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SUMMARY

Context—Statin use and type has been variably associated with impaired or improved cognitive
performance.

Objective—To assess the association of statin use and type (lipophilic vs hydrophilic) and
cognitive impairment

Design—Cross-sectional analysis of 24595 (7191 statin users and 17404 non-users) participants
(age >45), from a population-based national cohort study (REasons for Geographic And Racial
Differences in Stroke) enrolled from January 2003-October 2008 with over-sampling from the
southeastern Stroke Belt, and African Americans.
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Main Outcomes—Statin use and type were documented in participants’ homes by a trained
health professional. Cognitive performance was assessed with a prior validated instrument of
global cognitive status (Six-ltem Screener). Cognitive impairment was defined as a score of < 4. .

Results—Ouverall, an association of cognitive impairment and statin use was observed (8.6% of
users vs 7.7% or non-users had cognitive impairment p=.014) but, after adjusting for variables
known to be associated with cognition (age, gender, race, income, levels of education, and
cardiovascular disease) the association was attenuated (OR 0.98, CI; 0.87;1.10). No association
was observed between statin type (lipophilic vs hydrophilic) and cognition (OR 1.03, ClI;
0.86;1.24), and there were no regional differences in cognitive impairment in statin users (8% in
the stroke belt and 7.9% other regions p=0.63).

Conclusions—Statin use and type was marginally associated with cognitive impairment. After
adjusting for known variables that affect cognition, no association was observed. No regional
differences were observed. This large study found no evidence to support an association between
statins and cognitive performance.

Keywords
Statins; Cognition

Cognitive impairment and decrements over time are associated with cardiovascular diseases
such as hypertension and diabetes and with cerebrovascular changes such as white matter
hyperintensities that are associated with an increased risk for stroke. Research suggests that
the prevalence of cognitive impairment is associated with the number and severity of
vascular risk factors,[1-4] which include hypercholesterolemia. Individuals with high levels
of low density lipoproteins and triglycerides, and/or low levels of high density lipoprotein
often receive statins as part of their treatment regimen.

The data are inconsistent as to whether statin use has any association with better or worse
cognition. There is also controversy regarding the role of statin type (particularly lipophilic
vs non-lipophilic statins, with the hypothesis that lipophilic statins are more likely to cross
the blood-brain barrier and thus have more central nervous system effects) in these
observations.[5-6] Understanding the relationship between statin use and global cognitive
status, and whether this relationship is mediated by statin type, health behaviors, and
cardiovascular risk factors, could help delineate the clinical significance of statin use on
cognitive function. Questions have been raised regarding the association of cognition and
lipid levels, themselves, irrespective of statin use, particularly high density lipoprotein —
cholesterol (HDL-C) levels. Specifically, in 3 non-definitive studies, it has been suggested
that low HDL-C is associated with cognitive impairment .[7]

It is in the above setting that we evaluated, from the REGARDS data base, the use and type
of statin, and HDL-C, and their association with cognition as assessed by the Six-ltem
Screener of global cognitive status.

METHODS

Study Population

REGARDS is a national cohort of community dwelling individuals over age 45 years
recruited with approximately equal representation of whites and blacks, men and women.
Twenty percent of the sample was randomly selected from the “buckle” of the Stroke Belt
(coastal plain region of North Carolina, South Carolina, and Georgia), 30% from the Stroke
Belt states (remainder of North Carolina, South Carolina, and Georgia plus Alabama,
Mississippi, Tennessee, Arkansas, and Louisiana), and the remaining 50% from the other 40
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contiguous states. Individuals were identified from commercially available lists of residents,
and recruited using an initial mailing followed by telephone contact. Defined according to
standards recommended by Morton et al,[8] 64.6% of eligible individuals who were reached,
agreed to participate (Figure 1).

Demographic information, medical history, and cognitive assessment were obtained by
trained interviewers using a computer-assisted telephone interview (CATI). Consent was
obtained verbally by telephone and subsequently in writing during a follow-up in-home visit
by a healthcare professional. A brief physical exam including anthropometric and blood
pressure measurements, blood samples, and an electrocardiogram was conducted in-person,
3-4 weeks after the telephone interview. For the in-home visit, participants were asked to
provide bottles of all medications (including over-the-counter ones) taken during the prior
two weeks; medication names were recorded by the health professionals and later confirmed
for the specific drug name. These were then coded into classes. Participants were followed
by telephone at six-month intervals for surveillance of medical events including potential
stroke events. The study methods were reviewed and approved by all involved Institutional
Review Boards. Additional methodological details are provided elsewhere.[9] As of October
11, 2008, we had data on 24,595 participants. The primary predictor variables were the use
of statins (yes, no) and type of statin (lipophilic, non-lipophilic. We considered lovastatin
and simvastatin to be lipophilic and atorvastatin, pravastatin, fluvastatin, and rosuvastatin to
be hydrophilic.

Cognitive Assessment

Cognitive assessment was conducted during the baseline telephone interview useing The
Six-item Screener (SIS) which is designed for either in-person or telephone administration,
and is a test of global cognitive function derived from the widely used Mini-Mental State
examination.[10] The SIS has been validated against the Mini-1 Mental State examination,
other cognitive measures, and diagnoses of dementia and non-dementia cognitive
impairment in two populations: in a community-based survey of 344 black adults with a
second-stage formal diagnostic evaluation and a clinical sample of 651 adults (16.1% black)
with the same diagnostic evaluation.11 Items from the SIS assess recall and temporal
orientation. Scores range from 0 to 6; a score of 4 or fewer correct answers indicates
cognitive impairment.[5] A cutpoint of 4 or fewer correct had 74.2% sensitivity and 80.2 %
specificity to clinically diagnosed CIND (Cognitive Impairment Not Demented). The same
cutpoint was 96.8% sensitive and 68.6 specific to a diagnosis of dementia (a cutpoint of 3 or
fewer correct had better specificity for dementia diagnosis). The SIS operates about as well
as the widely used MMSE for identifying gross (but not subtle) cognitive deficits worthy of
further evaluation. The SIS has since been used as an index of cognitive impairment in the
context of depression treatment over a two-year period in a sample of 1,684 IMPACT study
participants, and it has been validated against the MMSE and the Mini-Cog in two studies of
older emergency department patients. [12]

The Six-item Screener used to assess cognitive status likely lacks sensitivity to subtle
cognitive changes. Even so, previous findings from REGARDS attest to its utility in
detecting broad patterns of association with conditions affecting cognition, such as
traditional cardiovascular risk factors[13], chronic kidney disease[14], and congestive heart
failure[15]. In addition, the rate of incident cognitive impairment we found using the SIS
(approximately 4% annually) is comparable to annual incidence rates reported by studies
that used detailed clinical diagnostic assessments for dementia (3.2%)[16,17] and mild
cognitive impairment (5.1%)18]. Furthermore, associations of SIS performance with well-
established risk factors for cognitive decline, such as age and education, were in the
expected direction, lending support to the validity of the SIS. Between January 2003 and
October 2008, 30,228 participants were enrolled. We included participants who completed
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the REGARDS Medications Inventory, including the Morisky Scale* a measure of
medication adherence[19] (audited and recorded by Examination Management Services Inc
—EMSI - examiners). The cognitive assessment was not added until January 2004, reducing
the sample size to 24, 595 (figure 1).

*In the mid-1980s, Morisky and colleagues developed a brief questionnaire to aid
practitioners in prospectively predicting adherence with antihypertensive
medications. Subsequently, the instrument was validated in a number of studies and
demonstrated to have good psychometric properties. To score the 4 point Morisky
Scale, each question that is answered with a NO receives a score of 1. The possible
scoring range is herefore 0 to 4. Patients with higher scores are predicted to be
more dherent to prescribed medication therapies. Patients with lower scores are at
greater risk for nonadherent behavior.

Statistical Analysis

Results

Geographic and ethnic differences in statin use and statin type and their cross-sectional
associations with measures of cognition were determined. We excluded individuals who
lacked cognitive function measures. We examined frequency distributions of each variable
and then examined bivariate relationships between the outcome and each covariate of
interest using Pearson’s chi-square. Significance was set at p<0.05.

Logistic regression (PROC LOGISTIC in SAS 9.1 Cary, NC) was used to calculate odds
ratios (ORs) and 95% confidence intervals (CI) for our multivariable models. Examining the
potential for interaction by race, a p value of 0.34 was observed so stratified analyses were
not performed. it should be noted that although race is a significant predictor of cognitive
function, and the analysis has been adjusted for race, estimated racial differences in
cognition are not provided as they do not affect the conclusions drawn in the paper.
Variables were considered in a series of incremental models, first adjusting for demographic
factors and then the other concomitant variables and diseases potentially associated with the
outcome variable. Both a summary variable reflecting any use of a statin as well as a
variable stratified by statin type was analyzed. Covariates included ethnicity, age,
geographic location, race, urban/rural location, income, level of education, sex, Framingham
Coronary Disease Risk (REF), or history of heart disease (MI, vascular disease, or vascular
intervention; and EKG evidence of MI), and prior history of stroke (self-reported stroke or
TIA). In addition we included systolic blood pressure, pulse pressure, total cholesterol,
LDL-C and HDL-C as both continuous and discreet quartiles as covariates.

We prespecified a logistic model based on previous analyses examining cognitive decline in
REGARDS. We conducted the Cox proportional Hazards model and mixed linear model.
After the final logistic model was determined (n=21317), we performed a series of
sensitivity analyses to examine model robustness. We first stratified the results by Morisky
score considering perfect adherers (n=4590, 64%). Morisky score was not a statistically
significant effect modifier or confounder. We also examined the association between statin
use and cognition in those who did not report income and did not find a difference compared
with the models presented.

As shown in Tables 1 and 2, there were 7191 participants who were receiving statins, and
17,404 participants who were not The proportion of participants receiving statins was
similar by region (29% in the stroke belt vs 30% in other regions (p=011). Overall, cognitive
impairment was observed in 8.6% of users vs 7.7% of non-users, (p=0.014), but there were
no regional differences (8% in the stroke belt and 7.9% in other regions demonstrated
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cognitive impairment p=0.63). However, cognitive impairment was also a function of type
of statin use, male sex, age, urban dwelling, lower income, lower educational status,
presence of heart disease or stroke, elevated systolic blood pressure (SBP) and pulse
pressure (PP), diabetes mellitus, and higher Framingham Coronary Risk.

As seen in Table 3, when the above variables were entered into the multivariable model,
cognitive impairment was not associated with statin use. We also found no association
between cognitive impairment and HDL-C levels. Imputation of the income status and
sensitivity analysis using the Morisky score of medication adherence (among only the 64%
of the cohort that reported perfect adherence) did not change the lack of association between
cognitive impairment and either statin use or HDL-C level.

Lipophilic vs Non-lipophilic Statins: (Table 4)

The majority of statin use was simvastatin (n=2700) and atorvastatin (h=3102), accounting
for 81% of all statin use. Thus, any comparison of lipophilic vs non-lipophilic statin use was
primarily driven by these two statins. As a result, we did not feel that stratification by the
degree of lipophilicity was appropriate and just compared atorvostatin to simvastin. With
univariate analysis there was at best a trend toward more cognitive impairment with
lipophilic vs hydrophilic statins (simvastatin vs atorvastatin), but upon adjustment there was
no apparent difference.

Discussion

Our aim was to determine associations of cognitive impairment and statin use and type, as
well as HDL-C levels. These aims were a result of the inconsistent literature which has
reported an association of statin use with impaired or improved cognitive performance along
with studies that have reported a neutral effect. The REasons for Geographic And Racial
Differences in Stroke (REGARDS) study allowed us to perform a cross-sectional analysis in
a large population-based cohort (n=24595) to address this question. Overall, without
adjustment for potential confounders, a small but significantly higher rate of cognitive
impairment was found in statin users with a trend toward lipophilic statins being more likely
to be associated with cognitive impairment than hydrophilic statins. When adjusted for
factors that would likely affect cognitive performance, no association with statin use or type,
nor with HDL-C was demonstrated. As expected, there were associations of cognitive
impairment with age, lower level of education and income, sex, urban dwelling, CVD,
diabetes mellitus, FRS, SBP, and PP.

Many of the studies exploring the relationship between statins and cognition have been
conducted on either clinical populations[8,20] or on populations that were relatively
homogenous with respect to age (mostly ages 60 years and above)[21] and race
(predominantly non-African American)[22]. It has been suggested that statin use is
associated with improved cognition although some studies have suggested that statins have
no effect or may even be detrimental. A review of PubMed by one of the coauthors (Dr.

Kana) using the search terms “statins and cognitive assessment”, “statins and cognitive
function”, “statins and cognition” and the references sited within the resulting papers, found
79 review papers and 120 studies examining the association between statins and cognition.
These studies ranged from case studies[5-8] to randomized controlled studies[23]. We
excluded from consideration studies without human subjects, studies of children, studies in a
language other than English, studies without a focus on statins and cognitive function. We
also excluded ongoing studies without published results with respect to impact on cognition,
conceptual and design papers, opinion papers and studies of special populations (for
example of airline crews, traumatic brain injury patients) resulting in 63 total reviews and

studies. These studies yielded varying results with respect to the effect of statins on
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cognition, with some studies showing no effect[9,23 , a few showing worsening of cognitive
function[5-7] some demonstrating small benefits[24) and the rest inconclusive[25,26]

It was hypothesized that there were a number of variables that could affect the association
between stains use and cognitive impairment, including increasing age, SES, geographic
location, vascular disease etc. (See Table 2). What is clearly evident from our analysis is that
age “drove” the univariate association of statin use and cognitive function; and, when any
other model with age adjustment was used, no association was observed between statin use
or HDL-C level and cognitive impairment.

Limitations

The REGARDS study relied on in home evaluation of statin use. During the in-home visit
participants were asked to show the bottles of all prescribed and over the counter
medications they were taking in order to be certain that participants were actually complying
with that therapy, although it is still possible that some participants may not have taken their
statins as prescribed. However, a sensitivity analysis of those who indicated perfect
adherence (as assessed by the Morisky scale) did not change the results. While we did not
have long-term adherence data, the Morisky score has been shown to be a valid measure of
medication adherence.[19] This cross-sectional study did not have information on duration
of statin exposure, nor baseline cognitive status prior to statin use. Nevertheless, our study
can be compared with the findings of other cross-sectional studies. The Six Item Screener
we used to evaluate cognitive impairment, has been validated, but the use of a more formal
and complete evaluation of cognitive performance might be more sensitive to subtle
differences in cognitive function. Finally, specific dosage information is not available.

In conclusion, this analysis provides for a greater understanding of the relationship and
frequency of statin use to global cognitive status, and whether this relationship is mediated
by statin type, health behaviors, and cardiovascular risk factors. When adjusted for variables
that have been related to cognitive impairment, we found no association between statin use
and cognitive impairment.

CONDENSED ABSTRACT

In this cross-sectional analysis of 24595 (7191 statin users) participants from a
population-based national cohort study we assessed the association of statin use and type,
and cognitive impairment. Overall, an association of cognitive impairment and statin use
was observed but, after adjusting for variables known to be associated with cognition the
association was attenuated. No association was observed between statin type and
cognition, and there were no regional differences in cognitive impairment in statin users.
This large study found no evidence to support an association between statins and
cognitive performance.
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Exclusionary Cascade For Analysis of the Subpopulation
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Table 4
Subanalyses comparing specific statins (n=7191)
Univariate Multivariate
OR 95%ClI OR 95% ClI
Use of lipophyllic vs hydrophyllic statin
(multivariate n= 6237)
Yes vs No 117 (0.99,1.37) 1.03 (0.86,1.24)
Use of simvastatin vs other statins
(multivariate n= 6237)
Yes vs No 115 (0.97,1.35) 105 (0.87,1.27)
Use of atorvastatin vs other statins
(multivariate n= 6237)
Yes vs No 091 (0.77,1.08) 1.01 (0.83,1.22)
Use of simvastatin vs atorvastatin
(multivariate n=5018)
Yes vs No 114 (0.95,1.37) 1.03 (0.84,1.26)

a . . .
All models control for race, age, gender, income, education, and history of stroke
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