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Defining Disparity 

• Health disparity: unequal distribution of a condition or disease 
across a population of interest 

• Many determinants across multiple levels of influence: 

• Genetic factors 

• Environmental risk conditions 

• Health behaviors 

• Socio-cultural norms on health and disease prevention 

• Access and utilization of healthcare 

• CDC Healthy People 2010:  

• Achieve health equity 

• Eliminate disparities 

• Improve the health of all groups 

Save >100,000 lives/yr 
Save 200 billion/yr 



Burden of stroke, improved mortality, 
anticipated increased incidence and 

disability 



Burden of Stroke 

• 5th cause of death in US (170 K); 2nd cause of death worldwide 

• 795,000 new strokes each year; 185,000 are recurrent events 

• 3.22% adult US population has had a stroke (3.9% by 2030) 

• Main cause of disability: ¼ institutionalized, 70% unable to 
return to usual activities 

• Affects minorities disproportionately  

• Annual costs:  Direct $71.6 Billion ($184.1 B by 2030) 

        Lost Productivity: $33.7 Billion ($56.5B  2030) 

Kochanek et al. NCHS. 2014;178; 2013. Lancet 2015; 385:117-171; V Roger et al. Circulation. 2012; 125: e2-e220; 
B Ovbiagele et al. Stroke. 2013; 44: 2361-2375. 



Age-adjusted death rates for cerebrovascular disease by race and by year: US, 1999 to 2010.  

DT Lackland et al. Stroke. 2014;45:315-353 

Stroke Mortality by Race/Ethnicity 



Stroke Death Rates, 2011-2013
Adults, Ages 35+, by County

Age-Adjusted

Average Annual 
Rates per 100,000

28.2 - 66.2

66.3 - 74.6

74.7 - 82.4

82.5 - 92.2

92.3 - 284.8

Insufficient Data

Rates are spatially smoothed to enhance 

the stability of rates in counties with small 

populations. 

Data Source: 

National Vital Statistics System
National Center for Health Statistics



Exploring Disparities in Stroke Mortality 

Mortality Median Income 

Neurologists Stroke Centers & Mortality 



Reduction in vascular disease 
and risk factors 

Lloyd-Jones, D.M. et al. Circulation 2010;121:586-613 

CHD 
Stroke 
HBP 
CHOL 

-35.7% 
-32.5% 
-27.7% 
-22.1% 

Courtesy RL Sacco 



S Koton et al. JAMA. 2014;312:259-268 

ARIC: Adjusted for age, sex, race and center, HTN, DM, CAD, cholesterol-lowering meds, smoking.  

 

Stroke incidence decreasing for elderly 



US Census Bureau, Decennial Census Data and Population Projections 

Note: Data for the years 2000 to 2050 are middle-series projections of the population. 

Reference population: These data refer to the resident population. 

Growth population > 65 years in US 
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Population Projection by Race & Ethnicity 
2014- 2060  

Colby SL, Ortman JM. Current Population Reports, P25-1143, U.S. Census Bureau March 2015 



Relative Risk of Stroke by Race: NOMAS 

2.2
2

2.8

2.1

0

0.5

1

1.5

2

2.5

3

Black Hispanic

R
R

 S
tr

o
k
e

Men

Women

White race-ethnicity is reference 

Sacco et al. Am J Epidemiol 1998;147:259 



Trends in Obesity 
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Age-adjusted prevalence of obesity (BMI>30) in adults 20–74 years of age 

Roger VL et al. Circulation. 2010.  
NHES: 1960–1962; NHANES: 1971–1975, 1976–1980, 1988–1994, 1999-2002 and 2003-2006  
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Year 

Percentage with Diabetes

Number with Diabetes

Trends in Diabetes 

CDC’s Division of Diabetes Translation. National Diabetes Surveillance System www.cdc.gov/diabetes/statistics 



Projected stroke in US 

• Lower mortality and stable or increased incidence: higher 

prevalence by 25%  by 2030 

• Cost projected to increase by 238% by 2030 

• Total cost of stroke from 2005 to 2050 (cumulative): 

• $1.52 trillion for non-Hispanic Whites: $15,597 per capita 

• $313 billion for Hispanics: $17,201 per capita 

• $379 billion for African Americans: $25,782 per capita 

DL Brown et al. Neurology 2006; 67:1390 



Disparities in Cardiovascular and 
Cerebrovascular Risk Factors 



Goal/Metric Ideal Intermediate Poor 

Current smoking Never, quit >12 mo Former <12 mo Current <3 mo 

Physical activity 
≥150 min/wk mod 
≥75 min/wk vig 

<150 min/wk mod 
<75 min/wk vig 

None 

Healthy diet 4–5 components 2-3 components 0-1 components 

Body mass index <25 kg/m2 25-29.9 kg/m2 >30 kg/m2 

Fasting glucose <100 mg/dL 
100-125 mg/dL 

Treated to goal 
>126 mg/dL 

Total cholesterol <200 mg/dL 
200-239 mg/dL 

Treated to goal 
>240 mg/dL 

Blood pressure <120/<80 mmHg 120-139/80-89 mmHg >140/90 mmHg 

Cardiovascular (and Cerebrovascular) Health 

Age-standardized Mean Score of Cardiovascular Health: FL Ranks #21 in US 
(BRSFSS) 



Ideal Dietary Recommendations 

Primary 
 

Fruits and vegetables ≥ 4.5 cups per day 

Fish 
≥ two 3.5-oz servings per week  
(preferably oily fish) 

Fiber-rich whole grains ≥ three 1-oz-equivalent servings per day 

Sodium < 1500 mg per day 

Sugar-sweetened beverages ≤ 450 kcal (36 oz) per week 

Secondary 
 

Nuts, legumes, seeds ≥ 4 servings per week 

Processed meats none or ≤ 2 servings per week 

Saturated fat < 7% of total energy intake 

* Intake goals are expressed for a 2000-kcal diet 



JR Folsom et al. J Am Coll Cardiol 2011;57:1690 

Incidence of cardiovascular disease by health indicator 

BP, CHOL, FBS 



Prevalence of Ideal Cardiovascular 
Health By Race-Ethnicity, NOMAS 

White*

Black*

C-Hispanic*

Total cohort

0 1 2 3 4 5 6No. of Ideal CVH Metrics 

* Age- and sex- standardized 

19% 

14% 

21% 

29% 

≥ 4 Ideal CVH Metrics 

No one had all 7 factors and 0.5% had 6 factors 
4 or more Ideal Factors: Women 15.3%, Men 25%  

Dong C et al. Circulation 2012;125:2975-84 



Ideal CVH and Incidence of Stroke  
by Race-Ethnicity in NOMAS 

Adjusted Incidence Rate (per 1000 PY) 
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Disparities in Acute Stroke Care 



EMS use by race/ethnicity and sex 

N=398,798 in GWTG-S Oct 2011-Mar 2014 
Heidi Mochari‐Greenberger et al. J Am Heart Assoc 2015;4:e002099 

Only 59% strokes arrive by EMS 
 

EMS use > with classic sx: 

aphasia, weakness, altered 

consciousness. 
 

After MV adjustment, EMS use: 

• Hispanic men aOR 0.77 

• Hispanic women aOR 0.71 

• Black women aOR 0.87 

• Asian men aOR 0.80 

• Asian women aOR 0.71 

EMS use in Stroke 



Disparities in access to thrombolysis 

• Delay in arrival to ED as a reason for tPA ineligibility1  

• AA 81.3% 

• NHW 58.1% 

• Emergency Department waiting time >10 min2 

• NHW 55% 

• Hispanics 62% (adjusted OR 1.07, 95%CI 0.52-2.22) 

• AA 70% (adjusted OR 2.08, 95%CI 1.05-4.09) 

1) N=574, 5 JC PSC, 5 non-JC hospitals. Bhattacharya P et al. J Stroke Cerebrovasc Dis 2013;22:383  
2) NHAMC Survey. SJ Karve et al. J Stroke Cerebrovasc Dis 2011;20:30 



Trends in tPA utilization rates 

National Inpatient Sample, 47,402 AIS treated with IV rtPA 
Nasr D et al. J Stroke Cerebrovasc Dis.2013;22:154-160 

IV rtPA use by race 

7 Hospitals in DC, 1044 AIS, 74% AA, 2008-2009 
Hsia A W et al. Stroke 2011;42:2217-2221 

Disparities in IV rtPA utilization 



NIS 2002-2008, N=10,781 IV rtPA 
MM Kimball, D Neal, MF Waters, BL Hoh. J Stroke Cerebrovasc Dis 2012 

Disparities in IV rtPA utilization 



Disparities in endovascular 
approaches/thrombectomy 

• 0.15% treated with IA approaches 

• 1% treated with IA approaches in thrombectomy centers 

• OR Black vs. White: 0.41 (0.27-0.60) 

• OR Hispanic vs. White: 0.83 (0.46-1.36) 

Perspective database, N=249,336, 76.5% W, 18.4% B, 5.1% H; 14.2% in centers that perform thrombectomy. W 
Brinjikji et al. AJNR 2014;35:553-556 



Effect of Stroke Center Certification on rtPA use 

rtPA use rates by quarter, pre, and post primary stroke center (PSC) certification, compared 
with non-stroke center hospitals (2001 to 2010). Kleindorfer D et al. Stroke 2013 



Design of the Florida-Puerto Rico 
Collaboration to Reduce Stroke Disparities 



NINDS SPIRP Centers 
Mission: eliminate disparities in stroke outcome 

 

Kaiser/UCSF 

 

NYU/Columbia 

 

UCLA 

 

UM 

Kaiser/ 

UCSF 

UCLA 

University of Miami                            

 
University Puerto Rico 

NYU/ 

Columbia 



 
FL-PR Collaboration to Reduce Stroke Disparities 

(FL-PR CReSD) 
 

Long term objective: eliminate disparities in stroke prevention 

and care among Hispanics and all underserved populations. 

GWTG-Stroke 
Identify/measure 

disparities in stroke care 

General & targeted 
education 

Individualized feedback Puerto Rico 

Florida 



The FL-PR CReSD Team 

Core A:  
Administrative Core 

Core B: 
Research/Education Training  

Plan Core 

Core C: 
Data Management/  

Biostatistics Core 

Consultants:  
AHA Staff: 

Dianne Foster 
Julia Mora 

Kathy Fenelon 
Sandra Diaz-Acosta 

Jeffrey Walker 
Advisors Participating Hospitals 

Project PI 



Conceptual Framework to Inform  
the FL-PR CReSD Program Outcome 

SYSTEM LEVEL 
FACTORS 

Health Care System: EMS 
(Arrival Mode)  
Environment: Region (FL, PR) 

HOSPITAL LEVEL 
FACTORS 

Hospital Characteristics:  
Urban/Rural, Stroke Center 
Certification, ED/ICU, EMS-ED 
notification, Telemedicine, 
Academic/Stroke 
Unit/Neurologist/Neurointensivist
/Neurosurgery 24/7, Hospital size, 
# of Stroke admission per y 
Care System Factors:  
Record Completeness, Complete 
case capture, Stroke Knowledge 
and Skills of Medical Teams,  
#of Years in GWTG program 

OUTCOMES  
Disparities: Regional, Race-ethnic, Sex 

 

SHORT-TERM: Discharge + 30 d 
LONG-TERM: >30 days (+CMS) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INDIVIDUAL LEVEL 
FACTORS 

SES: Age, Sex, Race-Ethnicity, Education 
Insurance: Medicare, Medicaid, Other 
Health Factors: Vascular Risk Factors, 
Comorbidity, Medications 
Functional: Independent Ambulation 
Stroke Characteristics: Type/Subtype, 
Severity (NIHSS) 
Other Factors: Stroke & RF Awareness, 
Individual Stressors (Hispanic ethnicity; 
Language) 

In-Hospital/Discharge 
Defect-Free Care  
TPA 3 vs. 4.5 hrs,  

Door-to-Needle Time, 
Mortality/Cause, 

 In-Hospital Stroke, 
Recurrence, Other 

New CVD Events, LOS 
Discharge Status 

Rehab/SNF/Home,  
Functional Status: 

Independent 
Ambulation; mRS 

Post Discharge 
Recurrence, 

Re-Hospitalization 
(Stroke/Other CVD), 

Mortality, ER 
Utilization, Post-

discharge 
appointment,  

Medication 
Adherence (Reasons 

for not adhering) , 
Lifestyle (smoking) 

Stroke Education & 
Evaluation 

Annual Trends 



Disparities in the Florida-Puerto Rico 
Stroke Registry 



FL-PR Stroke Registry 

From 69 FL & 9 PR hospitals  
Last Data Download – June 2015  

14998 
16586 17079 17586 

20149 

8218 

2010 2011 2012 2013 2014 2015

No. Stroke Cases  

N=69  

N=15  



2013 Stroke Performance Metrics, % National Florida 
FL-PR Stroke 

Registry 

IV tPA, Arrive by 2, Treat by 3 Hours  87 91 92 

Early Antithrombotics 98 98 98 

VTE Prophylaxis 95 97  96 

Antithrombotics at Discharge 98 99    99 

Anticoagulant for A Fib 95 97 97 

Smoking Cessation Counseling 97 96  96 

LDL >100, Discharge on Statin 94 96   96 

Defect Free Care 90 92 91 

Door to CT in ≤ 25 min - all strokes 31 30 26 

DTN w/in 60 min - regardless of time 59 53 50 

GWTG-S Performance Metrics Comparison:  
National, FL, and FL-PR Stroke Registry 



Overall Stroke Types 
2010-2015 Race/Ethnicity 

Stroke Type   
All  

N = 94,616 

FL-White 
n = 60,154 

FL-Black 
n = 16,413 

FL-Hispanic 
n = 12,717 

PR 
n = 5,332 

Ischemic Stroke 69% 68% 72% 70% 71% 

TIA 13% 15% 10% 11% 12% 

ICH 12% 12% 12% 12% 12% 

SAH 5% 5% 5% 6% 3% 

Stroke NOS 0.6% 0.6% 0.4% 0.4% 2% 



Ischemic Stroke Patient Demographics  

 FL-PR Stroke     
 Registry ISC 

All 
N= 5654 

Race-Ethnicity Sex 

FL-NHW 
N=41161 

FL-NHB 
N=11784 

FL-Hisp 
N=8918 

PR-Hisp 
N=3791 

Female 
N=32501 

Male  
N=33153 

% % % % % % % 

 Age, Mean  71 73 63 71 70 73 69 

18 to 64 32 27 55 31 31 27 38 

65 to 79 36 36 31 37 43 33 38 

Above 79 32 37 14 32 26 40 24 

 Insurance Status  

Medicare 33 33 30 38.5 24 35 29 

No Insurance 11 8 23 15.5 2 10 13 

Private 37 43 29 21 29 36 38 

Unknown 19 16 18 25 45 19 20 



 FL-PR Stroke Registry 
 ISC Profiles 

All 
N=65654 

Race-Ethnicity Sex 

FL-NHW 
N=41161 

FL-NHB 
N=11784 

FL-Hispanic 
N=8918 

PR-Hispanic 
N=3791 

Female 
N=32501 

Male  
N=33153 

% % % % % % % 

 Smoker 17 17 20 14 8 13 21 

 Hypertension 66 65 71 55 84 67 64 

 Diabetes 29 25 38 28 50 29 29 

 Dyslipidemia 37 42 33 29 26 37 38 

 Atrial Fibrillation 18 22 9 15 9 19 16 

 CAD 22 25 15 18 25 19 25 

 PVD 4 5 3 3 < 1 4 4 

 Prior Stroke/TIA 26 26 29 22 22 26 25 

 Arrival by EMS 51 52 48 52 49 54 49 

 NIHSS ≤ 5 37 39 38 32 27 35 39 

NIHSS >5  30 30 28 27 46 32 28 

NIHSS Missing 33 31 34 41 27 33 33 

Ischemic Stroke Clinical Characteristics 



Defect-free Care Measure: 

• IV tPA arrive 2 h, treat by 3 h 

• Early antithrombotics (2 days) 

• VTE Prophylaxis  

• Antithrombotics at discharge 

• Anticoagulation for AF at 

discharge 

• Statin for LDL <100 or ND 

• Smoking Cessation Counseling 

Other metrics: 

• IV tPA overall 

• Door to CT 

• Endovascular acute therapy 

• In-Hospital Mortality (7-day)  

• Ambulatory Status at DC 

• mRS at Discharge 

FL PR CReSD Measures 
Race/Ethnic, Sex, Geographic disparities 
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Acute Treatment Disparities: CT 
Race-Ethnicity and Sex, 2010-2015 

Performance Metric 
NHB vs. 

NHW 
FL-H vs. 

NHW 
W vs.  

M 

CT < 25 min 0.83* 0.96 0.90* 

CT < 25 min for  symptom onset < 8 h 0.85* 0.93 0.90* 

Adjusted for: age, smoker, PMH (HTN, diabetes, dyslipidemia, Afib/flutter, CAD, PVD, TIA/stroke), length of stay, 
ambulatory status at admission, insurance status, mode of hospital arrival, hospital’s academic status, # of beds, 
yrs in GWTG, NIHSS. 

Adjusted Odds Ratio 
* Denotes p<0.05 



Overall tPA Administration 
Race/Ethnicity and Sex, 2010-2015 

Time window 
All 

N= 65,654 

NH-White 

n= 41,161 

NH-Black 

n= 11,784 

FL-Hispanic 

n= 8,918 

PR-Hispanic 

n= 3,791 

Men 

n=33,153 

Women 

n=32,501 

Arrive within 2,  

treated by 3 hrs 
89% 90% 89% 93% 72% 89% 89% 

Arrive within 3.5, 
treated by 4.5 hrs 

79% 80% 76% 80% 76% 79% 79% 

Arrive within 4.5,  

tPA Administered  
61% 61% 58% 65% 65% 61% 62% 

Overall treatment 
amongst IS 

10% 10% 8% 11% 14% 10% 10% 



IV rtPA Eligibility by race/ethnicity and sex 

Contraindications/Warnings: N=12,695  
 

Rapid improvement Mild Stroke UTD eligibility 
FL-W 23.4%     FL-W 16.4% FL-W 3.4% 
FL-B 21.5%     FL-B 13.9% FL-B 5.8% 
FL-H 21.6%     FL-H 15.8% FL-H 5.5% 
PR 9.3%      PR 1.5%  PR 3.7% 
Men 23.3%  Men 15.6% Men 4% 
Women 20.9%  Women 14.6% Women 4.2% 
 

Advanced age Recent surgery, head trauma, stroke 
FL-W 5.1%  FL-W 2.9%   
FL-B 2.2%  FL-B 3.8%   
FL-H 7.5%  FL-H 4.2%   
PR 2.4%  PR 1.8% 
Men 3.3%  Men 3% 
Women 6.6% Women 3.3%  

Received tPA  
N=6,220 

FL-W      FL-B      FL-H      PR 
60.9%    58.0%   65.0%   65.3% 
Men       Women 
61.7%     61.1% 

 

Arrived ≤4.5 hrs 
N=18,923 

FL-W      FL-B      FL-H      PR 
30.4%   23.0%   30.3%  26.8% 
Men       Women 
29.1%     28.6% 

 

6,228 



Acute Treatment Disparities: IV rtPA  
Race-Ethnicity and Sex, 2010-2015 

Performance Metric 
NHB vs. 

NHW 
FL-H vs. 

NHW 
W vs. M 

tPA arrive 3.5, treat 4.5 0.69* 0.88 0.99 

tPA arrive 3.5, treat 4.5 on hours§ 0.93 0.99 0.97 

tPA arrive 3.5, treat 4.5 off hours 0.54* 0.80 1.02 

DTN < 60 min 0.91 1.18 0.82* 

§ On hours: 7AM-6PM weekdays 
Adjusted for: age, smoker, PMH (HTN, diabetes, dyslipidemia, Afib/flutter, CAD, PVD, TIA/stroke), length of stay, 
ambulatory status at admission, insurance status, mode of hospital arrival, hospital’s academic status, # of beds, 

yrs in GWTG, NIHSS. 

Adjusted Odds Ratio 
* Denotes p<0.05 
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Endovascular acute ischemic stroke therapy 
Region, 2010-2015 
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Outcomes 
Race-Ethnicity and Sex, 2010-2015 

Performance Metric 
NHB vs. 

NHW 
FL-H vs. 

NHW 
W vs. M 

Independent ambulation at DC 0.83* 0.94 0.81* 

mRS 3-6 at discharge 1.38* 1.02 1.20* 

Home or Rehab discharge 0.86* 1.08 0.86* 

In house mortality 0.83* 0.99 0.84* 

Mortality within 7 days 0.87 0.99 0.90* 

Adjusted for: age, smoker, PMH (HTN, diabetes, dyslipidemia, Afib/flutter, CAD, PVD, TIA/stroke), length of stay, 
ambulatory, status at admission, insurance status, mode of hospital arrival, hospital’s academic status, # of beds, 
yrs in GWTG, NIHSS. 

Adjusted Odds Ratio 
* Denotes p<0.05 



Interventions to decrease Disparities in the 
Florida-Puerto Rico Stroke Registry 



NHW 
28/32 

Hispanic 
12/15 

NHB 
12/14 

NHW 
5/30 

Hispanic 
4/13 

NHB 
2/17 

NHW 
30/229 

Hispanic 
10/86 
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13/127 

Door To CT W/in 25 Min (All Strokes) 

Door To Needle W/in 60 Min  rTPA arrive by 3.5 hr, treat by 4.5 hr 

FL-PR CReSD Disparities Dashboard 



Door To Needle Time Interactive Module 



reducestrokedisparities.org 



FL-PR CReSD: Future Plans 

• Regional analyses 

• CMS-matched data for longer term outcomes  

• EMS-matched data across Florida for pre-hospital covariates 

• Education Interventions and trend analyses 

• Advocacy 


