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BACKGROUND: To inform clinical practice, we sought to identify racial and ethnic differences in the medical management of
common poststroke complications.

METHODS AND RESULTS: A cohort of acutely hospitalized, first-time non-Hispanic White (NHW), non-Hispanic Black, and
Hispanic patients with stroke was identified from electronic medical records of 51 large health care organizations (January 1,
2003 to December 5, 2022). Matched propensity scores were used to account for baseline differences. Primary outcomes
included receipt of medication(s) associated with the management of the following poststroke complications: arousal/fa-
tigue, spasticity, mood, sleep, neurogenic bladder, neurogenic bowel, and seizure. Differences were measured at 14, 90,
and 365days. Subgroup analyses included differences restricted to patients with ischemic stroke, younger age (<65 years),
and stratified by decade (2003-2012 and 2013-2022). Before matching, the final cohort consisted of 348286 patients with
first-time stroke. Matching resulted in 63 722 non-Hispanic Black-NHW pairs and 24 009 Hispanic—-NHW pairs. Non-Hispanic
Black (versus NHW) patients were significantly less likely to be treated for all poststroke complications, with differences largest
for arousal/fatigue (relative risk (RR), 0.58 [95% CI, 0.54-0.62]), spasticity (RR, 0.64 [95% Cl, 0.0.62-0.67]), and mood disor-
ders (RR, 0.72 [95% ClI, 0.70-0.74]) at 14 days. Hispanic-NHW differences were similar, albeit with smaller magnitudes, with
the largest differences present for spasticity (RR, 0.67 [95% ClI, 0.63-0.72]), arousal/fatigue (RR, 0.77 [95% CI, 0.70-0.85]),
and mood disorders (RR, 0.79 [95% ClI, 0.77-0.82]). Subgroup analyses revealed similar patterns for ischemic stroke and
patients aged <65years. Disparities for the current decade remained significant but with smaller magnitudes compared with
the prior decade.

CONCLUSIONS: There are significant racial and ethnic disparities in the treatment of poststroke complications. The differences
were greatest at 14 days, outlining the importance of early identification and management.
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outcomes are well-known among patients in the

United States.! Much of the work to date has fo-
cused on differences in risk factors associated with
stroke incidence and death.? However, a significant
proportion of patients with stroke survive and are at
a considerable risk of debility due to poststroke com-
plications.® The cumulative impact of these complica-
tions contributes to stroke being one of the leading

Significant racial and ethnic disparities in stroke

causes of preventable disability. Unfortunately, racial
and ethnic disparities in stroke extend beyond in-
cidence and mortality to effect poststroke function
among surviors."®# Identification of the specific causes
that contribute to racial and ethnic differences in post-
stroke function remains unclear, as prior studies have
not identified clear racial and ethnic differences in
prestroke function, the amount of rehabilitation ther-
apies that patients receive, or access to specialized
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CLINICAL PERSPECTIVE

What Is New?

* There are significant racial and ethnic disparities
in the medical management of common post-
stroke sequelage (fatigue, spasticity, depression,
insomnia, seizure, and neurogenic bladder/
bowel).

e Disparities were largest at 2weeks, persisted
at 1year, and may be due to patient—provider
interactions (eg, health literacy, implicit bias, cul-
tural competence) rather than access to care.

What Are the Clinical Implications?

e (Clinicians who routinely care for stroke survivors
(eg, neurologists, physiatrists, primary care pro-
viders) should proactively screen for poststroke
complications such as depression, fatigue, and
spasticity, as opportunities to initiate medical
management for poststroke complications are
routinely being missed for racial and ethnic mi-
nority patients.

Nonstandard Abbreviations and Acronyms

NHB non-Hispanic White

NHW non-Hispanic Black

NIHSS National Institutes of Health Stroke
Scale

RD risk difference

postacute care at inpatient rehabilitation facilities or
skilled nursing facilities.®®

Prior studies on racial and ethnic differences in
poststroke function have primarily assessed differ-
ences at single time points, yet stroke recovery is
highly dynamic.* The dynamic nature of stroke re-
covery is partially due to differing natural histories of
various complications. For example, bowel/bladder
dysfunction often improves early, whereas issues such
as spasticity may develop weeks to months after the
stroke and worsen over time.” In addition, functional
differences in recovery may be mediated through a
variety of biopsychosocial domains.”® Qur objectives
were to (1) identify racial and ethnic differences in the
medical management of common poststroke compli-
cations and (2) identify time points during poststroke re-
covery when magnitudes of differences were greatest.

METHODS

Our methods and results adhere to Strengthening the
Reporting of Observational Studies in Epidemiology
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guidelines.® Study data were acquired from the TriNetX
Analytics network platform, which provides near real-time
access to patient data from electronic medical records
identified from health care organizations that actively
participate within their research division. Data are harmo-
nized by the TriNetX informatics team, which leverages
standard terminologies across multiple data domains to
construct internally verified data maps. Additional de-
tails on TriNetX data, as well as its harmonization pro-
cess have previously been published.® The data used
in this study were considered exempt by the Institutional
Review Board as they were deidentified and do not in-
volve intervention or interaction with human subjects.
Additional information on the privacy principles employed
by TriNetX are publicly available."" All data and materials
can be accessed via the online TriNetX platform.

For this study, the cohort included patients with
first-time stroke hospitalized with either an ischemic
or hemorrhagic stroke between January 1, 2003 and
December 5, 2022. Patients with stroke were identified
using the International Classification of Diseases, Ninth
Revision (ICD-9) and Tenth Revision (ICD-10). Patients
with ischemic stroke were identified using /ICD-9 codes
433 and 434 or ICD-10 code 163, whereas patients with
hemorrhagic stroke were identified using /ICD-9 codes
430 and 431or ICD-10 codes 160 to 162. Prior stud-
ies have shown similar accuracy of ICD-9 and ICD-10
codes where 85% and 97% of patients with ischemic
and hemorrhagic stroke, respectively, were accurately
identified.'”” Race and ethnicity were self-identified. Per
the TriNetX data dictionary, possible values for patient
race were American Indian or Alaska Native, Asian,
Black or African American, Native Hawaiian or other
Pacific Islander, White, or Unknown. Ethnicity or cul-
tural background was classified as Hispanic or Latino,
Not Hispanic or Latino, or Unknown. Patients were ex-
cluded for the following reasons: (1) race and ethnicity
not documented as non-Hispanic White (NHW), non-
Hispanic Black (NHB), or Hispanic; (2) aged <18years;
and (3) prior history of stroke.

Primary Outcomes

All outcomes were measured at 14, 90, and 365days
from the indexed stroke. Primary outcomes included
the use of medication(s) associated with the treat-
ment of 7 poststroke complications: arousal/fatigue,
spasticity, mood disorder, sleep disturbance, neuro-
genic bladder, neurogenic bowel, and seizure. Medical
management for each complication were based on
the Department of Veterans Affairs Drug Classification
System and consisted of the following:

1. Arousal/fatigue (use of orally formulated central
nervous system stimulants, modafinil/ armodaf-
inil, or amantadine)
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2. Spasticity (use of orally formulated baclofen,
tizanidine, dantrolene, diazepam, or intramuscu-
lar botulinum toxin)

3. Depressed mood (use of orally formulated selec-
tive serotonin reuptake inhibitors or serotonin—
norepinephrine reuptake inhibitors)

4. Sleep disturbance (use of orally formulated me-
latonin, trazodone, zolpidem, suvorexant, or
ramelteon)

5. Neurogenic bladder (use of orally formulated «
agonists or urinary antispasmodics)

6. Neurogenic bowel (use of orally formulated or
rectally administered laxatives)

7. Seizure (use of orally formulated anticonvulsants)

Secondary Outcomes

Secondary outcomes included stroke severity, acute
lifesaving treatments, radiographic or symptomatic
complications, and ambulatory follow-up visits. Stroke
severity was classified by the National Institutes of
Health Stroke Scale (NIHSS) score; with strokes cat-
egorized as mild (NIHSS score <10), moderate (NIHSS
score 10-20), or severe (NIHSS score >20). Acute life-
saving treatments included (1) receipt of either intra-
venous tissue plasminogen activator or mechanical
thrombectomy, (2) neurosurgical procedures (crani-
otomy, endovascular coiling, and Burr hole trephi-
nation), and (3) intubation or mechanical ventilation.
Radiographic and symptomatic complications included
the following: (1) cerebral edema or brain compression,
(2) hemiplegia, (3) aphasia, and (4) 14-day mortality
rate. Ambulatory follow-up visits included the number
of ambulatory care visits at 90days. Procedures and
ambulatory follow-up visits were identified by Current
Procedural Terminology codes detailed in Table S1.

Independent Variable

Race and ethnicity was the independent variable that
was operationalized as a single categorical variable
with 3 mutually exclusive categories: NHW, NHB, or
Hispanic.

Study Variables

Baseline variables (clinical comorbidities, prior medica-
tions, demographics, prior acute health care use) in-
cluded potential confounders that were collected in the
year before the indexed stroke and selected a priori on
the basis of prior studies or perceived clinical impor-
tance.5'® Demographic factors includes age (per year),
and sex. Clinical comorbidities were identified by /CD-
9 and ICD-10 codes and included absence or pres-
ence of the following conditions: hypertension, chronic
ischemic heart disease, acute myocardial infarction,
hyperlipidemia, atherosclerosis, arterial thrombosis,
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seizures, Parkinson disease, multiple sclerosis,
Alzheimer disease, hemiplegia, paraplegia, peripheral
neuropathy, neurogenic bladder and bowel, constipa-
tion, type 1 and type 2 diabetes, obesity, depression,
anxiety, sleep disorders, chronic obstructive pulmo-
nary disease, asthma, acute kidney injury, chronic kid-
ney disease, benign prosthetic hyperplasia, and prior
neoplasm. Prior medications included use of anticon-
vulsants, central nervous system stimulants, selective
norepinephrine reuptake inhibitors/serotonin—norepi-
nephrine reuptake inhibitors, laxatives, a blockers, uri-
nary antispasmodic medications, melatonin, tizanidine,
baclofen, and insulin. When available, the most recent
values recorded for systolic blood pressure (<140, 140—
180, 180-200, >220mm Hg), hemoglobin A, (<5.7%,
>5.7 1o <6.5%, >6.5 to <9%, >9%), and low-density
lipoprotein cholesterol (<70, 70-189, >189mg/dL) were
used. Prior health care use was identified by any acute
inpatient hospitalization, excluding emergency depart-
ment visits.

Statistical Analysis

Data were analyzed using an emulated trial framework
under principles of randomized trial design (eg, clearly
defined time 0 and intention-to-treat protocol) to mimic
a hypothetical randomized controlled trial allowing re-
sults to be interpreted under the same counterfactual
framework as randomized controlled trials.'*'® To emu-
late random treatment allocation, matched propensity
scores were calculated using a multivariable logistic
regression model that adjusted for all available base-
line variables described above. Patients were matched
1:1 using a greedy nearest neighbor matching algo-
rithm with a caliper width of 0.25 times the SD.'® This
approach assumes missing at random, that is, the
propensity for a data point to be missing is not related
to unobserved data, but it is related to some of the
observed data."” Separate propensity score matches
were made for the 2 separate comparisons (ie, NHB
versus NHW and Hispanic versus NHW). Under this
analysis, results are interpreted as the average treat-
ment effect among the treated (ATT), which is ATT=E
[Y'-Y°|D=7], where E is the expected outcome, Y is
the counterfactual outcome for medical treatment (Y")
or no medical treatment (¥°), and D (1 or 0) is NHW
or NHB/Hispanic depending on the specific compari-
sion.’® This counterfactual framework is analogous to
that used by randomized controlled trials.'”® Due to the
large sample sizes, absolute standardized differences
were calculated in lieu of P values to identify system-
atic differences in baseline covariates between popu-
lations for both unmatched and matched patients, with
absolute standardized differences >0.1 considered
clinically important.'”® Thus, analysis is analogous to
intention-to-treat as patients were matched on factors
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collected before the indexed stroke, which was con-
sidered time 0.%°

For comparative binary outcomes, relative risks
(RRs) and risk differences (RDs) with corresponding
95% Cls were calculated for both matched and un-
matched patients. Matched pairs were analyzed as
stratified pairs, and differences were independently
calculated at each time point for the 2 racial and eth-
nic comparisons. Results for matched pairs were con-
sidered adjusted for all covariates that were included
within the propensity score model. Racial and eth-
nic differences in the number of ambulatory visits at
90days were assessed using t-tests. All analyses were
performed within a built-in statistical platform within
TriNetX. Statistical tests were 2-sided with significance
set at P<0.05.

Subgroup Analyses

Three separate subgroup analyses were performed.
For more homogenous groups, we restricted our
analysis to patients with ischemic stroke and younger
age (<65years).”® Next, we explored the effects of
time, by stratifying groups by decade (January 1,
2003, to December 31, 2012) and (January 1, 2013,
to December 5, 2022) with a focus on differences at
90days. All the subgroup analyses mimicked the pri-
mary analysis, with the exception that results were only
reported as RRs for matched pairs.

RESULTS

We initially identified 565 348 hospitalized patients with
stroke. Patients were then excluded for the following
reasons: race and ethnicity other than NHW, NHB,
or Hispanic (n=71489), aged <18years (n=63391), or
prior history of stroke (n=82182). Thus, our final co-
hort consisted of 348286 patients who were identified

Racial and Ethnic Disparities in Stroke Complications

from 51 health care organizations. Of these patients,
259805 were NHW, 64456 were NHB, and 24025
were Hispanic (Figure 1).

Table 1 shows the distribution of selected base-
line covariates by race and ethnicity. Compared with
both NHB and Hispanic patients, NHW patients were
older, more likely to have a prior history of neoplasm,
anxiety disorders, and use of selective norepinephrine
reuptake inhibitor/serotonin—norepinephrine reuptake
inhibitor medications. Significant differences for the
NHB-NHW comparison included NHB patients having
increased odds of being diagnosed with type 2 diabe-
tes and using insulin. Specific Hispanic-NHW differ-
ences included Hispanic patients being less likely to
have prior history of chronic ischemic heart disease,
chronic obstructive lung disease, and hyperlipidemia.

Propensity score matching resulted in 63722
matched pairs for the NHB-NHW comparison and
24009 matched pairs for the Hispanic—-NHW compar-
ison. After matching, all covariates were well balanced
(ie, absolute standardized differences were<0.1) indi-
cating that there were no significant differences across
baseline covariates (Table S2).

NIHSS scores were available for =10% of patients.
Among these patients, NHB (versus NHW) patients
were more likely to have a moderate (20.4% versus
18.5%) or severe (12.6% versus 9.8%) stroke, whereas
Hispanic (versus NHW) patients had fewer moderate
(19.1% versus 16.4%) but more severe (9.7% versus
10.3%) strokes (data not shown). In Table 2, distri-
butions of acute lifesaving treatments as well as ra-
diographic or symptomatic complications among
matched patients are shown. Regarding acute treat-
ment for the NHB-NHW comparison, NHB patients
were slightly less likely to receive either tissue plas-
minogen activator or mechanical thrombectomy
(7.8% versus 9.4%) and a neurosurgical procedure
(4.0% versus 5.6%) but slightly more likely to receive

stroke (n=565 348)

Patients hospitalized with an acute

Exclusions:
Race or ethnicity other than NHW,

—» | Black, or Hispanic (n=71 489)
<18 years of age (n=63 391)
Recurrent stroke (n=82 182)

Eligible patients (n=348 286) |

Non-Hispanic White
(n=259 805)

Black (n=64 456)

| Hispanic (n=24 025)

Figure 1.
NHW indicates non-Hispanic White.
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Table 1. Racial and Ethnic Differences for Patient-level Characteristics Among Hospitalized Patients With Acute Stroke
Absolute standardized differences
NHW, % (n=259805) NHB, % (n=64456) Hispanic, % (n=24025) NHW vs NHB NHW vs Hispanic
Age, y, mean+SD 64.5+14.9 59.6+14.3 56.4+16.5 0.33* 0.52*
Female sex 44.9 47.5 42.4 0.05 0.05
Comorbidities
Hypertensive diseases 27.0 3141 231 0.09 0.09
Chronic ischemic heart 1.3 8.6 741 0.09 0.14*
disease
Acute myocardial 2.7 2.8 2.2 0.01 0.03
infarction
Hyperlipidemia 19.5 15.9 129 0.09 0.18*
Atherosclerosis 2.6 2.3 1.9 0.02 0.04
Arterial thrombosis 0.8 0.7 0.6 0.01 0.03
Seizures 2.0 2.5 2.0 0.04 <0.01
Parkinson disease 0.9 0.3 0.4 0.08 0.06
Multiple sclerosis 0.3 0.3 0.1 0.01 0.04
Alzheimer disease 0.6 0.4 0.4 0.02 0.03
Hemiplegia 0.5 0.6 0.6 0.01 0.02
Paraplegia 0.2 0.3 0.2 0.02 <0.01
Peripheral neuropathy 2.9 2.2 2.2 0.03 0.045
Neurogenic bladder 0.4 0.3 0.4 0.02 0.01
Neurogenic bowel 0.1 0.1 0.1 0.01 0.01
Constipation 4.9 5.1 4.9 0.01 <0.01
Type 1 diabetes 1.4 1.8 1.7 0.03 0.02
Type 2 diabetes 12.9 16.7 15.9 0.11* 0.09
Obesity 6.4 6.7 6.1 0.01 0.01
Depression 7.8 5.6 6.0 0.09 0.07
Anxiety 7.8 4.3 5.4 0.15* 0.10
Sleep disorders 7.5 5.9 5.6 0.06 0.07
Chronic obstructive 6.1 4.8 2.3 0.06 0.12*
pulmonary disease
Asthma 3.0 44 2.6 0.06 0.03
Acute kidney failure 5.3 7.5 5.3 0.09 <0.01
Chronic kidney disease 7.2 10.6 7.3 012 <0.01
Benign prostatic 3.5 2.2 2.2 0.08 0.08
hyperplasia
Neoplasm 144 10.3 9.3 0.12* 0.15*
Prior medication use
Anticonvulsants 14 1.4 10.6 0.01 0.02
CNS stimulants 2.0 1.2 2.0 0.07 <0.01
SSRI/SNRIs 13.4 9.0 10.0 0.14* 0.11*
Laxatives 16.8 18.7 16.6 0.05 0.01
a Blockers 4.7 3.7 3.4 0.05 0.06
Urinary antispasmodic 7.2 10.6 7.3 012 <0.01
Melatonin 3.4 27 3.4 0.04 <0.01
Tizanidine 1.0 0.8 0.8 0.02 0.02
Baclofen 1.0 1.0 1.0 0.01 0.01
Insulin 9.6 127 12.3 0.10* 0.09
(Continued)
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Table 1. Continued

Prior clinical data
Hemoglobin A,
0%-5.70% 3.7 4.0 3.1 0.02 0.04
5.70%-6.50% 4.4 5.6 4.0 0.06 0.02
6.50%-9.0% 4.6 5.8 4.5 0.05 <0.01
>9.0% 2.0 3.3 3.1 0.08 0.07
Systolic blood pressure, mmHg
<140 291 2341 18.0 0.14* 0.26"
140-180 22.5 21.5 1341 0.03 0.25*
180-220 5.4 7.7 3.7 0.09 0.08
>220 1.3 0.6 0.6 0.07 0.01
LDL cholesterol in serum or 13.3 13.5 9.7 0.15 0.01
plasma, mg/dL
0-70 4.4 3.7 3.3 0.04 0.06
71-189 10.3 10.3 6.8 0.02 0.10*
>190 0.4 0.5 0.3 0.02 <0.01
Prior health care use
Prior hospitalization 23.3 19.6 213 0.09 0.04

Prior data were collected in the year preceding the indexed stroke. CNS indicates central nervous system; NHB, non-Hispanic Black; NHW, non-Hispanic
White; SNRI, serotonin—norepinephrine reuptake inhibitor; and SSRI, selective serotonin reuptake inhibitor.
*Clinically important differences based on absolute standardized differences >0.1.

mechanical ventilation/intubation (12.2% versus 11.2%).
For radiographic and symptomatic complications,
slightly fewer NHB patients had cerebral edema
(14.4% versus 16.5%), while slightly more had hemipa-
resis (20.6% versus 18.8%) and aphasia (15.0% versus
14.4%). The 14-day mortality rates were slightly lower
for NHB patients (5.4% versus 7.6%). For the Hispanic—
NHW comparison, Hispanic patients were less likely

to receive tissue plasminogen activator or mechanical
thrombectomy (8.7% versus 9.3%) and mechanical
ventilation/intubation (12.1% versus 12.9%), but more
likely to receive a neurosurgical procedure (7.5% ver-
sus 6.1%). For radiographic and symptomatic com-
plications, Hispanic patients were more likely to have
cerebral edema (19.9% versus 17.5%) but less likely
to have hemiparesis (16.9% versus 17.9%) or aphasia

Table 2. Racial and Ethnic Differences in Acute Treatment, Radiography, and Symptoms Among Propensity Score-
Matched Patients With Acute Stroke

Acute lifesaving treatments

tPA/mechanical 9.4 7.8 <0.01 9.3 8.7 0.01
thrombectomy

Neurological surgical 5.6 4.0 <0.01 6.1 7.5 <0.01
procedure

Ventilation or mechanical 1.2 12.2 <0.01 12.9 1241 <0.01
intubation

Radiographic or symptomatic complications

Cerebral edema 16.5 14.4 <0.01 17.5 19.9 <0.01
Hemiparesis 18.8 20.6 <0.01 17.9 16.9 0.03
Aphasia 14.4 15.0 <0.01 14.4 10.2 <0.01
14-d All-cause death 7.6 5.4 <0.01 7.2 75 0.24

Significance was set at P<0.05 using McNemar’s tests. Neurological surgery procedure refers to craniotomy, endovascular coiling, or Burr hole trephination.
Matched pairs: patients were matched using a multivariable propensity score. Separate propensity scores matches were performed for the NHW vs NHB and
NHW vs Hispanic comparisons. NHB indicates non-Hispanic Black; NHW, non-Hispanic White; and tPA, tissue plasminogen activator.
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(10.2% versus 14.4%). There was no difference in 14-
day mortality rates.

In Figure 2, coefficient plots showing the RRs of
receiving medical management of 7 common post-
stroke complications among matched pairs at 14, 90,
and 365days are shown. In the supplemental materi-
als, a corresponding table of results (Table S3) as well
as unadjusted results (Table S4) are shown. For the
NHB-NHW comparison, NHB patients were signifi-
cantly less likely to receive medical treatment for every
condition at nearly every time point. Treatment differ-
ences were greatest at 14 days and slightly attenuated
over time. The largest relative difference included NHB
patients being 42% less likely to receive medications
associated with the management of arousal/fatigue at
2weeks (RR, 0.58 [95% ClI, 0.54-0.62]). Other large dif-
ferences included NHB patients being significantly less
likely to receive medications for the treatment of spas-
ticity (RR, 0.64 [95% CI, 0.62-0.67]), mood disorders
(RR, 0.72 [95% CI, 0.70-0.74]), and sleep disturbances
(RR, 0.78 [95% CI, 0.76-0.80]). Differences in the
treatment of seizures (RR, 0.89 [95% CI, 0.88-0.90])
and neurogenic bowel (RR, 0.99 [95% CI, 0.97-0.99))
were smaller but statistically significant. Results for the
Hispanic (versus NHW) comparison were largely simi-
lar with a couple of exceptions. First, the magnitudes of
differences were slightly smaller. Second, Hispanic pa-
tients were slightly more likely to receive medications

Racial and Ethnic Disparities in Stroke Complications

used to treat neurogenic bladder and bowel, and there
was no statistically significant racial and ethnic differ-
ence for the treatment of seizures.

Figure 3 shows coefficient plots for results reported
on the absolute scale as RDs, with a corresponding
table shown in Table S5. RDs for the NHB (versus NHW)
comparison remained significant for all compilations, but
magnitudes were not always consistent with RRs. For
example, the largest RR was for the treatment of arousal/
fatigue, but the largest RD was for the treatment of mood
disorders at 90days (9.6 [95% ClI, —10.0 to —9.3]). The
discordance is due to differences in the frequency of
medication use, as substantially fewer patients received
medications used to manage arousal/fatigue (NHW,
4.6% versus NHB, 3.3%) compared with mood disor-
ders (NHW, 33.6% versus NHB, 24.0%). For the Hispanic
(versus NHW) comparison, the largest RDs included dif-
ferences for the treatment of mood disorders (RD, —8.2
[95% Cl, —8.6 to —7.5]), spasticity (RD, —2.4 [95% ClI, -2.7
to —2.1]), and sleep disturbances (RD, —2.3 [95% Cl, —2.8
to —1.8]) at 14 days. Additional details on the frequency of
medication use are shown in Table S6.

Regarding the number of ambulatory care follow-up
visits at 90days, NHB patients had more outpatient
clinic visits (u=18) compared with NHW (u=13) patients
(P<0.01). For the Hispanic-NHW comparison, Hispanic
patients had fewer ambulatory clinic visits (13 versus
11; P<0.01).

Post-stroke complication Relative Risk at 14 Days
(ref=NHW)
Arousal/Fatigue: Black

Hispanic

—e—i
]

Spasticity: Black i
Hispanic
Mood disorders: Black e
Hispanic ro—i
Sleep disturbance: Black e
Hispanic
Neurogenic bladder: Black o

Hispanic

Neurogenic bowel: Black ]

Hispanic Cl

Seizure: Black ol

Hispanic ro-|

0.5 0.6 0.7 0.8 03 1 11 12 13 14 15
Relative Risk

Post-stroke complication

(ref=NHW)
Arousal/Fatigue: Black
Hispanic

Relative Risk at 365 Days

Spasticity: Black o
Hispanic
Mood disorders: Black
Hispanic
Sleep disturbance: Black
Hispanic
Neurogenic bladder: Black
Hispanic

Neurogenic bowel: Black o
Hispanic .
Seizure: Black *
Hispanic oH

0.5 0.6 0.7 0.8 0.8 1 11 12 13 14 15

Post:stroke complication
(ref=NHW)

Arousal/Fatigue: Black
Hispanic

Relative Risk at 90 Days

Spasticity: Black e

Hispanic

Mood disorders: Black el

Hispanic

Sleep disturbance: Black o
Hispanic

Neurogenic bladder: Black e

Hispanic

Neurogenic bowel: Black Y

Hispanic o

Seizure: Black 10—

Hispanic o

0.5 0.6 0.7 0.8 0.9 1 11 12 13 14 15
Relative Risk

Figure 2. Relative risk for medical treatment of common poststroke complications at 14, 90, and 365days.

Time starts on day 1 of the acute hospitalization from the indexed stroke. Relative risks were estimated from matched pairs, and
significance was set at P<0.05. Patients were matched 1:1 on the basis of a propensity score estimated from a multivariable logistic
regression model. Separate propensity score matches were performed for the NHW vs Black (n=63 722 matched pairs) and NHW vs
Hispanic (=24 009 matched pairs) comparisons. Circles represent point estimates, and whiskers represent 95% Cls. NHW indicates

non-Hispanic White.
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Figure 3. Risk differences for medical treatment of common poststroke complications at 14, 90, and 365days.

Time starts on day 1 of the acute hospitalization from the indexed stroke. Risk differences were estimated from matched pairs, and
significance was set at P<0.05. Patients were matched 1:1 on the basis of a propensity score estimated from a multivariable logistic
regression model. Separate propensity score matches were performed for the NHW vs Black (n=63722 matched pairs) and NHW vs
Hispanic (n=24 009 matched pairs) comparisons. Circles represent point estimates, and whiskers represent 95% Cls. NHW indicates

non-Hispanic White.

Figure 4 shows coefficient plots for results from the
first subgroup analysis, detailing the RR for treatment
of poststroke complications among patients with
ischemic stroke. Overall, 47907 pairs were matched
for the NHB-NHW comparison, 18569 pairs were
matched for the Hispanic-NHW comparison, and co-
variates remained well balanced for each comparison.
Subgroup analysis results were similar to the results
for all patients with stroke, with several exceptions.
For the NHB (versus NHW) comparison, the magni-
tudes of treatment differences were smaller for the
management of mood disorders, sleep disturbances,
and neurogenic bladder, while differences for seizure
treatment were no longer statistically significant at 90
and 365days. For the Hispanic (versus NHW) com-
parison, the magnitudes of treatment differences were
larger for arousal/fatigue, sleep disturbance, and sei-
zures (see Table S7).

In Figure 5, coefficient plots from the second sub-
group analysis in which racial and ethnic differences
among patients with stroke aged <65years were as-
sessed are shown. After matching, there were 42963
and 17156 pairs for the NHB-NHW and Hispanic—
NHW comparisons, respectively, with all covariates well
balanced. Overall, results were similar to those from
all patients with stroke, with the exception that for the
NHB-NHW comparison, the magnitude of differences

for arousal/fatigue was lower. Corresponding results
are shown in Table S8.

Figure 6 details racial and ethnic differences in
poststroke complications stratified by decade (2003—
2012 and 2013-2022). For the NHB-NHW compari-
son, disparities for the most recent decade generally
remained significant, albeit smaller for the treatment of
spasticity (RR, 0.49 versus 0.75), neurogenic bladder
(RR, 0.60 versus 0.80), and seizure (RR, 0.77 versus
0.94). For the Hispanic—-NHW comparison, reductions
in magnitudes of health disparities were observed for
the treatment of arousal/fatigue (RR, 0.67 versus 0.88),
spasticity (RR, 0.50 versus 0.72), and mood disorder
(RR, 0.72 versus 0.84). Differences for sleep distur-
bances, neurogenic bladder, neurogenic bowel, and
seizure were eliminated or reversed for the most recent
decade. Corresponding results are shown in Table S9.

DISCUSSION

This large multicenter study of nearly 350000 hospital-
ized patients with acute stroke identified significant ra-
cial and ethnic disparities in the medical management
of common poststroke complications. Disparities were
only marginally attenuated over time and remained
significant at 1year. Access to ambulatory follow-up
care is unlikely to explain differences in NHB-NHW
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Figure 4. Subgroup anaysis for relative risk for medical treatment of common poststroke complications at 14, 90, and

365days among patients with ischemic stroke.

Time starts on day 1 of the acute hospitalization from the indexed stroke. Relative risks were estimated from matched pairs, and
significance was set at P<0.05. Patients were matched 1:1 on the basis of a propensity score estimated from a multivariable logistic
regression model. Separate propensity score matches were performed for the NHW vs Black (n=47907 matched pairs) and NHW vs
Hispanic (n=18569 matched pairs) comparisons. Circles represent point estimates, and whiskers represent 95% Cls. NHW indicates

non-Hispanic White.

disparities but may contribute to Hispanic-NHW dis-
parities. Finally, our subgroup analysis showed that
while significant disparities remain, positive progress
has been made as the magnitude of racial and ethnic
disparities has been reduced over time.

Identification that the magnitude of racial and eth-
nic differences in poststroke complications was largest
at 2weeks is important, as this corresponds with the
time period during which patients were acutely hos-
pitalized, and many of whom potentially would be re-
ceiving inpatient rehabilitation facility— or skilled nursing
facility—based postacute care. Although the magnitude
of disparities attenuated over time, absolute changes
were small, indicating opportunities to initiate early
treatment of many poststroke complications during the
hospitalization, postacute rehabilitation care, and early
follow-up appointments.

Health care accessibility contributes to racial and
ethnic disparities, but 2 aspects of our results demon-
strate that accessibility alone is unlikely to explain
treatment gaps.?' First, NHB patients were the least
likely to receive medical treatment, despite having
the most ambulatory care follow-up visits by 90days.
The finding corresponds with prior literature showing
that NHB (versus NHW) patients were actually more
likely to receive stroke rehabilitation care.®?? Second,

the magnitudes of disparities were not consistent as
treatment differences were smaller for complications
with higher visibility (eg, neurogenic bowel/bladder) or
clinical acuity (eg, seizures). The signs and symptoms
of poststroke complications may be subtle and require
a trusting physician—patient relationship (eg, fatigue/
mood disorders) or specialized physical examination
skills (eg, spasticity). We believe that clinicians who
routinely take care of stroke survivors (eg, primary care
providers, neurologists, and physiatrists) are miss-
ing these complications and may need to engage in
more active surveillance of poststroke complications.
This corresponds with a top 10 recommendation from
the 2023 Subarachnoid Hemorrhage Clinical Practice
Guidelines, which recommend the use of validated
screening tools to identify physical, cognitive, behav-
ioral, and quality-of-life deficits.?®

Other considerations to help close treatment gaps
include structural changes to existing hospital standard
performance measures (ie, quality metrics). Changes
should focus on reforms to existing metrics; for exam-
ple, stroke education could be expanded to improve
patient and family awareness of the signs and symp-
toms of poststroke complications that impair recovery
and negatively impact quality of life. Screening for post-
stroke depression at hospital discharge and 90days as
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Figure 5. Subgroup analysis for relative risk for medical treatment of common poststroke complications at 14, 90, and
365days among patients aged <65years.

Time starts on day 1 of the acute hospitalization from the indexed stroke. Relative risks were estimated from matched pairs, and
significance was set at P<0.05. Matches were based on a multivariable propensity score. Separate propensity score matches were
performed for the NHW vs Black (n=42963 matched pairs) and NHW vs Hispanic (n=17 156 matched pairs) comparisons. Circles

represent point estimates, and whiskers represent 95% Cls. NHW indicates non-Hispanic White.

recommended by the 2019 Update to the 2018 Acute
Ischemic Stroke Clinical Practice Guidelines is an ex-
ample of this in clinical practice.?* Stroke recovery is
dynamic, and most functional gains occur during the
first 90days.?® Thus, early identification and man-
agement of complications is essential to optimize re-
covery. This is particularly important for medications
such as selective norepinephrine reuptake inhibitors/

serotonin—norepinephrine reuptake inhibitors, which
may take weeks to months to appropriately titrate.?
While racial and ethnic disparities in poststroke
function exist, prior studies have been unable to identify
specific factors that contribute to these differences.*
Our outcomes did not directly measure functional
gains, but our results potentially move the timeline of
racial and ethnic differences in medical management

Post-stroke complications NHW vs Black: Relative Risk at 90 Days by Decade
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Figure 6. Subgroup analysis of racial and ethnic differences in the management of poststroke complications at 90days
stratified by decade.

Time starts on day 1 of the acute hospitalization from the indexed stroke. Relative risks were estimated from matched pairs, and
significance was set at P<0.05. Matches were based on a multivariable propensity score, with separate propensity score matches
performed by decade for each racial and ethnic comparison. The number of matched patients for each comparison were as follows:
NHW vs Black (2003-2012): n=5674 matched pairs; NHW vs Black (2013-2022): n=57 973 matched pairs; NHW vs Hispanic (2003-
2012): n=2292 matched pairs; NHW vs Hispanic (2013-2022): n=21693 matched pairs. Circles represent point estimates, and whiskers
represent 95% Cls. NHW indicates non-Hispanic White.
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forward to the early subacute period. This slightly dif-
fers from a prior study that found that significant ra-
cial and ethnic disparities in function first emerged
in the later subacute period after inpatient rehabilita-
tion facility—based stroke rehabilitation.'®> However, in
this study, function was directly captured using the
Functional Independence Measure, an 18-item scale
that measures an individual’s capability to complete
tasks related to self-care, mobility, continence, trans-
fers, communication, and cognition.!326

Beyond stroke, our results are consistent with a
host of other health-related conditions such as can-
cer,?” maternal death,?® and more recently the 2019
coronavirus.?® As our results outline, equitable recog-
nition and management of health conditions is com-
plex and requires enhanced engagement from patients
and health care providers. As demonstrated by our
results, access to care is not enough; mounting liter-
ature demonstrates that achieving equity requires ad-
dressing gaps in quality as well as quantity of care.®°
Improved quality requires a multifaceted response
that targets patient-, provider-, and system-level fac-
tors.®" Interventions aimed at improving patient-level
constructs such as health literacy, self-efficacy, and
trust improve patient—provider relationships.3 On the
provider level, implicit bias and lack of cultural com-
petency negatively impact patient care.®' Implicit bias
refers to attitudes or stereotypes that affect the per-
ceived actions of others.3® Cultural competency refers
to contextual understanding of the manner in which
personal, cultural, and environmental factors interact
to influence patient health and health behaviors of their
patients.! At the level of health systems, policies that
address social determinants of health, promote trans-
parency, and improve trust while maintaining consis-
tent access to care have the promise of ensuring that
patients receive not only high-quality health care but
maintenance of health vitality.34

Our subgroup analysis indicating that, over time,
positive progress has been made in the reduction of
the magnitude of racial and ethnic disparities aligns
with prior studies.®®% Progress in this realm demon-
strates the positive cumulative effects of efforts that
have been made to address inequities within stroke
and health care more broadly.3” While some of these
trends are positive, the goal of true health equity has
not been achieved, particularly in reference to individ-
ual- and system-level factors that contribute to racial
and ethnic disparities within health care.®!

Several limitations should be considered when in-
terpreting our results. First, our results are subject to
residual confounding, as we were unable to adjust for
important socioeconomic confounders such as health
insurance, education, and income. Given the impor-
tance of sociodemographic determinants of health, we
hope for more routine collection of such variables by
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both electronic medical records and administrative da-
tabases. Second, our primary outcomes captured only
receipt of medication and did not account for treatment
indications and medication refusal or directly capture
changes in patient-level function. Notably, providers
may overlook treatment indications, and clinical experi-
ence demonstrates that perceived treatment effects can
be highly individualized. Thus, our results most closely
correspond with measurable, real-world racial and eth-
nic differences in opportunities to trial medications that
are associated with functional recovery. Fourth, within
the TriNetX platform, we were unable to adjust for ei-
ther repeated measures or for clustering within hospi-
tals. Thus, our results are prone to multicollinearity and
overestimated standard errors with increases the risk
of a type 1 error (ie, false positive).3 Finally, the scope
of our analysis was limited to difference among 3 racial
and ethnic groups (ie, NHW, NHB, and Hispanic) and
did not include medical management of other compli-
cations such as infection and pain. These conditions
were not included due to concern for misclassification
bias from the challenge of attributing medical manage-
ment directly to the indexed stroke.

Our study also has several strengths. First, our data
had strong generalizability as they captured outcomes
for a large sample of patients with stroke across 51
health care organizations. Second, our models ad-
justed for many demographic and clinical confounders,
and there was excellent balance between matched
pairs. Third, the follow-up time of 1year captured dif-
ferences at various time points, allowing for substantial
functional recovery.?® Fourth, our 3 subgroup analyses
provide a more granular contextual assessment of our
data and provide evidence toward positive progress
in racial and ethnic disparities among patients with
stroke. Finally, the TriNetX platform provides real-world
differences in racial and ethnic differences in the med-
ical management of poststroke complications for non-
Hispanic Black and Hispanic patients, encompassing
the 2 largest racial and ethnic minority groups in the
United States.?’

In conclusion, this large multicenter study identified
significant racial and ethnic disparities in the medical
management of common poststroke complications.
Disparities were generally largest at 14 days, with only
small improvements observed by 1year. Disparities
were larger for complications with more subtle signs/
symptoms (eg, arousal/fatigue and mood disorders),
which demonstrates the need for active surveillance
and improved relationships between patients and
health care providers. Our subgroup analysis demon-
strated that progress has been made, given that the
magnitudes of disparities declined with time. However,
significant disparities remain, and more work is needed
to implement interventions aimed at closing these eqg-

uity gaps.
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