
Dementia after stroke: 
Baseline frequency, risks, and clinical features in a 

hospitalized cohort 

T.K. Tatemichi, MD; D.W. Desmond, PhD; R. Mayeux, MD; M. Paik, PhD; Y. Stern, PhD; M. Sano, PhD; 
R.H. Remien, PhD; J.B.W. Williams, DSW; J.P. Mohr, MD; W.A. Hauser, MD; and M. Figueroa, MD 

Article abstract-We determined the frequency of dementia in a cohort of 251 patients aged 260 years hospitalized 
with acute ischemic stroke, based on examinations performed 3 months after stroke onset. Using modified DSM-111-R 
criteria, we found dementia in 66 patients (26.3%). Diagnostic agreement among raters was excellent (kappa = 0.96). 
In a control sample of 249 stroke-free subjects recruited from the community and matched by age, we found dementia 
in eight subjects (3.2%). Using a logistic regression model to  estimate the risk of dementia associated with stroke in the 
combined samples, the odds ratio (OR) for stroke patients compared with control subjects was 9.4 ( p  < 0.001). 
Advancing age and fewer years of education were significant, independent correlates of dementia, with a trend evident 
for race (non-white versus white). Confining the analysis to  subjects residing in the Washington Heights-Inwood com- 
munity of northern Manhattan, the OR was 10.3 ( p  < 0.001) with significant age and race effects. We conclude that 
ischemic stroke significantly increases the risk of dementia, with independent contributions by age, education, and 
race. 
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The risk of dementia following ischemic stroke is 
incompletely understood. Most previous s tudies  
have focused on selected or consecutively encoun- 
tered patients with dementia rather than investi- 
gating dementia in stroke cohorts. Depending on 
the specific sample examined and the diagnostic 
criteria used in such studies, it has been argued 
that vascular dementia is either overdiagnosedl or 
underdiagnosed.2 In autopsy series, stroke accounts 
for 20 to 25% of all dementia cases, while another 
10 to 15% are explained by a combination of vascu- 
lar disease and Alzheimer’s disease (AD).3,4 In clini- 
cal series, but more often in population-based stud- 
ies in the United  state^,^!^ the proportion of demen- 
tia directly attributable to stroke has been reported 
to  be even lower, approximately 10 to 15% 0veral1.~ 

To better understand the relationship between 
stroke and dementia, however, the question should 
be refocused to  inquire: does cerebrovascular dis- 
ease increase the risk of dementia, and  if so, to  
what  extent? This approach requires the prospec- 
tive study of a stroke cohort, compared with a ref- 
erence sample, using well-defined diagnostic crite- 
ria based on findings from neuropsychological and 
functional examinations. Using these methods, we 

report the results of the first phase of such a study 
in a cohort of elderly patients hospitalized for acute 
ischemic stroke. 

Methods. Subject selection. Subjects €or this study were 
recruited among patients admitted consecutively to  
Columbia-Presbyterian Medical Center between 
September 1, 1988 and December 31, 1990 with acute 
ischemic stroke occurring within the previous 30 days. 
Eligible patients were 60 years of age or older, of either 
sex, with the diagnosis of ischemic stroke confirmed by 
CT of the brain (normal or focal, low-density lesion) per- 
formed within 1 week of symptom onset. An elderly sam- 
ple was selected to focus on a group presumably at high 
risk for dementia. Patients were excluded when certain 
clinical features prevented a reliable assessment of 
dementia, such as a severe aphasia (ie, a score of <3 on 
the Aphasia Severity Rating Scales from the Boston 
Diagnostic Aphasia Examination [BDAE]), persistent 
impairment in consciousness from any cause, or primary 
language other than English or Spanish. Some patients 
who were too impaired cognitively (or untestable) shortly 
after stroke onset but were otherwise eligible were 
enrolled and given initial hospital examinations, with 
the expectation that sufficient functional recovery might 
occur by 3 months when neuropsychological testing 
would be administered. Additional exclusions were the 
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presence of a concomitant primary cerebral disorder (eg, 
Parkinson's disease) or severe medical comorbidity (eg, 
terminal cancer) limiting survival over the planned fol- 
low-up period of 5 years. Informed consent was obtained 
from the patient, or next-of-kin when appropriate (eg, 
among demented patients). 

To maximize case ascertainment, a daily survey of 
admission sources to the medical center was conducted 
during the 28-month period of the baseline phase. This 
surveillance identified a total of 1,511 admissions for 
acute cerebrovascular disease, of whom 221 were for 
transient ischemic attack (14.6%) and 371 for cerebral 
hemorrhage (24.6%), diagnoses not eligible for this study. 
Among the 919 patients with ischemic stroke (60.8%), 
261 were below 60 years of age. Therefore, potential 
study subjects were recruited among the remaining 658 
patients.  From this group, 222 (33.7%) were found 
unsuitable for dementia studies because of severe apha- 
sia or clouded consciousness precluding dementia assess- 
ment (n = 131), coexisting cerebral or severe medical dis- 
order (n  = 811, or primary language not English or 
Spanish (n = 10). Among the 436 who could be adequate- 
ly tested, 297 (68.1%) were finally enrolled during hospi- 
talization. Reasons for nonenrollment of the remaining 
patients included refusal by the  patient or primary 
physician (21.3%), discharge before 7 days (6.4%), or 
planned emigration beyond 50 miles of the medical ten- 
ter after discharge from the hospital (3.4%). 

A control group was also enrolled as a reference Sam- 
ple and was composed of 249 subjects over 60 years of 
age without historical or clinical examination evidence of 
stroke. Aside from cerebrovascular disease assessed clin- 
ically, the presence of vascular risk factors and other 
medical or neurologic disorders (including dementia) was 
not exclusionary, in an attempt to assemble a represen- 
tative comparison sample from the community. We elect- 
ed not to recruit  hospitalized controls because we 
planned to use the reference group for longitudinal com- 
parisons as well, a purpose better served by a community 
sample. Whenever available, we attempted to recruit the 
spouse of a stroke subject (17.3%). The remaining con- 
trols were obtained either by probability sampling using 
a ros te r  of neighborhood res idents  obtained from 
Medicare files and a commercial list (53.0%), or from 
neighborhood volunteers (29.7%) who came to our atten- 
tion by community advertising or word-of-mouth. As a 
group, we attempted to match controls to the stroke sub- 
jects by age. 

General clinical assessment, For stroke subjects, the 
initial examinations were planned during hospitalization 
approximately 7 to 10 days after stroke onset; for those 
admitted beyond tha t  period, examinations occurred 
approximately 30 days from onset. Each subject under- 
went a structured medical and neurologic history, and a 
neurologic examination by a vascular neurologist (T.K.T., 
J.P.M., M.F.) with specific attention to stroke features, 
similar to the method of the Stroke Data Bank (SDB).g 
Patients were also rated on the SDB Stroke Severity 
Scale (maximum = 121, a combined summary of neurolog- 
ic deficits and d i~abi l i ty .~  The following interviews and 
examinations were administered by a trained nurse or 
research assis tant :  the  Folstein Mini-Mental S ta te  
Examination (MMSE) (maximum = 30)'O; Barthel Index 
(maximum = Blessed Functional Activity Scale 
(BFAS) (maximum = 17),12 which was scored to reflect 
function in the 12 months before stroke onset; the six- 
item version of the Orientation-Memory-Concentration 
test (Short Blessed) (maximum = 28)13; and a structured 

risk-factor questionnaire. Whenever possible, historical 
details were confirmed by a knowledgeable informant, 
with a special view toward establishing whether or not 
functional deficits were present before stroke onset. 
Demographic information was also collected, with specif- 
ic attention to ethnic background, using the census 
bureau's method of self-assignment, which allowed clas- 
sification into four main groups: white, non-Hispanic; 
black, non-Hispanic; Hispanic; and other. 

Neuropsychological assessment. Approximately 3 
months after stroke onset (designated as time 0 or base- 
line), patients were given a battery of neuropsychological 
tests developed for the purpose of diagnosing dementia in 
a bilingual (English and Spanish), multi-ethnic, elderly 
p o p ~ l a t i o n ' ~  as part of a broader epidemiologic study of 
dementia involving the Washington Heights-Inwood 
community surrounding the medical center.15 We chose 
an  interval of 3 months following stroke onset for neu- 
ropsychological testing to allow sufficient time for the 
acute stroke effects to subside."J7 Testing was conducted 
in either English or Spanish, depending on the preferred 
language of the subject (usually the language spoken a t  
home). Cognitive functions assessed by this battery 
included t h e  following: verbal  memory (Selective 
Reminding Testla); visual memory (recognition task on 
the Benton Visual Retention Test [BVRT]l9); orientation 
(orientation items from the MMSE'O); language ability 
including naming (selected i tems from the  Boston 
Naming Test20), verbal  fluency (Controlled Word 
Association Test21 and the category fluency subtest of the 
BDAE8), comprehension (first six items of the complex 
ideational materials subtest of the BDAE8), and repeti- 
tion (high-frequency items from the BDAE8); visuospatial 
ability (five items selected from the  Rosen Drawing 
Testz2 and the matching task of the BVRT); abstract rea- 
soning (similarities subtest of WAIS-RZ3 and the nonver- 
bal similarities subtest of the Mattis Dementia Rating 
Scalez4); and attention (target detection tasksz5). 

Psychiatric assessment. A structured interview for 
psychiatric symptoms and disorders was administered by 
t r a i n e d  research  a s s i s t a n t s  and  consisted of t h e  
Hamilton Depression Rating Scale 17-item HDRS) 
(maximum = 57)26 a n d  a modified version of t h e  
Structured Clinical Interview for DSM-III-R.27 These 
interviews were supervised and the results reviewed by 
clinicians experienced in  psychiatric diagnoses (R.M., 
J.B.W.). The disorders screened included major depres- 
sion (DSM-111-R), psychosis, and alcohol dependency. 

Follow-up procedures. Interval neurologic and medical 
histories, including a medication history, were obtained, 
with particular attention to recurrent ischemic events. 
Current functional status was assessed with the Barthel 
and Blessed functional interviews. In the majority of 
cases, functional rating (BFAS) was based on informa- 
tion provided by a surrogate whom we considered reli- 
able (eg, family member or home attendant). Control 
subjects underwent an  identical examination procedure. 
Repeat examinations are planned for stroke and control 
subjects annually as part of the incidence phase of the 
study. 

Diagnostic criteria for dementia and dementia sub- 
types. Using criteria modified from the DSM-III-R,28 we 
determined the presence or absence of dementia based on 
information from neurologic, neuropsychological, psychi- 
atric, and functional examinations at the 3-month (base- 
line) visit. Information was reviewed at a diagnostic con- 
ference including the examining neurologist and a t  least 
two neuropsychological raters experienced in the diagno- 
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sis of dementias (Y.S., M.S., R.M.); if any two raters dis- 
agreed, the judgment of the third rater was sought and 
consensus achieved. Agreement on the diagnosis of 
dementia was excellentz9 with a kappa of 0.96, based on 
independent judgments in a sample of 63 subjects. The 
findings reported here represent the consensus diagnoses 
resulting from the case conferences. 

Our research criteria for dementia required the pres- 
ence of memory impairment and two or more deficits in 
other cognitive functions (excluding attention, since 
many stroke subjects with hemiparesis are unable to per- 
form those tasks) with predetermined cutoff scores for 
each of the subtests developed from pilot data.14 In eval- 
uating memory deficits, special considerations were 
applied to account for focal stroke effects. For example, if 
there was a language deficit due to a left hemisphere 
stroke, impairment in nonverbal memory was required; 
if e i ther  verbal or nonverbal memory could not be 
assessed because of stroke-related language and visu- 
ospat ia l  defects,  t h e n  the pa t ien t  was  considered 
untestable at 3 months, with retesting planned 1 year 
later; if memory impairment or other deficits were direct- 
ly attributable to the focal brain injury (eg, mesial tem- 
poral lobe), then the deficit was considered in applying 
the criteria for dementia, but such patients were given 
special subtype designations (see below). Moreover, con- 
sistent with DSM-III-R, functional impairment resulting 
from cognitive deficits, apart from any physical effects 
resulting from the stroke, was an  additional diagnostic 
requirement using information from BFAS and other 
sources. 

To summarize the overall severity of dementia, we 
rated subjects on the Clinical Dementia Rating Scale 
(CDR) (maximum = 5)30 using information from the neu- 
rologic, neuropsychological, and functional examinations. 
If subjects did not meet research criteria for dementia 
but showed some evidence of cognitive impairment, this 
was also rated. Subjects who had neuropsychological test 
scores close to the dementia cutoffs, or those who met 
test score but not functional impairment criteria, were 
considered to have questionable or borderline dementia 
and received a CDR score of 0.5. 

Clinical subtypes of dementia were defined for the 
purposes of this study31 based on temporal association 
between the dementia syndrome and stroke, if known, 
and correlations between clinical and neuropsychological 
features. Our goal in this subtyping was to determine if 
differences in syndromic profiles could be identified, but 
especially variations in longitudinal course and outcome 
based on inferred mechanisms. Alzheimer’s disease with 
stroke (AD+CVA) was diagnosed when functional and 
memory impairments preceded the index stroke based on 
the best historical information. Stroke-related dementia 
(SRD) was defined as the new onset of dementia after a 
stroke whose location or size did not explain the observed 
global mental changes using traditional concepts of func- 
tional neuroanatomy. Dementia due to the focal effects of 
stroke (Focal) referred to profiles resulting from infarc- 
tion(s) in a strategic location whose singular or additive 
effects appeared to account for the dementia syndrome. 
Other dementias (Other) encompassed clinical syn- 
dromes unrelated to stroke, such as alcohol dependency, 
severe depression, or psychosis. Diagnostic agreement at 
this level was also excellent with a kappa of 0.79 (sample 
of 63 patients as above). 

Data analysis and statistics. The baseline cohort was 
defined as the sample of testable stroke patients who 
completed neuropsychological evaluations at 3 months. 

Our incidence cohort is composed of patients who are 
nondemented at  baseline and who will be followed over 
the course of the study. Since a proportion of the patients 
enrolled in the hospital did not complete 3-month evalua- 
tions (n  = 461, we examined the features predicting 
examinat ion s t a t u s ,  using a mul t ivar ia te  logistic 

in order to assess selection biases. Among those 
examined and testable a t  baseline, rates of dementia as a 
percent were determined for each 5-year age interval. We 
further examined differences between stroke and control 
groups and between demented and nondemented stroke 
patients with respect to demographic features and per- 
formance on cognitive and functional examinations using 
univariate tests of association or unpaired t test, as 
appropriate. In examining differences among the demen- 
tia subgroups, we used analysis of variance. 

Crude odds ratios (ORs) estimating the risk of demen- 
tia in stroke subjects compared with the risk in control 
subjects were calculated for 10-year age intervals (60 to 
69, 70 to 79, and 80+ years). Although the stroke and 
control groups were closely matched by age, there were 
significant differences by sex, education, ethnicity, and 
primary language. To adjust for the effects of confound- 
ing by some of these demographic factors, a logistic 
regression model was developed using age, education, 
and race (white versus non-white) combined with subject 
status (stroke versus control) as independent variables. 
Sex and primary language were not included since they 
were not associated with dementia in  the univariate 
analyses. The logistic procedure resulted in adjusted 
ORs, with age-specific ratios derived from interaction 
terms (stroke by age). Other interactions (eg, age by race, 
education by race) were tested in a backward stepwise 
elimination procedure in separate analyses. In addition, 
we used a second method of adjustment to control for 
potential biases related to recruitment of hospitalized 
cases by confining the analysis to subjects (both patients 
and controls) residing in the Washington Heights-Inwood 
community of northern Manhattan defined by five zip 
code zones (10032,10033, 10034,10039, and 10040). This 
population-based approach h a s  been suggested by 
S c h l e ~ s e l m a n ~ ~  to control for the bias of B e r k ~ o n . ~ ~  

Results. Differences between sample enrolled dur- 
ing hospitalization and cohort examined at the 3- 
month baseline. Among the 297 stroke subjects ini- 
tially enrolled in the hospital, 251 (84.5%) were 
examined and testable at 3 months (table 1) and 
constituted the baseline cohort. The difference was 
accounted for by 13 who died before 3 months, 14 
with severe medical comorbidity or neurologic dis- 
ability that prevented testing (in five patients, test- 
ing was attempted but was incomplete due t o  
severe aphasia or pseudobulbar mutism), and 19 
who either refused testing or emigrated from the 
New York City area. The 46 patients overall who 
were not examined or testable at 3 months did not 
differ from the remaining patients by age, sex, eth- 
nicity, primary language, geographic origin, years 
of education, or prestroke BFAS score (table 2). The 
only features distinguishing those not examined 
compared with those examined were poorer perfor- 
mance on screening tests of cognitive function 
(MMSE and Short Blessed) and a greater degree of 
stroke disability (Barthel and Stroke Severity) 
assessed a t  7 to 10 days following stroke. As 
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Table 1. Enrollment and follow-up of stroke 
subjects from hospitalization to 3 months, 
including those who died, were severely disabled, 
refused examinations, or moved 

I 
Died 
or Refuused Examined 

Age Initially too or and Found 
group enrolled sick* moved testable demented (%) 

60-64 60 4 3 53 5 (9.4) 
65-69 74 6 6 62 12 (19.4) 
70-74 50 6 4 40 10 (25.0) 
75-79 63 6 5 52 16 (30.8) 
80+ 50 5 1 44 23 (52.3) 
Total 297 27 19 251 66 (26.3) 

Frequency of dementia a t  baseline is based on sample examined and testable 
a t  3 months. 

* Includes five patients who were examined at 3 months but found untestable 
due to severe neurologic disability (eg, aphasia, pseudobulbar mutism). 

Table 2. Characteristics of patients initially 
enrolled during hospitalization but not examined 
or testable at 3 months compared with sample 
examined and testable at 3 months (baseline 
cohort) 

Not examined Examined and 
or untestable testnble 

Characteristic (n = 46) (n=251) p’ 

Age (mean years) 12.4 72.0 0.740 
Sex (W men) 41.3 45.4 0.606 
Ethnicity (5% white) 30.4 32.7 0.779 
Predominant language 67.4 66.1 0.824 

Residence (% northern Manhattan) 58.7 56.2 0.751 
Education (mean years) 9.5 10.1 0.443 
Short Blessed (mean scorelt 13.3 9.4 0.022 
MMSE (mean score) t 17.8 22.4 <0.001 
MMSE (% <24H 69.0 47.7 0.011 
BFAS (mean score)? 1.08 0.97 0.782 
Barthel (mean index score)? 53.2 67.8 0.002 
Stroke Severity (mean scorelt 7.6 6.5 0.028 

* t test for differences in means or chi-square for differences in proportions. 
? Assessed a t  7 to 10 days following stroke onset. 

(d English) 

expected, those who died showed the most severe 
deficits on these examinations at 7 to 10 days. 
When these variables (in table 2) were used as pre- 
dictors in a logistic model with a backward step- 
wise elimination procedure, the only significant 
factor predicting examination status at  3 months 
was the MMSE score at 7 to 10 days ( p  < 0.001). 
These analyses indicate that subjects performing 
poorly on the MMSE (whether due to more severe 
brain damage with significant cognitive impair- 
ment, more severe stroke disability in general with 
significant concomitant comorbid disease, or both) 
were less likely to be assessed in the baseline 
cohort at 3 months. 

To carry this analysis further, we examined the 
differences in MMSE score between the two groups 
by using the cutoff score of <24 points, convention- 
ally accepted for the diagnosis of significant cogni- 
tive impairment, ie, dementia.35 Among the 42 who 
could undergo the MMSE during hospitalization in 
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Figure. Frequency of dementia 3 months after acute 
ischemic stroke in a hospitalized cohort (n = 251). 

the group not examined or testable at 3 months, 
69.0% scored below 24 points and might have been 
labeled “demented.” In comparison, among 241 
patients examined and testable at 3 months, 47.7% 
performed in the defective range at the time of hos- 
pitalization (chi-square,p = 0.011). On this basis, it 
might be argued that the incomplete follow-up of 
the sample initially enrolled introduced a selection 
bias, with potential underenumeration of dementia 
cases at 3 months. Recognizing this possibility, 
however, we believe the more relevant observation 
is the high frequency of “defective” performance in 
both groups, most likely reflecting the acute effect 
of larger or more severe strokes as well as the sen- 
sitivity of the MMSE in detecting both cognitive 
and noncognitive changes after stroke. More impor- 
tantly, these findings suggest that performance on 
the MMSE is a generalized (and perhaps indepen- 
dent) indicator of stroke severity, consistent with 
other studies showing tha t  patients cognitively 
unassessable or performing poorly in the first week 
after stroke have more severe deficits overall and a 
worse outcome for both functional recovery and 
s u r ~ i v a l . ~ ~ , ~ ~  In the context of our specific aims, 
most such pat ients  would be unsuitable (ie,  
untestable) for dementia studies anyway. 

Baseline frequency of dementia and borderline 
dementia in stroke and control subjects. Among 251 
stroke patients in the baseline cohort, dementia was 
present in 66 (26.3%) and was significantly related 
to age, rising with each 5-year age interval (figure). 
Classifying age by decade, the frequency of demen- 
t ia  approximately doubled in each succeeding 
group: 14.8% for those 60 to  69 years, 28.3% for 
those 70 to 79 years, and 52.3% for those 80+ years. 



Table 3. Characteristics distinguishing demented 
from nondemented stroke patients assessed at 3 
months 

Not demented Demented 
Characteristic (n = 185) (n=66) pa 

Age, mean (SD) 
Sex (5) 

Men 
Women 

White, non-Hispanic 
Black, non-Hispanic 
Hispanic 

English 
Spanish 
Other 

Ethnicity (%) 

Predominant language (%) 

Residence (8 north Manhattan) 
Education, mean (SD) 
Short Blessed, mean (SD) 
MMSE, mean (SD) 
HDRS, mean (SD) 
BFAS, mean (SD) 
Barthel, mean (SD) 
Stroke Severity, mean (SD) 

70.3 (7.7) 

89 (78.1) 
96 (70.1) 

67 (81.7) 
69 (67.3) 
46 (70.8) 

124 (74.7) 
48 (70.6) 
13 (76.5) 
75 (68.8) 

10.5 (4.7) 
5.3 (5.6) 

25.9 (3.5) 
4.7 (4.5) 
1.7 (2.2) 

88.4 (19.9) 
4.6 (3.1) 

76.7 (9.1) 

25 (21.9) 
41 (29.9) 

15 (18.3) 
30 (30.3) 
19 (29.2) 

42 (25.3) 
20 “29.4) 
4 (23.5) 

34 (31.2) 
9.2 (3.9) 

14.3 (8.3) 
18.2 (6.7) 
6.1 (5.0) 
5.8 (5.1) 

66.9 (34.2) 
7.1 (2.9) 

<0.001 

0.152 

0.147 

0.782 

0.123 
0.040 

<0.001 
<0.001 

0.040 
<0.001 
<0.001 
<0.001 

Percentages indicate proportions between groups for each 
characteristic. 

* t test for differences in  means or chi-square for differences in  
proportions. 

Table 4. Age-specific risks of dementia after stroke 
given as crude and adjusted odds ratios, based on 
the frequency of dementia in stroke and control 
cohorts by decade 

60-69 17 98 2 120 10.4 6.4 
70-79 26 66 1 95 37.4 31.2 
80+ 23 21 5 26 6.0 5.7 
Total 66 185 8 241 10.7 9.4 

* Using logistic regression model with subject status (stroke versus 
control) by age interaction, adjusting for effects of age, education, 
and race for each age group (modification of Model A, table 6). 

Dementia at baseline was also related to years of 
education (31.4% for 18, 29.5% for 9 to 12, and 
12.5% for 13+ years) and to race (29.9% for non- 
whites versus 18.3% for whites) but not to sex or the 
predominant language spoken at  home (table 3). 
Among 249 subjects in the control cohort, dementia 
was present in eight (3.2%). Questionable or border- 
line dementia occurred in 19 of 251 (7.6%) stroke 
patients and in 13 of 249 (5.2%) control subjects. 

Among stroke patients, those with dementia per- 
formed less well on mental function tests (Short 
Blessed, MMSE, and BFAS) compared with nonde- 
mented patients, as expected (table 3). In addition, 
those demented were significantly more impaired 
in activities of daily living and overall neurologic 
functions (Barthel Index and Stroke Severity Scale) 
and received a slightly higher score on the HDRS. 

Table 5. Characteristics distinguishing stroke and 
control subjects 

Stroke Control 
Characteristic (n=251) (n=249) p* 

Age, mean (SD) 
Sex (%) 

Men 
Women 

White, non-Hispanic 
Black, non-Hispanic 
Hispanic 

English 
Spanish 
Other 

Ethnicity (%) 

Predominant language (%) 

Residence (% north Manhattan) 
Education, mean (SD) 
Short Blessed, mean (SD) 
MMSE, mean (SD) 
HDRS, mean (SD) 
BFAS, mean (SD) 
Barthel, mean (SD) 
Stroke Seventy, mean (SD) 
CDR, mean (SD) 

71.9 (8.6) 

114 (45.4) 
137 (54.6) 

82 (33.3) 
99 (40.2) 
65 (26.4) 

166 (65.3) 
68 (27.8) 
17 (6.9) 

109 (43.3) 
10.1 (4.5) 
7.6 (7.5) 

24.0 (5.6) 
5.0 (4.7) 
2.8 (3.7) 

82.0 (26.0) 
5.3 (3.3) 
0.4 (0.8) 

70.8 (6.7) 

85 (34.1) 
164 (65.9) 

131 (52.6) 
81 (32.5) 
37 (14.9) 

194 (77.9) 
37 (14.9) 
18 (7.2) 

111 (44.6) 
12.3 (4.6) 
3.2 (3.7) 

27.9 (2.3) 
3.5 (4.0) 
0.3 (0.5) 

99.7 (1.7) 
0.6 (1.2) 
0.1 (0.2) 

0.096 

0.010 

<0.001 

0.001 

0.795 
<0.001 
<0.001 
<0.001 
<0.001 
<0.001 
co.001 
<0.001 
<0.001 

Percentages indicate proportions within each subject group. 

* t test for differences in means o r  chi-square for differences in 
proportions. 

These results are briefly presented here in order to  
describe baseline features of our cohort; more 
detailed analyses of these variables are planned in 
future studies. 

Risk of dementia estimated by logistic model. 
The odds of having dementia after stroke compared 
with the odds in the stroke-free control sample are 
shown as a crude OR in table 4 for each 10-year 
age interval. Overall, the unadjusted OR was 10.7. 
However, in comparing the stroke and control 
cohorts, differences in demographic characteristics 
were evident (table 51, potentially confounding the 
estimation of dementia risk. Since we were unable 
to  control for all of these factors at the recruitment 
phase, we used a logistic model to adjust for age (60 
to 69, 70 to 79, 80+ years), education (28, 9 to 12, 
13+ years), and race (non-white versus white) with 
dementia as the dependent variable for both stroke 
and control subjects combined (total = 495, exclud- 
ing five whose race was classified as “other”). The 
overall adjusted OR was 9.4 (table 6, model A), 
with a range of 4.2 to 21.1 (95% confidence interval 
ECII). With the youngest subjects (60 to  69 years) 
serving as the reference group for age-specific com- 
parisons, the OR by age groups in table 6 may be 
interpreted as follows: a subject (stroke or control) 
80 years or older has a risk of dementia 10.7 times 
the risk for a subject 60 to 69 years. Similarly, with 
college-educated subjects (13 + years) serving as 
the reference group for education-specific compar- 
isons, those with 18 years of education have a risk 
that is 4.3 times in excess. For race, the OR was 
marginal in significance with a 1.8 times risk of 
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Table 6. Independent correlates of dementia using 
multiple logistic model for the sample overall 
(Model A) and the community-based subgroup 
from northern Manhattan (Model B) 

I Values are mean (SD! rxcept where indicated 

Variable n SE OR P 

Model A (based on n = 495) : 
Stroke vs control 
Age (main effect)? 

70 to 79 years 
8n+ years 

<8 years 
9 to 12 years 

Education (main effrrt It 

Race INW vs white! 

Model B (based on n = 217) 
Stroke vs control 
Age (main effectlt 

70 to 79 years 
SO+ years 

<8 years 
9 to 12 years 

Education (main cffccti?: 

Race (NW vs white1 

2 2452 0.4111 9.4418 <n.ooi 
<n.ooi 

1 0115 n. :mg 2.7498 <o.ooi 
2.3713 0.4035 10.7115 0.004 

0.013 
1.4645 0.4962 4.3253 0.003 
i.0530 0.4747 2.8662 0.026 
0.5892 0.3440 1.8025 0.087 

2 3290 0.5744 10.2680 <0.001 

1.0344 0.5433 2.H134 <0.001 
<n.noi 

3.2705 0.6787 2 6 . m 7  <n.noi 
n 156 

1.3715 0.7743 3.9413 n 0715 
1.5414 0.8190 4.6713 O O f i O  

1.2660 0.5620 3.5539 0.024 

Five subjects classified as “other” race were excluded. 
Subgroups compared with patients aged 60 to 69 years. 
Subgroups compared with patients with 13+ years of education 

t 
i: 

NW Non-white. 

dementia for a non-white subject compared with a 
white subject. 

In further refining this adjustment procedure, 
we confined the analysis to stroke and control sub- 
jects (total = 217, excluding three whose race was 
classified as “other”) residing in the five zip code 
zones of the Washington Heights-Inwood communi- 
ty. Among the 109 stroke subjects from the commu- 
nity, 31.2% were demented. In contrast, among 111 
control subjects, 4.5% were demented. The logistic 
model using this population-based sample resulted 
in an overall adjusted OR of 10.3 (3.3 to  32.3, 95% 
CI) as the risk of dementia after stroke (table 6, 
model B), similar to  that  for the overall sample. 
However, compared with model A, two differences 
are notable: the dementia risk of the oldest age 
group in the community subsample was higher (OR 
= 26.3 versus 10.7), and the effect of race was sig- 
nificant and substantial (OR = 3.6). 

By adding an interaction term for age (ie, subject 
status by age) to model A, we derived age-specific 
ORs for stroke compared with control subjects, 
adjusting for age, education, and race for each age 
group (table 4). Although this interaction was not 
significant, the trend in ORs by decade of age is 
informative. The highest OR applied to the 70 to 79 
group, while the OR declined for those 80+ years. 
This effect occurred because the stroke risk was 
examined in relation to  the control risk by age; 
among elderly controls, the proportion with demen- 
tia increased (eg, five cases of dementia, all diag- 
nosed as AD) as expected in a community reference 
sample, thereby diminishing the dementia risk 
from stroke in the very elderly. Thus, stroke has a 
larger impact on dementia in younger age groups. 
Finally, other interactions were tested, but none 
proved significant. 
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Table 7. Clinical features of dementia subtypes in 
stroke cohort 

Dementia subtypes 
AD+CVA SRD Focal Other 

Characteristic (n = 24) (n = 20) (n = 17) (n = 5) p ’  

Age 
Sex i‘n men) 
Race i% nun-white1 
Education 
Short Blr-scd 
MMSE 
KDRS 
BFAS 
Barthel Index 
Stroke Severity 

.82 3 ( 7 . 5 ,  
29.2 

’ 87.5 
9.4 (4.0) 

16.8 19.81 
15.8!7.7) 
6.7 (5.41 
6.4 15.5) 

48.1 !86.7) 
8 .5  12.0) 

74 x (9.2) 
46.0 
79.0 
9 2 (4.1 J 

10.4 (6  5 )  
20 9 (4.4) 
4.2 13.6) 
3.8 13.8) 

84.2 (20.7, 
5.4 !:j.Z) 

73.9 (6.3, 
29.4 
50.0 

9.4 (3.91 
16.1 (7.51 
17.7 (7.2) 
7.4 (5.71 
5.5 15.0) 

67.6 (36 I! 
7.7 (2 .5)  

67.0 iti.9) 

1on.o 
80.0 

6.8 (2.41 
13.7 (4.9) 
19.4 (4.5) 
8.5 (5.6) 
4.6 ( 5 . 5 )  

76.2 131.4) 
6.2 (4.0) 

<0.001 
0.139 
0.025 
0.574 
O.066 

0.162 
0.099 

0.030 
0.006 
0.005 

:. Chi-square for proportions u r  ANOVA for m e a n s  comparing demrnt ia  
subgroups. ADtCVA differs from all others t  or  f r o m  SRD8 at p < 0.05 
(Scheffel. 

I 

Dementia subtypes and their characteristics. We 
recognized t h r e e  major dement ia  subtypes 
(AD+CVA, SRD, and Focal) which were about 
equally proportioned. Patients with A D  +CVA con- 
stituted 36.4% of the demented sample. Compared 
with the other groups, they were more advanced in 
age, more often non-white, and appeared to show 
the greatest degree of functional and cognitive 
impairments ,  reflected in  the  Short  Blessed, 
MMSE, Barthel, and Stroke Severity scores (table 
7). The two groups in whom vascular disease was 
inferred to be the central mechanism ( S R D  and 
Focal) constituted 56.1% of the demented sample 
overall. No significant differences were evident 
between them although the Focal group appeared 
to  perform less well on the MMSE and had more 
severe stroke disability. 

We did not consider these subtypes individually 
when estimating the risks of dementia associated 
with stroke because this was not relevant to  the 
central question posed a t  the beginning. However, 
in order to allow comparisons with other studies 
using the more conventional DSM-111-R criteria for 
multi-infarct dementia (MID), it is  possible t o  
recalculate the baseline frequency of dementia pre- 
sumably related to cerebrovascular disease alone. 
If the 24 patients with AD+CVA and five patients 
with Other dementias (total = 29) are excluded 
from the sample, this would leave 37 patients with 
dementia directly related to  vascular disease (SRD 
and Focal). The baseline frequency of dementia 
would t h e n  be 16.3% (37 of 227 to ta l  s t roke  
patients). Unlike most studies of cerebrovascular 
dement ia ,  we did not r a t e  pa t ien ts  with 
Hachinski’s Ischemic Score38 in our diagnostic algo- 
rithm, in part because its use does not assist in the 
clinical discrimination between mixed dementias 
(eg, AD+CVA) and “pure” vascular d e m e n t i a ~ . ~ ~  
Nonetheless, some of our demented patients would 
have a high ischemic score (especially patients in 
the Focal group), thus qualifying for the diagnosis 
of MID. In  interpreting these proportions, the 
recalculated baseline frequency might be consid- 



ered to reflect the minimum risk of dementia from 
stroke, while the overall frequency of 26.3% 
includes the combined risks of cerebrovascular dis- 
ease and aging. 

Discussion. The neuropsychological consequences 
of cerebrovascular disease are measurable and sig- 
nificant. Dementia was present in approximately 
one fourth of our patients surviving 3 months after 
ischemic stroke. Among those with dementia, 
stroke was the underlying cause in slightly more 
than one half, while stroke complicating AD was 
the presumed cause in about one third. Compared 
with a stroke-free sample, the risk of having 
dementia following stroke was at least nine times 
greater, after adjusting for age, years of education, 
and race, each of which also contributed indepen- 
dently to this risk. Thus, we conclude that  the 
occurrence of cerebrovascular disease significantly 
adds to  the baseline risk of dementia expected with 
advancing age. 

Our study is the first to  provide a quantitative 
estimate of both the frequency and risk of dementia 
associated with ischemic stroke. In an exploratory 
effort, we previously found that dementia was pres- 
ent in 15.9% of patients in the SDB cohort aged 260 
years who were assessable 7 to  10 days following 
ischemic stroke.40 Since the SDB was not intended 
to study dementia, the diagnosis depended on clini- 
cal judgment alone without explicit criteria or sup- 
porting mental function tests, a recognized defi- 
ciency of the study. Moreover, disorders of atten- 
tion and arousal in the subacute phase of stroke 
might have confounded the interpretation of men- 
tal changes,41 even though only testable patients 
were included in the frequency estimate. In the 
present study, we used neuropsychological testing 
combined with well-defined diagnostic criteria that 
were applied with a high degree of reliability. In 
addition, we defined baseline frequency based on 
observations made 3 months after stroke onset in 
order to  allow the acute effects of stroke to subside. 
If patients were too aphasic or  met criteria for 
delirium even 3 months after onset, they were con- 
sidered untestable and not included in the baseline 
sample. Using these methods, the frequency of 
dementia was higher than we previously reported. 
These methods will also permit us t o  take an ana- 
lytic approach in examining the role of vascular 
and stroke factors as  well as  the longitudinal 
course of neuropsychological deficits after stroke. 

The validity of our risk estimates could be chal- 
lenged because of potential biases related to study 
design issues inherent  in  any case-control 
approach33 and because of problems specific to  clini- 
cal studies of cerebrovascular dementia. First, in 
studying hospitalized patients, we risked introduc- 
ing Berkson’s bias,S4 leading to an overestimation of 
the stroke risk if differential hospitalization 
occurred because of dementia. However, we believe 
tha t  this potential bias was minimal because 
patients with acute cerebrovascular disease gener- 

ally have been admitted nonselectively to our medi- 
cal center, without regard to  coexisting disease 
(including dementia). Rather, comorbidity usually 
determined the specific clinical service responsible 
for the patient’s primary care. In fact, it could be 
argued that cerebrovascular events might be over- 
looked in patients with preexisting dementia, reduc- 
ing the probability of hospitalization. Most impor- 
tantly, the subgroup analysis using the community 
sample defined by geographic origin demonstrated a 
significant and comparable elevation of the OR. Our 
choice of hospitalized patients ensured that we 
enrolled a well-defined, consecutive stroke cohort 
whose onset features and course could be fully char- 
acterized, thus optimizing case detection and follow- 
up, which otherwise might have been sources of 
bias. All subjects were personally examined by the 
neurologic team in both the acute and chronic phas- 
es of the stroke. Second, the choice of community 
controls, most of whom were either spouses or ran- 
domly selected, was a deliberate effort to obtain 
baseline rates of dementia in a stroke-free sample 
that would have a risk for cerebrovascular disease 
comparable with the patients. Since this was incom- 
pletely controlled a t  the selection phase (the 
“healthy volunteer” effect), we adjusted for con- 
founding statistically by using a logistic model, tak- 
ing into account age, education, and ethnicity, fac- 
tors that were related to  both the disease (demen- 
tia) and exposure (stroke) of interest. Third, the 
diagnosis of dementia from cerebrovascular disease 
is pr~blematic .~~ In this effort, we used a diagnostic 
algorithm based on traditional criteria combined 
with conservative cutoff scores on neuropsychologi- 
cal tests14 that were uniformly applied but flexible 
enough to take into account the effects of focal brain 
injury. In addition, an effort was made to distin- 
guish between those with preexisting cognitive 
impairments consistent with AD and those with 
cognitive deterioration following stroke onset using 
the best available clinical information, although we 
recognize that pathologic verification would be 
needed to maximize diagnostic accuracy. 

Despite these potential biases, we believe our 
findings are not only valid but also consistent with 
the few uncontrolled studies of diverse and smaller 
stroke samples from which crude estimates of 
dementia frequency can be derived. Eastwood et 
a142 examined 60 patients (mean age = 82 years) 
dwelling in the community and in nursing homes, 
of whom 12 were found to have stroke. Based on 
performance on screening cognitive tests, three 
(25.0%) were judged to have mild to  moderate cog- 
nitive impairment. Hershey a t  a143 studied 34 
patients (mean age = 63 years) who were selected 
from a drug trial of stroke recurrence. Using DSM- 
I11 criteria and performance on a screening cogni- 
tive examination, dementia was found in eight 
(23.5%) patients, while another eight (23.5%) were 
considered borderline. Babikian et a144 prospective- 
ly examined 23 men (mean age = 63 years) who 
met clinical and CT criteria for multiple cerebral 
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infarctions, selected from 203 patients seen in the 
hospital or clinic. Applying the standard MMSE 
cutoff score of <24 points, they classified seven 
patients (30.4%) as demented. Ladurner e t  a145 
examined 71 hospitalized patients (mean age = 57 
years) with ischemic stroke whose criteria for selec- 
tion were not specified. Based on performance on 
the WAIS, 40 patients (56.3%) were found to have 
dementia. 

Similar to the observations in AD, dementia 
associated with cerebrovascular disease was 
strongly age-related, a relationship that was non- 
linear. The extent of formal education was also a 
predictor of dementia, as has been found recently 
in population studies of AD.46 Whether this is an 
artefact of our testing methods or a true risk factor 
is a subject of further investigation.14J5 Racial 
group, even when controlled for education and age, 
was weakly associated with dementia in the sam- 
ple overall but was a significant independent pre- 
dictor (OR = 3.6) when confining the analysis to the 
community sample from the Washington Heights- 
Inwood section of northern Manhattan. This sub- 
sample includes a larger proportion of blacks and 
Hispanics than the overall group. I t  remains to  be 
determined if race is an independent risk factor 
when considered in relationship to vascular risks 
and stroke features. Studies of dementia in non- 
white populations in the Far East  have demon- 
strated that  vascular dementia exceeds the fre- 
quency of AD (a reversal of the proportion common- 
ly seen in North American and European popula- 
t ion~):~ consistent with the view that vascular fac- 
tors may play a role in dementia. 

If the baseline frequency of dementia in our 
elderly stroke cohort is generalizable, there may be 
as  many as 431,530 persons with stroke and 
dementia in the United States, taking 26.3% of the 
approximately 1,640,800 survivors of ischemic 
stroke 260 years of age estimated from the most 
recent s ta t is t ics  from the  American Hear t  
A~soc ia t ion .~~  (Those statistics indicate tha t  the 
overall prevalence of stroke was 2,930,000 in 1988, 
of which we estimate 80% or 2,344,000 would be 
due to ischemic stroke. Assuming 70% of patients 
with ischemic stroke were 260 years of age, the 
estimated prevalence would be 1,640,800.) If we 
take the frequency of 16.3% (representing stroke 
effects alone), the projected number would be 
267,450. The latter figure is close to the estimate of 
vascular dementia calculated by B r u ~ t , ~ ~  who 
extrapolated from proportions found in  autopsy 
data (250,000 persons). Whether we take the upper 
or lower limit as the true frequency, it is clear that 
dementia associated with stroke affects large num- 
bers of elderly persons in  the United States.  
Finally, when viewed in relation to the risk of other 
exposures such as head trauma (OR = 2.0 to 5.3),50 
the risk of dementia with stroke (OR = 9.4 t o  10.3, 
depending on the sample examined) is consider- 
able, with important public health implications for 
our rapidly aging population. 
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