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4. Rationale:  
Stroke remains a leading cause of death and disability worldwide. 1 A recent report from the 
American Heart Association indicated that in the United States, more than 795,000 people have a 
stroke annually and 13,700 deaths are annually attributed to stroke. 2 Various factors have been 
associated with elevated risk stroke risk, including non-modifiable factors, such as age, sex, race, 
and family history, and modifiable cardiometabolic factors, such as hypertension, diabetes, 
smoking, alcohol intake, drug abuse, and atrial fibrillation. 3  
 
Extent studies suggest that these non-modifiable and modifiable risk factors along with 
socioeconomic factors are associated with continuity of care and post-acute care for stroke 
survivors. 4-6 Continuity of care is a coordinated and uninterrupted healthcare service that is 
provided consistently for patients7 and manifests as long-term cooperation between a patient and 
a care provider to prevent and control risk factors, identify symptoms, manage care transitions, 
and provide medical treatment after discharge. 6 Several studies have shown an inverse 
association of continuity of care with mortality, 8-10 preventable hospitalization among fee-for-
service Medicare beneficiaries, 6,11 and hospital length of stay. 12 As an essential part of stroke 
care, continuity of care has the potential to be associated with stroke survivors’ quality of care 
after discharge. 13 A thorough investigation of post acute hospitalization care following discharge 
to home has not been done in conjunction with primary care and specialist care prior to the 
stroke. However, lack of coordination either by virtual consultation or face-to-face between 
healthcare professionals and stroke survivors from different disciplines may increase the rate of 
complications and decrease the survival of stroke survivors. 14  
 
This proposal will leverage CMS Medicare data linked with ARIC participant data to provide 
estimates of continuity of care in the year prior to incident ischemic or hemorrhagic stroke and to 
examine post-acute use of ambulatory care within 30 days post-discharge, risk of 30-day 
readmission, and one-year all-cause mortality in association with pre-stroke continuity of care.   
 
Since medical claims data are, for the most part, not available for beneficiaries enrolled in the 
Medicare Advantage plan, analyses of healthcare utilization patterns and continuity of care will 
be limited to fee-for-service (FFS) beneficiaries.  
 
5. Main Hypothesis/Study Questions: 
        

1. Describe continuity of care prior to stroke hospitalization, overall and by sex, age, 
race/ethnicity, study center, and measures of SES.   
 

2. Describe healthcare utilization among stroke survivors discharged to home after acute in-
hospital treatment (time to first ambulatory care visit, presence of a visit within 14 days 
post-discharge, risk of 30-day readmission) overall and by sex, age, race, study center, 
and measures of SES. 
 

3. Examine the association of pre-stroke continuity of care with post acute care and post-
stroke healthcare utilization among stroke survivors discharged to home. 
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6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Study population 
We will include ARIC cohort participants who survived an incident stroke hospitalization during 
the years 1992-2018 and who have had continuous enrollment in FFS Medicare within 1 year 
prior to and at least three months after the incident stroke hospitalization.  Participants will need 
to be at least 66 years old at the time of the incident stroke to allow for a one year look-back 
period, given the Medicare enrollment age of 65 years. Participants with at least two primary 
care or specialist care visits within 1 year prior to the incident of stroke will be included in the 
second study question.  Continuity of care, a continuous variable, can only be measured among 
individuals who have had at least two outpatient care visits. From prior analyses in other cohorts, 
we anticipate that the proportion of participants with no outpatient visits or those with just one 
outpatient visit prior to the stroke events will be minimal (<5%).  In initial analyses, we will 
apply the standard ARIC demographic exclusions (i.e., exclusion form analysis of Black 
participants from the MD and MN centers and exclusion of participants of self-reported race 
other than Black or White). In a sensitivity analysis, we will include all study participants 
eligible on the basis of their Medicare FFS enrollment status, with participants of race other than 
Black and White included in analyses together with White participants. Participants with missing 
information on educational attainment,  Area Deprivation Index, comorbidities (hypertension, 
diabetes), and cardiometabolic factors (systolic blood pressure, fasting glucose, and lipid profile) 
will be excluded. 
 
Outcomes 
ARIC cohort surveillance data (1992-2018) will be used to identify probable or definite incident 
stroke hospitalizations. Information on ambulatory care visits will be obtained from the 
Evaluation and Management HCPCS (Healthcare Common Procedure Coding System) codes for 
new and established office visits obtained from the annual Medicare Carrier files and as visits to 
Federally Qualified Health Centers and Rural Health Centers from Outpatient files (Table.1). 
Unplanned readmissions within 30 days after discharge of index stroke will be identified from 
the CMS MedPAR file. Planned admissions, i.e. admissions for carotid endarterectomy, carotid 
stenting, percutaneous carotid stenting, intracranial and intervertebral stenting, patent foramen 
ovale closure, ablation, aortic or mitral valve replacement, cranioplasty, will not be considered. 15 
All-cause and stroke readmissions will be identified from the MedPAR file. Death events will be 
obtained from ongoing ARIC cohort surveillance.  
 
Table. 1 Classification of Ambulatory Care visits encounters from CMS Medicare claims. 
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Exposure 
 
Continuity of care will be identified from primary care and specialist provider visits during one 
year prior to stroke hospitalization obtained from CMS claim files.  Primary care will be defined 
as visits to family medicine, and internal medicine providers. Specialist care will include 
evidence of outpatient visits to neurologists, neuroradiologists, neurosurgeons, cardiologists, and 
visits to geriatricians, gerontologists, and rehabilitation care. From the Carrier and Outpatient 
files, we will obtain the type and number of primary care and specialist care.  We will use the 
Modified Modified Continuity Index (MMCI) to create a continuous measure of continuity of 
care. 16 This method concentrates on the dispersion between healthcare providers and the number 
of visits. The MMCI formula is: 
 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 =
1 −  𝑘𝑘

𝑁𝑁 + 0.1
1 −  1

𝑁𝑁 + 0.1
 

 
Where N = total number of visits to all providers in a given period 
            k = the number of providers 
 
The range of the MMCI is 0 to 1, with higher values describing greater continuity of care. 
Continuity of care will be operationalized as a continuous variable and as quantiles (tertiles) of 
the distribution.  
 
Covariates 
 
Analytical covariates will include demographics, socioeconomic status, and cardiometabolic 
comorbidities as described in the Table below: 

Variables Time of ascertainment 
Demographic 
Age Age at time of incident stroke hospitalization 
Race Visit 1 
Sex Visit 1 
Study Center Visit 1 
Socioeconomic Status 
Education Visit 1 

Encounter Type Code Source Code Type Code 
New office visit Carrier HCPCS 99201-99205 
Established office visit Carrier HCPCS 99211-99215 
Consultation Carrier HCPCS 99241-99245 
New preventive medicine 
visit 

Carrier HCPCS 99385-99387 

Established preventive 
medicine visit 

Carrier HCPCS 99395-99397 

Federally Qualified 
Healthcare Center (FQHC) 

Outpatient Revenue 
Center code 

520 and 521 

Rural Health Center (RHC) Outpatient Revenue 
Center code 

521 and 522 
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Income Visit 1 
Neighborhood ADI at time of stroke hospitalization 
Comorbidity 
Hypertension Nearest visit before stroke event 
Diabetes Nearest visit before stroke event 
Cardiometabolic 
Systolic blood pressure Nearest visit before stroke event 
Fasting Glucose Nearest visit before stroke event 
Lipid Profile Nearest visit before stroke event 
Other 
Smoking Nearest visit before stroke event 
Alcohol use Nearest visit before stroke event 
BMI Nearest visit before stroke event 
Medication use (anti-
hypertensive, anti-diabetic) 

Nearest visit before stroke event 

 
Social determinants of health 
 
We will use the Area Deprivation Index (ADI) to measure stroke survivors’ neighborhood SES.  
The ADI is a contextual socioeconomic status to capture socioeconomic disadvantages integrated 
with income, education, employment, and housing quality that focuses on the measurement of 
economic factors in a neighborhood. 17 The ADI consists of 17 socioeconomic indicators as 
described in the following table:18 
 
Category  Indicator 
Education Population aged 25+ with <9yr education, % 

Population aged 25+ with at least a high school diploma, % 
Employed population aged 16+ in white-collar occupations, % 

Income\Employment Median family income, $ 
Income disparity 
Families below federal poverty level, $ 
Population below 150% of federal poverty level, % 
Civilian labor force population aged 16+ who are unemployed, % 

Housing Median house value, $ 
Median gross rant, $ 
Median monthly mortgage, $ 
Owner-occupied housing units, % 
Occupied housing units without complete plumbing, % 

Household Single-parent households with children (<18 yr), % 
Households without a motor vehicle, % 
Households without a telephone, % 
Households with more than 1 person per room, % 

 
The ADI score was calculated by using factor analysis and principal component analysis. The 
ADI, as a proxy measure for socioeconomic status, has been widely used to evaluate health 
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outcomes at the neighborhood level.17,19,20 As an indicator, ADI can reflect the level of local 
community services and the ability to access to medical services for local residency.17 
Individuals who live in socioeconomically disadvantaged neighborhoods usually experience 
worse clinical outcomes.21 Prior studies proved that socioeconomic disparities have a strong 
association with an increased risk of cardiovascular diseases.22,23 Researchers have shown that 
ADI has linked with hospital readmission for Heart Failure and Myocardial Ischemia. 17 In 
addition, ADI also has been related with poor hospital performance in the health system 
perspective. 24  
In this study, ADI at the time of stroke hospitalization will be used as the effect modifier in the 
Cox proportional hazard model, it will be classified into quartiles, the lowest quartile (lower 
75%) identifies the least deprived area, and the highest quartile denotes the most deprived area 
(top 25%). 21 
 
Analytical approach 
 
Participant characteristics will be examined overall and in stratification by age, race, and sex.  
Age will be classified into 5-year groups (65-70, 71-75, 76-80, 80+ years). Continuous data will 
be expressed as mean with standard deviation (SD), and categorical data will be presented with 
frequency and percentage. We will use the t-test and Chi-square test to compare potential 
differences. Alpha <0.05 will be considered statistically significant.  
 
Cox proportional hazard models with effect modifier, ADI, will be used to examine the hazard 
ratios for the association between pre-stroke continuity of care and the time to first ambulatory 
care visit that includes medical services performed on an outpatient basis. Logistic regression 
models will be constructed to examine the risk of 30-day and 90-day unplanned readmission and 
1-year mortality.  All analyses will be conducted in the overall sample with the examination of 
interaction by age categories, race, center, and sex.   
 
 
7.a. Will the data be used for non-ARIC analysis or by a for-profit organization in this 
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