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Abstract
Objective
To estimate the risk of intracerebral hemorrhage (ICH) recurrence in a large, diverse, US-based
population and to identify racial/ethnic and socioeconomic subgroups at higher risk.

Methods
We performed a longitudinal analysis of prospectively collected claims data from all hospital-
izations in nonfederal California hospitals between 2005 and 2011. We used validated diagnosis
codes to identify nontraumatic ICH and our primary outcome of recurrent ICH. California
residents who survived to discharge were included. We used log-rank tests for unadjusted
analyses of survival across racial/ethnic groups and multivariable Cox proportional hazards
regression to determine factors associated with risk of recurrence after adjusting for potential
confounders.

Results
We identified 31,355 California residents with first-recorded ICH who survived to discharge, of
whom 15,548 (50%) were white, 6,174 (20%) were Hispanic, 4,205 (14%) were Asian, and
2,772 (9%) were black. There were 1,330 recurrences (4.1%) over a median follow-up of 2.9
years (interquartile range 3.8). The 1-year recurrence rate was 3.0% (95% confidence interval
[CI] 2.8%–3.2%). In multivariable analysis, black participants (hazard ratio [HR] 1.22; 95% CI
1.01–1.48; p = 0.04) and Asian participants (HR 1.29; 95% CI 1.10–1.50; p = 0.001) had
a higher risk of recurrence than white participants. Private insurance was associated with
a significant reduction in risk compared to patients withMedicare (HR 0.60; 95%CI 0.50–0.73;
p < 0.001), with consistent estimates across racial/ethnic groups.

Conclusions
Black and Asian patients had a higher risk of ICH recurrence than white patients, whereas
private insurance was associated with reduced risk compared to those with Medicare. Further
research is needed to determine the drivers of these disparities.
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Spontaneous, nontraumatic intracerebral hemorrhage (ICH)
comprises 10%–15% of all strokes and constitutes the most
devastating stroke subtype, with 40% 1-month case fatality
and severe disability affecting the majority of survivors.1

Survivors are at risk of recurrent ICH, but estimates of this
annual risk have varied widely from 1% to 24%.2–5 This var-
iation may be explained by small sample sizes, referral bias of
particularly high-risk patients with ICH into research regis-
tries, and short duration of follow-up to detect rare recurrence
events with precision. Furthermore, the risk of ICH re-
currence in a US population has not been well-described, as
prior studies of ICH recurrence are older and were conducted
in Asian and European populations.3,6–13 Therefore, nation-
ally representative and diverse data are needed to study the
risk of ICH recurrence in the US population.

Factors associated with the risk of incident ICH have been
well-described, but few studies have examined factors asso-
ciated with the risk of recurrent ICH.14 Race/ethnicity is
known to influence the risk of first-ever ICH,15–17 but only
one study has investigated racial and ethnic differences in the
risk of recurrent ICH, and found that black and Hispanic
patients were at higher risk than white patients.5 Blood
pressure (BP) reduction is recommended for the secondary
prevention of ICH,18 and higher achieved BPs are known to
be associated with a higher risk of recurrent ICH,19 but this
does not seem to completely explain racial/ethnic differences
in ICH recurrence.5

We used US-based administrative claims data from the
Healthcare Cost and Utilization Project (HCUP) California
State Inpatient Database (SID), a large, racially and ethnically
diverse population with administrative data that allows
tracking of individuals’ hospitalizations over time, to (1) es-
timate the long-term risk of ICH recurrence across different
racial/ethnic groups in a multicenter hospital-based US
sample and (2) identify racial/ethnic subgroups at an in-
creased risk of ICH recurrence to inform targeted secondary
prevention strategies.

Methods
Study design
We performed longitudinal analyses using prospectively col-
lected claims data from the HCUP California SID from Jan-
uary 2005 to December 2011. California was chosen because
it is a large, racially and ethnically diverse population with
administrative data that allow tracking of individuals’ hospi-
talizations over time, providing a sufficient sample size to

study rare events. Uniform data on all hospitalizations in
nonfederal acute care California hospitals, regardless of payer,
were collected using automated online reporting software.20

Standard protocol approvals, registrations,
and patient consents
This study was approved under a Data Use Agreement with
HCUP. Review by an institutional review board is not re-
quired for use of HCUP limited data sets.

Study population
We identified all patients with a first-recorded primary ICH
using validated codes from the ICD-9-CM for ICH (431).21

Discharged survivors age 18 or older with available tracking
information were included. Non-California residents were
excluded to reduce bias introduced by lack of follow-up data.
Patients presenting with a concurrent diagnosis of trauma
were excluded (ICD-9-CM codes 800–804, 850–854).

Measurements

Outcomes
The primary outcome of this study was recurrent primary
ICH. To ascertain the outcome in our study population, we
identified all subsequent readmissions for a primary diagnosis
of ICH using the same validated ICD-9-CM code (431) and
excluded readmission for ICH with a concurrent diagnosis of
trauma and those due to transfers between acute care centers
usingHCUP-defined criteria.22We limited our analysis to first
recurrence events because only a small number of patients had
multiple recurrent hemorrhages. Death during the follow-up
period was ascertained by identifying all recorded deaths in
the inpatient, emergency department, and outpatient HCUP
datasets.

Covariates
Race and ethnicity are coded in one data element in HCUP,
with ethnicity taking precedence over race. Information on
race and ethnicity is required at the time of discharge and
could have been obtained from various sources, including
patient self-designation, administrative personnel during the
registration process, admitting providers, or nursing intake
forms. For this study, we restricted the analysis to 4 patient
groups: non-Hispanic white (referred to as white), non-
Hispanic black (referred to as black), Hispanic regardless of
race (referred to as Hispanic), and Asian. Patients who were
classified as Pacific Islander, mixed race, or other were ex-
cluded. Insurance payer indicates the expected primary payer.
We restricted our analysis to Medicare, Medicaid, and private
insurance and excluded self-pay and other categories.

Glossary
CAA = cerebral amyloid angiopathy;CI = confidence interval; BP = blood pressure; EVD = external ventricular drain;HCUP =
Healthcare Cost and Utilization Project;HR = hazard ratio; ICD-9-CM = International Classification of Diseases, 9th Revision,
Clinical Modification; ICH = intracerebral hemorrhage; SID = State Inpatient Database.
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Statistical analysis
Categorical variables were compared using the Fisher exact test
(2-tailed) and continuous variables using the Mann-Whitney
rank sum or unpaired t test, as appropriate. Right-censored
survival analysis (days-to-event) was used to determine the in-
cidence of ICH recurrence. Patients were censored after their
first ICH recurrence, at the time of in-hospital death during the
follow-up period, or at the end of the follow-up period. We
performed unadjusted analysis using the log-rank test and ad-
justed analysis using Cox proportional hazards regression
modeling to identify factors associated with the risk of ICH
recurrence. Race/ethnicity and insurance payer were analyzed as
categorical variables using white and Medicaid, respectively, as
the reference categories due to their numerical preponderance.
Patients with missing data for race/ethnicity or insurance payer
were excluded from analyses. Multivariable model building
proceeded as follows: first, covariates with p < 0.1 in univariable
analyses were included in the model; second, universal con-
founders (age and sex) were forced into the model; third,
covariates with p > 0.1 were backward eliminated; and fourth,
collinear covariates, as expressed by a variance inflation factor
>5, were identified and removed from the model. The final
multivariablemodel for risk of ICH recurrence included age, sex,

race/ethnicity, and insurance payer. The proportional hazard
assumptionwas tested via graphical inspection and calculation of
Schoenfeld residuals. R (version 3.5.1) was used for all analyses.

Sensitivity analyses
To verify that our primary outcome reflects true ICH re-
currence, we performed a series of sensitivity analyses. First,
we excluded readmission events in the first 30 days after the
incident ICH with a concurrent diagnosis of pneumonia,
urinary tract infection, or bacteremia/sepsis, since it is pos-
sible patients could be readmitted for a complication of the
incident event and receive a primary diagnosis of ICH.23

Second, we included only readmission events with concurrent
procedure codes for external ventricular drain (EVD), crani-
otomy, or craniectomy (01.2, 02.2), as these interventions are
likely to identify true ICH cases. Third, we performed 2
subgroup sensitivity analyses to identify populations likely to
have higher recurrence rates: first, in patients over the age of
70 with likely cerebral amyloid angiopathy (CAA)–related
ICH; second, in patients with existing diagnoses of atrial fi-
brillation or valvular heart disease likely to be on anti-
coagulation. In all analyses, we identified these diagnoses and
procedures using validated ICD-9-CM codes.21,24–27

Figure 1 Study selection criteria

Flowchart summarizing sequential
application of selection criteria for
this study. ICH = intracerebral
hemorrhage.
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E-values were calculated for the observed hazard ratios (HRs)
and confidence interval (CI) bound closest to the null from
multivariable analysis for race/ethnicity and insurance payer to
assess the potential contribution of unmeasured confounding.28

Data availability
The authors certify that the data, methods, and materials used to
conduct the present research have been thoroughly documented.
HCUP data are deidentified and publicly available through the
Agency for Healthcare Research and Quality (hcup-us.ahrq.gov).

Results
Study population
We identified 43,088 California residents with a first-recorded
admission for ICH between January 1, 2005, andDecember 31,
2011. Of these, 11,733 (27%) did not survive to discharge. Of
the 31,355 patients who survived to discharge, the mean age
was 68 years (SD 16) and 15,175 (48%) were female (figure 1).
A total of 1,330 (4.1%) patients experienced a recurrent ICH
over a median follow-up of 2.9 years (interquartile range 3.8).
Compared to those who did not experience recurrence, those
with recurrent ICH were more likely to be black (11% vs 9%)
or Asian (17% vs 14%, p = 0.004), were less likely to have
private insurance (18% vs 23%, p = 0.001), and had fewer
medical comorbidities. Hypertension prevalence at diagnosis
was similar between those who did and not experience re-
currence (66% vs 67%, p = 0.40) (table 1).

Incidence of ICH recurrence
The 1-year estimated risk of recurrence was 3.0% (95% CI
2.8%–3.2%). At 5 years, the cumulative risk was 5.5% (95%CI
5.2%–5.8%). These estimates were slightly lower in sensitivity
analyses excluding readmissions with concurrent diagnosis of
infection within the first 30 days (1 year: 2.7% [95% CI
2.5%–2.9%]; 5 years: 5.2% [95% CI 4.9%–5.5%]). In age-
stratified sensitivity analyses comparing ICH recurrence in
patients over the age of 70 vs those age 70 or younger, we
found an increased 1-year risk of recurrence in the over 70
group (3.3% [95% CI 3.0%–3.6%] vs 2.7% [95% CI
2.5%–3.0%], p = 0.04) in univariable analysis. The recurrence
rate was not significantly different in a sensitivity analysis
comparing ICH recurrence in patients with and without
a history of atrial fibrillation or valvular heart disease (2.7%
[2.3%–3.1%] vs 3.1% [95% CI 2.9%–3.4%]; p = 0.50).

Variations in ICH recurrence risk by race/
ethnicity and insurance payer
The risk of ICH recurrence varied by race/ethnicity and in-
surance payer. At 5 years, the cumulative risk was 5.2% (95%
CI 4.7%–5.6%) in white patients, 5.3% (95% CI 4.6%–6.0%)
in Hispanic patients, 6.5% (95% CI 5.4%–7.6%) in black
patients, and 6.7% (95% CI 5.7%–7.6%) in Asian patients
(p = 0.007) (figure 2). The 5-year recurrence risk also varied
by insurance payer: 4.2% (95% CI 3.6%–4.7%) in those with
private insurance, 5.9% (95% CI 5.5%–6.3%) in those

with Medicare, and 6.1% (95% CI 5.1%–7.0%) in those with
Medicaid (p = 0.001) (figure 3). In multivariable analysis,
black (HR 1.22; 95% CI 1.01–1.48; p = 0.03) and Asian (HR
1.29; 95% CI 1.10–1.51; p = 0.002) patients were at an in-
creased risk compared to white patients, and patients with
private insurance had a decreased risk compared to those with
Medicare (HR 0.60; 95% CI 0.50–0.73; p < 0.001) (table 2).
These associations remained significant in a sensitivity anal-
ysis excluding recurrence events with a concurrent diagnosis

Table 1 Baseline demographic and clinical characteristics
of patients, according to recurrence status

Variable
No recurrence
(n = 30,025)

Recurrence
(n = 1,330) p Value

Age, y, mean (SD) 68 (16) 68 (15) 0.37

Female sex 14,268 (48) 672 (51) 0.09

Race/ethnicity 0.004

White 14,910 (54) 644 (51)

Black 2,631 (9) 141 (11)

Hispanic 5,928 (22) 246 (20)

Asian 3,991 (15) 214 (17)

Hypertension 19,851 (67) 873 (66) 0.40

Diabetes 8,294 (27) 331 (25) 0.03

Hyperlipidemia 9,744 (32) 416 (31) 0.38

Smoking 2,726 (9) 110 (8) 0.34

Congestive heart failure 2,766 (9) 96 (7) 0.02

Atrial fibrillation 4,913 (16) 180 (13) 0.007

Valvular heart disease 1,635 (5) 68 (5) 0.64

Chronic kidney disease 3,285 (11) 125 (9) 0.08

COPD 2,245 (7) 76 (6) 0.02

Malignancy 710 (2) 15 (1) 0.004

Coagulopathy 1,328 (4) 64 (5) 0.55

Length of stay, d 10 (14) 8 (12) <0.001

Intubation 3,652 (12) 84 (6) <0.001

Existing DNR 3,791 (13) 84 (6) <0.001

Discharge to home 8,337 (28) 485 (36) <0.001

Insurance payer 0.001

Medicare 17,048 (57) 808 (61)

Medicaid 3,630 (12) 179 (13)

Private insurance 6,700 (23) 236 (18)

Self-pay 1,324 (4) 54 (4)

Abbreviations: COPD = chronic obstructive pulmonary disease; DNR = do
not resuscitate.
Values are n (%) unless noted otherwise.
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of infection within the first 30 days; black (HR 1.26; 95% CI
1.04–1.53; p = 0.017) and Asian (HR 1.28; 95%CI 1.09–1.51;
p = 0.003) patients remained at an increased risk compared to
white patients, and those with private insurance remained at
a reduced risk compared to patients with Medicare (HR 0.74;
95% CI 0.63–0.86; p < 0.001). In a sensitivity analysis in-
cluding only recurrence events with procedure codes for
EVD, craniotomy, or craniectomy (n = 69 [5.2%]), black (HR
2.56; 95% CI 1.30–5.03; p = 0.007) and Asian (HR 2.14;
1.12–4.08; p = 0.02) patients remained at an increased risk of
recurrence compared to white patients, but private insurance
was not significantly associated with a reduced risk of re-
currence (HR 0.47; 95% CI 0.21–1.03; p = 0.06). The
E-values for the HRs from the multivariable model for ICH
recurrence risk were 1.73 (lower 95% CI 1.11) for black race,
1.90 (lower 95% CI 1.43) for Asian race, and 2.72 (upper 95%
CI 2.08) for private insurance.

Discussion
In this large US-based, racially and ethnically diverse study, we
found the estimated 1-year risk of ICH recurrence was 3.0%
(95% CI 2.8%–3.2%) among first-ever ICH survivors. We
found that patients who did not experience recurrence had

a higher burden of medical comorbidities and indicators of
greater severity, likely reflecting an increased risk of death
before recurrence. Furthermore, we highlight important dis-
parities: we found that black and Asian patients have an in-
creased risk of ICH recurrence compared to white patients
and that patients with private insurance have a significant
reduction in risk compared to those with Medicare.

Our findings extend the reports of prior small studies. Only
one study has evaluated differences in recurrence risk by race
and ethnicity, reporting higher recurrence rates in black and
Hispanic patients.5,19 While we confirm the finding that black
patients are at an increased risk of recurrence compared to
white patients, we did not find an increased risk of recurrence
in Hispanic patients. These differences may reflect the small
number of racial/ethnic minorities and recruitment bias in
prior studies and may represent differences in underlying
pathophysiology among racial/ethnic minorities. A recent
study has shown an association between APOE e4 and risk of
ICH in Hispanic patients but not black patients after con-
trolling for the burden of hypertension in this population.29

We also add that Asian patients, a group not well-studied in
the United States, are at an increased risk for recurrence.
While prior studies have shown a 2-fold increase in the risk of
first-ever ICH in Asian populations compared to other ethnic

Figure 2 Risk of intracerebral hemorrhage (ICH) recurrence by race/ethnicity

Survival curve summarizing the risk of ICH recurrence over time by race/ethnicity.
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groups,1 no studies have evaluated ICH recurrence in this
population. The mechanisms underlying these racial/ethnic
differences remain unclear but are likely mediated by socio-
economic factors that disproportionately affect minorities.
Socioeconomic status may influence access to health care,
early detection of hypertension, and compliance with anti-
hypertensive medications, which in turn affects the risk of
recurrent ICH. Prior studies have shown that racial and ethnic
minorities are less likely to achieve recommended BP goals.5

Further study of interventions to control BP in ICH survivors
at both the individual and population level is warranted.

In addition to describing racial/ethnic differences in ICH re-
currence risk, our study highlights the important finding that
private insurance is associated with a significant reduction in
the risk of ICH recurrence compared to Medicare across age
and racial/ethnic groups. These results are consistent with
several studies that have reported worse health outcomes in
stroke patients withMedicaid andMedicare compared to those
with private insurance.30–32 However, it remains unknown
whether these disparities represent true differences in the
quality of care between insurance providers or if they represent
confounding by baseline socioeconomic and health differences
between groups. One possible mediator of quality differences
among insurance payers is BP control, as previous studies have
shown an association between inadequate BP control and risk

of ICH recurrence.5,15,19 While we do not have data on hy-
pertension control or medications to test this hypothesis, our
results suggest that patients with and without ICH recurrence
are similarly affected by hypertension.Moreover, our calculated
E-values indicate that an unmeasured confounder, such as BP,
would have to have a strength of association with both the
exposure and the outcome of at least 1.73, 1.90, or 2.72 to
fully explain away the association of black race, Asian race, or
insurance payer, respectively, with risk of recurrence. It is
possible that BP is a mediator of the association between
race/ethnicity and recurrence risk, but it is unlikely that
unmeasured confounding could have completely accounted
for these findings. Further research is needed to determine
drivers of these disparities and to reduce secondary stroke
burden due to hypertension.

While this is the largest study of ICH recurrence in a United
States–based, racially and ethnically diverse population, our
study has several limitations related to the use of adminis-
trative data that require consideration. First, there is a possi-
bility of misclassification of the exposures and outcomes. The
attribution of race/ethnicity that is not based on direct self-
report may not be accurate; for example, patients who belong
to 2 or more racial/ethnic categories may be classified based
on phenotypic descriptions and may not reflect true
ancestry.33 In terms of outcome classification, we relied on

Figure 3 Risk of intracerebral hemorrhage (ICH) recurrence by insurance payer

Survival curve summarizing the risk of ICH recurrence over time by insurance payer.
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ICD-9-CM codes to identify our outcome of recurrent ICH.
However, we used previously validated diagnosis codes that
have high positive predictive values for identifying primary
ICH. Second, in the absence of prospective case ascertain-
ment, some outcome events may represent sequelae of the
incident ICH event. For example, readmission related to
a complication, such as infection, may be coded with a di-
agnosis of ICH, which may bias our results toward higher
recurrence rates. However, we took several steps to mitigate
the effect of this limitation. First, we identified our outcome
using only ICH diagnosis codes in the primary diagnosis
position and excluded transfers during the incident hospital-
ization that may appear as readmissions for recurrent ICH.
Second, we performed sensitivity analyses excluding read-
missions in the first 30 days with concurrent diagnoses of
infectious complications (pneumonia, urinary tract infection,
and bacteremia/sepsis) that support our findings. Third, our
estimated recurrence rates are consistent with previously
published rates. A recent review provided estimates of annual
recurrence rates from 1.3% to 7.4% per year, and our 1-year
recurrence rate of 3% falls within this range.4 A further limi-
tation of this study is the lack of data on out-of-hospital deaths
and emigration from California, which may cause us to
overestimate the population at risk and underestimate the risk
of recurrence. While the above limitations may decrease our
confidence in the absolute rates, they do not affect the relative
differences in recurrence risk among racial and ethnic groups.
The results of our 2 sensitivity analyses, first, excluding
readmissions with concurrent infection in the first 30 days,
and, second, in only recurrence events with procedure codes
for EVD, craniotomy, or craniectomy, demonstrated the
persistence of these racial/ethnic disparities. A final limitation
is the lack of data on clinical and radiographic phenotypes of

ICH to further study the association of clinical factors such as
BP control, anticoagulation, and hemorrhage location (deep
vs lobar) on recurrence. Several studies have suggested an
increased risk of recurrence in lobar ICH, with estimates from
5% to 24% per year,4,34 thought to be mediated by APOE
genotype and underlying CAA.35–38 Furthermore, CAA-
related ICH has been shown to have a higher recurrence rate
than non-CAA-related ICH.39 Our sensitivity analyses sup-
port these observations, demonstrating an increased risk of
recurrence in patients over the age of 70. However, additional
studies of ICH recurrence in large, well-phenotyped clinical
datasets are needed to determine differences in recurrence
based on underlying biological mechanisms.

We present the largest, United States–based study of ICH re-
currence in a racially and ethnically diverse population. We
provide evidence that black and Asian patients are at a higher
risk of recurrence than white patients, and that private insurance
is associatedwith a significant reduction in risk. Further research
is needed to determine drivers of these significant disparities
and to identify targeted secondary ICH prevention strategies.
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