gar nered atten tion in pop u la tion health 
research. Several stud ies have argued that edu ca tional attain ment inequalities across 
these racial and eth nic sub pop u la tions are respon si ble for a siz able por tion of the 
racial and eth nic 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 attain ment is a risk fac tor that is mod i fi able through appro pri ate pol icy 
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inter ven tions. Therefore, it is impor tant to assess the extent to which increas ing edu-
ca tional attain ment would min i mize racial, eth nic, and nativ ity disparities in cog ni-
tive func tion and per for mance in ADLs.

Data and Methods

Data

This study uses data from the Health and Retirement Study (HRS), a bien nial, nation-
ally rep re sen ta tive sur vey of U.S. adults older than 50 and their spouses of any age. 
The sur vey 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 else where 
(Fisher and Ryan 2018). We use the RAND HRS lon gi tu di nal file 2016 (V2) from 
1998–2016, which includes imputed cog ni tive scores for self-respon dents with miss-
ing cog ni tive data (McCammon et al. 2019). Our ana lytic sam ple com prises study 
par tic i pants and their spouses aged 50–100 who have cog ni tive func tion and ADL 
scores in at least two waves.1 The unit of anal y sis in the mul ti state cal cu la tion is a 
tran si tion. To be included in the mul ti state cal cu la tion, an indi vid ual needs to have 
been in the sur vey for at least two waves, which are fielded an aver age of two years 
apart. Less than one fifth of 1% of any of the pre dic tors are miss ing.

Measures

Dependent Variable

The depen dent var i able has five states. Four are tran sient states, from which recov ery 
is pos si ble: healthy (no cog ni tive impair ment and no ADL lim i ta tions), only cog ni-
tive impair ment, only ADL lim i ta tion(s), and co-impair ment (cog ni tive impair ment 
and ADL lim i ta tion(s)). The fifth one—death—is an absorb ing state, ver i fied through 
the National Death Index. These five states form the state space of the Mar kov model 
(see Figure 1).

ADL Limitation(s)

ADLs are the fun da men tal skills usu ally required to man age basic daily needs 
(Mlinac and Feng 2016). Self-reported ADL lim i ta tions are the mea sures most com-
monly used in research and clin i cal set tings (Bravell et al. 2011) and are assessed via 
ques tions from the ADL scale (Katz et al. 1963). The HRS asks respon dents whether 
they expe ri ence dif fi culty in dress ing, walk ing, bath ing, eat ing, and get ting in or out 

1 Table S1 (online appen dix) shows the HRS birth cohorts included in our ana lytic sam ple.
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of bed because of a health or mem ory prob lem. We clas sify respon dents as hav ing 
ADL lim i ta tion(s) if they report dif fi culty with at least one ADL, as is com mon in the 
lit er a ture (Bardenheier et al. 2016; Mehta and Myrskylä 2017; Payne 2022). For the 
8% of our ana lytic sam ple for whom a proxy responded on behalf of the respon dent, 
we use proxy responses for assessing ADL lim i ta tion(s) and cog ni tive impair ment 
(Sonnega et al. 2014).

Although sub jec tive reports and proxy responses may intro duce some bias (Li 
et al. 2015; Todorov and Kirchner 2000), other avail  able ADL assess ments (use of 
equip ment or gets help) are asked for select ADLs or to meet a narrower defi  ni tion of 
dis abil ity (Bugliari et al. 2020; Gill et al. 1998). Furthermore, because our focus is on 
how dif fi cul ties in ADLs com bined with cog ni tive impair ment result in a greater bur
den of co-impair ment, sub jec tive expe ri ence is also impor tant. To address the likely 
proxy bias, we include response sta tus in our mod els. The prac tice effects adjust-
ment (discussed in the Independent Variables sec tion) accounts for self-reports ver sus 
proxy responses.

Cognitive Impairment

We use infor ma tion from self-respon dents and prox ies to deter mine whether a per son 
is cog ni tively impaired. For selfrespon dents, the HRS uses a mod i fied ver sion of the 
Telephone Interview for Cognitive Status (TICS) test. The TICS test scores range 
from 0 to 27 points and include four tasks: imme di ate (0–10 points) and delayed 
word recall (0–10 points), serial-7s (0–5 points), and counting back ward (0–2 points). 
The cut points (cog ni tive impair ment, 0–11; no cog ni tive impair ment, 12–27) were 
already val i dated against the Aging Demographics and Memory Study (ADAMS), a 
substudy of the HRS with an in-depth neuropsychological exam i na tion (Crimmins 
et al. 2011; Langa et al. 2005).

For respon dents requir ing a proxy, we fol low Langa and Weir to define cog ni tive 
health states (Langa et al. 2017). We use a nine-point scale for the 1998 wave, which 
includes the proxy’s direct assess ment of (1) the respon dent’s mem ory (0 = excel lent, 
4 = poor) and (2) the respon dent’s lim i ta tions in five instru men tal ADLs: man ag ing 
money, tak ing med i ca tion, pre par ing hot meals, using the phone, and shop ping for 
gro cer ies (0–5). The total score ranges from 0 to 9 (0–2 indi cates no cog ni tive impair-
ment, and 3–9 indi cates cog ni tive impair ment). From 2000 onward, another mea sure 
is  added:  (3)  the  proxy’s  assess ment  of  the  respon dent’s  dif fi culty  com plet ing  the 
inter view for cog ni tive lim i ta tions, cre at ing an 11-point scale (0–2 indi cates no cog-
ni tive impair ment, and 3–11 indi cates cog ni tive impair ment). The addi tion of this 
mea sure did not sig nifi  cantly affect our results. The cut points we use for prox ies are 
ADAMS-val i dated (Crimmins et al. 2011; Langa et al. 2005).

Independent Variables

Age is a con tin u ous var i able mea sured in com pleted years. The HRS reports gen-
der as a binary var i able (1 = woman). Race and eth nic ity are self-reported. Small 
sam ple sizes restrict us to study ing the categories White, Black, and other, with eth-
nic ity cat e go rized as His panic or non-His panic. We cre ate a joint var i able of race 
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and eth nic ity, cat e go rized as non-Latinx White, Latinx Black, non-Latinx Black, 
non-Black Latinx, and non-Latinx other. We com bine Latinx Black with non-Latinx 
Black because these groups have health out comes more sim i lar to non-Latinx Black 
than to non-Black Latinx (Chinn and Hummer 2016). Importantly, Latinx Blacks 
are a dis tinct sub pop u la tion of the Latinx pop u la tion. The His panic par a dox of bet-
ter health for immi grants rel a tive to natives does not extend to Latinx Blacks (Elo 
et al. 2011), who expe ri ence greater health dis ad van tages than White Latinx, more 
sim i lar 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 
socio eco nom i cally com pa ra ble to non-Latinx Blacks than to non-Black Latinx and 
are more likely to share neigh bor hoods (Denton and Massey 1989; Fears 2003; 
Logan 2004).

Our cat e go ri za tion com bines very few (60) Latinx Blacks with the roughly 6,000 
non-Latinx Blacks in our ana lytic sam ple. We then dis ag gre gate non-Black Latinx 
into non-Black U.S.-born Latinx and non-Black for eign-born Latinx. We include non-
Latinx other in the ana ly ses, but we do not show the results because of small sam ple 
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 for eign-born Latinx as for eign-born Latinx.

We mea sure edu ca tional attain ment cat e gor i cally to account for the non lin ear 
asso ci a tion between edu ca tion and health out comes (see, e.g., Montez et al. 2012). 
Because of the low aver age edu ca tional attain ment for these early to mid-twen ti eth-
cen tury cohorts—espe cially for women and Black and Latinx sub pop u la tions—we 
com bine some col lege with high school diploma/gen eral equiv a lency degree (GED) 
and con sider the highest edu ca tion to be an asso ci ate’s degree or higher. For more 
recent cohorts, we could define higher edu ca tion by cre at ing a cat e gory for bach e lor’s 
degree or higher. However, for Blacks and Latinx in the ear lier cohorts, bach e lor’s 
degree attain ment is rare. Only 242 U.S.-born Lati nas (vs. roughly 15,000 White 
women) in our ana lytic sam ple have a bach e lor’s degree or higher edu ca tion. Such 
small sam ple sizes will lead to unsta ble esti ma tes. For the ear lier cohorts for whom 
fur ther edu ca tion was rarer (see Hendi 2017)—espe cially for women, Blacks, and 
Latinx—an asso ci ate’s degree is a sig nifi  cant achieve ment. The final edu ca tional cat-
egories are less than high school, high school/GED/some col lege, and an asso ci ate’s 
degree or higher.

To account for prac tice effects, we adjust for the num ber of cog ni tive tests taken, 
mea sured cat e gor i cally as the (1) first, (2) sec ond, (3) third to sixth, or (4) sev enth or 
higher cog ni tive assess ment test taken (Goldberg et al. 2015). A fifth cat e gory identi-
fies respon dents with a proxy.

Statistical Analysis

Multistate Modeling

As noted ear lier, we employ inci dence-based mul ti state meth ods instead of the more 
widely used prev a lence-based Sullivan method for explor ing the pop u la tion bur den 
of mor bid ity 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  prev a lence of  a  health  con di tion,  it  reflects 
a por tion of the past risk of that con di tion in the pop u la tion. The method does not 
allow recov ery from poor health, nor does it allow mor tal ity to vary by health sta tus. 
In con trast, because the mul ti state method relies on inci dence data, it mea sures the 
cur rent risk of the health con di tion in the pop u la tion. It allows recov ery (e.g., tran si-
tion back from unhealthy to healthy) and allows mor tal ity to vary by health state. In 
other words, the mul ti state approach more accu rately esti ma tes con tem po rary pop u-
la tion health dynam ics. Therefore, when the data allow, research ers often choose to 
use mul ti state meth ods (e.g., Cai and Lubitz 2007; Crimmins et al. 2009; Majer et al. 
2013; Payne and Kobayashi 2022).

For exam ple, in a recent U.S.-based study, Payne (2022) com pared par tial cohort 
life expec tan cies and expec tan cies in states of ADL lim i ta tions, chronic morbidities, 
and self-reported poor health across suc ces sive birth cohorts. The mul ti state method 
has also been applied to exam ine var i a tions in life expec tan cies and dis abil ity-free 
life  expec tan cies  with  and  with out  spe cific  dis eases,  such  as  can cer  (Payne  and 
Kobayashi 2022). Cai and Lubitz (2007) used this approach to exam ine three the o-
ries of pop u la tion aging: mor bid ity com pres sion, mor bid ity expan sion, and dynamic 
equi lib rium. In recent years, there have been meth od o log i cal advances in the Mar kov 
chain mul ti state lit er a ture, includ ing cal cu lat ing addi tional met rics (e.g., Caswell and 
Zarulli 2018; Dudel 2021). For instance, Dudel (2021) expanded the Mar kov chain 
tool box by presenting meth ods for waiting times, help ing us under stand the tim ing of 
events under study (e.g., the aver age age at first entry into a state and leav ing a state).

In this study, we apply dis crete-time Mar kov chain mul ti state mod els to under-
stand the dynam ics of co-impair ment in the older U.S. pop u la tion. In addi tion to  
cal cu lat ing expec tancy in co-impair ment, we also cal cu late the life time risk and mean 
age at onset of co-impair ment from mul ti state mod els. The life time risk of a con di tion 
is the prob a bil ity of ever expe ri enc ing that con di tion before dying (Kemeny and Snell 
1983). Because indi vid ual life courses are only par tially observed in the HRS, the cal-
cu la tion of life time risk (and mean age at onset) can not be based only on indi vid ual 
tra jec to ries. Therefore, we use established demo graphic mul ti state meth ods (Dudel 
2021; Kemeny and Snell 1983; Mehta and Myrskylä 2017) to cal cu late life time risk 
and mean age at co-impair ment onset.

The Mar kov chain mul ti state mod els are based on the prob a bil i ties of tran si tions 
across the states in the Mar kov state space. Figure 1 illus trates the states from the 
Mar kov state space and the tran si tions across the states. To esti mate these tran si tion 
prob a bil i ties, we use mul ti no mial logis tic regres sion mod els (Allison 1982), as is 
com mon in applied mul ti state research (Bardo and Lynch 2021; Cai and Lubitz 2007; 
Dudel 2021; Hale et al. 2021; Mehta and Myrskylä 2017; Payne 2022). We esti mate 
four mul ti no mial logis tic regres sion mod els, all  strat i fied by gen der.

To esti mate tran si tion prob a bil i ties for the over all pop u la tion, we use Model 1, 
which takes the form

log
pij
piH

 = aij + b1,ij Age+ b2,ij Age
2 + γij

T PE,

where pij is the tran si tion prob a bil ity from state i to state j that also includes the state 
death; H indi cates the ref er ence state, healthy; aij is the inter cept; Age is the age 
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9Population Burden of Cognitive Impairment and Activity Limitation

dur ing the fol low-up at mid-inter view; and γij is the coef fi cient vec tor related to the 
prac tice effects categories.

Model 2 adds race, eth nic ity, and nativ ity to Model 1 to esti mate the tran si tion 
prob a bil i ties by race, eth nic ity, and nativ ity (e.g., for for eign-born Latinx). Model 
3 adds edu ca tion to Model 1 (with out race, eth nic ity, and nativ ity) to esti mate the 
tran si tion prob a bil i ties by edu ca tion (e.g., for an asso ci ate’s degree or more edu ca-
tion). The pri mary goal of our study is to under stand the bur den of co-impair ment 
for Whites, Blacks, and Latinx with vary ing edu ca tional lev els and for edu ca tional 
sub groups with dif fer ent racial and eth nic com po si tions as they exist in the older 
U.S. pop u la tion. Notably, this approach dif fers from approaches aiming to assess 
mech a nisms. In Models 2 and 3, we allow the full set of inter ac tions between the 
pre dic tors.

Model 4 esti ma tes tran si tion prob a bil i ties for all  com bi na tions of race, eth nic ity, 
nativ ity, and edu ca tion (e.g., for eign-born Latinx with an asso ci ate’s degree or more) 
as fol lows:

log
pij
piH

 = aij + b1,ij Age + b2,ij Age
2 + γ ij

T PE + δij
T DEMOGR,

where δij is a coef fi cient vec tor related to the var i ables in DEMOGR; it includes race, 
eth nic ity, nativ ity, edu ca tion, and the full set of inter ac tions.

To obtain the agespe cific tran si tion prob a bil i ties for the over all pop u la tion from 
Model 1, we set prac tice effects to the sec ond inter view. To obtain the agespe cific 
tran si tion prob a bil i ties for a spe cific sub group—for exam ple, Whites in Model 2, an 
asso ci ate’s degree or more in Model 3, and Whites with an asso ci ate’s degree or more 

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.

Dead
Only 

CI

Healthy

Only ADL 
limitations

Co-I
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in Model 4—we set the cor re spond ing cat e gor i cal var i able(s) to 1 and prac tice effects 
to the sec ond inter view.

The prob a bil ity that an adult who is in state i at age x will be in state j at age x + 2,  
p(j|x, i), is then arranged in a Mar kov tran si tion matrix, MT = [pji], for each of the 
sub groups ana lyzed—one for the total pop u la tion, one for over all Blacks, one for 
Blacks with asso ci ate’s degree or more, and so on.

By performing matrix oper a tions on the Mar kov tran si tion matrix, MT, we obtain 
the met rics of life time risk of co-impair ment, mean age at onset of co-impair ment, 
and life expec tancy in co-impair ment. Section 2 of the online appen dix pro vi des a 
detailed descrip tion of the esti ma tion pro ce dure. In brief, to esti mate the expec tan-
cies, we fol low the stan dard approach of first esti mat ing the con di tional expec tan cies 
and then cal cu lat ing weighted aver ages across con di tional expec tan cies. Weights are 
the starting state dis tri bu tion at age 50. For each of the sub pop u la tions, we use its own 
starting state dis tri bu tion at age 50. To avoid small sam ple noise, we cal cu late start-
ing state over ages 50–60 dur ing 1998–2016. We use sur vey weights from the HRS 
to account for the com plex sur vey design and non re sponse. We esti mate con fi dence 
inter vals using the boot strap pro ce dure suggested by Cameron and Trivedi (2005) 
based on 500 rep li ca tions, as applied in mul ti state research (Dudel and Myrskylä 
2017). We resample health tra jec to ries at the indi vid ual level, mim ick ing the sur vey’s 
com plex sam pling pro cess and account ing for the cohort struc ture and oversampling 
(Dudel and Myrskylä 2017). We con duct all  ana ly ses using R.

In this arti cle, we focus on the state of co-impair ment. However, in Tables S2 and 
S3 in the online appen dix, we pres ent the expec tancy esti ma tes for all  health states in 
the Mar kov state space. Furthermore, in Table S4, we pres ent the esti ma tes of mean 
age at onset for only cog ni tive impair ment and only ADL lim i ta tions.

Counterfactual Model

We exam ine what frac tions of racial, eth nic, and nativ ity disparities in co-impair ment 
are attrib ut  able to inequalities in the dis tri bu tion of edu ca tional attain ment by esti-
mat ing a coun ter fac tual  that elim i na tes these edu ca tional  inequalities. We first cal
cu late, for each racial, eth nic, and nativ ity sub group, co-impair ment expec tan cies by 
edu ca tional attain ment (e.g., co-impair ment expec tan cies for Blacks with less than 
high school, Blacks with high school/GED/some col lege, and Blacks with asso ci ate’s 
degree or more).

Next, for Blacks and U.S.- and for eign-born Latinx, we aggre gate the respec tive 
co-impair ment expec tan cies by edu ca tional attain ment using weights to obtain the 
coun ter fac tual co-impair ment expec tancy. The weights are the dis tri bu tion of edu-
ca tional attain ment for Whites. In other words, we esti mate the coun ter fac tual co-
impair ment expec tan cies for Blacks and U.S.- and for eign-born Latinx by assigning 
them the same edu ca tional dis tri bu tion as their more advan taged White coun ter parts.

This coun ter fac tual allows us to esti mate poten tial racial, eth nic, and nativ ity dis-
parities in co-impair ment expec tancy, absent those that can be attrib uted to the con-
sid er able racial, eth nic, and nativ ity inequalities in the dis tri bu tion of edu ca tional 
attain ment. Furthermore, the online appen dix (sec tion 5) pro vi des an exam ple of the 
cal cu la tion of coun ter fac tual expec tan cies.
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11Population Burden of Cognitive Impairment and Activity Limitation

Results

Descriptive Statistics

Table 1 pro vi des the sociodemographic char ac ter is tics of the sam ple dur ing 1998–
2016. The total sam ple size is 32,697 indi vid u als, and the anal y sis is based on 195,491 
tran si tions. Sample sizes for women, Whites, and adults with high school/GED/some 
col lege edu ca tion are higher than those for their coun ter parts. Blacks and U.S.- and 
for eign-born Latinx are nearly two times as likely to expe ri ence a tran si tion to co-
impair ment as Whites. The low est edu cated adults are eight times as likely to expe ri-
ence a tran si tion to co-impair ment than the highest edu cated.

Lifetime Risk of Co-impair ment

In Table 2, we pres ent the life time risk of co-impair ment for the total pop u la tion 
and sep a rately by race, eth nic ity, nativ ity, and edu ca tion. Overall, 56% of women 
and 41% of men aged 50 are predicted to expe ri ence co-impair ment in their remain-
ing life expec tancy. We find con sid er able disparities by race, eth nic ity, nativ ity, and 
edu ca tion.

U.S.- and for eign-born Latinx and Blacks expe ri ence a sub stan tially greater life-
time risk of co-impair ment than Whites, irrespective of gen der. The like li hood of 
co-impair ment for for eign- and U.S.-born Lati nas and Black women is, respec tively, 
30 (= 81% – 51%), 20, and 18 per cent age points higher than for White women. The 
cor re spond ing num bers for men are 28, 17, and 19 per cent age points. The life time 
risk of co-impair ment for the low est edu cated women and men is, respec tively, 28 
and 31 per cent age points greater than for the highest edu cated.

Table 3 shows the life time risk for White, Black, and Latinx sub pop u la tions by 
edu ca tional attain ment. The most dis ad van taged sub pop u la tions are lower edu-
cated Blacks and Latinx—par tic u larly for eign-born Lati nas, who expe ri ence an 

Table 1 Descriptive char ac ter is tics of the sam ple

Individuals % Transitions %
% Transition to 
Co-impair ment

Overall 32,697 100 195,491 100 7
Men 14,507 44.4 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 24.3 2

Source: 1998–2016 Health and Retirement Study.
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87% life time risk of co-impair ment. For each racial and eth nic sub pop u la tion, 
the like li hood of co-impair ment increases as the level of edu ca tional attain ment 
decreases. For exam ple, for the low est edu cated U.S.-born Lati nas and Lati nos, 
the pen alty for not hav ing a higher edu ca tion is a life time risk of co-impair ment 
that is, respec tively, at least 18 and 21 per cent age points higher. However, racial 
and eth nic disparities per sist at all  lev els of edu ca tional attain ment. Notably, the 
con fi dence  inter vals  for  life time  risk  of  U.S.  and  for eignborn  Latinx with  an 
asso ci ate’s degree or more are  too wide  (reflecting  small  sam ple  sizes)  to draw 
clear con clu sions for these sub pop u la tions. However, in this arti cle, we are mainly 
inter ested in iden ti fy ing the highly dis ad van taged sub pop u la tions, and the esti ma-
tes for Black and Latinx adults with the low est edu ca tion indi cate a greater bur den 
of co-impair ment with high pre ci sion.

Table 2 Lifetime risk (%) of co-impair ment for the total pop u la tion and by race, eth nic ity, nativ ity, and 
edu ca tion in the United States, 1998–2016, with 95% con fi dence inter vals shown in paren the ses

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-impair ment for inter ac tions of gen der, race, eth nic ity, nativ ity, and  
edu ca tion in the United States, 1998–2016, with 95% con fi dence inter vals shown in paren the ses

 Women Men

 Lifetime Risk (%) Lifetime Risk (%)

White Less than high school 61 (56, 65) 51 (46, 57)
High school/GED/some col lege 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 col lege 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 col lege 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 col lege 60 (48, 72) 41 (27, 54)
Associate’s degree+ 31 (0, 54) 41 (23, 61)

Source: 1998–2016 Health and Retirement Study.
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Mean Age at Onset of Co-impair ment

Table 4 shows the mean age at onset of co-impair ment for the total pop u la tion and 
sep a rately by race, eth nic ity, nativ ity, and edu ca tion. On aver age, women become 
co-impaired at age 77, and men are 3 years youn ger at onset. Black women and men 
are 9 and 7 years youn ger at onset than White women and men, respec tively. The 
edu ca tional gra di ent is even steeper than the racial, eth nic, and nativ ity gra di ent. The 
low est edu cated women and men are, respec tively, 14 and 13 years youn ger at onset 
than their highest edu cated coun ter parts.

Table 5 shows the esti ma tes of the mean age at onset of co-impair ment for White, 
Black, and Latinx sub pop u la tions by edu ca tional attain ment. For each racial, eth nic, 
and nativ ity sub group, the mean age at onset decreases with decreas ing edu ca tional 
attain ment. Black women and men pay the highest pen alty for hav ing the low est 
edu ca tion and are the youn gest at co-impair ment onset (age 64). This pen alty results 
in dra matic disparities  in mean age at first coimpair ment  inci dence rel a tive to  the 
highest edu cated White women and men: 20 (= 84 – 64) years for Black women and 
17 years for Black men.

Life Expectancy in Co-impair ment at Age 50

Total life expec tancy at age 50 was 33 years for women and 28.4 years for men,2 
reflecting  women’s  mor tal ity  advan tage  (Tables  S2  and  S3,  online  appen dix). 
Despite being socio eco nom i cally dis ad van taged, for eign-born Latinx have lon-
ger life expec tancy than their White coun ter parts (Cantu et al. 2013; Garcia et al. 
2019), reflecting the His panic par a dox (Markides and Eschbach 2011). Women and 

2 Our life expec tancy esti ma tes are sim i lar to the U.S. National Vital Statistics life expec tancy esti ma tes of 
32.7 for women and 29.0 for men in the ref er ence year 2007 (Arias 2011).

Table 4 The mean age at co-impair ment onset and life expec tancy at age 50 in co-impair ment for the 
total pop u la tion and by race, eth nic ity, nativ ity, and edu ca tion in the United States, 1998–2016, with 95% 
con fi dence inter vals shown in paren the ses

Women Men Women Men

Mean Age Mean Age
Years 

Co-impaired
Years 

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.
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men with less than a high school edu ca tion live 6 fewer years than those with an 
asso ci ate’s degree or more.

Table 4 shows the num ber of years expected to live in co-impair ment at age 50 for 
the total pop u la tion and sep a rately by race, eth nic ity, nativ ity, and edu ca tion. On aver-
age, women live 1.5 more years co-impaired than men. Compared with White women, 
for eign- and U.S.-born Latinx and Black women live 5.2, 2.8, and 2.4 more years in 
coimpair ment; respec tive fig ures for men in these racial and eth nic sub groups (rel a tive 
to White men) are 2.5, 1.0, and 1.6 years. The low est edu cated men and women live, 
respec tively, 2.3 and 3.5 more years in co-impair ment than the highest edu cated.

Table 6 shows life expec tan cies in co-impair ment for all  racial and eth nic sub pop-
u la tions by edu ca tional lev els. In each racial and eth nic sub pop u la tion, the low est 
edu cated have the lon gest life expec tancy in co-impair ment. Black and Latinx adults 
with the low est edu ca tion are sub stan tially dis ad van taged. The low est edu cated  
for eign-born Latinx live the lon gest co-impaired (5.0 years for men and 9.7 years 
for women), followed by Blacks. Further, the edu ca tional gra di ents are greater for 
Black and Latinx adults, espe cially for the two Latinx sub pop u la tions, com pared with 
Whites. For instance, hav ing at least an asso ci ate’s degree is asso ci ated with fewer 
years lived in co-impair ment: 8.6 years for for eign-born Lati nas and 3.2 years for 
U.S.-born Lati nos. In con trast, the dif fer ence in co-impair ment expec tan cies between 
the low est and highest edu cated White men (women) is only 1.6 years.

Counterfactual: Eliminating Inequalities in the Distribution of Educational Attainment

In pan els a (women) and b (men) of Figure 2, the bars rep re sent the racial, eth nic, and 
nativ ity disparities in co-impair ment expec tancy in the empir i cal and coun ter fac tual sce-
nar ios. For instance, in the empir i cal sce nario, Black women live 2.4 (= 5.1 – 2.7) years  

Table 5 The mean age at onset of co-impair ment for inter ac tions of gen der, race, eth nic ity, nativ ity, and 
edu ca tion in the United States, 1998–2016, with 95% con fi dence inter vals shown in paren the ses

 

Women Men

Mean Age Mean Age

White Less than high school 72 (71, 73) 69 (68, 71)
High school/GED/some col lege 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 col lege 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 col lege 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 col lege 78 (76, 80) 77 (74, 80)
Associate’s degree+ 80 (77, 85) 79 (75, 84)

Source: 1998–2016 Health and Retirement Study.
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15Population Burden of Cognitive Impairment and Activity Limitation

lon ger in co-impair ment than White women. Compared with the empir i cal sce nario, the 
dif fer ences between White, Black, and Latinx sub pop u la tions’ co-impair ment expec-
tan cies are reduced in the coun ter fac tual sce nario. Black men and women expe ri ence a 
reduc tion of 31% and 33%, respec tively. Even more dra mat i cally, respec tive reduc tions 
for U.S.-born Lati nos and Lati nas are 70% and 54%, and those for for eign-born Lati nos 
and Lati nas are 68% and 75%.

Tables S5 and S6 (online appen dix) pres ent the coun ter fac tual expec tan cies for 
all  the health states and total life expec tan cies for Blacks and U.S.- and for eign-
born Latinx, along with the empir i cal esti ma tes. These tables show that elim i nat ing 
edu ca tional inequalities reduces disparities in healthy life expec tancy con sid er ably, 
espe cially for Latinx sub groups, but has a mostly neg li gi ble effect on total life expec-
tan cies. In other words, elim i nat ing inequalities in the dis tri bu tion of edu ca tional 
attain ment would likely com press mor bid ity among Blacks and Latinx.

Discussion

Being either cog ni tively impaired or hav ing ADL lim i ta tions poses seri ous dis ad van-
tages for the affected adults, their fam ily mem bers, their care giv ers, and the wider 
soci ety. However, research on the dynam ics of the co-occur rence of these adverse 
health con di tions has been lacking. The pres ent study con trib utes to pop u la tion health 
research by being the first  to assess  the bur den of coimpair ment. Using three key 
met rics derived from inci dence-based, dis crete-time Mar kov chain mul ti state mod-
els and draw ing on a nation ally rep re sen ta tive sam ple of adults liv ing in the United 
States, we reveal four major find ings.

First, we esti mate the life time risk of expe ri enc ing coimpair ment at age 50, find
ing a sig nifi  cantly higher life time risk for women than for men. This dis ad van tage 
is partly attrib ut  able to women’s greater lon gev ity, which increases their years of 

Table 6 Life expec tancy in co-impair ment at age 50 for inter ac tions of gen der, race, eth nic ity, nativ ity, 
and edu ca tion in the United States, 1998–2016, with 95% con fi dence inter vals shown in paren the ses

 

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 col lege 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 col lege 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 col lege 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 col lege 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.
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expo sure in higher risk age groups. Blacks,3 U.S.- and for eign-born Latinx, and lower 
edu cated adults have a sub stan tially higher like li hood of co-impair ment than Whites 
and the higher edu cated.

Second, because life time risk does not clar ify when in the life course co-impair ment  
is expe ri enced, we esti mate the mean age at co-impair ment onset. On aver age, men 
expe ri ence an ear lier onset of co-impair ment than women. Irrespective of gen der, 
Blacks and the low est edu cated, espe cially those at the inter sec tion, are the most 
dis ad van taged: they expe ri ence the ear li est onset of co-impair ment among all  the 
sub pop u la tions exam ined.

Third, we esti mate 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 for eign-born Latinx are both non-Black.

2.4

1.6

2.8

1.3

5.2

1.3

Empirical Counterfactual Empirical Counterfactual Empirical Counterfactual

Black US-born Latina Foreign-born Latina

a. Women

1.6

1.1 1.0

0.3

2.5

0.8

Empirical Counterfactual Empirical Counterfactual Empirical Counterfactual

Black US-born Latino Foreign-born Latino

b. Men

Black

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

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.
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17Population Burden of Cognitive Impairment and Activity Limitation

and the higher edu cated, older Blacks, U.S.- and for eign-born Latinx, and the lower 
edu cated live sig nifi  cantly more years coimpaired.

The com bi na tion of two of the social risk fac tors for poor health reveals large dis-
parities. For instance, the highest edu cated White men aged 50 can expect to live only 
one year in co-impair ment, whereas the low est edu cated for eign-born Lati nas aged 
50 can expect to live 9.7 years co-impaired. A dif fer ence of almost nine years indi-
cates the dra matic dis par ity between dis ad van taged and advan taged sub pop u la tions.

Fourth, our sam ple aged 50–100 dis plays con sid er able racial, eth nic, and nativ ity 
inequalities in edu ca tional attain ment. For instance, only 18% of Whites have less 
than a high school edu ca tion, com pared with 34% of Black indi vid u als, 43% of U.S.-
born Latinx, and 62% of for eignborn Latinx. Our find ings reveal  that elim i nat ing 
these inequalities in edu ca tional attain ment substantially reduces racial, eth nic, and 
nativ ity disparities in co-impair ment. The dis par ity reduc tion is greater for Latinx 
sub groups than for Blacks. This coun ter fac tual exer cise under scores the impor tance 
of edu ca tional attain ment inter ven tions for narrowing future racial and eth nic dispar-
ities in health. However, such inter ven tions are not appli ca ble to the cohorts under 
anal y sis or even to con tem po rary cohorts who have com pleted their edu ca tion.

In our sam ple, 82% of Whites have at least a high school edu ca tion, com pared 
with 66% of Blacks, 57% of U.S.-born Latinx, and 38% of for eign-born Latinx. How-
ever, even by 2021, the per cent age of those aged 50 and older with at least a high 
school edu ca tion was 94% for Whites, 87% for Blacks, and 67% for Latinx (includ-
ing for eign-born Latinx; U.S. Census Bureau 2022). For even more recent cohorts, 
edu ca tional attain ment has increased dif fer en tially, such that the racial and eth nic 
inequalities in edu ca tional attain ment have narrowed sub stan tially among young 
adults aged 18–29 (U.S. Census Bureau 2022). Although edu ca tion lev els among 
more recent cohorts for all  racial, eth nic, and nativ ity sub groups increased rel a tive to 
those of older birth cohorts, the rate of increase is greater for U.S.- and for eign-born 
Latinx (Everett et al. 2011). Variation also exists within the Latinx sub group: U.S.-
born Latinx have higher lev els of edu ca tion than for eign-born Latinx (Everett et al. 
2011).

Although increas ing edu ca tional attain ment and narrowing edu ca tional inequali-
ties may decrease the racial, eth nic, and nativ ity disparities in co-impair ment in the 
older U.S. pop u la tion in the com ing decades, we may also need to con sider other fac-
tors, such as edu ca tional qual ity. Recent evi dence sug gests that equal ity in edu ca tional 
attain ment does not lead to racial and eth nic equal ity in healthy aging (McLaughlin 
et al. 2020). Evidence shows racial and eth nic disparities in the qual ity of edu ca-
tion, with Black and Latinx sub groups lying at the dis ad van taged end (Glymour 
and Manly 2008; Sisco et al. 2015). Indeed, racial disparities in edu ca tional qual ity 
explain a sub stan tial por tion of the racial disparities in cog ni tive func tion among 
adults matched on edu ca tional level (Manly et al. 2002). Therefore, both lev els and 
qual ity of edu ca tion are likely essen tial for narrowing or elim i nat ing the racial, eth-
nic, and nativ ity disparities in the bur den of co-impair ment in the com ing decades.

Blacks and Latinx are also sub stan tially dis ad van taged in mark ers of socio eco-
nomic sta tus other than edu ca tion, for instance, wealth and income (Bhutta et al. 
2020; Iceland 2019; U.S. Census Bureau 2020). These dis ad van tages only par tially 
explain racial and eth nic disparities in health. Other expo sures are likely to per pet-
u ate health disparities, such as dif fer en tial access to health care and stress caused 
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by indi vid ual and struc tural rac ism. Research has found that the greater dis crim i na-
tion Blacks and Latinx expe ri ence par tially explains racial and eth nic disparities in 
health (e.g., Colen et al. 2018; Williams et al. 2008). Counterintuitively, Colen and 
col leagues (2018) showed that an increase in socio eco nomic sta tus for Blacks and 
 Latinx adults might lead to even more expo sure to dis crim i na tion, fur ther indi cat ing 
that elim i nat ing racial and eth nic inequalities in socio eco nomic sta tus may not elim-
i nate health disparities. Understanding the role of these fac tors in disparities in the 
co-impair ment bur den is a poten tial ave nue for future research.

Our research high lights that the most dis ad van taged sub pop u la tions, which are likely 
to be the least eco nom i cally resourced, bear the greatest bur den of co-impair ment. 
Thus, pol icy impli ca tions include not just inter ven tions on prox i mate deter mi nants of 
health, such as pro mot ing pos i tive health con texts (e.g., increas ing social con nect ed ness), 
but also pro vid ing sup port for these vul ner a ble pop u la tions (e.g., expanding cov er age 
of health and long-term care insur ance).

Because of the lack of research on co-impair ment, direct com par i son with pre vi-
ous stud ies is not pos si ble. Previous research on cog ni tive impair ment (Garcia et al. 
2019) and activ ity lim i ta tions (Hayward et al. 2014) reported a higher bur den for 
Blacks and Latinx, espe cially for for eign-born Latinx. Another study found a con sid-
er able reduc tion in disparities in the odds of cog ni tive impair ment for for eign-born 
Latinx after elim i nat ing edu ca tional inequalities (Garcia, Saenz et al. 2018). How-
ever, the study found risk reduc tion to be lower for Black indi vid u als.

The cur rent study pro vi des a detailed over view of disparities in co-impair ment  
across pop u la tion sub groups but does not attempt to explain the mech a nisms 
behind these disparities. The under ly ing mech a nisms are likely mul ti fac eted. For 
instance, rel a tive to Whites, Blacks and Latinx expe ri ence higher rates of chronic 
morbidities, such as dia be tes (Ferdinand and Nasser 2015; Whitson et al. 2011), 
which is asso ci ated with poor cog ni tive health and ADL lim i ta tions (Langa et al. 
2017; Wong et al. 2013). Black and Latinx adults have higher odds of expe ri enc ing 
dis crim i na tion than Whites (Colen et al. 2018), for exam ple, in health care, employ-
ment, and police inter ac tions, as well as through microaggressions and racial slurs 
(Bleich et al. 2019). Many stud ies show that racial and eth nic dis crim i na tion is 
asso ci ated with poorer phys i cal and cog ni tive health out comes (e.g., Coogan et al. 
2020; Williams et al. 2008). Prior research indi cates that the advan tage in ADL 
lim i ta tions among youn ger for eign-born Latinx over Whites (the healthy immi grant 
effect) does not hold in later life (Melvin et al. 2014). Foreign-born Latinx most 
often come to the United States for employ ment, which often involves low-paid, 
phys i cally demand ing work (Tienda et al. 2006). The cumu la tive toll of phys i cally 
tax ing (and some times haz ard ous) jobs, such as in the con struc tion or meat pack ing 
indus try (Kochhar 2008), may place them in a par tic u larly vul ner a ble posi tion in 
terms of health in later life.

The greater bur den of chronic morbidities and dis crim i na tion expe ri enced by 
Blacks and Latinx, when com bined with low edu ca tional attain ment, might cre ate an 
even greater bur den for those with intersecting dis ad van tages, which may par tially 
explain the sub stan tially greater life time risks, youn ger onsets, and lon ger years in 
co-impair ment for lower edu cated Black and Latinx sub groups. Prior evi dence also 
points to a greater health dis ad van tage for lower edu cated Blacks than higher edu-
cated Blacks (Farina et al. 2020; Reuser et al. 2011).
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The results may pro vide insight into the con tinu ing dis course on the future pros-
pects for mor bid ity com pres sion or expan sion. We observe that for edu ca tional cate-
gories not account ing for race and eth nic ity, as lev els of edu ca tion increase, total life 
expec tan cies increase; how ever, life expec tan cies in co-impair ment decrease. Also, 
for racial and eth nic sub pop u la tions, with increas ing edu ca tional lev els, the num ber 
of co-impair ment years decreases. In other words, advan taged sub pop u la tions have 
lon ger life expec tan cies but shorter coimpaired years. These find ings are prom is ing 
in light of the con tin ued debate about whether increas ing life expec tancy implies 
increases in mor bid years (Steensma et al. 2017).

Furthermore, our find ings may also help to iden tify the highly vul ner a ble care giver 
sub groups who may need addi tional sup port. Family mem bers or other  care giv ers 
often pro vide home care to adults with poor health as long as pos si ble, meaning 
care giv ers of co-impaired adults are par tic u larly vul ner a ble because they carry the 
greatest care giv ing bur den (Freedman and Spillman 2014; Lepore et al. 2017; Riffin 
et al. 2017). In par tic u lar, rel a tive to White adults, Black and Latinx adults are more 
depen dent on their fam ily mem bers for care giv ing sup port (Rote and Moon 2018). 
Our find ings show that Blacks, Latinx, and socio eco nom i cally dis ad van taged adults 
live sub stan tially lon ger in co-impair ment than Whites and the highly edu cated. As a 
result, their care giv ers are at greater risk of poor health out comes because of the sub-
stan tial strain of the lon ger dura tion of co-impair ment care giv ing. In addi tion, Black 
care giv ers4 are less likely to use respite ser vices and tend to use fewer for mal ser vices 
for care giv ing (Chow et al. 2010; Crist et al. 2009; Parker and Fabius 2020). All these 
fac tors raise con cerns about the care giv ers of co-impaired adults, espe cially for Black 
and Latinx, immi grant, and socio eco nom i cally dis ad van taged sub groups.

The sever ity of co-impair ment is likely to increase with age (Yu et al. 2017), which 
may lead to co-impaired adults being transitioned to insti tu tional care. In recent 
decades, the length of stay in insti tu tional care and the num ber and per cent age of 
adults using nurs ing homes have increased for Blacks and Latinx com pared with 
Whites (Feng, Fennell et al. 2011; Freedman and Spillman 2016). Such tran si tions 
can be par tic u larly dis ad van ta geous for socio eco nom i cally dis ad van taged sub groups 
as nurs ing home costs have increased in recent decades (Stewart et al. 2009), and 
older Blacks and Latinx are more likely to reside in less-resourced nurs ing homes 
with  lower  staffing  ratios,  fewer finan cial  resources,  and  poor  care  (Fennell  et  al. 
2010; Smith et al. 2007).

The United States  has  expe ri enced  sig nifi  cant  pop u la tion  aging,  and  the  pop u
la tion is also becom ing racially more diverse. The shares of Latinx and Blacks are 
expected to increase from 18% and 13% to 28% and 15%, respec tively, between 2016 
and 2060 (Vespa et al. 2018). In such a sit u a tion, the con sid er ably higher bur den of 
co-impair ment for these sub groups, who are also dis ad van taged in terms of socio eco-
nomic per spec tives, pres ents a seri ous chal lenge for policymakers and may adversely 
impact national health indi ca tors in the years to come.

This study has some lim i ta tions that could be char ac ter ized as issues with (1) mea-
sure ment, (2) sam pling, and (3) esti ma tion. First, regard ing mea sure ment, categorizing  

4 A high pro por tion of cou ples in these cohorts are in racially homog a mous part ner ships—for exam ple, 
97% for those mar ried by 1967 and 90% of indi vid u als in cou ples of any age (Livingston and Brown 
2017)—so most famil ial care giv ers for Blacks and Latinx are also Blacks or Latinx, respec tively.
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cog ni tive func tion into two stan dard categories of no cog ni tive impair ment and cog-
ni tive impair ment results in a loss of infor ma tion: it does not dis tin guish between 
mild and severe impair ment. Unfortunately, the two-cat e gory mea sure ment is a nec-
es sary sim pli fi ca tion 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 mea sure ment is that the HRS assess ment of ADLs might mis-
clas sify respon dents with activ ity lim i ta tions. To reduce respon dent bur den, from 
Wave 3 onward,  for  respon dents  selfreporting no dif fi culty with  any of  the  tasks 
asked before the ADLs, all  the ADL ques tions are skipped and set to no dif fi culty. 
From Wave 4 for ward, for respon dents self-reporting no dif fi culty in dress ing and 
reporting dif fi culty with only one of the tasks asked before the ADLs, the remaining 
ADL ques tions are skipped and set to no dif fi culty—the assump tion being that no dif-
fi culty in the ini tial ques tions would lead to no dif fi culty with the sub se quent skipped 
ques tions (Bugliari et al. 2020). However, this is not nec es sar ily a safe assump tion 
and would result in the mis clas si fi ca tion of those with ADL lim i ta tions as not lim ited.

Another rea son ADLs (and coimpair ment) could be misclassified is that cog ni
tively impaired adults may over rate their per for mance, (mis)reporting hav ing no dif-
fi cul ties with ADLs  (Puente et al. 2014). They could  there fore be misclassified as 
hav ing only cog ni tive impair ment instead of co-impair ment, lead ing to biased esti-
ma tes of the tran si tions. Most prob lem at i cally, the bias might over es ti mate the prob-
a bil i ties of transitioning from only cog ni tive impair ment to death and under es ti mate 
the tran si tion prob a bil i ties from co-impair ment to death (because hav ing ADL lim i ta-
tions is a risk fac tor for accel er ated cog ni tive decline and death) (Ankuda et al. 2020; 
Fauth et al. 2013; Rajan et al. 2013). Furthermore, the ADL ques tions ask respon dents 
to exclude any lim i ta tion expected to last less than three months. This time frame 
con straint adds fur ther com plex ity to the ADL mea sures, espe cially for adults with 
poorer cog ni tive func tion, which may con trib ute to their misreporting.

Despite these ele ments likely con trib ut ing to the under es ti ma tion of ADLs and 
co-impair ment, there is a high degree of con cor dance among self-rated, med i cally 
diag nosed, and per for mance-based mea sures of basic func tional abil ity (Bravell et al. 
2011; Wu et al. 2016). Furthermore, a large body of lit er a ture has used these ADL 
mea sures from the HRS (Bardenheier et al. 2016; Mehta and Myrskylä 2017; Payne 
2022; Payne and Kobayashi 2022; Raymo and Wang 2022; Sauerberg and Canudas- 
Romo 2022).

Second, another lim i ta tion relates to sam pling: although all  the cal cu la tions are 
based on sur vey weights to account for the com plex sur vey design and non re sponse, 
we do not con sider pri mary sam pling units or strata in the esti ma tions because of the 
ana lytic com plex ity involved in doing so. Therefore, the esti mated stan dard errors 
may be underestimated. However, our con fi dence inter val cal cu la tions are based on 
established mul ti state research that resamples health tra jec to ries at the indi vid ual 
level, mim ick ing the com plex sam pling pro cess of the sur vey and account ing for the 
cohort struc ture and oversampling (Dudel and Myrskylä 2017).

Third, the study has esti ma tion lim i ta tions. The coun ter fac tual esti ma tes for for eign- 
born Lati nas may be par tially based on impre cise esti ma tes. Foreign-born Lati nas 
are mainly con cen trated in the low est edu ca tional cat e gory, resulting in small cell 
sizes for for eign-born Lati nas with higher edu ca tional attain ment. Furthermore, 
although this study is based on qual ity lon gi tu di nal data span ning nearly two decades, 
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 infor ma tion on health states is avail  able only at waves of data col lec tion, conducted 
two years apart. Thus, the health states develop in dis crete steps from Wave 4/year 
1998 to Wave 13/year 2016 at two-year inter vals, and we do not have infor ma tion on 
health states between any two waves.

Finally, our find ings do not cor re spond to any par tic u lar birth cohort in the HRS. 
The results reflect the bur den of coimpair ment in a syn thetic cohort if the cog ni tive 
impair ment and ADL lim i ta tions observed dur ing the years 1998–2016 hold through-
out that syn thetic cohort’s ages 50–100 (period per spec tive).

Conclusion

This study pro vi des novel insights into the bur den of the co-occur rence of cog ni tive 
impair ment and lim i ta tions in basic ADLs and offers evi dence of dra matic co-impair ment  
disparities  in  the  older  U.S.  pop u la tion.  Our  find ings  call  atten tion  to  the  impor
tance of con sid er ing cog ni tive impair ment and activ ity lim i ta tions simul ta neously in 
assessing the health of older indi vid u als in the United States. The con sid er able dis-
parities across sub pop u la tions indi cate that the coun try has a long way to go to attain 
health equity. Further research should use tra di tional regres sion-based approaches 
or causal infer ence mod el ing to exam ine the mech a nisms driv ing the racial, eth nic, 
nativ ity, and edu ca tional disparities in coimpair ment. ■
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