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Abstract

Objective: To compare whites and African-Americans in terms of dementia risk following index
stroke.

Methods: The data consisted of billing and International Classification of Diseases, Ninth
Revision diagnosis codes from the South Carolina Revenue and Fiscal Affairs office on all hospital
discharges within the state between 2000 and 2012. The sample consisted of 68,758 individuals
with a diagnosis of ischemic stroke prior to 2010 (49,262 white [71.65%] and 19,496 African-
Americans [28.35%]). We identified individuals in the dataset who were subsequently diagnosed
with any of 5 categories of dementia and evaluated time to dementia diagnosis in Cox Proportional
Hazards models. We plotted cumulative hazard curves to illustrate the effect of race on dementia
risk after controlling for age, sex, and occurrence of intervening stroke.

Results: Age at index stroke was significantly different between the 2 groups, with African-
Americans being younger on average (70.0 [SD 12.5] in whites versus 64.5 [SD 14.1] in African-
Americans, £<.0001). Adjusted hazard ratios revealed that African-American race increased risk
for ailS categories of dementia following incident stroke, ranging from 1.37 for AD to 1.95 for
vascular dementia. Age, female sex, and intervening stroke likewise increased risk for dementia.

Conclusions: African-Americans are at higher risk for dementia than whites within 5 years of
ischemic stroke, regardless of dementia subtype. Incident strokes may have a greater likelihood of
precipitating dementia in African-Americans due to higher prevalence of nonstroke
cerebrovascular disease or other metabolic or vascular factors that contribute to cognitive
impairment.
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Introduction

Methods

Stroke and dementia share a number of risk factors, including hypertension and diabetes, 1
and stroke approximately quadruples the risk of dementia.>8 Prevalence of dementia among
those with stroke is approximately equal to that in individuals without stroke who are 10
years older.®> Cerebrovascular disease contributes to a majority of cases of dementia
evaluated with autopsy’~2 These observations suggest that the burden of common forms of
dementia may be mitigated by aggressive stroke prevention measures.

Both stroke and dementia are leading causes of serious disability, and spare no age, sex, or
ethnic origin. However, African-Americans are more impacted by stroke than any other
racial group.19 In addition, African-Americans are at higher risk than whites for dementia.
1112 Hypertension and other vascular risk factors likely underlie both of these disparities.
Racial differences in the incidence of dementia among people with established
cerebrovascular disease have not been well studied, especially in the highly stroke-prone
southeastern US region. Such an investigation could lead to clinical research that informs the
most appropriate treatment regimes, including modifications of recommendations based on
physiological or behavioral differences.

Statewide encounter-level data were obtained from the South Carolina Revenue and Fiscal
Affairs Office, which monitors all uniformed billing data for emergency department (ED)
and inpatient discharges in the state, with the exception of Veterans Affairs or military health
systems. Death certificate information, provided by the state Department of Health and
Environment Control were linked to the discharge database. Individuals at least 18 years old
with a primary diagnosis of ischemic stroke (/nternational Classification of Diseases, Ninth
Revision (ICD-9), Clinical Modification 433.00-434.91 and 436) between 2000 and 2010
were identified. For individuals meeting criteria, data on all other inpatient and ED
encounters from 2000 to 2012 regardless of diagnosis were obtained.

Analyses were limited to non-Hispanic African-American/black and white subjects as other
race groups composed <2% of the sample. The final sample included 68,758 individuals, of
whom 49,262 (71.65%) were white and 19,496 (28.35%) were African-American.

As a first analysis step, index (initial) strokes were identified. Individuals with transient
ischemic attack or hemorrhagic stroke were not excluded, but these diagnoses were not
considered index strokes (4511 individuals with previous events in these categories). Data
following index strokes occurring prior to 2008 were censored at 5 years (1825 days) or at
the date of death if it occurred within 5 years of discharge. Those occurring during or after
2008 were censored at December 31st, 2012 or at the time of death if it occurred prior to that
date. Individuals with any dementia diagnosis prior to index stroke were excluded, but those
with initial dementia diagnosis coincident with index stroke were retained and time to
diagnosis was set at 0 days. Case fatalities at time of index stroke were excluded from
analyses.
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Second, dementia diagnoses were identified and sorted into codes representing Alzheimer
disease (AD-8 ICD-9 codes), vascular dementia (4 ICD-9 codes), Alzheimer disease-related
dementias (ADRD-13 additional codes distinct from the AD and vascular dementia codes),
and non-ADRD (10 other ICD-9 dementia codes). We defined the outcome of “all-type”
dementia as any dementia diagnosis code. We excluded diagnosis codes for
neurodegenerative diseases that do not entail dementia, such as amyotrophic lateral sclerosis
and Parkinson’s disease. Codes used for each category are listed in the Supplementary data.
“Cases” were defined (for each analysis) as individuals who never received any dementia
diagnosis prior to index stroke, but at some point subsequently received a dementia
diagnosis code (respectively, any code for all-type dementia, ADRD, AD, non-ADRD, or
vascular dementia).

Time to dementia diagnosis was entered as the dependent variable into Cox Proportional
Hazards (CPH) regression models. For each dementia diagnosis type, we assessed the racial
composition of the sample in unadjusted analysis. Predictor variables in the adjusted CPH
models included age, sex, race, intervening stroke, and the interaction of race and
intervening stroke, where intervening stroke was defined as the presence of any stroke after
the index stroke but prior to dementia diagnosis, death, or censoring. Cumulative hazard
plots were generated to illustrate differences in dementia risk by race over 5 years of follow
up, after adjusting for the other predictors. Stepwise selection was used to determine
significant risk factors for each dementia diagnosis type via adjusted CPH models stratified
by intervening stroke status. All analyses were performed using SAS v9.4 (SAS Institute,
Inc., Cary, NC). All Pvalues were 2-sided and considered significant at £<.05. This study
was approved by the Medical University of South Carolina’s Institutional Review Board.

The analytic sample included 68,758 nondemented individuals with ischemic stroke, of
whom 71.65% were white and 28.35% black or African-American, 49% male, with mean
age of 68 (SD 13) years. Age at index stroke was significantly different between the 2
groups, with African-Americans being younger on average (70.0 [SD 12.5] in whites vs.
64.5 [SD 14.1] in African-Americans, £<.0001). Table 1 shows unadjusted rates of
diagnoses within the 5 categories of interest for whites and African-Americans. The
proportion of individuals in this sample who developed dementia was 13.33% (n = 9163).
Among whites, 12.7% developed dementia, compared to 15.0% among blacks. African-
American race appeared to increase risk for all dementia diagnosis categories except AD
(unadjusted hazard ratio .99; 95% confidence intervals [CI].93-1.06) and Non-ADRD
(unadjusted hazard ratio 1.04; 95% CI (.97-1.11).

Adjusted hazard ratios (aHR) and 95% CI are shown in Table 2 for the 5 sets of dementia
diagnosis codes (columns) with the predictors of interest. African-American race increased
risk for all 5 categories of dementia following incident stroke, ranging from 1.37 for AD to
1.95 for vascular dementia. Fig 1A-E depict the cumulative hazard for African-American
and white individuals in each dementia diagnosis category after adjusting for all other
predictors. The presence of intervening stroke significantly increased risk for all 5 categories
of dementia, ranging from 5.27 for AD to 11.52 for vascular dementia. Female sex had no
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effect on risk of vascular dementia diagnosis, but otherwise increased risk for dementia up to
a maximum aHR of 1.23 for AD. Each year of age increased risk of dementia, with aHR
ranging from 1.05 for vascular dementia to 1.10 for AD.

Table 3 shows adjusted HR for all 5 sets of dementia codes, stratified for individuals with or
without intervening stroke. African-American race persisted as a risk factor for dementia
following index stroke, with aHR ranging from 1.38 for AD to 2.02 for vascular dementia
among those with no intervening stroke as compared to whites. Among those with an
intervening stroke, African-American race increased the risk for all-cause dementia, ADRD,
and vascular dementia compared to whites, but has no effect on non-ADRD; whereas white
race increases the risk for AD as compared to African-American. Furthermore, risk for AD
among African-Americans with an intervening stroke was relatively reduced (OR.84), while
risk for AD among African-Americans without intervening stroke was substantially
increased (OR 1.38).

Discussion

These data suggest that ischemic stroke imparts higher risk for dementia diagnosis in
African-Americans than in whites within 5 years, regardless of dementia subtype. A review
of previous studies of poststroke dementia indicates that the dementia risk at 1 year
poststroke is approximately 25%.13 Our results indicate that in South Carolina, the risk of
all-cause dementia at 1 year after initial stroke is approximately 11% for whites and 16% for
African-Americans (Fig 1A). Hazard ratios for all forms of dementia considered here are
higher for African-Americans, but the discrepancy is larger among individuals with no
intervening stroke diagnosis. One interpretation for this finding is that nonstroke
cerebrovascular disease, cardiovascular disease (i.e., hypertension and aFib)/4-16 and
metabolic diseases (i.e., diabetes and obesity)17+18 that contribute to cognitive impairment
are highly prevalent among African-Americans even prior to stroke. As such, incident
strokes may have a greater likelihood of precipitating dementia in African-Americans than
in whites. The stratified analysis (Table 3) reveals that African-Americans with an
intervening stroke have a reduced risk for subsequent diagnosis of AD (OR.84), while those
without intervening stroke have an increased risk (OR 1.38). This interaction serves to
explain why the adjusted model reveals an overall increased risk for AD that the unadjusted
model does not detect.

We made the decision to censor at 5 years in order to control bias in varying lengths of
follow-up times (i.e., some patients with up to 13 years versus some with less than 1 year of
follow-up). We had some concern that other nonstroke vascular conditions that were not
assessed may have contributed to dementia over longer follow-up periods. While 5 years of
follow up may underestimate the true incidence of poststroke dementia, a sensitivity analysis
allowing complete follow-up over the 13 year period (2000-2012) revealed no significant
changes in the estimated hazards by race after adjusting for intervening stroke, gender, age,
and the interaction of intervening stroke and race; thus 5 years appears to be adequate for the
goals of this study (see supplemental Table e-1).
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Previous studies have investigated the question of whether race and stroke interact to
increase risk for cognitive decline, but have failed to find a relationship.1920 The sample
sizes for these studies were substantially smaller than for our study. One study had only 31
individuals with stroke out of 1130 participants!® and the other had 334 individuals with
stroke out of 4908 participants (34 of whom were African-Americans).2? Thus, these studies
might have been underpowered to detect an effect. Importantly, one cannot conclude on the
basis of these studies that race and stroke do not interact in the genesis of dementia, as
conventional statistical methods do not provide a basis for quantifying the probability of a
null hypothesis. The striking racial disparity in poststroke dementia risk in our larger sample
(9163 individuals with stroke and subsequent dementia, 2923 of whom were African-
American) suggests that further exploration of a potential stroke X race interaction is
warranted, and raises additional questions, such as whether the disparity persists in other
stroke belt states or outside the stroke belt.

Due to the nature of our database, we were unable to account for the influence of other
disparities known to be relevant. For example, educational level relates to risk for dementia,®
and African-Americans are more likely than whites to report a low level of formal education.
21 Similarly, our database did not include information on socioeconomic status. Lower
socioeconomic status may indirectly affect dementia risk, such as by reducing treatment
adherence, access to healthier lifestyle options, or access to newer generations of
antihypertensives. Our database did not contain stroke-free individuals to act as controls.
Our database contained only healthcare encounter information (e.g., hospital discharge) and
public records (deaths), so we could not account for these potentially important mediating
variables. Finally, the diagnoses were rendered in inpatient or ED settings and were neither
verified clinically in an outpatient setting nor pathologically confirmed. Nevertheless, the
pattern of increased dementia risk among African-Americans following index ischemic
stroke is robust across the spectrum of clinical diagnoses considered here, and warrants
further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Years

Years

Adjusted cumulative incidence curves of (A) All-cause dementia, (B) Alzheimer’s disease-
related dementia (ADRD), (C) Alzheimer’s disease, (D) Vascular dementia, (E) non-
Alzheimer’s disease-related dementia (non-ADRD) by race group. Covariates in the
adjusted Cox proportional hazards models include intervening stroke, gender, age, and the
interaction of intervening stroke and race (interaction P < .01 for all models except vascular
dementia, for which P =.54).
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