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Article Summary

HMG-CoA reductase inhibitors (statins) have been proposed to both positively and negatively alter 

the cognitive trajectory of older adults. To further investigate the disparate findings (provided by 

the FDA black box warning, adverse event reports, case-control studies, observational studies, and 

randomized controlled trials) that have led to such proposals, this study explored the association 

between statin use and longitudinal cognitive change, as well as time to diagnostic conversion, 

using prospective longitudinal (i.e., 24 months follow-up) cohort data from the Alzheimer’s 

Disease Neuroimaging Initiative (ADNI). No associations between statin use and cognitive change 

were found for participants with cognitively normal status, late mild cognitive impairment, or 

dementia due to Alzheimer’s disease. However, there was an association between statin use and 

slower decline on a memory composite in participants with early mild cognitive impairment. 

Lastly, results did not support an association between statin use and conversion to a more severe 

diagnostic category for any diagnostic group. Thus, these findings do not provide support for the 
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FDA black box warning that claims statin use causes cognitive deficits, but rather, suggest that 

additional randomized trials investigating statin use in participants in the prodromal early mild 

cognitive impairment stage of Alzheimer’s disease may be warranted.

Objective: To investigate associations between statin use and cognitive change, as well as 

diagnostic conversion, in individuals with cognitively normal (CN) status, mild cognitive 

impairment (MCI), and dementia due to Alzheimer’s disease (AD-dementia).

Methods: A multi-center cohort study with 1629 adults 48 to 91 years-old with CN status, early 

MCI (EMCI), late MCI (LMCI), or AD-dementia at baseline followed prospectively for 24 

months. Statin use was assessed at baseline, and cognition was measured over time with a 

composite memory score, a composite executive function score, and a global cognition score 

(Alzheimer’s Disease Assessment Scale). Conversion to a more impaired diagnostic category was 

determined by clinician assessment. Repeated measures linear mixed effects models were used to 

evaluate associations between statin use and change in cognition over time. Cox proportional 

hazards models were used to evaluate associations between statin use and time to diagnostic 

conversion. All models were stratified by baseline diagnostic group.

Results: Statin use was not associated with change in cognitive measures for CN, LMCI, or AD-

dementia participants. Among EMCI participants, statin use was associated with a significantly 

slower rate of decline on the memory composite, but no other cognitive measure. Statin use was 

not associated with time to conversion for any diagnostic group.

Conclusions: This study did not support an association between statin use and diagnostic 

conversion but suggested a possible association between statin use and cognitive change in EMCI. 

Additional randomized clinical trials of statins may be warranted in the prodromal EMCI stage of 

AD.
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I. Objective

The 2013 American College of Cardiology and American Heart Association practice 

guidelines recommend physicians prescribe HMG-CoA reductase inhibitors (statins) to 

patients with high cholesterol and to patients with or at high risk for atherosclerotic 

cardiovascular disease, regardless of cholesterol levels [1]. According to the National Center 

for Health Statistics (NCHS), from 2011 to 2012, 1 in 4 adults ages 40 years and older were 

taking prescription cholesterol lowering medications, 93% of which were statins [2]. The 

NCHS recently reported that cholesterol-lowering drugs continue to be one of the most 

commonly used prescriptions in adults ages 40–79 during the year 2019 [3].

Statins have been proposed to alter the cognitive trajectory of older adults in several ways. 

Adverse event reports and two early randomized controlled trials suggested an association 

between short term statin use and cognitive deficits [4, 5]. These findings led to the black 

box FDA warning that prescribing statins could lead to cognitive changes, including 
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memory loss and confusion, despite a preponderance of evidence showing no effect of 

statins on cognition [6].

Alternatively, long-term statin use has been theorized to lower the risk of dementia, 

including dementia due to Alzheimer’s disease (AD-dementia), and to slow the rate of 

clinical deterioration. That is, since cardiovascular disease is associated with an increased 

risk of dementia, treatment with statins has been proposed to reduce dementia risk by 

reducing cardiovascular burden [7]. Furthermore, certain statins may cross the blood-brain 

barrier to cause an anti-inflammatory effect within the central nervous system, purportedly 

reducing the risk of dementia [8]. Finally, substantial preclinical research [9] and some small 

clinical biomarker trials [10, 11] suggest that lowering cholesterol may modify AD 

pathogenesis thereby slowing clinical decline.

Several [12, 13, 14], but not all [15, 16], cohort and case-control studies have suggested a 

protective effect of statins against incident AD. However, randomized controlled trials in 

participants with CN status [17, 18] or AD-dementia [19, 20] have failed to confirm a 

beneficial effect of statins. To investigate further the association between statin use and 

cognitive change at various stages of AD, we utilized data collected in the Alzheimer’s 

Disease Neuroimaging Initiative (ADNI) study. ADNI is a multi-center observational cohort 

study that enrolls individuals as having cognitively normal (CN) status, early MCI (EMCI), 

late MCI (LMCI), or AD-dementia. We tested associations between statin use and both 

change in cognitive performance over time and conversion to a more impaired diagnostic 

category.

II. Methods

Data used in the preparation of this article were obtained from the ADNI database 

(adni.loni.usc.edu) on September 28, 2014. ADNI was launched in 2003 as a public-private 

partnership led by Principal Investigator Michael W. Weiner, MD. The primary goal of 

ADNI has been to test whether serial magnetic resonance imaging (MRI), positron emission 

tomography (PET), biological markers, and clinical and neuropsychological assessment can 

be combined to measure the progression of MCI and early AD-dementia. A committee on 

human research at each participating institution approved the study protocol, and all 

participants gave their informed consent. At the time of download, the dataset contained 

1629 adults (48 to 91 years-old) with the following baseline diagnostic classification: 418 

CN, 308 EMCI, 561 LMCI, and 342 AD-dementia. The present study analyzed data up to 24 

months follow-up, with follow-up timepoints at 6 months, 12 months, and 24 months. In 

addition, data regarding diagnostic conversion was collected for LMCI participants at 18 

months. All 1629 participants were included in statistical analyses as they had data from at 

least one follow-up visit over the course of 24-months follow-up. CN participants had no 

memory complaints, normal memory performance, and an absence of impairment in 

cognition or function. EMCI participants had a subjective memory concern, mildly abnormal 

memory performance, and preserved functional performance such that a diagnosis of AD-

dementia could not be made. LMCI participants had a subjective memory concern, memory 

performance that was abnormal and below that of EMCI participants, and preserved 

functional performance such that a diagnosis of AD-dementia could not be made [21]. AD-
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dementia participants had a subjective memory concern, abnormal memory performance, 

and functional impairment meeting NINCDS/ADRDA criteria for probable AD-dementia 

[22]. Detailed information describing diagnostic criteria can be found at www.adniinfo.org.

Outcomes

Statin use was assessed at baseline by reviewing participant medication lists for current use 

of any HMG-CoA reductase inhibitor (e.g., simvastatin, atorvastatin, rosuvastatin, etc.) at 

any dose. As in our previous report [23], primary outcomes used in this analysis included a 

composite z-score of memory performance (ADNI-Mem), a composite z-score of executive 

function (ADNI-EF), and a global cognition score measured with the Alzheimer’s Disease 

Assessment Scale-Cognitive Subscale (ADAS-11) [24, 25, 26]. To test the additional 

primary outcome of time to diagnostic conversion, visit diagnosis was used to determine if a 

participant converted from CN to MCI (early or late) or MCI to AD-dementia. 

Apolipoprotein E (APOE) ε4 allele number, Clinical Dementia Rating Scale sum of boxes 

(CDRsb), ADAS-11, Mini-Mental State Exam (MMSE), and cardiovascular comorbidities 

listed in Table 1 were utilized to characterize the study cohort.

Statistical Analyses

Independent analyses were performed for each of the 4 baseline diagnostic groups: CN, 

EMCI, LMCI, or AD-dementia. Baseline characteristics were compared between statin users 

and nonusers with analysis of variance (ANOVA) for continuous variables and chi-square 

(χ2) for categorical variables. To assess for attrition bias, a comparison of baseline 

characteristics, including statin use, was performed between participants with 24 months of 

follow-up data and those without 24 months of follow-up (Supplementary Tale 1).

Three repeated measures linear mixed effects models with random subject-specific 

intercepts were used to test for associations between statin use and longitudinal cognitive 

change, with ADNI-Mem, ADNI-EF, or ADAS-11 as the outcome variable and the 

interaction of statin use and time (measured continuously in months) as the main 

explanatory variable. Covariates in the models included age, sex, APOE ε4 allele number, 

years of education, and presence of hypertension (HTN), diabetes mellitus (DM), 

hypercholesterolemia (HCL), and coronary artery disease (CAD), as well as all interactions 

with time. Primary analyses were uncorrected for multiplicity, although false discovery rate 

(FDR) corrections were also applied to control for type I error in the case of multiple 

comparisons [27]. FDR corrections were applied separately for each of the baseline 

diagnostic groups for a total of three hypothesis tests per group. Parameter estimates are 

reported for each model and its respective cognitive outcome and can be interpreted as rate 

of change over time in either ADAS-score, memory score, or executive function score.

Survival curves of conversion from CN to MCI and MCI to AD-dementia were calculated 

using the Kaplan-Meier method and used to assess the proportional hazards assumption. Cox 

proportional hazards models were used to assess the time to diagnostic conversion for statin 

users versus nonusers. The models were adjusted for the same covariates as in the linear 

mixed effects models, with the addition of baseline ADAS-11 scores to account for baseline 

disease stage. The confidence level for statistical inference was 95% (p < 0.05), applied 
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either before or after FDR correction. Statistical analyses were performed using SPSS 

Statistics Version 24.0.

Power Analyses

Power analyses were performed to investigate the effect sizes corresponding to various 

levels of type II error. For repeated measures linear mixed effects models, power analyses 

were performed using simulation with MATLAB R2015a and the Statistics Toolbox (see 

Supplementary Methods for more details). Study data parameters were used for baseline 

mean cognitive scores (ADNI-Mem, ADNI-EF, ADAS-11), standard deviation, and standard 

error of the parameter estimate for change in cognitive score over time. Statin use was the 

main explanatory variable and covariates were not included. Power to detect group 

differences was estimated by simulation over a range of rates of decline.

III. Results

CN Participants.

Of the 418 CN participants who had a baseline visit, 197 (47%) were taking a statin. Statin 

users included a larger percentage of males (Table 1). As might be expected, statin users also 

had a higher incidence of comorbid diagnoses of HTN, DM, and HCL at baseline than 

nonusers (Table 1). There were no significant differences between statin users and nonusers 

in age, education, APOE ε4 allele number, CDRsb, ADAS-11, or comorbid diagnosis of 

CAD at baseline (Table 1). There was no significant difference (t(416) = 1.27, p = 0.205) in 

the average follow-up time between statin users (22.05 months) and nonusers (21.26 

months).

EMCI Participants.

Of the 308 EMCI participants who had a baseline visit, 160 (52%) were taking a statin. 

Statin users had higher CDRsb scores at baseline, compared to nonusers (Table 1). Statin 

users had a higher incidence of HTN, DM, HCL, and CAD at baseline (Table 1). There were 

no significant differences between statin users and nonusers in age, sex, education, APOE ε4 

allele number, or ADAS-11 at baseline (Table 1). There was no significant difference (t(306) 

= 0.79, p = 0.430) in the average follow-up time between statin users (20.70 months) and 

nonusers (20.03 months).

LMCI Participants.

Of the 561 LMCI participants who had a baseline visit, 290 (52%) were taking a statin. 

Statin users were more likely to be a carrier of one or two APOE ε4 alleles than nonusers 

(Table 1). In addition, statin users had a higher incidence of HTN, DM, and HCL at baseline 

(Table 1). There were no significant differences between statin users and nonusers in age, 

sex, education, CDRsb, ADAS-11, or comorbid diagnosis of CAD at baseline (Table 1). 

There was no significant difference (t(559) = 1.51, p = 0.131) in the average follow-up time 

between statin users (20.79 months) and nonusers (19.90 months).
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AD-dementia Participants.

Of the 342 AD-dementia participants who had a baseline visit, 173 (51%) were taking a 

statin. Statin users had a higher incidence of HTN and HCL diagnoses at baseline (Table 1). 

There were no significant differences between statin users and nonusers in age, sex, 

education, ADAS-11, APOE ε4 allele number, CDRsb, or comorbid diagnosis of DM or 

CAD at baseline (Table 1). There was no significant difference (t(339) = 0.10, p = 0.921) in 

the average follow-up time between statin users (16.23 months) and nonusers (16.32 

months). Supplementary Table 1 contains a detailed summary of participant characteristics 

relative to attrition and stratified by diagnostic group.

Association Between Statin Use and Longitudinal Cognitive Performance: 
Repeated Measures Linear Mixed Effects Models—The association between statin 

use and change in memory, executive function, or global cognitive performance over time 

was investigated using a linear repeated measures mixed effects model with the interaction 

of statin use (users vs. nonusers) and time (in months) as the main explanatory variable and 

either ADNI-Mem score, ADNI-EF score, or ADAS-11 score over time as the outcome 

variable (Table 2). All covariates, and their interactions with time, that contributed 

significantly to the model variance are listed in Supplementary Table 2.

CN Participants.

Statin users and nonusers did not differ in any measure of longitudinal cognitive 

performance (Table 2), including ADNI-Mem score (Figure 1A), ADNI-EF score (Figure 

1B), or ADAS-11 (Figure 1C).

EMCI Participants.

Statin use was associated with a slower rate of ADNI-Mem decrease (i.e., worsening; Figure 

1D, Table 2). However, this association was not significant after FDR correction for multiple 

comparisons. Statin users and nonusers did not differ in longitudinal cognitive performance 

based on ADNI-EF score (Figure 1E) or ADAS-11 (Figure 1F).

LMCI Participants.

Statin users and nonusers did not differ in any measure of longitudinal cognitive 

performance (Table 2), including ADNI-Mem score (Figure 1G), ADNI-EF score (Figure 

1H), or ADAS-11 (Figure 1I).

AD-dementia Participants.

Statin users and nonusers did not differ in any measure of longitudinal cognitive 

performance (Table 2), including ADNI-Mem score (Figure 1J), ADNI-EF score (Figure 

1K), or ADAS-11 (Figure 1L).

A sensitivity analysis was performed as above with the exception that the sample was not 

stratified by baseline diagnoses. Statin users and nonusers did not differ in longitudinal 

cognitive performance (Supplementary Table 3A).
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Association between Statin Use and Diagnostic Conversion: Cox Proportional 
Hazards Models—The association between statin use and conversion to a more impaired 

diagnostic category was investigated using Cox regression with statin use as the main 

explanatory variable. Age, sex, education, APOE ε4 allele number, the same comorbid 

cardiovascular diagnoses, and baseline ADAS-11 score were included as covariates. Those 

covariates that contributed significantly to the model variance are listed in Supplementary 

Table 4.

Twenty-six out of 393 participants (6.6%) with a baseline diagnosis of CN converted to a 

diagnosis of MCI (EMCI or LMCI) over the 24-month follow-up period (367 participants 

were censored). Eighteen out of 281 (6.4%) participants with a baseline diagnosis of EMCI 

converted to a diagnosis of AD-dementia (263 participants were censored). One hundred and 

ninety-nine out of 540 participants (35.5%) with a baseline diagnosis of LMCI converted to 

AD-dementia (391 were censored).

In the CN participants, statin use was not associated with conversion to MCI (HR [hazard 

ratio] = 0.98, χ2(1) = 0.002, p = 0.967, 95% CI for HR = 0.35 – 2.74; Figure 2A). Statin use 

was not associated with conversion to AD-dementia in the EMCI participants (HR = 1.67, 

χ2(1) = 0.63, p = 0.427, 95% CI for HR = 0.47 – 5.87; Figure 2B). Finally, in the LMCI 

participants, statin use was not associated with conversion to AD-dementia (HR = 1.12, 

χ2(1) = 0.39, p = 0.532, 95% CI for HR = 0.78–1.61; Figure 2C).

An additional analysis was performed as above with the exception that CN, EMCI, and 

LMCI were combined as a non-dementia cohort. Statin use was not associated with 

conversion to either MCI or AD-dementia (Supplementary Table 3B).

Power Analyses—Power analyses were performed to aid in the interpretation of our 

results. Depending on baseline diagnosis, the study had 80% power to detect group 

differences of 0.004 – 0.007 ADNI-Mem per year, 0.006 – 0.010 ADNI-EF per year, and 

0.05 – 0.40 ADAS-11 per year using repeated measures linear mixed effects models. Power 

to detect group differences was estimated by simulation over a range of rates of decline 

(Supplementary Table 5; Supplementary Figure 1).

IV. Conclusions

We investigated the relationship between statin use and cognitive change over time or 

conversion to a more impaired diagnostic category in participants with CN status, MCI 

(EMCI or LMCI), or AD-dementia enrolled in the ADNI study. In general, statin use was 

not associated with the rate of change in measures of memory, executive function, or global 

cognition. Notably, our analyses did show an association between statin use and slower 

decline in a composite memory score for the EMCI group. However, if FDR correction was 

applied, this association did not remain significant. Further, statin use was not associated 

with conversion to a more impaired diagnostic category in any diagnostic group. Since the 

majority of our analyses did not yield statistical significance, we performed power analyses 

to investigate the likelihood of type II error. These analyses indicated that our use of 
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continuous cognitive outcome measures with linear mixed models may be relatively 

sensitive for detecting differences in cognitive change between groups.

One previous study utilized the ADNI cohort to examine the association between statin use 

and cognitive decline. Smith and colleagues [28] analyzed ADNI MCI participants 

(combining EMCI and LMCI groups) with a similar sample size to ours (N = 768) stratified 

by APOE genotype and statin use. They assessed rates of cognitive decline on the ADAS-11, 

among other cognitive measures, over 12-months follow-up and observed non-significant 

trends for less cognitive decline in statin users than nonusers (by t-tests) and suggested that 

statin use may have a potential subtle treatment benefit on cognitive functioning in 

individuals with MCI. The larger effect size in our analysis of EMCI participants may be 

attributable to the separation of EMCI and LMCI subgroups, use of more sensitive outcome 

measures (i.e., memory and executive function-specific composite z-scores in addition to 

global cognition scores) and statistical models (i.e., repeated measures linear mixed effects 

models), and longer follow-up (i.e., 24 months).

Apart from the ADNI study, a number of prospective cohort and case-control studies have 

investigated the possibility that statins could reduce the risk of developing dementia or AD. 

A meta-analysis of such studies by Zhou and colleagues [16] did not show a beneficial 

overall effect of statins on the risk of dementia or AD. Subsequent to this meta-analysis, 

however, larger and longer cohort studies have suggested that statins may have a protective 

effect against incidence of dementia, AD, or MCI [12, 13, 14], although one study did not 

find such an association [15].

Several previous randomized controlled trials have evaluated the effects of statins on 

cognition in participants with CN status or AD dementia. Short-term (6 month) trials of 

statin treatment in CN participants with HCL have suggested small performance decrements 

on some neuropsychological measures of attention and psychomotor speed relative to 

placebo, the clinical significance of which is unclear [4, 5]. Conversely, one short-term trial 

reported that participants treated with simvastatin showed greater improvement on tests of 

working memory and attention, but not cerebrospinal fluid (CSF) biomarkers, over the 

course of three months [10]. Two studies that resulted from a more definitive trial (the 

PROSPER study) with a longer follow-up period (over 36 months) in older adults at risk for 

vascular disease (N > 5,000) have found no effect of statin use on global and domain-

specific cognitive change [17, 18]. At the other end of the diagnostic spectrum in AD-

dementia, an early randomized trial of simvastatin primarily assessed CSF biomarkers but 

also reported a modest slowing in the rate of decline in MMSE scores over 6.5 months [10]. 

However, more conclusive multi-center trials in participants with AD-dementia have shown 

no effect of atorvastatin [19] or simvastatin [20] on cognitive, functional, or global outcomes 

in participants with AD-dementia over 18 months.

Thus, several cohort and case-control studies have suggested a protective effect of statins 

against incident AD, but randomized controlled trials in participants with CN status or AD-

dementia have failed to confirm a beneficial effect of statins. In conjunction with these prior 

observational studies and clinical trials, our results suggest that the intermediate stage of 

prodromal EMCI may be worthy of further study in large-scale trials. Our results and those 
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of Smith et al. [28] with the same ADNI cohort suggest a potential neuroprotective or 

symptomatic cognitive benefit of statin use at this stage. The previous trial in CN older 

adults at high cardiovascular risk (PROSPER) [17, 18] may have failed because few of the 

participants were at near-term risk for AD-related symptoms and may have shown 

insufficient decline during the follow-up period. Conversely, previous multi-center trials of 

statins in AD-dementia [14, 15] may have failed for the reasons cited for other failed AD 

therapies [29]—that is, they come too late in AD pathogenesis when neurodegeneration is 

irrevocably triggered. Our results suggest that a trial in early AD at a prodromal, or even a 

preclinical stage, when AD biomarkers are present would be worthwhile.

Our study design has several strengths, including the combined use of multiple cognitive 

outcomes that are sensitive to cognitive change [24, 25, 26], as well as time to diagnostic 

conversion. Moreover, our use of separate analyses by disease stage may provide greater 

sensitivity for varying degrees of diagnostic certainty and rates of diagnostic conversion at 

different stages. Finally, our use of data from the multi-center ADNI study may enhance 

external validity, and the low attrition rate in ADNI over a 24-month follow up-period 

minimizes the risk of attrition bias (Supplementary Table 1).

An important limitation of the present study is the somewhat restricted follow-up period (up 

to 24 months), which, however, exceeds the average period for non-epidemiologic studies 

[28]. Additionally, the ADNI cohort, like many samples recruited for observational studies 

of AD, is self-selected and may contain participants at disproportionate risk of cognitive 

decline. Another important limitation is the potential for survival bias due to the observed 

rates of attrition in each baseline diagnostic group over the 24-month follow-up [30]. 

However, few participant demographics or characteristics differed significantly between 

groups with and without 24-month follow-up, and only the comorbid diagnosis of DM 

differed between follow-up groups within the AD-dementia group (Supplementary Table 1). 

Finally, our study defined statin use according to treatment status at baseline (without regard 

to subsequent discontinuation) with any statin drug at any dose. Stratifying by statin type, 

dose, or duration may be more informative, but such an analysis would be underpowered 

using the ADNI cohort.

In summary, these results bolster the existing observational and clinical trial findings that 

conclude statin use is not associated with cognitive impairment, as cautioned by the FDA 

black box warning. In general, statin use was not associated with the rate of change in 

measures of memory, executive function, or global cognition but did suggest a possible 

slowing of decline in a composite memory score for the EMCI group. With this, additional 

randomized trials may be warranted in the prodromal EMCI stage of AD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

What is the primary question addressed by this study?

The primary purpose of this study was to investigate associations between statin use and 

cognitive change, as well as diagnostic conversion, in individuals with cognitively normal 

(CN) status, mild cognitive impairment (MCI), and dementia due to Alzheimer’s disease 

(AD-dementia).

What is the main finding of this study?

Statin use was not associated with longitudinal cognitive change in asymptomatic 

(cognitively normal [CN]) or symptomatic (late mild cognitive impairment [LMCI] or 

dementia due to Alzheimer’s disease [AD-dementia]) participants, however, there was an 

association between statin use and slower decline on a composite memory score in 

prodromal (early mild cognitive impairment [EMCI]) participants. Statin use was not 

associated with time to conversion to a more impaired diagnostic category for any 

diagnostic group (i.e., conversion to EMCI, LMCI, or AD-dementia).

What is the meaning of the finding?

In summary, these results support extant observational and randomized clinical trial 

findings that conclude statin use is not a risk factor for cognitive worsening (as indicated 

by the FDA black box warning) but that additional randomized trials in the prodromal 

EMCI stage may be warranted.
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Figure 1: Change in cognition over time for statin users and nonusers.
Memory (ADNI-Mem), executive function (ADNI-EF), and global cognition (ADAS-11) 

over time for statin users and nonusers stratified by baseline diagnosis of cognitively normal 

(CN), early MCI (EMCI), late MCI (LMCI), or dementia due to AD (AD-dementia). 

Repeated measures linear mixed effects models were used to test associations between statin 

use and change in cognitive outcome over time. Plotted values are unadjusted means with 

error bars for standard error of the mean.
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Figure 2: Conversion to a more impaired diagnostic category.
Survival curves were constructed using the Kaplan-Meier method.
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Table 1A:

Baseline Participant Characteristics

CN EMCI

No Statin Statin F or χ2 (df) p-value No Statin Statin F or χ2 (df) p-value

N (%) 221 (53%) 197 - - 148 (48%) 160 - -

Age (years) 74.4 (5.9) 75.0 (5.6) 1.16 (416) 0.688 70.8 (7.7) 71.6 (7.4) 0.62 (306) 0.431

Sex (% male) 42.1 58.9 11.76 (1) 0.001* 50.0 60.6 3.52 (1) 0.061

Years of 
Education 16.1 (2.9) 16.5 (2.6) 0.82 (416) 0.366 16.1 (2.6) 15.8 (2.7) 0.13 (306) 0.717

APOE ε4 
Alleles (%)

 0 ε4 71.4 73.8 2.07 (2) 0.356 61.4 52.5 2.62 (2) 0.269

 1 ε4 26.8 22.6 - - 33.1 39.2 - -

 2 ε4 1.8 3.6 - - 5.5 8.2 - -

CDRsb 0.04 (0.13) 0.03 (0.13) 1.44 (416) 0.231 1.15 (0.65) 1.43 (0.83) 4.95 (306) 0.027*

ADAS-11 5.8 (2.8) 6.2 (3.2) 0.45 (416) 0.505 7.5 (3.7) 8.2 (3.4) 0.14 (306) 0.709

MMSE 29.1 (1.0) 29.0 (1.2) 0.71 (416) 0.402 28.3 (1.6) 28.3 (1.5) 1.29 (306) 0.257

Comorbid 
Diagnoses (%)

 HTN 38.9 52.8 8.09 (1) 0.004* 39.2 56.9 9.63 (1) 0.002*

 DM 4.5 10.7 5.71 (1) 0.017* 4.1 16.9 13.21 (1) <0.001*

 HCL 14.0 76.6 166.16 (1) <0.001* 16.2 78.8 120.34 (1) <0.001*

 CAD 1.8 4.6 2.63 (1) 0.105 0.7 5.6 6.00 (1) 0.014*

Means (SD) are reported for continuous variables stratified by statin use for each group, F-value from ANOVA, χ2 from chi-square test, *p < 
0.05. SD = standard deviation, CN = cognitively normal, EMCI = early Mild Cognitive Impairment, df = degrees of freedom, CDRsb = Clinical 
Dementia Rating Scale-Sum of Boxes Score, ADAS-11 = Alzheimer’s Disease Assessment Scale-Cognitive Subscale, MMSE = Mini-Mental 
State Exam, HTN = Hypertension, DM = Diabetes Mellitus, HCL = Hypercholesterolemia, CAD = Coronary Artery Disease

Table 1B: Baseline Participant Characteristics

LMCI AD-dementia

No Statin Statin F or χ2 (df) p-value No Statin Statin F or χ2 (df) p-value

N (%) 271 (48%) 290 - - 169 (49%) 173 - -

Age (years) 74.0 (8.0) 73.9 (7.2) 2.08 (559) 0.150 75.0 (8.2) 75.0 (7.4) 1.42 (340) 0.969

Sex (% male) 60.5 61.7 0.09 (1) 0.769 50.3 60.1 3.33 (1) 0.082

Years of 
Education 15.8 (3.1) 16.0 (2.8) 3.26 (559) 0.071 15.2 (3.2) 15.2 (2.8) 6.30 (340) 0.939

APOE ε4 
Alleles (%)

 0 ε4 52.6 39.1 14.56 (2) 0.001* 35.1 32.4 0.78 (2) 0.110

 1 ε4 38.9 43.6 - - 44.6 49.4 - -

 2 ε4 8.5 17.3 - - 20.2 18.2 - -

CDRsb 1.64 (0.87) 1.65 (0.97) 2.69 (559) 0.101 4.48 (1.77) 4.31 (1.55) 1.58 (340) 0.329

ADAS-11 11.4 (4.7) 11.6 (4.4) 2.82 (559) 0.094 19.4 (7.0) 19.4 (6.7) 0.00 (340) 0.996

MMSE 27.2 (1.8) 27.1 (1.8) 0.09 (559) 0.765 23.2 (2.1) 23.3 (2.0) 0.50 (340) 0.854
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Table 1B: Baseline Participant Characteristics

LMCI AD-dementia

No Statin Statin F or χ2 (df) p-value No Statin Statin F or χ2 (df) p-value

Comorbid 
Diagnoses (%)

 HTN 37.6 59.0 25.51 (1) <0.001* 41.4 59.0 10.52 (1) 0.007*

 DM 3.7 12.4 14.16 (1) <0.001* 6.5 12.7 3.78 (1) 0.056

 HCL 12.2 77.9 243.71 (1) <0.001* 21.3 82.7 129.02 (1) <0.001*

 CAD 2.6 5.2 2.49 (1) 0.114 0.6 4.6 5.43 (1) 0.306

Means (SD) are reported for continuous variables stratified by statin use for each group, F-value from ANOVA, χ2 from chi-square test, *p < 
0.05. SD = standard deviation, LMCI = late Mild Cognitive Impairment, AD-dementia = dementia due to Alzheimer’s disease, df = degrees of 
freedom, CDRsb = Clinical Dementia Rating Scale - Sum of Boxes Score, ADAS-11 = Alzheimer’s Disease Assessment Scale-Cognitive 
Subscale, MMSE = Mini-Mental State Exam, HTN = Hypertension, DM = Diabetes Mellitus, HCL = Hypercholesterolemia, CAD = Coronary 
Artery Disease
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Table 2:

Association between Statin Use and Change in Cognition over Time

CN EMCI

Parameter Estimate (SE) F (dfN, dfD) p-value Parameter Estimate (SE) F (dfN, dfD) p-value

Memory 0.000 (0.002) 0.001 (1, 1155) 0.980 0.006 (0.003) 5.55 (1, 799) 0.019*

EF −0.002 (0.003) 0.67 (1, 1150) 0.415 −0.004 (0.004) 1.44 (1, 795) 0.231

ADAS-11 0.004 (0.017) 0.05 (1, 1161) 0.818 −0.033 (0.027) 1.51 (1, 791) 0.220

LMCI AD-dementia

Parameter Estimate (SE) F (dfN, dfD) p-value Parameter Estimate (SE) F (dfN, dfD) p-value

Memory −0.002 (0.002) 1.11 (1, 1482) 0.293 −0.004 (0.003) 2.11 (1, 765) 0.147

EF 0.002 (0.002) 0.40 (1, 1467) 0.526 −0.003 (0.003) 0.99 (1, 742) 0.321

ADAS-11 0.035 (0.025) 1.97 (1, 1489) 0.160 0.078 (0.057) 1.86 (1, 778) 0.173

Parameter Estimates, F-values, and p-values are for separate repeated measures linear mixed effects models in which the interactions of statin use 
and time are the main explanatory variables. Parameter estimates can be interpreted as rate of change over time in either ADAS-score, memory 
score, or executive function score. Separate models were fit for each diagnostic group with each cognitive outcome (12 models total). The models 
were adjusted for age, sex, education, APOE ε4 allele number, and comorbid cardiovascular diagnoses, including HTN, DM, HCL, and CAD, and 
all interactions with time,

*
p < 0.05 prior to (false discovery rate [FDR]) correction for multiple comparisons.

CN = cognitively normal, EMCI = early Mild Cognitive Impairment, LMCI = late Mild Cognitive Impairment, AD-dementia = dementia due to 
Alzheimer’s disease, EF = Executive Function, ADAS-11 = Alzheimer’s Disease Assessment Scale-Cognitive Subscale, SE = standard error, dfN = 

numerator degrees of freedom, dfD = denominator degrees of freedom
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