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Pre and Post-stroke Use of Statins Improves
Stroke Outcome
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ABSTRACT

Introduction: Although there is sufficient evidence that HMG CoA Reductase Inhibitors reduce stroke recurrence in patients with
or ischemic heart disease, it remains unclear whether they also improve outcomes given before or after stroke onset and whether
such an effect is more robust with pre-stroke or post-stroke use of statins. Materials and Methods: We carried out a retrospective
analysis of a large University Health Consortium Database. Patients with statin use before or after stroke onset were included in
the analysis. Twenty patients discontinued statins after stroke onset. The outcome measures were discharge home or long-term
care facility and/or death within 45 days. Results: Patients with prior statin use were more likely to be discharged home (1.67,
Cl 1.12-2.49), as were post stroke statin patients who had a more robust effect OR 2.63, CI 1.61-4.53). Conclusions: Patients
started on statins after stroke were more likely to be discharged home versus patients already on statins before stroke onset.
However, both groups were also more likely to be discharged home than those patients not on statins.
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Introduction with improved survival following ischemic stoke.®
Whether post-stroke treatment with statins is associated
with improved outcome is unknown. In the present
study we investigated whether the timing of statin use,

HMG CoA reductase inhibitors, commonly known as
statins, are widely used lipid lowering agents. In addition

to their effect on cholesterol levels statins appear tohave o 6 or following stroke onset, affected outcome after
additional independent effects such as antithrombotic  jg-hemic stroke as compared to no statin use as measured

and neuroprotective properties.!® The beneficial effect of by the odds of discharge home versus need for long-term
statins on stroke prevention have been well-documented ;e (LTC) or death within 45 days.

in both patients at risk for cardiac events as well as

in patient without prior-known coronary disease.)  Movarials and Methods

However, the effect of statins on acute stroke outcome

have not been extensively studied. Limited observational ~ A large nationwide database of stroke patients, the
studies suggest that pretreatment with statin improves ~ University Health Consortium (UHC) database 2003-2007
functional outcome after ischemic stroke as measured by ~ Was used to identify patients retrospectively. Inclusion
Modified Rankin Scale (mRS) and Barthel Index (BI).6¢  criteria were age >18 years and diagnosis of acute

Furthermore, pre-stroke statin use has been associated ~ 1schemic stroke. Patients who received thrombolytic
treatment were included as thrombolytic use as one of

T T ——T the variables included in our analysis.

Quick Response Code:

Website: Demographic characteristics for each patient were
recorded including age, gender, as well as information
on prior use of antihypertensives, antiplatelet agents, and
DOI: pre-admission statin use. Stroke risk factors were also
recorded including presence of hypertension, diabetes,
atrial fibrillation, previous transient ischemic attack (TIA)
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or ischemic stroke, and hyperlipidemia. Initial stroke
severity was reported using the National Institutes of
Health stroke scale (NIHSS). We stratified patients into
those on statins before stroke onset versus started on
statins after stroke onset (within 48 hours of admission)
and compared these with those patients that had never
been exposed to statins. Favorable outcome was defined
as discharge home while unfavorable outcome was
considered discharge to LTC or death within 45 days.

Statistical analysis

The dataset was analyzed using a univariate and
multivariate analyses. % test was utilized for all variables
except continuous variables such age or initial mean
arterial pressure (MAP), for which t test was performed.
The following factors were included age, gender, stroke
severity, vascular risk factors, medications including
statins, angiotensin converting enzyme inhibitors and
antiplatelet agents. Since initial stroke severity can
influence these results, we included stroke severity
as one of the variables in the analysis. Significant
univariate predictors, P < 0.05, were included in the final
multivariate step-wise binary logistic regression analysis.

Results

Baseline characteristics including age, gender, presence
of hypertension, etc., are shown in Table 1. Stroke
severity for the entire population is shown in Table 2.
Two-hundred and thirty-two patients were on statins
prior-to-stroke onset, 188 were initiated on statin post-
stroke while 1198 patients did not take statins at any time.

Table 1: Demographics
N 1618

Gender 842 Female, 776 Male
Age (SD) 67.22 (15.19)
Cardiovascular disease 928
Hypertension 1102
Hyperlipidemia 384
Neurological disorder 505

(Previous stroke or TIA)

Diabetes 259

Statin Use 232 Initiated prior to stroke

188 initiated post-stroke, prior to
discharge
1198 did not take dtatins

Table 2: Stroke features

Severity
Mild 938
Moderate 453
Severe 227
Thrombolytic therapy 71
Initial mean arterial pressure (SD) 108.57 (20.81)
Post-stroke complications 552

(Neurological, cardiac, etc.)

215

Univariate analysis yielded eight factors associated with
significant outcomes [Table 3]. These included gender
(P =0.025), history of hyperlipidemia (P = 0.004), previous
stroke or TIA (P < 0.001), post-stroke complications
(P <0.001), age (P = 0.02), initial MAP (P = 0.019) statin
use, pre or post-stroke (P < 0.001), and stroke severity
(P <0.001). Final multivariate logistic regression analysis
showed that both pre- and post-stroke stain used were
significantly associated with discharge home. Pre-stroke
statin use was associated with a 1.67 times greater chance
of being discharged home compared to patients who were
not treated with statins at any time. This outcome was
maintained in patients initiated on statin therapy after
stroke onset. Post-stroke statin use was in fact associated
with a higher likelihood of discharge home, 2.63 times
probability compared to untreated patients. Predictors of a
less favorable outcome included stroke severity, previous
stroke or TIA, and post-stroke complications. Moderate
and severe stroke had a 4.55 and 16.13 probability, of
discharge to LTC or death respectively. Previous stroke
or TIA had a 1.81 and post-stroke complication a 3.12
probability of poor outcome [Tables 3 and 4].

Discussion

The results of our analysis suggest that both pre- and
post-stroke statin use are associated with a more
favorable outcome, defined as likelihood of discharge
home versus long-term care, after acute ischemic stroke.
Pre-stroke statin use was associated with a 1.67 times
greater chance of being discharged home compared to
patients who were not treated with statins at any time.
This benefit was also seen with post-stroke statin use,
which was associated with 2.63 times greater probability
of discharge home compared to untreated patients.

Our results are in agreement with previous observational
studies that have shown improvement in both functional
outcome and mortality in stroke patients pretreated with
statins. Marti-Fabregas’ et al. found improved functional
outcome, defined as Barthel Index greater than 95, at
3 months in patients using statins at time of ischemic
stroke onset.® Elkind et al. similarly found a lower ninety
day mortality in patients taking lipid lowering agents in
alarge population based study in northern Manhattan.”)

In agreement with more recent studies using databases
and population-based interventions®'” the present study
also included patients in whom statins were initiated
within 48 hours of the onset of stroke. The benefits of
statins were not only maintained in this group, the
effect was more robust than that seen in the pre-stroke
statin use group. Similar results were seen in a previous
observational study showing favorable outcome (mRS
less than or equal to 2) at 12 weeks in patients treated
with statins after stroke onset.™ A trend toward
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Table 3: Univariate analysis of demographics and risk factors

Demographics and risk factors Discharged home (%) Discharged to LTC or died (%) P-value Odds ratio (95% confidence interval)

Gender 588 (49.7) Male 188 (43.3) Male 0.025 1.29 (1.03, 1.61)
596 (50.3) Female 246 (56.7) Female

Cardiovascular Disease 663 (56.0) 265 (61.1) 0.070 0.81 (0.65, 1.02)
Hyperlipidemia 303 (25.6) 81 (18.7) 0.004 1.50 (1.14, 1.97)
HTN 792 (66.9) 310 (71.4) 0.092 0.81 (0.64, 1.03)
Diabetes 199 (16.8) 60 (13.8) 0.168 1.26 (0.92, 1.72)
Thrombolytic Therapy 45 (3.8) 26 (6.0) 0.074 0.62 (0.38, 1.02)
Previous Stroke/TIA 333 (28.1) 172 (39.6) <0.001 0.60 (0.47, 0.75)
Post-stroke Complications 287 (24.2) 265 (61.06) <0.001 0.20 (0.16, 0.26)
Age (SD) 67.79 (14.13) 64.95 (16.94) 0.002
Initial Mean Arterial Pressure 109.26 (20.41) 106.55 (20.91) 0.019
Stoke Severity <0.001

Mild 841 (71.0) 97 (22.4)

Moderate 282 (23.8) 171 (39.4)

Severe 61 (5.2) 166 (38.3)
Statins <0.001

Initiated Use Prior to Stroke 177 (15.0) 55 (12.7)

Initiated Use Post-Stroke 162 (13.7) 26 (3.69)

Did Not Use Statins 845 (71.4) 353 (81.3)

improved outcome in patients treated with statins at
admission was also seen in the observational study
alluded to earlier by Marti-Fabregas et al.® However,
that study had only a small number of patients; 19 that
began statins after stroke onset and the study was not
designed to explore this question.®'%

Possible explanations for the immediate benefits may
be related to enhancement of endothelial nitric oxide
synthesis. Endothelial nitric oxide inhibits platelet
aggregation and leukocyte activation and regulates
region blood flow and blood pressure. These effects may
result in reduced infarct volume, which may translate
into favorable outcome.® Statins have also been shown
to reduce severity of acute stroke which again may
translate into increased likelihood of discharge to home.
Improved outcome may also be related to enhancement of
collateralization. This mechanism has been demonstrated
angiographically in patients treated with stains.¥

Mechanisms of delayed benefit may include effects of
statins on promoting angiogenesis, synaptogenesis,
and neurogenesis when initiated after stroke onset. This
mechanism has been demonstrated in animal models
where statins have been shown to induce endothelial
vascular growth factor and cerebral cGMP which
promote angiogenesis and neurogenesis when started
1 day after stroke onset.!’® It is also possible that the
pre-stroke-treated patients exhibited a saturation effect
on these potential enhancers of post-stroke recovery.
Our study did not account for patients in whom statins
were stopped at hospital admission and this may have
confounded the results.
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Table 4: Multivariate analysis to determine the factors
predictive of outcome

Factors predictive of P-Value Odds 95% confidence
outcome ratio interval
Statins <0.001

Did not use statins P—— P PR

Initiated use prior to 0.012 1.671 (1.121,2.489)

stroke

Initiated use post-stroke <0.001 2.630 (1.605,4.308)
Stoke severity <0.001

Mild ok ok -

Moderate <0.001 0.220 (0.164,0.295)

Severe <0.001 0.062 (0.042,0.089)
Previous stroke/TIA <0.001 0.552 (0.418,0.730)
Post-stroke complications <0.001 0.321 (0.245,0.420)

The present study has several strengths. It included
a diverse patient population from a nationwide
database. By using discharge to home as our
primary outcome measure we were able to assess
the potential short-term benefits of statins in acute
stroke. In contrast, previous studies have mainly
looked at potential long-term benefits of statin use
such as secondary prevention of stroke and long-term
functional outcome.®>1619)

This study is limited by its retrospective design. As
mentioned previously, there was some data that was not
available to us for review such as percentage of patients
on statins prior to stroke onset in which statins were held
at admission and this may have confounded our results.
In addition we did not have data on stroke subtype
available to us including cardioembolic, lacunar, or
atherosclerotic. It is possible that patients with presumed
stroke of atherosclerotic origin may have benefited more
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from statins as they have been shown to have effects on
plaque stabilization.

In conclusion, we have found that both pre-stroke
and post-stroke statin use in the may be associated
with improved outcome after acute ischemic stroke.
Post-stroke statin use seems to have a more robust
effect on outcome. These findings may have treatment
implications. However, further studies including
prospective studies are required to confirm these findings
before treatment recommendations can be made.
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