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Background: Socioeconomic deprivation drives poor functional outcomes
after intracerebral hemorrhage (ICH). Stroke severity and background cerebral
small vessel disease (CSVD) burden have each been linked to socioeconomic
status and independently contribute to worse outcomes after ICH, providing
distinct, plausible pathways for the effects of deprivation. We investigate whether
admission stroke severity or cerebral small vessel disease (CSVD) mediates the
effect of socioeconomic deprivation on 90-day functional outcomes.

Methods: Electronic medical record data, including demographics, treatments,
comorbidities, and physiological data, were analyzed. CSVD burden was graded
from O to 4, with severe CSVD categorized as >3. High deprivation was assessed
for patients in the top 30% of state-level area deprivation index scores. Severe
disability or death was defined as a 90-day modified Rankin Scale score of 4-6.
Stroke severity (NIH stroke scale (NIHSS)) was classified as: none (0), minor (1-4),
moderate (5-15), moderate—severe (16—20), and severe (21+). Univariate and
multivariate associations with severe disability or death were determined, with
mediation evaluated through structural equation modelling.

Results: A total of 677 patients were included (46.8% female; 43.9% White, 27.0%
Black, 20.7% Hispanic, 6.1% Asian, 2.4% Other). In univariable modelling, high
deprivation (odds ratio: 1.54; 95% confidence interval: [1.06-2.23]; p =0.024),
severe CSVD (2.14 [142-3.21]; p <0.001), moderate (8.03 [2.76-17.15]; p<0.001),
moderate—severe (32.79 [11.52-93.29]; p <0.001), and severe stroke (104.19
[37.66-288.12]; p <0.001) were associated with severe disability or death. In
multivariable modelling, severe CSVD (3.42 [1.75-6.69]; p <0.001) and moderate
(5.84 [2.27-15.01], p<0.001), moderate—severe (27.59 [7.34-103.69], p<0.001),
and severe stroke (36.41 [9.90-133.85]; p <0.001) independently increased odds
of severe disability or death; high deprivation did not. Stroke severity mediated
94.1% of deprivation’s effect on severe disability or death (p=0.005), while CSVD
accounted for 4.9% (p=0.524).
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Conclusion: CSVD contributed to poor functional outcome independent
of socioeconomic deprivation, while stroke severity mediated the effects of
deprivation. Improving awareness and trust among disadvantaged communities
may reduce admission stroke severity and improve outcomes.

intracerebral hemorrhagic stroke, socioeconomic disadvantage, cerebral small vessel
disease, mediation analysis, patient outcomes

1. Introduction

Functional recovery after Intracerebral Hemorrhage (ICH) is
characteristically poor, with fewer than 1 in 3 patients expected to
achieve premorbid levels of functional independence (1). As limited
treatment options are available, it is critical to address the factors and
mechanisms that contribute to poor patient outcomes. There is
emerging evidence that poor socioeconomic status may independently
influence poor ICH outcomes, even when controlled for traditional
demographic and clinical factors (2, 3). Concordantly, socioeconomic
deprivation has been independently associated with both stroke
severity (4) and the vascular risk factors that underly Cerebral Small
Vessel Disease (CSVD) (5).

Stroke severity is almost ubiquitously measured via the National
Institutes of Health Stroke Scale (NIHSS) (6). The NIHSS is a reliable
tool for monitoring ICH patients that assesses neurological function
and incident stroke severity (7), and admission NTHSS scores correlate
well with post-ICH patient outcomes (8, 9). Separately, functional and
cognitive outcomes are also influenced by the background burden of
CSVD (10, 11), a subclinical syndrome marked by cerebral lesions
from various etiologies that represents cumulative cerebral vascular
damage (12-15). Environmental factors, including socioeconomic
status, have linked to the risk of CSVD development (5).

Both CSVD and NIHSS-measured stroke severity impact
functional recovery and have been associated with socioeconomic
status. Each thereby provides a plausible mechanism for the evident
effects of socioeconomic deprivation in ICH (11, 16). There is little
direct evidence to provide clear support or a cohesive model for either,
however. This study seeks to clarify potential linkages between CSVD,
stroke severity, and socioeconomic deprivation on 90-day functional
outcome among ICH patients.

2. Methods

2.1. Study protocols, data extraction, and
population

The study protocol was approved by the Houston Methodist
Institutional Review Board as a minimum-risk study. Data relating to
patient hospital encounters were extracted from Registry of

Abbreviations: ICH, Intracerebral hemorrhage; CSVD, Cerebral small vessel disease;
NIHSS, National Institutes of Health Stroke Scale; REINAH, Registry of Neurological
Endpoints Assessments among Patients with Ischemic and Hemorrhagic Stroke;
ADI, Area deprivation index; HD, High deprivation; mRS, Modified rankin scale;
SDD, Severe disability or death.
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Neurological Endpoint Assessments among Patients with Ischemic
and Hemorrhagic Stroke (REINAH), an electronic medical record-
based registry of patients with cerebrovascular disease (17). REINAH
has been established as a comprehensive data resource for primary
stroke encounters occurring after May 2016 across the Houston
Methodist hospital system, a tertiary healthcare system that includes
7 certified stroke centers and serves the diverse population of ~7.2
million within the Houston Metropolitan Statistical Area (18). Patients
with primary stroke encounters are selected for REINAH inclusion if
they have documented International Statistical Classification of
Diseases, Tenth Revision (ICD-10) discharge diagnosis codes of acute
ischemic stroke (ICD-10: 163), non-traumatic ICH (ICD-10: 161)
transient ischemic attack (ICD: G45), or subarachnoid hemorrhage
(ICD: 160). Patient outcomes were obtained from the Hospital
Outcomes-based Prospective Endpoints in Stroke registry, which
records the treatment metrics and characteristics of acute ischemic
stroke, ICH, transient ischemic attack, and subarachnoid hemorrhage
patients, and seeks to collect 90-day functional outcome via telephone
assessment (19).

The population of interest for this study were adult patients
(>18years of age at encounter) with primary spontaneous
ICH. Patients were included in this study if they received a primary
discharge diagnosis of ICH (ICD-10: 161.0-161.9). Patients were
excluded from study if they had missing or incomplete hemorrhage
characteristics, exhibited secondary or traumatic ICH, did not have
available address information, or did not have 90-day functional
outcome assessment.

2.2. Clinical and imaging variables and
outcomes

Data extracted from the REINAH included demographic
information, comorbidities, hospital treatment metrics, and measures
of stroke severity. The primary exposure of interest was socioeconomic
deprivation, measured for patients using the state-level Area
Deprivation Index (ADI) (20, 21). Briefly, the ADI is an aggregate
measure for 17 distinct metrics that reflect the degree of socioeconomic
disadvantage, including measures of income and wealth, property
ownership, access (telephone, car, etc.), and crowding (20, 22). Patient
ADI measures were determined based on exact residential addresses.
The ADI was analyzed as a decile rank, with higher rank representing
greater neighborhood deprivation. Patients in the top 30% of state-
level ADI distribution (ADI > 8) were classified as “High deprivation”
(HD). The primary outcome of interest was severe disability or death
(SDD), defined as a 90-day modified Rankin Scale (mRS) score of 4-6.

Hemorrhage characteristics were recorded for each patient based
on the first computed tomography (CT) scan collected as a part of
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their primary ICH encounter. Hemorrhage volumes were manually
assessed using the ABC/2 method and were recorded along with
hemorrhage location, laterality, and the presence of intraventricular
or extra-axial hemorrhage. Magnetic Resonance Imaging (MRI)
images were assessed for markers of CSVD, including Fazekas-scored
white matter hyperintensities in the deep and periventricular white
matter, number of cerebral microbleeds, number of lacunes, and
scored enlarged perivascular spaces (ePVS) (16). Data from these
CSVD markers were aggregated into a single CSVD score (0-4),
where 1 point was assigned for each of the following markers: (1) deep
white matter hyperintensity score of 2-3 or periventricular white
matter hyperintensity score of 3; (2) presence of any microbleed; (3)
presence of any lacune; (4) >20 ePVS recorded in the basal ganglia
(16). Severe CSVD was defined as a CSVD score>3. Cerebral
Amyloid Angiopathy (CAA) was additionally assessed from MRI
images using modified Boston Criteria (23). Age was stratified into
<80 and >80 to align with ICH score usage (24). Hemorrhage volume
was analyzed as quartiles and hemorrhage location was categorized as
supratentorial vs. infratentorial. Averaged NIHSS scores measured
over the first 24 h of admission were collected for secondary analysis
and categorized into none (0), mild (1-4), moderate (5-15), moderate—
severe (16-20), and severe (21+) neurological deficit (25). Comorbidity
burden was defined using the Charlson Comorbidity Index, with
severity assessed as Mild (0-2), Moderate (3-4), or Severe (5+) (26).

2.3. Statistical analyses

Baseline characteristics are provided as medians and interquartile
ranges (IQR) or percentages. Univariable logistic regression was used
to assess the individual contributions of major demographic,

10.3389/fneur.2023.1176924

medication, comorbidities, and clinical and imaging factors.
Associations with SDD are reported as crude odds ratios (OR) and
95% confidence intervals (95% CI). Multivariable models were fitted
to assess the effects of HD, CSVD, and NIHSS on SDD. Iterative model
building was based on a combination of a priori determined clinically
and statistically significant (p<0.05) factors, which included age,
gender, race/ethnicity, antihypertensive, antiplatelet, and anticoagulant
treatment, hemorrhage volume, and high systolic blood pressure.
Adjusted odds ratios (aOR), and 95% CI are reported from
multivariable models.

Structural equation modelling was used to perform mediation
analysis according to Baron and Kenny’s method (27), with HD
treated as the primary exposure and SDD as the primary outcome.
Severe CSVD and stroke severity were independently tested as
mediating variables, with stroke severity categorized as a binary
variable: Moderate (NIHSS <5) vs. severe (NIHSS >5). The
proportions of mediated to total effect are reported, along with odds
ratios and 95% CI results for each arm of the pathway. Mediation
significance was determined through Sobel’s test. All statistical
analyses were performed using Stata 16.1 (StataCorp, LLC).

3. Results
3.1. Cohort demographics

A total of 1,624 ICH patients were initially identified, 677 of
whom were included after excluding patients without 90-day mRS
data, complete hemorrhage assessment, and address information
(Figure 1), hospitalized between May 2016 and September 2021. The
median age was 67 [IQR: 55-77] years, 46.8% were female, and

1,624

Eligible ICH Patients

Outcome Exclusions

\ 4

v

- 915 without 90-day mRS

709

Patients with Outcome

Data Exclusions
- 8 patients without address information

\ 4

v

- 24 incomplete / missing hemorrhage data

677

Patients with Imaging
and Outcome

Severity Exclusion

Imaging Exclusion

- 163 without NIHSS data

v

- 224 without MRI data

\ 4

NIHSS
514

Model

CsvD
453

Model

v

363

Combined Model

FIGURE 1

followed by missing imaging data and lack of NIHSS assessment.

Consort diagram of data exclusions for both NIHSS and CSVD models. The primary reason for data exclusion was lack of available 90-day mRS,
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TABLE 1 Univariate associations with severe disability or death.

10.3389/fneur.2023.1176924

No SDD SbD Odds ratio [95%
p-value
(n =261) (n =416) cil
Age (>80) 38 (14.6%) 102 (24.5%) 1.91 [1.26-2.87] 0.002
Female sex (vs. Male) 113 (43.3%) 204 (49.0%) 1.26 [0.92-1.72] 0.145
Race
Non-Hispanic White 114 (43.7%) 183 (44.0%) [Reference] ---
Non-Hispanic Black 64 (24.5%) 119 (28.6%) 1.16 [0.79-1.70] 0.453
Hispanic 66 (25.3%) 74 (17.8%) 0.70 [0.47-1.05) 0.083
Asian 14 (5.4%) 27 (6.5%) 1.20 [0.60-2.39] 0.600
Other/Unspecified 3(1.2%) 13 (3.1%) 2.70 [0.75-9.68] 0.127
High socioeconomic deprivation 52 (19.9%) 115 (27.6%) 1.54 [1.06-2.23] 0.024
Marital status (n =660)
Single 56 (21.8%) 112 (27.8%) [Reference] ---
Married/Partnered 149 (58.0%) 205 (50.9%) 0.69 [0.47-1.01] 0.056
Widowed/Divorced 52 (20.2%) 86 (21.3%) 0.83 [0.52-1.32] 0.429

Hypertension 240 (92.0%) 400 (96.2%) 2.19 [1.12-4.27] 0.022
Congestive heart failure 68 (26.1%) 134 (32.2%) 1.35 [0.96-1.90] 0.089
Chronic kidney disease 99 (37.9%) 161 (38.7%) 1.03 [0.75-1.42] 0.841
MCID (Medication and ICD) 23 (8.8%) 47 (11.3%) 1.32 [0.78-2.23] 0.302
Diabetes 117 (44.8%) 99 (42.7%) 0.85 [0.62-1.16] 0.310
Atrial fibrillation 45 (20.4%) 170 (40.9%) 1.13 [0.79-1.61] 0.500
Charlson comorbidity index

Mild (0-2) 68 (26.1%) 71 (17.1%) [Reference] ---

Moderate (3-4) 60 (23.0%) 94 (22.6%) 1.50 [0.94-2.39] 0.087

Severe (5+) 133 (51.0%) 251 (60.3%) 1.81 [1.22-2.68] 0.003

Hemorrhage volume (Quartile)

Antihypertensive 202 (77.4%) 262 (63.0%) 0.50 [0.35-0.71] 0.000
Antiplatelet 75 (28.7%) 129 (31.0%) 1.11 [0.79-1.56] 0.530
Anticoagulant 77 (29.5%) 150 (36.1%) 1.35 [0.97-1.88] 0.079
Antihyperglycemic 78 (29.9%) 134 (32.2%) 1.11 [0.79-1.56] 0.525
Statin 111 (42.5%) 91 (21.9%) 0.38 [0.27-0.53] 0.000

1 106 (40.9%) 64 (15.4%) [Reference]
2 88 (34.0%) 80 (19.2%) 1.51 [0.98-2.32] 0.064
3 48 (18.5%) 120 (28.9%) 4.14 [2.62-6.54] 0.000
4 17 (6.6%) 152 (36.5%) 14.81 [8.21-26.70] 0.000
Infratentorial hemorrhage 29 (11.1%) 42 (18.1%) 1.91 [1.21-3.02] 0.005
Intraventricular hemorrhage 62 (23.8%) 155 (37.3%) 1.91 [1.35-2.70] 0.000
Cortical Superficial Siderosis (presence) (n =453) 45 (20.2%) 40 (17.3%) 0.83 [0.52-1.33] 0.435
Cerebral Amyloid Angiopathy (Boston Criteria) (n =507)
Non-CAA 184 (80.0%) 211 (76.2%) [Reference] ---
CAA possible 35 (15.2%) 52 (18.4%) 1.27 [0.79-2.04] 0.321
CAA probable 11 (4.8%) 15 (5.4%) 1.19 [0.53-2.65] 0.672
Severe CSVD (3+) (n=453) 52 (23.5%) 92 (39.7%) 2.14 [1.42-3.21] 0.000
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TABLE 1 (Continued)
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Odds ratio [95%

cll p-value

High SBP over the first 24h 5(1.9%) 20 (4.8%) 2.59 [0.96-6.98] 0.061
Low DBP over the first 24h 22 (8.4%) 80 (19.2%) 2.59 [1.57-4.27] 0.000
24-h NIH stroke scale (n=514)

None (0) 51 (24.1%) 10 (3.3%) [Reference]

Minor (1-4) 93 (43.9%) 19 (6.3%) 1.05 [0.45-2.41] 0.923

Moderate (5-15) 54 (25.5%) 85 (28.2%) 8.03 [2.76-17.15] 0.000

Moderate - Severe (16-20) 7 (3.3%) 45 (14.9%) 32.79 [11.52-93.29] 0.000

Severe (21+) 7 (3.3%) 143 (47.4%) 104.19 [37.66-288.18] 0.000

Bolded odds ratios and p-values indicate significant results.

included 43.9% non-Hispanic White, 27.0% non-Hispanic Black,
20.7% Hispanic, 6.1% Asian or Pacific Islander, and 2.4% Other. The
median hemorrhage volume was 11.33 [3.39-36.21] cm’, with
quartiles of: 1* quartile (0-3.39 cm®); 2™ quartile (3.39-11.33 cm®); 3%
quartile (11.33-36.21cm’); 4™ quartile (>36.21 cm®). Overall, the
median ADI was 5 (IQR: 2-7), with 167 (24.7%) categorized as
HD. Secondary exclusion of patients without MRI imaging and
NIHSS scores yielded 514, 453, and 363 patients in the CSVD, NIHSS,
and NIHSS-CSVD cohorts, respectively. Exclusion stages and criteria
shown in Figure 1.

3.2. Univariable associations with SDD

In univariate analysis, the SDD at 90-days after discharge was
significantly associated with HD (OR:1.54 [95% CI: 1.06-2.23],
p =0.024), severe CSVD (2.14 [1.42-3.21], p <0.001) and moderate
(8.03 [2.76-17.15], p <0.001), moderate-severe (32.79 [11.52-93.29],
p <0.001), and severe (104.19 [37.66-288.18], p <0.001) NIHSS
scores. Older age (1.91 [1.26-2.87], p =0.002), hypertension (2.19
[1.12-4.27]), hemorrhage volumes in the 3™ (4.14 [2.62-6.54],
p <0.001) and 4" quartile (14.81 [8.21-26.70], p <0.001; vs. I*
quartile), presence of intraventricular hemorrhage (1.91 [1.21-3.01],
p <0.001), infratentorial hemorrhage (vs. supratentorial; 1.91 [1.35-
2.70], p =0.005), and low DBP over the first 24h (2.59 [1.57-4.27],
p <0.001) also significantly increased odds of SDD, while patients
receiving antihypertensive (0.50 [0.35-0.71], p <0.001), or statin (0.38
[0.27-0.53], p <0.001) treatment showed reduced odds of SDD. Full
univariate results are presented in Table 1.

3.3. Stroke severity (NIHSS) multivariable
and mediation models

The NIHSS cohort had a median age of 67 (IQR: 55-77) years,
were 45.7% female, and included 43.6% non-Hispanic White, 28.2%
non-Hispanic Black, 20.1% Hispanic, 6.4% Asian or Pacific Islander,
and 1.8% Other. The median hemorrhage volume was 11.09 [3.37-
33.01] cm’®, with quartiles of: 1** quartile (0-3.37 cm?); 2™ quartile
(3.37-11.09cm’); 3 quartile (11.09-33.01cm’); 4™ quartile
(>33.01cm’®). The median ADI value was 5 (IQR: 2-8), with 128
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(24.9%) being HD. The median NIHSS was 11 (IQR:2.5-22.5) and 314
(66.3%) had an NTHSS score > 5.

In multivariable modelling, patients showing moderate (aOR: 8.64
[3.55-21.03], p <0.001), moderate-severe (42.82 [12.38-148.10],
P <0.001) and severe (90.95 [28.05-294.82], p <0.001) NIHSS score
had significantly higher odds of SDD, independent of the effects of
hemorrhage volume and other covariates. However, HD was not
statistically associated with SDD (1.23 [0.64-2.37], p =0.539).
Significantly higher odds of SDD were also found among patients with
older age (3.53 [1.77-7.06], p <0.001), severe comorbidity burden on
the Charlson Comorbidity Index (2.63 [1.20-5.72], p =0.015),
hemorrhage volumes in the 4™ quartile (2.57 [1.02-6.45], p =0.045),
and infratentorial hemorrhage (2.55 [1.17-5.57], p =0.018). Full
results are shown in Table 2.

In the mediation analyses, HD was significantly associated with
higher stroke severity (1.17 [1.04-1.31], p =0.004), which in turn
increased the odds of SDD (1.71 [1.56-1.87], p <0.001). Furthermore,
HD was not directly associated with SDD independent of the
mediation pathway (1.03 [0.93-1.14], p =0.893). Mediation through
NIHSS accounted for 94.1% of ADTs effect on SDD and was found to
be statistically significant (p=0.005). Stroke severity was thereby
found to ‘completely mediate’ the effect of socioeconomic disadvantage
on functional outcome (Figure 2).

3.4. CSVD multivariable and mediation
model

Among the CSVD cohort, patients had a median age of 65 (IQR:
54-76) years, were 47.9% female, and included 40.7% non-Hispanic
White, 28.5% non-Hispanic Black, 21.1% Hispanic, 6.5% Asian or
Pacific Islander, and 3.1% Other. The median hemorrhage volume was
8.59 [2.74-21.42] cm’, with quartiles of: 1* quartile (0-2.74 cm®); 2™
quartile (2.74-8.59 cm®); 3" quartile (8.59-21.42 cm?); 4™ quartile
(>21.42cm’®). The median ADI value was 5 (IQR: 2-7), with 111
(24.5%) being HD. Overall, 146 (31.8%) patients were classified to
have severe CSVD (CSVD score > 3).

In the multivariable model, HD (1.79 [1.04-3.05], p =0.034) and
severe CSVD (2.74 [1.67-4.51], p <0.001) were independently associated
with SDD. Odds of SDD were also increased in patients with older age
(2.27 [1.20-4.28], p =0.011), moderate (2.31 [1.10-4.83], p =0.027) and

frontiersin.org


https://doi.org/10.3389/fneur.2023.1176924
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Potter et al. 10.3389/fneur.2023.1176924

TABLE 2 Multivariate associates of SDD in separate NIHSS and CSVD models.

CSVD model (n =453) NIHSS model (n =514)
Adjusted odds ratio p-value Adjusted odds ratio p-value
[95%Cl] [95%Cl]
Age (>80) 2.27 [1.20-4.28] 0.011 3.53 [1.77-7.06] 0.000
Female gender 0.84 [0.53-1.34] 0.466 0.86 [0.51-1.46] 0.580
Race
Non-Hispanic White [Reference] - [Reference] -
Non-Hispanic Black 1.17 [0.66-2.09] 0.589 0.84 [0.43-1.67] 0.625
Hispanic 0.98 [0.53-1.83] 0.952 0.58 [0.28-1.21] 0.145
Asian 1.54 [0.61-3.88] 0.361 1.43 [0.46-4.45] 0.540
Other/Unspecified 3.11 [0.64-15.10] 0.159 2.65 [0.24-29.01] 0.425
High Socioeconomic deprivation 1.79 [1.04-3.05] 0.034 1.23 [0.64-2.37] 0.539
Cemaman
Hypertension ‘ 1.92 [0.58-6.28] ‘ 0.283 ‘ 4.21[0.99-17.85] ‘ 0.051

Charlson comorbidity Index

Mild (0-2) [Reference] - [Reference] -
Moderate (3-4) 2.31[1.10-4.83] 0.027 1.63 [0.68-3.94] 0.275
Severe (5+) 3.71 [1.91-7.21] 0.000 2.63 [1.20-5.72] 0.015

Antihypertensive 1.03 [0.58-1.81] 0.925 0.48 [0.25-0.93] 0.029
Antiplatelet 0.83 [0.50-1.36] 0.454 0.69 [0.38-1.23] 0.206
Anticoagulant 1.48 [0.92-2.37] 0.109 1.12 [1.20-5.72] 0.694

Hemorrhage volume (Quartile)

1 [Reference] - [Reference] -
2 1.73 [0.97-3.10] 0.063 1.02 [0.51-2.01] 0.959
3 3.59 [1.96-6.59] 0.000 1.43 [0.69-2.96] 0.330
4 13.18 [5.90-29.40] 0.000 2.57 [1.02-6.45] 0.045
Infratentorial hemorrhage 3.01 [1.58-5.75] 0.001 2.55[1.17-5.57] 0.018
Intraventricular hemorrhage 1.36 [0.83-2.22] 0.228 0.91 [0.49-1.68] 0.767
Severe CSVD (3+) 2.74 [1.67-4.51] 0.000 --- ---

High SBP over the first 24h 2.07 [0.54-7.95] 0.291 2.71 [0.56-13.03] 0.213

Low DBP over the first 24h 2.71[1.31-5.62] 0.007 1.38 [0.56-3.37] 0.481

24-h NIH stroke Scale (n =514)

None (0) - - [Reference] -

Minor (1-4) 0.95 [0.38-2.40] 0.914
Moderate (5-15) --- --- 8.64 [3.55-21.03] 0.000
Moderate - Severe (16-20) - - 42.82 [12.38-148.10] 0.000
Severe (21+) 90.95 [28.05-294.82] 0.000

Bolded odds ratios and p-values indicate significant results.

severe (3.71 [1.91-7.21], p <0.001) comorbidity burden, hemorrhage Mediation modelling found that the direct effects of HD and
volumes in the 3 (3.59 [1.96-6.59], p <0.001) and 4" quartiles (13.18  severe CSVD on SDD were significant (1.12 [1.01-1.25], p =0.031;
[5.90-5.75], p <0.001), infratentorial hemorrhage (3.01 [1.58-5.75],  and 1.20 [1.09-1.32], p <0.001, respectively). However, HD was not
p=0.001), and low DBP (2.71 [1.31-5.62], p =0.007; Table 2). significantly associated with severe CSVD (1.03 [0.93-1.14],
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The effect of socioeconomic deprivation on poor functional outcome after ICH, mediated by stroke severity assessed through the NIHSS. Univariate
associations of high ADI and NIHSS are shown in (A), with the mediation analysis depicted in (B). Mediation was found to be significant with 94.1% of
the effect of deprivation mediated by stroke severity. Mediation was found to be complete with deprivation showing a non-significant direct effect in
the SEM model. (C) Horizontal stacked bar chart of NIHSS values across deprivation levels. (D) Horizontal stacked bar chart of mRS outcomes across

p =0.524), and mediation was found to be non-significant (p=0.53),
accounting for 4.9% of the total effect (Figure 3).

3.5. Multivariate associations with SDD in
the NIHSS-CSVD model

Among the NIHSS-CSVD cohort, patients had a median age of 65
(IQR: 55-75), were 46.6% female, and included 40.2% non-Hispanic
White, 29.8% non-Hispanic Black, 20.4% Hispanic, 7.4% Asian or
Pacific Islander, and 2.2% Other. The median hemorrhage volume was
8.63 cm’ [2.73-20.86], with quartiles of: 1 quartile (0-2.63 cm?); 2™
quartile (2.63-8.63cm?); 3™ quartile (8.63-20.86cm?); 4™ quartile
(>20.86cm®). The median ADI was 5 (IQR: 2-8), with 93 (25.6%)
being HD. Overall, 110 (30.3%) patients had severe CSVD. The
median NIHSS was 7 (IQR:2-17), and 219 (60.3%) had an NIHSS
score>5.

In the combined model, patients with severe CSVD (3.42 [1.75-
6.69], p <0.001) and moderate (5.84 [2.27-15.01], p <0.001),
moderate-severe (27.59 [7.34-103.69], p <0.001), and severe (36.41
[9.90-133.85], p <0.001) NTHSS scores showed significantly increased
odds for SDD, independent of the effects of hemorrhage volume and
other covariates. Patients with HD did not (1.26 [0.62-2.57]). Patients

Frontiers in Neurology

with older age (2.71 [1.23-5.94], p =0.013), severe Charlson
Comorbidity Index score (2.46 [1.01-6.00], p =0.048), and
infratentorial hemorrhage (2.54 [1.10-5.90], p =0.030) additionally
showed significantly higher odds for SDD (Table 3).

4. Discussion

We report here that ICH patients from HD neighborhoods were
more likely to experience SDD independent of CSVD and other major
clinical, imaging, and demographic factors. This relationship was
strongly mediated by stroke severity and consequently was not
apparent in models that controlled for NIHSS. In contrast, no
mediating pathway was identified for the effects of HD (on SDD)
through CSVD.

4.1. Deprivation and CSVD

Evidence from both ischemic and hemorrhage stroke populations
highlight CSVD as a major contributor to poor functional outcomes
and recurrent/secondary stroke (28). Similarly, socioeconomic status
leads to poorer functional outcomes and increased mortality after
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FIGURE 3
The effect of socioeconomic deprivation on poor functional outcome after ICH, mediated by severe CSVD. Univariate associations of CSVD and
deprivation are shown in (A), with the mediation analysis depicted in (B). Both CSVD and deprivation significantly increase odds of experiencing severe
disability/death, however CSVD was not associated with deprivation and mediation was non-significant. (C) Horizontal stacked bar chart of CSVD
score values across deprivation levels. (D) Horizontal stacked bar chart of mRS outcomes across SVD score levels.

stroke (3, 29-31). However, the evidence on the relationship between
socioeconomic status and CSVD is mixed. Reports have identified
accelerated CSVD in individuals with precarious housing (32), and
associations have been demonstrated between socioeconomic status
and CSVD that break down along racial lines (33). Conversely, other
studies show no association between HD and white matter lesions (29,
34). Notably, many of these studies have utilized different markers of
CSVD, often choosing to address white matter hyperintensities or
aggregate CSVD scores. This may account for some of the variability
in findings. It seems unlikely that CSVD is completely unlinked from
the effects of socioeconomic deprivation, however. To fully untangle
the interplay of CSVD and HD, future studies are encouraged to
provide unified models that account for independent CSVD markers
across large, heterogenous populations with comprehensive risk
assessment. In the meantime, aggregate measures of socioeconomic
status and CSVD should be treated as largely independent contributors
to ICH outcome.

4.2. Deprivation and stroke severity
While no meaningful link was identified between HD and CSVD,
we found that patients with HD were more likely to suffer severe

stroke and that this disparity is a substantial mechanism through
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which socioeconomic status leads to poor outcomes. This finding
aligns with a previous report that found the link between low income
and 3-month post-stroke mortality to be mediated by a scale of
consciousness (35). Our work reinforces previous evidence through
expanded multivariate models that account for several clinical and
demographic confounders in a relatively large sample of ICH patients.
We demonstrate an independent effect of socioeconomic status on
stroke severity. It is possible that patients within more disadvantaged
areas have lower appreciation of early signs of stroke, which results in
a delayed hospital presentation, allowing for considerable progression
of neurological deficit. It is also likely that HD patients demonstrate
hesitancy when calling for emergency transport due to cost concerns
or distrust of the medical system (36-38), further exacerbating access
to care issues (39).

4.3. Limitations

Though our work provides important evidence regarding the roles
of socioeconomic status, CSVD, stroke severity, and patient outcomes
after ICH, these findings need to be evaluated in the light of following
limitations. First, aggregate measures for HD and overall CSVD
burden limit the interpretation of the individual social and clinical
determinants. Second, while the study population represents a
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TABLE 3 Multivariate associates of SDD in a combined NIHSS and CSVD model.

No SDD (n =183) SDD (n =180) Odds ratio (NIHSS p-value
Model)
Age (>80) 24 (13.1%) 39 (21.7%) 2.71 [1.23-5.94] 0.013
Female gender 84 (45.9%) 85 (47.2%) 0.62 [0.34-1.13] 0.122
Race
Non-Hispanic White 78 (42.6%) 68 (37.8%) [Reference] ---
Non-Hispanic Black 47 (25.7%) 61 (33.9%) 0.81 [0.39-1.71] 0.587
Hispanic 44 (24.1%) 30 (16.7%) 0.64 [0.28-1.47] 0.297
Asian 12 (6.6%) 15 (8.3%) 1.12 [0.34-3.63] 0.854
Other/Unspecified 2 (1.1%) 6 (3.3%) 2.82[0.20-38.82] 0.439
High socioeconomic deprivation 39 (21.3%) 54 (30.0%) 1.26 [0.62-2.57] 0.526

Hypertension 167 (91.3%) 177 (98.3%) 3.48 [0.72-16.84] 0.121

Charlson comorbidity index

Mild (0-2) 46 (25.1%) 17 (9.4%) [Reference] -
Moderate (3-4) 46 (25.1%) 43 (23.9%) 1.35 [0.49-3.70] 0.556
Severe (5+) 91 (49.7%) 120 (66.7%) 2.46 [1.01-6.00] 0.048

Antihypertensive 141 (77.1%) 144 (80.0%) 0.57 [0.27-1.22] 0.148
Antiplatelet 55 (30.1%) 51 (28.3%) 0.61 [0.32-1.17] 0.135
Anticoagulant 45 (24.6%) 77 (42.78%) 1.43 [0.78-2.60] 0.243

Hemorrhage volume (Quartile)

1 72 (39.3%) 36 (20.0%) [Reference] ---
2 62 (33.9%) 41 (22.8%) 1.07 [0.51-2.24] 0.861
3 38 (20.8%) 58 (32.2%) 1.35 [0.60-3.07] 0.471
4 11 (6.0%) 45 (25.0%) 2.55 [0.88-7.41] 0.071
Infratentorial hemorrhage 20 (10.9%) 28 (15.6%) 2.54 [1.10-5.90] 0.030
Intraventricular hemorrhage 44 (24.0%) 64 (35.6%) 1.04 [0.53-2.06] 0.903
Severe CSVD (3+) 42 (23.0%) 68 (37.8%) 3.42 [1.75-6.69] 0.000

High SBP over the first 24h 3 (1.6%) 8 (4.4%) 5.54 [0.86-35.65] 0.071
Low DBP over the first 24h 13 (7.1%) 30 (16.7%) 1.89 [0.68-5.25] 0.223
24-h NIHSS
None (0) 43 (23.5%) 9 (5.0%) [Reference] -
Minor (1-4) 79 (43.2%) 17 (9.4%) 0.75 [0.28-2.07] 0.585
Moderate (5-15) 48 (26.3%) 65 (36.1%) 5.84 [2.27-15.01] 0.000
Moderate - Severe (16-20) 7 (3.8%) 28 (15.6%) 27.59 [7.34-103.69) 0.000
Severe (21+) 6(3.3%) 61 (33.9%) 36.41 [9.90-133.85] 0.000

Bolded odds ratios and p-values indicate significant results.

relatively large ICH population, a larger sample size may increase the ~ functional outcomes may be healthcare system driven, and our
significance of socioeconomic effects. Additionally, our data, though  findings need to be replicated across diverse cohorts. Finally, while
socio-demographically diverse, represents a single hospital system.  over 90% of the effect of HD is mediated through stroke severity, the
We acknowledge that associations between social factors and  remaining impact exists without a clear mechanism. Expanded
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multiple-mediation or structural equation modelling will be needed
to provide full characterization of these interactions.

4.4. Conclusion

Socioeconomic deprivation contributes to poorer functional
outcomes after ICH, with CSVD and stroke severity providing separate
possible pathways for this effect. Our results demonstrate a critical link
between socioeconomic deprivation and increased stroke severity,
leading to SDD at 90 days after discharge. On the contrary, no link was
found between deprivation and severe CSVD, which independently
impacted patient outcomes. Efforts to reduce admission stroke severity
among disadvantaged patients by improving awareness of early stroke
symptoms and fostering trust among disadvantaged communities may
provide improved outcomes and limit long-term ICH burden.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue

reservation.

Author contributions

TP and FV conceptualized the study. TP performed data analysis,
writing, and data interpretation. JT, AP, and AB performed data
collection and contributed to manuscript writing and revision. JT, AP,
AB, CJ, EB, HK, CM, TG, RG, VM, DC, and JV performed data
collection and retrieval. FV provided project oversight and conceptual

References

1. Pinho J, Costa AS, Aratjo JM, Amorim JM, Ferreira C. Intracerebral hemorrhage
outcome: a comprehensive update. J Neurol Sci. (2019) 398:54-66. doi: 10.1016/j.
jns.2019.01.013

2. Song T, Pan Y, Chen R, Li H, Zhao X, Liu L, et al. Is there a correlation between
socioeconomic disparity and functional outcome after acute ischemic stroke? PLoS One.
(2017) 12:¢0181196. doi: 10.1371/journal.pone.0181196

3. Grube MM, Koennecke H-C, Walter G, Thiimmler J, Meisel A, Wellwood I, et al.
Association between socioeconomic status and functional impairment 3 months after
ischemic stroke: the Berlin Stroke Register. Stroke. (2012) 43:3325-30. doi: 10.1161/
STROKEAHA.112.669580

4. Béjot Y, Guilloteau A, Joux J, Lannuzel A, Mimeau E, Mislin-Tritsch C, et al. Social
deprivation and stroke severity on admission: a French cohort study in Burgundy and
the West Indies - Guyana region. Eur ] Neurol. (2017) 24:694-702. doi: 10.1111/
ene.13271

5. Brown R, Benveniste H, Black SE, Charpak S, Dichgans M, Joutel A, et al.
Understanding the role of the perivascular space in cerebral small vessel disease.
Cardiovasc Res. (2018) 114:1462-73. doi: 10.1093/cvr/cvyl13

6. Kwah LK, Diong J. National institutes of health stroke scale (NIHSS). J
Physiotherapy. (2014) 60:61. doi: 10.1016/j.jphys.2013.12.012

7. Specogna AV, Patten SB, Turin TC, Hill MD. The reliability and sensitivity of the
National Institutes of Health stroke scale for spontaneous intracerebral hemorrhage in
an uncontrolled setting. PLoS One. (2013) 8:¢84702. doi: 10.1371/journal.pone.0084702

8. Finocchi C, Balestrino M, Malfatto L, Mancardi G, Serrati C, Gandolfo C. National
Institutes of Health stroke scale in patients with primary intracerebral hemorrhage.
Neurol Sci. (2018) 39:1751-5. doi: 10.1007/s10072-018-3495-y

9. Mahdy ME, Ghonimi NA, Elserafy TS, Mahmoud W. The NIHSS score can predict

the outcome of patients with primary intracerebral hemorrhage. Egypt | Neurol
Psychiatry Neurosurgery. (2019) 55:21. doi: 10.1186/s41983-019-0056-0

Frontiers in Neurology

10.3389/fneur.2023.1176924

guidance. All authors contributed to the article and approved the
submitted version.

Funding

Institutional support was provided by the Houston Methodist
Center for Health Data Science and Analytics.

Acknowledgments

We would like to acknowledge the research infrastructure support
provided by the Houston Methodist Research Institute. We would also
like to thank members of the REINAH operations team who provided
insight and suggestion regarding the work and potential limitations
of interest.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

10. Pasi M, Charidimou A, Boulouis G, Fotiadis P, Morotti A, Xiong L, et al. Cerebral
small vessel disease in patients with spontaneous cerebellar hemorrhage. ] Neurol. (2019)
266:625-30. doi: 10.1007/s00415-018-09177-w

11. Uniken Venema SM, Marini S, Lena UK, Morotti A, Jessel M, Moomaw CJ, et al.
Impact of cerebral small vessel disease on functional recovery after intracerebral
hemorrhage. Stroke. (2019) 50:2722-8. doi: 10.1161/STROKEAHA.119.025061

12.Li Q, Yang Y, Reis C, Tao T, Li W, Li X, et al. Cerebral small vessel disease. Cell
Transplant. (2018) 27:1711-22. doi: 10.1177/0963689718795148

13. Mestre H, Kostrikov S, Mehta RI, Nedergaard M. Perivascular spaces, glymphatic
dysfunction, and small vessel disease. Clin Sci (Lond). (2017) 131:2257-74. doi: 10.1042/
CS20160381

14. Henskens LHG, van Oostenbrugge R], Kroon AA, de Leeuw PW, Lodder J. Brain
microbleeds are associated with ambulatory blood pressure levels in a hypertensive
population. Hypertension. (2008) 51:62-8. doi: 10.1161/
HYPERTENSIONAHA.107.100610

15. Thomas AJ, O’Brien JT, Davis S, Ballard C, Barber R, Kalaria RN, et al. Ischemic
basis for deep white matter hyperintensities in major depression: a neuropathological
study. Arch Gen Psychiatry. (2002) 59:785-92. doi: 10.1001/archpsyc.59.9.785

16. Lioutas V-A, Wu B, Norton C, Helenius J, Modak J, Selim M. Cerebral small vessel
disease burden and functional and radiographic outcomes in intracerebral hemorrhage.
] Neurol. (2018) 265:2803-14. doi: 10.1007/s00415-018-9059-5

17. Potter T, Pratap S, Nicolas J, Khan O, Alan P, Bako A, et al. (2022). A Neuro-
informatics pipeline to support a learning healthcare system for populations with
cerebrovascular disease: rationale and design for a registry across an 8-hospital tertiary
healthcare system in the greater Houston metropolitan area (preprint).

18.US. Census Bureau (2021). American Community Survey 1l-year estimates.
[Internet]. Available at: http://censusreporter.org/profiles/31000US26420-houston-the-
woodlands-sugar-land-tx-metro-area/ (Accessed January 28, 2023).

frontiersin.org


https://doi.org/10.3389/fneur.2023.1176924
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jns.2019.01.013
https://doi.org/10.1016/j.jns.2019.01.013
https://doi.org/10.1371/journal.pone.0181196
https://doi.org/10.1161/STROKEAHA.112.669580
https://doi.org/10.1161/STROKEAHA.112.669580
https://doi.org/10.1111/ene.13271
https://doi.org/10.1111/ene.13271
https://doi.org/10.1093/cvr/cvy113
https://doi.org/10.1016/j.jphys.2013.12.012
https://doi.org/10.1371/journal.pone.0084702
https://doi.org/10.1007/s10072-018-3495-y
https://doi.org/10.1186/s41983-019-0056-0
https://doi.org/10.1007/s00415-018-09177-w
https://doi.org/10.1161/STROKEAHA.119.025061
https://doi.org/10.1177/0963689718795148
https://doi.org/10.1042/CS20160381
https://doi.org/10.1042/CS20160381
https://doi.org/10.1161/HYPERTENSIONAHA.107.100610
https://doi.org/10.1161/HYPERTENSIONAHA.107.100610
https://doi.org/10.1001/archpsyc.59.9.785
https://doi.org/10.1007/s00415-018-9059-5
http://censusreporter.org/profiles/31000US26420-houston-the-woodlands-sugar-land-tx-metro-area/
http://censusreporter.org/profiles/31000US26420-houston-the-woodlands-sugar-land-tx-metro-area/

Potter et al.

19. Gadhia R, McCane D, Lee ], Ling KC, Jiang K, Chiu D. The HOPES registry -
Houston Methodist hospital outcomes-based prospective endpoints in stroke. J Stroke
Cerebrovasc Dis. (2018) 27:2973-6. doi: 10.1016/j.jstrokecerebrovasdis.2018.06.029

20.Kind AJH, Buckingham WR. Making neighborhood-disadvantage metrics
accessible — the neighborhood atlas. N Engl ] Med. (2018) 378:2456-8. doi: 10.1056/
NEJMp1802313

21. University of Wisconsin School of Medicine and Public Health. 2019 Area
Deprivation Index. Available at: https://www.neighborhoodatlas.medicine.wisc.edu/
(Accessed August 13, 2022).

22. Singh GK. Area deprivation and widening inequalities in US mortality, 1969-1998.
Am ] Public Health. (2003) 93:1137-43. doi: 10.2105/AJPH.93.7.1137

23. Greenberg SM, Charidimou A. Diagnosis of cerebral amyloid angiopathy:
evolution of the Boston criteria. Stroke. (2018) 49:491-7. doi: 10.1161/
STROKEAHA.117.016990

24. Hemphill JC, Bonovich DC, Besmertis L, Manley GT, Johnston SC. The ICH score:
a simple, reliable grading scale for intracerebral hemorrhage. Stroke. (2001) 32:891-7.
doi: 10.1161/01.STR.32.4.891

25. Hage V. The NIH stroke scale: a window into neurological status. Nurs Spectr.
(2011) 24:44-9.

26. Huang Y, Gou R, Diao Y, Yin Q, Fan W, Liang Y, et al. Charlson comorbidity index
helps predict the risk of mortality for patients with type 2 diabetic nephropathy. J
Zhejiang Univ Sci B. (2014) 15:58-66. doi: 10.1631/jzus.B1300109

27.Baron RM, Kenny DA. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J Pers Soc
Psychol. (1986) 51:1173-82. doi: 10.1037/0022-3514.51.6.1173

28.Kim BJ, Lee S-H. Prognostic impact of cerebral small vessel disease on stroke
outcome. ] Stroke. (2015) 17:101-10. doi: 10.5853/j0s.2015.17.2.101

29. Ouyang F, Wang Y, Huang W, Chen Y, Zhao Y, Dang G, et al. Association between
socioeconomic status and post-stroke functional outcome in deprived rural southern
China: a population-based study. BMC Neurol. (2018) 18:12. doi: 10.1186/
512883-018-1017-4

30. Jakovljevic D, Sarti C, Sivenius J, Torppa J, Mahonen M, Immonen-Réihd P, et al.
Socioeconomic differences in the incidence, mortality and prognosis of intracerebral

Frontiers in Neurology

11

10.3389/fneur.2023.1176924

hemorrhage in finnish adult population. The FINMONICA stroke register.
Neuroepidemiology. (2001) 20:85-90. doi: 10.1159/000054765

31. Zhou LW, Panenka W], Al-Momen G, Gicas KM, Thornton AE, Jones AA, et al.
Cerebral small vessel disease, risk factors, and cognition in tenants of
precarious housing. Stroke. (2020) 51:3271-8. doi: 10.1161/STROKEAHA.120.
030446

32. Waldstein SR, Dore GA, Davatzikos C, Katzel LI, Gullapalli R, Seliger SL, et al.
Differential associations of socioeconomic status with global brain volumes and white
matter lesions in African American and white adults: the HANDLS SCAN study.
Psychosom Med. (2017) 79:327-35. doi: 10.1097/PSY.0000000000000408

33.Rosso AL, Flatt JD, Carlson MC, Lovasi GS, Rosano C, Brown AF et al.
Neighborhood socioeconomic status and cognitive function in late life. Am J Epidemiol.
(2016) 183:1088-97. doi: 10.1093/aje/kwv337

34. Rosso A, Flatt ], Lovasi G, Brown Arleen, Carlson M, Diez Roux A, Matthews K,
Rosano C, Gianaros P. (2015). Neighborhood socioeconomic status, cognitive function,
and small vessel disease (S45.006) [Internet]. Available at: https://n.neurology.org/
content/84/14_Supplement/S45.006 [Accessed March 10, 2022].

35. Lindmark A, Norrving B, Eriksson M. Socioeconomic status and survival after
stroke — using mediation and sensitivity analyses to assess the effect of stroke severity
and unmeasured confounding. BMC Public Health. (2020) 20:554. doi: 10.1186/
512889-020-08629-1

36. Ganesh A, King-Shier K, Manns BJ, Hill MD, Campbell DJT. Money is brain:
financial barriers and consequences for Canadian stroke patients. Can ] Neurol Sci.
(2017) 44:146-51. doi: 10.1017/¢jn.2016.411

37.Seo M, Begley C, Langabeer JR, DelliFraine JL. Barriers and disparities in
emergency medical services 911 calls for stroke symptoms in the United States adult
population: 2009 BRFSS survey. West ] Emerg Med. (2014) 15:251-9. doi: 10.5811/
westjem.2013.9.18584

38. Powell W, Richmond ], Mohottige D, Yen I, Joslyn A, Corbie-Smith G. Medical

mistrust, racism, and delays in preventive health screening among African-American
men. Behav Med. (2019) 45:102-17. doi: 10.1080/08964289.2019.1585327

39. Ekundayo O], Saver JL, Fonarow GC, Schwamm LH, Xian Y, Zhao X, et al. Patterns
of emergency medical services use and its association with timely stroke treatment:
findings from get with the guidelines-stroke. Circ Cardiovasc Qual Outcomes. (2013)
6:262-9. doi: 10.1161/CIRCOUTCOMES.113.000089

frontiersin.org


https://doi.org/10.3389/fneur.2023.1176924
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/j.jstrokecerebrovasdis.2018.06.029
https://doi.org/10.1056/NEJMp1802313
https://doi.org/10.1056/NEJMp1802313
https://www.neighborhoodatlas.medicine.wisc.edu/
https://doi.org/10.2105/AJPH.93.7.1137
https://doi.org/10.1161/STROKEAHA.117.016990
https://doi.org/10.1161/STROKEAHA.117.016990
https://doi.org/10.1161/01.STR.32.4.891
https://doi.org/10.1631/jzus.B1300109
https://doi.org/10.1037/0022-3514.51.6.1173
https://doi.org/10.5853/jos.2015.17.2.101
https://doi.org/10.1186/s12883-018-1017-4
https://doi.org/10.1186/s12883-018-1017-4
https://doi.org/10.1159/000054765
https://doi.org/10.1161/STROKEAHA.120.030446
https://doi.org/10.1161/STROKEAHA.120.030446
https://doi.org/10.1097/PSY.0000000000000408
https://doi.org/10.1093/aje/kwv337
https://n.neurology.org/content/84/14_Supplement/S45.006
https://n.neurology.org/content/84/14_Supplement/S45.006
https://doi.org/10.1186/s12889-020-08629-1
https://doi.org/10.1186/s12889-020-08629-1
https://doi.org/10.1017/cjn.2016.411
https://doi.org/10.5811/westjem.2013.9.18584
https://doi.org/10.5811/westjem.2013.9.18584
https://doi.org/10.1080/08964289.2019.1585327
https://doi.org/10.1161/CIRCOUTCOMES.113.000089

	Stroke severity mediates the effect of socioeconomic disadvantage on poor outcomes among patients with intracerebral hemorrhage
	1. Introduction
	2. Methods
	2.1. Study protocols, data extraction, and population
	2.2. Clinical and imaging variables and outcomes
	2.3. Statistical analyses

	3. Results
	3.1. Cohort demographics
	3.2. Univariable associations with SDD
	3.3. Stroke severity (NIHSS) multivariable and mediation models
	3.4. CSVD multivariable and mediation model
	3.5. Multivariate associations with SDD in the NIHSS-CSVD model

	4. Discussion
	4.1. Deprivation and CSVD
	4.2. Deprivation and stroke severity
	4.3. Limitations
	4.4. Conclusion

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

