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Abstract

Objectives: We sought to determine the relative contributions of stroke, dementia, and their combination to disability
and racial differences in disability among community-dwelling older adults. Methods: We performed a cross-sectional
study of 6848 community-dwelling older adults. We evaluated the associations of stroke, dementia, and their combination
with activities of daily living (ADL) limitations (range 0-7). We then explored the impact of stroke and dementia on
race differences in ADL limitations using Poisson regression after accounting for sociodemographics and comorbidities.
Results: After full adjustment, ADL limitations differed among older adults with stroke and dementia. Older adults without
stroke or dementia had 0.32 (95% CIl 0.29-0.35) ADL limitations compared to 0.64 (95% Cl 0.54-0.73) with stroke, [.36
(95% CI 1.20-1.53) with dementia and 1.84 (95% CI 1.54-2.15) with stroke and dementia. Overall, blacks had 0.27 (95%Cl
0.19-0.36) more ADL limitations than whites. Models accounting for stroke led to a 3.7% (95%Cl 2.98%-4.43%) reduction
in race differences, while those for dementia led to a 29.26% (95%Cl 28.53%-29.99%) reduction and the stroke-dementia
combination —1.48% (95%Cl —2.21% to —0.76) had little impact. Discussion: Older adults with stroke and dementia have
greater disability than older adults with either of these conditions alone. However, the amount of disability experienced
by older adults with stroke and dementia is less than the sum of the contributions from stroke and dementia. Dementia is
likely a key contributor to race differences in disability.
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Introduction than the sum of the independent contributions from stroke
and dementia. One mechanism may be via impaired neural
reorganization. In the poststroke state, functional neuroim-
aging studies suggest that neural reorganization through dif-
fusely connected networks has an important role in
recovery.'>'® However, older adults with dementia have
decreased functional connectivity or synchronization
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In 2030, 20% of the US population is projected to be older
than 65 years of whom over 20% may have difficulty with
activities of daily living (ADLs).'” The aging of the popula-
tion of the United States will give rise to increasing num-
bers of older adults with disability.** Chronic diseases and
more recently multimorbidity, frequently contribute to dis-
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Figure 1. Overview of analyses.

Similarly, impaired participation or responsiveness to post-
stroke rehabilitation may contribute to increased physical
disability among individuals with stroke and dementia.'*'
Finally, the efficacy of post-stroke rehabilitation for cogni-
tive deficits is not well established.”

Older blacks experience more late-life disability than
whites, with black women experiencing markedly less
improvement in years of disability-free life than whites and
black men."* Contributors to racial differences in disability
among older adults may include differential accumulation
of chronic disease. Blacks have a higher incidence of stroke
and dementia than whites and may lead to the observed dif-
ferential in disability.>**** While researchers have sug-
gested that blacks have shown poorer cognitive function
following stroke, the combined contribution of stroke and
dementia to race differences in disability is unknown.”

In this context, we explore the relative impact of stroke
and dementia with disability. We hypothesize that a person
with both stroke and dementia will have greater disability
than the sum of its parts. We then examine the extent to
which stroke, dementia, and the combination contribute to
racial differences in disability and other important patient-
centered outcomes.

Methods

Overview

We performed a cross-sectional study using data from the
National Health and Aging Trends Study (NHATS) to exam-
ine 2 research questions. First, we explored the association of
stroke, dementia, and the combination of these two entities on
disability, as measured by ADL limitations. We then explored
the association between race and the following outcomes:
ADL limitations, instrumental activities of daily living (IADL)
limitations, participation in valued activities restrictions, well-
being, and hours of caregiving, as racial disparities in these
outcome measures have been previously described in the
stroke survivor population.**?” We examined the extent to
which stroke, dementia, or a stroke-dementia interaction con-
tribute to race differences in these outcomes (Figure 1).

Data Source and Study Population

NHATS is an ongoing nationally representative cohort
study of over 8000 Medicare beneficiaries ages 65 years
and older. Participants are interviewed annually in-person
by trained staff. Proxy respondents, people familiar with
the older adults’ daily routines, were interviewed when
participants were unable to participate due to cognitive or
physical limitations. The first round of NHATS, fielded in
2011 with oversampling of both the oldest old and African
American populations, was utilized in this study. Further
details of the study design have been previously pub-
lished.?® Because of our focus on race differences, races
other than self-reported blacks and whites (N = 796) were
excluded (eFigure 1, see Supplementary Material available
online). Our study was limited to self-reported black and
white participants. We also limited our sample to partici-
pants residing in the community or a residential care facil-
ity who completed a participant interview (eFigure 1, see
Supplementary Material available online).

Identifying Stroke, Dementia, and Race

Stroke diagnosis was either self- or proxy-reported affir-
mative to the question: “Has a doctor ever told you that you
had a stroke?”” Probable dementia, termed dementia
throughout the manuscript, was classified based on one or
more of the following criteria: self-reported dementia diag-
nosis, met established ADS criteria, proxy-reported, or was
=1.5 standard deviations below the mean in at least two
cognitive domains (orientation, memory, executive
functioning).**!

Primary and Secondary Outcome Measures

The primary outcome was disability as defined by receipt of
help or forwent activity if help was not available for ADLs
which included: eating, showering/taking baths, using the
toilet, getting dressed, getting out of bed, moving around
within the home, and leaving the home.** The results for
each participant were transformed into a count outcome,
ranging from 0 to 7. A secondary outcome of IADL limita-
tions was constructed based on receipt of help performing 5
household activities due to health or functioning or fore-
went household activities if no one was there to help,
including doing the laundry, shopping for groceries/per-
sonal items, preparing hot meals, handling bills/banking,
and keeping track of/taking medications. This count out-
come ranged from O to 5.

Additional secondary outcomes in the study included
participation restrictions in valued activities due to health or
functioning, hours per week of caregiving received, and
well-being, which were defined using NHATS measures.**
Participation restrictions were a count ranging from 0 to 4 of
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restrictions in valued activities including visiting with fam-
ily/friends, attending religious services, participating in
clubs/classes, and going out for enjoyment. Well-being
included metrics of both emotion and self-realization result-
ing in a count outcome ranging from 0 to 22, with higher
scores representing greater well-being.** Caregiving quan-
tity was recorded as the number of hours of help per week
and whether this help was paid or unpaid.*> There were 7
(0.094 weighted%) participants who were missing data for
ADL, 11 (0.16 weighted%) missing participation restriction,
491 (5.26 weighted%) missing well-being, and 27 (0.37
weighted%) missing caregiving quantity.

Covariates: Sociodemographic Factors and
Comorbidities

Demographics (age, sex, marital status), and educational
attainment were included. Self-reported comorbidities
(myocardial infarction, coronary artery disease, hyperten-
sion, diabetes, cancer, lung disease, osteoporosis, and arthri-
tis) and symptoms of mood disorders, including depressive
and anxiety symptoms were transformed into a comorbidity
count, ranging from 0 to 10.***” Nonresponse for each
covariate was coded as a separate category to include in the
model (Appendix Table Al).

Statistical Analysis

After application of survey weights, descriptive statistics
were used to compare sociodemographic factors, comor-
bidities, and stroke and dementia status between blacks and
whites. To address our first question of how stroke, demen-
tia, and the combination of both conditions influence dis-
ability, we used survey-weighted Poisson regression with a
dependent variable of disability, adjusting for sociodemo-
graphics and comorbidities. To address our second ques-
tion, the association of stroke, dementia and their
combination on racial disparities, we fit a series of models
for each dependent variable (disability, I[ADL limitations,
participation restrictions, well-being, and caregiving hours)
with a primary independent variable, race. For each out-
come, serial models were constructed to evaluate the effects
of covariates. Our first model included sociodemographic
factors and comorbidities. We then built models adding a
single variable with each subsequent model—stroke,
dementia, and the interaction between stroke and dementia.
Wald tests were then used to compare the outcomes between
the blacks and whites for statistical significance with a P
value <.05. We summarized the magnitude of these effects
using average marginal effects. To explore the role of indi-
vidual comorbidities on disability, we performed a sensitiv-
ity analysis that included each comorbidity as a separate
covariate in the model. All analyses were performed in
STATA 14 (StataCorp LLC, College Station, TX).

Ethics and Informed Consent Statement

This study was determined as not regulated by the institu-
tional review board from the University of Michigan. Data
are freely available at https://www.nhats.org/.

Results

Baseline Characteristics

A total of 6848 older adults (survey-weighted n = 31 296
131) were included in our study, 9.2% of whom were black.
About 10% were stroke survivors, 9% had dementia, and
2.2% had both conditions. Compared with whites, blacks in
our study were younger (<74 years: 57.9% vs 52.1%, P <
.01); a greater proportion were women (60.2% vs 56.3%, P
= .02); fewer were married (38.3% vs 59.1%, P < .01); had
less educational attainment (less than high school: 39.2% vs
16.4%, P < .01); had lower income (<$13 000 [lowest
quintile]: 29.0% vs 16.5%, P < .01); and had more comor-
bidities (mean: 2.8 vs 2.6, P < .01). Blacks were more
likely to have had a stroke (12.5% vs 9.8%, P < .01),
dementia (15.3% vs 8.4%, P < .01) and both stroke and
dementia (3.9% vs 2.0%, P < .01) than whites (Table 1).

Stroke, Dementia, and Stroke and Dementia
With Disability

After accounting for age, sex, race, marital status, educa-
tion, income, and comorbidities, we found that stroke,
dementia and the interaction term of stroke and dementia
were associated with disability. Older adults without stroke
or dementia had 0.32 (95% CI 0.29-0.35) ADL limitations
(Figure 2). Older adults with stroke but no dementia had
0.64 (95% CI1 0.54-0.73), older adults with dementia but no
stroke had 1.36 (95% CI 1.20-1.53), and older adults with
stroke and dementia had 1.84 (95% CI: 1.54-2.15) ADL
limitations.

Racial Differences

Overall, blacks had 0.27 (95% CI 0.19-0.36) more unad-
justed ADL limitations than whites (P < .01). After account-
ing for sociodemographics and comorbidities, stroke had
little impact on race differences in disability (racial differ-
ence changes in ADLs = 3.70%; 95%CI 2.98%-4.43%).
Dementia had a larger impact on race differences 29.26%
(95% CI 28.53%-29.99%) that was overall unchanged with
the inclusion of the stroke and dementia interaction —1.48%
(95%CI —2.21% to —0.76%) (Table 2). Compared with
whites with stroke and dementia, blacks with stroke and
dementia had 0.33 (95% CI 0.08-0.59, P = .01) more ADL
limitations (Figure 3).

A similar pattern was observed for IADL limitations,
with the addition of dementia to the models that accounted


https://www.nhats.org/

Journal of Primary Care & Community Health

Table I. Sociodemographic Factors, Comorbidities, and Stroke and Dementia Status by Race.

Total (Survey-Weighted White (Survey-Weighted Black (Survey-Weighted

Covariate n = 3129 131), % n = 28 433 188), % n = 2862942), % P
Demographics
Age, y <.0l
65-69 27.8 27.7 29.5
70-74 24.8 24.4 28.4
75-79 19.0 19.1 17.7
80-84 14.8 15.0 13.6
85-89 9.2 9.4 7.1
90+ 4.5 4.5 37
Female 56.7 56.3 60.2 .02
Socioeconomic status
Marital STATUS
Married 57.2 59.1 38.3 <.0l
Not married 42.8 40.9 61.4
Unknown 0.05 0.03 0.3
Education <.0l
Less than high school 18.5 16.4 39.2
High school graduate 28.7 29.0 25.1
College graduate 52.6 543 353
Missing 0.3 0.3 0.4
Income <.0l
Less than $13 000 18.5 16.5 29.0
$13 001-$24 000 19.8 19.5 225
$24 001-$40 000 22.0 22.3 18.9
$40 000-$68 000 18.3 17.9 11.8
$68 001 + 214 22.8 7.7
Comorbidity count, 0-10, Mean (SD) 2.6 (1.7) 2.6 (1.5) 2.8 (2.6) <.0l
Myocardial infarction 14.2 14.3 13.1 .30
Coronary artery disease 18.0 18.2 15.6 .03
Hypertension 63.6 62.0 79.8 <.0l
Arthritis 54.1 53.9 55.9 .16
Osteoporosis 20.8 21.5 13.9 <.0l
Diabetes 22.8 21.4 37.0 <.0l
Lung disease 15.5 15.6 14.9 .53
Cancer 27.3 28.2 18.0 <.0l
Depression® 13.7 13.1 19.4 <.0l
Anxiety® 1.9 1.6 14.5 0l
Stroke 10.1 9.8 12.5 <.0l
Dementia 9.1 8.4 15.3 <.0l
Stroke and Dementia <.0l
No stroke and no dementia 83.1 83.7 76.2
Stroke but no dementia 79 7.8 8.5
No stroke but dementia 6.9 6.4 1.4
Stroke and dementia 2.2 2.0 39

0.068% missing (unweighted N = 6).
®0.099% missing (unweighted N = 8).

for sociodemographic factors and comorbidities and stroke
having had the largest reduction of the race difference
(racial difference changes in IADLs = 19.51% [95% CI
19.02%-20.01%]) with little change due to the inclusion
of stroke (2.44% [95%CI 1.94%-2.94%]) and the stroke

and dementia interaction (0% [95% CI: —0.5% to 0.5%]).
Before adjustment for covariates, blacks had significantly
greater participation restrictions in valued activities due to
health and functioning than whites (P < .01). However,
this difference no longer persisted after adjustment for
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Figure 2. Marginal effects of stroke and dementia on disability.

Description: Predicted number of activities of daily living (ADL) limitations in the overall National Health and Aging Trends Study (NHATS) cohort.

sociodemographic factors and comorbidities. There was
no statistically significant difference in the well-being
scores between blacks and whites before adjustment for
covariates. Small differences emerged after adjustment for
sociodemographic factors and comorbidities, blacks expe-
rienced greater well-being than whites (P < .01), and this
difference persisted with minimal change after further
adjustment. Finally, blacks received more hours of care-
giving than whites with the inclusion of dementia decreas-
ing the race difference in adjusted models. In the sensitivity
analysis that included each comorbidity as a separate
covariate in the model, the results were similar to those
from primary analyses (Appendix Table A2).

Discussion

In this nationally representative sample of older, commu-
nity-dwelling adults, we found that older adults with stroke
and dementia have greater disability than older adults with
either of these conditions alone. However, the amount of
disability experienced by older adults with stroke and
dementia is less than the sum of the combined contributions
from stroke and dementia. Additionally, while dementia
was an important contributor to race differences in
community-dwelling older adults, the combination of stroke
and dementia had little impact on race differences.

We found that older community-dwelling adults who
had both stroke and dementia did not have ADL limitations
that were greater than the sum of their stroke and dementia
limitations, rejecting our hypothesis. Reasons why this may
be the case warrant careful consideration. First, this could

be a true null hypothesis. Alternately, by excluding older
adults residing in nursing homes, we likely excluded the
most severely affected older adults with both stroke and
dementia.”® Second, the cross-sectional study design is a
limitation. It is plausible that on average, older adults with
both stroke and dementia were earlier in their course of
dementia relative to the dementia-only cohort. If this were
the case, it could lead to an underestimation of disability
among older adults with both stroke and dementia. Further
studies with a longitudinal design that includes older adults
residing in a nursing home are warranted to explore the
interactions between stroke and dementia and their effect on
disability.

Since the stroke-dementia interaction was less promi-
nent than hypothesized, it had correspondingly little impact
on racial differences in disability. Taken independently
from one another, stroke and dementia each impacted the
observed race differences in disability, with dementia reduc-
ing the point estimates of racial differences in disability
more than stroke. This finding may be related to the differ-
ential prevalence of stroke and dementia between the races
in our study. Whereas blacks had roughly a 30% greater
prevalence of strokes than whites (12.5% vs 9.8%), blacks
had almost twice the prevalence of dementia (15.3% vs
8.3%) compared with whites. Our findings do not suggest
that for an individual that stroke has a smaller impact on
their disability than dementia, but that stroke contributes
less to the racial differences in outcome at a population
level. As discussed previously, the cross-sectional study
design may contribute to our finding, namely racial differ-
ences between incident and prevalent stroke and dementia.
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Figure 3. Marginal differences in disability by race (black vs white).

Description: Race differences (blacks vs whites) in the predicted number of activities of daily living (ADL) limitations in those with no stroke or

dementia, stroke, dementia, and stroke + dementia.

Whereas incident stroke presents with peak disability and
prevalent stroke with lesser disability,*” incident and preva-
lent dementia have the exact opposite relationship. Because
of the cross-sectional nature of our study, it is unclear where
in the incident-prevalent time course our participants were
when their disability was measured.

Our findings have clinical and policy-relevant implica-
tions. First, given the prevalence of stroke and dementia as
well as their contribution to disability among older adults,
novel treatment strategies that prevent and reduce disability
should be encouraged. Second, known risk factors, such as
cardiovascular risk factors, that decrease the incidence of
incident and recurrent stroke and may decrease or delay the
incidence of dementia should be managed.'** Our findings
may influence the provider-patient conversation. Rather
than focus on control of vascular risk factors to promote dis-
ease prevention, control of vascular risk factors could be
framed as disability prevention, likely a more patient-cen-
tered outcome, which may result in more patient engage-
ment in self-management. From a policy perspective,
providing care for the growing number of stroke and demen-
tia survivors, many of whom will be disabled, is critical.

In addition to the limitations of our study already noted,
we used patient-reported identification of race, stroke, and
outcome measures. However, stroke diagnosis by self-
report has been shown to have relatively high fidelity in the
older population.”” Moreover, while there may be inherent
variability in self-reports, prior studies have demonstrated
the advantage of such measures of disability, as they pro-
vide a more patient-centric approach to outcomes.*’ The
NHATS team did not interview nursing home patients, lim-
iting the generalizability of our results to the community-
dwelling elderly population and likely underestimating the
disability measures. Finally, assessments of the severity of
comorbidities are not available.

In summary, among community-dwelling older adults,
we found that stroke and dementia were associated with
greater disability than either condition alone, but less than
expected. Stroke, and to a greater extent dementia, con-
tribute to race differences in disability among older com-
munity-dwelling adults. Future studies should include
older adults residing in nursing homes and incorporate a
longitudinal study design to understand the full scope of
disability.
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Appendix

Table Al. Nonresponse Percentage of Missing Cases for Each Variable.

Variables N (weighted %)
ADL 7 (0.094)
Eating 1 (0.03)
Bathing 0(0)
Toileting 6 (0.084)
Dressing 0 (0)
Getting out of bed 3 (0.058)
Getting around inside house 2 (0.047)
Getting outside one’s house 0 (0)
IADL 0 (0)
Laundry 0 (0)
Shopping 0 (0)
Preparing meals 0 (0)
Bank 0 (0)
Medication 0 (0)
Participation restrictions I'1(0.16)
Visit family/friend 7 (0.1)
Religious services 5 (0.083)
Participate in club/class 4 (0.061)
Fun outside 6 (0.088)
Well-being index 491 (5.26)
Caregiving quantity 27 (0.37)
Marital status 7 (0.06)
Comorbidity
Myocardial infarction 7 (0.12)
Coronary artery disease 15 (0.22)
Hypertension 10 (0.17)
Arthritis 16 (0.25)
Osteoporosis 24 (0.32)
Diabetes 2 (0.0079)
Lung disease 5(0.12)
Cancer 3 (0.047)
Depression (PHQ-2 =3) 6 (0.068)
Anxiety (GAD-2 =3) 8 (0.099)
Education 9 (0.27)

Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living; PHQ-2, Patient Health Questionnaire-2; GAD-2, Generalized
Anxiety Disorder—2.
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