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The Effect of Patient Attrition on Estimates
of the Frequency of Dementia Following Stroke

David W. Desmond, PhD; Emilia Bagiella, PhD; Joan T. Moroney, MD, MRCPI; Yaakov Stern, PhD

Background: Given that prevalence surveys may un-
derestimate the magnitude of the association between an
exposure and a disease with high morbidity or mortal-
ity, we investigated the effects of patient attrition on es-
timates of the frequency of dementia following ische-
mic stroke.

Patients and Methods: We examined 251 patients 3
months after stroke and diagnosed dementia in 66
(26.3%) based on the results of neuropsychological and
functional assessments and modified criteria from the
Diagnostic and Statistical Manual of Mental Disorders,
Third Edition, Revised. Those 251 patients were drawn
from a larger cohort of 297 patients, with the majority
of the remaining 46 patients being unavailable for
assessment due to death, severe stroke, or comorbid
medical disorders. Using the coefficients in a logistic
model of the clinical determinants of dementia based on
the 251 patients who were examined, we calculated the
probability of dementia for each of the 46 patients who
were not examined. We considered a patient to have
dementia when that probability was higher than the

mean of the median probabilities of dementia in the
groups of patients with and without dementia who
completed the examinations.

Results: The sensitivity and specificity of our diagnos-
tic method were 75.8% and 72.4%, respectively. We rec-
ognized dementia in 21 (45.7%) of the 46 unavailable pa-
tients, a significantly higher frequency than among
examined patients. Additional analyses determined that
the factors that increased the risk of becoming unavail-
able for follow-up, which included more severe stroke,
left and right hemisphere infarct locations, and a his-
tory of prior stroke, are similar to the factors that in-
crease the risk of dementia after stroke.

Conclusion: Our findings suggest that dementia is dif-
ferentially associated with early patient attrition, poten-
tially resulting in the underestimation of its frequency
and underrecognition of its importance as an outcome
of ischemic stroke.
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REVALENCE surveys tend to
underestimate the magni-
tude of the association be-
tween an exposure and an

possible that the observed difference in
prevalence is, at least in part, the result of
the greater mortality and morbidity asso-
ciated with vascular dementia, resulting in
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outcome, such as stroke and
dementia, when it results in increased mor-
tality and morbidity.! Numerous studies
have reported that patients with demen-
tia resulting from cerebrovascular dis-
ease are at an increased risk of early mor-
tality compared with patients with
dementia resulting from other causes, such
as Alzheimer disease, as well as stroke pa-
tients without dementia.>” Patients with
dementia following stroke may also be at
ahigher long-term risk of recurrent stroke,°
and, as a result, increased physical dis-
ability and reduced survival. Although
studies performed in western countries
have consistently reported that Alzhei-
mer disease is a more frequent basis for de-
mentia than cerebrovascular disease,” it is
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the unavailability of those patients for enu-
meration.

We performed the present study to
determine whether stroke patients who
become unavailable for in-person exami-
nations due to death, severe stroke, sig-
nificant comorbid illness, or other rea-
sons have clinical features characteristic
of stroke patients with dementia, poten-
tially resulting in an artificially reduced
estimate of the frequency of dementia
after stroke. The secondary aim of this
study was to illustrate the use of a logis-
tic regression model of the clinical deter-
minants of dementia to generate esti-
mates of the probability of dementia for
individual elderly patients following
ischemic stroke.
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PATIENTS AND METHODS

PATIENTS

As part of a prospective study of stroke and dementia,® we
recruited 297 patients (mean [+SD] age, 72.0+£8.4 years)
within 30 days of ischemic stroke. Stroke was defined as
the acute onset of a focal neurologic deficit attributable to
cerebrovascular disease and supported by findings on com-
puted tomographic scans (normal or relevant infarct). Eli-
gibility criteria included an age of 60 years or older and the
absence of any comorbid disorders that might limit sur-
vival or affect cognitive function, although patients were
not excluded if a premorbid history of functional impair-
ment suggested that they might also have Alzheimer dis-
ease. This study was approved by the Institutional Review
Board of Columbia-Presbyterian Medical Center, New York,
NY, and all patients provided informed consent.

PROCEDURES

Patients were seen for an initial assessment 7 to 10 days
after stroke onset. They were administered a neurologic ex-
amination; functional scales, including the Barthel In-
dex,’ which assesses physical disability, and the Blessed
Functional Activity Scale,'® which assesses the cognitive as-
pects of activities of daily living; and the Mini-Mental State
Examination (MMSE)," a popular mental status test. Based
on the results of the neurologic examination and the Bar-
thel Index, we also calculated a total score for each patient
on the Stroke Data Bank Stroke Severity Scale.'?

We performed our baseline dementia assessment 3
months after stroke to maximize the stability of each pa-
tient’s course. As part of that assessment, we administered
a battery of neuropsychological tests developed for use in
epidemiological studies of dementia® in either English or
Spanish and we repeated the examinations listed above.
Based on modified criteria from the Diagnostic and Statis-
tical Manual of Mental Disorders, Third Edition, Revised,"*
we required deficits in memory and 2 or more additional
cognitive domains as well as functional impairment docu-
mented using the Blessed Functional Activity Scale for the

diagnosis of dementia. Of the 297 patients who were ini-
tially enrolled in the study, 251 patients (84.5%) were avail-
able for that assessment and 66 (26.3%) of those 251 pa-
tients met our operationalized criteria for dementia.

STATISTICAL ANALYSES

To characterize their level of function immediately after
stroke, we compared the 46 patients who were unavail-
able for dementia assessment with the 185 patients with-
out dementia and the 66 patients with dementia with re-
gard to the scores that they received on the MMSE, the
Barthel Index, and the Stroke Severity Scale at the 7- to 10-
day examination. We then performed x* and logistic re-
gression analyses to compare the group of unavailable pa-
tients with the groups of patients with and without dementia
with regard to the clinical characteristics contained in a lo-
gistic model of the determinants of dementia that we pre-
sented previously'” (Table 1). Next, we used that logistic
model of the clinical determinants of dementia to calcu-
late the median probabilities of dementia among exam-
ined patients with and without dementia based on the fol-
lowing standard formula':

1

Probability of Dementia = ———
1+e—(a+b1x1+ ...+bx)

where a represents the model intercept, b, through b, rep-
resent the coefficients for each predictor variable in the
model, x; through x, represent an individual patient’s val-
ues for each of the predictor variables, and r represents the
number of predictor variables in the model. We calcu-
lated the probability of dementia for each of the 46 pa-
tients who were unavailable for assessment at the 3-
month examination based on their clinical characteristics
and diagnosed dementia in each of those patients when that
probability fell above the mean of the median probabili-
ties of dementia of the groups of examined patients with
and without dementia. Finally, we compared the patients
who were diagnosed as having dementia using this method
with those who were determined to be free of dementia us-
ing this method with regard to their scores on the MMSE,
the Barthel Index, and the Stroke Severity Scale at the 7-
to 10-day assessment.

— T

PATIENT CHARACTERISTICS
BY EXAMINATION STATUS

Based on the results of t tests, we found that the 46 pa-
tients who were unavailable for examination were sig-
nificantly more impaired than the 185 patients without
dementia on the MMSE (mean [+SD] scores, 18.2+7.7
vs 24.2+4.8, respectively; P<<.001), the Barthel Index
(mean [+SD] scores, 54.0+35.2 vs 72.1£25.4, respec-
tively; P<.001), and the Stroke Severity Scale (mean [+SD]
scores, 8.0+3.0 vs 6.0£3.2, respectively; P<<.001). Sig-
nificant differences were not found between the 46 un-
available patients and the 66 patients with dementia, who
received mean (+SD) scores of 18.4+5.7 on the MMSE
(P=.94), 50.5+£30.1 on the Barthel Index (P=.61), and
8.0+2.6 on the Stroke Severity Scale (P=.97).

Of the 46 patients who were unavailable for the
3-month examination, 26 patients had died (n=12) or
were sick (n=8) or untestable due to disorders such as
severe aphasia (n=6), while 20 patients refused that
examination (n=10), had moved away from the area
(n=8), or had become lost to follow-up (n=2). Among
patients who died, the median time until death was
61.5 days. Based on the results of examinations per-
formed 7 to 10 days after stroke, patients who died or
were sick or untestable were significantly more
impaired than patients who refused the 3-month
examination, moved away from the area, or became
lost to follow-up on the MMSE (mean [+SD] scores,
15.7+7.7 vs 21.4+6.6, respectively; P=.02), the Barthel
Index (mean [+SD] scores, 45.0+33.9 vs 65.8+34.3,
respectively; P=.05), and the Stroke Severity Scale
(mean [£SD] scores, 8.9+2.3 vs 6.9+3.5, respectively;
P=.03).
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Table 1. Logistic Model of the Clinical Determinants of Dementia Based
on a Sample of 251 Patients Examined 3 Months After Ischemic Stroke*
Variable B SE OR 95% CI
Age, y
=80 vs 60-69 2.6752 0.5034 14.5 5.4-38.9
70-79 vs 60-69 1.0595 0.4055 2.9 1.3-6.4
Education, y
=8vs =13 1.0733 0.5588 2.9 0.9-8.7
9-12vs =13 1.2241 0.5299 34 1.2-9.6
Race, nonwhite vs white 0.8748 0.4295 2.4 1.0-5.6
Diabetes mellitus 0.9676 0.3613 2.6 1888
Prior stroke 0.9976 0.3943 2.7 1.3-5.9
Lacunar infarction 1.0045 0.4053 2.7 1.2-6.0
Infarct location
Left hemisphere vs brainstem or cerebellum 1.5501 0.5127 47 1.7-12.9
Right hemisphere vs brainstem or cerebellum 1.2024 0.5081 353 1.2-9.0
Major dominant hemispheral syndrome 1.3580 0.5464 3.9 1.3-11.3
Intercept -5.8928 0.8914

*Adapted from Tatemichi et al.” SE indicates standard error; OR, odds ratio; and Cl, confidence interval.

CLINICAL CHARACTERISTICS OF PATIENTS
UNAVAILABLE FOR FOLLOW-UP

Table 2 presents the clinical characteristics contained in
the logistic model shown in Table 1 for the 46 patients who
were unavailable for follow-up as well as the 66 patients
who were found to have dementia and the 185 patients
who were found to be free of dementia in examinations
performed 3 months after stroke. Results of x* analyses
demonstrated that patients with dementia differed signifi-
cantly from patients who were unavailable for follow-up
with regard to age and the occurrence of lacunar infarc-
tion as the index stroke. Both of those variables remained
significant when they were entered into a logistic regres-
sion analysis, with dementia found to be associated with
an age of 80 years or older vs 60 to 69 years (odds ratio
[OR], 0.23; 95% confidence interval [CI], 0.07-0.73) and
the occurrence of lacunar infarction as the index stroke
(OR, 0.32;95% ClI, 0.12-0.84) relative to unavailability for
examination. Results of x* analyses also demonstrated that
unavailable patients differed significantly from patients
without dementia with regard to the frequency of presen-
tation with a major dominant hemispheral syndrome, the
location of the index stroke, the occurrence of lacunar in-
farction as the index stroke, and a history of prior stroke.
Logistic regression analysis determined that unavailabil-
ity for examination was associated with a major domi-
nant hemispheral syndrome (OR, 2.67; 95% CI, 1.01-
7.09), left hemisphere (OR, 3.16;95% CI, 1.05-9.54) and
right hemisphere (OR, 2.92;95% CI, 1.02-8.34) infarct lo-
cations vs a brainstem or cerebellar infarct location, and
ahistory of prior stroke (OR, 1.98;95% CI,0.95-4.11) com-
pared with freedom from dementia.

FREQUENCY OF DEMENTIA AMONG PATIENTS
UNAVAILABLE FOR FOLLOW-UP

To illustrate the use of a logistic regression model to es-
timate the probability of dementia, we describe the clini-
cal characteristics of 2 hypothetical patients. First, a hy-
pothetical high-risk patient would be an 82-year-old

nonwhite person with 7 years of education and a his-
tory of prior stroke and diabetes mellitus who presents
with a large left temporo-occipital infarction that has re-
sulted in memory impairment, dysnomia, and a right hom-
onymous hemianopia, consistent with a major domi-
nant hemispheral syndrome. Using the standard formula
presented earlier, those clinical characteristics would yield
a probability of dementia of 97.4%. A hypothetical low-
risk patient would be a 63-year-old white person with
16 years of education who has no history of prior stroke
or diabetes mellitus and presents with a small right pa-
rietal infarction that has resulted in only a sensory dis-
turbance, yielding a probability of dementia of 0.9%.

Based on the 251 patients who were examined 3
months after stroke, the median probabilities of demen-
tia among patients with and without dementia were 42.4%
and 13.9%, respectively. Using the mean of those val-
ues, or 28.2%, as a cutoff for the diagnosis of dementia,
we cross-tabulated dementia diagnoses based on our prob-
ability method with dementia diagnoses based on for-
mal in-person examinations of the 251 patients in our
cohort and found that the sensitivity and specificity of
our method were 75.8% and 72.4%, respectively. Using
our probability method, we recognized dementia in 21
of the 46 patients who were unavailable for examina-
tion, or 45.7% of that sample. Thirteen (61.9%) of the
21 patients who were determined to have dementia us-
ing that method were unavailable for examination due
to death, illness, or untestability, while 13 (52.0%) of the
25 patients who were determined to be nondemented us-
ing that method were unavailable for those reasons. Based
on the results of examinations performed 7 to 10 days
after stroke, the 21 unavailable patients who were deter-
mined to have dementia exhibited more severe cogni-
tive, functional, and neurologic impairment than the 25
unavailable patients who were determined to be nonde-
mented on the MMSE (mean [+SD] scores, 15.9+8.2 vs
19.9+7.0, respectively; P=.11), the Barthel Index (mean
[+SD] scores, 40.7+33.4 vs 65.2+33.4, respectively; P=.02),
and the Stroke Severity Scale (mean [+SD] scores, 9.3£2.0
vs 6.9+3.3, respectively; P=.004).
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Table 2. Patients’ Clinical Characteristics by Examination Status

Frequency (%)
' Examined I
Not Examined IDemented Not DementedI

Variable (n=46) (n=66) (n=185)
Age, y*

=80 6 (13.0) 23 (34.8) 21 (11.4)

70-79 21 (45.7) 26 (39.4) 66 (35.7)

60-69 19 (41.3) 17 (25.8) 98 (53.0)
Education, y

=8 21 (45.7) 27 (40.9) 60 (32.4)

9-12 15 (32.6) 32 (48.5) 76 (41.1)

=13 10 (21.7) 7(10.6) 49 (26.5)
Nonwhite race 32 (69.6) 51 (77.3) 118 (63.8)
Diabetes mellitus 14 (30.4) 31 (47.0) 57 (30.8)
Prior stroket 16 (34.8) 21 (31.8) 38 (20.5)
Lacunar infarction*t 7(15.2) 24 (36.4) 55 (29.7)
Infarct locationt

Left hemisphere 22 (47.8) 33 (50.0) 57 (30.8)

Right hemisphere 19 (41.3) 24 (36.4) 72 (38.9)

Brainstem or cerebellum 5(10.9) 9(13.6) 56 (30.3)
Major dominant hemispheral syndromezt 11 (23.9) 12 (18.2) 15 (8.1)

**Based on x? analysis, P<.05 for patients who were not examined compared with patients with dementia.
tBased on x? analysis, P<.05 for patients who were not examined compared with patients without dementia.
tBased on x? analysis, P<.01 for patients who were not examined compared with patients without dementia.

B COMMENT

Our results suggest that approximately half of the el-
derly patients in our cohort who were unavailable for fol-
low-up would have received a diagnosis of dementia if
they had been administered our baseline dementia as-
sessment 3 months after stroke. This finding is consis-
tent with our hypothesis that prevalence surveys tend to
underestimate the frequency of dementia associated with
stroke and suggests that studies of the incidence of de-
mentia may provide more accurate estimates of effect size
for use in public health planning. If we were to add the
dementia diagnoses of patients who were unavailable for
follow-up, as determined using the methods of the pres-
ent study, to the dementia diagnoses of patients who were
formally examined 3 months after stroke, the baseline
frequency of dementia in our cohort would increase from
26.3% to 29.3%, a 3.0% increase in the absolute fre-
quency of dementia and an 11.4% increase relative to the
original estimate. It is interesting to note that patients
who were unavailable for examination had more fre-
quently experienced a major dominant hemispheral syn-
drome, left and right hemisphere infarctions, and prior
stroke than patients who were found to be nonde-
mented in our formal examinations, suggesting that the
factors that increase the risk of becoming unavailable for
follow-up are similar to those that increase the risk of
dementia after stroke.

Although few formal epidemiological investiga-
tions of the frequency of dementia after stroke have been
performed, their findings are consistent with those of the
present study in suggesting that patients who have ex-
perienced more severe strokes, and who would thus be
more likely to meet criteria for dementia, are frequently

unavailable for dementia assessment. As part of the Stroke
Data Bank study, for example, Tatemichi et al'® re-
cruited a consecutive series of 927 elderly ischemic stroke
patients and found that 726 (78.3%) of those patients were
assessable by neurologists for the purposes of dementia
diagnosis 7 to 10 days after stroke. In a multivariate analy-
sis, unassessability was associated with reduced alert-
ness, aphasia, and hemineglect. Similarly, Censori et al*”
recruited a cohort of patients who were consecutively ad-
mitted to the medical center following ischemic stroke
and found that 110 (75.3%) of 146 eligible patients were
available for dementia assessment 3 months later, with
25 of the 36 unavailable patients having died prior to that
assessment. Univariate analyses demonstrated that those
25 patients were significantly older, had more severe defi-
cits, and had more frequently experienced “total ante-
rior circulation infarcts” than the 121 patients who sur-
vived their presenting stroke.

Regarding the secondary aim of this study, we be-
lieve that the use of our logistic model of the clinical de-
terminants of dementia can provide valuable informa-
tion regarding the probability of dementia for individual
elderly patients following ischemic stroke, particularly
in the context of research programs that must deter-
mine dementia status but cannot complete formal neu-
ropsychological and functional assessments due to pa-
tient death, untestability, or comorbid illness. For patients
who become unavailable for in-person examinations by
choice, due to refusal or relocation, a telephone-based
dementia screening protocol can be attempted using in-
struments such as the Telephone Interview for Cogni-
tive Status'® and the Blessed Functional Activity Scale,'
although the methodologic weaknesses inherent in such
an approach are readily apparent.
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