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Background and Purpose Previous studies have
suggested that recovery of cognitive function after
stroke is maximal within the first 3 months after onset.
We performed the present study to investigate the long-term course
and clinical correlates of improvement in generalized cognitive
function after ischemic stroke.Methods We administered a battery of
neuropsychological tests to 151 patients (age, 70.4+7.7 years;
education, 10.4+4.6 years) at 3 months and then annually after
stroke. We transformed their test results into z scores based on the
performance of a stroke-free normative group, averaged those
scores to create a summary score, and defined improvement in
annual examinations as an increase in that summary score greater
than two standard deviations above the mean first annual change of
the normative group. We then used logistic regression to determine
whether stroke location, syndrome, or recurrence; vascular risk
factors; dementia status; depression; or demographic variables were
associated with improvement.Results We found that 19 of the 151
patients exhibited improvement, which was evident only at the first
annual examination in most cases. Logistic regression determined
that improvement was significantly related to left hemisphere
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infarction relative to brain stem/cerebellar infarction (odds ratio [OR],
5.57), while the presence of a major hemispheral stroke syndrome
showed a trend toward significance (OR, 3.32). Diabetes mellitus
was significantly associated with a failure to exhibit improvement
(OR, 0.12). Based on the logistic model, the probability of long-term
improvement would be 54.0% for a patient with a left hemisphere
infarct and a major hemispheral syndrome but only 11.9% if diabetes
was also present.Conclusions Long-term improvement in
generalized cognitive function may be evident after stroke in
association with left hemisphere infarction and severe hemispheral
syndromes, while it may be compromised by diabetes, possibly
because of an increased burden of cerebrovascular disease.
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t is understood that stroke frequently produces cognitive

dysfunction. Among numerous studies focusing on that topic, we

found that 35.2% of a sample of 227 stroke patients examined 3
months after stroke failed 4 or more of the 17 neuropsychological
measures that they were administered while only 3.8% of a sample
of 240 stroke-free control subjects met that criterion, with stroke-
related cognitive impairment significantly associated with functional
dependence after hospital discharge.! Regarding severe cognitive
impairment, we diagnosed stroke-related dementia in 16.3% of the
227 stroke patients at that same examination,” and other groups
have reported an elevated risk of dementia associated with
cerebrovascular disease in medical inpatient® and community-



based* ° © samples. Although long-term prospective studies of
cognitive function after stroke have been performed to investigate
cognitive decline’ and incident dementia,® © 19 ' studies of recovery
have tended to focus on improvement in specific cognitive functions
occurring within the first 3 months after stroke.’? 13 14

We performed the present study to determine whether long-term
improvement in generalized cognitive function can occur after stroke
and to identify clinical characteristics that might be associated with
improvement. Regardless of whether long-term improvement in
cognitive function would be evident or clinical predictors identifiable,
however, the results of our investigation should permit more accurate
determinations regarding the prognosis for cognitive recovery of
patients after stroke.

SUBJECTS AND METHODS

Subjects

As part of a prospective study of stroke and dementia,® we examined
151 patients (age, 70.4+7.7 years; education, 10.4+4.6 years) at 3
months and then annually after ischemic stroke. Those patients were
selected from a larger sample of 251 consecutively admitted patients
>60 years of age who were examined 3 months after stroke. The
remaining patients were excluded because they did not receive a
complete neuropsychological evaluation at the 3-month and/or one
subsequent annual examination (n=76) or because they had
received a diagnosis of possible Alzheimer's disease with stroke
based on a premorbid history of functional impairment and baseline
neuropsychological testing consistent with dementia (n=24). Patients
who had received a diagnosis of possible Alzheimer's disease with
stroke were excluded because the course of gradually progressive



cognitive decline that is typically evident in Alzheimer's disease
could have compromised our ability to identify any long-term
improvement in cognitive function that might occur after stroke.

To derive an estimate of the amount of variation in
neuropsychological test performance that might be expected during
the course of 1 year in elderly subjects free of stroke, we also
examined 192 stroke-free nondemented control subjects (age,
71.0+£6.2 years; education, 13.0+4.1 years) at baseline and then 1
year later. They were selected from a larger cohort of 249 subjects.
The remaining subjects were excluded because they did not receive
complete neuropsychological evaluations at the baseline and/or the
first annual examination (n=48) or because they had received a
diagnosis of probable Alzheimer's disease based on a history of
functional impairment and baseline neuropsychological testing
consistent with dementia (n=9). The majority of the control sample
was randomly selected from Medicare records and a commercial list,
while the remainder of the sample was composed of volunteers from
the community and spouses of stroke patients.

This study was approved by the institutional review board of our
medical center and all subjects provided informed consent.

Test Instruments

Cognitive testing was performed in either English or Spanish,
depending on the language spoken in the subject's home. We
administered a battery of neuropsychological tests developed for use
in epidemiological studies of dementia’® to all subjects. Given that
this battery was designed for use in the diagnosis of dementia rather
than simply the assessment of demented patients, most of these
tests were challenging and not subject to a ceiling effect in our
sample. This battery included measures of verbal and nonverbal
memory (the Selective Reminding Test and a multiple-choice



recognition version of the Benton Visual Retention Test), orientation
(the Mini-Mental State Examination orientation subtest), language (a
15-item version of the Boston Naming Test, letter and category
fluency tests, and the repetition and complex ideation subtests of the
Boston Diagnostic Aphasia Examination), visuospatial function (the
Rosen Drawing Test and a multiple-choice matching version of the
Benton Visual Retention Test), verbal and nonverbal abstract
reasoning skills (the Similarities subtest of the WAIS-R and the
|dentities and Oddities subtest of the Mattis Dementia Rating Scale),
and attention (cancellation tasks using shapes and letters as
targets).

Additional Procedures

Neurologists specializing in stroke documented any history of stroke,
transient ischemic attack, or exposure to risk factors for
cerebrovascular disease based on a structured interview
administered to all patients and/or review of medical records. Based
on the review of clinical features and CT scans performed
immediately after stroke, patients were classified by infarct location
and stroke syndrome using a modification of the methods of the
Stroke Data Bank.'® Infarct location was classified as left
hemisphere, right hemisphere, or brain stem/cerebellar. Presenting
stroke syndrome was classified as major hemispheral or other,
reflecting the range and severity of neurological deficits.
Classifications of stroke location and syndrome were made
independently of the neuropsychological test results. Additional

information regarding our methods is available in other publications.?
17

Statistical Analyses



To determine whether any selection bias might have resulted from
the exclusion of a large proportion of the stroke patients in the
baseline cohort, X2 analyses were performed to compare the
patients who were excluded from this study with those patients who
were included with regard to demographic variables (ie, age,
education, race, and sex); vascular risk factors (ie, hypertension,
diabetes mellitus, cardiac disease, hypercholesterolemia, consistent
cigarette use, and consistent alcohol use); prior stroke; prior
transient ischemic attack; stroke location (ie, left and right
hemispheres versus brain stem or cerebellum); severity of
presenting stroke syndrome (ie, major hemispheral syndrome versus
other); aphasia (ie, mild or moderate severity of any subtype of
aphasia versus the absence of aphasia, with severely aphasic
subjects having been excluded from enroliment in the larger study);
neglect; dementia status, diagnosed using operationalized methods
described previously? ; depression, diagnosed using the Hamilton
Depression Rating Scale’® and classified as present using a
modification of a standard diagnostic system'® in which we required
a total score of =7 and acknowledgment of any degree of depressed
mood; medication use at 3 months after stroke (ie, medications
administered to reduce the risk of stroke recurrence, including
warfarin and aspirin; medications for the treatment of hypertension,
diabetes mellitus, and cardiac disease; and a pooled grouping of
other medications); recurrent stroke during follow-up; and other
intercurrent illness during follow-up (ie, the occurrence or
exacerbation of any medical or neurological disorder resulting in
patient hospitalization, excluding recurrent stroke). We then
performed a logistic regression analysis to determine whether any of
the variables found to be related in the univariate analyses (P<.10)
would be independently related to exclusion from this study. Subjects



excluded because of a diagnosis of Alzheimer's disease with stroke
were not relevant for these analyses.

Because we administered multiple neuropsychological measures
within most cognitive domains, we transformed the raw test scores
for all subjects into z scores based on the performance of the control
group during their baseline assessment and then averaged those z
scores within each domain. When different numbers of verbal and
nonverbal tasks were administered within a single cognitive domain,
scores within the verbal and nonverbal subdomains were first
averaged separately before the calculation of the domain-specific
summary score to ensure that neither verbal nor nonverbal
performance would be overrepresented. The domain scores were
then averaged to produce a summary score representing
generalized cognitive function. To investigate the duration of
cognitive recovery, we operationally defined improvement within any
annual interval as an increase in this summary score >2 SDs above
the mean first annual control group change (specifically, an increase
>0.58). Following the demonstration of improvement from the
baseline examination to the first annual examination, a further
significant increase in the neuropsychology summary score relative
to first annual examination performance was required for additional
improvement to be considered to have occurred. Stroke-related
improvement was considered to have ended when a patient's annual
change failed to exceed the specified cutoff.

To investigate the clinical correlates of long-term improvement,
we performed x° analyses to compare the pooled group of all
patients who exhibited improvement with those who did not exhibit
improvement with regard to all of the clinical variables listed above. It
should be noted that the reference group of patients who did not
exhibit improvement was likely to have contained both patients with



baseline stroke-related cognitive impairment who did not improve as
well as patients who were free of such impairment and thus had no
opportunity to improve. We then performed a logistic regression
analysis to determine whether any of the variables found to be
related in the univariate analyses would be independently related to
improvement. Finally, we estimated the probabilities of long-term
improvement for every combination of variables contained in the final
logistic model using methods described elsewhere.?®

RESULTS

Potential Selection Biases

Univariate analyses determined that patients who were excluded
from this study had more frequently experienced a major
hemispheral stroke syndrome, were more often diagnosed with
dementia at baseline, and were less frequently taking medications to
prevent stroke recurrence and treat hypertension than those who
were included. A logistic regression analysis determined that
dementia and the nonuse of medications indicated for the prevention
of stroke recurrence and the treatment of hypertension were
significant independent correlates of exclusion from this study, while
a major hemispheral stroke syndrome was not related.

Frequency of Long-term Improvement in Cognitive
Function

Of the 151 patients who were examined at baseline, 136 patients
were reevaluated 1 year after stroke, 13 patients received their first
reevaluation 2 years after stroke, and 2 patients received their first
reevaluation 3 years after stroke. Nineteen of the 151 stroke patients
exhibited long-term improvement in cognitive function, with 17 of the



19 patients exceeding the cutoff for improvement at the first annual
examination and 2 patients who had missed that examination
exceeding the cutoff for improvement when they were assessed at
the second annual examination. Fourteen of the 19 patients were
reevaluated at subsequent annual intervals, but none of them
exhibited further improvement. Patients who improved were
significantly more impaired in generalized cognitive function at
baseline than patients who did not improve (-1.77+1.08 versus
—0.59+0.82, P<.001) and exhibited significantly greater change in the
neuropsychology summary score between the two intervals at which
improvement was demonstrated than patients who failed to improve
exhibited between the first two intervals at which evaluations were
completed (0.78+0.24 versus —-0.04+0.39, P<.001). Although it was
not the primary focus of this study, it is worthy of note that patients
who exhibited improvement in generalized cognitive function also
exhibited greater increases in all domain-specific summary scores
than patients who did not improve, with statistically significant
improvement noted in memory (0.25+0.33 versus 0.01+0.51,
P=.044), orientation (2.63+2.17 versus -0.40+1.78, P<.001),
visuospatial function (0.64+0.79 versus —-0.05+0.69, P<.001), and
attention (0.86+1.19 versus 0.06+0.74, P<.001) but not language
(0.10+£0.65 versus 0.05+0.52, P=.735) or abstract reasoning
(0.14+0.60 versus —0.02+0.63, P=.316).

Clinical Correlates of Long-term Improvement in
Cognitive Function

Demographic characteristics, medical history, and neurological
history of the stroke sample stratified by improvement status are
shown in Table 1. Stroke characteristics at presentation, medication
use, recurrent stroke, and other intercurrent illness stratified by



improvement status are shown in Table 2. Univariate analyses
determined that patients who exhibited long-term improvement had
more frequently experienced left hemisphere infarction relative to
brain stem/cerebellar infarction, a major hemispheral stroke
syndrome, and neglect and were more often diagnosed with
dementia at baseline than patients who did not improve, while they
were less frequently diabetic. Aphasia was not significantly related to
improvement.

Logistic regression analysis determined that long-term
improvement was significantly related to left hemisphere infarction
relative to brain stem/cerebellar infarction (OR, 5.57; 95% CI, 1.06 to
29.25), while the presence of a major hemispheral stroke syndrome
showed a trend toward significance (OR, 3.32; 95% CI, 0.84 to
13.16). Diabetes mellitus was significantly associated with a failure
to exhibit improvement (OR, 0.12; 95% CI, 0.02 to 0.63). Based on
the logistic model, the probability of long-term improvement in
generalized cognitive function would be 54.0% for a patient with a
left hemisphere infarct and a major hemispheral syndrome but only
11.9% if diabetes was also present. Probabilities of long-term
improvement in cognitive function for every combination of variables
contained in the final logistic model are shown in Table 3.

Although we adjusted for baseline cognitive impairment by
including dementia status in our primary logistic regression analysis
of the clinical predictors of improvement, we also repeated that
analysis, adding the baseline neuropsychology summary score as a
covariate. The final model was comparable, with left hemisphere
infarction significantly associated with improvement relative to brain
stem/cerebellar infarction (OR, 7.70; 95% CI, 1.10 to 53.81) and
diabetes mellitus associated with a failure to exhibit improvement
(OR, 0.07; 95% CI, 0.01 to 0.50). The baseline neuropsychology



summary score was also significantly associated with improvement
(OR, 0.12; 95% CI, 0.04 to 0.34), with lower baseline scores tending
to be associated with a greater increase in scores in subsequent
evaluations, while the presence of a major hemispheral stroke
syndrome was not related. Similar to the results of the preceding
analysis, dementia status, aphasia, and neglect were not significant
factors in the final model.

To ensure that the results of the primary logistic regression
analysis were not an artifact of the dichotomization of the
neuropsychology change scores, we also performed a multiple linear
regression analysis. Given that we had found that improvement,
when it occurred, was only evident between the first two completed
examinations, we used change in the neuropsychology summary
score from the baseline examination to the first completed annual
examination as the continuous dependent variable. To facilitate
interpretation of the results of this analysis, left hemisphere infarct
location was compared with a pooled grouping of right hemisphere
and brain stem/cerebellar infarct locations. Univariate analyses
determined that change in test performance was related to left
hemisphere infarction, a major hemispheral syndrome, and diabetes
mellitus but not dementia or neglect. Consistent with the results of
the logistic regression analysis, multiple linear regression analysis
determined that change in test performance was independently
related to left hemisphere infarction (=0.14, P=.090), a major
hemispheral syndrome (p=0.20, P=.017), and diabetes mellitus
(B=-0.21, P=.010).

DISCUSSION



Our results suggest that long-term improvement in generalized
cognitive function can occur after stroke. We recognized long-term
improvement in 19 of 151 patients (12.6%), but it is unlikely that all of
the 151 patients had cognitive impairment at baseline. Given that we
have previously identified generalized cognitive impairment at 3
months after stroke in 35.2% of the larger cohort of patients from
which the present sample was drawn,’ we can use that percentage
to estimate that 53 of the 151 patients had cognitive impairment at
baseline and that 19 of those 53 impaired patients, or 35.9%,
exhibited long-term improvement. Improvement was evident at the
first annual examination in most cases, with stability of course
usually demonstrated at the second annual examination.

Clinical correlates of improvement in cognitive function in our
study included left hemisphere infarction and a major hemispheral
stroke syndrome, while diabetes mellitus was associated with a
failure to demonstrate improvement. Exclusion from our study was
not independently related to those variables, suggesting that our
estimates of the magnitude of the association between those
variables and improvement were unlikely to have been significantly
affected by selection bias. Exclusion from our study sample was
associated with a baseline diagnosis of dementia, however,
suggesting that our findings may not be generalizable to severely
impaired patients. To the extent that the differential exclusion of
patients with dementia may have reduced the proportion of the
sample with cognitive impairment, and thus the potential for long-
term improvement, our estimates of the frequency of improvement
could be considered to be conservative. Exclusion was also related
to the nonuse of medications indicated for the prevention of stroke
recurrence and treatment of hypertension. Although it would not be
appropriate to draw conclusions regarding the role of those



medications in cognitive recovery because of the differential
exclusion of untreated patients, we would hypothesize that the use of
those medications would be associated with an increased probability
of improvement to the extent that they might reduce the risk of
recurrent brain infarction and subsequent cognitive decline.

Previous studies that have examined samples of stroke patients
in long-term follow-up with multiple measures of cognitive function
have not drawn explicit conclusions regarding the clinical correlates
of improvement. Kotila et al’°! evaluated 154 stroke patients with a
comprehensive battery of neuropsychological tests and reported that
the greatest improvement in cognitive function occurred from onset
to 3 months after stroke, although they also recognized improvement
on most measures throughout the first year after stroke. The
frequencies of patients exhibiting resolution of deficits within specific
cognitive domains from 3 months to 1 year after stroke ranged from
24% for general intelligence and memory to 3% for generalized
language function. In a study focusing on memory functions, Wade
et al®® recognized significant improvement in the mean scores of 85
patients tested 3 and 6 months after stroke on tasks tapping
immediate and delayed verbal and nonverbal memory but not on a
measure of digit span.

Given that left hemisphere infarction, independent of aphasia,
was a significant correlate of long-term improvement in generalized
cognitive function, our findings support the concept of the left
hemisphere as the “dominant” or “major” hemisphere. Studies of the
clinical correlates of long-term improvement have focused on
recovery from specific deficits, such as aphasia or neglect, rather
than generalized cognitive impairment. To the extent that recovery
from specific deficits after left hemisphere infarction may parallel
generalized cognitive improvement, however, the results of those



studies could provide information relevant to our own findings.
Although we did not recognize significant improvement in the
language domain in our pooled group of patients who exhibited
improvement in generalized cognitive function, studies of small
samples of patients with aphasia have found that long-term
improvement in specific aspects of language function can be
recognized after left hemisphere infarction.?3 24 25 26 27 28 29 30 31
Regarding nonverbal abilities, Sunderland et al®*® reported that
patients with left hemisphere infarction exhibited greater
improvement than patients with right hemisphere infarction on the
WAIS-R Block Design subtest from 1 to 6 months after stroke
despite comparable baseline performance, a finding that was
unrelated to the potentially confounding effects of aphasia in the left
hemisphere infarct group or neglect in the right hemisphere infarct
group. Given that we observed a trend toward significance for the
association between a major hemispheral stroke syndrome and
improvement, however, it should also be noted that patients with
infarcts involving either cerebral hemisphere may exhibit long-term
improvement in generalized cognitive function in a setting of more
severe stroke.

We also recognized an association between diabetes mellitus
and a failure to exhibit long-term improvement in cognitive function
after stroke. We have previously reported that diabetes mellitus was
one of many significant determinants of dementia at 3 months after
stroke'” and that it was associated with cognitive dysfunction in
subjects who were clinically free of stroke.®® Diabetes may have
been related to a failure to exhibit long-term improvement in the
present study by serving as the basis for clinically silent infarction.
Diabetes has been reported to be associated with microangiopathy,
which may lead to lacunar infarction, and in extreme cases



“subcortical arteriosclerotic encephalopathy.”* In the Framingham
cohort, glucose intolerance was the only significant correlate of
imaged but clinically silent lesions in patients with first stroke.®°
Diabetes may also have transient effects on cognitive function, as
well as on the ability to recover from stroke-related cognitive deficits,
through its influence on CBF. Diabetes may produce disorders of
autoregulation and reactivity,3® and the increased blood viscosity of
diabetics®’ may contribute to reduced CBF.28 Changes in cerebral
metabolism may parallel recovery from aphasia®® “° and neglect3? #1
and may be evident in both cerebral hemispheres during recovery of
cognitive functions that are thought to be represented in a single
hemisphere.*! 42 It is possible that disorders of CBF in diabetics
interfere with those metabolic changes and thus compromise the
recovery process.

Our study could be subject to certain criticisms. First, we included
subjects in our baseline sample who may not have had cognitive
deficits resulting from stroke and thus would not have been able to
exhibit cognitive recovery. Traditional methods for the identification of
subjects with cognitive impairment could fail to identify patients with
mild new deficits who were premorbidly “high functioning” or cause
the inclusion of subjects without stroke-related deficits who were
premorbidly “low functioning” because of factors such as poor
education. It is worthy of note that 11 of the 19 patients who
exhibited long-term  improvement (57.9%) had baseline
neuropsychology summary scores that did not fall more than 2 SDs
below the mean baseline score of the control group, a common
criterion for cognitive impairment. Thus, we decided to prospectively
study an unselected sample of patients, a more conservative
approach that would be expected to yield a smaller estimate of effect
size than a study in which only patients with identified cognitive



impairment were examined. Second, we performed follow-up
examinations annually, which may have resulted in a less precise
estimate of the duration of improvement than might have been
derived if we had examined patients more frequently. Although the
length of time between examinations should be short enough to
allow some precision in the estimation of the duration of recovery,
follow-up examinations should not be so frequent that improvement
cannot be expected, learning effects might become a significant
confounder, or subjects might become noncompliant. Third, we did
not perform serial structural brain imaging, which would have
enabled us to better understand the effects of recurrent infarction on
the process of recovery. Similarly, as suggested by studies cited
above,39 40 41 42 geria| functional imaging could have provided useful
information relevant to metabolic changes that may occur in the
brain during the process of recovery. Fourth, we did not investigate
the role of glycemic control in our finding of an association between
diabetes mellitus and a failure to exhibit cognitive improvement.
Given that prior studies have reported a relationship between
glucose level and cognitive function, with poorest performance
associated with hypoglycemic and hyperglycemic states,*3 44 4° the
results of future studies of the role of glycemic control in recovery of
cognitive function could have implications for the management of
diabetic patients after stroke.

Certain additional methodological issues are relevant to the
design of future studies of the recovery of cognitive function after
stroke. First, studies should examine a stroke-free reference group
to define the expected amount of variation in test scores that would
be unrelated to stroke. Second, the timing of the baseline
examination should be planned carefully. If the baseline examination
is performed soon after stroke, it is likely that cognitive deficits, and



thus the potential for recovery, would be maximal. Third, the duration
of prospective follow-up should be long enough for all subjects to
demonstrate stability of course or complete recovery.

Although our results require external validation in a separate
sample of stroke patients, they suggest that long-term improvement
in generalized cognitive function can occur after stroke, particularly
in patients who have experienced left hemisphere infarctions or more
severe  hemispheral stroke  syndromes. Pharmacological
interventions, or techniques such as cognitive remediation, might be
incorporated into the long-term clinical care of stroke patients to
maximize their ability to exhibit improvement in cognitive function.
Diabetes mellitus, which may serve as the basis for recurrent
infarction or disorders of CBF, can compromise the ability to exhibit
long-term improvement in cognitive function after stroke, suggesting
that management of that vascular risk factor should be performed
with care and consistency.

SELECTED ABBREVIATIONS AND ACRONYMS

CBF = cerebral blood flow

Cl = confidence interval

OR = | odds ratio

WAIS-R = | Wechsler Adult Intelligence Scale-Revised

Table 1. Demographic Characteristics, Medical History, and Neurological History by
Improvement Status (Table view)

Frequency (Within-Group Percentage)

Variable Improvement (n=19) | No Improvement (n=132) | P*
Age, <70y 8 (42.1) 73 (55.3) 281
Education, >12y 4(21.1) 34 (25.8) .659




Frequency (Within-Group Percentage)

Variable Improvement (n=19) | No Improvement (n=132) | P*

Race, nonwhite 14 (73.7) 82 (62.1) 327
Sex, female 12 (63.2) 65 (49.2) 257
Hypertension 16 (84.2) 98 (74.2) 345
Diabetes mellitus 2(10.5) 48 (36.4) .025
Cardiac disease 10 (55.6) 65 (49.2) 615
Hypercholesterolemia 4(21.1) 25 (19.1) .839
Consistent cigarette use 11 (57.9) 77 (58.8) 942
Consistent alcohol use 6 (31.6) 62 (47.3) .198
Prior stroke 4 (21.1) 28 (21.2) .987
Prior transient ischemic attack | 3 (16.7) 27 (20.8) .685

Due to missing data, within-group percentages are based on an incomplete sample of
subjects for cardiac disease (n=150), hypercholesterolemia (n=150), consistent cigarette
use (n=150), consistent alcohol use (n=150), and prior transient ischemic attack (n=148).

2

*X< analyses.

Table 2. Presenting Stroke Characteristics, Medication Use, Recurrent Stroke, and Other
Intercurrent lliness by Improvement Status (Table view)

Frequency (Within-Group Percentage)
Variable Improvement No Improvement P*
(n=19) (n=132)
Stroke location
Left hemisphere 11 (57.9) 42 (31.8) .050
Right hemisphere 6 (31.6) 47 (35.6)
Brain stem/cerebellum 2(10.5) 43 (32.6)
Major syndrome 5(26.3) 16 (12.1) .095
Aphasia 3(15.8) 11 (8.3) 295
Neglect 2(10.5) 2(1.5) .022
Dementia 5(26.3) 16 (12.1) .095
Depression 3(15.8) 26 (19.7) .686
Medication use
Warfarin/aspirin 16 (84.2) 112 (84.8) 942
Antihypertensives 12 (63.2) 81 (61.4) .881
Insulin/oral hypoglycemics 2(10.5) 35 (26.5) 130
Cardiac medications 10 (52.6) 51 (38.6) 245




Frequency (Within-Group Percentage)

Variable Improvement No Improvement P*
(n=19) (n=132)

Other medications 4(21.1) 16 (12.1) .283
Recurrent stroke during follow-up 0 (0.0) 6 (4.5) .343
Other intercurrent iliness during 3(15.8) 25(18.9) 741
follow-up

*x2 analyses.

Table 3. Probability of Long-term Improvement by Variables Contained in the Final Logistic
Model (Table view)

Variables Probability of Improvement, %
LHI+MHS 54.0

LHI 26.1

MHS 17.4

LHI+MHS+DM 11.9

None 6.0

LHI+DM 3.9

MHS+DM 24

DM 0.7

LHI indicates left hemisphere infarction; MHS, major hemispheral syndrome; and DM,
diabetes mellitus.
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CBF = cerebral blood flow

Cl = confidence interval

OR = odds ratio

WAIS-R = | Wechsler Adult Intelligence Scale—Revised




Table 1. Demographic Characteristics, Medical History, and Neurological History by
Improvement Status

Frequency (Within-Group Percentage)

Variable Improvement (n=19) | No Improvement (n=132) | P*

Age, <70y 8 (42.1) 73 (55.3) 281
Education, >12y 4(21.1) 34 (25.8) .659
Race, nonwhite 14 (73.7) 82 (62.1) 327
Sex, female 12 (63.2) 65 (49.2) 257
Hypertension 16 (84.2) 98 (74.2) 345
Diabetes mellitus 2(10.5) 48 (36.4) .025
Cardiac disease 10 (55.6) 65 (49.2) 615
Hypercholesterolemia 4 (21.1) 25 (19.1) .839
Consistent cigarette use 11 (57.9) 77 (58.8) 942
Consistent alcohol use 6 (31.6) 62 (47.3) .198
Prior stroke 4(21.1) 28 (21.2) .987
Prior transient ischemic attack | 3 (16.7) 27 (20.8) .685

Due to missing data, within-group percentages are based on an incomplete sample of
subjects for cardiac disease (n=150), hypercholesterolemia (n=150), consistent cigarette
use (n=150), consistent alcohol use (n=150), and prior transient ischemic attack (n=148).

*x2 analyses.



Table 2. Presenting Stroke Characteristics, Medication Use, Recurrent Stroke, and Other
Intercurrent lliness by Improvement Status

Frequency (Within-Group Percentage)

follow-up

Variable Improvement No Improvement P*
(n=19) (n=132)
Stroke location
Left hemisphere 11 (57.9) 42 (31.8) .050
Right hemisphere 6 (31.6) 47 (35.6)
Brain stem/cerebellum 2(10.5) 43 (32.6)
Major syndrome 5(26.3) 16 (12.1) .095
Aphasia 3(15.8) 11 (8.3) 295
Neglect 2(10.5) 2(1.5) .022
Dementia 5 (26.3) 16 (12.1) .095
Depression 3(15.8) 26 (19.7) .686
Medication use
Warfarin/aspirin 16 (84.2) 112 (84.8) 942
Antihypertensives 12 (63.2) 81 (61.4) .881
Insulin/oral hypoglycemics 2(10.5) 35 (26.5) .130
Cardiac medications 10 (52.6) 51 (38.6) .245
Other medications 4(21.1) 6 (12.1) .283
Recurrent stroke during follow-up 0 (0.0) 6 (4.5) .343
Other intercurrent iliness during 3(15.8) 25 (18.9) 741

*x2 analyses.



Table 3. Probability of Long-term Improvement by Variables Contained in the Final Logistic
Model

Variables Probability of Improvement, %
LHI+MHS 54.0

LHI 26.1

MHS 17.4

LHI+MHS+DM 11.9

None 6.0

LHI+DM 3.9

MHS+DM 24

DM 0.7

LHI indicates left hemisphere infarction; MHS, major hemispheral syndrome; and DM,
diabetes mellitus.
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