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Predicting Readmission Stroke Type Among Blacks and
Whites in California

Byron S. Kennedy, MD, PhD, MPH,* Stanislav V. Kasl, PhD,†
Judith Lichtman, PhD,† and Hongyu Zhao, PhD†

Background: It is generally assumed that initial and recurrent strokes are of the same
type, but data from South London, United Kingdom; Lausanne, Switzerland; and
other studies suggest this may not be true for certain subtypes. In these studies,
however, the number of recurrent strokes observed during the follow-up period
was small, thereby limiting the ability of these studies to provide reliable estimates
of stroke type concordance. Methods: Using a large, diverse, inpatient database, this
study sought to: (1) estimate the relative agreement (Cohen’s kappa) between initial
and recurrent stroke types for blacks and whites; and (2) develop a risk-adjusted
logistic model for readmission stroke type, with the initial admission stroke type as
the main predictor and race, other sociodemographic variables, and clinical and
hospital characteristics as potential covariates. Results: Stroke type concordance
was similar for blacks (kappa � 0.77, 95% confidence interval [CI] � 0.71-0.83) and
whites (kappa � 0.77, 95% CI � 0.74-0.79). In the adjusted logistic regression
models, the initial admission stroke type strongly predicted the readmission stroke
type (subarachnoid hemorrhage: odds ratio [OR] � 738.31, 95% CI � 422.58-
1289.93; intracerebral hemorrhage [ICH]: OR � 80.86, 95% CI � 61.57-106.19;
ischemic: OR � 125.81, 95% CI � 96.12-164.67). Other patient factors, but not race,
also predicted readmission stroke type (e.g., younger age increased the odds of
having an subarachnoid hemorrhage readmission; atrial fibrillation increased the
odds of having an ICH readmission; older age, diabetes mellitus, and heart failure
increased the odds of having an ischemic stroke readmission). Conclusion: This
study showed that the initial stroke type and other factors were independently
associated with the readmission stroke type and that patterns of stroke type concor-
dance were similar for blacks and whites. These results may help to identify patients
in high-risk subgroups who are more likely to have a recurrent hemorrhagic stroke,
which could inform patient treatment decisions. For example, patients with atrial
fibrillation may be at greater risk for having an ICH readmission because of the adverse
effects of anticoagulant therapy, antiplatelet treatment, or both, which should be
investigated further. Key Words: Stroke classification—subarachnoid hemorrhage—
intracerebral hemorrhage—recurrence—racial differences.
© 2005 by National Stroke Association
b
t
o
t

2
k

It is generally assumed that initial and recurrent
trokes are of the same type,1-4 but there is evidence,
ncluding data from South London, United Kingdom,5

nd Lausanne, Switzerland,6 to suggest that this may not
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e true for certain subtypes. Indeed, it has been reported
hat a change in stroke type may occur in more than 40%
f recurrences. Predicting recurrent stroke type is impor-
ant because this information may guide patient treat-
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ent decisions.7 In previous studies, however, the num-
er of recurrent stroke events observed during the
ollow-up period was small, thereby limiting the ability
f these studies to provide reliable estimates of stroke
ype concordance, especially for the hemorrhagic cases.
herefore, it is not clear to what extent the initial stroke

ype determines the stroke type of later events. In addi-
ion, to the authors’ knowledge, no prior investigation
as reported concordance data specifically for blacks,
lthough the latter represent a high-risk group for
troke incidence,8-10 mortality,11,12 and perhaps recur-
ence.1,13-16 Accordingly, using a large and diverse inpa-
ient database for the state of California, this study sought
o: (1) estimate the relative agreement between the initial
nd recurrent stroke types for blacks and whites; and (2)
evelop a risk-adjusted prediction model for readmission
troke type using logistic regression, with the initial ad-
ission stroke type as the main predictor.

Methods

Study Population

For this hospital-based retrospective cohort study, data
rom the Agency for Healthcare and Research Quality,
alifornia State Inpatient Databases for the year 2000
ere used.17 These files contain discharge abstract data

rom community hospitals, as defined by the American
ospital Association, which include all nonfederal, short-

erm, general, and other specialty hospitals as well as
rban and teaching institutions.18 The selection of cases
as based on the following criteria19: ischemic stroke was
efined using all discharge diagnoses and the Interna-

ional Classification of Diseases, Ninth Revision (ICD-9)
odes 433.x1 for occlusion/stenosis of the precerebral
rteries (where “x” equals 0, 1, 2, 3, 8, or 9), 434 for
cclusion/stenosis of the cerebral arteries (excluding
34.x0, where “x” equals 0, 1, or 9), and 436 for acute but
ll-defined stroke; subarachnoid hemorrhage (SAH) was
efined using only the primary discharge diagnosis and

CD-9 code 430; intracerebral hemorrhage (ICH) was also
efined using only the primary discharge diagnosis and

CD-9 code 431. In addition, cases were excluded if the
resence of traumatic brain injury (i.e., ICD-9 codes 800,
04, 850-854) or rehabilitation care (i.e., ICD-9 code V57)
as noted in the chart. In summary, the codes used in

his study included acute stroke events resulting from
schemic infarction or hemorrhage. This algorithm was
sed to define not only the initial (index) stroke admis-
ion for a patient but also to define stroke readmissions
i.e., any stroke admission occurring after the index
vent) for the same patient.

Tirschwell and Longstreth19 have previously shown
hat this algorithm is both accurate and reliable, with
ositive predictive values and relative agreements
Cohen’s kappa) reported to be at least 89% and 82%, c
espectively, for each major stroke type. Certainly, alter-
ative algorithms have been considered and discussed by
thers.20-22 For example, Goldstein22 has described an
pproach for the selection of ischemic strokes based on
nly the primary discharge diagnosis (without account-

ng for cases associated with trauma or rehabilitation).
his method, however, does not perform as well as the
ne given here in terms of both accuracy and reliability.
urther, as Tirschwell and Longstreth19 demonstrated,
elying on only the primary discharge diagnosis may bias
dministrative samples toward more benign stroke cases
hat are unrepresentative and, therefore, they recom-

end avoiding this approach.
For the purposes of this study, a stroke readmission was

onsidered a stroke recurrence, as others have done,6,15,23

lthough the latter is typically meant to include both
ospitalized and nonhospitalized stroke events. Further,

he index admission defined in this study may not rep-
esent a first-ever stroke event. Prior work has shown that
he annual risk for recurrence is greatest during the first
ear after the initial stroke event and that this risk is less
han 20%.2-4,14 Therefore, to increase the likelihood of
artially identifying first-time events, cases were also
xcluded if they had a stroke hospitalization in the pre-
eding year using the same criteria given above. In addi-
ion, ischemic stroke admissions with evidence of hemor-
hagic conversion (�1% of the total) were excluded, as
uggested by others, owing to the difficulty of assigning
uch cases to one of the major stroke types.5,6 Because the
urpose of this study was to examine stroke type patterns
mong patients having a stroke readmission, this study
as also limited to those cases having at least one recur-

ent stroke admission during the same calendar year.
urther, this study was restricted to a comparison of
on-Hispanic black and white patients with stroke aged
5 years and older on the index admission as coded on
he discharge abstract. Finally, patients with missing co-
ariate information were excluded, but these cases rep-
esented less than 3% of the total and, therefore, it is
nlikely that this exclusion had any substantial impact on

he major findings.

Study Measures

For both the concordance and multivariate analyses,
he main outcome was readmission stroke type and the

ain predictor was the initial admission stroke type. In
he regression models, potential covariates were based on
he index admission and included sociodemographic fac-
ors, comorbid conditions, procedures performed, in-hos-
ital duration, discharge disposition, and hospital char-
cteristics.

Statistical Analysis

For the nominal data in this analysis, stroke type con-

ordance was assessed using Cohen’s unweighted kappa
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PREDICTING READMISSION STROKE TYPE 253
ather than percent agreement because the latter may be
isleading because it does not account for the apparent

greement as a result of chance alone and, therefore,
ends to give overly optimistic values. Type-specific
appa values were based on 2 � 2 tables for each stroke
lass (specific stroke type on readmission yes/no v spe-
ific stroke type on the index admission yes/no). Overall
appa values were based on 3 � 3 tables using all stroke
lasses (stroke type on readmission SAH/ICH/ischemic

stroke type on the index admission SAH/ICH/isch-
mic).

For comparison, data from two previously published
tudies were assessed for stroke type concordance. In the
outh London Community Stroke Register Study,5 isch-
mic strokes included nonlacunar and lacunar infarcts,
hereas unclassified strokes were excluded to make table

ntries comparable with the current study. As this was a
opulation-based study, nonhospitalized stroke events
ere included and, therefore, the data were presented as

ecurrent rather than readmission stroke type. In the
ausanne Stroke Registry Study,6 ischemic strokes in-
luded nonlacunar noncardioembolic, nonlacunar cardio-
mbolic, and lacunar infarcts. Further, because SAH
trokes were not included in the data for this study,
verall kappa values were based on a 2 � 2 table.
For the multivariate analysis, the dichotomous out-

ome (i.e., readmission stroke type: SAH v other; ICH v
ther; and ischemic v other) was analyzed using logistic
egression. A parsimonious model was then derived us-
ng a stepwise selection procedure for covariates at the
.1-level of significance, with race forced into each ad-

usted model. To account for the possible within-subject
orrelation between repeated stroke events, generalized
stimating equations with an exchangeable correlation
tructure were used. All statistical analyses were per-
ormed with software (SAS, Version 9.1, SAS Institute
nc, Cary, NC).

Results

Patient characteristics are summarized in Table 1 ac-
ording to stroke type on the index admission. In general,
lacks tended to be younger than whites. As expected,
ypertension and diabetes mellitus were more common
mong blacks, and atrial fibrillation and ischemic heart
isease were more common among whites, especially for

hose having an ischemic stroke hospitalization. This
tudy also found that blacks were less likely to have had

urinary tract infection during their admission. Other
oticeable differences included the observation that
lacks were less likely to have a do-not-resuscitate order

n their chart, and blacks were more likely to be hospi-
alized at institutions having a larger bed capacity than

hites.
Concordance between the index and recurrent stroke
ypes are summarized in Table 2. In general, blacks and l
hites had similar patterns. For example, with both
roups, stroke type agreement was greatest for SAH
kappa � 0.93, 95% confidence interval [CI] � 0.87-0.99
or blacks; kappa � 0.87, 95% CI � 0.84-0.90 for whites)
nd lowest for ICH (kappa � 0.68, 95% CI � 0.59-0.77 for
lacks; kappa � 0.68, 95% CI � 0.64-0.71 for whites). For
lacks, the overall concordance kappa was 0.77 (95% CI �

.71-0.83), which was lower than the apparent percent
greement of 0.94 (723 of 768). For whites, the overall
oncordance kappa was also 0.77 (95% CI � 0.74-0.79),
nd this too was lower than the apparent percent agree-
ent of 0.94 (4045 of 4325). Corresponding indices for the

wo previously published studies were both lower than
he values given for the current study (Table 3).

The logistic regression analysis is summarized in
ables 4 through 6. This analysis included a total of 768
troke readmissions for blacks (38 SAH � 72 ICH � 658
schemic strokes) and 4325 for whites (249 SAH � 438
CH � 3638 ischemic strokes). In the crude model
model 1) of Table 4, having an SAH greatly increased
he odds of having an SAH readmission (odds ratio
OR] � 1017.51, 95% CI � 611.52-1693.03). This associ-
tion was essentially unchanged after adjustment for race
model 2), but was attenuated with further covariate
djustment (OR � 738.31, 95% CI � 422.58-1289.93)
model 3). Younger age also increased the odds of having
n SAH readmission. For the crude model (model 1) of
able 5, having an initial ICH admission increased the
dds of having an ICH readmission (OR � 81.75, 95% CI

62.53-106.88). Neither race (model 2) nor additional
redictors changed this relationship much (OR � 80.86,
5% CI � 61.57-106.19) (model 3). Atrial fibrillation also
ncreased the odds of having an ICH readmission,

hereas age had no significant effect. In the crude model
model 1) of Table 6, having an initial ischemic stroke
dmission increased the odds for having an ischemic
troke readmission (OR � 142.26, 95% CI � 109.62-
84.83). As with other stroke types, race (model 2) did not
ssentially change this association, but further covariate
djustment did attenuate it (OR � 125.81, 95% CI �

6.12-164.67) (model 3). Older age, diabetes mellitus, and
eart failure also increased the odds of having an isch-
mic readmission.

Discussion

Few studies have examined agreement patterns be-
ween index and recurrent stroke types.1-6 In general,
onflicting results exist as to what extent the initial stroke
ype determines the recurrent stroke type. The authors
pproached this issue by applying rigorous statistical
ethods to a large, diverse database to obtain reliable

stimates of concordance. The data showed that maximal
greement occurred with SAH (kappa � 0.88). Such high

evels of concordance could suggest that an underlying



Table 1. Summary of patient characteristics by stroke type on index admission, California state inpatient databases, year 2000

Variable

SAH stroke admission ICH stroke admission Ischemic stroke admission

Blacks
total � 35

Whites
total � 206 Chi square

test
P value

Blacks
total � 62

Whites
total � 376 Chi-square

test
P value

Blacks
total � 543

Whites
total � 3198 Chi-square

test
P valuen % n % n % n % n % n %

Age, y <.01 <.01 <.01
15-54 26 74.3 90 43.7 18 29.0 45 12.0 72 13.3 224 7.0
55-64 5 14.3 40 19.4 20 32.3 45 12.0 84 15.5 311 9.7
65-74 4 11.4 40 19.4 10 16.1 82 21.8 185 34.1 755 23.6
75-84 0 0.0 30 14.6 9 14.5 138 36.7 143 26.3 1203 37.6
�85 0 0.0 6 2.9 5 8.1 66 17.5 59 10.9 705 22.1

Male 9 25.7 62 30.1 .60 25 40.3 189 50.3 .15 219 40.3 1368 42.8 .29
Medicare/Medicaid 12 34.3 87 42.2 .38 37 59.7 267 71.0 .07 417 76.8 2543 79.5 .15
Hypertension 25 71.4 86 41.7 <.01 49 79.0 261 69.4 .12 432 79.6 2119 66.3 <.01
Diabetes mellitus 5 14.3 18 8.7 .30 19 30.6 60 16.0 <.01 226 41.6 895 28.0 <.01
Atrial fibrillation 2 5.7 23 11.2 .33 9 14.5 80 21.3 .22 98 18.0 932 29.1 <.01
Heart failure 2 5.7 7 3.4 .50 3 4.8 25 6.6 .59 63 11.6 442 13.8 .16
Ischemic heart disease 3 8.7 22 10.7 .70 6 9.7 70 18.6 .08 133 24.5 897 28.0 .09
Hypokalemia 0 0.0 4 1.9 .40 3 4.8 18 4.8 .99 30 5.5 144 4.5 .30
Urinary tract infection 0 0.0 30 14.6 .02 6 9.7 51 13.6 .40 48 8.8 367 11.5 .07
Head CT/MRI scan 9 25.7 49 23.8 .80 22 35.5 120 31.9 .58 167 30.8 949 29.7 .61
Carotid endarterectomy 0 0.0 0 0.0 0 0.0 0 0.0 2 0.4 39 1.2 .08
LOS �4 days 28 80.0 146 70.9 .26 45 72.6 238 63.3 .16 345 63.5 2001 62.6 .68
DNR order in chart 0 0.0 12 5.8 .14 2 3.2 69 18.4 <.01 31 5.7 441 13.8 <.01
LT care discharge 1 2.9 3 1.5 .55 1 1.6 5 1.3 .86 9 1.7 68 2.1 .48
Hospital size �200 beds 30 86.7 164 79.6 .40 39 62.9 230 61.2 .80 381 70.2 1950 61.0 <.01
Nonprofit hospital 27 77.1 150 72.8 .59 46 74.2 265 70.5 .55 385 70.9 2313 72.3 .49

CT, computed tomography; DNR, do not resuscitate; ICH, intracerebral hemorrhage; LOS, length of hospital stay; LT, long-term; MRI, magnetic resonance imaging; SAH, subarachnoid
hemorrhage.

P values in bold represent variables with significant differences between blacks and whites based on the Pearson Chi square test.
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PREDICTING READMISSION STROKE TYPE 255
enetic mechanism is involved in recurrent stroke type
etermination. The fact that nontraumatic SAH is known

o be associated with several heritable conditions includ-
ng saccular/berry aneurysms, polycystic kidney disease,

1-antitrypsin deficiency, sickle cell anemia, Ehlers-
anlos syndrome, fibromuscular dysplasia, and other

onnective tissue disorders is consistent with this view.24

lacks had a somewhat higher SAH concordance level
kappa � 0.93) than whites (kappa � 0.87), which could
epresent random variation. Alternatively, this observa-
ion might be explained by the younger age distribution,

hich could reflect a genetic predisposition, and/or the
igher prevalence of hypertension, which could imply a
reater risk of aneurysm rupture, that black patients with
AH had in this study.
The data also showed that the lowest agreement oc-

urred for ICH (kappa � 0.68). This is not surprising
iven that this stroke type is known to be associated with

Table 2. Patterns of readmission stroke type

Stroke type on
readmissions

Blacks
Stroke type on index admission

SAH ICH Ischemic Total

SAH 36 1 1 38
ICH 1 51 20 72
Ischemic 2 20 636 658
Total 39 143 657 768
KappaSAH (95% CI) 0.93 (0.87-0.99)
KappaICH (95% CI) 0.68 (0.59-0.77)
Kappaischemic (95% CI) 0.77 (0.71-0.84)
Kappaoverall (95% CI) 0.77 (0.71-0.83)

CI, Confidence interval; ICH, intracerebral hemorrhage; SAH, s
Values in bold represent concordant stroke type frequencies; kapp

greement.

Table 3. Patterns of recurrent/readmission

Stroke type on
recurrence

South London study5 Unit
Stroke type on index

SAH ICH Ischem

SAH 1 0 0
ICH 0 5 6
Ischemic 1 8 80
Total 2 13 86
KappaICH (95% CI) 0.34 (0.07-0.61
Kappaischemic (95% CI) 0.36 (0.10-0.62
Kappaoverall (95% CI) 0.37 (0.11-0.63

CI, Confidence interval; ICH, intracerebral hemorrhage; SAH, s
For the South London study, ischemic � nonlacunar � lacu

omparable with the current study; for the Lausanne study, ischemic
nfarcts; values in bold represent concordant stroke type frequencie

erfect agreement.
everal risk factors including hypertension, amyloid an-
iopathy, and vascular malformations.25 The extent of
greement is also likely influenced by the location of ICH,
ith lobar sites (e.g., elderly patients with amyloid angi-

pathy) associated with greater agreement than deep
emispheric sites (e.g., patients with hypertension).26

imilarly, ischemic stroke is associated with a number of
mportant risk factors (e.g., hypertension, diabetes melli-
us, other vascular diseases) and pathophysiologic mech-
nisms (e.g., large vessel arteriosclerosis, cardiogenic
mbolus, small vessel occlusion).25 Therefore, with this
troke type, less than excellent concordance was demon-
trated as well (kappa � 0.78). When all stroke classes
ere considered, the overall agreement between the ini-

ial and recurrent stroke types was 0.77 using kappa and
.94 using percent agreement. This difference in values
llustrates what was stated earlier about the latter index
eing overly optimistic because it does not account for

ifornia state inpatient databases, year 2000

Whites
type on index admission

Blacks and whites
Stroke type on index admission

ICH Ischemic Total SAH ICH Ischemic Total

18 15 249 252 19 16 287
305 115 438 19 356 135 510
100 3524 3638 16 120 4160 4296
423 3654 4325 287 495 4311 5093
0.87 (0.84-0.90) 0.88 (0.85-0.90)
0.68 (0.64-0.71) 0.68 (0.64-0.71)
0.78 (0.76-0.81) 0.78 (0.76-0.80)
0.77 (0.74-0.79) 0.77 (0.73-0.78)

noid hemorrhage.
indicates no agreement beyond chance, kappa � 1 indicates perfect

types for some previously published studies

gdom Lausanne study6 Switzerland Stroke type
on index event

Total SAH ICH Ischemic Total

1
11 11 5 16
89 8 97 105

101 19 102 121

0.57 (0.35-0.78)

noid hemorrhage.
arcts, unclassified strokes were excluded to make table entries
lacunar noncardioembolic � nonlacunar cardioembolic � lacunar
a � 0 indicates no agreement beyond chance, kappa � 1 indicates
s, Cal

Stroke

SAH

216
18
14

248
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B.S. KENNEDY ET AL.256
greement as a result of chance alone and, therefore, its
xclusive use should be avoided.

The overall stroke type concordance in this study was
ubstantially higher than that for the South London Com-
unity Stroke Register Study5 (kappa � 0.37) and the

ausanne Stroke Registry Study6 (kappa � 0.57). These
iscrepancies may be related to the small numbers of
ecurrent events that were available in those prior stud-
es, especially for the hemorrhagic cases. This view is
upported by the fairly wide CIs demonstrated for the
appa values of the South London and Lausanne studies.
ifferences in study design and case mix may have also

ontributed to the results. For example, the South
ondon study was population-based and included hos-
italized and nonhospitalized cases during a 6-year pe-
iod, whereas the Lausanne study was hospital-based,
ike the current study, and included only hospitalized

Table 4. Multivariate logistic regression models: Odds of
inpatient dat

Variable

Model 1

OR 95% CI

Initial SAH admission 1017.51 611.52-1693.03
Black race
Age, y

15-54
55-64
65-74
75-84
�85

Diabetes mellitus
Hypokalemia
Nonprofit hospital

CI, Confidence interval; ICH, intracerebral hemorrhage; OR, od
OR values in bold represent variables significantly associated w

stimating equations were used assuming an exchangeable correla
10 ICH � 4296 ischemic stroke readmissions.

Table 5. Multivariate logistic regression models: Odds of h
inpatient dat

Variable

Model 1

OR 95% CI

Initial ICH admission 81.75 62.53-106.88
Black race
Diabetes mellitus
Atrial fibrillation
Heart failure

CI, Confidence interval; ICH, intracerebral hemorrhage; OR, od
OR values in bold represent variables significantly associated w

stimating equations were used assuming an exchangeable correla

10 ICH � 4296 ischemic stroke readmissions.
schemic and ICH cases during a 6-year period. The
arger number of events and similar study design may
xplain why the Lausanne data were more comparable
ith the data reported here.
Several researchers have suggested that lack of agree-
ent between the index and recurrent stroke types im-

lies that additional unrecognized factors beyond the
nitial stroke type influence the stroke type determination
f repeated events.5-7 This explanation was proposed by
amamoto and Bogousslavsky6 and has been referred to
s the hypothesis of the multifactorial origin of stroke
ecurrence. In contrast, as discussed by Hillen et al,5

any clinicians assume that strokes recur in the same
orm as that of the index presentation, and this thinking

ay guide diagnostic and therapeutic decision making.
o the extent that this assumption is incorrect, patients
ith stroke may receive less than optimal or even inap-

a subarachnoid hemorrhage readmission, California state
, year 2000

Model 2 Model 3

R 95% CI OR 95% CI

7.63 611.33-1693.96 738.31 422.58-1289.93
0.91 0.53-1.54 0.77 0.42-1.40

1.00
0.53 0.23-1.24
0.47 0.21-1.03
0.36 0.16-0.80
0.10 0.03-0.32
0.45 0.26-0.77
2.11 0.71-6.28
0.69 0.40-1.19

; SAH, subarachnoid hemorrhage.
odds of having an SAH readmission; for all models, generalized

ucture; this logistic regression analysis included n � 287 SAH �

an intracerebral hemorrhage readmission, California state
, year 2000

Model 2 Model 3

R 95% CI OR 95% CI

.81 62.57-106.96 80.86 61.57-106.19

.94 0.64-1.40 1.02 0.68-1.51
0.60 0.43-0.83
1.42 1.03-1.95
0.52 0.32-0.86

; SAH, subarachnoid hemorrhage.
odds of having an ICH readmission; for all models, generalized

ucture; this logistic regression analysis included n � 287 SAH �
having
abases

O

101

ds ratio
ith the

tion str
aving
abases

O

81
0

ds ratio
ith the

tion str
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PREDICTING READMISSION STROKE TYPE 257
ropriate care that could affect them adversely. In their
ecurrent stroke prevention guidelines, Hanley et al27

oint out that controversy remains regarding the stan-
ard of practice for treating patients with stroke. They
lso note that substantial gaps exist in the application and
mplementation of information derived from clinical tri-
ls addressing stroke prevention. Importantly, as Lees7

as emphasized, if the cause of recurrent stroke type is
ultifactorial, then having a multifactorial approach to

atient treatment is essential.
This study is one of the first to demonstrate not only

hat the index stroke type independently predicts read-
ission stroke type but that several other factors are

mportant as well. For example, younger age increased
he odds of having an SAH readmission. This is not
urprising given that patients with SAH in this study had

younger age distribution than other patients with
troke, which is consistent with prior reports.28,29 This
ounger presentation for SAH may relate to genetic fac-
ors, as mentioned above. In addition, environmental
actors, such as smoking, excessive alcohol consumption,
nd illicit drug use, may contribute to this higher risk
mong younger adults. In contrast, atrial fibrillation, but
ot age, increased the odds of an ICH readmission. In this
tudy, as in others, patients with ICH were older than
hose with SAH but slightly younger than those with
schemic stroke. The lack of age effects may reflect the
eterogeneity among patients with ICH mentioned ear-

ier. Atrial fibrillation, however, may represent the ad-
erse effects of anticoagulant therapy, antiplatelet ther-

Table 6. Multivariate logistic regression models: Odds of
databas

Variable

Model 1

OR 95% CI

Initial ischemic admission 142.26 109.62-184.62
Black race
Age, y

15-54
55-64
65-74
75-84
�85

Diabetes mellitus
Atrial fibrillation
Heart failure
Head CT/MRI scan
Hospital �200 beds

CI, Confidence interval; CT, computed tomography; ICH, intrac
AH, subarachnoid hemorrhage.
OR values in bold represent variables significantly associated w

eneralized estimating equations were used assuming an exchange
87 SAH � 510 ICH � 4296 ischemic stroke readmissions.
py, or both among patients with stroke and a high t
leeding risk. This is an important finding given the
ebate concerning the appropriate treatment of patients
ith hemorrhagic stroke.30,31 Indeed, the results of this

tudy may be useful for subsequent risk stratification and
ecision making in the absence of obvious clinical find-

ngs. For example, for those patients at greatest risk of
aving a recurrent hemorrhagic stroke (e.g., those having
n initial hemorrhagic stroke, younger adults), the use of
nticoagulant or antiplatelet therapy should be ques-
ioned even if they have indications otherwise, such as a
istory of chronic atrial fibrillation.7,32

Regarding ischemic stroke readmission, the important
redictors included increasing age, heart failure, and
iabetes mellitus. The age effects are consistent with
hat is known about the epidemiology of strokes in that

he elderly have a greater risk for ischemic events, as age
ay reflect the cumulative effects of multiple lifetime

xposures along with the aging of the brain and the
rteries.29,33,34 Heart failure is commonly caused by
schemic heart disease, especially among the elderly,
nd may represent a marker of long-term atheroscle-
osis, which is widely recognized as a risk factor for
schemic cerebral infarction.35 Diabetes mellitus is also
n established risk factor for stroke.36 Others have sug-
ested that diabetes mellitus may increase the risk for a
hromboembolic event through several potentially syner-
istic mechanisms including glycosylation-induced accel-
ration of atherosclerosis, promotion of plaque formation
hrough hyperinsulinemia, and adverse effects on choles-

an ischemic stroke readmission, California state inpatient
r 2000

Model 2 Model 3

OR 95% CI OR 95% CI

42.41 109.73-184.83 125.81 96.12-164.67
1.08 0.73-1.58 1.17 0.78-1.76

1.00
1.33 0.81-2.17
2.00 1.30-3.07
2.19 1.44-3.31
2.69 1.66-4.36
1.98 1.41-2.80
0.66 0.48-0.92
1.87 1.14-3.04
1.32 0.99-1.77
0.80 0.60-1.06

l hemorrhage; MRI, magnetic resonance imaging; OR, odds ratio;

e odds of having an ischemic stroke readmission; for all models,
rrelation structure; this logistic regression analysis included n �
having
es, yea

1

erebra

ith th
able co
erol levels.37
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To the authors’ knowledge, no prior investigation has
eported race-specific concordance rates or has examined
he potential effects of race on recurrent stroke type. In
he current study, the authors were unable to show a
ignificant association between race and readmission
troke type in the logistic regression analysis. These re-
ults were supported by the stroke type concordance
atterns between blacks and whites, which were compa-
able. Consequently, although the causal factors contrib-
ting to a first stroke may differ between blacks and
hites, the data given here suggest that the underlying
athophysiologic mechanisms influencing the recurrence
f a given stroke type are similar. Importantly, these
esults imply that prevention efforts aimed at reducing
ubsequent type-specific strokes should be effective in
oth racial groups.
On the index admission, there were some differences

etween black and white stroke patients. As expected,
ypertension and diabetes mellitus were more common
mong blacks, which increases their risk for stroke, espe-
ially for ischemic events, whereas atrial fibrillation and
schemic heart disease were more common among

hites, which could increase their risk for cardioembolic
troke. As mentioned earlier, blacks tended to be
ounger, which could reflect some genetic predisposition
or stroke. They were also more likely to be hospitalized
t institutions with higher bed capacities, which may
ndicate that black patients with stroke have access to
arger urban medical centers for their stroke care. Whites

ere more likely to have a urinary tract infection, which
ould suggest a complication of in-hospital care (e.g.,
xtended use of an indwelling Foley catheter),38 and
o-not-resuscitate order in their chart, which could be a
arker for a poor prognosis (e.g., functional status, qual-

ty of life, poor response to earlier treatment, patients’
references for less burdensome care, or inappropriate
missions of other potentially life-sustaining care).39

When interpreting the findings of this study, several
otential limitations should be kept in mind. First, as
ith most studies using administrative data, the current

tudy is limited by a lack of detailed clinical information
or each case. This analysis partially adjusted for some
lements of disease severity by using surrogate markers
uch as discharge disposition and length of hospital stay.
n addition, this study accounted for coexisting condi-
ions (e.g., hypertension, diabetes mellitus) and proce-
ures performed (e.g., carotid endarterectomy) that may

nfluence acute management and subsequent recurrence
isk. Second, the index stroke admission may not have
epresented the first-ever stroke that a patient had. How-
ver, as mentioned before, most of these admissions will
e first-time strokes, especially with the removal of those
aving a stroke admission during the preceding year.
ndeed, it was previously shown that about 12% of the
atients with stroke had a stroke readmission during the

2-month period, which compared well with the cumu-
ative 1-year recurrence rates from population-based
tudies; the distribution of stroke counts was also similar
o that found in other studies.16 Third, this investigation
id not include nonhospitalized stroke events, which

ikely include mild cases, in which patients may not seek
edical attention at all, and severe cases, in which pa-

ients may die before being hospitalized. But most pa-
ients with stroke in the United States do become hospi-
alized8,10,20,40 and, consequently, it is unlikely that this
ad an appreciable impact on the major findings reported
ere. Fourth, in the current study, those receiving a head
omputed tomography/magnetic resonance imaging
can during the index stroke admission accounted for less
han half of the total. Although it is possible that so few
atients received head imaging, it is more likely that most
atients received scans before admission during their
tay in the emergency department.41-43 Indeed, head
omputed tomography is routinely done to rule out a
emorrhagic stroke in any acute case as part of the initial
orkup and in determining therapeutic options (e.g.,
hether or not antiplatelet treatment should be initiated,

s with ischemic stroke). Consequently, head imaging
erformed during the hospitalization may represent fol-

ow-up care (e.g., to confirm initial results, to determine
xtent of injury for an actively progressing stroke).43

inally, hospital records rather than self-reports were
sed for racial classifications. However, when dually
nrolled Medicare and Medicaid cases were considered,
ospital records were shown to be fairly reliable for the
lassification of blacks and whites, but less so for other
acial/ethnic groups.44 Further, self-reports may not cap-
ure the perceptions of observers, which may be more
elevant for identifying the potential effects of racism and
iscrimination.45

In conclusion, this study demonstrated that the initial
dmission stroke type and other patient factors were
ndependently associated with the readmission stroke
ype. These findings indicate that multiple factors con-
ribute to the determination of stroke type recurrence. In
he clinical setting, different causes of recurrent stroke
ype could suggest a more appropriate stroke workup for
cute cases. Moreover, these differences could indicate an
lternative therapeutic regimen that is optimal for sub-
roups of patients with stroke. Finally, this study found
hat blacks and whites had similar patterns of stroke type
oncordance, which was also supported by the regression
nalysis. These results may suggest that both groups
ould benefit from intervention efforts targeting recur-

ent strokes of a given type.
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