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Abstract

Objective—The Transitions of Stroke Care Disparities Study (TCSD-S) is an observational study 

designed to determine race-ethnic and sex disparities in post-hospital discharge transitions of 

stroke care and stroke outcomes and to develop hospital-level initiatives to reduce these disparities 

to improve stroke outcomes.

Materials and Methods—Here, we present the study rationale, describe the methodology, 

report preliminary outcomes, and discuss a critical need for the development, implementation, 

and dissemination of interventions for successful post-hospital transition of stroke care. The 
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preliminary outcomes describe the demographic, stroke risk factor, socioeconomic, and acute 

care characteristics of eligible participants by race-ethnicity and sex. We also report on all-cause 

and vascular-related death, readmissions, and hospital/emergency room representations at 30- and 

90-days after hospital discharge.

Results—The preliminary sample included data from 1048 ischemic stroke and intracerebral 

hemorrhage discharged from 10 comprehensive stroke centers across the state of Florida. The 

overall sample was 45% female, 22% Non-Hispanic Black and 21% Hispanic participants, with 

an average_age of 64±14 years. All cause death, readmissions, or hospital/emergency room 

representations are 10% and 19% at 30 and 90 days, respectively. One in 5 outcomes was 

vascular-related.

Conclusions—This study highlights the transition from stroke hospitalization as an area in need 

for considerable improvement in systems of care for stroke patients discharged from hospital. 

Results from our preliminary analysis highlight the importance of investigating race-ethnic and sex 

differences in post-stroke outcomes.
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Introduction

Despite successful stroke therapies, women, minority, and other disadvantaged populations 

continue to experience a disproportionate burden of stroke and poor outcomes after stroke 

(1,2). Hospital based quality improvement stroke programs have demonstrated greater 

adherence to evidence-based stroke care recommendations. However, it is less evident if 

the implementation of these programs minimizes race-ethnic, sex and geographic disparities 

in stroke care post hospitalization. About 25% of discharged stroke patients are readmitted 

to the hospital within 30 days of initial event (3). Hospital readmission is now an important 

outcome measure as readmission after discharge has an enormous health care impact and 

economic burden (4).

In Florida, we have a unique state-wide stroke registry, the Florida Stroke Registry (FSR), 
funded by the Florida Department of Health. The FSR collects stroke data from 168 Florida 

hospitals that participate in the Get With the Guidelines Stroke (GWTG-S) program with 

the main objective to improve stroke care and hospital outcomes (5–7). In 2019, FSR non-

Hispanic Black Medicare beneficiaries had higher 1-year post-stroke mortality and 30-day 

readmission when compared to non-Hispanic White and Hispanic Medicare beneficiaries 

(8). Similarly, other studies have shown racial/ethnic differences in stroke treatment 

received, treatment effects, and post stroke outcomes (9, 10). This data underscores the 

need to prioritize addressing race-ethnic disparities in hospital and post-hospital stroke care.

The Transitions of Care Stroke Disparities-Study (TCSD-S) is a prospective, multi-center 

observational study funded by the NIH/NIMHD to investigate the drivers of and disparities 

in factors that lead to successful transition of stroke care (TOSC) after hospital discharge 

as well as their effects on stroke recurrence and hospital readmission (NCT03452813). 
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The TCSD-S aims to close disparity gaps in transitions of stroke care post hospitalization 

by determining key factors in transitions of stroke care, including social determinants 

of health (SDH) and the utilization of stroke prevention care services, rehabilitation, 

adherence to medication and lifestyle modification interventions, and evaluate disparities in 

hospital readmissions and long-term stroke outcomes. The results of the TCSD-S will help 

develop system-level initiatives that can improve TOSC performance and reduce disparities. 

Following the conceptual framework (Figure 1) where demographic disparities and SDH 

affect stroke hospitalization, hospital to home transition of stroke care and stroke outcomes, 

recurrence, and hospital readmissions, we examine disparities in successful transition of 

stroke care, and identify determinants of hospital readmissions.

Materials and Methods

TCSD-S Design

Participating institutions include 10 nationally certified comprehensive stroke centers 

participating in FSR, selected as they are representative of the state geographic regions, 

include a mix of county-operated, privately-owned, and academic institutions, have large 

stroke volumes, are referral centers that care for minorities with more prevalent stroke 

disparities, have developed infrastructure and resources to contact patients after discharge, 

and have more complete GWTG-S data capture. The study was reviewed and approved by 

the University of Miami Institutional Review Board; participating sites signed a reliance 

agreement with the central IRB (Institutional Review Board).

Study population: A total of 1250 stroke patients were enrolled in TSCD-S. For 

intermediate analyses in this report, 1048 participants had data linked with the GWTG-S 

and available data on 30 and/or 90-day outcomes.

Inclusion and Exclusion Criteria: The study includes participants ≥18 years of age 

with a final diagnosis of stroke or intracerebral hemorrhage, included in the GWTG-S 

database, and discharged to home or acute inpatient rehabilitation. Those with subarachnoid 

hemorrhage, TIA, stroke not otherwise specified, no stroke related diagnosis and admission 

for elective carotid intervention are excluded. We also exclude those discharged to 

nursing homes, hospice care, or subacute rehabilitation facilities, as these facilities support 

medication adherence, provide prescribed diets, often provide in-house medical follow-up, 

and therefore disparities in TOSC are less likely to be detected and not amenable to the 

proposed study. All participants or their legally appointed representative provided informed 

consent.

Primary and Secondary Outcomes: The primary outcome of interest is 90-day 

readmission. Secondary outcomes include 90-day modified Rankin Score (mRS), 30- and 

90-day stroke recurrence, 30-day readmission, death, and other cardiovascular events.

Data Collection: Data is obtained using three sources: 1) The Transitions of Stroke Care 

Disparities Study (TCSD-S) data collection, 2) Get with the Guidelines Stroke (GWTG-S), 

and 3) Sciera™ data. Post-stroke outcomes are obtained through telephone-based structured 

interviews with the patient or caregiver at 30+/− 7 and 90+/−14 days, and review of 
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patient charts. GWTG-S data provides data about medication use prior to the stroke and 

at discharge, clinically relevant comorbidities, in-hospital treatment, sociodemographic data, 

medical history, and clinical characteristics of the index stroke. Each patient is assigned a 

unique GWTG-S identification number, an identification number of the hospital where they 

received treatment, and a record/patient identification number. These numbers link the data 

from GWTG-S with patient data from the TCSD-S dataset. Using zip+4 data from TCSD-S 

members, Sciera™ data provides environmental-level social determinants of health (SDH) 

variables, including neighborhood-level socioeconomic status, variables, demographics, and 

access to various resources and businesses. To quantify successful post-hospital transitions 

of stroke care we assessed medication adherence, diet modification, toxic habit/substance 

use cessation, exercise), therapy/rehabilitation use, and medical follow-up appointment at 

30-days post-discharge (see Supplemental Table 2 for variable definitions).

Analyses and Statistical Methodologies

Data collected during hospitalization for index stroke are ascertained from GWTG-S 

data collection tools abstracted by trained hospital personnel, and from baseline TCSD-S 

specific variables, including TOAST (Trial or Org 10172 in Acute Stroke Treatment) 

ischemic stroke classification, modified Rankin Score (mRS), education, employment status, 

ability to pay for basic and medical needs, social support network size, language spoken 

at home, country of birth, living arrangement, and who is the main source of social 

support in the household. Case ascertainment for the diagnosis of stroke is performed 

by prospective clinical identification and retrospective chart review using International 

Classification of Diseases and discharge codes followed by chart review to confirm the 

final diagnosis. Data for GWTG-S is collected using an interactive internet-based Patient 

Management Tool (PMT), including baseline demographic, clinical and medical history 

and medication use factors, final diagnosis, and stroke mechanism. Pre-specified stroke 

hospital performance measures are collected (5, 6), including tPA utilization, antithrombotic 

at discharge, anticoagulation at discharge for atrial fibrillation/flutter, statin medication at 

discharge for patients with LDL>100, counseling/medication for smoking cessation and 

other in-hospital lifestyle interventions. We will also use the composite variable of “defect-

free care” (DFC) to identify the proportion of patients who received all applicable stroke 

measures that they are eligible to receive (5).

For each outcome, the time to event is defined as the time from discharge to the onset 

of the specific outcome event (i.e., readmission). The data are censored at the date of last 

planned observation, death, or lost to follow-up. We will employ Kaplan-Meier curves to 

estimate the event-free survivor function grouped by race-ethnicity and sex and perform 

log rank test to examine whether the survivor functions across the subgroups are the same 

in a nonparametric way. To investigate whether the effect of race-ethnicity and sex are 

independent of, or interactive with SDH, we will fit Cox proportional hazards model and 

estimate the adjusted hazard ratio.

Community Social Determinants of Health (SDH) include health-related features of 

neighborhoods (walkability) and socioeconomic factors (income, wealth, education) that 

relate to health outcomes (13) and stroke (14). Community SDH data is acquired from 
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publicly available data sources through an agreement with a third party (Sciera, Inc.™). SDH 

are identified based on the participant’s zip code+4-digit area of residence, calculated from 

their address (and obtained through informed consent); if these are unavailable for some 

participants, we will use the zip code for the recruiting institution in secondary sensitivity 

analyses. From this data, we calculate distance, density, and count of a variety of businesses 

(health care facilities, alcohol-selling, tobacco-selling, fast food, restaurants, grocery, gym, 

and pharmacy). Within the TCSD-S questionnaire, individual SDH questions asked prior 

to hospital discharge include years in US for foreign-born patients, language spoken at 

home, years at current address, level of education, employment status, difficulty paying 

for essentials, and social support network (i.e., number of friends, living arrangement). 

Future publications will investigate the complex relationships between SDH and post-stroke 

transitions of care outcomes.

Discharge education and guidance provided to patients are recorded by GWTG-S. 

Receipt of discharge education and guidance are patient-reported via telephone survey 

at 30 days post-discharge, with structured interview questions indicating receipt of three 

forms of health education and guidance at discharge: tobacco/alcohol/drug cessation (only 

applicable to patients with a history of substance use), dietary management, and medical 

follow-up appointment. Participant-reported sufficient discharge education and guidance 

is a composite measure consisting of patient responses to questions evaluating receipt or 

sufficient education and guidance provided at hospital discharge. These binary (yes/no) 

questions provided to participants at 30 day post-discharge address patient receipt of 

sufficient dietary education (Were you provided sufficient information about how to modify 

your diet once you returned home?), receipt of scheduled follow-up medical appointment 

(Did you receive appointments for medical follow-up in clinic or doctor’s office at hospital 

discharge?), and receipt of sufficient substance use education for participants with a history 

of substance use (At the time of discharge, were you given sufficient information about how 

to stop these habits?).

To define successful transition of stroke care, we will construct and validate a transitions 

of stroke care performance index (TOSC PI), which will serve as an evaluation tool 

to detect disparities and measure relationships with outcomes including readmission. We 

will examine this performance index as a potential predictor of stroke outcomes. We will 

also examine social determinants of health as predictors of this performance index, as a 

measure to quantify adequate transitions of care. TOSC PI incorporates: 1) Medication 
adherence (high, medium, and low, based on the MMA-4 scoring classification (11); 2) 
Diet, characterized as modified diet with lower salt and greater fruit and vegetable intake; 

3) Substance (tobacco, drug, or excessive alcohol) use for those that used or abused these 

agents prior to stroke; 4) Exercise, any aerobic, strengthening, or stretching exercise per 

week (12); 5) Participation in prescribed outpatient therapy; and 6) Medical follow-up 
by outpatient health provider. We hypothesize that a high TOSC PI is a protective factor 

against poor post-stroke outcomes (stroke recurrence, hospital readmission, presentation to 

the emergency room, and death).

We will examine the TOSC PI score as a continuous variable. In addition to the composite 

score, we will also examine the six individual TOSC measures as categorical variables 
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separately and will determine adequate transitions of care through a binary (yes/no) variable. 

Patients that have completed all applicable components of the TOSC PI within 30 days 

(TOSC PI = 100%) are defined as having achieved adequate transitions of care. Univariate 

analyses will be performed to evaluate the relation to individual sociodemographic and 

clinical characteristics and community sociodemographic factors using t-test or F-test for the 

composite score and c2 test for individual categorical TOSC measures. Using a generalized 

estimating equations (GEE) approach to account for the clustering by stroke center, we will 

employ generalized linear models (GLM) to examine the independent and interactive effects 

of select covariates on the TOSC PI. Specifically, we will model composite TOSC PI score 

via linear regression as a function of demographics, medical history, and social determinants 

of health by assuming normal distribution and using an identity link function. For the 

individual TOSC performance measures, we will model each categorical component using 

logistic regression as a function of demographics, medical history, and social determinants 

of health by assuming binomial distribution and using a logit link function.

Statistical analyses are planned to compare the race-ethnic and sex differences in 

TOSC performance (as measured by the PI) and poor stroke outcomes and identify 

the individual and community-level sociodemographic determinants. For the analyses of 

TOSC performance and stroke outcomes, we will create a series of multivariable-adjusted 

regression models to examine whether any observed race/ethnic and sex disparities 

persist after controlling for potential explanatory factors. Variables that may be potential 

determinants and are of interest include stroke-related factors at discharge (e.g., independent 

ambulation status), insurance status (Medicaid and self-pay vs. Medicare and private), 

vascular risk factors (e.g., hypertension, dyslipidemia, smoking, medical history of atrial 

fibrillation, coronary heart disease or myocardial infarction, diabetes mellitus, and peripheral 

vascular disease), discharge counseling and education (including sufficient discharge 

education and guidance), and SDH factors. These variables will be included in a sequence of 

multivariable-adjusted models.

As an exploratory analysis, we will perform classification and regression tree (CART) 

analysis to explore the high order interactions. We will examine the frequency of missing 

data for race/ethnicity, TOSC performance indicators, and the covariates of interest. We will 

also evaluate the patterns of missingness to determine whether missingness of race/ethnicity 

and covariates are related to the TOSC performance indicators, and whether missingness of 

the covariates and TOSC performance indicators differs across race/ethnic and sex groups.

Sample size and power were calculated based on the quantitative 30-day TOSC PI, the 

main metric of race-ethnic and sex disparities in TOSC. After calculating effect sizes of 

predictors required for 80% power, we derived sample sizes at two-sided type I error= 

0.05. To determine the effect of hospital-to-home transitions of stroke care (achievement 

of 100% TOSC PI) on poor 0–90-day stroke outcomes (all-cause death, readmission, or 

hospital/emergency room (ER) representation), a sample size of 1048 should provide at least 

80% power to detect an effect size of protective OR = 0.58 (15). For the same analysis 

examined within a 0–30-day timeframe, a sample size of 1048 should provide at least 80% 

power to detect an effect size of protective OR=0.47 (15).
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We calculated sample size required for estimated detectable effect sizes (hazards ratio: 

HR) for 80% power for Cox regression analysis of 100% TOSC PI on 90-day outcomes 

at two-sided type I error=0.05 [16, 17] by assuming a range of readmission rates during 

the 90 days follow-up. To detect an estimated protective HR= 0.75, we require a sample 

size of 1058 for 80% power. In our Center for Medicaid Services-matched Florida Stroke 

Registry data, 30-day readmission rates were at 12% between the years 2017–2019. Previous 

literature has demonstrated all-cause hospital readmission rates of 12% at 30 days [18] and 

25.5% at 90 days [19].

Statistical Analysis for Preliminary Results

In our preliminary analysis, we utilized GWTG-S and TCSD-S specific data that includes 

individual-level SDH but did not include external Sciera™ data for community-level 

SDH. We report on both all-cause and vascular-related death, readmissions, or hospital/

emergency room (ER) representations within 30-and 90-days post-discharge. Hospital/ER 

representation is a patient-reported return to the hospital or emergency room after their 

initial stroke discharge. We include this measure in our outcome of interest for power 

purposes. Patients that re-presented to the hospital or ER were either released or readmitted 

to the hospital. All-cause readmission within 30 days and 90 days includes all causes 

of readmission (including unknown cause or other causes). Death is defined as a hospital-

or-family/representative-reported death within 30 days or 90 days. For some patients in 

the cohort, these three outcomes may overlap. All-cause Hospital/ER representation at 30 

days and 90 days includes all causes/reasons for representation (including unknown cause 

or other causes). Vascular-specific readmission or hospital/ER representation requires the 

hospital coordinator to use patient records to specify the final diagnosis for 30- and 90-day 

readmission or hospital/ER visit. A readmission is determined as vascular-related if the 

patient was diagnosed with the following: new ischemic stroke, reactivation of old deficit, 

transient ischemic attack, intracerebral hemorrhage, acute coronary syndrome, or congestive 

heart failure. Vascular-specific death is classified from hospital coordinators that find patient 

records with a final cause of death as ischemic stroke, intracerebral hemorrhage, aneurysmal 

subarachnoid hemorrhage, myocardial infarction, congestive heart failure, or arrhythmia.

All preliminary analyses use chi-square test to observe frequencies of categorical variables 

and t-test or F-test for continuous variables. For all statistical tests, we used two-sided 

hypothesis testing with a significance level of 0.05. All analyses were conducted using SAS 

Version 9.4. Variables with denominators smaller than the overall sample size (n=1048) 

include race/ethnicity, statin medication prescribed at discharge, anticoagulation medication 

prescribed at discharge, TOAST for ischemic stroke mechanism classification, intracerebral 

hemorrhage score, substance use/toxic habit cessation, and smoking cessation counseling 

referral. Those with missing race-ethnic data (4%) but other data available are excluded from 

race/ethnicity specific analyses.
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Results

TCSD-S Patient Population Characteristics

In this preliminary analysis, we report on 1048 eligible participants with linked GWTG-S 

data enrolled from June 2018 through October 2022. Table 1 provides the descriptive 

characteristics. The overall cohort has an average age of 64±14 years; 45% female, 

22% non-Hispanic Black, and 21% Hispanic participants. Non-Hispanic Black participants 

were younger (58±13 years). Prevalent stroke risk factors in the overall cohort included 

hypertension (76%), dyslipidemia (44%), diabetes mellitus (30%), and smoking (22%). The 

prevalence of hypertension was 71% in Non-Hispanic White, 82% in Non-Hispanic Black, 

and 84% in Hispanic participants.

Most participants had an ischemic stroke (93%). Among ischemic stroke participants with 

recorded TOAST criteria (n=865), most had cryptogenic stroke (33%), followed by cardio 

embolism (24%) and small-vessel disease (21%). Among hemorrhagic stroke participants 

(n=61), 91% had a low intracerebral hemorrhage score (0–1) and all participants had 

scores below 4. Hispanic participants with ischemic strokes had a higher NIHSS (average 

5.2), greater use of intravenous tissue plasminogen activator (IV tPA) (24%), and higher 

prevalence of intracerebral hemorrhage (9%).

Most participants with ischemic stroke received antithrombotic medications, anticoagulation 

for atrial fibrillation/flutter, and statins, without race/ethnic differences noted in the 

provision of these medications. For discharge counseling, 54% received recommendations 

for Therapeutic Lifestyle Changes (TLC) diet and 29% reported having sufficient discharge 

education and guidance [highest for non-Hispanic Blacks at 41%]. Women were less likely 

to report having sufficient discharge education (24% female vs 33% male, P = 0.004). Most 

participants were discharged directly to home (80%).

At 30 days, 62% of participants achieved at least 75% adequate transitions of care (i.e., 

≥75% TOSC PI), but only 29% achieved 100% adequate transitions of care (i.e., 100% 

TOSC PI). Women were less likely to attain 100% adequate transitions of care when 

compared to men (25% vs 31%, P=0.03).

Table 2 describes total deaths, readmissions, or hospital/emergency room (ER) 

representations at 30 days and 90 days post-discharge. Overall, 108 (10%) and 200 (19%) 

participants experienced all-cause death, readmission, or hospital/ER representation at 0–

30-days and 0–90-days, respectively. At 30 days, 10 (1%) died and 100 (10%) re-presented 

to the hospital/ER within 30-days, of whom 62 were readmitted to the hospital. At 90 

days, 15 (1%) died and 189 (18%) re-presented to hospital/ER, of whom 127 (67%) were 

readmitted. Most were readmitted for non-vascular reasons (62% 0–30 days and 72% 0–90 

days). Although most patients had an unspecified cause for readmission (51% all within 

0–30 days), notable self-reported causes for non-vascular ED representation or readmission 

included fever (6%), passed out (3%), cough (2%), urination problems (5%), fall and/or 

trauma and/or fracture (2%) (not shown in table).
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Table 3 provides descriptive characteristics at 0–30-days and 0–90-days for patients with 

all-cause and vascular-related death, readmission, or hospital/ER representation. Race-ethnic 

and sex differences in all-cause and vascular-related 0–30-day and 0–90-day outcomes 

were not significant. Fewer participants with 100% adequate transitions of care (n=300) 

experienced 0–30-day all-cause death, readmission, or hospital/ER representation when 

compared to those with less than 100% group (7.3% vs. 11.5%, p=0.0451). With a 

more liberal definition of >75% adequate transitions of care (n=651 participants), the 

0–30-day all-cause death, readmission, or hospital/ER representation was 7.4% vs. 15% 

in the less than 75% group (p<0.0001). Amongst those participants reporting sufficient 

discharge education and guidance, 10% had experienced death, readmission, or hospital/ER 

representation at 30 days. Only 19% of the 0–30-day deaths, readmissions, or hospital/ER 

representations were vascular-related, with an average age of 60 years.

Figure 2 describes all-cause 30-and 90-day death, readmission, or hospital/ER representation 

by race/ethnicity in the cohort using chi-square analyses. The numerically greater prevalence 

of combined 0–30-day and 0–90-day outcomes in Non-Hispanic Black participants was 

not statistically significant. Although women had higher prevalence of readmission or 

hospital/ER representation than males, differences in post-stroke outcomes were not 

significant (Figure 3).

Discussion

The TCSD-S is designed to identify race and sex disparities in post-hospital discharge 

transition of stroke care and evaluate stroke- and social health-related determinants of 

successful transition of stroke care. The goal of this line of research is to reduce these 

disparities and improve outcomes.

In our preliminary analyses, we identified younger non-Hispanic Black stroke patients 

and sex disparities in reporting sufficient discharge stroke education/guidance and 

accomplishment of adequate transitions of care. Also, we found a noticeable prevalence 

of both all-cause and vascular related poor stroke outcomes in our cohort and evidence 

supporting 100% adequate transitions of care as a potential protective factor against these 

outcomes. Additional analyses will need to further evaluate the trends of race-ethnic and 

sex differences in systems of care, antihypertensive medication prescription, and discharge 

counseling, and discharge education found in this analysis.

By design, most stroke participants were discharged directly to home. This finding was 

reflected by the lower stroke severity. Some race-ethnic differences observed in systems of 

care during hospitalization (e.g., greater use of intravenous tissue plasminogen activator (IV 

tPA) in Hispanic patients) have been previously reported (5–7), but some are novel (e.g., 

higher prevalence of intracerebral hemorrhage in Hispanic patients). Although biased by our 

study inclusion/exclusion criteria, these observations deserve further explorations.

The observed lower prescription of antihypertensive medication among Black and Hispanic 

patients when compared to non-Hispanic White patients also warrants further examination 

on post-stroke outcomes. In the 2002–2012 National Health and Nutrition Examination 
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Survey, Black and Hispanic patients had lower blood pressure control and lower use of 

antihypertensives when compared to non-Hispanic White patients (20). Blood pressure 

control is critical to reducing the increased burden of stroke among Black adults, with 

hypertension as a more potent risk factor among Black adults and several studies linking 

racial/ethnic disparities in stroke burden to high prevalence of hypertension in Black 

populations (21–25). Management of blood pressure continues to be the major challenge 

in transitions of stroke care interventions (26–28). Future TCSD-S analyses will examine the 

association of antihypertensive medication prescribed at discharge on post-stroke outcomes 

by race-ethnicity and sex.

A unique focus of the TCSD-S was assessment of patient perception of education received 

at discharge. Discharge education provided by care providers to stroke patients, can be 

crucial to reducing hospital readmissions (29–31) and improving patient knowledge and 

adherence to healthy lifestyle changes (31–33). Patient perception of discharge education 

can also affect patient discharge readiness, which is a driver of post discharge ability to 

handle medical and non-medical demands at home, and readmissions (34–35). Our study 

indicated that less than half of stroke patients reported having received sufficient information 

regarding post-discharge dietary intake, medical follow-up, or substance use cessation. 

Sufficient education relied on patient recollection of their discharge experience 30-days 

later, and therefore may be a subject of recall bias. Nevertheless, the patient’s perception of 

receiving sufficient education at discharge is an important factor that can significantly affect 

post-stroke care and outcomes (34–36).

Poor post-stroke outcomes were still prevalent among participants who achieved adequate 

transitions of care as measured by the TOSC PI. These findings demonstrate the importance 

of factors beyond post-stroke health behavior management, including medication use and 

delivery of discharge education/guidance, in potentially reducing poor post-stroke outcomes. 

Less than half of our cohort reported receiving low sodium diet recommendation, which can 

be crucial to improving control of hypertension (37). Also, less than a quarter of reported 

smokers in our sample reported receiving smoking cessation counseling, an education 

strategy shown by previous interventions to reduce smoking among stroke and TIA patients 

(38). Future analyses in our study will investigate the effect of patient-perceived appropriate 

discharge education and healthy lifestyle guidance on post-stroke outcomes of 30-day 

lifestyle and behavioral changes (adequate transitions of care), death, readmission, and 

hospital/emergency room representation, and the contribution of social determinants of 

health (marital status, employment status, social support size), as SDH together with clinical 

factors predicted achievement of all applicable activities at 30-days in our prior report (39). 

We found that 29% were not able to achieve all applicable activities within 30 days (39) and 

only 62% achieved a more liberal composite index of ≥75% TOSC PI.

Our preliminary analysis showed that 30-day and 90-day deaths, rehospitalizations, and 

readmissions were prevalent, particularly in women. This is consistent with literature 

showing women having an increased risk of mortality and unplanned readmission after 

stroke (40, 41). This can be in part explained by our finding that women had a lower 

prevalence of reported engagement in healthy behaviors such as walking or treadmill 

exercise or smoking cessation counseling and had lower report of having received sufficient 
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discharge education when compared to men. Although slightly more women in our study 

reported a social support network size of three or greater than men, women had more death, 

readmissions, or hospital/ER representations in our study. Previous research has shown that 

low social support has a greater detrimental impact on the health of women when compared 

to men (42–44) and therefore sex disparity in the size and quality of social support needs to 

be further examined.

Many transitions of stroke care studies and initiatives include hospital-initiated discharge 

support, patient and family education, community-based support through health navigators, 

and chronic disease management. Some care models have implemented follow-up calls 

addressing adverse effects and barriers to taking medication and other health issues (45, 

46). However, a systematic review of these studies found no effect on readmission rates. 

Recently, the Comprehensive Post-Acute Stroke Services (COMPASS) study did not show 

a significant effect of a comprehensive post-acute stroke transitional care management 

program on functional status at 90 days post-discharge (47), a strong predictor of hospital 

readmissions (48–50).

Previous studies such as the COMPASS, SUCCEED, and DESERVE studies provide 

useful insight into both effective and ineffective strategies to monitor stroke outcomes and 

disparities. The Secondary Stroke Prevention by Uniting Community and Chronic Care 

Model Teams Early to End Disparities (SUCCEED) clinical trial utilized an optimal care 

model to reduce blood pressure in stroke and TIA patients 1-year post-discharge. However, 

this study did not show a significant difference in systolic blood pressure improvement 

between usual care and the intervention groups (27). While the Discharge Educational 

Strategies for Reduction of Vascular Events (DESERVE) study focused on culturally tailored 

discharge education to reduce systolic blood pressure among Hispanic patients at 1-year post 

discharge, overall differences between intervention and control groups were not statistically 

significant (28). These studies highlight the challenges that the transitions of care studies 

face in their efforts to improve risk factor management, improve stroke outcomes, and 

reduce hospital readmissions.

Our study has some limitations. We were unable to see many significant associations 

between our select explanatory variables and outcomes which may be related to our sample 

size. Due to sample size limitations, we observed death, readmissions, or hospital/emergency 

room representations as a single outcome. Separate analyses of each type of outcome 

can potentially provide more detailed insight into predictors of poor post-stroke outcomes. 

We were not able to analyze race-ethnic differences in American Indian, Alaska Native, 

and Asian and Pacific Islander populations due to their limited representation in Florida. 

Attrition bias is also another potential challenge to the overall study.

Conclusion

The preliminary findings show that poor post-stroke outcomes are prevalent, correlate with 

the adequate transitions of stroke care Index (TOSC PI), and appear to vary by race-ethnicity 

and sex. The goal of the TCSD-S is to identify and reduce disparities in transition of care 

and outcomes for stroke survivors. Our study will inform large interventions to reduce 
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disparities in transition of stroke care and improve stroke outcomes through a strong 

partnership between health care providers, patients, communities, government, and other 

stakeholders to optimize transition of stroke care for the diverse population of stroke patients 

in Florida.

Supplementary Material

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

• Death and readmission are prevalent outcomes after index stroke.

• Transitions of stroke care strategies aim to improve post-stroke outcomes.

• Race-ethnic disparities exist in patient characteristics of the TCSD-S.
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Figure 1: 
The Framework Diagram of Transitions of Care Stroke Disparities Study (TCSD-S)
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Figure 2: 
Post-stroke discharge outcomes by race-ethnicity in the TCSD-S cohort for the years 2018–

2022 (n=1048).
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Figure 3: 
Post-stroke discharge outcomes by sex in the TCSD-S cohort for the years 2018–2022 

(n=1048).

Johnson et al. Page 19

J Stroke Cerebrovasc Dis. Author manuscript; available in PMC 2024 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Johnson et al. Page 20

Table 1.

Characteristics of the TCSD-S population: ischemic stroke and intracerebral hemorrhage discharged directly 

to home from 10 CSC in Florida in 2018–2022

All
N= 1048

White
n= 551

Black
n= 232

Hispanic
n= 223

Male
n=575

Female
n=473

Demographics 

Age, yrs±SD 63.8 (13.9) 66.1 (13.2) 57.7 (12.6) 65.2 (14.8) 63.2 (13.1) 64.6 (14.8)

Women, % 45.1 45.0 50.4 40.3 . .

Black, % 22.1 . . . 20.9 25.7

Hispanic, % 21.3 . . . 24.1 19.8

Stroke Risk Factors % 

Smoker 22.2 24.5 23.7 17.0 24.0 20.1

Hypertension 75.6 71.1 82.3 83.9 76.9 74.0

Diabetes Mellitus 30.2 23.6 38.4 39.5 30.6 29.6

Dyslipidemia 44.4 50.3 35.3 42.6 55.1 54.7

Atrial Fibrillation/Flutter 13.5 14.9 9.9 13.5 13.6 13.3

Discharge medication % 

Antithrombotic 95.8 94.4 96.4 95.6 95.3 96.5

Antihypertensive 49.9 57.0 45.7 36.8 49.2 50.7

Statin* 99.7 99.4 100 100 99.8 99.5

Anticoagulation** 98.7 98.0 100 100 97.8 100

SDH % 

Education

 Less than High School 11.8 6.2 16.8 19.7 12.7 10.8

 Completed High School 33.9 30.1 44.4 34.5 32.0 36.2

 Some College or More 54.3 63.7 38.8 45.7 55.3 53.1

Insurance Status

 Private Insurance 28.6 34.6 25.9 16.6 30.3 26.6

 Medicare 43.1 50.8 27.2 43.1 40.7 46.1

 Medicaid 6.1 4.2 12.1 4.5 5.2 7.2

 Self-Pay/No Insurance 22.1 10.3 34.9 35.9 23.8 20.1

Foreign Born 30.4 9.4 22.8 84.8 33.4 26.9

English Spoken at Home 79.7 95.3 89.2 30.9 77.7 82.0

Social Support Network of 3 or More 78.7 76.2 79.7 83.4 77.0 80.8

Difficulty Paying for Medical Care

 Hard or Very Hard 25.5 19.4 36.6 42.1 26.4 24.3

 Somewhat Hard 14.2 14.3 15.5 12.6 13.2 15.4

 Not Very Hard 57.6 68.2 46.6 44.4 57.9 57.3

Discharge disposition %

Home 80.4 83.1 75.0 79.8 81.9 78.7
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All
N= 1048

White
n= 551

Black
n= 232

Hispanic
n= 223

Male
n=575

Female
n=473

Rehabilitation 19.6 16.9 25.0 20.2 18.1 21.4

Stroke Type % 

Ischemic 93.0 94.0 93.1 91.0 93.0 93.0

Intracerebral Hemorrhage 7.0 6.0 6.9 9.0 7.0 7.0

TOAST Ischemic Stroke Classification %***

Large-Artery Atherosclerosis 18.5 16.4 18.6 23.9 19.6 17.2

Cardio embolism 23.2 25.4 20.1 22.6 25.5 20.5

Small-Vessel Disease 21.0 20.2 25.3 18.1 21.3 20.8

Stroke of Undetermined Etiology 4.3 4.6 3.1 5.2 3.4 5.4

Cryptogenic Stroke 33.0 33.5 33.0 30.3 30.3 36.2

IV tPA (for Ischemic Stroke Patients) % 21.2 20.5 20.9 23.7 20.7 21.9

Intracerebral Hemorrhage (ICH) Score %****

0–1 90.6 83.8 100 80.0 94.6 85.2

2–3 9.4 16.2 0.0 20.0 5.4 14.8

Discharge Modified Rankin Scale Score %

0–1 (No to No significant Disability) 55.6 58.3 51.7 55.6 59.3 51.2

2–5 (Slight to Moderate Disability) 32.3 30.1 39.7 31.4 31.0 35.1

4–5 (Moderately Severe to Severe Disability) 11.5 11.6 8.6 13.0 9.7 13.7

NIHSS Mean (SD) 4.4 (5.4) 3.7 (4.7) 5.0 (5.5) 5.2 (6.5) 4.1 (5.1) 4.7 (5.7)

30-Day Post Discharge Healthy Behaviors %

Physical activity, walking or treadmill 58.3 58.8 58.1 56.5 64.3 51.0

Diet Modification 59.9 51.2 69.8 72.2 66.0 52.4

Substance Use/Toxic Habit Cessation***** 37.1 38.1 29.0 45.2 31.7 47.4

Discharge Counseling %

TLC diet recommendation 54.2 58.3 50.4 47.1 53.5 46.5

Diabetes teaching 15.7 15.4 15.1 16.6 17.2 14.0

Low sodium diet recommendation 46.2 54.1 39.7 39.9 46.4 49.0

Smoking cessation counseling referral***** 16.7 14.3 23.7 19.4 18.6 13.2

Sufficient Discharge Education and Guidance (Yes) 
%

29.0 20.7 41.4 37.7 32.7 24.5

Adequate Transitions of Care at 30 days (100% 
TOSC PI) %

28.6 25.8 31.5 32.7 31.3 25.4

Adequate Transitions of Care at 30 days (≥75% 
TOSC PI) %

62.1 59.7 62.9 66.8 65.2 58.4

*
[Denominator is only ischemic stroke patients eligible for statin (n = 901)]

**
[Denominator is only for ischemic stroke patients with atrial fibrillation/flutter (n = 138)]

***
[Denominator is only for ischemic stroke patients measured for TOAST criteria (n = 865)]

****
[Denominator is only for intracerebral hemorrhage patients (n=61)]
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*****
[Denominator is only for patients that reported a history of substance use prior to stroke (n=221)]
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Table 2.

30- and 90-Day All-Cause Death, Readmission, or Hospital/ER Representation in the Transitions of Stroke 

Care Disparities Study (2018–2022)

Event 0–30-Day (n=1048) 0–90-Day (n=1048)

n % n %

All-Cause Death Readmission or Hospital/ER Representation 108 10.3 200 19.1

All-Cause Death* 10 1.0 15 1.4

All-Cause Hospital/ER Representation* 100 9.5 189 18.0

All-Cause Readmission* 62 5.9 127 12.1

*
Please note that death, readmission, and hospital/ER representation may overlap for some patients
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Table 3.

Characteristics of 30- and 90-Day All-Cause and Vascular-Related Death, Readmission, or Hospital/ER 

Representation among the Transitions of Care Disparities Study (2018–2022)

All 
Participants 
(n=1048)

All-Cause Death, Readmission, or 
Hospital/ER Representation (n=1048)

Vascular-Related Death, Readmission, or 
Hospital/ER Representation (n=1048)

0–30-Day 0–30-
Day

p-value 0–90-
Day

p-value 0–30-
Day

p-value 0–90-
Day

p-value

Age in years, 
Mean (SD)

63.8 (13.9) 63.8 
(14.4)

<0.0001 63.6 
(14.4)

<0.0001 59.9 
(14.1)

<0.0001 59.6 
(14.1)

<0.0001

Sex, n (%)

Male 575 (54.9) 53 (9.2) 0.2015 100 
(17.4)

0.1242 9 (1.6) 0.2639 17 (3.0) 0.5621

Female 473 (45.1) 55 
(11.6)

100 
(21.1)

12 (2.5) 17 (3.6)

Race/Ethnicity, n (%)*

Non-Hispanic 
White

551 (52.3) 62 
(11.3)

0.1462 107 
(19.4)

0.3540 11 (2.0) 0.9624 16 (2.9) 0.7160

Non-Hispanic 
Black

232 (22.1) 26 
(11.2)

48 
(20.7)

5 (2.2) 8 (3.5)

Hispanic 223 (21.3) 15 (6.7) 35 
(15.7)

4 (1.8) 9 (4.0)

Patient Disposition, n (%)

Home 843 (80.4) 90 
(10.7)

0.4233 161 
(19.1)

0.9807 19 (2.3) 0.2415 30 (3.6) 0.2440

Rehabilitation 205 (19.6) 18 (8.8) 39 
(19.0)

2 (1.0) 4 (2.0)

NIHSS, Mean 
(SD)

4.4 (5.4) 5.1 (5.5) <0.0001 4.9 (5.7) <0.0001 3.6 (4.1) 0.0006 3.5 (3.8) <0.0001

Intracerebral Hemorrhage (ICH) Score, n (%)**

0–1 58 (90.6) 6 (10.3) 0.0116 12 
(20.7)

0.0767 0 (0.0) -- 1 (1.7) 0.6628

2–3 6 (9.4) 3 (50.0) 4 (66.7) 0 (0.0) 0 (0.0)

Discharge Modified Rankin Scale Score, n (%)

0–1 583 (55.6) 62 
(11.6)

0.7035 110 
(18.9)

0.3715 14 (2.4) 0.5174 22 (3.8) 0.6203

2–3 344 (32.8) 31 (9.0) 61 
(17.7)

6 (1.7) 10 (2.9)

4–5 121 (11.5) 15 
(12.4)

29 
(24.0)

1 (0.8) 2 (1.7)

Stroke-Type, n (%)

Ischemic 975 (93.0) 99 
(10.2)

0.5555 183 
(18.8)

0.3433 21 (2.2) 0.2053 33 (3.4) 0.3487

Intracerebral 
Hemorrhage

73 (7.0) 9 (12.3) 17 
(23.3)

0 (0.0) 1 (1.4)

Sufficient 
Discharge 
Education and 
Guidance (Yes) n 
(%)

304 (29.0) 29 (9.5) 0.6022 56 
(18.4)

0.7270 6 (2.0) 0.9645 10 (3.3) 0.9579
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All 
Participants 
(n=1048)

All-Cause Death, Readmission, or 
Hospital/ER Representation (n=1048)

Vascular-Related Death, Readmission, or 
Hospital/ER Representation (n=1048)

0–30-Day 0–30-
Day

p-value 0–90-
Day

p-value 0–30-
Day

p-value 0–90-
Day

p-value

Adequate 
Transitions of 
Care (100% 
TOSC PI) %

300 (28.6) 22 (7.3) 0.0451 46 
(15.3)

0.0504 6 (2.0) 0.9955 9 (3.0) 0.7774

Adequate 
Transitions of 
Care (≥75% 
TOSC PI) %

651 (62.1) 48 (7.4) <0.0001 114 
(17.5)

0.0972 11 (1.7) 0.3528 20 (3.1) 0.6872

*
[Statistics for race/ethnicity other than Non-Hispanic Black, Non-Hispanic White, and Hispanic not shown in race/ethnicity variable not shown 

but are included in overall sample (n = 42)]

**
[Denominator is only for patients with intracerebral hemorrhage (n = 64)]
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