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Research Article
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Abstract

Background:  Despite their well-established benefits for the prevention of cardiovascular disease, robust evidence on the effects of statins on 
cognition is largely inconclusive. We apply various study designs and analytical approaches to mimic randomized controlled trial effects from 
observational data.
Methods:  We used observational data from 5 580 participants enrolled in the Cardiovascular Health Study from 1989/1990 to 1999/2000. We 
conceptualized the cohort as an overlapping sequence of nonrandomized trials. We compared multiple selection (eligible population, prevalent 
users, new users) and analytic approaches (multivariable adjustment, inverse-probability treatment weights, propensity score matching) to 
evaluate the association between statin use and 5-year change in global cognitive function, assessed using the Modified Mini-Mental State 
Examination (3MSE).
Results:  When comparing prevalent users to nonusers (N  = 2 772), statin use was associated with slower cognitive decline over 5 years 
(adjusted annual change in 3MSE = 0.34 points/year; 95% CI: 0.05–0.63). Compared to prevalent user design, estimates from new user designs 
(eg, comparing eligible statin initiators to noninitiators) were attenuated showing either null or negative association, though not significant. 
For example, in a propensity score-matched sample of statin-eligible individuals (N = 454), the annual 3MS change comparing statin initiators 
to noninitiators was −0.21 points/year (95% CI: −0.81 to 0.39).
Conclusions:  The association of statin use and cognitive decline is attenuated toward the null when using rigorous analytical approaches that 
more closely mimic randomized controlled trials. Point estimates, even within the same study, may vary depending on the analytical methods 
used. Further studies that leverage natural or quasi experiments around statin use are needed to replicate our findings.

In the United States, there are currently more than 5 million 
people living with dementia, and cognitive decline is frequent 
among older adults (1). In the absence of curative treatments, 

identifying factors that may have an impact on dementia risk 
is of interest. In parallel, a growing body of evidence suggests 
that cardiovascular health is strongly linked with brain health. 
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In fact, Alzheimer’s disease and cognitive impairment occur more 
frequently with certain health behaviors and in presence of modi-
fiable cardiovascular disease (CVD) risk factors (2, 3). Although 
evidence is mixed, cardiovascular risk factors such as hyperchol-
esterolemia/high blood lipids may be associated with cognitive 
decline and dementia risk. Antihyperlipidemic agents, including 
statins, rank as the number 2 most frequently prescribed drugs 
in the United States (4), with more than 20 million older adults 
currently taking a lipid-lowering drug (5, 6). As such, it is critical 
to gain a better understanding of the role of statins in cognitive 
function and dementia risk.

Physicians have been widely prescribing statins since the 1990s 
(7), with cited effects ranging from reductions in low-density lipo-
protein (LDL) cholesterol to prevention of CVD (8, 9). Despite 
its well-established cardioprotective benefits, evidence regarding 
the effect of statins on cognition and dementia risk remains in-
consistent (8, 10–18). In 2 large, placebo-controlled random-
ized controlled trials (RCTs) of statins and cognitive outcomes, 
the PROspective Study of Pravastatin in the Elderly at Risk 
(PROSPER) and the Heart Protection Study, neither study found 
a difference in the prevalence of cognitive impairment or the rate 
of cognitive decline over the short term (nearly 4–5  years) be-
tween participants treated with statins and those treated with 
placebo (8, 10). Similarly, a meta-analysis of RCTs concluded no 
association between statin use and cognition (19), although in-
dividual smaller RCTs have reported mixed results (17). On the 
other hand, findings from systematic reviews and meta-analyses 
of observational studies have mostly suggested a beneficial effect, 
such that statin use is associated with lower cognitive impairment 
and dementia risk (17, 20–22). Furthermore, while a few obser-
vational studies have found a null association between statin 
use and cognitive function or dementia risk (12, 13, 23), most 
other studies (15, 18, 24–26) have found statin use to be associ-
ated with a reduced risk of a clinical diagnosis of dementia and 
Alzheimer’s disease, including findings from a recent study using 
Medicare beneficiaries (16) as well as a target trial study of parti-
cipants in the Rotterdam study (27).

There may be several reasons for such inconsistent findings. In 
observational studies, differences in study populations, selection 
bias toward health-conscious individuals selectively using statins 
or toward less-healthy individuals with CVD, or differential meth-
odological techniques such as handling of confounders and/or 
mediators could lead to biased estimates as well as to varied es-
timates across observational studies. Ideally, to answer the ques-
tion of statin use and cognition, we would need to have a large 
randomized trial over enough follow-up time to observe clinic-
ally meaningful changes in cognition. However, long-term RCTs 
in a representative population of statin users can be both time-
consuming and expensive.

The goal of this study is to highlight the methodological com-
plexities in pharmacoepidemiologic studies that examine the rela-
tionship between drug use and health outcomes. And we use the 
inconclusive relationship between statins and cognition as an ex-
ample to demonstrate the analytical challenges in analyzing and 
interpreting such data. To do so, we used observational data from 
the Cardiovascular Health Study (CHS) and compared the relation-
ship between statin use and global cognitive decline using multiple 
study designs and analytic approaches (28), including a target trial 
new user design. The CHS, which was initiated shortly after statins 
were approved and released into the US market, is well-positioned 
to address such a research question.

Method

Study Population
The CHS is a community-based longitudinal observational cohort 
study of 5 888 older adults. Enrollment began in 1989–1990 with 
5 201 participants recruited from Medicare eligibility lists in 4 lo-
cations (Forsyth County, NC; Sacramento County, CA; Washington 
County, MD; and Allegheny County, PA). An additional 687 pre-
dominantly African American participants were later enrolled in 
1992–1993. Exclusion criteria included institutionalization, active 
cancer treatment, or expectation of moving from the area within 
3  years. In addition to the baseline interview in 1989–1990, par-
ticipants underwent semiannual interviews, alternating between 
telephone and annual clinic examination until 1998–1999, with 
continuing telephone interviews afterward. Additional information 
was collected from medical records and interviews with surviving 
participants or proxies. Details of the CHS study design have been 
previously published (29).

Study Design: A Sequence of Nonrandomized Trials
Our study design intended to emulate an intention-to-treat (ITT) ap-
proach of a 5-year randomized trial. For this purpose, each CHS 
exam/study visit was considered as the baseline of a “trial,” and cog-
nitive change in the subsequent 5  years was evaluated in relation 
to statin status at the beginning of that trial/study visit. In total, 6, 
overlapping, nonrandomized trials, each of 5-year duration, were 
created (Figure 1). The sequence of trials helped to increase sample 
size and statistical power. Results from all 6 trials were then pooled, 
and we used cluster standard errors to appropriately account for the 
fact that participants could contribute to more than one trial. This 
approach has been validated and described previously (30, 31). In 
Table 1, we describe the various components of our nonrandomized 
trial design, using a protocol outlined by Hernán and Robins (32).

Ascertainment of statin eligibility and statin use
At each visit, medication use during the past 2 weeks was determined 
by inspection of prescription bottles that participants brought to the 
study site. Data on medication use were collected by study exam-
iners (33).

Statin eligibility. We defined eligibility for statins as the fol-
lowing: (a) having total cholesterol >240 mg/dL or LDL cholesterol 
>190 mg/dL, or (b) having LDL cholesterol >130 mg/dL with preva-
lent coronary heart disease (CHD), or (c) having LDL cholesterol 
>130 mg/dL and one or more of the following risk factors (current 
smoker, diabetic, hypertensive, high-density lipoprotein [HDL] chol-
esterol <35 mg/dL, history of transient ischemic attack, history of 
stroke or sibling history of early MI, with HDL cholesterol >60 mg/

Figure 1.  Study design pooling 6 “nonrandomized” trials each with a 5-year 
follow-up for a total of 26 947 observations, Cardiovascular Health Study.
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dL negating one risk factor). The eligibility criteria were informed 
by the National Cholesterol Education Program’s 1993 Adult Treat-
ment Panel (ATP) II guidelines (34) and common practices in the 
early 1990s, the time when the CHS began. At the beginning of every 
trial, eligibility was calculated based on covariate values from the 
previous visit (ie, pretreatment), and eligibility was carried forward 
for the duration of the trial (ie, subsequent 5 years).

Statin use definitions. Prevalent statin use was defined as anyone 
who was identified as a statin user at the beginning of each trial. 
To determine those participants who were statin users, medication 
use during the prior 2 weeks was determined by inspection of pre-
scription bottles at each study visit. Meanwhile, for new statin users, 
statin initiation was defined at the first study visit where statins were 
used, if statins were not used at the previous visit (to approximate 
a 1-year washout period, though the precise time of initiation is un-
known). Statin users whose statin status at the previous visit was 
missing were classified as prevalent statin users but not statin initi-
ators. Given the statin eligibility and statin use, it would be possible 
for one participant to simultaneously fall into the prevalent user, eli-
gible prevalent user, new user, and eligible new user categories at a 
given time. These categorizations, based on statin eligibility and use, 
were then used to define each of our predictors of interest (treatment 
and relevant comparison group) as detailed in the Statistical Analysis 
section.

Ascertainment of Global Cognitive Function 
and Decline
To examine global cognitive function, we used the Modified Mini-
Mental State (3MS) Examination, ranging from 0 to 100 with 
higher scores representing better cognitive function (35). The 3MS 
was administered in person unless a participant could not attend an 
in-person visit in which case the Telephone Interview for Cognitive 
Status (TICS) was administered. If the participant required a proxy, 
for example, in cases of problems with vision or hearing, then the 
IQCODE was administered. Study-specific calibration equations 
(36) were derived to convert TICS and IQCODE into 3MS scores. In 
the present analysis, cognitive decline was evaluated in the 5 years 
following the beginning of each trial (ie, baseline; as depicted in 
Figure 1), and annual change was reported.

Ascertainment of Additional Covariates
Participants reported their race (White vs non-White) at baseline and 
their age at every study visit. Education was measured at baseline 
and dichotomized as completion of 4+ years of college. Private in-
surance status was collected in 1993, 1994, 1996, 1997, and 1998. 
Living arrangement was dichotomized to living with spouse or other 
and was available in 1989/1990, 1992, and 1998. General health 
status (coded excellent, very good, good, fair, or poor) was assessed 

every year except 1991. CHD status (defined as myocardial infarc-
tion, angina, coronary bypass, or angioplasty) was determined at 
each visit, by comparing the date of the visit with incidence dates of 
CHD as established by the cardiovascular event review committee. 
Total cholesterol was collected every year through 1999 except for 
1990, 1991, and 1995; LDL cholesterol and HDL cholesterol were 
only available in 1989/1990 and 1992. Hypertension status (as 
normal, borderline [SBP 130–139 mmHg or DBP 80–90 mmHg], or 
hypertensive [systolic blood pressure >140 mmHg, diastolic blood 
pressure >90 mmHg, or use of antihypertensive medication as de-
termined by medication inventory interview and a self-report of a 
history of high blood pressure]) was assessed every year except 1995. 
Body mass index and smoking status (current, former, or never) were 
available every year. Diabetes (use of insulin or oral hypoglycemic 
agents, or fasting glucose ≥126 mg/dL) was available in 1989, 1992, 
and 1996.

Given our study design that includes a sequence of nonrandomized 
trials, all covariates listed above, except for race, sex, and educa-
tion, are time-varying and are thus updated at the beginning of each 
trial and are incorporated either as adjustment covariates or in the 
form of a propensity score (details in the Statistical Analysis section). 
Some covariates were structurally missing at certain visits: For ex-
ample, as described above, diabetes was only reported at 3 visits. In 
the case of structural missingness of any of the covariate values, we 
carried forward the values from the previous visit.

Statistical Analysis
Our outcome of interest is the annual change (ie, slope) in 3MS in 
a 5-year nonrandomized trial. As such, for each participant, using a 
long data format, we first modeled 3MS as a function of time (span-
ning from baseline and across the 5 subsequent years/visits). The co-
efficient of “time” from that regression model is the annual change in 
3MS (ie, slope) which is our outcome of interest. Next, we modeled 
the relationship between statin use (eg, prevalent statin user, new 
statin user) and the annual change in 3MS using linear regression 
models. We tested 7 different analytic approaches/models, as shown 
below as well as in Supplementary Table 2. Supplementary Table 1 
provides further details, including a list of adjustment covariates. 
Our statistical analysis was approved by the CHS Publications 
& Presentations Committee, and all analyses were conducted in 
Stata 10.

	•	 Model 1  “Prevalent users, unadjusted” compares all prevalent 
statin users to all nonusers in this nonrandomized trial framework.

	•	 Model 2 “Eligible prevalent users, unadjusted” and Model 3 “Eli-
gible prevalent users, adjusted” were restricted to only participants 
meeting eligibility criteria as described above and thus compared 
eligible prevalent statin users to eligible nonusers. Model 3 was 

Table 1.  Number of Participants, Prevalent Users, Eligible Prevalent Users, Eligible Initiators (New Users) by Nonrandomized Trial, 
Cardiovascular Health Study

Trial Questionnaire/Visit Year Participants Prevalent Users Eligible Eligible Prevalent Users Eligible Initiators

1 1990 4 943 93 2 125 0 —
2 1991 4 653 113 2 031 36 36
3 1992 4 356 151 1 916 69 41
4 1993 4 672 221 1 785 85 27
5 1994 4 299 255 1 738 132 60
6 1995 4 024 273 1 616 151 42
Overall  26 947 1 106 11 211 473 206
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adjusted for age at baseline, visit year, sex, race, education, living 
arrangement, cardiovascular risk points, CHD status, LDL, HDL, 
total cholesterol, hypertension, antihypertensive medication, dia-
betes, oral hypoglycemic agents, smoking status, insurance status, 
general health status, nonsteroidal inflammatory drugs, and LDL 
squared. Adjustment covariates were chosen a priori based on 
prior literature and their relationship with statin use.

	•	 Model 4 “Eligible new users, unadjusted” and Model 5 “Eligible 
new users, adjusted” were further restricted to new users (initi-
ators), that is, those who were not taking statins at the previous 
visit (1-year washout period). These models estimate the ITT an-
nual cognitive change in 3MS among a statin-eligible popula-
tion comparing statin initiators to noninitiators. Model 5 was 
adjusted for the same covariates as in Model 3.

	•	 Model 6 “Eligible new users, IPTW” estimates the ITT annual 
cognitive change in 3MS among a statin-eligible population com-
paring statin initiators to noninitiators, had the whole population 
been treated versus untreated. Model 6 applies inverse probability 
of treatment weights (IPTW), derived from a propensity score 
model that accounts for potential confounding due to time-variant 
covariates. We estimated this propensity score model using statin 
initiation as the outcome and preinitiating statin characteristics as 
the predictors (these included the same variables we adjusted for 
in Models 3 and 5; Supplementary Table 1). This process yielded 
an “initiating statin” propensity score which was then used in 
stabilized inverse-probability weighting when estimating the ef-
fect of initiating statin on annual cognitive change in 3MS. The 
numerator for the stabilized weights was the marginal probability 
of statin initiation. Supplementary Figure 1 depicts the distribu-
tion of this propensity score for statin initiators and noninitiators, 
indicating good common support.

	•	 Model 7 “Eligible new users, propensity score matched”: This 
model estimates the ITT annual cognitive change among a statin-
eligible population comparing statin initiators to noninitiators 
within a population matched on the predicted probability 
of treatment. To accomplish this, we matched individuals on 
their propensity for initiating statins. Matching was done by 
identifying the 3 noninitiators with propensity scores closest to 
the propensity score for each statin initiator, within a caliper of 
0.001 (nearest neighbor matching with replacement). The pro-
pensity score used for this model was based on the same variables 
we adjusted for in Model 3, as well as a cohort, stroke, and base-
line MSE score (Supplementary Table 1).

In addition, we replicated all 7 models above by applying inverse 
probability of attrition weights to account for selective attrition. 
Attrition weights modeled the probability of loss to follow-up that is 
not due to death. To establish the probability of attrition, the model 
included the same covariates used in the multivariable-adjusted 
models (described in Supplementary Table 1), in addition to the fol-
lowing: cohort, stroke, and baseline 3MS score. Attrition weights 
were updated at the beginning of each trial using covariates from 
the previous visit.

Results

Components of the nonrandomized trials are described in Table 1, 
using the protocol outlined by Hernán and Robins (32). This ana-
lysis included a total of 6 nonrandomized trials, totaling 26 947 ob-
servations (Table 2). In the 6 pooled trials, there was a total of 1 106 
prevalent statin users, and the number of users increased over time. 

As expected, the number of participants eligible for statins at each 
trial decreased every year. Among those eligible, the number of statin 
users also increased gradually with every trial, totaling 473 eligible 
prevalent users across the 6 pooled trials. Among those eligible, par-
ticipants who were new users (ie, initiators) totaled 206 participants 
across the 6 trials.

In our study population, compared to nonusers, statin initiators 
were more likely to be female, current smokers, have private in-
surance, higher prevalence of CHD, and higher mean LDL choles-
terol (Table 3). Of the statin initiators, only 68.9% were eligible for 
statins based on the ATP II guidelines (which uses the previous year’s 
covariates).

For the association between statin use and annual cognitive 
slope in a 5-year nonrandomized trial, we examined the estimates 
using various study designs and analytical models (Figure 2A; 
Table 3). When comparing prevalent users to nonusers (Model 
1), statin use was associated with slower cognitive decline over 
5 years, as evident in the positive average annual slope of 3MS 
comparing prevalent users versus nonusers (β slope = 0.34; 95% 
CI: 0.05–0.63). When further restricting the population to those 
eligible for statin according to the ATP II guidelines, the point 
estimates were almost unchanged though became nonsignificant, 
in unadjusted (Model 2)  and adjusted (Model 3)  models com-
paring eligible prevalent users to eligible nonusers. When further 
restricting the eligible population to new users (Models 4–7), the 
point estimates were gradually attenuated toward the harmful dir-
ection (ie, negative average annual slope of 3MS), in models that 
are unadjusted, adjusted, using IPTW, and PS matched. For ex-
ample, within a population matched on the predicted probability 
of treatment (ie, statin initiation), the annual cognitive change 
among a statin-eligible population comparing statin initiators 
to noninitiators was −0.21 (95% CI: −0.81 to 0.39)—meaning 
that statin initiators had a faster 5-year cognitive decline than 
noninitiators. Accounting for selective attrition (Figure 2B; Table 
3) slightly influenced the point estimates but conclusions were un-
changed. Point estimates and 95% CIs from the various study 

Table 2.  Characteristics of Participants by Statin Status, 
Cardiovascular Health Study

Nonusers Users Initiators

Number of observations 25 841 1 106 299
Number of individuals 5 506 401 285
From all pooled observations:
Age 74.6 (5.5) 73.5 (4.2) 73.6 (4.1)
Female 58.1% 71.3% 70.2%
Non-White 10.8% 10.8% 9.7%
LDL cholesterol 128.7 (34.3) 138.3 (40.1) 155.3 (38.9)
BMI 26.7 (4.6) 26.9 (4.4) 27.0 (4.1)
Current smoker 9.8% 9.7% 12.0%
Prevalent CHD 20.2% 38.8% 39.1%
Diabetic 14.7% 13.7% 11.0%
Taking OHGA 6.3% 7.3% 6.4%
Private insurance 67.0% 73.1% 77.6%
4+ years of college 21.9% 22.4% 20.1%
Income ≥$35 000 23.6% 28.6% 25.1%
Eligible for statins 41.0% 42.8% 68.9%
Baseline 3MS score 90.6 (9.0) 91.8 (8.0) 91.6 (8.7)

Note: BMI = body mass index; CHD = coronary heart disease; OHGA = oral 
hypoglycemic agents; 3MS = Modified Mini-Mental State; LDL = low-density 
lipoprotein.
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designs and analytical models, unadjusted and adjusted for se-
lective attrition, are presented in Table 3.

Discussion

Leveraging data from the CHS, which is a well-characterized cohort 
enrolled shortly after the introduction of statins into the market, we 
examined the relationship between statin use and global cognitive 
function using a nonrandomized trial framework. We compared 
several study designs and analytical approaches that address con-
founding in observational data, while mimicking randomized trial 
design. In models comparing prevalent users to nonusers, statins 
were beneficial and associated with a slower annual change in 3MS. 
Compared to prevalent user design, estimates from models using eli-
gible new user design were in the harmful direction showing either 
null or faster average annual change in 3MS, although the estimates 
are imprecise and compatible with both protective and deleterious 
associations. In addition, in new user design models, the point es-
timate from the PS-matched model was more strongly in the nega-
tive (harmful) direction than the IPTW model. Overall, as our study 
design uses a causal contrast that mimicked an RCT (Models 4–7), 
we find that the relationship between statin use and cognitive func-
tion was null. Our findings also provide evidence that point esti-
mates for the same relationship, even within the same study, may 
vary depending on the study design used and the causal contrast 
that it provides.

Our findings from Models 1–3 showing a protective/beneficial 
relationship between statin use and cognitive change in models using 
prevalent user design are consistent with many other population-
based studies that have used similar approaches. For example, in a 
study using CHS data, researchers reported a slight reduction in the Ta
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Figure 2.  Comparing approaches to estimate the association between statin 
use and annual cognitive trajectory in a 5-year trial, the Cardiovascular Health 
Study: (A) without adjustment for selective attrition and (B) with adjustment 
for selective attrition.
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decline of the 3MS scores in prevalent statin users versus nonusers 
(37). Another CHS showed current statin use was associated with 
a trend toward lower dementia risk (hazard ratio  =  0.69, 95% 
CI  =  0.46–1.02) in a case–control approach, although no associ-
ations were found when using a standard Cox model (12). Results 
from the Rotterdam study and the Sacramento Area Latino Study 
on Aging evidenced a lower risk of dementia among prevalent 
statin users at any time during the follow-up, compared to nonusers 
(25, 38). Furthermore, 2 more recent studies, one using data from 
Medicare beneficiaries and the other using cross-sectional data from 
the Multi-Ethnic Study of Atherosclerosis, respectively, showed a re-
duction of Alzheimer’s disease risk for high-exposure prevalent users 
compared to low-exposure users (exposure defined according to 
percentile of days of filled prescriptions in a given year) and higher 
cognitive scores for statin users compared to nonusers, respectively 
(16, 18). However, there have been some observational studies that 
have not found any protective effects of statins on cognition or de-
mentia under prevalent user design. For instance, cross-sectional 
findings from the REasons for Geographic and Racial Differences 
in Stroke study showed no association between prevalent statins use 
and cognition, using the 6-item screener, after adjustment for poten-
tial confounders (13). Moreover, baseline statin use was not asso-
ciated with the risk of cognitive decline or dementia over a 7-year 
period in a French cohort (14).

When instead we used study designs that included causal con-
trasts that better mimic an RCT by examining new users/initiators 
(Models 4–7), our findings were either null or in the negative direc-
tion. These findings are consistent with evidence from a recent target 
trial study which found no significant difference in the 10-year risk 
of dementia between statin initiators and noninitiators, after using 
inverse-probability weighting (27). Our findings are also consistent 
with recent findings from the Sydney Memory and Ageing Study in 
which researchers came to the conclusion of no significant differ-
ence in global cognition by statin use over a 6-year period, using 
a new user design (though they did not incorporate IPTW nor PS 
matching) (39). Furthermore, our findings are also consistent with 
conclusions from the 2 largest clinical trials. In participants aged 
40–80 years, the Heart Protection Study reported a similar propor-
tion of cognitively impaired (23.7% vs 24.2%) and dementia cases 
comparing the statin group to the placebo group, after 4–7 years of 
follow-up (8). Similarly, the PROSPER trial among participants aged 
70–82 years did not find differences in cognitive decline, at any of 
the cognitive domains, between the statin and the placebo groups 
over an average of 4 years of follow-up (10).

Over the past few years, research has suggested several mechan-
isms through which statins may be beneficial for cognitive function 
and reduce dementia risk. For example, dyslipidemia, especially in 
midlife, is a major contributor to vascular brain health (40, 41) and 
has been associated with an increased risk of dementia (42–44). As 
such, treatment of dyslipidemia is suggested to reduce dementia risk. 
Statins may also protect cerebrovascular health through antioxidant 
and anti-inflammatory effects, as well as improved endothelial func-
tion (45, 46). Despite these proposed protective mechanisms, other 
evidence suggests that regulating brain cholesterol could lead to 
harm. Brain cholesterol is involved in synaptic plasticity and neuro-
transmission, and specific levels may be necessary for normal neur-
onal functioning (47, 48), especially among older adults with poor 
health and with multiple chronic conditions (49).

Our study has some limitations and implications for future 
work that are worth noting. First, our sample was predominantly 
Caucasian, likely limiting the external validity of our findings. 

Second, despite the large sample size of the CHS with more than 
5  000 participants, the number of eligible initiators (new statin 
users) across all 6 nonrandomized trials was only 206. As such, our 
analyses may have suffered from a lack of statistical power (evident 
in the large confidence intervals) and which may have prevented us 
from observing the true impact of such study design and analytical 
methods (eg, new user design adjusted, with IPTW, PS matched). 
We also acknowledge that the lack of statistical power inhibited 
us from examining treatment effects across statin type or dosage, 
both of which could have affected the magnitude of the relationship 
between statin use and global cognition. We also lacked statistical 
power to examine the relationship across relevant subgroups defined 
by age, sex, frailty, and chronic health conditions. In the present ana-
lysis, we only examined global cognition, and as such our findings 
may not be generalizable to studies using other cognitive measures. 
Furthermore, the fact that studies often use different cognitive meas-
ures adds to the complexity of this research (50). Given that the 
CHS began in 1990, we used the ATP II guidelines. We acknowledge 
that these are not the most recent guidelines; however, this does not 
affect the robustness of our results because we used the guidelines 
appropriate to the data at the time it was collected, thus ensuring we 
are making appropriate inferences. In addition, only 68.9% of the 
statin initiators in our sample were eligible for statins according to 
the ATP II guidelines (which suggests prescription practices may not 
have been completely following guidelines), and overall adherence to 
statins in CHS was only around 50% (data not shown), which pre-
vents us from having statistical power to conduct a per-protocol ana-
lysis. Given the low adherence rates, we would expect the statins to 
be less effective in this study than in other studies. Furthermore, our 
ability to measure eligibility to statins was limited by infrequently 
measured LDL cholesterol, and this limited our ability to appropri-
ately evaluate statin compliance.

Despite those limitations, notable strengths of this study include 
leveraging data from a well-characterized cohort of older adults who 
were observed and followed shortly after the launch of statins into 
the US market. The latter enabled us to address the relationship of 
statin and cognition within a nonrandomized trial framework and to 
compare various study designs and causal contrasts, some of which 
more closely mimic randomized trial designs than others. Examples 
of these include restriction to those eligible for statin use, further re-
striction to new users, and adjustment for pretreatment covariates—
all of which help achieve a more appropriate alignment between 
treatment assignment (at time zero) and outcome follow-up, as is 
usually the case in randomized trials. Overall, although the esti-
mates from our new user design models (Models 4–7) were impre-
cise, the latter is likely due to the lack of statistical power given the 
small number of eligible new users, especially in the matched sample 
(PS-matched model). This suggests that the apparent protective ef-
fect of statins may be due to the selection of prevalent users and 
confounding by healthy user bias (as opposed to confounding by 
indication).

In conclusion, while our sample is confined to a predominantly 
White population, our results using a target trial design provide 
useful information for future pharmacoepidemiologic studies and 
for clinical practice. These results are particularly important given 
the scarcity of trials addressing the relationship of statin and cog-
nition, as well the largely mixed evidence from prior literature. 
Our study illustrates that point estimates from observational 
data, addressing the same research question of statin use and cog-
nitive function using the same data set, may vary depending on 
the study design and the relevant causal contrast. Overall, our 
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findings using a new user design that includes a causal contrast 
that mimics an RCT suggest no relationship between statins and 
global cognitive function. Future studies that leverage natural or 
quasi experiments around statin use are needed to better under-
stand their relationship with cognition and dementia risk. Finally, 
our findings suggest that investigators should take caution when 
analyzing and interpreting observational data on drug use and 
health outcomes.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.

Funding
This work was supported by grants from the National Institutes of 
Health, National Institute on Aging (R56AG061177, K01AG047273, 
R21-HL135195). The Cardiovascular Health Study (CHS) is sup-
ported by contracts HHSN268201200036C, HHSN268200800007C, 
HHSN268201800001C, N01HC55222, N01HC85079, N01HC85080, 
N01HC85081, N01HC85082, N01HC85083, N01HC85086, and grants 
U01HL080295 and U01HL130114 from the National Heart, Lung, and 
Blood Institute (NHLBI), with additional contribution from the National 
Institute of Neurological Disorders and Stroke. Additional support was pro-
vided by R01AG023629 from the National Institute on Aging. A full list of 
principal CHS investigators and institutions can be found at CHS-NHLBI.org.

Conflict of Interest
The authors have no conflicts of interest to declare or relevant disclosures. 
This study is not industry-sponsored.

Standard protocols approval, registrations, and patient consent: For every 
year of the study period, spanning from 1989–1990 till 1998–1999, partici-
pants provided informed consent, and institutional review boards at each site 
approved the study.

Author Contributions
A.Z.A.H. contributed to the conception of the research question, statistical 
analysis, interpretation of the results, drafting of the manuscript, and re-
view of the manuscript for the scientific content. N.J.  contributed to the 
interpretation of the results, drafting of the manuscript, and review of the 
manuscript for the scientific content. L.G. contributed to the interpretation 
of the results, drafting of the manuscript, and review of the manuscript for 
the scientific content. P.K.  contributed to the interpretation of the results 
and review of the manuscript for the scientific content. K.K. contributed to 
the interpretation of the results, drafting of the manuscript, and review of 
the manuscript for the scientific content. S.C. contributed to the interpret-
ation of the results and review of the manuscript for the scientific content. 
M.G. contributed to the interpretation of the results and review of the manu-
script for the scientific content. C.H. contributed to the interpretation of the 
results and review of the manuscript for the scientific content. A.M.A. con-
tributed to the interpretation of the results and review of the manuscript for 
the scientific content. R.V.  contributed to the interpretation of the results 
and review of the manuscript for the scientific content. M.C.O. contributed 
to the conception of the research question, statistical analysis, interpretation 
of the results, drafting of the manuscript, and review of the manuscript for 
the scientific content.

Data Availability
Cardiovascular Health Study (CHS) facilitates data sharing through formal 
data use agreements. Any investigator is welcome to access the CHS data 
through this process.

References
	1.	 Langa  KM, Larson  EB, Karlawish  JH, et  al. Trends in the prevalence 

and mortality of cognitive impairment in the United States: is there evi-
dence of a compression of cognitive morbidity? Alzheimers Dement. 
2008;4(2):134–144. doi:10.1016/j.jalz.2008.01.001

	2.	 Livingston  G, Huntley  J, Sommerlad  A, et  al. Dementia prevention, 
intervention, and care: 2020 report of the Lancet Commission. Lancet. 
2020;396(10248):413–446. doi:10.1016/S0140-6736(20)30367-6

	3.	 Guthrie B, Payne K, Alderson P, McMurdo ME, Mercer SW. Adapting clin-
ical guidelines to take account of multimorbidity. BMJ. 2012;345:e6341. 
doi:10.1136/bmj.e6341

	4.	 Stone NJ, Robinson JG, Lichtenstein AH, et al. 2013 ACC/AHA guideline 
on the treatment of blood cholesterol to reduce atherosclerotic cardio-
vascular risk in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am Coll 
Cardiol. 2014;63(25 Pt B):2889–2934. doi:10.1016/j.jacc.2013.11.002

	5.	 Salami JA, Warraich H, Valero-Elizondo J, et al. National trends in statin 
use and expenditures in the US adult population from 2002 to 2013: 
insights from the medical expenditure panel survey. JAMA Cardiol. 
2017;2(1):56–65. doi:10.1001/jamacardio.2016.4700

	6.	 Charlesworth CJ, Smit E, Lee DS, Alramadhan F, Odden MC. Polypharmacy 
among adults aged 65 years and older in the United States: 1988–2010. 
J Gerontol A Biol Sci Med Sci. 2015;70(8):989–995. doi:10.1093/gerona/
glv013

	7.	 Kantor ED, Rehm CD, Haas JS, Chan AT, Giovannucci EL. Trends in pre-
scription drug use among adults in the United States from 1999–2012. 
JAMA. 2015;314(17):1818–1831. doi:10.1001/jama.2015.13766

	8.	 Heart Protection Study Collaborative Group. MRC/BHF Heart Protection 
Study of cholesterol lowering with simvastatin in 20,536 high-risk individ-
uals: a randomised placebo-controlled trial. Lancet. 2002;360(9326):7–
22. doi:10.1016/S0140-6736(02)09327-3

	9.	 Naci H, Brugts  JJ, Fleurence R, Tsoi B, Toor H, Ades AE. Comparative 
benefits of statins in the primary and secondary prevention of major 
coronary events and all-cause mortality: a network meta-analysis of 
placebo-controlled and active-comparator trials. Eur J Prev Cardiol. 
2013;20(4):641–657. doi:10.1177/2047487313480435

	10.	Trompet  S, van  Vliet  P, de  Craen  AJ, et  al. Pravastatin and cogni-
tive function in the elderly. Results of the PROSPER study. J Neurol. 
2010;257(1):85–90. doi:10.1007/s00415-009-5271-7

	11.	Muldoon  MF, Ryan  CM, Sereika  SM, Flory  JD, Manuck  SB. 
Randomized trial of the effects of simvastatin on cognitive functioning 
in hypercholesterolemic adults. Am J Med. 2004;117(11):823–829. 
doi:10.1016/j.amjmed.2004.07.041

	12.	Rea TD, Breitner JC, Psaty BM, et al. Statin use and the risk of incident de-
mentia: the Cardiovascular Health Study. Arch Neurol. 2005;62(7):1047–
1051. doi:10.1001/archneur.62.7.1047

	13.	Glasser  SP, Wadley  V, Judd  S, et  al. The association of statin use and 
statin type and cognitive performance: analysis of the reasons for geo-
graphic and racial differences in stroke (REGARDS) study. Clin Cardiol. 
2010;33(5):280–288. doi:10.1002/clc.20758

	14.	Ancelin ML, Carrière I, Barberger-Gateau P, et al. Lipid lowering agents, 
cognitive decline, and dementia: the three-city study. J Alzheimers Dis. 
2012;30(3):629–637. doi:10.3233/JAD-2012-120064

	15.	Beydoun  MA, Beason-Held  LL, Kitner-Triolo  MH, et  al. Statins and 
serum cholesterol’s associations with incident dementia and mild cogni-
tive impairment. J Epidemiol Community Health. 2011;65(11):949–957. 
doi:10.1136/jech.2009.100826

	16.	Zissimopoulos  JM, Barthold D, Brinton RD, Joyce G. Sex and race dif-
ferences in the association between statin use and the incidence of 
Alzheimer disease. JAMA Neurol. 2017;74(2):225–232. doi:10.1001/
jamaneurol.2016.3783

	17.	Power MC, Weuve J, Sharrett AR, Blacker D, Gottesman RF. Statins, cogni-
tion, and dementia—systematic review and methodological commentary. 
Nat Rev Neurol. 2015;11(4):220–229. doi:10.1038/nrneurol.2015.35

	18.	Ong  KL, Morris  MJ, McClelland  RL, et  al. Relationship of lipids and 
lipid-lowering medications with cognitive function: the multi-ethnic study 
of atherosclerosis. Am J Epidemiol. 2018;187(4):767–776. doi:10.1093/
aje/kwx329

1000� Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 5

https://doi.org/10.1016/j.jalz.2008.01.001
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1136/bmj.e6341
https://doi.org/10.1016/j.jacc.2013.11.002
https://doi.org/10.1001/jamacardio.2016.4700
https://doi.org/10.1093/gerona/glv013
https://doi.org/10.1093/gerona/glv013
https://doi.org/10.1001/jama.2015.13766
https://doi.org/10.1016/S0140-6736(02)09327-3
https://doi.org/10.1177/2047487313480435
https://doi.org/10.1007/s00415-009-5271-7
https://doi.org/10.1016/j.amjmed.2004.07.041
https://doi.org/10.1001/archneur.62.7.1047
https://doi.org/10.1002/clc.20758
https://doi.org/10.3233/JAD-2012-120064
https://doi.org/10.1136/jech.2009.100826
https://doi.org/10.1001/jamaneurol.2016.3783
https://doi.org/10.1001/jamaneurol.2016.3783
https://doi.org/10.1038/nrneurol.2015.35
https://doi.org/10.1093/aje/kwx329
https://doi.org/10.1093/aje/kwx329


	19.	Ott BR, Daiello LA, Dahabreh IJ, et al. Do statins impair cognition? A sys-
tematic review and meta-analysis of randomized controlled trials. J Gen 
Intern Med. 2015;30(3):348–358. doi:10.1007/s11606-014-3115-3

	20.	Poly  TN, Islam  MM, Walther  BA, et  al. Association between use of 
statin and risk of dementia: a meta-analysis of observational studies. 
Neuroepidemiology. 2020;54(3):214–226. doi:10.1159/000503105

	21.	Chu CS, Tseng PT, Stubbs B, et al. Use of statins and the risk of dementia 
and mild cognitive impairment: a systematic review and meta-analysis. Sci 
Rep. 2018;8(1):5804. doi:10.1038/s41598-018-24248-8

	22.	Zhang X, Tian Q, Liu D, et al. Causal association of circulating cholesterol 
levels with dementia: a Mendelian randomization meta-analysis. Transl 
Psychiatry. 2020;10(1):145. doi:10.1038/s41398-020-0822-x

	23.	Benn M, Nordestgaard BG, Frikke-Schmidt R, Tybjærg-Hansen A. Low 
LDL cholesterol, PCSK9 and HMGCR genetic variation, and risk of 
Alzheimer’s disease and Parkinson’s disease: Mendelian randomisation 
study. BMJ. 2017;357:j1648. doi:10.1136/bmj.j1648

	24.	Smeeth  L, Douglas  I, Hall  AJ, Hubbard  R, Evans  S. Effect of statins 
on a wide range of health outcomes: a cohort study validated by com-
parison with randomized trials. Br J Clin Pharmacol. 2009;67(1):99–109. 
doi:10.1111/j.1365-2125.2008.03308.x

	25.	Haag MD, Hofman A, Koudstaal PJ, Stricker BH, Breteler MM. Statins 
are associated with a reduced risk of Alzheimer’s disease regardless of 
lipophilicity. The Rotterdam Study. J Neurol Neurosurg Psychiatry. 
2009;80(1):13–17. doi:10.1136/jnnp.2008.150433

	26.	Hendrie  HC, Hake  A, Lane  K, et  al. Statin use, incident dementia and 
Alzheimer disease in elderly African Americans. Ethn Dis. 2015;25(3):345–
354. doi:10.18865/ed.25.3.345

	27.	Caniglia  EC  R-SL, Hilal  S, Licher  S, et  al. Emulating a target trial 
of statin use and risk of dementia using cohort data. Neurology. 
2020;95(10):e1322–e1332. doi:10.1212/WNL.0000000000010433

	28.	Kaiser P, Arnold AM, Benkeser D, et al. Comparing methods to address 
bias in observational data: statin use and cardiovascular events in a US 
cohort. Int J Epidemiol. 2018;47(1):246–254. doi:10.1093/ije/dyx179

	29.	Fried  LP, Borhani  NO, Enright  P, et  al. The Cardiovascular Health 
Study: design and rationale. Ann Epidemiol. 1991;1(3):263–276. 
doi:10.1016/1047-2797(91)90005-w

	30.	Danaei G, Rodríguez LA, Cantero OF, Logan R, Hernán MA. Observational 
data for comparative effectiveness research: an emulation of randomised 
trials of statins and primary prevention of coronary heart disease. Stat 
Methods Med Res. 2013;22(1):70–96. doi:10.1177/0962280211403603

	31.	Zeger  SL, Liang  KY. Longitudinal data analysis for discrete and con-
tinuous outcomes. Biometrics. 1986;42(1):121–130.

	32.	Hernán MA, Robins JM. Using big data to emulate a target trial when a 
randomized trial is not available. Am J Epidemiol. 2016;183(8):758–764. 
doi:10.1093/aje/kwv254

	33.	Psaty BM, Lee M, Savage PJ, Rutan GH, German PS, Lyles M. Assessing 
the use of medications in the elderly: methods and initial experience in 
the Cardiovascular Health Study. The Cardiovascular Health Study 
Collaborative Research Group. J Clin Epidemiol. 1992;45(6):683–692. 
doi:10.1016/0895-4356(92)90143-b

	34.	Grundy  SM, Bilheimer  D, Chait  A, et  al. Summary of the 2nd report 
of the National Cholesterol Education Program (NCEP) Expert Panel 
on Detection, Evaluation, and Treatment of High Blood Cholesterol in 
Adults (Adult Treatment Panel II). JAMA. 1993;269(23):3015–3023. 
doi:10.1001/jama.1993.03500230097036

	35.	Teng EL, Chui HC. The Modified Mini-Mental State (3MS) examination. 
J Clin Psychiatry. 1987;48(8):314–318.

	36.	Arnold  AM, Newman  AB, Dermond  N, Haan  M, Fitzpatrick  A. Using 
telephone and informant assessments to estimate missing Modified 
Mini-Mental State Exam scores and rates of cognitive decline. The 
Cardiovascular Health Study. Neuroepidemiology. 2009;33(1):55–65. 
doi:10.1159/000215830

	37.	Bernick C, Katz R, Smith NL, et al. Statins and cognitive function in the 
elderly: the Cardiovascular Health Study. Neurology. 2005;65(9):1388–
1394. doi:10.1212/01.wnl.0000182897.18229.ec

	38.	 Cramer C, Haan MN, Galea S, Langa KM, Kalbfleisch JD. Use of statins and inci-
dence of dementia and cognitive impairment without dementia in a cohort study. 
Neurology. 2008;71(5):344–350. doi:10.1212/01.wnl.0000319647.15752.7b

	39.	Samaras  K, Makkar  SR, Crawford  JD, et  al. Effects of statins on 
memory, cognition, and brain volume in the elderly. J Am Coll Cardiol. 
2019;74(21):2554–2568. doi:10.1016/j.jacc.2019.09.041

	40.	Solomon A, Kåreholt I, Ngandu T, et al. Serum total cholesterol, statins and 
cognition in non-demented elderly. Neurobiol Aging. 2009;30(6):1006–
1009. doi:10.1016/j.neurobiolaging.2007.09.012

	41.	Mielke  MM, Zandi  PP, Sjögren  M, et  al. High total choles-
terol levels in late life associated with a reduced risk of de-
mentia. Neurology. 2005;64(10):1689–1695. doi:10.1212/01.
WNL.0000161870.78572.A5

	42.	Gorelick  PB, Scuteri  A, Black  SE, et  al. Vascular contributions to 
cognitive impairment and dementia: a statement for healthcare 
professionals from the American Heart Association/American 
Stroke Association. Stroke. 2011;42(9):2672–2713. doi:10.1161/
STR.0b013e3182299496

	43.	Anstey  KJ, Lipnicki  DM, Low  LF. Cholesterol as a risk factor for de-
mentia and cognitive decline: a systematic review of prospective studies 
with meta-analysis. Am J Geriatr Psychiatry. 2008;16(5):343–354. 
doi:10.1097/JGP.0b013e31816b72d4

	44.	Panza F, D’Introno A, Colacicco AM, et al. Lipid metabolism in cognitive 
decline and dementia. Brain Res Rev. 2006;51(2):275–292. doi:10.1016/j.
brainresrev.2005.11.007

	45.	Bifulco M, Malfitano AM, Marasco G. Potential therapeutic role of statins 
in neurological disorders. Expert Rev Neurother. 2008;8(5):827–837. 
doi:10.1586/14737175.8.5.827

	46.	Jain  MK, Ridker  PM. Anti-inflammatory effects of statins: clinical evi-
dence and basic mechanisms. Nat Rev Drug Discov. 2005;4(12):977–987. 
doi:10.1038/nrd1901

	47.	Scanlon  SM, Williams  DC, Schloss  P. Membrane cholesterol modulates 
serotonin transporter activity. Biochemistry. 2001;40(35):10507–10513. 
doi:10.1021/bi010730z

	48.	Koudinov AR, Koudinova NV. Essential role for cholesterol in synaptic 
plasticity and neuronal degeneration. FASEB J. 2001;15(10):1858–1860. 
doi:10.1096/fj.00-0815fje

	49.	Volpato  S, Zuliani  G, Guralnik  JM, Palmieri  E, Fellin  R. The in-
verse association between age and cholesterol level among older pa-
tients: the role of poor health status. Gerontology. 2001;47(1):36–45. 
doi:10.1159/000052768

	50.	Kashyap  M, Belleville  S, Mulsant  BH, et  al. Methodological challenges 
in determining longitudinal associations between anticholinergic drug use 
and incident cognitive decline. J Am Geriatr Soc. 2014;62(2):336–341. 
doi:10.1111/jgs.12632

Journals of Gerontology: MEDICAL SCIENCES, 2022, Vol. 77, No. 5� 1001

https://doi.org/10.1007/s11606-014-3115-3
https://doi.org/10.1159/000503105
https://doi.org/10.1038/s41598-018-24248-8
https://doi.org/10.1038/s41398-020-0822-x
https://doi.org/10.1136/bmj.j1648
https://doi.org/10.1111/j.1365-2125.2008.03308.x
https://doi.org/10.1136/jnnp.2008.150433
https://doi.org/10.18865/ed.25.3.345
https://doi.org/10.1212/WNL.0000000000010433
https://doi.org/10.1093/ije/dyx179
https://doi.org/10.1016/1047-2797(91)90005-w
https://doi.org/10.1177/0962280211403603
https://doi.org/10.1093/aje/kwv254
https://doi.org/10.1016/0895-4356(92)90143-b
https://doi.org/10.1001/jama.1993.03500230097036
https://doi.org/10.1159/000215830
https://doi.org/10.1212/01.wnl.0000182897.18229.ec
https://doi.org/10.1212/01.wnl.0000319647.15752.7b
https://doi.org/10.1016/j.jacc.2019.09.041
https://doi.org/10.1016/j.neurobiolaging.2007.09.012
https://doi.org/10.1212/01.WNL.0000161870.78572.A5
https://doi.org/10.1212/01.WNL.0000161870.78572.A5
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1097/JGP.0b013e31816b72d4
https://doi.org/10.1016/j.brainresrev.2005.11.007
https://doi.org/10.1016/j.brainresrev.2005.11.007
https://doi.org/10.1586/14737175.8.5.827
https://doi.org/10.1038/nrd1901
https://doi.org/10.1021/bi010730z
https://doi.org/10.1096/fj.00-0815fje
https://doi.org/10.1159/000052768
https://doi.org/10.1111/jgs.12632



