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Abstract

Dementia affects 55 million people globally, with the number projected to triple by

2050. Statins, widely prescribed for cardiovascular benefits, may also have neuro-

protective effects, although studies on their impact on dementia risk have shown

contradictory results. In this systematic review and meta-analysis, we searched

PubMed, Embase, and Cochrane following Preferred Reporting Items for Systematic

Reviews and Meta-Analysis (PRISMA) guidelines. We assessed the risk of dementia,

Alzheimer’s disease (AD), and vascular dementia (VaD),with subgroup analyses by gen-

der, statin type, and diabetes status. Fifty-five observational studies including over 7

million patients were analyzed. Statin use significantly reduced the risk of dementia

compared to nonusers (hazard ratio [HR] 0.86; 95% confidence interval [CI]: 0.82 to

0.91; p< 0.001). It was also associatedwith reduced risks of AD (HR0.82; 95%CI: 0.74

to 0.90; p< 0.001) andVaD (HR0.89; 95%CI: 0.77 to 1.02; p= 0.093). Subgroup analy-

ses revealed significant dementia risk reductions among patients with type 2 diabetes

mellitus (HR 0.87; 95% CI: 0.85 to 0.89; p < 0.001), those with exposure to statins for

more than3years (HR0.37; 95%CI: 0.30 to0.46;p<0.001), andpopulations fromAsia,

where the greatest protective effect was observed (HR 0.84; 95% CI: 0.80 to 0.88).

Additionally, rosuvastatin demonstrated themost pronouncedprotective effect for all-

cause dementia among specific statins (HR 0.72; 95% CI: 0.60 to 0.88). Our findings

underscore the neuroprotective potential of statins in dementia prevention. Despite

the inherent limitations of observational studies, the large dataset and detailed sub-

group analyses enhance the reliability of our results. Future randomized clinical trials

are necessary to confirm these findings and enlighten clinical guidelines.
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Highlights

∙ Largest meta-analysis to date on statins and dementia risk, including 55 studies and

more than 7million patients.

∙ Statin use linked to lower risks of all-dementia, AD, and VaD.

∙ Numerous significant subgroup results highlight statins’ diverse neuroprotective

effects.

∙ Findings support statins as a public health tool, especially in low-income countries.

∙ Future research should explore the impact of statins across diverse patient popula-

tions.

1 INTRODUCTION

Dementia is a complex neurodegenerative syndrome character-

ized by progressive cognitive decline, significantly impairing daily

functioning.1,2 Currently affecting an estimated 55 million people

worldwide, the prevalence is projected to triple by 2050, primarily due

to the aging global population.3–5 Recent advancements in disease-

modifying therapies (DMTs) for Alzheimer’s disease (AD), including

anti-amyloid monoclonal antibodies, offer new avenues for treatment

by targeting amyloid-β plaques.6–9 While these therapies have shown

promise in slowing cognitivedecline, their clinical benefits remainmod-

est, and concerns about side effects, such as amyloid-related imaging

abnormalities, limit their broad applicability.6 Consequently, treat-

ment remains largely aimed at symptomatic patients, underscoring the

urgent need for effective preventive strategies.2 With AD and vascular

dementia (VaD) as the leading causes of dementia,10,11 the develop-

ment of preventive interventions is critical to address this growing

global health crisis.12

Statins, widely prescribed for their lipid-lowering and cardiovas-

cular benefits,13,14 have gained significant attention in the past two

decades for their potential neuroprotective effects.15 These drugs

act by inhibiting β-hydroxy β-methylglutaryl coenzyme A (HMG-CoA)

reductase, which not only reduces cholesterol levels but also exerts

pleiotropic effects on brain health.16,17 Proposed mechanisms for

these neuroprotective effects include anti-inflammatory properties,

modulation of proteins linked to neurodegeneration, enhancement

of cerebral blood flow through low density lipoprotein (LDL) reduc-

tion, and influence on neurotransmitter activity, all contributing to

improved cerebral perfusion and reducedneuronal damage.17–19 How-

ever, previous studies assessing the impact of statins on dementia risk

have yielded contradictory results, with observational studies often

suggesting a protective effect,20–22 while clinical trials23–26 have not

demonstrated this benefit. This discrepancy underscores the complex-

ity of understanding the role of statins in neurodegenerative diseases

and highlights the need for further research to clarify their potential

benefits in dementia prevention.

Addressing this gap is crucial, particularly given the important

methodological issues of previous studies. Prior meta-analyses27,28

have identified the protective effects of statins in reducing the devel-

opment of dementia, though they often relied on limited outcomes

and effect measures, without fully exploring alternative relationships.

Our study goes further by incorporating a larger dataset, encom-

passing over 7 million patients from 55 observational studies, and

performing analyses not previously undertaken, includingdetailed sub-

group analyses by gender, statin exposure duration, type, the presence

of diabetes mellitus, geographic region, and other factors. This com-

prehensive approach allows for a broader examination of outcomes,

providing a more robust and nuanced understanding of the relation-

ship between statin use and dementia risk. Our findings aim to fill

the existing gap in the body of evidence, offering solid insights to

guide preventive strategies for dementia and to mitigate the imminent

public health crisis posed by the rising prevalence and costs of this

condition.29–31

2 METHODS

2.1 Protocol and registration

This systematic review and meta-analyses were conducted follow-

ing the Cochrane Handbook guidelines for Systematic Review and

reported according to the Preferred Reporting Items for System-

atic Reviews and Meta-Analysis (PRISMA) guidelines (Tables S1 and

S2). This study was registered in the International Prospective Reg-

ister of Systematic Reviews (PROSPERO) with registration number

CRD42024563349 on 10/07, 2024.
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2.2 Eligibility criteria

Studies were included if they met the following eligibility criteria:

(1) Observational studies (cohort or case–control), (2) analyzing the

risk of one or more of the following clinical outcomes: dementia (all-

cause dementia), AD, or VaD, (3) involving patients aged 18 years or

older who were statin users (4) and reporting data relevant to the

association between statin use and any of the clinical outcomes of

interest. Excluded were studies that (1) contained overlapping popula-

tions with other included studies, (2) lacked a control or placebo group

for comparison, and (3) had designs such as case reports, reviews,

opinion pieces, technical reports, guidelines, animal studies, in vitro

experiments, or randomized clinical trials (Table S3).

Accordingly, we aimed to address the following question: Is there

any association between statin use and the incidence of dementia?

2.3 Search strategy

We conducted a systematic search of published studies in PubMed,

Cochrane Central, and Embase. Additionally, our search extended

to abstracts, articles, and scientific presentations. For each selected

database, both Medical Subject Headings (MeSH) terms and input

terms were adapted according to the specific syntax rules, utilizing

Boolean connectors (OR, AND) for term combination, as detailed in

Table S4. The search strategy was executed by authors (F.L.W.F. and

A.M.A.). To ensure the inclusion of additional studies, we evaluated the

references of the included articles and systematic reviews of the litera-

ture. Furthermore, analertwas set up ineachdatabase fornotifications

regarding the publication of studies relevant to our search criteria.

Studies identified in the databases and references from articles

were integrated into the reference management software (Rayyan).

Duplicates were removed through both automatic and manual screen-

ing. Titles and abstracts of the identified articles were independently

reviewed by two authors (F.L.W.F. and F.M.T.) who also independently

extracted data according to predefined search criteria and quality

assessment protocols. In cases of discrepancy between reviewers, a

third reviewer (A.M.A.) made the final decision on inclusion.

2.4 Data extraction and risk of bias assessment

To summarize the main findings, three authors (F.L.W.F, P.R.M.L., and

V.K.T.S.) independently collated data extracted from the included arti-

cles, including authors and year, study design, characteristics of the

patient sample (size, age, time of follow-up, clinical data, and study

group), assessment method, and conclusions regarding to evaluate the

association of statins and the development of dementia.

We employed the Newcastle-Ottawa Scale (NOS) for the qual-

ity assessment of the observational studies. For each study, a 1 to

9 score was assigned, indicating whether it was low, moderate, or

good quality. The domains assessed for case–control studies were:

selection, comparability, and exposure, while for cohort studies were

selection, comparability, and outcome. The quality assessment was

independently analyzed by two researchers (F.L.W.F. and P.R.M.L.). The

discrepancy between reviewers was resolved in agreement by the two

reviewers for the final decision. We present in Figure S1 a summary

of the quality assessment for the studies included in this systematic

review. The form used to apply the NOS, along with the keywords

utilized during the assessment, is also provided in Supplementary

Material 1.

2.5 Endpoints and definitions

The primary outcomes of interest were: (1) dementia risk (hazard

ratios [HR], odds ratio [OR], relative risks [RR]), (2) AD risk (HR, OR),

and (3) VaD risk (HR, OR). Although we refer to the outcome as AD

risk, the correct term according to recent literature11 is Alzheimer’s

dementia. This nomenclature was chosen because most included stud-

ies adopted it to define their outcomes. The secondary outcomes of

interestwere the relationships observed in subgroup analyses: (1) pop-

ulation with type 2 diabetes mellitus, (2) specific statins, (3) statins

lipophilicity, (4) statins potency, (5) gender and its relationshipwith the

primary outcomes, (6) exposure duration, and (7) study origin segre-

gated by continent. Subgroup analyses were conducted only when (a)

sufficient studies reported relevant subgroup data and (b) the effect

sizeswere presented in comparablemetrics (e.g., HR,OR, or RR) across

studies.

2.6 R Statistical analysis

Treatment effects on reducing dementia risk were assessed using

pooled HR, OR, and RR, each accompanied by 95% CIs. Heterogene-

ity among studies was evaluated using the I2 and Tau2 statistics.

A random-effects model was applied across all analyses since we

expected high heterogeneity due to the observational studies. Funnel

plots and Egger test random-effect models will be utilized to assess

publishing bias for pooled outcomeswith high heterogeneity andmore

than 10 included studies. Statistical analyses were performed using R

statistical software, version4.2.3 (RFoundation for Statistical Comput-

ing). Sensitivity analysiswas performedwith the leave-one-outmethod

and Baujat plots.

For subgroup analyses, only studies providing specific data for the

subgroup of interest and presenting comparable effect measures were

included. For example, the subgroupanalysis for sex includedonly stud-

ies that explicitly reported data disaggregated by gender and reported

in the same effect measure. Similarly, the diabetes subgroup analysis

required explicit data on patients with type 2 diabetes mellitus. These

criteria were established to ensure consistency and reliability in the

analyses.
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F IGURE 1 PRISMA 2020 flow diagram depicting the systematic review process, including database and register searches. **Records excluded
during title and abstract screening for not meeting the eligibility criteria. PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.

3 RESULTS

3.1 Study selection and population characteristics

As detailed in Figure 1, the initial search yielded 942 studies. Seventy-

six studies were thoroughly assessed for inclusion and exclusion

criteria after duplicate articles and unrelated studies were eliminated.

Ultimately, we included 55 studies in our systematic review (Sup-

plementary Material 2), which collectively encompassed 7,786,651

participants. The mean age of participants was calculated based on

studies that provided this information. Two separate calculations were

performed to account for missing standard deviation (SD) values: one

estimated the mean age with SD as 72.32 years (SD: 7.30), while the

general mean agewithout SDwas 72.50 years. The average proportion

of male participants was 47.81%, and themean follow-up durationwas

7.13 years. Additional details on baseline population characteristics

and statin therapy, including dosage, duration, andmethod of exposure

assessment, are provided in the SupplementaryMaterial (Tables S3 and

S5).

Geographically, most studies were conducted in America (23 stud-

ies), followed by Asia (19), Europe (12), and Oceania (1). The assessed

outcomes varied, with the majority of studies focusing exclusively on

dementia (D) (29 studies). Other studies evaluated AD (10), D and AD

(9), D, AD, and VaD (6), or D and VD (1).

In terms of study design, most were cohort studies (45 studies;

81.82%), followed by case–control studies (nine studies; 16.36%), and

one study (1.82%) with characteristics of both designs. The effect

measures reported were predominantly HR, reported in 42 studies

(76.36%), followed by OR in eight studies (14.55%) and RR in five

studies (9.09%). The subsequent meta-analyses adhered strictly to the

effect measures reported in the original studies, ensuring consistency

in the synthesis of results.
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3.2 All-dementia outcomes

The all-dementia outcome underwent extensive investigation due to

the substantial number of studies reporting relevant data. The initial

meta-analyses, aimed at providing a comprehensive overview of the

effect of statins as a drug class on dementia risk, included 32 studies

forHR analysis, 6 forOR analysis, and 5 for RR analysis. These analyses

revealed a statistically significant protective effect of statins, with HR

0.8578 (95%CI: 0.8168–0.9009),OR0.8677 (95%CI: 0.8187–0.9196),

and RR 0.6745 (95% CI: 0.5203–0.8744) (Figure 2, S2A and S2B,

respectively). However, these results exhibited high heterogeneity

according to the I2 statistic.

A subgroup analysis involving four studies also identified a statis-

tically significant protective effect in patients with type 2 diabetes

mellitus, with HR 0.8677 (95% CI: 0.8466–0.8892) and moderate het-

erogeneity (I2 = 38%) (Figure 2). The influence of study origin was

further explored by stratifying studies by continent. Asia emerged

as the region with the highest number of included studies (17) and

demonstrated the greatest protective effect, with HR 0.8366 (95% CI:

0.7960–0.8793). The Americas, represented by eight studies, demon-

strated a statistically significant protective effect (HR 0.8751; (95%

CI: 0.8464–0.9048). Conversely, Europe (six studies) andOceania (one

study) displayed confidence intervals crossing the line of neutrality.

Regarding heterogeneity, I2 statistics revealed moderate heterogene-

ity in the Americas (I2 = 42.6%) and high heterogeneity in Asia and

Europe (Figure S2C).

3.2.1 Analyses of statin therapy properties

Several subgroup analyses were conducted to assess the effects of

varying durations of statin exposure and the distinct properties of the

drugs within this class.

The primary finding was a progressive increase in the protective

effect of statins with longer exposure durations. In a subgroup analysis

of five studies evaluating patients exposed to less than 1 year of statin

therapy, the HR was 1.0723 (95% CI: 1.0017–1.1479). Another sub-

group comprising four studies with exposure durations of 1 to 3 years

showedHR0.7996 (95%CI: 0.6396–0.9997). Finally, a subgroupanaly-

sis of patients exposed tomore than 3 years of statin therapy, including

six studies, revealed a statistically significant 63% reduction in demen-

tia risk (HR 0.3685; 95%CI: 0.2979–0.4558; p< 0.001). Heterogeneity

was moderate in the subgroup with less than 1 year of exposure but

high in the remaining groups (Figure 3). Two additional analyses involv-

ing smaller datasets and different exposure durations are presented

alongside the aforementioned results in Figure S2D.

An analysis focusing on statin lipophilicity included five stud-

ies reporting this characteristic. Statistically significant results were

observed only for lipophilic statins (HR 0.8501; 95% CI: 0.7726–

0.9354), with high heterogeneity (I2 = 81.5%) (Figure S2E). Regarding

statin potency, only two studies provided relevant data. Subgroup

analysis revealed statistically significant results exclusively for high-

potency statins (HR 0.7232; 95% CI: 0.6706–0.7799) (Figure S2F).

Finally, subgroup analyses of specific statins (simvastatin, lovastatin,

pravastatin, fluvastatin, atorvastatin, rosuvastatin, and pitavastatin)

were conducted (Figure S2G). Of these, only fluvastatin, atorvastatin,

and rosuvastatin showed statistically significant results. Rosuvastatin,

analyzed in a subgroup of 7 studies, demonstrated the greatest risk

reduction for dementia, approximately 28% (HR 0.7242; 95% CI:

0.5992–0.8753), albeit with high heterogeneity (I2 = 93%). Atorvas-

tatin reduced dementia risk by approximately 11% in a subgroup

with eight studies, and fluvastatin by 7%, in an analysis with seven

studies.

3.2.2 Analyses regarding gender

Only six studies reported results stratified by gender, which were

included in this analysis. Men experienced a slightly greater reduction

in dementia risk compared to women (HR 0.8555; 95% CI: 0.7792–

0.9392; and HR 0.8618; 95% CI: 0.7489–0.9919, respectively) (Figure

S2H). Amore detailed investigation into gender-specific effects of indi-

vidual statins was conducted using three studies providing these data.

Among male patients, atorvastatin was the only statin showing sta-

tistical significance (HR 0.8797; 95% CI: 0.7997–0.9676). Conversely,

in women, pravastatin, lovastatin, and rosuvastatin demonstrated

statistically significant effects. Rosuvastatin exhibited the most pro-

nounced risk reduction among women, with HR 0.6646 (95% CI:

0.4773–0.9254), albeit with high heterogeneity (I2 = 75%) (Figure S2I).

3.3 AD

The analyses of AD risk included 18 studies for H analysis and

eight studies for OR analysis. Statins were associated with a sta-

tistically significant protective effect. The pooled HR was 0.8165

(95% CI: 0.7393–0.9018), with moderate heterogeneity (I2 = 52.9%)

(Figure 4A). Similarly, the OR analysis indicated a protective effect,

with an OR of 0.5778 (95% CI: 0.4250–0.7856), though the hetero-

geneity was high (I2 = 76%) (Figure S3A). Similarly to the previous

All-dementia outcome, the influence of study origin was assessed

through subgroup analysis by continent. Asia demonstrated the great-

est reduction in AD risk, although this analysis included only three

studies, yielding anHRof0.7109 (95%CI: 0.6308–0.8012). Europealso

contributed three studies; however, the results were not statistically

significant. The Americas, which included the largest number of stud-

ies (11), showed a statistically significant protective effect with an HR

of 0.8544 (95%CI: 0.8278–0.8819) and lowheterogeneity (I2 =14.9%)

(Figure S3B).

3.3.1 Analyses of statin therapy properties

Subgroup analyses were conducted to explore the effects of statin

therapyduration and lipophilicity. Exposureduration analyses revealed
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F IGURE 2 Forest plot of statin use and risk of all-cause dementia in the general population and in a subgroup of patients with type 2 diabetes
mellitus. The HR pooled analysis demonstrated a significant protective effect of statins on both groups. HR, hazard ratios.

no statistically significant results across all subgroups, including dura-

tions of less than 1 year, 1–3 years, and greater than 3 years. These

subgroups consisted of two, two, and three studies, respectively

(Figure S3C). Analyses based on statin lipophilicity included five stud-

ies per subgroup and showed statistically significant results for both

hydrophilic and lipophilic statins, with low heterogeneity in both cases.

Hydrophilic statins demonstrated a slightly stronger protective effect,

with an HR of 0.8339 (95%CI: 0.7645–0.9096), compared to lipophilic

statins, which had an HR of 0.8497 (95% CI: 0.8220–0.8784) (Figure

S3D).
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F IGURE 3 Forest plot of statin use and risk of all-cause dementia stratified by exposure duration (patients exposed to less than 1 year of statin
therapy, 1–3 years, and greater than 3 years). The HR pooled analysis highlights the time-dependent protective effect of statin use on all-cause
dementia risk. HR, hazard ratios.

3.4 VaD

The analysis of VaD outcomes revealed mixed findings. Hazard ratio

analysis, based on five included studies, did not show statistical signifi-

cance, with HR 0.8857 (95%CI: 0.7690–1.0202) (Figure 4B). However,

OR analysis, including only two studies, demonstrated a statistically

significant protective effect, with OR 0.7131 (95%CI: 0.6230–0.8163)

(Figure S4A). Subgroup analysis by continent was restricted to the

Americas and Asia, as these were the only regions with studies report-

ing VaD outcomes. In the Americas, the results were not statistically

significant. Conversely, Asia, with three included studies, exhibited

a statistically significant protective effect, with HR 0.8590 (95% CI:

0.7534–0.9793) (Figure S4B).

3.5 Quality assessment

The quality assessment using the NOS revealed a range of scores

across the included studies, reflecting overall good methodological

quality. The scores ranged from 6 to 9, with an average of 7.62 (SD:

0.83), indicating a moderate to low risk of bias. Notably, 58.2% of stud-

ies (32 out of 55) scored ≥8, highlighting their strong methodological

rigor. Cohort studies generally exhibited highermethodological quality

compared to case–control studies. Cohort studies had scores ranging

from 6 to 9, with an average of 7.71 (SD: 0.84). Several cohort studies

achieved themaximum score of 9, including Chang et al., 2019, Li et al.,

2020, Rajan et al., 2024, Ren et al., 2024, Torrandell-Haro et al., 2020,

Wolozin et al., 2007, and Zissimopoulos et al., 2016. However, some
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F IGURE 4 Forest plot depicting the association between statin use and the risk of AD and VaD in the general population. (A) The pooled HR
analysis revealed a significant protective effect of statins against AD. (B) The pooled HR analysis did not indicate a statistically significant
protective effect of statins against VaD. AD, Alzheimer’s disease; HR, hazard ratios; VaD, vascular dementia.
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cohort studies, such asDufouil et al., 2005,Handa et al., 2021, Khokhar

et al., 2018, andRea et al., 2005, scored 6, reflecting potential concerns

regarding comparability and outcome domains. Case–control studies

exhibited a narrower range of scores, from7 to8,with an average score

of 7.33 (SD: 0.50). Among these, the highest score of 8was achieved by

Zingel et al., 2021, Rockwood et al., 2002, and Wu et al., 2015. In con-

trast, Hajjar et al., 2002, a hybrid case–control/cohort study, scored 6,

reflectingmethodological limitations in comparability.

4 SENSITIVITY ANALYSIS

Both All-dementia HR and AD HR outcomes had high heterogeneity.

Funnel Plots and Egger tests were performed to further comprehend

the impact of this heterogeneity on the robustness of our results and

assess the publication bias. Figure 5A represents the all-dementia HR

outcome, showing substantial asymmetry (p < 0.05). As a result, there

is the possibility of publishing bias. The Egger test results for this out-

come reveal the presence of publication bias, as evidenced by the

significant p-value (0.0105) and negative bias estimate (−1.4541). Con-
versely, the ADHRoutcome has no significant indication of asymmetry

(Figure 5B), as confirmed by the Egger test with p > 0.05 (p = 0.3090)

and nonsignificant bias estimate (−0.4240). Thus, there is no apparent
sign of publishing bias, with aminor and insignificant estimate.

Some of the other assessed outcomes had high heterogeneity. How-

ever, leave-one-out analysis and Baujat plots were chosen since less

than 10 studies were included in each outcome (Figure S5). The sub-

group analysis forDMpatients all-dementiaHR resulted in statistically

significant with mild heterogeneity. Thus, leave-one-out analysis was

performed, indicating that Chen et al., 2014 was the study with major

contribution to overall heterogeneity. Excluding this study from anal-

ysis, the heterogeneity lowered to 0% (I2), with a HR of 0.87 (95% CI:

0.85–0.89) (Figure S5N).

The lipohilic statin subgroup from all-dementia HR outcome also

had high heterogeneity and leave-one-out analysis was conducted. In

this subgroup, Chang et al., 2019 accounted for the greater hetero-

geneity.When excluded fromanalysis, the resultingHR is 0.80 (95%CI:

0.76–0.86) and 0% I2 (Figure S5B).

Rosuvastatin in men HR leave-one-out sensitivity analysis was also

performed (Figure S5J). The only significative heterogeneity reduction

happens when Chou et al., 2014 is omitted from analysis (HR 0.87;

95% CI: 0.80-0.95; I2 = 0%). Rosuvastatin in women HR leave-one-out

sensitivity analysis was similarly conducted (Figure S5K) and revealed

that both Chou et al., 2014 and Kim et al., 2020 contribute to the out-

come heterogeneity. Excluding Chou et al., 2014 (HR 0.81; 95% CI:

0.76–0.88; I2 = 0%) and Kim et al., 2020 (HR 0.54; 95% CI: 0.40–0.72;

I2 = 0%). Lastly, atorvastatin in men HR was performed (Figure S5L),

identifying two sources for the heterogeneity: Chou et al., 2014 and

Kimet al., 2020.When the first is excluded, the heterogeneity becomes

0% (I2) with anHR0.92 and 95%CI: 0.88 to 0.96. Excluding the second,

the resultant HR is 0.83, with 95%CI of 0.73 to 0.93 and I2 = 0.

VaDHR resulted in statistically nonsignificantwith lowheterogene-

ity. However, when performed the leave-one-out and excluding Lee J

et al., 2020 (men), the heterogeneity became 2% (I2) and resulted in an

HR of 0.87 (95%CI: 0.82–0.98) (Figure S5O).

The Baujat plot for all-dementia OR (Figure S5Q) enables us to

identify Rockwood et al., 2002 as the most contributor for the out-

come heterogeneity, whereas Zingel et al., 2021 (Medium Dosage)

has the most influence on overall results. Even after identifying the

study that most contributed to heterogeneity, the leave-one-out anal-

ysis did not yield significant results, with high I2 remaining unchanged

(Figure S5P). Additionally, the most substantial reduction in I2 (59%)

was observed when Rockwood et al., 2002, was excluded from the

analysis.

Given the substantial heterogeneity of AD OR outcome, a leave-

one-out sensitivity analysiswasperformed (Figure S5R). The study that

influenced themost in theheterogeneity of this outcomewasKimet al.,

2021. The leave-one-out analysis revealed that when it is excluded, the

OR becomes 0.53 (95%CI: 0.42 to 0.66) with an I2 of 0%, representing

the absence of heterogeneity.

The sensitive analysis for RR of all dementia was carried out

by methodically excluding each individual study included in the

meta-analysis (Figure S5T). When both Redelmeier et al., 2019 and

Torrandell-Haro et al., 2020 were excluded the heterogeneity reached

0%. This indicates that they are both contributing to overall hetero-

geneity. Excluding Redelmeier et al., 2019, the RR was 0.56 (95% CI:

0.54–0.58) with an I2 of 0.0%. Leaving out Torrandell-Haro et al., 2020

resulted in an RR of 0.87 (95%CI: 0.81–0.93) and an I2 of 0%.

5 DISCUSSION

Our systematic review and meta-analysis resulted in a comprehensive

study, encompassing 55 observational studies and an unprecedented

number of 7,786,651 patients in the literature on this topic. The main

findings from the pooled analyses were as follows: (1) statin use sig-

nificantly reduced the risk of all dementia, AD, and VaD; (2) longer

exposure durations were associated with greater protective effects;

(3) geographic variation highlighted stronger effects in Asia and Amer-

ica; (4) rosuvastatin showed the greatest reduction in dementia risk; (5)

male patients experienced slightly greater risk reductions; and (6) the

results were consistent across the meta-analyses with different effect

measures used in the study.

Dementia is one of the most common neurodegenerative diseases,

currently affecting approximately 55 million people worldwide, with

60% of these individuals living in low- and middle-income countries.3

Epidemiological data show that this condition correlates with age,

affecting 1.83% of individuals aged 60–69 years and rising steeply to

35.72% in those aged 90–99 years.4 As the global population con-

tinues to age, these trends present significant challenges for public

health systems worldwide.31 The current economic burden generated

by dementia costs to public health was estimated to reach 1.314,4 bil-

lion US dollars in 2019. Individually, each patient demands 23.796 US

dollars.30 Given this, strategies for dementia prevention are increas-

ingly being studied in view of understanding the risk and protective

factors associated with this condition.32–37
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F IGURE 5 Funnel plots for sensitivity analysis. (A) Funnel plot of 34 studies included in all-dementia hazard ratio meta-analysis. (B) Funnel
plot of 21 studies included in Alzheimer´s disease hazard ratio meta-analysis.

Conversely, statins emerge as an extremely relevant class of med-

ications due to their low cost, wide global availability, and proven

benefits in primary and secondary prevention of cardiovascular events

through the reduction of serum cholesterol levels. This is achieved

by inhibiting the mitochondrial enzyme HMG-CoA, also known as

3-hydroxy-3-methylglutaryl coenzyme A.13,14,38,39 In addition to this

primary mechanism of action, other mechanisms have been inves-

tigated due to the pleiotropic effects (independent of cholesterol)

observed with statins.17,19,40 Among these cholesterol-independent

benefits, their anti-inflammatory effects, modulation of the tran-

scriptional activity of proteins with neurodegenerative properties,

and influence on neurotransmitter activity stand out, particularly

due to their significant implications for the central nervous system

(CNS).17,18,41–51 Such mechanisms may exert an important role in

cognitive function, with evidence both supporting and refuting these

hypotheses.16 Our results, consistent with previous studies by Poly

et al., 2020 and Olmastroni et al., 2022, indicate significant dementia

risk reduction, supporting the potential neuroprotective role of this

class of medications27,28 Despite the statistically significant results,

there is considerable heterogeneity in the pooled analysis for all

dementia HR, OR, and RR, which could impact the robustness of the

findings. Such heterogeneity was anticipated due to the inclusion of a
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substantial number of observational studies employing different diag-

nostic methods for dementia and distinct approaches to assessing

medicationuse. Additionally, our subgroup analysis revealed aprogres-

sive increase in the protective effect of statins with longer exposure

durations, culminating in a 63% reduction in dementia risk among

patients exposed for more than 3 years. These findings further sup-

port the hypothesis that statins’ neuroprotective effects may depend

on sustained exposure, reinforcing their potential role as preventive

agents.

The pharmacological properties of statins, particularly their abil-

ity to cross the blood–brain barrier (BBB), and their potential effects

on the CNS are critical factors influencing their differential impact on

neurodegeneration. Lipophilic statins, such as atorvastatin and sim-

vastatin, exhibit greater passive diffusion across cellular membranes,

facilitating significant BBB penetration.16,17 This property enables

them to exert direct effects on brain cholesterol metabolism, amyloid-

beta processing, and neuroinflammation.18 However, their broad tis-

sue distribution also raises concerns about potential off-target effects,

including neurotoxicity in specific contexts.52 In contrast, hydrophilic

statins, including pravastatin and rosuvastatin, require active trans-

port mechanisms for cellular entry, resulting in amore hepatoselective

profile and minimal CNS exposure.53 While this limits their direct

neuroprotective effects, it alsominimizes the risk of neurotoxicity, pre-

senting a safer profile for patients with CNS vulnerabilities.19 Our

study revealed distinct patterns in the effects of these statins. Sub-

group analyses demonstrated a statistically significant risk reduction

for all-cause dementia among lipophilic statins, whereas the results

for hydrophilic statins were not significant. Notably, in the analy-

sis for specific statins, rosuvastatin exhibited the greatest protective

effect. This finding aligns with its reduced propensity for neurotoxic-

ity and suggests that systemic mechanisms, such as anti-inflammatory

and cholesterol-lowering effects, may play a critical role. Conversely,

in an analysis focused on AD, a different scenario was identified.

Both hydrophilic and lipophilic statins demonstrated significant pro-

tective effects, highlighting a nuanced relationship that will be further

explored in the AD section of this discussion.

The geographical variation observed in our subgroup analyses pro-

vides valuable insights into the potential interplay between regional

cardiovascular risk factors and the observed effectiveness of statin use

in reducing dementia risk. Our study identified Asia as the continent

with themost pronounced protective effect against all-cause dementia

and AD. These findings may be partly explained by the high prevalence

ofmodifiable cardiovascular risk factors inAsian populations, including

hypertension, diabetes, and dyslipidemia. This heightened burden of

cardiovascular risk factors could make Asian populations particularly

responsive to the pleiotropic effects of statins. In America, the protec-

tive effect of statins was also statistically significant, though slightly

less pronounced than in Asia. The lower heterogeneity observed in

these studies may reflect more consistent management of cardiovas-

cular risk factors in these regions. However, it is important to note that

all studies included from the Americas were conducted exclusively in

populations from the United States and Canada, leaving Latin Amer-

ican populations unrepresented. The subgroup analysis for European

studies did not demonstrate significant reductions in dementia risk or

AD. This may reflect differences in healthcare systems and prescribing

practices and further analysis identifies a critical gap in representa-

tion from Eastern Europe. Oceania had also only one study, exclusively

fromAustralia, further limiting insights into population diversity. These

findings align with the previous study from The Global Cardiovascular

Risk Consortium, which similarly identified significant gaps in repre-

sentation for Africa, Latin America, and certain regions of Asia and

Europe.54 The under-representation of these populations highlights

an important limitation in the global applicability of our findings and

underscores the importance of prioritizing diverse, globally inclusive

research efforts to better understand regional variations and current

scenarios worldwide.

Gender differences appear to be a significant determinant in neu-

roscience studies through playing a key role in differences observed

between men and women in clinical practice.16,55 A previous meta-

analysis assessing the prevalence of dementia between male and

female sexes identified a higher prevalence of dementia andAD among

females.4 Following this trend of understanding sex differences, our

study identified, contrary to the previous meta-analysis by Olmastroni

et al.,28 a statistically significant difference for dementia risk strati-

fied by gender, indicating a higher risk reduction in male patients. An

additional analysis performed in our study, stratified by specific statin

agent in each gender, identified atorvastatin as the only statinwith sta-

tistical significance among men. In the female population, the use of

lovastatin, pravastatin, and rosuvastatin demonstrated statistical sig-

nificance in reducing the risk of dementia, with rosuvastatin showing

the greatest reduction. This difference in the number of statistically

significant results for each gender highlights the greater homogeneity

observed among the female population in the three studies included

in this analysis: Chou et al,. 2014, Hippisley-Cox et al., 2010, and Lee

et al., 2022. Finally, the leave-one-out analyses for the effects of Rosu-

vastatin andAtorvastatin, the two agentswith the highest potential for

dementia risk reduction according to our results, indicated that both

Chou et al., 2014, and Kim et al., 2020, were the primary contributors

for the observed heterogeneity in the male population. Their exclu-

sion resulted in an I2 heterogeneity of 0% and a statistically significant

reduction in dementia risk.

AD is the most prevalent etiology of dementia, accounting for 60%

to 80% of cases of this clinical syndrome,11,35 being characterized

by elevated levels of amyloid-beta in the composition of extracellular

senile plaques and hyperphosphorylated tau in intracellular neurofib-

rillary tangles.10 Our subgroup analysis for AD identified a statistically

significant risk reduction among statin users, which is aligned with

previous meta-analyses.28 A subgroup analysis revealed a significantly

higher risk reduction, with low heterogeneity, for developing this con-

dition among hydrophilic statin users when compared to lipophilic

statin users. This result contradicts previously proposed concepts by

Carlsson et al. in 2009 that only lipophilic statins would be effec-

tive in reducing the risk for AD.56 Our results robustly reinforce the

role of statins as a preventive strategy for AD. Other lipid-lowering

agents were analyzed in observational studies included in our sys-

tematic review, such as Ancelin et al., 2012, Dufouil et al., 2005, and
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Rockwood et al., 2002, without demonstrating statistical significance

in reducing the risk of dementia or AD.

VaD results from a continuum of vascular cognitive impairment

(VCI), a recently recognized entity predominantly caused by cere-

brovascular diseases,57,58 that affects 5% to 10% of individuals

with dementia.11 However, when considered in association with

other mechanisms causing dementia, in a concept known as mixed

dementia,59 it can account for 20% to 40% of cases, representing

the second most prevalent etiology of dementia.60 Our analysis of

statin use associated with VaD revealed a significant risk reduction

of up to 30% among statin users with moderate heterogeneity in the

OR analysis and 11% with no statistical value and low heterogene-

ity in the HR analysis. This discrepancy between both effect measures

prompted us to conduct detailed sensitivity analyses for these out-

comes. A leave-one-out analysis of the VaDORdid not yield significant

results. However, when performing this analysis on the VaD HR, we

identified that themale population in the study by Lee J et al., 2020was

the primary contributor to the heterogeneity in this analysis. Excluding

this study reduced the heterogeneity to 2% (I2) and resulted in a statis-

tically significant 13% reduction in VaD risk. Current strategies for the

primary prevention of VCI involve modifying vascular risk factors such

as hypertension, hypercholesterolemia, and diabetes, which are impli-

cated in the pathophysiology of this condition.60 Among these, treating

hypercholesterolemia is currently recommended as a reasonable pre-

ventive modality for individuals at risk for VCI, with class IIb/level

B evidence.61 Secondary prevention, in cases of ischemic stroke or

transient ischemic attack (TIA), follows the guidelines of the Ameri-

can Heart Association and American Stroke Association.62 Ultimately,

patients who already have VaD but have not had a previous episode

of ischemic stroke or TIA should initiate statin therapy according to

the patient’s cardiovascular risk, as recommended by the most recent

evidence.13,14 Our results provide greater robustness to the scientific

evidence supporting statins as a protective factor for VaD and risk of

VCI.

The neuroprotective potential of statins, as demonstrated in our

systematic review and meta-analyses of observational studies, has

not been consistently validated in randomized controlled trials (RCTs).

The PROSPER trial,23 the only long-term RCT focused on an elderly

population, did not find significant differences in cognitive decline

between pravastatin and placebo groups. Similarly, the Simvastatin

Heart Protection Study,63 with a 5-year follow-up, reported no impact

of simvastatin on cognitive impairment or dementia. However, both

studies present methodological limitations that could explain these

findings. PROSPER exclusively evaluated pravastatin, a hydrophilic

statin with limited BBB penetration, which may inherently restrict its

neuroprotective potential. Moreover, the Simvastatin Heart Protec-

tion Study did not rigorously control dementia risk factors, and its

dementia ascertainment methods fell short of current diagnostic stan-

dards. Additionally, the relatively short follow-up period in these trials

limits the ability to capture the cumulative effects of statins, which are

more likely to be observed in long-term observational studies.

Additional discrepancies become evident when analyzing other

RCTs. The HOPE-3 trial,64 a study using a 2 × 2 factorial design, eval-

uated the effects of rosuvastatin and a combination of candesartan

and hydrochlorothiazide on cognitive decline. It found no significant

effects over a median follow-up of 5.7 years. The authors suggested

that the failure to observe benefits could be attributed to the rela-

tively short follow-up, reliance on telephone interviews for cognitive

assessment, and the healthy volunteer bias. In contrast, another recent

study by Hu et al., 2020, demonstrated that telmisartan combined

with rosuvastatin significantly reduced cognitive impairment progres-

sion and dementia risk over an average 7-year follow-up, particularly

in apolipoprotein E (APOE) ε4 carriers.65 These findings underscore

the importance of genetic and cardiovascular context in determining

statins’ neuroprotective potential.

In line with these observations, our study also identified discrepan-

cies in the protective effects of specific statins. Our subgroup analyses

revealed that neither pravastatin nor simvastatin demonstrated sig-

nificant risk reductions for dementia, aligning with the null findings

of the PROSPER and Simvastatin Heart Protection Study trials. This

consistency highlights the variability in effectiveness based on statin

type, reinforcing the need for future investigations that consider

pharmacological differences among these agents.

It is important to note thatmany RCTs investigating statins and cog-

nitive outcomes, such as those by Sparks et al., 2005, Feldman et al.,

2010, and Sano et al., 2011, focused on populations with established

dementia. These studies uniformly failed to show significant bene-

fits, likely reflecting the limited ability of statins to reverse existing

neurodegenerative pathology.24–26 By contrast, our study investigates

statin exposure and its preventive role against dementia, emphasizing

their potential as protective factors rather than therapeutic agents for

established neurodegenerative conditions.

The ongoing STAREE trial66 offers a promising avenue for resolv-

ing these discrepancies. This study involves healthy individuals aged

70 years or older treated with atorvastatin or placebo, with demen-

tia among its primary outcomes. With its robust design and extended

follow-up period, STAREE has the potential to address many of the

methodological limitations observed in prior RCTs, providing more

definitive insights into the role of statins in dementia prevention.67

These discrepancies between RCTs and observational studies high-

light the complementary strengths and limitations of each design.

While RCTs are the gold standard for minimizing bias, they often lack

the extended follow-up and generalizability of observational studies,

which better reflect real-world conditions. However, observational

studiesmaybe subject to confounding factors, as furtherdetailed in the

Limitations section. Addressing these complexities will require future

studies with designs that bridge the gaps between RCTs and observa-

tional research, incorporating longer follow-ups, broader populations,

andmore nuanced analyses of statin pharmacodynamics.

While previous systematic reviews and meta-analyses by Olmas-

troni et al., 2021, and Poly et al., 2020, identified a protective effect

of statins against dementia,27,28 our study builds upon these find-

ings by incorporating a larger statistical analysis and more refined

subgroup analyses, including those exploring duration of exposure

and geographic variation. These additions enhance the reliability and

broader applicability of our results. Additionally, we employed a dis-
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tinct methodological approach by preserving the original effect mea-

sures reported in the included studies, therebyensuring the robustness

and accuracy of the pooled analyses. Furthermore, statins, as low-cost

medications, hold significant promise in preventing dementia, particu-

larly in low- and middle-income countries where most individuals with

dementia reside.1 The accessibility and affordability of statins, com-

bined with our findings of risk reduction among all dementia, AD, and

VaD patients, make them a viable option for large-scale public health

interventions aimed at reducing the global burden of neurodegenera-

tivediseases,with thepotential to significantly impact the future global

health landscape.

5.1 Limitations

Our study has several limitations. First, the reliance on observational

studies: while offering valuable data, the results of long-term analysis

are susceptible to several biases and confounding factors that cannot

always be adequately controlled. This can impact the robustness of

our conclusions. However, we performed a meticulous quality assess-

ment of included studies with the NOS in view of mitigating the biases

associated with poor quality studies. Another important issue inher-

ent to observational studies is the “healthy user bias.”68 Patients who

take statins may also engage in other health-promoting behaviors that

reduce dementia, potentially explaining part of the observed protec-

tive effect of statins. To address this bias, we sought to extract the

most adjusted effect measure provided by each study. However, it is

essential to recognize that behavioral changes related to statin use

may introduce additional confounding effects not fully captured in our

analysis.

Second, significant heterogeneity was present in many of our

results. This issue was anticipated given the pooled analysis of obser-

vational studies that varied widely in their diagnostic criteria for

dementia, methods of statin use assessment, medication doses, and

population characteristics. Notably, the variability in statin prescrip-

tion, including differences in doses and treatment durations as outlined

in Table S5, may have influenced the observed outcomes and con-

tributed to the overall heterogeneity. While subgroup analyses were

performed to address some of these variations, the lack of consis-

tently and uniformly reported data on statin doses or concentrations

across the included studies remains a significant limitation. This limita-

tion furtherprecluded thepossibility of conducting adetailed subgroup

analysis based on dosage or concentration. To address overall hetero-

geneity, we employed several sensitivity analysis methods to identify

and reduce heterogeneity, such as funnel plots and Egger tests to visu-

alize heterogeneity in selected outcomes, Baujat plots to investigate

the role of each study in the overall contribution to results and hetero-

geneity, and leave-one-out analysis to assess changes inpooledanalysis

and heterogeneity when themost divergent studies were excluded.

Third, the variability in diagnostic criteria for dementia across stud-

ies represents a key limitation. Many included studies relied on clinical

diagnoses or administrative codes (e.g., ICD codes), often without the

support of standardized cognitive testing or biomarker validation. This

reliance on less rigorous diagnostic methods likely introducedmisclas-

sification bias, which could undermine the reliability of the results.

Notably, the majority of included AD studies did not utilize biomarker-

proven diagnoses, a significant limitation given the evolving consensus

on the critical role of biomarkers in accurately defining AD. For trans-

parency, detailed information on the diagnostic criteria used in the

included studies is provided in Table 1.

Fourth, the presence of publication bias in one outcome (all-cause

dementiaHR) identified through theEgger test represents another lim-

itation. This bias, as evidenced by the significant p-value and negative

bias estimate, suggests that studies reporting null or negative results

may be underrepresented in the literature. Although publication bias

was not observed for other outcomes, this finding necessitates a

cautious interpretation of the results, particularly for this specific

outcome.

Fifth, generalizing our findings remains challenging due to the signif-

icant heterogeneity in baseline characteristics of included patients and

the underrepresentation of certain global populations. Although we

conducted comprehensive subgroup analyses, including those strati-

fied by geographic region, our results underscore the lack of repre-

sentation from Latin America, Africa, and parts of Eastern Europe, as

well as the limited data available from Oceania. These gaps, consis-

tent with findings from global epidemiological studies54 highlighting

similar underrepresentation, underscore the urgent need for more

diverse and inclusive research efforts. Furthermore, only the study by

Zissimipoulos et al., 2017 provided detailed information on the eth-

nic composition of its participants, which precluded the possibility of

conducting subgroup analyses based on ethnicity.

6 FUTURE RESEARCH

Future research should address several gaps identified in this study.

While RCTs have investigated the effects of statins on dementia,

limitations such as short follow-up periods, lack of focus on pre-

vention, and variability in diagnostic criteria persist. Ongoing studies

like the STAREE66 trial hold promise for addressing some of these

issues, but additional RCTs with robust designs, extended follow-

up, and standardized biomarker-based diagnostic criteria are needed

to validate our findings and inform clinical practice. Furthermore,

the underrepresentation of certain global populations, such as those

from Latin America, Africa, and parts of Eastern Europe, emphasizes

the need for more diverse, inclusive research. Investigations explor-

ing the relationship between statin use and dementia risk in these

populations are critical to improving the generalizability of findings.

Similarly, studies examining the effects of statins across different eth-

nic groups and their interactions with genetic predispositions, such as

APOE ε4 status, are essential for understanding population-specific

responses.
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7 CONCLUSION

This comprehensive systematic review and meta-analysis demon-

strates that statin use is associated with a significant reduction in the

risk of dementia, including AD and VaD. Our study, encompassing over

7 million patients across 55 observational studies, provides robust

evidence supporting the neuroprotective potential of statins. Our find-

ings highlight the potential role of statins in mitigating dementia risk.

Despite inherent limitations such as potential biases and heterogene-

ity, our analysis strengthens the case for including statins in dementia

prevention strategies. The large dataset and detailed subgroup anal-

yses enhance the reliability of our findings, suggesting that statins

could play a crucial role in public health interventions, particularly in

low- and middle-income countries where the burden of dementia is

greatest.

AUTHOR CONTRIBUTIONS

All authors made substantial contributions to the conception or design

of thework; or theacquisition, analysis, or interpretationofdata for the

work: Fernando Luiz Westphal Filho and Artur Menegaz de Almeida

conceived the research question, and elaborated the search strat-

egy; Fernando Luiz Westphal Filho and Fernanda Moraes Tamashiro

conducted the study selection; Fernando Luiz Westphal Filho, Paulo

Roberto Moss Lopes and Vitor Kendi Tsuchiya Sano contributed to

conducting data acquisition. Fernando Luiz Westphal Filho and Artur

Menegaz de Almeida conducted the interpretation of the data and

Fernando Luiz Westphal Filho and Artur Menegaz de Almeida syn-

thesized the data using statistics software; Fernando Luiz Westphal

Filho and Paulo Roberto Moss Lopes assessed the risk of bias; Fer-

nando Luiz Westphal Filho, Paulo Roberto Moss Lopes, Fernanda

Moraes Tamashiro, Ocílio Ribeiro Gonçalves, Francisco Cezar Aquino

de Moraes and Francisco Cezar Aquino de Moraes drafted the writ-

ing. All authors reviewed it for important intellectual content and

Francinny Alves Kelly and Pablo Vinícius Silveira Feitoza reviewed it

critically as specialists in the field. All authors reviewed and approved

the final version for publication and can confirm that they meet the

ICMJE authorship criteria.

ACKNOWLEDGMENTS

No assistance was provided in the drafting of this manuscript.

CONFLICT OF INTEREST STATEMENT

The authors have no relevant affiliations or financial involvement with

any organization or entity with a financial interest in or financial con-

flict with the subject matter or materials discussed in the manuscript.

This includes employment, consultancies, honoraria, stock ownership

or options, expert testimony, grants or patents received or pend-

ing, or royalties. Author disclosures are available in the Supporting

Information.

DATA AVAILABILITY STATEMENT

More data can be accessed upon request to the corresponding author.

CONSENT STATEMENT

This study is a systematic review and meta-analysis of previously

published data. As such, no new data were collected directly from

human participants, and informed consent was not applicable. All

included studies in theanalysiswere conducted in compliancewitheth-

ical standards and obtained appropriate informed consent from their

participants as stated in their respective publications.

TRANSPARENCY DECLARATION

F.L.W.F., the lead author and manuscript guarantor, affirms that the

present manuscript is an honest, accurate, and transparent account of

the study being reported. He also affirms that no important aspects of

the study have been omitted; and that no discrepancies from the study

as planned have occurred.

ORCID

Fernando LuizWestphal Filho https://orcid.org/0009-0005-3760-

673X

REFERENCES

1. Livingston G, Huntley J, Sommerlad A, et al. Dementia preven-

tion, intervention, and care: 2020 report of the Lancet Commission.

The Lancet. 2020;396(10248):413-446. doi:10.1016/S0140-6736(20)
30367-6

2. Reuben DB, Kremen S, Maust DT. Dementia prevention and treat-

ment: a narrative review. JAMA Intern Med. 2024;184(5):563-572.
doi:10.1001/jamainternmed.2023.8522

3. World Health Organization. Dementia WHO. World Health Organiza-

tion; 2023. Accessed July 7, 2024. https://www.who.int/news-room/

fact-sheets/detail/dementia

4. Cao Q, Tan CC, Xu W, et al. The prevalence of dementia: a systematic

review and meta-analysis. J Alzheimers Dis. 2020;73(3):1157-1166.
doi:10.3233/JAD-191092

5. Nichols E, Steinmetz JD, Vollset SE, et al. Estimation of the global

prevalence of dementia in 2019 and forecasted prevalence in 2050:

an analysis for the Global Burden of Disease Study 2019. Lancet Public
Health. 2022;7(2):e105-e125. doi:10.1016/S2468-2667(21)00249-8

6. Menegaz de Almeida A, Leite M, Lopes LM, et al. Gantenerumab for

early Alzheimer’s disease: a systematic review and meta-analysis.

Expert Rev Neurother. 2024;24(9). doi:10.1080/14737175.2024.

2367016

7. Avgerinos KI, Ferrucci L, Kapogiannis D. Effects of monoclonal anti-

bodies against amyloid-β on clinical and biomarker outcomes and

adverse event risks: A systematic reviewandmeta-analysis of phase III

RCTs in Alzheimer’s disease. Ageing Res Rev. 2021;68:101339. doi:10.
1016/J.ARR.2021.101339

8. van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in early

Alzheimer’s disease.NEngl JMed. 2023;388(1):142-143. doi:10.1056/
NEJMOA2212948

9. Ross EL, Weinberg MS, Arnold SE. Cost-effectiveness of aducanumab

and donanemab for early Alzheimer disease in the US. JAMA Neurol.
2022;79(5):478-487. doi:10.1001/JAMANEUROL.2022.0315

10. Raz L, Knoefel J, Bhaskar K. The neuropathology and cerebrovascular

mechanisms of dementia. J Cereb Blood Flow Metab. 2016;36(1):172-
186. doi:10.1038/jcbfm.2015.164

11. Alzheimer´sAssociation.2024Alzheimer’sDisease Facts and Figures. Vol
20. JohnWiley and Sons Inc; 2024. doi:10.1002/alz.13809

12. Walsh S, Wallace L, Kuhn I, et al. Population-level interventions for

the primary prevention of dementia: a complex evidence review.

EClinicalMedicine. 2024;70:102538. 10.1016/j.eclinm.2024.102538

https://orcid.org/0009-0005-3760-673X
https://orcid.org/0009-0005-3760-673X
https://orcid.org/0009-0005-3760-673X
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1001/jamainternmed.2023.8522
https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.3233/JAD-191092
https://doi.org/10.1016/S2468-2667(21)00249-8
https://doi.org/10.1080/14737175.2024.2367016
https://doi.org/10.1080/14737175.2024.2367016
https://doi.org/10.1016/J.ARR.2021.101339
https://doi.org/10.1016/J.ARR.2021.101339
https://doi.org/10.1056/NEJMOA2212948
https://doi.org/10.1056/NEJMOA2212948
https://doi.org/10.1001/JAMANEUROL.2022.0315
https://doi.org/10.1038/jcbfm.2015.164
https://doi.org/10.1002/alz.13809
https://doi.org/10.1016/j.eclinm.2024.102538


18 of 19 WESTPHAL FILHO ET AL.

13. Mach F, Baigent C, Catapano AL, et al. 2019 ESC/EAS guidelines for

the management of dyslipidaemias: lipid modification to reduce car-

diovascular risk. Atherosclerosis. 2019;290(1):140-205. doi:10.1016/J.
ATHEROSCLEROSIS.2019.08.014

14. Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/

AACVPR/AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA

guideline on the management of blood cholesterol: a report

of the American College of Cardiology/American Heart Asso-

ciation Task Force on clinical practice Guidelines. Circulation.
2019;139(25):E1082-E1143. doi:10.1161/CIR.0000000000000625/

SUPPL_FILE/WEB

15. Gebhard C, Corpataux N, Gräni C, Haider A. Lipid-lowering therapy

and the risk of dementia: lessons learned from two decades of contro-

versy. EurHeart J. 2023;44(21):1855-1857. doi:10.1093/EURHEARTJ/
EHAD103

16. Jamshidnejad-Tosaramandani T, Kashanian S, Al-Sabri MH, et al.

Statins and cognition:modifying factors andpossible underlyingmech-

anisms. Front Aging Neurosci. 2022;14:968039. doi:10.3389/fnagi.

2022.968039

17. Sodero AO, Barrantes FJ. Pleiotropic effects of statins on brain cells.

Biochim Biophys Acta Biomembr. 2020;1862(9):183340. doi:10.1016/j.
bbamem.2020.183340

18. Kosowski M, Smolarczyk-Kosowska J, Hachuła M, et al. The effects of

statins on neurotransmission and their neuroprotective role in neuro-

logical and psychiatric disorders.Molecules. 2021;26(10):2838. doi:10.
3390/molecules26102838

19. Choudhary A, Rawat U, Kumar P, Mittal P. Pleotropic effects of

statins: the dilemma of wider utilization of statin. Egyptian Heart J.
2023;75(1):1. doi:10.1186/s43044-023-00327-8

20. Rajan KB, Mcaninch EA, Wilson RS, Dhana A, Evans-Lacko S, et al.

Statin initiation and risk of incident Alzheimer disease and cog-

nitive decline in genetically susceptible older adults. Neurology.
2024;102(7):e209168. doi:10.1212/WNL.0000000000209168

21. Jong GP, Lin TK, Huang JY, Liao PL, Yang TY, Pan LF. Risk of new-

onset dementia in patientswith chronic kidney disease on statin users:

a population-based cohort study. Biomedicines. 2023;11(4):1073.

doi:10.3390/biomedicines11041073

22. Ren QW, Teng THK, Tse YK, et al. Statins and risks of dementia among

patients with heart failure: a population-based retrospective cohort

study in Hong Kong. Lancet Reg Health West Pac. 2024;44:101006.
doi:10.1016/j.lanwpc.2023.101006

23. Trompet S, Van Vliet P, De Craen AJM, 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

24. Sparks DL, Sabbagh MN, Connor DJ, et al. Atorvastatin for the treat-

ment of mild to moderate Alzheimer disease: preliminary results. Arch
Neurol. 2005;62(5):753-757. doi:10.1001/ARCHNEUR.62.5.753

25. FeldmanHH,DoodyRS, KivipeltoM, et al. Randomized controlled trial

of atorvastatin in mild to moderate Alzheimer disease: LEADe.

Neurology. 2010;74(12):956-964. doi:10.1212/WNL.

0B013E3181D6476A

26. SanoM, Bell KL, GalaskoD, et al. A randomized, double-blind, placebo-

controlled trial of simvastatin to treat Alzheimer disease. Neurology.
2011;77(6):556-563. doi:10.1212/WNL.0B013E318228BF11

27. 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
28. Olmastroni E, Molari G, De Beni N, et al. Statin use and risk of demen-

tia or Alzheimer’s disease: a systematic review and meta-analysis of

observational studies. Eur J Prev Cardiol. 2022;29(5):804-814. doi:10.
1093/eurjpc/zwab208

29. ArandaMP, Kremer IN, Hinton L, et al. Impact of dementia: health dis-

parities, population trends, care interventions, and economic costs. J
AmGeriatr Soc. 2021;69(7):1774-1783. doi:10.1111/jgs.17345

30. Wimo A, Seeher K, Cataldi R, et al. The worldwide costs of demen-

tia in 2019.AlzheimersDementia. 2023;19(7):2865-2873. doi:10.1002/
alz.12901

31. Dintica CS, Yaffe K. Epidemiology and risk factors for dementia. Psy-
chiatr Clin North Am. 2022;45(4):677-689. doi:10.1016/j.psc.2022.07.
011

32. Grande G, Qiu C, Fratiglioni L. Prevention of dementia in an

ageing world: evidence and biological rationale. Ageing Res Rev.
2020;64:101045. doi:10.1016/j.arr.2020.101045

33. Lopez OL, Kuller LH. Epidemiology of aging and associated cognitive

disorders: prevalence and incidence of Alzheimer’s disease and other

dementias. In: Handbook of Clinical Neurology. Vol 167. Elsevier B.V.;
2019:139-148. doi:10.1016/B978-0-12-804766-8.00009-1

34. Jones A, Ali MU, Kenny M, et al. Potentially modifiable risk factors

for dementia and mild cognitive impairment: an umbrella review and

meta-analysis.Dement Geriatr Cogn Disord. 2024;53(2):91-106. doi:10.
1159/000536643

35. Zhang XX, Tian Y, Wang ZT, Ma YH, Tan L, Yu JT. The epidemiology

of Alzheimer’s disease modifiable risk factors and prevention. J Prev
Alzheimers Dis. 2021;8(3):313-321. doi:10.14283/jpad.2021.15

36. Lee M, Whitsel E, Avery C, et al. Variation in population attributable

fractionofdementia associatedwithpotentiallymodifiable risk factors

by raceandethnicity in theUS. JAMANetwOpen. 2022;5(7):E2219672.
doi:10.1001/jamanetworkopen.2022.19672

37. Zhang YR, Xu W, Zhang W, et al. Modifiable risk factors for incident

dementia and cognitive impairment: an umbrella review of evidence. J
Affect Disord. 2022;314:160-167. doi:10.1016/j.jad.2022.07.008

38. Marasco RA. Current and evolving treatment strategies for the

Alzheimer disease continuum. Am J Manag Care. 2020;26:S171-S183.
doi:10.37765/AJMC.2020.88482

39. Mollazadeh H, Tavana E, Fanni G, et al. Effects of statins on mitochon-

drial pathways. J Cachexia Sarcopenia Muscle. 2021;12(2):237-251.
doi:10.1002/jcsm.12654

40. Petek B, Villa-Lopez M, Loera-Valencia R, et al. Connecting the

brain cholesterol and renin-angiotensin systems: potential role of

statins and RAS-modifying medications in dementia. J Intern Med.
2018;284(6):620-642. doi:10.1111/JOIM.12838

41. Jeong A, Suazo KF, Wood WG, Distefano MD, Li L. Isoprenoids and

protein prenylation: implications in the pathogenesis and therapeu-

tic intervention of Alzheimer’s disease. Crit Rev Biochem Mol Biol.
2018;53(3):279. doi:10.1080/10409238.2018.1458070

42. Borroni V, Kamerbeek C, PediconiMF, Barrantes FJ. Lovastatin differ-

entially regulates α7 and α4 neuronal nicotinic acetylcholine recep-

tor levels in rat hippocampal neurons. Molecules. 2020;25(20):4838.
doi:10.3390/MOLECULES25204838

43. Fessel J. If ineffective levels of transforming growth factors and their

receptor account for old agebeing a risk factor forAlzheimer’s disease,

then increasing TGFBR2 might be therapeutic. Alzheimers Dementia.
2020;6(1):e12019. doi:10.1002/TRC2.12019

44. Roy A, Jana M, Kundu M, et al. HMG-CoA reductase inhibitors bind

to PPARα to upregulate neurotrophin expression in the brain and

improve memory in mice. Cell Metab. 2015;22(2):253-265. doi:10.
1016/J.CMET.2015.05.022

45. Johnson ECB, Dammer EB, Duong DM, et al. Large-scale proteomic

analysis of Alzheimer’s disease brain and cerebrospinal fluid reveals

early changes in energy metabolism associated with microglia and

astrocyte activation. Nat Med. 2020;26(5):769-780. doi:10.1038/

S41591-020-0815-6

46. Li Z, Yang P, Feng B. Effect of atorvastatin on AGEs-induced injury

of cerebral cortex via inhibiting NADPH oxidase -NF-κB pathway in

ApoE−/− mice. Mol Biol Rep. 2020;47(12):9479-9488. doi:10.1007/
S11033-020-05998-Z

47. Bagheri H, Ghasemi F, Barreto GE, Sathyapalan T, Jamialahmadi T,

Sahebkar A. The effects of statins on microglial cells to protect

https://doi.org/10.1016/J.ATHEROSCLEROSIS.2019.08.014
https://doi.org/10.1016/J.ATHEROSCLEROSIS.2019.08.014
https://doi.org/10.1161/CIR.0000000000000625/SUPPL_FILE/WEB
https://doi.org/10.1161/CIR.0000000000000625/SUPPL_FILE/WEB
https://doi.org/10.1093/EURHEARTJ/EHAD103
https://doi.org/10.1093/EURHEARTJ/EHAD103
https://doi.org/10.3389/fnagi.2022.968039
https://doi.org/10.3389/fnagi.2022.968039
https://doi.org/10.1016/j.bbamem.2020.183340
https://doi.org/10.1016/j.bbamem.2020.183340
https://doi.org/10.3390/molecules26102838
https://doi.org/10.3390/molecules26102838
https://doi.org/10.1186/s43044-023-00327-8
https://doi.org/10.1212/WNL.0000000000209168
https://doi.org/10.3390/biomedicines11041073
https://doi.org/10.1016/j.lanwpc.2023.101006
https://doi.org/10.1007/S00415-009-5271-7
https://doi.org/10.1001/ARCHNEUR.62.5.753
https://doi.org/10.1212/WNL.0B013E3181D6476A
https://doi.org/10.1212/WNL.0B013E3181D6476A
https://doi.org/10.1212/WNL.0B013E318228BF11
https://doi.org/10.1159/000503105
https://doi.org/10.1093/eurjpc/zwab208
https://doi.org/10.1093/eurjpc/zwab208
https://doi.org/10.1111/jgs.17345
https://doi.org/10.1002/alz.12901
https://doi.org/10.1002/alz.12901
https://doi.org/10.1016/j.psc.2022.07.011
https://doi.org/10.1016/j.psc.2022.07.011
https://doi.org/10.1016/j.arr.2020.101045
https://doi.org/10.1016/B978-0-12-804766-8.00009-1
https://doi.org/10.1159/000536643
https://doi.org/10.1159/000536643
https://doi.org/10.14283/jpad.2021.15
https://doi.org/10.1001/jamanetworkopen.2022.19672
https://doi.org/10.1016/j.jad.2022.07.008
https://doi.org/10.37765/AJMC.2020.88482
https://doi.org/10.1002/jcsm.12654
https://doi.org/10.1111/JOIM.12838
https://doi.org/10.1080/10409238.2018.1458070
https://doi.org/10.3390/MOLECULES25204838
https://doi.org/10.1002/TRC2.12019
https://doi.org/10.1016/J.CMET.2015.05.022
https://doi.org/10.1016/J.CMET.2015.05.022
https://doi.org/10.1038/S41591-020-0815-6
https://doi.org/10.1038/S41591-020-0815-6
https://doi.org/10.1007/S11033-020-05998-Z
https://doi.org/10.1007/S11033-020-05998-Z


WESTPHAL FILHO ET AL. 19 of 19

against neurodegenerative disorders: amechanistic review. Biofactors.
2020;46(3):309-325. doi:10.1002/BIOF.1597

48. Marschallinger J, Iram T, Zardeneta M, et al. Lipid-droplet-

accumulating microglia represent a dysfunctional and

proinflammatory state in the aging brain. Nat Neurosci.
2020;23(2):194-208. doi:10.1038/S41593-019-0566-1

49. TCW J, Qian L, Pipalia NH, et al. Cholesterol and matrisome pathways

dysregulated in astrocytes and microglia. Cell. 2022;185(13):2213-
2233.e25. doi:10.1016/J.CELL.2022.05.017

50. Rebeck GW. The role of APOE on lipid homeostasis and inflammation

in normal brains. J Lipid Res. 2017;58(8):1493-1499. doi:10.1194/JLR.
R075408

51. Dai L, Zou L,Meng L,QiangG, YanM, ZhangZ. Cholesterolmetabolism

in neurodegenerative diseases: molecular mechanisms and thera-

peutic targets. Mol Neurobiol. 2021;58(5):2183-2201. doi:10.1007/
S12035-020-02232-6

52. Hu ZL, Yuan YQ, Tong Z, et al. Reexamining the causes and effects

of cholesterol deposition in the brains of patients with Alzheimer’s

disease.MolNeurobiol. 2023;60(12):6852-6868. doi:10.1007/s12035-
023-03529-y

53. Samant NP, Gupta GL. Novel therapeutic strategies for Alzheimer’s

disease targeting brain cholesterol homeostasis. Eur J Neurosci.
2021;53(2):673-686. doi:10.1111/ejn.14949

54. Magnussen C, Ojeda FM, Leong DP, et al. Global effect of modifi-

able risk factors on cardiovascular disease andmortality.N Engl J Med.
2023;389(14):1273-1285. doi:10.1056/NEJMOA2206916

55. Cuenca-Bermejo L, Prinetti A, Kublickiene K, et al. Fundamental

neurochemistry review: old brain stories—influence of age and sex

on the neurodegeneration-associated lipid changes. J Neurochem.
2023;166(3):427-452. doi:10.1111/jnc.15834

56. Carlsson CM, Nondahl DM, Klein BEK, et al. Increased atherogenic

lipoproteins are associated with cognitive impairment: effects of

statins and subclinical atherosclerosis. Alzheimer Dis Assoc Disord.
2009;23(1):11. doi:10.1097/WAD.0B013E3181850188

57. CorriveauRA, Bosetti F, EmrM, et al. The science of vascular contribu-

tions to cognitive impairment and dementia (VCID): a framework for

advancing research priorities in the cerebrovascular biology of cog-

nitive decline. Cell Mol Neurobiol. 2016;36(2):281-288. doi:10.1007/
S10571-016-0334-7

58. Van Der Flier WM, Skoog I, Schneider JA, et al. Vascular cognitive

impairment. Nat Rev Dis Primers. 2018;4:18003. doi:10.1038/NRDP.
2018.3

59. Brenowitz WD, Hubbard RA, Keene CD, et al. Mixed neuropatholo-

gies and estimated rates of clinical progression in a large autopsy

sample. Alzheimers Dement. 2017;13(6):654-662. doi:10.1016/J.JALZ.
2016.09.015

60. RundekT, ToleaM,Ariko T, Fagerli EA, CamargoCJ. Vascular cognitive

impairment (VCI). Neurotherapeutics. 2022;19(1):68-88. doi:10.1007/
s13311-021-01170-y

61. Gorelick PB, Scuteri A, Black SE, et al. Vascular contributions

to cognitive impairment and dementia: a statement for health-

care professionals from the American Heart Association/American

Stroke Association. Stroke. 2011;42(9):2672-2713. doi:10.1161/STR.
0B013E3182299496

62. Kleindorfer DO, Towfighi A, Chaturvedi S, et al. 2021 guideline for the

prevention of stroke in patients with stroke and transient ischemic

attack: a guideline from the American Heart Association/American

Stroke Association. Stroke. 2021;52(7):E364-E467. doi:10.1161/STR.
0000000000000375/SUPPL_FILE/SUPPLEMENTAL

63. Collins R, Armitage J, Parish S, Sleight P, Peto R. MRC/BHF Heart

Protection Study of cholesterol lowering with simvastatin in 20 536

high-risk individuals: a randomised placebo-controlled trial. Lancet.
2002;360(9326):7-22. doi:10.1016/S0140-6736(02)09327-3

64. Bosch J, O’Donnell M, Swaminathan B, et al. Effects of blood

pressure and lipid lowering on cognition: results from the HOPE-

3 study. Neurology. 2019;92(13):E1435-E1446. doi:10.1212/WNL.

0000000000007174

65. Hu W, Li Y, Zhao Y, et al. Telmisartan and rosuvastatin synergistically

ameliorate dementia and cognitive impairment in older hyperten-

sive patients with apolipoprotein E genotype. Front Aging Neurosci.
2020;12:154. doi:10.3389/fnagi.2020.00154

66. Zoungas S, Curtis A, Spark S, et al. Statins for extension of disability-

free survival and primary prevention of cardiovascular events among

older people: protocol for a randomised controlled trial in primary

care (STAREE trial). BMJ Open. 2023;13(4):e069915. doi:10.1136/
bmjopen-2022-069915

67. AlibertiMJR, TavaresCAM, PajewskiNM.Awaiting the verdict: statins

and the road ahead for primary prevention in older adults. J AmGeriatr
Soc. 2024;72(2):332-336. doi:10.1111/jgs.18764

68. Shrank WH, Patrick AR, Brookhart MA. Healthy user and related

biases in observational studies of preventive interventions: a primer

for physicians. J Gen Intern Med. 2011;26(5):546-550. doi:10.1007/
S11606-010-1609-1

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Westphal Filho FL, Moss Lopes PR,

Menegaz de Almeida A, et al. Statin use and dementia risk: A

systematic review and updatedmeta-analysis. Alzheimer’s

Dement. 2025;11:e270039.

https://doi.org/10.1002/trc2.70039

https://doi.org/10.1002/BIOF.1597
https://doi.org/10.1038/S41593-019-0566-1
https://doi.org/10.1016/J.CELL.2022.05.017
https://doi.org/10.1194/JLR.R075408
https://doi.org/10.1194/JLR.R075408
https://doi.org/10.1007/S12035-020-02232-6
https://doi.org/10.1007/S12035-020-02232-6
https://doi.org/10.1007/s12035-023-03529-y
https://doi.org/10.1007/s12035-023-03529-y
https://doi.org/10.1111/ejn.14949
https://doi.org/10.1056/NEJMOA2206916
https://doi.org/10.1111/jnc.15834
https://doi.org/10.1097/WAD.0B013E3181850188
https://doi.org/10.1007/S10571-016-0334-7
https://doi.org/10.1007/S10571-016-0334-7
https://doi.org/10.1038/NRDP.2018.3
https://doi.org/10.1038/NRDP.2018.3
https://doi.org/10.1016/J.JALZ.2016.09.015
https://doi.org/10.1016/J.JALZ.2016.09.015
https://doi.org/10.1007/s13311-021-01170-y
https://doi.org/10.1007/s13311-021-01170-y
https://doi.org/10.1161/STR.0B013E3182299496
https://doi.org/10.1161/STR.0B013E3182299496
https://doi.org/10.1161/STR.0000000000000375/SUPPL_FILE/SUPPLEMENTAL
https://doi.org/10.1161/STR.0000000000000375/SUPPL_FILE/SUPPLEMENTAL
https://doi.org/10.1016/S0140-6736(02)09327-3
https://doi.org/10.1212/WNL.0000000000007174
https://doi.org/10.1212/WNL.0000000000007174
https://doi.org/10.3389/fnagi.2020.00154
https://doi.org/10.1136/bmjopen-2022-069915
https://doi.org/10.1136/bmjopen-2022-069915
https://doi.org/10.1111/jgs.18764
https://doi.org/10.1007/S11606-010-1609-1
https://doi.org/10.1007/S11606-010-1609-1
https://doi.org/10.1002/trc2.70039

	Statin use and dementia risk: A systematic review and updated meta-analysis
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Protocol and registration
	2.2 | Eligibility criteria
	2.3 | Search strategy
	2.4 | Data extraction and risk of bias assessment
	2.5 | Endpoints and definitions
	2.6 | R Statistical analysis

	3 | RESULTS
	3.1 | Study selection and population characteristics
	3.2 | All-dementia outcomes
	3.2.1 | Analyses of statin therapy properties
	3.2.2 | Analyses regarding gender

	3.3 | AD
	3.3.1 | Analyses of statin therapy properties

	3.4 | VaD
	3.5 | Quality assessment

	4 | SENSITIVITY ANALYSIS
	5 | DISCUSSION
	5.1 | Limitations

	6 | FUTURE RESEARCH
	7 | CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	CONSENT STATEMENT
	TRANSPARENCY DECLARATION
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


