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Abstract

Background and Purpose—Black stroke survivors experience greater post-stroke disability 

than whites. Differences in post-acute rehabilitation may contribute to this disparity. Therefore, we 

estimated racial differences in rehabilitation therapy utilization, intensity and the number post-

acute care settings in the first year after a stroke.

Methods—We used national Medicare data to study 186,168 elderly black and white patients 

hospitalized with a primary diagnosis of stroke in 2011. We tabulated the proportion of stroke 

survivors receiving physical, occupational and speech and language therapy in each post-acute 

care setting (inpatient rehabilitation facility, skilled nursing facility and home health agency), 

minutes of therapy, and number of transitions between settings. We then used generalized linear 

models to determine whether racial differences in minutes of physical therapy were influenced by 

demographics, comorbidities, thrombolysis, and markers of stroke severity.

Results—Black stroke patients were more likely to receive each type of therapy than white 

stroke patients. Compared to white stroke patients, black stroke patients received more minutes of 

physical therapy (897.8 vs. 743.4; p<0.01), occupational therapy (752.7 vs. 648.9; p<0.01), and 

speech and language therapy (865.7 vs. 658.1; p<0.01). There were no clinically significant 

differences in physical therapy minutes after adjustment. Blacks had more transitions (median 3, 

IQR (1–5)) than whites (median 2, IQR (1–5), p < 0.01).

Conclusions—There are no clinically significant racial differences in rehabilitation therapy 

utilization or intensity after accounting for patient characteristics. It is unlikely that differences in 

rehabilitation utilization or intensity are important contributors to racial disparities in post-stroke 

disability.

Each year 800,000 people in the US have a stroke, a leading cause of disability in the US.1, 2 

The vast majority of stroke patients receive rehabilitation therapies during their stroke 

hospitalization and most continue to receive rehabilitation therapies as part of their post-

acute care (PAC). Post-acute rehabilitation may occur in various types of settings, including: 

private residency home health, outpatient rehabilitation, institutions such as inpatient 

rehabilitation facilities (IRF) and skilled nursing facilities (SNF), and during the index 
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stroke hospitalization itself. Observational studies have shown that more intense 

rehabilitation settings,3–5 higher intensity rehabilitation in comparable settings,6 and the use 

of outpatient and home therapy,7 are associated with reduced disability. Collectively, these 

studies suggest that more intense rehabilitation may reduce post-stroke disability.8

There are large racial disparities in stroke incidence and post-stroke disability. Blacks have 

twice as many strokes as whites and racial disparities in stroke incidence have worsened 

over time.9–11 National data has shown that community dwelling black stroke survivors 

experience on average, 25% more limitations in activities of daily living than whites stroke 

survivors.12 It is unknown when racial disparities in post-stroke disability emerge, but a 

prospective population based sample found that racial disparities in post-stroke disability are 

present one year after their stroke, suggesting that outcomes diverge in the first year.13 

Despite the existence of marked racial disparities in post-stroke disability,12–14 little is 

known about the underlying mechanisms of this disparity.15 We hypothesize that black 

stroke patients receive less post-stroke rehabilitation therapies than white stroke patients. 

Our hypothesis is supported by the presence of marked geographic variability in PAC,16 

coupled with racial segregation in the United States, potentially leading to differential PAC 

utilization. Additionally, among stroke patients discharged to institutional post-acute 

rehabilitation care, blacks are more likely to be discharged to the less intense rehabilitation 

environment, SNF, than the more intense IRF, compared to whites.17 Although prior studies 

have explored racial differences in post-acute rehabilitation care, they are limited to a single 

rehabilitation setting, solely focus on the initial discharge location, and are not nationally 

representative.17–19

We addressed these issues by conducting a comprehensive evaluation of rehabilitation 

therapies across all PAC settings for one year following a stroke using data from a 

population of Medicare fee-for-service recipients. To assess whether differences in PAC 

exist by race, we first considered utilization of PAC across all settings. We then explored 

whether there were racial differences in the intensity, defined as minutes of rehabilitation, 

within each setting. Finally, we explored whether the total number of PAC settings or the 

patterns of transition between settings differed between blacks and whites.

Methods

Stroke Patients

All Medicare fee-for-service patients aged 65 years or older admitted to an acute care 

hospital in 2011 with a primary diagnosis of ischemic stroke or intracerebral hemorrhage 

(ICD-9-CM 431, 433.×1, 434.×1, 436) were identified from the Medicare Inpatient file.20, 21 

We included patients who were continuously enrolled in Medicare-fee-for service for 1 year 

after their stroke or until the time of their death. We excluded those with race/ethnicity other 

than black or white. Race was determined using the Medicare Beneficiary Summary File, 

which reports race from social security administration data.22

The Centers for Medicare & Medicaid Services Hierarchical Condition Categories (HCC) 

coding system was used to assign comorbidities to all patients at the time of their stroke 

hospitalization.23 We also identified life-sustaining treatments, including: gastrostomy, 
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hemicraniectomy, ventriculostomy, tracheostomy, intubation, hemodialysis, and 

cardiopulmonary resuscitation, using procedure codes during the index hospitalization.24 

Thrombolysis included (Intraenous (IV) tissue plasminogen activator (tPA) (DRG 559, MS-

DRG 61-63 or ICD-9 procedure code 99.10), and acute intra-arterial treatment (IAT) (CPT 

codes 37184-6, 37201, 75896) identified using DRG and procedure codes were abstracted 

from the inpatient files. We abstracted length of hospitalization directly from the inpatient 

file.

Rehabilitation Services and Utilization

Medicare claims data are divided into standard analytic files based on the place of service. 

By combining data from the Inpatient (including acute hospitalization and IRF), SNF, Home 

Health, and Outpatient files, we captured all claims for each major rehabilitation setting. 

Inpatient rehabilitation facilities and inpatient stays were differentiated in the inpatient file 

based on provider numbers (3025-3099 or T R representing IRF and 0001-0879 representing 

acute hospitalizations). Files were linked using Medicare beneficiary IDs. We identified 

physical therapy (PT), occupational therapy (OT), and speech and language therapy (SLT) 

using CPT and revenue codes within one year of stroke admission (Supplemental Table I). 

Physical therapy was identified with revenue codes (042X), OT with revenue codes (043X), 

and SLT with revenue codes (044X).

For each therapy modality, minutes of therapy was estimated by cross-walking CPT codes to 

the American Medical Association’s average intra-service time (crosswalk included as 

Supplemental Table I). Because therapy in an institutional PAC setting is reimbursed as part 

of the overall facility fee, it is not necessarily reported with CPT codes, but rather rolled up 

into the overall facility record and summarized using revenue codes. To quantify therapy in 

institutional PAC settings, we created a two-stage cross walk. First, revenue codes and CPT 

codes were inconsistently, yet occasionally, listed on the same institutional claim. For these 

claims, we built a weighted average of the CPT-based time estimates to approximate the 

total amount of time for each revenue code. We then used this weighted time average for 

institutional claims that were limited to only revenue codes (Supplemental Table I). When 

both revenue codes and CPT codes were reported, we used the CPT code estimated time. We 

then estimated time in each therapy modality, total therapy time in each PAC setting, and the 

number of transitions between settings. Length of stay in SNF and IRF was abstracted from 

standard analytic files.

Analysis

Racial comparisons of demographics, comorbidities, hospital stay, and treatments were 

performed using descriptive statistics. First, we used chi-squared tests to compare, by race, 

the proportion of stroke patients who received each therapy modality and the proportion of 

stroke patients who received each therapy modality by rehabilitation setting. Second, we 

compared racial differences in the intensity of each therapy modality overall and by therapy 

setting among stroke patients who received each therapy modality of interest, using 

Wilcoxon Two-Sample Tests. For each therapy modality, we determined the minutes of 

therapy for each 10-day time epoch by race. We then used generalized linear models to 

explore racial differences in the amount of PT received in one year after accounting for age 
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and sex, individual comorbidities, thrombolysis, and markers of stroke severity, which 

included length of stay, ICH (yes vs. no), and receipt of life-sustaining treatments. These 

analyses were repeated exploring minutes of PT in 30- and 90-days. A secondary analysis 

was performed to explore the impact of racial differences in opportunities for rehabilitation 

therapy. Specifically, we determined the number of minutes of post-stroke rehabilitation 

therapies across and within each setting after excluding stroke patients who died during their 

stroke hospitalizations or were discharged to hospice. We then repeated our generalized 

linear models to explore racial differences in the amount of PT received in one year after 

accounting for age and sex, all individual HCC comorbidities, and markers of stroke 

severity.

Lastly, we explored transitions across PAC settings. Given that PT was the most commonly 

used therapy, we identified the sequence of PT settings for each stroke patient by appending 

all facility claims for an individual after the index stroke over the course of the subsequent 

year. The total number of transitions reflected the number of settings where PT was received 

in the first year after the stroke. Transition patterns were summarized using directed graphs, 

while the number of transitions was compared by race using chi-squared tests. This study 

was approved by the University of Michigan Institutional Review Board. Analyses were 

completed in STATA 12.0 (College Station, TX) and SAS (Cary, NC).

Results

There were 186,168 elderly stroke patients in our sample. Black stroke patients were 

younger (77.3 vs. 80,4; p<0.01), more likely to be women, and had slightly more medical 

comorbidities (4.3 vs. 4.2; p<0.01) than white stroke patients (Table 1). The mean duration 

of hospitalization was longer among black stroke patients than white stroke patients (7.2 vs. 

5.8 days; p<0.01). Black stroke patients were more likely than white stroke patients to 

undergo life-sustaining treatments, intubation, tracheostomy, gastrostomy tube insertion, 

hemodialysis, and cardiopulmonary resuscitation.

Rehabilitation Utilization

Table 2 shows the proportion of stroke patients who utilized each rehabilitation therapy in 

each setting. Black stroke patients received more of each type of therapy overall and in each 

specific setting than white stroke patients. Outpatient PT was the one exception. Black 

stroke patients were slightly less likely than white stroke patients to receive outpatient PT 

(22.6% vs. 23.4%; p=0.01). There were small differences in the hospital discharge location 

by race, predominantly due to slightly higher initial rates of SNF use in blacks (29.7% vs. 

28.9%; p= 0.03) and home health (12.4% vs. 10.4%; p < 0.01), and the slightly lower rates 

of discharge home without PAC (31.6% vs. 34.0%; p < 0.01). There were no differences in 

initial discharge to IRF (24.0% vs. 24.0%; p = 0.95).

Rehabilitation Intensity

In the first year after their strokes, patients who received therapy received a median of 759 

(IQR 144–1893) minutes of PT, 662 (IQR 125–1665) minutes of OT, and 678 (IQR 117– 

2173) minutes of SLT. Minutes of therapy were highly variable and right skewed; the mean 
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minutes of therapy was much greater than the median minutes of therapy (Figure 1). The 

median minutes of therapy increased in the secondary analysis when the population was 

limited to patients who survived their hospitalization and were not discharged to hospice. In 

the first year after their stroke, these patients received a median of 871 (IQR 230– 2003) 

minutes of PT, 738 (IQR 179– 1746) minutes of OT and 831 (IQR 146– 2356) minutes of 

SLT.

In the first year after their stroke, black stroke survivors had longer length of stay in SNF 

((median 44 (IQR 21–83) vs. 40 (IQR 20–75, p<0.01)) and IRF ((median 17 (IQR 12–23) 

vs.16 (IQR 11-22), p<0.01)) than white stroke survivors. Table 3 shows the total minutes of 

each therapy and minutes of therapy in each setting by race among stroke patients who 

received therapy. Black stroke patients received more minutes of rehabilitation therapy than 

white stroke patients. Compared to white stroke patients, black stroke patients received a 

median of (897.8 vs. 743.4; p<0.01) minutes of PT, (752.7 vs. 648.9; p<0.01) minutes of OT, 

and (865.7 vs. 658.1; p<0.01) minutes of SLT. Black stroke patients received a greater 

amount of therapy in each setting compared to white stroke patients. With regards to the 

timing of post-stroke rehabilitation, overall white stroke patients received an average of 16 

more minutes of therapy in the first 10 days post-stroke compared to black stroke patients. 

For every subsequent epoch of 10 days of therapy, black stroke patients received more 

therapy (Figure 2).

Among stroke patients who received PT, after adjustments for demographics, comorbidities, 

thrombolysis, and markers of stroke severity, there was no racial difference in the amount of 

PT received in the 90 days or one year after their stroke (Supplemental Table II). Black 

stroke survivors received less PT within 30 days of their stroke than white stroke survivors. 

In secondary analysis, limited to patients who survived their hospitalization and were not 

discharged to hospice, black stroke survivors received slightly less PT at 30 days (20 

minutes, 4%), 90 days (33 minutes, 4%) and 1 year (25 minutes, 2%) in the fully adjusted 

models.

Rehabilitation Transitions

The median number of transitions among stroke patients within the first year was 2 (IQR 1–

5). Transitions were more common in blacks (mean 3.5, SD 3.3; median 3 IQR (1–5)) than 

whites (mean 3.0, SD 3.1; median 2 IQR (1–5), p < 0.01). There were multiple sequences of 

transitions in the stroke population, but there were no large racial differences in the 

transition patterns (Figure 3).

Discussion

For the first time, we report rehabilitation therapy utilization, intensity, and transitions across 

all PAC settings by elderly stroke patients for the year following their stroke. We found that 

stroke patients receive a substantial and variable amount of post-acute rehabilitation therapy 

in various settings. For example, over 85% of stroke patients received PT and those patients 

received a median of over 750 minutes of therapy in over 3 settings in the year following 

their stroke. While about a quarter of stroke patients received almost no rehabilitation 

therapy, thousands of stroke survivors received over 100 hours of therapy in the year after 
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stroke. Contrary to our hypothesis, we found that there are no clinically significant 

differences in rehabilitation intensity or utilization after accounting for differences in patient 

characteristics.

Health disparities research has evolved from identifying and describing racial differences in 

health to exploring the drivers of disparities that can be used to guide interventions to 

encourage health equity. To date, the large race disparities in post-stroke disability remain 

unexplained.15 Our results suggest that differential utilization of rehabilitation therapies or 

time within rehabilitation therapies are unlikely to contribute to racial disparities in post-

stroke disability among elderly stroke survivors. While we found that among stroke 

survivors who survive their hospitalization and are not discharged to hospice, blacks stroke 

patients receive slightly less PT than white stroke patients, the small magnitude (2% of 

annual) of this difference is unlikely to account for the much larger differences previously 

observed in post-stroke disability. We cannot, however, exclude the possibility that the 

quality of rehabilitation therapy varies by race and may contribute to post-stroke disability 

differences. However, given that rehabilitation therapy utilization and intensity are quite 

similar, very large racial differences in quality of care would be required to explain the large 

differences in functional outcomes. If utilization of rehabilitation therapies does not explain 

post-stroke racial disparities, what does? A wide variety of medical, social, and 

environmental factors may contribute to racial disparities in post-stroke outcomes. Of these 

possibilities, medical factors have been the most widely studied and while some racial 

differences exist, they are generally of small magnitude and unlikely to explain the wide 

differences in outcomes.25, 26 Further research is needed to understand racial differences in 

post-stroke disability.

Our data suggest one factor that may contribute to racial differences in post-stroke disability 

— discontinuous care and suboptimal transitions between settings. The median black stroke 

survivors received care in one more setting than the median white stroke survivor. 

Transitions across settings are a particularly vulnerable time for patients due to high rates of 

errors in medication, work-up, and incomplete transfer of medical information.27–29 The 

majority of data on care transitions are focused on one transition, from the hospital to home, 

and focus on outcomes such as hospital readmission.29 Lapses in quality of care may be 

even further increased in subsequent transitions or in patients with multiple transitions due 

to the increase in the number of opportunities for error and time from stroke. Further 

research to assess the consequences of care transitions in stroke patients, with particular 

attention to post-stroke disability, and strategies to optimize or decrease transitions are 

needed.

Our results have implications for initiatives designed to optimize the post-stroke continuum 

of care. The wide variation in the intensity of post-acute rehabilitation suggests that some 

stroke patients may be receiving too little post-acute rehabilitation therapy and/or others 

receiving too much. For example, we found that most stroke patients discharged home from 

a SNF do not receive home health services — a potential missed opportunity. Alternatively, 

strategies to decrease the numbers of transitions between settings may be of benefit to stroke 

survivors. Would a longer SNF stay directly transitioning to outpatient rehabilitation be 

preferable to a shorter stay with a bridge to outpatient rehabilitation via home health? Given 
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that post-acute rehabilitation care is highly utilized, costly, and variable, determining the 

optimal intensity and setting of post-acute rehabilitation to reduce disability is important, 

particularly as Medicare explores changes to payments models.16

This study has limitations. We cannot directly measure stroke severity in administrative data, 

but given the lack of racial differences in stroke severity,30–32 this is unlikely to bias our 

findings. We do not know whether racial differences in recurrent stroke contribute to some 

of the observed racial differences. However, given the racial similarity of the transition 

patterns this is unlikely. Strokes were identified using ICD-9 codes which inaccurately 

classify some patients, but have been shown to have high positive predictive values 

supporting their use in stroke outcome studies.20, 33 It is possible that variation may exist in 

rehabilitation services among patients who do not have Medicare fee-for service insurance, 

as insurance status and coverage have influenced utilization of rehabilitation services.34, 35 

Thus, our results should be cautiously extrapolated to middle aged stroke patients and those 

with other forms of insurance. We did not explore external factors that may impact PAC 

utilization. Some of these likely include payment models, PAC availability and hospital 

culture and should be considered in future studies.

In summary, black stroke patients undergo more frequent post-stroke transitions, but there 

are no clinically significant racial differences in the intensity of rehabilitation therapies in 

the year after a stroke. Further research is needed to explore alternate medical, social, and 

environmental factors, including transitions in care that may contribute to racial disparities 

in post-stroke disability.
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Figure 1. 
Minutes of Physical Therapy Received by Stroke Patients in the Year Following their Stroke
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Figure 2. 
Distribution of Minutes of Physical Therapy by Days and Race among Stroke Patients in the 

Year Following their Stroke

Skolarus et al. Page 11

Stroke. Author manuscript; available in PMC 2018 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Transitions in care across Post-Acute Care Setting. A: White Stroke Patients. B: Black 

Stroke Patients
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Table 1

Stroke Patient Characteristics by Race

Characteristics White Stroke Patients, (n=164,398)
%(n)

Black Stroke Patients, (n=21,770)
%(n)

Men 41.3 (67,913) 37.5 (8,160)

Age, Mean (SD) 80.4 (8.2) 77.3 (8.4)

Total number of comorbidities, Mean (SD) 4.2 (2.3) 4.3 (2.3)

Markers of Stroke Severity

Length of hospitalization, Mean (SD) 5.8 (4.6) 7.2 (6.6)

Intracerebral Hemorrhage 11.1 (18,242) 10.3 (2,249)

Gastrostomy Tube Insertion 4.8 (7,816) 9.3 (2,023)

Hemicraniectomy∞ 0.6 (897) 0.6 (123)

Ventriculostomy∞ 0.01 (15) 0.02 (5)

Tracheostomy 0.6 (974) 1.5 (1,326)

Intubation 6.3 (10,314) 8.2 (1,779)

Hemodialysis 1.0 (1,686) 4.4 (949)

Cardiopulmonary Resuscitation 0.2 (451) 0.6 (139)

∞
P is non-significant. All other p values are less than 0.001.
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Table 2

Stroke Rehabilitation Therapy Utilization by Race

Description White Stroke Patients, (n=164,398)
% (n)

Black Stroke Patients, (n=21,770)
% (n)

Physical Therapy

Any setting 85.4 (140,410) 89.2 (19,420)

Hospital 82.9 (136, 315) 85.7 (18,646)

Inpatient Rehabilitation Facility 22.3 (36,712) 23.6 (5,139)

Skilled Nursing Facility 37.6 (61,845) 41.9 (9,124)

Home Health Agency 34.9 (57,409) 42.6 (9,273)

Outpatient Setting∞ 23.4 (38,415) 22.6 (4,923)

Occupational Therapy

Any setting 77.6 (127,563) 82.5 (17,964)

Hospital 66.5 (109,387) 70.0 (15,201)

Inpatient Rehabilitation Facility 22.3 (36,582) 23.5 (5,119)

Skilled Nursing Facility 37.3 (61,346) 41.6 (9,053)

Home Health Agency 24.0 (39,504) 28.8 (6,264)

Outpatient Setting∞ 17.2 (28,222) 17.9 (3,889)

Speech and Language Therapy

Any setting 73.6 (120,923) 77.6 (16, 901)

Hospital 64.8 (106,513) 67.6 (14,718)

Inpatient Rehabilitation Facility 20.8 (34,186) 22.1 (4,809)

Skilled Nursing Facility 30.6 (50,331) 34.9 (7,602)

Home Health Agency 13.8 (22,637) 16.9 (3,679)

Outpatient Setting∞ 16.0 (26,279) 16.6 (3,620)

∞
P=0.01. All other p values are less than 0.001.
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Table 3

Intensity of Stroke Rehabilitation Therapy in the year following a stroke by Race

Description White Stroke Patients
Median(IQR), mins/yr

Black Stroke Patients
Median(IQR), mins/yr.

P value

Physical Therapy

Any setting 743.4 (1729.6) 897.8 (1782.8) <0.01

Hospital 86.3 (115.4) 86.8 (130.2) <0.01

Inpatient Rehabilitation Facility 743.6 (728.8) 772.2 (715.0) 0.02

Skilled Nursing Facility 715.5 (1038.4) 728.8 (990.4) 0.61

Home Health Agency 441.4 (572.4) 469.9 (598.08) <0.01

Outpatient Setting 555.0 (969.0) 539.0 (1016.2) 0.06

Occupational Therapy

Any setting 648.9 (1528.9) 752.7 (1598.3) <0.01

Hospital 73.6 (88.7) 75.5 (103.8) <0.01

Inpatient Rehabilitation Facility 767.8 (742.4) 808.4 (750.1) <0.01

Skilled Nursing Facility 724.3 (1026.1) 752.7 (1026.1) 0.07

Home Health Agency 282.5 (414.6) 312.4 (416.4) <0.01

Outpatient Setting 570.0 (1066.00) 600.0 (1094.0) 0.09

Speech and Language Therapy

Any setting 658.1 (2020.2) 865.7 (2294.6) <0.01

Hospital 101.6 (161.2) 117.1 (163.3) <0.01

Inpatient Rehabilitation Facility 719.9 (1134.8) 750.7 (1163.6) <0.01

Skilled Nursing Facility 1046.0 (1649.3) 1176.9 (1766.4) <0.01

Home Health Agency 891.9 (1383.5) 844.9 (1361.3) 0.06

Outpatient Setting 485.0 (1119.0) 473.5 (1115.5) 0.18
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