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IMPORTANCE Statin use during hospitalization is associated with improved survival and a
better discharge disposition among patients with ischemic stroke. It is unclear whether
inpatient statin use has a similar effect among patients with intracerebral hemorrhage (ICH).

OBJECTIVE To determine whether inpatient statin use in ICH is associated with improved
outcomes and whether the cessation of statin use is associated with worsened outcomes.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 3481 patients with ICH
admitted to any of 20 hospitals in a large integrated health care delivery system over a
10-year period. Detailed electronic medical and pharmacy records were analyzed to explore
the association between inpatient statin use and outcomes.

MAIN OUTCOMES AND MEASURES The primary outcome measures were survival to 30 days
after ICH and discharge to home or inpatient rehabilitation facility. We used multivariable
logistic regression, controlling for demographics, comorbidities, initial severity, and code
status. In addition, we used instrumental variable modeling to control for confounding by
unmeasured covariates at the individual patient level.

RESULTS Among patients hospitalized for ICH, inpatient statin users were more likely than
nonusers to be alive 30 days after ICH (odds ratio [OR], 4.25 [95% CI, 3.46-5.23]; P < .001)
and were more likely than nonusers to be discharged to their home or an acute rehabilitation
facility (OR, 2.57 [95% CI, 2.16-3.06]; P < .001). Patients whose statin therapy was
discontinued were less likely than statin users to survive to 30 days (OR, 0.16 [95% CI,
0.12-0.21]; P < .001) and were less likely than statin users to be discharged to their home or an
acute rehabilitation facility (OR, 0.26 [95% CI, 0.20-0.35]; P < .001). Instrumental variable
models of local treatment environment (to control for confounding by unmeasured
covariates) confirmed that a higher probability of statin therapy was associated with a higher
probability of 30-day survival (with an increase in probability of 0.15 [95% CI, 0.04-0.25];
P = .01) and a better chance of being discharged to home or an acute rehabilitation facility
(with an increase in probability of 0.13 [95% CI, 0.02-0.24]; P = .02).

CONCLUSIONS AND RELEVANCE Inpatient statin use is associated with improved outcomes
after ICH, and the cessation of statin use is associated with worsened outcomes after ICH.
Given the association between statin cessation and substantially worsened outcomes, the
risk-benefit balance of discontinuing statin therapy in the acute setting of ICH should be
carefully considered.
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S tatins (3-hydroxy-3-methylglutaryl–coenzyme A reduc-
tase inhibitors) are known to reduce the risk of ische-
mic stroke among patients with a history of ischemic

stroke.1 In addition, statin use during hospitalization for is-
chemic stroke has been found to be strongly associated with
improved outcomes,2,3 and the cessation of statin use has been
associated with worsened outcomes.2-4 Ischemic stroke and
hemorrhagic stroke (intracerebral hemorrhage [ICH]) have dif-
ferent primary mechanisms, but they share many molecular
mechanisms for secondary brain injury that may be influ-
enced by statin use.5-8

Decisions regarding prescription of statins in the acute set-
ting of ICH may be influenced by conflicting data regarding the
effect of statins on the risk of brain hemorrhage. Although
many observational studies and randomized clinical trials of
statin use have found no increased risk of ICH with outpa-
tient statin use,9,10 the Stroke Prevention by Aggressive Re-
duction in Cholesterol Levels (SPARCL) trial reported an in-
creased risk of ICH among patients randomly assigned to a high
dose of atorvastatin calcium,1 particularly among patients with
a history of ICH.11 Although it has been suggested that this ob-
servation might have resulted from high crossover rates in the
SPARCL trial itself,12 it is likely that many clinicians have been
wary of prescribing statins to patients with ICH in the wake of
these findings.13-15

A particular dilemma in this area relates to the patient pre-
senting with ICH who is already taking a statin. Should such a
patient have their statin therapy discontinued during hospi-
talization for fear that the statin therapy might increase their
risk of recurrent ICH,13 or should their statin therapy be con-
tinued out of a concern that cessation of statin use in the acute
setting could worsen the patient’s outcome?14,15

Here we explore the effect of inpatient statin use, and of
the cessation of statin use, on outcomes in a large cohort of
patients with ICH who were treated in an integrated health care
delivery system, using statistical techniques that allow us to
control for potential unmeasured confounding at the indi-
vidual patient level.

Methods
The institutional review board of the Kaiser Foundation
Research Institute approved our retrospective, no-patient-
contact study with waiver of informed consent.

Data Source and Patients
We assembled a cohort of 3481 patients spanning a 10-year pe-
riod who were admitted with a primary discharge diagnosis of
ICH to any of 20 hospitals in Kaiser Permanente Northern Cali-
fornia (KPNC), an integrated health care delivery system with
more than 3 million members who are demographically simi-
lar to the overall population of northern California.16 We in-
cluded all KPNC plan members older than 50 years of age who
were admitted from outside the hospital on an emergency ba-
sis to any KPNC hospital between January 2002 and Decem-
ber 2011 and who underwent neuroimaging during hospital-
ization (computed tomography or magnetic resonance imaging

of the brain) and received a primary discharge diagnosis of ICH
(code 431 in the International Classification of Diseases, Ninth
revision, Clinical Modification), subject to the following exclu-
sion criteria (in order to maximize information on comorbidi-
ties and outcomes): prior qualifying ICH during the study pe-
riod, less than a full year of membership in KPNC before
admission, residence (indicated by zip code) outside the pri-
mary plan service area served by KPNC, or prestroke outpa-
tient statin use that could not be accurately determined ac-
cording to specific criteria.

Outcomes
The main outcomes were 30-day survival and discharge to
home or inpatient rehabilitation facility. Patients were ob-
served for 30 days from the date of admission or until death.
No patients were lost to follow-up. Date of death was ob-
tained from the KPNC membership database and the State of
California Death Certificates database and social security da-
tabase linked to the patient according to established
methods.2,3

Statin Users and Nonusers
Details of statin use before and during hospitalization were ob-
tained from electronic pharmacy records and inpatient order
information included in the electronic medical record, as pre-
viously described.2,3 Inpatient statin use was defined as oc-
curring when statins were ordered by a physician for inpa-
tient administration. Patients were identified as either
outpatient statin users or nonusers based on whether or not
statin prescriptions were filled at a KPNC pharmacy. Outpa-
tient statin users had active prescriptions at the time of ad-
mission for ICH and had filled their last prescription at a KPNC
pharmacy recently enough to have enough pills to take through
the day of admission. Nonusers had not been prescribed a statin
and had not filled any statin prescriptions in the preceding year.
If a patient had a statin prescription but no fills, then he or she
was not included in this analysis.

Covariates
Baseline demographic characteristics and details of the
medical history of the patients were extracted from organi-
zational databases and the electronic medical record,
including age, sex, race/ethnicity, presence of medical
comorbidities (hypertension, diabetes mellitus, atrial fibril-
lation, coronary artery disease, congestive heart failure, or
history of stroke), and dysphagia. During the last 4 years of
our study, most patients were admitted to hospitals with a
complete outpatient and inpatient electronic medical rec-
ord, providing routinely measured initial ICH severity on
the Glasgow Coma Scale (GCS) and/or on the modified
National Institutes of Health Stroke Scale (mNIHSS). The
correspondence observed between these 2 scores enabled
the calculation of mNIHSS equivalents for GCS scores in a
generalized severity score; specifically, we estimated gener-
alized linear models for all pairs of mNIHSS and GCS scores
within an hour of each other. In this fashion, we measured
initial severity at presentation or within 24 hours of admis-
sion to the emergency department for 898 of all 3481
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patients. For use in multivariable models, this initial sever-
ity measure was cut according to quartiles of severity. In a
subset of 646 patients within this cohort of 898 patients,
complete information on in-hospital code status was also
available, including do-not-resuscitate (DNR) status insti-
tuted within 24 hours. We also collected additional informa-
tion on the hospital, including the annual volume of ICH
cases (using a 3-year moving average), and on patterns of
inpatient statin use over time.

Statistical Analysis
In this observational study, the treatment of interest (inpa-
tient statin use) resulted from clinical decisions that could be
affected by clinical characteristics, including initial severity.
Consequently, estimating the effect of inpatient statins re-
quired controlling for potential selection bias in several ways,
to avoid a spurious association between treatment and out-
comes. We used multivariable logistic regression to control for
several potential confounders in various models, including age,
sex, medical comorbidities as listed in the Table, race/
ethnicity, dysphagia, and prior statin use as an outpatient (ex-
cept in the case of models of statin discontinuation, which were
performed on the subset of patients receiving statins as out-
patients). In separate models, we controlled for initial sever-
ity and DNR status instituted within 24 hours. Finally, we used
instrumental variable probit models to control for confound-
ing by unmeasured covariates at the individual patient level.
The treatment instrument used was the local statin prescrip-
tion practice, operationalized as the use or nonuse of inpa-
tient statins in the immediately preceding case at the same hos-
pital, matched on outpatient statin use or nonuse (last prior
treatment analysis).3 The instrumental variable used in the pre-
sent analysis is the same instrument that we have described
previously (in a cohort of patients with ischemic stroke).3 This
instrumental variable meets 2 key requirements for an instru-
ment to model a treatment that may be subject to indication
bias: first, it has no direct effect on outcome, and, second, it
has substantial probabilistic association with the treatment (be-

cause the likelihood of inpatient statin prescription varies ac-
cording to when and where patients are hospitalized).17-20 Varia-
tion in short-term practice patterns can be an effective
instrument to assess treatment impact,21 and when practice
patterns are in flux, information on the immediately preced-
ing patient often provides the best indirect measure of local
practice.22 For univariable analyses, we analyzed categorical
data in contingency tables with the Fisher exact test and con-
tinuous data with the nonparametric Kruskal-Wallis equality-
of-populations rank test. Statistical analyses were performed
with SAS version 9.3 (SAS Institute Inc) and StataMP version
12.1 (StataCorp).

Results
Patient Characteristics
Patient characteristics are summarized in the Table, which
shows mean age, sex distribution, and number of comorbidi-
ties according to inpatient statin therapy. In addition, the eTable
in the Supplement displays patient characteristics for the over-
all cohort (N = 3481) compared with the subset of patients for
whom initial severity measures (mNIHSS or GCS scores) were
available (n = 898). Of the 2321 patients not receiving a statin
as an outpatient, 425 (18.3%) received a statin as an inpatient,
and of the 1160 patients receiving a statin as an outpatient, 391
(33.7%) did not receive a statin as an inpatient. The statins used
by the 1194 inpatients were lovastatin (696 patients [58.3%]),
simvastatin (453 patients [37.9%]), atorvastatin (38 patients
[3.2%]), and pravastatin sodium (7 patients [0.6%]). The me-
dian inpatient statin dose (in atorvastatin-equivalent dose) was
10 mg/d (interquartile range, 5-20 mg/d).

Inpatient Statin Use and Outcomes
Patients treated with a statin while in the hospital had an un-
adjusted 30-day mortality rate of 18.4%, whereas those who
were not treated with a statin during admission for ICH had a
30-day mortality rate of 38.7% (Figure 1; P < .001). In multi-

Table. Patient Characteristics According to Whether or Not There Was Inpatient Statin Usea

Characteristic

No. (%) of Patients

P Value
All

(N = 3481)
Statin Users
(n = 1194)

Nonusers
(n = 2287)

Age, mean (SD), y 73.5 (11.6) 73.8 (10.8) 73.4 (11.9) .72

Female sex 1738 (49.9) 569 (47.7) 1169 (51.1) .05

Hypertension 2970 (85.3) 1101 (92.2) 1869 (81.7) <.001

Diabetes mellitus 1032 (29.7) 476 (39.9) 556 (24.3) <.001

Atrial fibrillation 1254 (36.0) 530 (44.4) 724 (31.7) <.001

History of CAD 871 (25.0) 442 (37.0) 429 (18.8) <.001

Congestive heart failure 732 (21.0) 307 (25.7) 425 (18.6) <.001

Severity score,b median (IQR) 7 (2-16) 7 (3-22) 4 (1-9) <.001

DNR order,c No./Total No. (%) of patients 231/747 (30.9) 72/262 (27.5) 159/485 (32.8) .08

Abbreviations: CAD, coronary artery disease; DNR, do-not-resuscitate;
HTN, hypertension; IQR, interquartile range.
a Between the categories of statin users and nonusers, continuous data were

compared by use of the nonparametric Kruskal-Wallis test, and categorical
data were compared by use of the Fisher exact test.

b Composite severity measure (with the Glasgow Coma Scale mapped to values
corresponding to the modified National Institutes of Health Stroke Scale) for
898 patients.

c Issued within 24 hours for 747 patients.
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variable logistic regression controlling for age, sex, race/
ethnicity, comorbidities, volume of ICH cases by hospital fa-
cility, and dysphagia, inpatient statin users were more likely
than nonusers to be alive at 30 days (odds ratio [OR], 4.25 [95%
CI, 3.46-5.23]), and this association also remained in models

controlling for initial severity and for DNR status instituted
within 24 hours (Figure 2A).

Patients treated with a statin during hospitalization for ICH
were discharged to home or an inpatient rehabilitation facil-
ity 51.1% of the time, whereas patients not treated with a statin
during admission were discharged to home or an inpatient re-
habilitation facility 35.0% of the time (P < .001). In multivari-
able logistic regression, inpatient statin users were also more
likely than nonusers to be discharged to home or an inpatient
rehabilitation facility (OR, 2.57 [95% CI, 2.15-3.06]; P < .001),
and this association remained in models controlling for ini-
tial severity and for DNR status instituted within 24 hours
(Figure 2B).

Cessation of Statin Use and Outcomes
Patients whose statin therapy was discontinued (ie, patients
taking a statin as an outpatient prior to ICH who did not
receive a statin as an inpatient) had an unadjusted mortality
rate of 57.8% (Figure 1), compared with a mortality rate of
18.9% for patients using a statin before and during hospital-
ization (P < .001). In multivariable logistic regression,
patients whose statin therapy was discontinued were less
likely to be alive at 30 days than patients who continued
statin therapy (OR, 0.16 [95% CI, 0.12-0.21]; P < .001), and

Figure 1. Unadjusted Kaplan-Meier Survival Curves
According to Whether or Not There Was Inpatient Statin Use
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Figure 2. Multivariable Logistic Regression of Inpatient Statin Use and Outcomes

Inpatient statin use

Inpatient statin use
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N = 3481, P <.001

n = 898, P <.001

n = 646, P =.002

Models of survival to 30 d

Models of discharge to home or inpatient rehabilitation facility

Multivariable logistic regression models of inpatient statin use and survival to
30 days or discharge to home or inpatient rehabilitation facility, after controlling
for outpatient statin use, age, sex, race/ethnicity, medical comorbidities, volume
of intracerebral hemorrhage (ICH) cases by hospital, and dysphagia. The point
estimate for the odds ratio (OR) for statin use in each model is shown as a filled
diamond, flanked by the upper and lower bounds of the 95% CI. A, Models of
survival to 30 days. The top model of inpatient statin use predicts improved
odds of being alive at 30 days in the overall cohort (analysis of receiver
operating characteristic area under the curve [ROC-AUC] = 0.711). The middle
model of inpatient statin use predicts improved odds of being alive at 30 days in
the subcohort of patients with severity data, after controlling for quartile of
initial ICH severity (ROC-AUC = 0.861). The bottom model of inpatient statin use
predicts improved odds of being alive at 30 days in the subcohort of patients

with both severity data and data on code status, after controlling for quartile of
initial ICH severity and do-not-resuscitate (DNR) status instituted within 24
hours (ROC-AUC = 0.888). B, Models of discharge to home or inpatient
rehabilitation facility. The top model of inpatient statin use predicts improved
odds of discharge to home or inpatient rehabilitation facility in the overall
cohort (ROC-AUC = 0.689). The middle model of inpatient statin use predicts
improved odds of discharge to home or inpatient rehabilitation facility in the
subcohort of patients with severity data, after controlling for quartile of initial
ICH severity (ROC-AUC = 0.801). The bottom model of inpatient statin use
predicts improved odds of discharge to home or inpatient rehabilitation facility
in the subcohort of patients with both severity data and data on code status,
after controlling for quartile of initial ICH severity and DNR status instituted
within 24 hours (ROC-AUC = 0.794).
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this association remained in models controlling for initial
severity and for DNR status instituted within 24 hours
(Figure 3A).

The discontinuation of statin therapy was associated with
an unadjusted rate of discharge to home or inpatient rehabili-
tation facility of 22.3%, compared with a rate of 49.8% for pa-
tients using a statin before and during hospitalization (P < .001).
In multivariable logistic regression, patients whose statin
therapy was discontinued were less likely than patients who
continued therapy to be discharged to home or an inpatient
rehabilitation facility (OR, 0.26 [95% CI, 0.20-0.35]; P < .001),
and this association remained in models controlling for ini-
tial severity and for DNR status instituted within 24 hours
(Figure 3B).

Effect of Statin Dose
In our previous work on statin use during hospitalization for
ischemic stroke, we found a dose-response relationship be-
tween statin use and outcomes, in part because the distribu-
tion of doses was sufficient to explore outcomes at high vs usual
or low statin doses.2 In the present cohort, a very small pro-
portion of patients were treated with high-dose statins (113

patients received 40-80 mg/d [atorvastatin-equivalent dose],
representing 9.5% of statin users and 3.3% of the total co-
hort). A formal analysis of the dose-response relationship
showed increased point estimates for improved survival and
discharge disposition, but the observed differences were not
statistically significant (eFigure in the Supplement).

Relationship Between Time of Exposure and Mortality
To control for the possible influence of patients not receiving
statins because of death within a short period of time in hos-
pital, not allowing for time to receive the medication (an is-
sue known as “immortal time bias”23), we fitted additional lo-
gistic models factoring in early timing of initial statin
administration relative to hospital stay. We found that 70.1%
of patients who received a statin while in the hospital were
started on statin therapy the first hospital day and that 93.4%
were started on statin therapy by the second hospital day. In
the first model, we restricted analysis to patients hospital-
ized for at least 2 days who either received a statin starting on
the first day of admission or never received a statin. In the sec-
ond model, we restricted analysis to patients hospitalized over-
night who either received a statin starting on the first day of

Figure 3. Multivariable Logistic Regression of Cessation of Statin Use and Outcomes

Cessation of statin use

Cessation of statin use
(controlling for severity)

Cessation of statin use
(controlling for severity
and DNR status)
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OR (Discharged to Home or Rehabilitation Facility)

B

n = 1160, P <.001

n = 332, P <.001

n = 241, P <.001

Models of survival to 30 d

Models of discharge to home or inpatient rehabilitation facility

Multivariable logistic regression models of cessation of statin use and survival to
30 days or discharge to home or inpatient rehabilitation facility, after controlling
for age, sex, race/ethnicity, medical comorbidities, volume of intracerebral
hemorrhage (ICH) cases by hospital, and dysphagia. The point estimate for the
odds ratio (OR) for cessation of statin use in each model is shown as a filled
diamond, flanked by the upper and lower bounds of the 95% CI. All models of
cessation of statin use are performed on the population of patients taking a
statin as an outpatient at the time of admission for ICH. A, Models of survival to
30 days. The top model of cessation of statin use predicts reduced odds of
being alive at 30 days in the overall cohort (analysis of receiver operating
characteristic area under the curve [ROC-AUC] = 0.760). The middle model of
cessation of statin use predicts reduced odds of being alive at 30 days in the
subcohort of patients with severity data, after controlling for quartile of initial
ICH severity (ROC-AUC = 0.885). The bottom model of cessation of statin use

predicts reduced odds of being alive at 30 days in the subcohort of patients
with both severity data and data on code status, after controlling for quartile of
initial ICH severity and do-not-resuscitate (DNR) status instituted within 24
hours (ROC-AUC = 0.898). B, Models of discharge to home or inpatient
rehabilitation facility. The top model of cessation of statin use predicts reduced
odds of discharge to home or inpatient rehabilitation facility in the overall
cohort (ROC-AUC = 0.710). The middle model of cessation of statin use predicts
reduced odds of discharge to home or inpatient rehabilitation facility in the
subcohort of patients with severity data, after controlling for quartile of initial
ICH severity (ROC-AUC = 0.849). The bottom model of cessation of statin use
predicts reduced odds of discharge to home or inpatient rehabilitation facility in
the subcohort of patients with both severity data and data on code status, after
controlling for quartile of initial ICH severity and DNR status instituted within 24
hours (ROC-AUC = 0.856).
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admission or never received a statin. Modeled effects con-
trolled for the same background factors, including severity, as
the primary model. Both models support our primary result
that statin use during hospitalization was significantly asso-
ciated with being alive at 30 days: model 1 (OR, 3.0 [95% CI,
1.7-5.5]; n = 699; P < .001); model 2 (OR, 3.3 [95% CI, 1.9-5.8];
n = 660; P < .001).

Control for Confounding by Unmeasured Covariates
(Instrumental Variable Models)
To control for the possibility of confounding by unmeasured
covariates at the individual patient level, we used instru-
mental variable probit regression models. In these models,
individual statin use is removed and replaced with an
instrument that encodes the probability of statin therapy,
based on the local treatment environment (the statin
therapy of the last prior patient treated at the same facility,
after matching on outpatient statin therapy). In instrumen-
tal variable analysis, we found that inpatient statin use
resulted in a 15% absolute increase in the probability of
30-day survival and an 13% absolute increase in the prob-
ability of discharge to home or rehabilitation facility, further
confirming the relationship between statin use and favor-
able ICH outcomes (Figure 4).

Discussion
Among patients with ischemic stroke, statin use is associated
with improved poststroke outcomes,2,3 as well as reduced risk
of recurrent ischemic stroke.1 In ischemic stroke, the cessa-
tion of statin use during hospitalization has been associated
with worsened outcomes.2-4 Statins affect an array of molecu-
lar pathways that may play a role in both ischemic stroke and

ICH.5-8 However, it has remained unclear whether statin use
is associated with improved outcomes after ICH.

We find that in-hospital statin use is associated with im-
proved outcomes after ICH. The relationship between statin
use and better outcomes is robust enough to control for co-
morbidities, initial severity, early DNR order, and use of in-
strumental variable modeling to control for unmeasured co-
variates at the individual patient level.

Our study has certain strengths. Our cohort is large, and the
data were collected systematically from a prospectively accu-
mulated electronic medical record database covering 20 hos-
pitals and associated outpatient clinics in an integrated health
care delivery system. Our data source included information on
all outpatient prescription fills and in-hospital administration
records. The KPNC health care system is broadly representa-
tive of the overall population of northern California,16 adding
to the generalizability of our results. Statin users in the present
cohort, as with other cohorts,2,3 had significantly higher rates
of all comorbidities, which should tend to worsen outcomes
rather than improve them. Because of the nature of our under-
lying data source, we were able to control for potential con-
founding at the individual level in several ways. First, we con-
trolled for initial ICH severity and early DNR orders in subsets
of the overall data set in which these data were recorded. Sec-
ond, we controlled for dysphagia, a factor that could other-
wise create an association between greater ICH severity and non-
use of an oral medication like a statin. Third, we performed
instrumental variable modeling of local treatment environ-
ment, a technique that allowed us to control for confounding
by unmeasured covariates at the individual patient level.

Our study also has weaknesses. This is a retrospective co-
hort study, and the patients were not randomly assigned to either
statin therapy or nontreatment. Not all patients in our study co-
hort had data available on ICH severity or code status. We do

Figure 4. Last Prior Treatment Instrumental Variable Models to Control for Unmeasured Confounders

Last prior treatment
instrument

–0.1 0.10.0 0.2 0.3
Difference in Probability (Alive at 30 d)

A

N = 3481, P =.02

Last prior treatment
instrument

–0.1 0.10.0 0.2 0.3

Difference in Probability (Discharged to Home or Rehabilitation Facility)

B

N = 3481, P =.01

Instrumental variable probit model of difference in probability of discharge to home or inpatient rehabilitation facility

Instrumental variable probit model of difference in probability of survival to 30 d

A, Instrumental variable probit model
of difference in probability of survival
to 30 days. B, Instrumental variable
probit model of difference in
probability of discharge to home or
inpatient rehabilitation facility. In
both models, the last prior treatment
instrument is the inpatient statin
therapy assignment of the prior
patient at the same facility, matched
on outpatient statin therapy
assignment. Both probit models
control for age, sex, race/ethnicity,
medical comorbidities, hospital, and
dysphagia. The point estimate for the
increase in probability of good
outcome associated with a higher
probability of inpatient statin therapy
is shown as a filled diamond, flanked
by the upper and lower bounds of the
95% CI.
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not include data on the use of other medications that might have
influenced outcomes or on radiographic measures of known im-
portance such as initial hematoma volume. Our outcome mea-
sure of discharge disposition is only indirectly associated with
short-term functional outcome and not a direct assessment of
functional outcome. Because our study is restricted to the ef-
fect of in-hospital statin use, we cannot address whether stat-
ins should be continued long term for such patients or when it
would be safe to discontinue a statin. Although we have accu-
rate data on prescriptions and fills, the present study did not
involve direct measures of medication compliance such as pill
counting or bottle checks. Our mortality end point was all-
cause mortality, and we do not have specific data on cause of
death. Although the instrumental variable method allowed us
to control for confounding at the individual patient level, this
technique leaves open the possibility of confounding at other
levels, such as bias associated with variation in practice from
one group of physicians to another. This risk is minimized, how-
ever, by the presence of a single physician practice group across
KPNC with regional stroke management guidelines.2,3

The issue of whether statin use in the acute hospital set-
ting might improve post-ICH outcomes is of particular impor-
tance because some data have suggested that statin use in this
patient population may increase the long-term risk of recur-
rent hemorrhage.1,11 Concerns about a potential increased risk
of recurrent ICH may lead some clinicians to discontinue statin
therapy during hospitalization for ICH.13-15

While data from some sources have suggested that high-
dose statin use may increase the risk of ICH, other data do not
support this association. In the SPARCL trial, randomization
to atorvastatin at 80 mg/d was associated with an increased
risk of ICH in intention-to-treat analysis,1 particularly among
patients who were enrolled in the trial as a result of an ICH.11

However, low-density lipoprotein level was not predictive of
ICH risk among patients randomly assigned to atorvastatin in
the SPARCL trial,11 and it has been pointed out that the appar-
ent difference in ICH rates in the SPARCL trial may have re-
sulted from high crossover rates between the 2 arms.12 In a
meta-analysis of 31 randomized controlled trials (patients with-
out recent stroke),9 statin therapy was not associated with an
increased risk of ICH, but statin use was associated with a de-
creased risk of all types of stroke and decreased all-cause mor-
tality. In another very large observational study,24 incidence
of ICH was not associated with either statin use or low-
density lipoprotein level. One large observational study25 re-

ported that statin use was associated with an increased risk of
symptomatic ICH in patients receiving thrombolytic treat-
ment for acute ischemic stroke, despite also being associated
with improved poststroke outcomes. However, 2 other large
observational studies26,27 did not find such an association.

With regard to the effect of statin use on post-ICH out-
comes, several smaller studies have previously suggested an
association between pre-ICH statin use and improved
outcomes.28,29 A meta-analysis of 12 observational studies
showed mixed results, with variation according to the out-
comes measured.30 Another meta-analysis and case-control
study found an association between pre-ICH statin use and
both better functional outcome and reduced mortality, but the
included studies were small and did not control for potential
unmeasured confounding.31

Several mechanisms have been implicated in secondary
brain injury in both ischemic stroke and ICH, including excito-
toxicity, oxidative stress, and inflammation, and many of these
mechanisms can be modulated by statin use.5-8 In addition,
statin use has been associated with a reduction in the volume
of perihematomal edema after ICH.32 In animal models of ICH,
statin use has been found to downregulate inflammatory gene
expression and improve post-ICH outcomes.33 In other experi-
ments using an ICH animal model, statin administration re-
duced brain tissue loss, increased neurogenesis in the subven-
tricular zone, and improved functional recovery.34 In animal
studies of traumatic ICH/traumatic brain injury, statin use up-
regulates neurogenesis in the dentate gyrus and improves spa-
tial learning on the Morris water maze test.35

Conclusions
Statin use is associated with improved outcomes after ICH, and
the cessation of statin use is associated with worsened out-
comes after ICH. The association between statin use and bet-
ter outcomes remains after controlling for demographics, medi-
cal comorbidities, ICH severity, ICH complications, and DNR
status instituted within 24 hours. Instrumental variable mod-
els further strengthen the association between statin use and
improved outcomes by controlling for confounding by unmea-
sured covariates at the individual patient level. The particu-
lar association between cessation of statin use and worsened
outcomes merits careful consideration of the risk-benefit bal-
ance of discontinuing statin therapy in the acute setting of ICH.

ARTICLE INFORMATION

Accepted for Publication: June 17, 2014.

Published Online: September 22, 2014.
doi:10.1001/jamaneurol.2014.2124.

Author Affiliations: Department of Neuroscience,
Kaiser Permanente Northern California, Redwood
City, California (Flint, Rao); Division of Research,
Kaiser Permanente Northern California, Oakland,
California (Conell, Sidney); Department of
Neurology, Kaiser Permanente, Walnut Creek,
California (Klingman); Dell Medical School,
University of Texas, Austin (Johnston); Department
of Neurology, University of California, San Francisco

(Hemphill); Department of Neurology, Weill Cornell
Medical College, New York, New York (Kamel);
Department of Neuroscience, Weill Cornell Medical
College, New York, New York (Kamel); Department
of Neurology, Royal Melbourne Hospital, University
of Melbourne, Parkville, Melbourne, Victoria,
Australia (Davis); Florey Institute of Neuroscience
and Mental Health, University of Melbourne,
Parkville, Melbourne, Victoria, Australia (Donnan).

Author Contributions: Dr Flint had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Flint, Kamel.

Acquisition, analysis, or interpretation of data: Flint,
Conell, Rao, Klingman, Sidney, Johnston, Hemphill,
Davis, Donnan.
Drafting of the manuscript: Flint, Conell.
Critical revision of the manuscript for important
intellectual content: Flint, Rao, Klingman, Sidney,
Johnston, Hemphill, Kamel, Davis, Donnan.
Statistical analysis: Flint, Conell, Kamel, Davis.
Obtained funding: Flint.
Administrative, technical, or material support: Rao.
Study supervision: Flint, Donnan.

Conflict of Interest Disclosures: Sanofi provides
drug and placebo to an NIH-sponsored trial that

Research Original Investigation Statin Use During Hospitalization for Intracerebral Hemorrhage

1370 JAMA Neurology November 2014 Volume 71, Number 11 jamaneurology.com

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

Dr Johnston leads. Dr Johnston receives research
support from AstraZeneca. No other disclosures are
reported.

Funding/Support: The present study was
supported by a Community Benefit grant from the
Kaiser Foundation Research Institute.

Role of the Funder/Sponsor: The Kaiser
Foundation Research Institute had no role in the
design and conduct of the study; collection,
management, analysis, or interpretation of the
data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript
for publication.

Previous Presentation: This paper was presented
at the 2014 International Stroke Conference;
February 12, 2014; San Diego, California.

REFERENCES

1. Amarenco P, Bogousslavsky J, Callahan A III, et al;
Stroke Prevention by Aggressive Reduction in
Cholesterol Levels (SPARCL) Investigators.
High-dose atorvastatin after stroke or transient
ischemic attack. N Engl J Med. 2006;355(6):549-559.

2. Flint AC, Kamel H, Navi BB, et al. Statin use
during ischemic stroke hospitalization is strongly
associated with improved poststroke survival. Stroke.
2012;43(1):147-154.

3. Flint AC, Kamel H, Navi BB, et al. Inpatient statin
use predicts improved ischemic stroke discharge
disposition. Neurology. 2012;78(21):1678-1683.

4. Blanco M, Nombela F, Castellanos M, et al. Statin
treatment withdrawal in ischemic stroke:
a controlled randomized study. Neurology. 2007;69
(9):904-910.

5. Aronowski J, Zhao X. Molecular pathophysiology
of cerebral hemorrhage: secondary brain injury.
Stroke. 2011;42(6):1781-1786.

6. Xi G, Keep RF, Hoff JT. Mechanisms of brain
injury after intracerebral haemorrhage. Lancet Neurol.
2006;5(1):53-63.

7. Antonopoulos AS, Margaritis M, Lee R, Channon
K, Antoniades C. Statins as anti-inflammatory
agents in atherogenesis: molecular mechanisms
and lessons from the recent clinical trials. Curr
Pharm Des. 2012;18(11):1519-1530.

8. de Oliveira CV, Funck VR, Pereira LM, et al.
Atorvastatin withdrawal elicits oxidative/nitrosative
damage in the rat cerebral cortex. Pharmacol Res.
2013;71:1-8.

9. McKinney JS, Kostis WJ. Statin therapy and the
risk of intracerebral hemorrhage: a meta-analysis of
31 randomized controlled trials. Stroke. 2012;43
(8):2149-2156.

10. Hackam DG, Woodward M, Newby LK, et al.
Statins and intracerebral hemorrhage: collaborative

systematic review and meta-analysis. Circulation.
2011;124(20):2233-2242.

11. Goldstein LB, Amarenco P, Szarek M, et al;
SPARCL Investigators. Hemorrhagic stroke in the
Stroke Prevention by Aggressive Reduction in
Cholesterol Levels study. Neurology. 2008;70(24,
pt 2):2364-2370.

12. Spence JD. Statins do not cause intracerebral
hemorrhage. Neurology. 2012;79(11):1076-1077.

13. Goldstein LB. Statin therapy should be
discontinued in patients with intracerebral
hemorrhage. Stroke. 2013;44(7):2058-2059.

14. Bustamante A, Montaner J. Statin therapy
should not be discontinued in patients with
intracerebral hemorrhage. Stroke. 2013;44(7):
2060-2061.

15. Scheitz JF, Nolte CH, Endres M. Should statins
be paused or discontinued after thrombolysis or
acute intracerebral hemorrhage? no! Stroke. 2013;
44(5):1472-1476.

16. Go AS, Hylek EM, Phillips KA, et al. Prevalence
of diagnosed atrial fibrillation in adults: national
implications for rhythm management and stroke
prevention: the AnTicoagulation and Risk Factors in
Atrial Fibrillation (ATRIA) Study. JAMA. 2001;285
(18):2370-2375.

17. Hernán MA, Robins JM. Instruments for causal
inference: an epidemiologist’s dream? Epidemiology.
2006;17(4):360-372.

18. Brookhart MA, Wang PS, Solomon DH,
Schneeweiss S. Evaluating short-term drug effects
using a physician-specific prescribing preference as
an instrumental variable. Epidemiology. 2006;17(3):
268-275.

19. Angrist JD, Imbens GW, Rubin DB. Identification
of causal effects using instrumental variables. J Am
Stat Assoc. 1996;91(434):444-455. doi:10.2307
/2291634.

20. Newhouse JP, McClellan M. Econometrics in
outcomes research: the use of instrumental
variables. Annu Rev Public Health. 1998;19(1):17-34.

21. Rassen JA, Mittleman MA, Glynn RJ, Alan
Brookhart M, Schneeweiss S. Safety and
effectiveness of bivalirudin in routine care of
patients undergoing percutaneous coronary
intervention. Eur Heart J. 2010;31(5):561-572.

22. Brookhart MA, Rassen JA, Wang PS, Dormuth
C, Mogun H, Schneeweiss S. Evaluating the validity
of an instrumental variable study of neuroleptics:
can between-physician differences in prescribing
patterns be used to estimate treatment effects?
Med Care. 2007;45(10)(suppl 2):S116-S122.

23. Lévesque LE, Hanley JA, Kezouh A, Suissa S.
Problem of immortal time bias in cohort studies:
example using statins for preventing progression of
diabetes. BMJ. 2010;340:b5087.

24. Lee JG, Koh SJ, Yoo SY, et al. Characteristics of
subjects with very low serum low-density
lipoprotein cholesterol and the risk for intracerebral
hemorrhage. Korean J Intern Med. 2012;27(3):317-
326.

25. Scheitz JF, Seiffge DJ, Tütüncü S, et al.
Dose-related effects of statins on symptomatic
intracerebral hemorrhage and outcome after
thrombolysis for ischemic stroke. Stroke. 2014;45
(2):509-514.

26. Rocco A, Sykora M, Ringleb P, Diedler J. Impact
of statin use and lipid profile on symptomatic
intracerebral haemorrhage, outcome and mortality
after intravenous thrombolysis in acute stroke.
Cerebrovasc Dis. 2012;33(4):362-368.

27. Nardi K, Engelter S, Strbian D, et al; Lipid Profile
in Thrombolysis Study Group. Lipid profiles and
outcome in patients treated by intravenous
thrombolysis for cerebral ischemia. Neurology.
2012;79(11):1101-1108.

28. Naval NS, Abdelhak TA, Zeballos P, Urrunaga N,
Mirski MA, Carhuapoma JR. Prior statin use reduces
mortality in intracerebral hemorrhage. Neurocrit Care.
2008;8(1):6-12.

29. Tapia-Pérez JH, Rupa R, Zilke R, Gehring S,
Voellger B, Schneider T. Continued statin therapy
could improve the outcome after spontaneous
intracerebral hemorrhage. Neurosurg Rev.
2013;36(2):279-287, discussion 287.

30. Lei C, Wu B, Liu M, Chen Y. Association
between statin use and intracerebral hemorrhage:
a systematic review and meta-analysis. Eur J Neurol.
2014;21(2):192-198.

31. Biffi A, Devan WJ, Anderson CD, et al. Statin use
and outcome after intracerebral hemorrhage:
case-control study and meta-analysis. Neurology.
2011;76(18):1581-1588.

32. Naval NS, Abdelhak TA, Urrunaga N, Zeballos P,
Mirski MA, Carhuapoma JR. An association of prior
statin use with decreased perihematomal edema.
Neurocrit Care. 2008;8(1):13-18.

33. Indraswari F, Wang H, Lei B, et al. Statins
improve outcome in murine models of intracranial
hemorrhage and traumatic brain injury:
a translational approach. J Neurotrauma. 2012;29
(7):1388-1400.

34. Karki K, Knight RA, Han Y, et al. Simvastatin and
atorvastatin improve neurological outcome after
experimental intracerebral hemorrhage. Stroke.
2009;40(10):3384-3389.

35. Lu D, Qu C, Goussev A, et al. Statins increase
neurogenesis in the dentate gyrus, reduce delayed
neuronal death in the hippocampal CA3 region, and
improve spatial learning in rat after traumatic brain
injury. J Neurotrauma. 2007;24(7):1132-1146.

Statin Use During Hospitalization for Intracerebral Hemorrhage Original Investigation Research

jamaneurology.com JAMA Neurology November 2014 Volume 71, Number 11 1371

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


