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The Disability Burden Associated With Stroke Emerges
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Background. Few longitudinal studies compare changes in instrumental activities of daily living (IADLs) among
stroke-free adults to prospectively document IADL changes among adults who experience stroke. We contrast annual
declines in IADL independence for older individuals who remain stroke free to those for individuals who experienced
stroke. We also assess whether these patterns differ by sex, race, or Southern birthplace.

Methods. Health and Retirement Study participants who were stroke free in 1998 (n = 17,741) were followed through
2010 (average follow-up = 8.9 years) for self- or proxy-reported stroke. We used logistic regressions to compare annual
changes in odds of self-reported independence in six IADLs among those who remained stroke free throughout follow-up
(n = 15,888), those who survived a stroke (n = 1,412), and those who had a stroke and did not survive to participate in
another interview (n = 442). We present models adjusted for demographic and socioeconomic covariates and also strati-
fied on sex, race, and Southern birthplace.

Results. Compared with similar cohort members who remained stroke free, participants who developed stroke had
faster declines in IADL independence and lower probability of IADL independence prior to stroke. After stroke, inde-
pendence declined at an annual rate similar to those who did not have stroke. The black-white disparity in IADL inde-
pendence narrowed poststroke.

Conclusion. Racial differences in IADL independence are apparent long before stroke onset. Poststroke differences
in IADL independence largely reflect prestroke disparities.
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Received November 3, 2012; Accepted October 29, 2013

Decision Editor: Stephen Kritchevsky, PhD

NDEPENDENCE in instrumental activities of daily liv-

ing (IADLs) is an essential component of health in middle
and older age. People with more independence in carrying
out IADLs—tasks like managing money, grocery shopping,
using a map, talking on the telephone, preparing meals, and
managing medications—have better self-reported subjec-
tive health measures including quality of life and self-rated
health (1-3) as well as more objective health outcomes like
lower mortality risk (4-6). IADL dependence also imposes
a substantial burden on caregivers and health service pro-
viders: individuals with IADL dependence often require
help from others (7) and those with IADL limitations incur
roughly $2,000 more annually to Medicare Part A com-
pared with individuals with no disability (8).
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Although TADL independence typically declines with
age (9), such declines may be accelerated by onset of acute
medical events such as stroke (10,11). Studies of rehabilita-
tion and health poststroke very commonly use IADLs as an
outcome measure since strokes may affect one’s ability to
carry out physically and cognitively demanding tasks like
IADLs (11-13). However, studies that only consider IADLs
poststroke, without describing the trajectory of IADL
changes prior to stroke, may be inadequate to describe the
effect of stroke onset on a person’s IADLs. Several stud-
ies have found pre-event disability associated with onset
and mortality from acute health events, such as myocardial
infarction (14,15) or stroke (16-20). However, these prior
studies have looked only at basic activities of daily living.
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To our knowledge, no study has prospectively described
changes in IADL independence prior to and following
stroke onset. Such evidence is essential to understand how
the consequences of stroke differ by patient characteristics
such as sex, race, or geographic area of residence. Although
there are noted differences in stroke outcomes by demo-
graphic characteristics (21-26), it is yet unknown if these
differences merely reflect patterns that prevailed prior to
stroke or result from differences in the consequences of
stroke per se.

We used data from the U.S. Health and Retirement
Study (HRS), a nationally representative sample of adults
aged 50+, to assess trends in independence in six IADLs
by stroke status over 12 years of follow-up. We compared
IADL trends between respondents who did not have a
stroke during follow-up to those who reported a stroke dur-
ing follow-up. We also described IADL trends among those
who had a stroke by their mortality status poststroke. We
hypothesized that (i) even before stroke, declines in IADL
independence accelerate as the date of stroke approaches;
(i) among stroke survivors, independence is lower after
stroke compared with before the stroke; (iii) among stroke
survivors, IADL independence continues to decline dur-
ing the years after stroke; and (iv) the effects of stroke on
IADL disability will be larger for individuals at higher risk
of stroke onset (men compared with women; blacks com-
pared with whites; those born in the South compared with
non-Southerners).

METHODS

HRS was initiated with enrollments in 1992, 1993, and
1998 to create a nationally representative cohort of commu-
nity-residing U.S. adults born 1947 or earlier. Spouses of age-
eligible respondents were also enrolled, regardless of age.
Details of the study are provided elsewhere (27,28). Biennial
interviews, typically via phone, are ongoing, with retention
rates, through 2008, more than 80%. Respondents are fol-
lowed even if they became institutionalized. After death,
proxies are contacted to provide “exit interviews,” which
include major health events that preceded the participants’
death (eg, stroke). HRS was approved by the University of
Michigan Health Sciences Human Subjects Committee, and
these analyses were determined exempt by Harvard School
of Public Health Office of Human Research Administration.

In the current analyses, we included white and black HRS
participants born between 1900 and 1947 who participated
in the 1998 interview wave. There were 19,991 age-eligible
respondents in 1998. We excluded 1,422 (7.1%) respond-
ents who reported a diagnosis of stroke at the baseline
(1998) interview, 644 (3.2%) who reported a race other than
white or black, and 184 (0.9%) individuals whose covariate
information was incomplete. In our final analyses, 17,741
individuals contributed person-time; respondents were fol-
lowed through 2010.

Assessment of Stroke

Onset of stroke between 1998 and 2010 was assessed
biennially by the respondent’s self-report of a doctor’s
diagnosis of stroke (“Has a doctor ever told you that you
had a stroke?”). Prior analyses of self-reported strokes
in HRS found that the self-reported stroke incidence was
similar to other studies of similar aged individuals that
used physician-verified strokes, and major stroke risk fac-
tors also predicted similarly (29); this evidence suggests
that self-reported stroke in HRS may be a sensitive meas-
ure, although we acknowledge it does not fully address the
limitations of self-reported stroke. For participants who had
died and those unavailable for a direct interview, interviews
were conducted with proxy informants, typically spouses.
No information on stroke subtypes was obtained; transient
ischemic attacks were not coded as strokes. We used the
month and year of participants’ first stroke to character-
ize respondents with respect to months-until-stroke and
months-since-stroke trajectories; we did not “restart the
clock” for respondents who reported a subsequent stroke.
We classed people into three categories: never stroke (no
event recorded during the HRS follow-up period), stroke
survivors (stroke reported during follow-up and respond-
ent survived to participate in a subsequent interview), and
stroke decedents (stroke reported during follow-up, but
respondent did not survive to participate in a subsequent
interview; decedents include people who died from any
cause, including but not restricted to stroke).

Participants or their proxies were asked the month and
year of their stroke. For each biennial interview, we cal-
culated the months-until-the-stroke date and months-since-
the-stroke date. We estimated the association between
IADL independence and the months-until and months-
since-stroke variables. All coefficients were converted from
months into years, in order to facilitate comparison with
rate of change in IADL independence among stroke-free
participants per year of age.

Of the stroke date information, only month was miss-
ing for 16.6% of events; an additional 6.7% of events were
missing both month and year. For these events, we used the
midpoint of the last known stroke-free date and the date
when the stroke was first reported, based on all available
biennial interviews and any date information provided, as
the date of stroke. The extent of missing information on the
date of event was greater among stroke survivors than dece-
dents (% imputed: decedents = 9.9%, survivors = 18.6%;
p <.01). We repeated primary analyses excluding individu-
als with uncertain stroke dates; results were very similar
in magnitude and significance (Supplementary Appendix
Table A).

Instrumental Activities of Daily Living
Respondents were asked at each wave of interviews
if, because of a health or memory problem, they had
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difficulties with each of six IADLs (taking medications as
prescribed, grocery shopping, using the telephone, using
maps, preparing meals, managing money) in the prior
30 days. Respondents reported whether they had difficulty
with each IADL by answering: yes, no, cannot do, or do
not do. For comparability with prior research, we used the
RAND version of these variables, which dichotomized
the response categories to no difficulty (“no”) versus dif-
ficulty (“yes” or “cannot do”) for each IADL; “do not do”
responses (<0.05% per wave) were considered missing. We
also created an indicator variable for any IADL difficulties
(ie, O difficulties vs 1+ difficulties), based on the RAND
summary item. These questions were asked consistently at
each wave of survey administration from 1998 to 2010.

Covariates

We considered demographic and socioeconomic covari-
ates that potentially confound the relationship between
IADLs and stroke. Demographic characteristics included
patients’ age, race (white/black; white as reference),
Hispanic ethnicity (yes or no), sex (male or female), mari-
tal status (married, never married, divorced/separated,
or widowed), height (30,31), and Southern birthplace
(defined as Census region and categorized yes or no) (32).
Socioeconomic variables included socioeconomic position
currently (years of education and natural log of per capita
household wealth) and in childhood (height (31) and mater-
nal education unknown or <8 vs 28 years). We set mother’s
education to the reference group (<8 years) for the 10.6% of
respondents who did not report it and included an indicator
of this imputation in regression models. All measures were
assessed at baseline. Continuous variables were centered at
the group mean; for categorical variables, the most preva-
lent group was used as the reference value.

Methods of Analysis

We used repeated-measures logistic regression to model
independence trajectories. Changes in IADL independence
were estimated by time-updated age among those who did
not develop stroke during follow-up, and using the calcu-
lated time until and time since stroke for those who devel-
oped stroke during follow-up. The estimated equation is
presented in Supplementary Appendix B with specific atten-
tion to the terms of the model that test our four hypotheses.
Briefly, the “Years Until Stroke” terms test Hypothesis 1;
the “Stroke” term tests Hypothesis 2; and the “Years Since
Stroke” term tests Hypothesis 3. The time terms (e.g., time-
until-stroke, time-since-stroke) are included as linear terms;
we tested alternative functional forms (quadratic and cubic)
and found linear forms best fit these data. Primary analyses
were conducted in SAS 9.3 with PROC GENMOD (SAS,
Cary, NC) using a logit link, specifying repeated measures
on individuals (ie, generalized estimating equation model);

these models estimate the change in probability status over
time and not time-to-incident disability. Results reflect
robust variance estimates and the 1998 (baseline) sampling
weights. HRS used a multistage, clustered sample design,
but the estimated design effects for the association between
IADLs and stroke timing are very small. Thus, our analytic
models account for repeated measures on the same individ-
ual (ie, generalized estimating equation estimates) but not
for sample design clustering. The HRS sampling weights
were applied to make the population representative of the
1998 U.S. population born 1947 or earlier.

We present adjusted odds ratios (ORs) for odds of inde-
pendence in IADLs; for interpretation, ORs <1 reflect lower
odds of independence (ie, worse health, more disability),
and ORs >1 reflect higher odds of IADL independence (e,
better health, less disability). ORs may be misleading when
the outcome is common (as is independence in IADLs). To
illustrate patterns visually, predicted probabilities of inde-
pendence for each IADL (defined as predicted odds/[1 +
predicted odds]) are estimated from this model and plot-
ted for a reference category: a 75-year-old, white, married
woman who was not born in the South, whose mother had
<8 years of education, who herself had 12 years of educa-
tion, was 1.7 m tall, with per capita household wealth of
$172,407. We consider how demographic factors may mod-
ify IADL trajectories using an indicator of difficulty with
any of the TADLSs as the outcome measure. We show models
for the odds of any IADL limitation stratified by sex, race,
and Southern birth; these test Hypothesis 4. Specifically,
we estimated the probabilities with bootstrapped standard
errors using 2,000 replications of a normal bootstrap pro-
cedure and tested the null hypothesis that the difference in
the probabilities between strata was 0. The similarity of pat-
terns between the individual IADL activities suggested it
was reasonable to collapse the individual IADL activities
into a single, dichotomous indicator. In sensitivity analyses
to address the possibility that selected survival poststroke
biased our estimates of IADL independence poststroke, we
also estimated similar models stratified by number of waves
of follow-up (Supplementary Appendix C).

RESsuULTS

Respondents were followed for an average of 8.9 years.
Participant characteristics at baseline are summarized in
Table 1 by stroke status during follow-up: those who sur-
vived their stroke (“survivors,” n = 1,412); those who had a
stroke and died before the next follow-up (“decedents,” n =
441); and those who remained stroke free (n = 15,888) dur-
ing the course of this study.

Overall, women, non-whites, and Southern-born indi-
viduals had lower odds of IADL independence (Table 2).
Comparison of the rates of change in IADL independence
among those who remain stroke free, stroke survivors, and
stroke decedents are presented for each IADL in two ways:
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probabilities of independence plotted for the reference cat-
egory (defined above) in Figure 1 and precise coefficients
(ORs and confidence intervals [Cls]) in Table 2.

Those who remained stroke free during follow-up had a
9% decreased odds of independence in managing medica-
tions for each additional year of age (OR = 0.91, 95% CI:
0.91, 0.92) (Table 2). Individuals who subsequently had
a stroke averaged significantly steeper annual declines in
independence compared with those who remained stroke
free, both among those who survived the stroke (OR =0.78,
95% CI: 0.72, 0.88) and those who died after stroke (OR
=0.74, 95% CI: 0.66, 0.83) (supporting Hypothesis 1). In
other words, stroke decedents had a 26% annual decline in
odds of independence managing medications associated
with each year leading up to stroke, compared with an 8%
annual decline in odds of independence in similar aged
individuals who remained stroke free. As a result of this
steeper decline, those who had a stroke had lower levels

of TADL independence just prior to stroke compared with
comparable aged individuals who remained stroke free; for
example, a 75-year-old person on the brink of stroke had
46% lower odds of independence managing medications
than an otherwise similar participant who remained stroke
free throughout follow-up (OR =0.54, 95% CI: 0.43, 0.69).
Among those who died after stroke, the odds of independ-
ence in managing medications just prior to stroke was 77%
lower than the odds of independence among those who
remained stroke free. As shown in Figure 1, although the
differences in independence were quite far from the null
when expressed as ORs, all participants had high levels
of independence in managing medications regardless of
stroke status. For example, the absolute difference in the
predicted probability of independence between stroke sur-
vivors (probability = .922) and those who remained stroke
free (probability = .956) of reference age and characteristics
is 3.5 percentage points. For those who survived the stroke,
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Figure 1. Predicted probabilities of independence in each activity of daily living (ADL): (a) dressing, (b) eating, (¢) walking, (d) transferring to/from bed, (e)
bathing, (f) managing money, by stroke status over follow-up (never/survivor/decedent)—Health and Retirement Study, 1998-2010. Reference group is defined as
75-year-old, white, married women who were born in the South, whose mothers had <8 years of education, who themselves had 12 years of education, who were 1.7
m tall, and with household wealth of $172,407. Vertical line represents the transition at the time of stroke for stroke patients, with predicted probabilities of independ-

ence modeled for someone whose stroke occurred at age 75.
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the stroke itself was associated with a 52% decline in odds
of independence in managing medications (OR =0.48, 95%
CI: 0.39, 0.61) (supporting Hypothesis 2). After the stroke,
the odds of independence continued to decline annually
(OR = 0.92, 95% CI: 0.90, 0.95) (supporting Hypothesis
3). The rate of the decline in independence poststroke was
significantly slower (in multiplicative terms) than the rate
of decline prior to stroke and similar to the average annual
age-related decline in IADL independence seen in those
who remained stroke free throughout follow-up (OR =0.91,
95% CI: 0.91, 0.92).

The pattern was similar for other IADL outcomes, with
accelerated decline prior to stroke, especially among those
who did not survive stroke; substantial decline at the time
of stroke; and relatively slower poststroke declines. For
example, the estimated decrements in IADL independence
associated with the stroke itself were very consistent across
the six outcomes (eg, with absolute declines ranging from
6.7 to 11.8 percentage points), as were the annual rates of
change (Table 2). However, the absolute levels of independ-
ence were lower for reading maps: on average, 3 years after
stroke, someone who survived a stroke had an estimated
probability of independence using a map of .62, compared
with a probability of .82 for managing money (Figure 1).

Among individuals who remained stroke free, the rates of
change in all JADL independence (ie, odds of independence
in all 6 IADLs) were similar by sex, race and Southern birth
status: coefficients are presented in Table 3 and predicted
probabilities for reference groups are plotted in Figure 2. For
example, the annual decline in odds of independence in all
IADLs was 8% for stroke-free women (OR = 0.92, 95% CI:
0.91, 0.92) and 7% for stroke-free men (OR = 0.93, 95% CI:
0.92,0.93). However, the decrement associated with the stroke
was a 9.5 percentage point decrease in probability of JADL
independence for men (Figure 2a) but 15.7% decrease for
women (Figure 2b), although this difference could be due to
chance (test of difference: p > .1). Compared with those who
remained stroke free, both white and black stroke survivors
had lower levels of independence prior to stroke. However,
the magnitude of the gap between those who were about to
have a stroke from those who remained stroke free was larger
for blacks than whites: prior to stroke, blacks had a 47% lower
odds of IADL independence than blacks who remained stroke
free (OR = 0.53, 95% CI: 0.37, 0.71). In contrast, prior to
stroke, whites who survived a stroke had 33% lower (OR =
0.67, 95% CI: 0.57, 0.79) odds of IADL independence just
prior to stroke compared with whites who remained stroke
free. In absolute terms, the difference in probability of IADL
independence between stroke-free and stroke survivors was
13 percentage points for non-whites (Figure 2c) and 6.7 per-
centage points for whites just prior to stroke (Figure 2d) (test
of difference: p < .05). The magnitude of these prestroke
differences transmitted to the poststroke population: though
non-white stroke survivors averaged lower poststroke inde-
pendence than white stroke survivors, this difference was not

Table 3. Odds Ratios (ORs) and Confidence Intervals (Cls) for Independence in all IADLs by Stroke Status and Timing, Stratified by Demographic Characteristics (sex, race, Southern birthplace)

Non-Southern Born Southern Born
OR

White

Non-White

Male

Female

95% CI
(obs = 25,461)

OR

95% CI
(obs = 137,034)

95% CI

(obs = 140,146)

OR

95% CI
(obs =22,349)

OR

95% CI
(obs =70,461)

OR

95% CI
(obs = 94,495)

OR

3.75 4.59 5.29 4.70 5.96 3.49 2.82 4.31 432 3.93 4.74 4.26 3.88 4.67 3.68 3.03 4.47

4.15

Intercept

Age, centered at 75

0.94
0.97
1.03
0.85
0.88
0.75
0.98
0.83
0.87

0.92
0.92
091
0.42
0.73
0.36
0.86
0.21
0.69

0.93
0.94
0.97
0.60
0.80
0.52
0.92
0.42
0.78

0.92
0.96
0.98
0.76
0.87
0.64
0.92
0.50
0.84

091

0.92
0.95
0.96

0.92
0.95
0.98
0.79
0.86
0.64
0.92
0.49
0.83

0.91
0.93
0.94
0.57
0.78
0.46
0.87
0.26
0.73

0.92
0.94
0.96
0.67
0.82
0.54
0.89
0.36
0.78

0.96
0.99
0.99
0.77
0.95

0.94
0.95
0.91
0.37
0.80
0.37
0.86
0.27
0.73

0.95
0.97
0.95
0.53
0.87
0.54
0.92
0.48
0.82

0.93
0.96
1.00
0.89
0.88
0.75
0.93
0.70
0.88

0.92
0.93
0.92
0.56
0.75
0.49
0.85
0.27
0.71

0.93
0.94
0.96
0.71
0.81
0.61
0.89
0.43
0.79

0.92
0.96
0.98
0.72
0.88
0.61
0.95
0.50
0.84

0.91
0.93
0.93
0.49

0.92
0.95
0.96
0.60
0.84
0.50
0.91
0.35
0.78

Never stroke

0.93
0.93
0.55
0.80
0.47
0.87
0.27
0.74

Age at stroke, survivor

Age at stroke, decedent

Ever stroke survivor

0.65
0.84
0.55
0.90
0.37
0.79

0.80
0.41
0.88
0.25

Years until stroke

Stroke

0.76
0.99
0.86
0.92

Years since stroke
Ever stroke decedent

0.72

Years until stroke

Notes: Dependent variable is a binary indicator of reporting difficulty with any of the six IADL tasks (medication, maps, phone, money, shopping, and cooking meals). Stroke-free respondents are the reference. ORs
reflect odds of IADL disability, adjusted for covariates: race (whites reference), sex (female reference), Southern birth (non-Southern as reference), height (m), marital status (divorced, widowed, never married; married

reference), wealth (mean centered), own education (years), mother’s education (>8/<8 years), missing indicator for mother’s education. Age for never stroke reflects the annual age-related change in IADL independence;

age at stroke is fixed at the age of stroke and reflects the differential in IADL independence between a stroke/survivor decedent just prior to stroke and a similar aged, never stroke respondent. In this model, “Years After

Stroke” is set to zero for assessments that occurred before stroke and ranges from 0.04 to 10.4 y for assessments after stroke. The variable “Years Before Stroke” is set to zero for assessments that occurred after stroke and

ranges from —9.5 to —0.001 for assessments prior to stroke. The coefficient for “Years After Stroke” describes the annual change in log odds of disability after stroke. The coefficient for “Years Before Stroke” describes

the change in log odds of disability in each year leading up to stroke. IADLs = instrumental activities of daily living; obs = the total number of person-observations in the analysis.
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attributable to the effects of stroke. Rather, this difference
emerged prior to stroke and was actually slightly smaller after
stroke: 3 years prior to stroke, whites who later experienced
stroke had 0.102 percentage point higher independence than
blacks (p < .001), whereas 3 years after stroke, this gap was

only 0.091 percentage points (p > .1; test of difference, p <.1).
On the other hand, the gap in IADL independence between
Southern and non-Southern born was wider after stroke
(Figure 2e and f), although this change was not statistically
significantly different from zero (test of difference: p > .1).
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Figure 2. Predicted probabilities of independence in all activities of daily living (ADLs; an indicator of self-reported difficulty with any of the six individual
instrumental activities of daily living [IADLs]) stratified by demographic factors (sex, race, Southern birth): (a) female, (b) male, (¢) blacks, (d) whites, (e) non-
Southern birth, (f) Southern birth, by stroke status over follow-up (never/survivor/decedent)—Health and Retirement Study, 1998-2010. Reference group is defined
as 75-year-old, white, married women who were born in the South, whose mothers had <8 years of education, who themselves had 12 years of education, who were
1.7 m tall, and with household wealth of $172,407. Vertical line represents the transition at the time of stroke for stroke patients, with predicted probabilities of inde-

pendence modeled for someone whose stroke occurred at age 75.
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DiscussioN

This large, prospective, observational study offers novel
evidence indicating differences in IADL independence are
apparent years before onset of stroke. We found that those
people who experienced stroke had more notable IADL
limitations years prior to their stroke, compared with simi-
larly aged respondents who remained stroke free during
follow-up. Prestroke differences were especially marked
for non-whites, among whom odds of independence was
much lower than among similar individuals who remained
stroke free. Among stroke survivors, IADL independence
declined dramatically at the time of stroke and continued
to decline after the stroke; poststroke decline occurred at
a rate similar to the age-related decline among stroke-free
participants.

Study Limitations

Our study relies on self- or proxy-reported strokes, lacks
information on stroke subtype, and has missing data on date
of stroke for some respondents. Prior research shows simi-
lar stroke incidence rates in HRS compared with cohorts
using physician-verified stroke (29). Our sensitivity analy-
ses based on complete cases (see Supplementary Appendix
Table A for missing data analyses) suggested missing
stroke date data did not substantially affect our findings.
IADL data were either self- or proxy reported. The number
of proxy reports of IADLs was small (8%) and not likely
to introduce considerable bias. Also, measuring IADLs
as a dichotomous variable may obscure subtle differences
in disability that might be detected with an ordinal Likert
scale. We focus here only on IADLs, as we are limited by
measures in the HRS to examine for more complex physi-
cal functioning phenomena like frailty and timing of stroke.
Finally, there may be selection bias in comparisons of
stroke-free to stroke survivors across demographic charac-
teristics because all of the characteristics we examined are
themselves associated with stroke (33). To the extent that
there are unobserved causes of stroke, which also influence
IADL independence, the patterns we observe will not cor-
respond to the causal effects of each demographic factor
on independence among stroke patients. This potential bias
may be even more complex when considering stroke sur-
vivors, if there are any factors that influence survival and,
among survivors, influence disability. However, this limita-
tion is unavoidable in research on determinants of stroke
outcomes. Plausible unmeasured factors that may affect
both stroke and IADL independence include both genetic
and environmental exposures.

In spite of these limitations, this study has many strengths
and extends the existing research on the effects of cerebro-
vascular disease on IADL independence. In particular,
the longitudinal design enabled prospective assessment of
TADLSs prior to stroke; this is in contrast to many studies of
stroke that are limited to either retrospective measures or no

measures of prestroke characteristics. Because of the large
HRS sample, we had sufficient events to estimate associa-
tions of interest within major demographic strata. Finally,
a nationally representative cohort such as HRS enhances
generalizability of these findings; the majority of prior
stroke research has focused on regional or geographically
constrained samples.

Comparisons to Prior Research

Extensive prior research indicates that dependence in
IADLSs predicts adverse future health outcomes and qual-
ity of life. We note that IADLs are a single component of
a larger, complex process of ability and physical func-
tion, of which many measures have been associated with
cardiovascular disease risks and outcomes. For example,
frailty is commonly associated with presence of cardio-
vascular disease risk factors (34-37). However, to our
knowledge, our study is the first study regarding IADL
independence and before and after stroke, and we discuss
our results in comparison to other work in IADLs to the
extent that there is relevant literature to do so. We found
a faster IADL decline and lower level of independence
associated with onset stroke. We also add to the literature
by estimating associations for individual IADLs rather
than an index of IADL independence that aggregates dif-
ferences among the IADL outcomes. The study fits into
a small but growing literature challenging the conven-
tional view that disability emerges after acute onset con-
ditions such as myocardial infarction, as in other work,
and stroke, as in this analysis. We find that what is often
thought of as stroke-related disability actually precedes
stroke onset, requiring further interpretation. This evi-
dence suggests that covert cerebrovascular disease may
be compromising independence even prior to diagnosis
of stroke. Considerations include the possibility that peo-
ple who suffer strokes may have prior IADLs limitations
related to other comorbidities such as hypertension or car-
diac disease, which in turn may make them more suscep-
tible to suffering a stroke. We tested whether such chronic
conditions affected our primary results and we found they
did not change the patterns significantly (Supplementary
Appendix E). Additionally, lower literacy levels, which
may differentially affect black and Southern-born elderly
persons, given historical differences in school quality
(38,39), may negatively impact people’s ability to per-
form some of the measured IADL such as reading a map.

Mobility disability has been associated with risk of stroke
(16-19) onset; other studies with similar designs have found
similar results with myocardial infarction (14,15). This find-
ing is especially important when considering disparities in
the burden of stroke. Although blacks in general have worse
stroke outcomes than whites, our results suggest that this
primarily reflects prestroke disparities. The black-white
gap in disability was actually slightly narrowed after stroke.
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Interpretation of this result should acknowledge that the bur-
den of stroke in black populations is nonetheless differen-
tially high because blacks consistently experience elevated
incidence rates. Critically, blacks who subsequently had
stroke had much higher levels of disability than blacks who
did not experience stroke during our follow-up. This suggests
that higher comorbidity burdens, lower levels of literacy, and
other factors not identified in this study may be having espe-
cially adverse consequences for blacks. Approximately 40%
of black men aged 20+ in the United States are hypertensive,
and only 25% of black male hypertensives have blood pres-
sure within recommended levels of control (40). Our results
reemphasize the urgent need for more aggressive attention
to indicators of stroke risk factors and subtle cerebrovascular
disease in blacks without diagnosed stroke.

Future Directions and Implications

There is some evidence that the changes between
IADLs before and after stroke varied by age. Future stud-
ies should extend these results by testing whether these
patterns are similar when stratified by age. Other meas-
ures of ability and function, such as frailty, may be impor-
tant to consider with respect to before and after stroke.
Study designs that are able to disentangle the temporality
of ADLs and IADLs to estimate these associations inde-
pendently may also be important to identify the precise
disability trajectories prior to and after stroke. This is
especially true with respect to health disparities, disability
and stroke. Moreover, it remains to be seen whether other
characteristics that are associated with stroke, such as
socioeconomic and health characteristics (17), may mod-
ify the patterns we report here. This study looked at first
strokes; future work might consider how these trajectories
are affected by a second stroke, as multiple strokes are
common among survivors. This is especially relevant for
understanding inequalities in poststroke disability. These
results are descriptive and not causal; however, the clini-
cal implications of these results suggest that much of the
poststroke TADL limitation burden is less a function of the
stroke and was instead apparent long prior to the stroke
onset. Clinically, our findings emphasize the important
role of prevention and treatment of cerebrovascular dis-
ease risk factors among individuals never diagnosed with
stroke. To eliminate the disability burden of cerebrovas-
cular disease, we must begin well before stroke diagnosis.

SUPPLEMENTARY MATERIAL

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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