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Abstract

Background—Although statin therapy is associated with reduced stroke and mortality risk,
some studies report that higher lipid levels are associated with improved outcomes following
ischemic stroke.

Aims—\We examined the association of hyperlipidemia (HLD) combined with statin therapy on
all-cause mortality in stroke patients.

Methods—All stroke patients in the Greater Cincinnati Northern Kentucky region of ~1.3
million were identified using ICD-9 discharge codes in 2005 and 2010. Stroke patients with and
without HLD were categorized based on their reported statin use at baseline or discharge into three
groups: no-HLD/no-statins, HLD/no-statins, and HLD/on-statins. Cox proportional hazards model
was used to estimate the risk of mortality at 30 days, 1 year, and 3 years poststroke.

Results—Overall, 77% (2953) of the 3813 ischemic stroke patients were diagnosed with HLD
and 72% (n = 2123) of those patients were on statin medications. The mean age was 70.0 + 14.6
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years, 56% were women, and 21% were black. In adjusted analyses, the HLD/no-statins group
showed 35% (adjusted hazard ratio (aHR) = 0.65, 95% CI: 0.46-0.92), 27% (aHR = 0.73, 95% ClI:
0.59-0.90), and 17% (aHR = 0.83, 95% CI: 0.70-0.97) reduced risk of mortality at 30 days, 1
year, and 3 years, respectively, poststroke, compared with no-HLD/no-statins group. The HLD/on-
statins group showed an additional 17% significant survival benefit at 3 years poststroke compared
with HLD/no-statins group.

Conclusions—A diagnosis of HLD in ischemic stroke patients is associated with reduced short-
and long-term mortality, irrespective of statin use. Statin therapy is associated with significant,
additional long-term survival benefit.
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Cerebral infarction; cholesterol; LDL,; obesity; outcomes; survival

Introduction

The benefits of statin therapy in primary and secondary prevention of cardiovascular events,
stroke, and all-cause mortality are well established.1 In a meta-analysis of 27 statin clinical
trials that included 174,149 patients, statin therapy produced a highly significant 21%
reduction in major vascular events, 24% reduction in both coronary events and coronary
revascularization, 15% reduction in any stroke, and 9% reduction in all-cause mortality for
each 1 mmol/L reduction in low density lipoprotein (LDL) cholesterol.?

The demonstrated efficacy of statins in reducing the risk of cardiovascular events by
reducing serum LDL cholesterol levels is well accepted.>8 Yet, results from several studies
show that high cholesterol levels are associated with improved clinical and functional
outcomes following an ischemic stroke.”~18 This paradoxical “protective” effect of higher
lipid levels on outcome events seen among ischemic stroke patients raises important
questions on (1) the role of hyperlipidemia (HLD) on health outcomes in ischemic stroke
patients with pre-existing vascular conditions and (2) the extent of additional protection
from mortality gained from statin therapy in ischemic stroke patients. Prior studies
examining the association between cholesterol levels and survival in ischemic stroke patients
were predominantly hospital- or community-based studies, limiting the generalizability of
their results. In addition to the lack of generalizability, findings from previous studies may
have been biased due to (1) differing cholesterol levels chosen to define
hypercholesterolemia, (2) inadequate adjustment of prior comorbidities, and (3) lack of
adjustment of stroke severity, prior or recurrent strokes, statin use, and anticoagulant use that
are known to be associated with stroke-related outcomes. Therefore, we investigated the
association of HLD with and without statin use on all-cause mortality in ischemic stroke
patients from a large population-based study. We hypothesized that ischemic stroke patients
with a diagnosis of HLD will have lower risk of short-term and long-term all-cause
mortality, irrespective of statin therapy, compared with patients with no evidence of elevated
lipid levels.
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This study is a retrospective analysis of black and white adult (age = 20 years) ischemic
stroke patients from the 2005 and 2010 study periods of the Greater Cincinnati/Northern
Kentucky Stroke Study (GCNKSS), details of which have been previously published.19-21
Briefly, GCNKSS is a large, bi-racial, population-based epidemiological study of all stroke
cases admitted to acute care hospitals among residents of a five-county catchment area of
~1.3 million. In addition, medical records of all stroke-related visits made by patients to the
region’s hospital emergency departments, public health clinics, hospital-based outpatient
clinics, and family practice centers were identified, and medical records of patients from a
randomly selected subset of primary care physicians’ offices and nursing homes within the
Cincinnati metropolitan area were screened for stroke events. Quality control check of the
patients’ records identified from all sources was performed to prevent duplication, with data
from in-hospital ascertainment of a stroke case selected preferentially over out-of-hospital
ascertainment. Study research nurses collected all relevant clinical data of the potential cases
onto case report forms, including demographics, presenting symptoms, physical and
neurological examination findings, medical, family and medication history, and laboratory
and imaging testing results. A study physician reviewed each form and all available
neuroimaging data to determine whether a stroke or transient ischemic attack (TI1A)
occurred, in addition to assigning specific stroke type and mechanism to each case. The
study was approved by the Institutional Review Board of all participating institutions for
both study periods.

Outcome variable

Study outcome was all-cause mortality at 30 days and 1 year following stroke (short-term),
and at 3 years following stroke (long-term). Mortality information was ascertained by
examination of state death records, obituaries, and the Social Security Death Index for the 3
years following the stroke for all subjects in the study.

Independent variable and covariates

The main independent variable of interest was classification of patients based on HLD and
statin use. HLD was defined as having either a medical history of elevated cholesterol or
diagnosed with hypercholesterolemia during hospitalization based on an elevated fasting
LDL cholesterol level during hospitalization (>70 mg/dL with diabetes, heart disease, or
other vascular disease, or >100 mg/dL without these comorbidities). Statin use status was
determined as “no-statins” or *“on-statins” depending on a patient’s reported history of
taking at least one statin drug prior to stroke event or statin treatment documented on
patient’s discharge medication list. Accordingly, based on HLD and statin use status,
patients were categorized as (1) no-HLD/no-statins, (2) HLD/no-statins, or (3) HLD/on-
statins. The presence of other risk factors, specifically hypertension, diabetes, heart disease
(established based on prior history of coronary heart disease, myocardial infarction, angina,
congestive heart failure, prior cardiac bypass surgery, cardiac vessel angioplasty/stent, or
cardiomyopathy), atrial fibrillation, depression, dementia, prior stroke, family history of
stroke, and smoking status were obtained from patients’ medical records. Antiplatelet or
antithrombotic use prior to stroke event or poststroke was also obtained from patients’
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reported history or from their discharge medication list. Smoking status was categorized as
current (smoked within past 3 months), former, and never. In addition, prestroke functional
status as measured by the modified Rankin Scale (mRS), baseline stroke severity measured
retrospectively using National Institutes of Health Stroke Scale (rNIHSS) score (0-42),22:23
and body mass index (BMI: weight in kilograms divided by height in meters-squared) were
obtained. BMI was categorized into normal-weight (BMI <25 kg/m?), overweight (BMI 25—
29 kg/m?), and obese (BMI = 30 kg/m?) categories based on the National Institutes of
Health-recommended BMI cutoff points for US adults.24 Because fewer than 4% (N = 134)
of the patients in the study population were underweight (BMI < 18.5 kg/m?), those patients
were included in the normal-weight group.

Statistical analysis

Results

In order to have just one stroke per patient in the analysis we decided to use the last stroke
event for a patient within the study period as the qualifying event. This was to be consistent
with patients with just one stroke within the study period, but a prior stroke outside our
study period. Sensitivity analyses were performed using (1) first stroke in the study period
and (2) using only patients with incident strokes, that is, no history of prior stroke.

The baseline demographic and clinical characteristics of the study population were
compared between the HLD statin use groups using the chi-square (XZ) test for discrete
variables and by analysis of variance for continuous variables. A Bonferroni correction was
used to adjust for pairwise comparisons among the three groups. Association between HLD
statin use and risk of all-cause mortality following stroke was assessed using Cox
proportional hazards regression model with no-HLD/no-statins as the reference group. Time
to event was defined as the interval between stroke event and death. All patients were
followed until 3 years poststroke or death. Mortality status was examined at 30 days, 1 year,
and 3 years following stroke. Variables that were significant at p < 0.10 in the univariate
analysis were included in the multivariable model as potential confounders. Predefined two-
way interactions between HLD statin use and age, sex, race, and BMI categories were
considered biologically relevant and were thus evaluated to assess for effect modification.
No statistically significant interaction effects were found. In the final multivariable Cox
proportional hazard analysis, level of statistical significance was set at p < 0.05. The
proportional hazard assumption was validated using Schoenfeld residuals. Adjusted hazard
ratios (aHR) and 95% CI for the significant variables are reported. All statistical analyses
were performed using SAS® version 9.4 (SAS Institute, Inc., Cary, NC).

The GCNKSS ascertained 7348 strokes and TIAs in black and white adult patients (=20
years) for the 2005 and 2010 study periods, of which 4461 cases were determined to be of
ischemic etiology. For patients with multiple strokes during the study periods, the patient’s
last stroke event within the study period was used in the analysis; this resulted in the
exclusion of 207 stroke events. After also excluding inpatient deaths (7= 241), and patients
with unavailable LDL data (7= 200), 3813 patients were available for final analysis. Of the
2953 (77%) patients diagnosed with HLD in the study 1866 (63%) were diagnosed based on
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past medical history, 445 (15%) diagnosed during the hospitalization, and 642 (22%)
diagnosed based on elevated fasting LDL levels. Of the 2953 HLD patients, 2123 (72%) of
them were on statin therapy. The mean £ SD age of the patients was 70.0 + 14.6 years, 56%
were women, and 21% were black.

Baseline demographic, clinical, and outcome characteristics of the patients by HLD/statin
use status are presented in Table 1. After Bonferroni adjustment, individual group
comparisons showed that patients diagnosed with HLD, irrespective of their statin use status
were significantly younger, more often male, more likely to be obese, more likely to be
smokers, more likely to be on antiplatelets, and more often had pre-existing comorbidities of
hypertension, diabetes, heart disease, family history of stroke, and dementia compared with
patients with no evidence of HLD. Stroke severity and prestroke functional status, however,
was worse in patients with no evidence of HLD.

The crude and adjusted HRs with corresponding 95% CI for short- and long-term mortality
by HLD/statin use status are presented in Table 2. The mortality risk (crude) in the HLD/no-
statin group was significantly lower by 46% at 30 days, 35% at 1 year, and 28% at 3 years
poststroke, compared with patients with no evidence of HLD. The HLD/on-statins group
exhibited markedly lower mortality risk (crude) by 72% at 30 days, 56% at 1 year, and 48%
at 3 years poststroke, compared with the no-HLD/no-statins group.

Multivariable analysis confirmed the inverse relationship between HLD statin use and all-
cause mortality following stroke adjusted for age, sex, race, BMI, stroke severity, smoking,
hypertension, diabetes, atrial fibrillation, heart disease, dementia, family history of stroke,
prestroke functional status, and antiplatelet and antithrombotic use (Table 2). Compared with
the no-HLD/no-statins group, the adjusted hazard for mortality in HLD/no-statin group was
35% lower at 30 days (aHR: 0.65, 95% CI: 0.46-0.92), 27% lower at 1 year (aHR: 0.73,
95% CI: 0.59-0.90), and 17% lower at 3 years (aHR: 0.83, 95% ClI: 0.70-0.97) poststroke.
Likewise, the adjusted hazard for mortality in HLD/on-statin therapy group of patients was
lower by 49% at 30 days (aHR: 0.51, 95% CI: 0.37-0.72), 38% lower at 1 year (aHR: 0.62,
95% CI: 0.52-0.75), and 31% lower at 3 years (aHR: 0.69, 95% CI: 0.60-0.80).

Significant differences in mortality risk were also observed between the two groups of
patients diagnosed with HLD at 3 years poststroke, but not at 30 days or 1 year. In
multivariable adjusted analyses, the HLD/on-statins group had 18% (HR: 0.82, 95% ClI:
0.57-1.18), 15%, (HR: 0.85, 95% CI: 0.70-1.04), and 17% (HR: 0.83, 95% CI: 0.72-0.97)
lower risk of mortality at 30 days, 1 year, and 3 years poststroke, respectively, compared
with the HLD/no-statins group. Survival curves by HLD-statin use status adjusted for
covariates are shown in Figure 1.

Sensitivity analyses on (1) patients with first stroke in the study period (Table S1 online) and
(2) patients with incident (first stroke ever) stroke only (Table S2 online) showed similar
results. In both groups of patients’ hazard ratios of mortality were marginally attenuated
compared to our main analysis, where last stroke was used as the qualifying event. Results
are found in the supplementary material.
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Discussion

We set out to examine whether a diagnosis of HLD in stroke patients was associated with
improved survival following stroke, irrespective of statin use, and whether statin treatment
was associated with an additional survival benefit. We found that HLD is statistically
significantly associated with lower all-cause mortality at 30 days, 1 year, and 3 years
following ischemic stroke independent of statin therapy. The findings of decreased short-
and long-term all-cause mortality rates remained significant after controlling for age, sex,
race, BMI, stroke severity, smoking, comorbidities, prestroke functional status, and use of
antiplatelet and antithrombotic medications. Statin therapy was associated with a significant
17% additional reduction in all-cause mortality after 3 years following stroke.

Previous studies that have examined the association between statin use and hyperlipidemia
in ischemic stroke patients with clinical outcomes have yielded mixed results.2>2% In a
prospective hospital-based stroke registry of 2082 first ever ischemic stroke patients, history
of hypercholesterolemia or statin use before stroke was associated with improved functional
outcome and reduced in-hospital death.28 Cholesterol levels, however, were not measured in
that study, but statin therapy was considered as a surrogate marker of hypercholesterolemia.
In the North Dublin population-based prospective cohort study of 448 stroke patients, both
prestroke and new acute poststroke statin treatment (<72 h) was associated with improved
rates of early survival at 7 days and 90 days, with benefits persisting up to 1 year following
stroke.2® A meta-analysis of 24 observational and 3 randomized control trials (RCTs)
showed that both prestroke and acute poststroke statin use was associated with reduced
fatality at 90 days and 1 year after stroke in the observational studies, but not in the RCTs.28
A large administrative database study showed that statin use prior to stroke only, and statin
use before and during stroke hospitalization are strongly associated with improved rate of
survival at 1-year poststroke. The same study reported delay of statin initiation during stroke
hospitalization, both among nonstatin users and prior statin users, even for a day, was
associated with worse survival.2

Findings of our study add to the existing evidence of potential benefits of statin therapy on
clinical outcomes in patients with existing chronic disease such as stroke. But a protective
effect on mortality was also seen in our study among patients diagnosed with HLD and not
taking any statin medications. Such a paradoxical “protective’ effect of hyperlipidemia on
clinical outcomes following stroke, independent of statin therapy, is reported in previous
studies.”18 In a retrospective, hospital-based registry study from Sweden, total cholesterol
level =178 mg/dL at admission was associated with reduced risk of mortality 7 years
poststroke. Adjustment for risk factors such as angina and blood pressure, however,
attenuated the inverse association and statistical significance.” In another hospital-based
study of ischemic stroke patients, higher cholesterol levels >155 mg/dL at admission was
associated with lower risk of stroke severity and improved functional outcome in patients
with and without prestroke statin treatment. There were no significant differences, however,
in the rates of short- and long-term mortality after multivariate adjustment.8 In a 10-year
follow-up of 652 ischemic stroke patients from the Copenhagen stroke study, increase in
every 1 mmol/L of total cholesterol was associated with 11% lower risk of mortality.? This
study, however, did not incorporate any data on cholesterol lowering medications.
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Studies reporting “/jpid-paradox’ have predominantly relied upon total cholesterol levels as
a biomarker of stroke prognosis. Because total blood cholesterol is a measure of “baa” (LDL
cholesterol and triglycerides) and “good” (high density lipoprotein cholesterol or HDL)
cholesterol levels, it is difficult to discriminate which component is truly responsible for the
observed protective effect. Lil# and Cuadrado-Godia et al.1> examined the effect of total
cholesterol, LDL cholesterol, and triglycerides on mortality in ischemic stroke patients. Li
observed no significant association between LDL cholesterol and 3-month mortality, while
Cuadrado-Godia et al. observed higher total cholesterol and LDL levels associated with
better outcome in men. In our study, we could not assess the effect of triglycerides or total
cholesterol levels on mortality, but observed a significant positive effect of high LDL levels
on survival. It is widely accepted that LDL cholesterol levels best represents the underlying
risk of major vascular disease3? and thus choosing LDL cholesterol levels may be the most
sensitive marker of stroke-related outcomes.

The biological mechanisms explaining the beneficial effect of statins or hyperlipidemia on
stroke-related outcomes, as observed in our study, are yet to be elucidated. It remains
unanswered whether statins by its lipid lowering action or cholesterol-independent
“pleotropic” effects that include endothelial protection, anti-inflammatory, antithrombotic,
and antioxidant properties provide the survival benefit.31:32 Researchers suggest these
pleotropic actions of statins may play a role in reduced infarct size and reduced stroke
severity thereby improving neurological outcome.33-35 Although we did not adjust for
infarct size in our analysis, we did control for the effect of stroke severity and still found
HLD was positively associated with improved survival outcome at all the time points.
Interestingly, hyperlipidemia is itself purported to have some similar neuroprotective
properties of statins such as (1) neutralizing free radicals and thus protecting the tissue and
limiting the extent of ischemic injury3®—antioxidant property and (2) down regulation of
vascular endothelial growth factor which results in preventing cerebral hyperemia, vascular
leakage, tissue inflammation or edema3”—endothelial protection/antiinflammatory property.
Regardless of the underlying mechanisms, our study findings imply that
hypercholesterolemia either acts alone or together with statins in exerting a protective effect
on subsequent mortality in stroke patients.

Our study has some limitations. First, we could not obtain LDL levels in all patients to
diagnose HLD and had to rely on baseline medical history in almost two-thirds of the
patients, which may have resulted in overlap of patient groups. However, using a
combination of history of elevated cholesterol or LDL levels during hospitalization in
addition to cross-checking patient’s reported statin use to define study groups may have
limited such misclassification. Second, although we adjusted for several comorbidities in our
statistical analysis as potential confounders, we could not account for severity and duration
of the hyperlipidemia or duration and intensity of statin treatment due to the retrospective
nature of the study design. As a result, we could not investigate whether the beneficial effect
of statins on survival in stroke patients is due to mere use of statin therapy or whether the
duration of statin therapy makes an impact on clinical stroke outcomes. Third, we have no
information on patients’ course of statin treatment (i.e., regular or intermittent) or whether
statin treatment was associated with any discernible changes in patients’ LDL levels during
the time from discharge to 3-year period. Consequently, we cannot easily explain why statin
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therapy was associated with additional survival beneficial, between the patient groups
diagnosed with HLD, only at 3 years following stroke and not at 30 days or 1 year. Fourth,
we did not include stroke mechanism in the model. On examination we found that there was
a similar proportion of patients with cardioembolic stroke mechanisms in each group: 25%
in the no-HLD, 27% in the HLD no-statins, and 21% in the HLD on-statins.

Strengths of our study include large sample size, population-based registry, and meticulous
data collection methods minimizing selection bias and thereby supporting our study findings
to be generalizable. Although, we cannot exclude the possibility of residual confounding due
to unaccounted factors such as alcohol use or cancer, the association between HLD/statin
use persisted after adjusting for a large set of covariates (#7 = 16) including antiplatelet and
antithrombotic medication use. We did not adjust for the effect of renal diseases on mortality
in our analyses because, fewer than 2% (7= 63) of our study subjects had endstage renal
disease. Additionally, we did adjust for the severity of stroke evaluated at the time of stroke
event, thus limiting the notion that statins may exert a positive effect on survival in stroke
patients due to reduced stroke severity.

Conclusions

In summary, our study shows that ischemic stroke patients who are diagnosed with
hyperlipidemia or have elevated LDL levels at the time of stroke event may have longer
survival relative to patients who have no evidence of hyperlipidemia, even after adjusting for
relevant risk factors. We also observed reduced mortality in stroke patients treated with
statins, either before or after the stroke event, as compared with those who were not treated
with statins. The most striking observation was that stroke patients who were diagnosed with
hyperlipidemia had lower mortality irrespective of statin use. Our study adds to the body of
literature on this topic giving the perspective from the viewpoint of a population-based study
representative of the United States population.
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Hyperlipidemia and Statin Use Status = no-HLD/no-statins
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Figure 1.
Survival probability of ischemic stroke patients over time by HLD statin use status—

multivariable analysis.
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Demographic, clinical, and outcome characteristics of 3813 stroke patients by hyperlipidemia statin use status

Table 1

Characteristics no-HLD/no-statins HLD/no-statins  HLD/on-statins
(n = 860) (n=830) (n=2123)
Age (years)
Mean + SD 720+17.4 703+14.97 69.1+13.17

Median (25%-75% IQR)

77.0 (60.0-85.0)

72.5 (60.0-82.0)

70.0 (59.0-79.0)

Sex (female), 7 (%) 550 (64.0) 463 (55.8)f 1132 (53.3)7‘
Race (black), /7 (%) 171 (19.9) 161 (19.4) 461 (21.7)
Body mass index, 77 (%)

Normal weight 353 (41.1) 262 (31.6)7 576 (27.1) 7%

Overweight 217 (25.2) 249 (30.0) 654 (30.8)7L

Obese 144 (16.7) 217 (26.1)7 687 (32.4) 7%
Smoking, 77 (%)

Never 479 (85.7) 393 (47.4)7 952 (44.8)7

Former 210 (24.4) 215 (25.9) 583 (27.5)

Current 171 (19.9) 222 26.7)7 588 (27.7)7
History, 77 (%)

Hypertension 618 (71.9) 708 (85.3)7 1924 (90.6) ¥

Diabetes mellitus 226 (26.3) 279 (33.6)7 888 (41.8) 77

Atrial fibrillation 197 (22.9) 192 (23.1) 375 17.7)#

Heart disease 285(33.1) 334 (40.2)7 993 (46.8) %

Prior stroke 213 (24.8) 186 (22.4) 590 (27.8)¢

Family history of stroke 93 (10.8) 157 (18.9)7 438 (20.6)7

Depression 178 (20.7) 191 (23.0) 462 (21.8)

Dementia 161 (18.7) 101 (12.2)7 194 (9.1)7F
Medication use

Antiplatelet 637 (74.1) 685 (82.5) f 1941 (91.4) Tt

Antithrombotic 248 (28.8) 239 (28.8) 595 (28.0)
Baseline NIHSS

Median, (25%-75% IQR) 4.0 (1.0-8.0) 3.0 (1.0—6.0)f 3.0 (1.0—6.0)f
Prestroke mRS, 77 (%)

(0-2) 523 (60.8) 572 (68.9)7 1600 (75.4) %
Mortality, 7 (%)

30 days 128 (14.9) 70 8.4)" 93 (4.4) %

3 month 181 (21.1) 114 13.7)7 183 (8.6)7F

3 year 399 (46.4) 311 (37.5)7 617 (29.1) %
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7L,0< 0.05 versus no-HLD/no-statins group.

Jt,0< 0.05 versus HLD/no-statins group.
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Crude and adjusted hazard ratios (HRs) of all-cause mortality at 30 days, 1 year, and 3 years following

ischemic stroke

Table 2

CrudeHRs 95% ClI

Adjusted HRs2 ~ 95% ClI

30 days

no-HLD/no-statins? 100 1.00

HLD/no-statins 0.54 (0.40-0.72)  0.65 (0.46-0.92)

HLD/on-statins 0.28 (0.21-0.36)  0.51 (0.37-0.72)
1 year

no-HLD/no-statins ~ 1.00 1.00

HLD/no-statins 0.65 (0.54-0.78)  0.73 (0.59-0.90)

HLD/on-statins 0.44 (0.38-0.52) 0.62 (0.51-0.74)
3 years

no-HLD/no-statins ~ 1.00 1.00

HLD/no-statins 0.72 (0.62-0.84) 0.83 (0.70-0.98)

HLD on-statins 0.52 (0.46-0.59)  0.69 (0.60-0.80)

Page 14

a, .. . . . . o . .
Adjusted for the patient age, sex, race, BMI, NIHSS score, smoking status, hypertension, diabetes, atrial fibrillation, heart disease, dementia,

family history of stroke, prior stroke, prestroke functional status, and antiplatelet and antithrombotic use.

b
Reference group: no-HLD/no-

statins.
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