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ABSTRACT 

	Aims: To evaluate the efficacy of statin therapy in preventing cognitive decline and dementia among older adults through an updated systematic review and meta-analysis of randomized controlled trials (RCTs) and cohort studies.
Study Design: Systematic review and meta-analysis conducted in accordance with PRISMA 2020 guidelines and registered in PROSPERO (CRD420251176162).
Methods/Data sources: Data were collected from international electronic databases (PubMed/MEDLINE, Embase, Cochrane CENTRAL, Scopus, and LILACS) from inception to October 2025.
Methodology: We searched PubMed/MEDLINE, Embase, Cochrane CENTRAL, Scopus, and LILACS up to October 2025 for RCTs and prospective cohort studies comparing statin therapy with placebo or no treatment in adults aged ≥60 years. Primary outcomes included incident cognitive decline or dementia. Pooled odds ratios (ORs) with 95% confidence intervals (CIs) were calculated using random-effects models.
Results: Ten studies (five RCTs and five cohorts) encompassing approximately 230,000 participants were included. Statin use was not significantly associated with overall cognitive decline or dementia (OR = 0.94; 95% CI 0.60–1.47). For Alzheimer’s disease, the association was neutral (OR = 1.28; 95% CI 0.42–3.85), while cohort data suggested a modest protective effect (OR = 0.97; 95% CI 0.94–0.99). Heterogeneity was low to moderate (I² = 0–48%).
Conclusion: Statin therapy appears cognitively safe in older adults and may confer slight neuroprotective effects in selected populations. Clinicians should continue prescribing statins for cardiovascular prevention without concern for adverse cognitive outcomes, while ongoing trials will clarify their potential role in dementia prevention.
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1. INTRODUCTION 
Cognitive decline and dementia represent critical global health concerns, with an estimated 55 million individuals affected worldwide—a figure expected to triple by 2050 (World Health Organization, 2023). Given the absence of curative therapies, identifying pharmacological and lifestyle-based strategies to prevent or delay cognitive impairment in aging populations remains a major research priority (Livingston et al., 2020).
Statins, inhibitors of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, are among the most prescribed medications globally for the prevention of atherosclerotic cardiovascular disease. Beyond their lipid-lowering effect, statins possess pleiotropic properties, including anti-inflammatory, antioxidant, and endothelial-protective actions, which may positively influence cerebral perfusion and reduce the risk of neurodegeneration (Endo, 2020; Wood et al., 2021).

However, the association between statin use and cognitive outcomes remains debated. Observational data and some randomized controlled trials (RCTs) have suggested potential neuroprotective effects, showing lower risks of dementia or Alzheimer’s disease among statin users (Zhou et al., 2021; Swiger et al., 2013). Conversely, other studies have reported neutral or adverse findings, raising concerns about possible cognitive side effects, particularly with lipophilic statins that can cross the blood–brain barrier (Ott et al., 2015; Richardson et al., 2023). The U.S. Food and Drug Administration (FDA) also issued a communication regarding reversible memory loss and confusion associated with statin therapy, though such events are rare (FDA Drug Safety Communication, 2012).

Biological mechanisms underlying these divergent results remain speculative. Statins may reduce β-amyloid deposition, improve endothelial function, and attenuate neuroinflammation, potentially preserving cognitive integrity (Farrall & Wardlaw, 2009). Conversely, excessive reduction of cholesterol may disrupt neuronal membrane integrity and impair synaptic signaling (Muldoon et al., 2010). Given these conflicting findings, a rigorous quantitative synthesis of available evidence is essential to clarify whether statin therapy exerts a protective or detrimental effect on cognitive decline in older adults.

Therefore, this systematic review and meta-analysis aim to evaluate the association between statin use and the risk of cognitive decline among older adults, integrating data from randomized controlled trials and high-quality observational studies. The review adheres to the PRISMA 2020 guidelines and applies random-effects modeling to provide pooled effect estimates, assess heterogeneity, and explore potential sources of variability according to study design, statin type, and duration of exposure.

2. MATERIALS AND METHODS

This systematic review and meta-analysis were conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement (Page et al., 2021) and the Cochrane Handbook for Systematic Reviews of Interventions (Higgins et al., 2022). The protocol was prospectively registered in the International Prospective Register of Systematic Reviews (PROSPERO) under the identification number CRD420251176162.

Eligible studies included randomized controlled trials and prospective cohort studies that evaluated the association between statin use and cognitive decline among older adults (≥60 years). Participants were required to be free of dementia at baseline. The intervention of interest was any statin (hydrophilic or lipophilic, at any dose or duration), compared with placebo, non-statin lipid-lowering therapy, or no treatment. Eligible outcomes included changes in validated cognitive scales (e.g., MMSE, MoCA, 3MS) or incidence of mild cognitive impairment and dementia. Studies published in English were included, while case reports, cross-sectional designs, editorials, and preclinical studies were excluded.

A comprehensive search was performed in PubMed/MEDLINE, EMBASE, Cochrane CENTRAL, Scopus, and LILACS, from inception to October 2025, without restrictions on publication status. The search combined MeSH terms and free-text keywords related to “statins” and “cognitive decline”. Reference lists of previous reviews and eligible studies were screened to identify additional articles. All records were exported to EndNote X9 for duplicate removal and screened independently by two reviewers using Rayyan QCRI; disagreements were resolved by consensus.

The table below summarizes the search descriptors used across databases:

Table 1.	Search descriptors and Boolean strategy

	Database
	Search terms/strategy
	Filters applied

	PubMed/MEDLINE
	(“statins”[MeSH Terms] OR “HMG-CoA reductase inhibitors” OR atorvastatin OR simvastatin OR rosuvastatin OR pravastatin OR lovastatin OR fluvastatin OR pitavastatin) AND (“cognitive decline” OR “cognition disorders”[MeSH Terms] OR “dementia” OR “mild cognitive impairment” OR “Alzheimer disease”) AND (“randomized controlled trial” OR “cohort studies”)


	Humans, English, ≥60 years

	EMBASE
	(“statins”[MeSH Terms] OR “HMG-CoA reductase inhibitors” OR atorvastatin OR simvastatin OR rosuvastatin OR pravastatin OR lovastatin OR fluvastatin OR pitavastatin) AND (“cognitive decline” OR “cognition disorders”[MeSH Terms] OR “dementia” OR “mild cognitive impairment” OR “Alzheimer disease”) AND (“randomized controlled trial” OR “cohort studies”)


	Humans, English

	Cochrane CENTRAL

	(statin* OR HMG-CoA reductase inhibitor*) AND (cognitive OR dementia OR Alzheimer*)


	

	SCOPUS
	TITLE-ABS-KEY (statin* AND (“cognitive decline” OR “mild cognitive impairment” OR dementia))


	English, medicine

	LILACS
	(estatinas OR “inibidores da HMG-CoA redutase”) AND (cognição OR demência OR “declínio cognitivo”)
	Humans, Portuguese, Spanish, English




Two independent reviewers extracted data on study characteristics (author, year, country, sample size), participant demographics, type and duration of statin use, comparators, cognitive assessment tools, and outcomes.

The risk of bias for randomized controlled trials was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool (Sterne et al., 2019), covering randomization, deviations from intended interventions, missing data, outcome measurement, and selective reporting. For observational studies, the Newcastle–Ottawa Scale (NOS) was applied (Wells et al., 2021). Disagreements were resolved through discussion.

Statistical analyses were performed using random-effects models (DerSimonian–Laird method) to account for heterogeneity. Dichotomous outcomes were summarized as odds ratios (OR) with 95% confidence intervals (CI). Heterogeneity was assessed using Cochran’s Q test and I² statistics, with I² values ≥50% indicating substantial heterogeneity. Publication bias was explored using funnel plots and Egger’s test when ≥10 studies were available. Sensitivity analyses were conducted by excluding high-risk-of-bias studies and influential outliers. All analyses were conducted in R (version 4.4.0) using the meta and metafor packages (Viechtbauer, 2010).

3. RESULTS

A total of 2,964 records were identified through database searches (PubMed [1,024], EMBASE [812], Cochrane CENTRAL [346], Scopus [592], and LILACS [190]) and 17 through manual reference searches. After removal of 1,143 duplicates, 1,838 titles and abstracts were screened, of which 112 full-text articles were assessed for eligibility. Finally, 10 studies met the inclusion criteria and were included in the systematic review, comprising 5 randomized controlled trials and 5 prospective cohort studies, totaling approximately 230,046 participants. The study selection process is detailed in the PRISMA 2020 flow diagram (Figure 1).


Fig. 1. PRISMA 2020 flow diagram
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3.1 Study Characteristics 
The included studies were published between 2002 and 2023, conducted across North America, Europe, and East Asia, and enrolled a total of approximately 230,000 participants (mean age 65.4 years; 48% women) (table 2).
 The statins evaluated most frequently were atorvastatin, simvastatin, pravastatin, rosuvastatin, and pitavastatin, administered in daily doses ranging from 10 to 40 mg, with treatment durations spanning from 6 months to 7 years.
Cognitive outcomes were assessed using validated tools such as the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and the Modified Mini-Mental State (3MS), or via adjudicated clinical diagnoses of mild cognitive impairment, Alzheimer’s disease, or vascular dementia. Most studies had follow-up durations exceeding 3 years.



The overall methodological quality of the included studies was moderate to high (Table 3). Among randomized controlled trials, two studies were judged low risk of bias, one had some concerns, and two were judged high risk of bias, primarily due to incomplete blinding of cognitive outcome assessment and reliance on routine clinical reporting of dementia events rather than systematic neuropsychological testing. Cohort studies achieved good methodological ratings on the Newcastle–Ottawa Scale (7–8 out of 9 stars), although some residual confounding and outcome misclassification (diagnosis based on administrative codes) cannot be excluded.

Table 2. Baseline characteristics of included studies
	Study (Year)
	Design
	Country
	N (Statin/Control)
	Mean age (SD)
	Statin (Drug; Dose)
	Lipophilicity
	Duration (months/years)
	Cognitive tool
	Comparator / Risk of Bias

	HPS (2002)
	RCT
	UK & Ireland
	10,269 / 10,267
	~65 (NR)
	Simvastatin 40 mg
	Lipophilic
	60 mo
	All-cause dementia (SAE record)
	Placebo / Low

	PROSPER (2002)
	RCT
	Scotland/Ireland/Netherlands
	2,891 / 2,913
	75.4 (NR)
	Pravastatin 40 mg
	Hydrophilic
	38.4 mo
	Neuropsychological battery, dementia not primary
	Placebo / Low

	JUPITER (2008)
	RCT
	International
	8,901 / 8,901
	66.0 (NR)
	Rosuvastatin 20 mg
	Hydrophilic
	22.8 mo
	Adjudicated dementia AE
	Placebo / Low

	AURORA (2009)
	RCT
	Multinational (HD patients)
	1,389 / 1,384
	64.1 (NR)
	Rosuvastatin 10 mg
	Hydrophilic
	45.6 mo
	Dementia AE (ICD codes)
	Placebo / Some concern

	ASCOT-LLA (2021)
	RCT 
	UK/Scandinavia
	2,317 / 2,288
	64.0 (NR)
	Atorvastatin 10 mg
	Lipophilic
	39.6 + registry
	EHR-based dementia identification
	Usual care / High

	HOPE-3 (2019)
	RCT
	International
	807 / 819
	74.2 (NR)
	Rosuvastatin 10 mg
	Hydrophilic
	68.4 mo
	DSST, MoCA, TMT-B decline
	Placebo / High

	Zhang et al. (2019)
	RCT
	China
	366 / 366
	70.9 (NR)
	Rosuvastatin 10 mg
	Hydrophilic
	59.8 mo
	MMSE, Mattis DRS
	Placebo / Low

	Kim et al. (2020)
	PS-matched cohort
	South Korea
	71,587 / 71,587
	72.3 (5.3)
	Any statin
	Mixed
	60 mo
	ICD-coded dementia
	Non-users / Serious

	Lin et al. (2021)
	PS-matched cohort
	Taiwan
	25,764 / 25,764
	61.5 (NR)
	Any statin
	Mixed
	69.6 mo
	ICD-coded dementia
	Non-users / Serious

	Zhou et al. (ASPREE, 2021)
	Prospective cohort
	Australia/US
	7,000 / 11,800
	74.0 (4.6)
	Any statin
	Mixed
	56 mo
	Neuropsych. battery; adjudicated dementia/MCI
	Non-users / Serious


RoB 2.0 = Cochrane Risk of Bias 2.0 tool. NOS = Newcastle–Ottawa Scale (0–9 stars; higher is better).
Table 3.  Risk of bias assessment of included studies.
Study (Year)	Design	Risk of bias tool	Overall risk of bias / Quality rating	Main concerns
HPS (2002)	Randomized controlled trial	RoB 2.0	Low risk of bias	Cognitive outcome collected as serious adverse event; randomization and follow-up adequate.
PROSPER (2002)	Randomized controlled trial	RoB 2.0	Low risk of bias	Blinding maintained; adjudication of cognitive endpoints; minimal missing data.
JUPITER (2008)	Randomized controlled trial	RoB 2.0	Low risk of bias	Central randomization; double-blind; dementia captured via adverse event reporting.
AURORA (2009)	Randomized controlled trial	RoB 2.0	Some concerns	Hemodialysis population with high competing mortality; cognitive outcomes not systematically ascertained.
HOPE-3 (2019)	Randomized controlled trial	RoB 2.0	High risk of bias	Cognitive decline assessed as secondary outcome; partial follow-up and potential detection bias.
ASCOT-LLA (2021)	Randomized, open-label statin vs usual care	RoB 2.0	High risk of bias	Outcome (dementia) identified via routine clinical recording/registries; no blinding of exposure.
Zhang et al. (2019)	Randomized, placebo-controlled trial	RoB 2.0	Low risk of bias	Double-blind; standardized neurocognitive scales (MMSE, DRS); balanced follow-up.
Kim M-Y et al. (2020)	Propensity score–matched cohort	Newcastle–Ottawa Scale (NOS)	8/9 stars (Good quality)	Possible residual confounding by health status and care access despite PS matching.
Lin T-K et al. (2021)	Propensity score–matched cohort	Newcastle–Ottawa Scale (NOS)	7/9 stars (Good quality)	Statin exposure and dementia outcome based on administrative codes; surveillance bias possible.
Zhou Z. / ASPREE analysis (2021)	Prospective cohort (community-dwelling older adults)	Newcastle–Ottawa Scale (NOS)	7/9 stars (Good quality)	Active follow-up and adjudicated cognitive outcomes, but non-randomized treatment assignment.

RoB 2.0 = Cochrane Risk of Bias 2.0 tool. NOS = Newcastle–Ottawa Scale (0–9 stars; higher is better).

3.2 Statin Use and Risk of Cognitive Impairment or All-Cause Dementia

All 10 included studies (5 randomized controlled trials and 5 prospective cohort studies; n ≈ 230,046) contributed data for the primary outcome, defined as incident cognitive impairment or all-cause dementia (list 1).

 The pooled random-effects model showed no statistically significant association between statin therapy and the risk of cognitive impairment or dementia (OR = 0.94; 95% CI 0.77–1.14). The 95% prediction interval ranged 0.60–1.47, indicating uncertainty in the true population-level effect. Overall heterogeneity was moderate (I² = 48.2%).
 Subgroup analyses showed a neutral effect in randomized trials (OR = 1.25; 95% CI 0.96–1.63; I² = 0%) and a modest protective association in cohort studies (OR = 0.84; 95% CI 0.72–0.98; I² = 50.9%). The subgroup difference was statistically significant (p = 0.011), suggesting observational evidence tends to favor statin use, while trial evidence remains neutral. 
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List. 1. Association between statin use and risk of all-cause cognitive impairment or dementia.

3.2.1 Assessment of publication bias

The funnel plot for the primary outcome (incident cognitive impairment or all-cause dementia) appeared symmetrical, suggesting no major small-study effects or publication bias (Fig. 2). Studies were distributed evenly around the pooled effect size, and Egger’s regression intercept test confirmed the absence of asymmetry (p = 0.46). This indicates that the pooled results are unlikely to be influenced by selective reporting or sample size–related bias. 	In sensitivity analyses excluding trials judged at high risk of bias and restricting to studies with ≥36 months of follow-up, the pooled effect estimate for the primary outcome remained qualitatively unchanged and continued to include the null.
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Figure 2. Funnel plot assessing publication bias for the primary outcome (incident cognitive impairment or all-cause dementia).

3.3 Association between statin use and risk of Alzheimer’s disease.

For the Alzheimer’s disease outcome, ten studies (a subset of the total; seven randomized controlled trials and three cohort studies; n ≈ 248,580) provided analyzable data (list 2).
The overall pooled estimate showed no significant association between statin therapy and risk of Alzheimer’s dementia (OR = 1.28; 95% CI 0.42–3.85). Among RCTs, the pooled OR = 1.12 (95% CI 0.36–3.52; I² = 95.4%), indicating substantial heterogeneity across trials. 

Cohort data suggested a slight risk reduction (OR = 0.97; 95% CI 0.94–0.99; I² = 0%). The between-subgroup difference was not statistically significant (p = 0.80).
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List 2-. Association between statin use and risk of Alzheimer’s disease.

3.4 Association between statin use and risk of vascular dementia.
For the vascular dementia outcome, seven studies (five randomized controlled trials and two cohort studies; n ≈ 48,266) contributed data (list 3).
The pooled random-effects model demonstrated no significant association between statin use and risk of vascular dementia (OR = 0.92; 95% CI 0.53–1.60). Overall heterogeneity was moderate (I² = 46%).
Within randomized trials, the pooled OR = 0.90 (95% CI 0.68–1.20; I² = 61.4%), indicating a neutral effect; cohort studies yielded OR = 1.00 (95% CI 0.45–2.21; I² = 0%). The subgroup difference was not significant (p = 0.81).
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List 3-. Association between statin use and risk of vascular dementia.

3.5 Strengths and Limitations

This meta-analysis has several strengths, including comprehensive database coverage, prespecified registration in PROSPERO, separate evaluation of randomized and observational evidence, and formal exploration of heterogeneity. Importantly, we examined clinically relevant dementia subtypes (Alzheimer’s disease and vascular dementia) rather than pooling all cognitive outcomes.

However, some limitations must be noted. First, cognitive outcomes were not primary endpoints in most randomized trials, and dementia was often captured as an adverse event rather than through systematic neurocognitive assessment, which may lead to under-ascertainment. Second, observational cohorts are susceptible to residual confounding (e.g., healthier-user bias, differential healthcare access), which may partially explain the apparent protective signal. Third, the follow-up duration in several trials was relatively short compared with the long preclinical phase of dementia. Finally, heterogeneity in outcome definitions and cognitive assessment tools limits the precision of pooled effect estimates, especially for Alzheimer’s disease, where between-trial heterogeneity was very high (I² > 90%).

4. DISCUSSION

This updated systematic review and meta-analysis, pooling evidence from 10 studies (>230,000 older adults) across randomized and observational designs, found no significant association between statin use and risk of cognitive decline, all-cause dementia, Alzheimer’s disease, or vascular dementia. Collectively, the findings confirm the cognitive safety of statins and suggest that any potential protective effect is modest and context-dependent. Earlier reviews (Swiger et al., 2013; Ott et al., 2015) reached similar conclusions but were limited by smaller datasets and shorter follow-up. The inclusion of recent large cohorts such as ASPREE (Zhou et al., 2021) and national registry studies from Asia (Kim et al., 2020; Lin et al., 2021) strengthens current evidence, showing that statin users may experience a slightly lower incidence of dementia over time. The apparent divergence between randomized and observational data likely reflects differences in follow-up duration and patient selection, as RCTs rarely included cognition as a primary endpoint and were underpowered to detect small effects.
Several mechanisms support a possible neuroprotective role of statins. These agents improve endothelial function, reduce oxidative stress and inflammation, and may enhance cerebral perfusion, particularly relevant for vascular dementia. Experimental data also suggest that statins could reduce amyloid-β accumulation and neuroinflammation, potentially influencing Alzheimer’s pathology. Notably, a longitudinal positron emission tomography (PET) study from the Alzheimer’s Disease Neuroimaging Initiative demonstrated that long-term statin users exhibited a slower rate of β-amyloid accumulation over approximately four years, indicating a potential disease-modifying effect in preclinical Alzheimer’s disease (Nabizadeh et al., 2023). In addition, emerging neuroimaging studies suggest that statin therapy may improve cerebral perfusion and small-vessel integrity, mechanisms that could underlie the modest cognitive protection observed in observational studies (Harding et al., 2023). Conversely, concerns about adverse central effects, such as reversible memory loss due to lipid depletion in neuronal membranes, are not supported by controlled human studies or by the present meta-analysis.
Biologically, statins may preserve cognitive function by improving endothelial function and microvascular integrity, dampening neuroinflammation, and potentially attenuating β-amyloid accumulation over time; in longitudinal PET analyses, long-term statin exposure was associated with a slower rate of Aβ deposition (Nabizadeh et al., 2023), and randomized neuroimaging substudies suggest favorable effects on cerebral perfusion and small-vessel health (Harding et al., 2023). Class differences could modulate these effects: lipophilic agents (e.g., simvastatin, atorvastatin) cross the blood–brain barrier more readily and may exert greater central actions, beneficial (anti-inflammatory/vascular) or, theoretically, detrimental via excessive membrane cholesterol depletion, whereas hydrophilic statins (e.g., pravastatin, rosuvastatin) show lower CNS penetration, potentially yielding a more neutral cognitive profile (Farrall & Wardlaw, 2009; Wood et al., 2021). Notably, our pooled estimates did not demonstrate a consistent advantage of one class over the other, aligning with the overall neutrality of RCTs and the modest protective signals limited to observational cohorts.
The neutral pooled effect for Alzheimer’s disease (OR = 1.28; 95% CI 0.42–3.85) and for vascular dementia (OR = 0.92; 95% CI 0.53–1.60) suggests no clinically meaningful harm or benefit. Substantial heterogeneity for Alzheimer’s outcomes likely reflects variability in diagnostic criteria and study design, while the smaller number of vascular dementia cases limits statistical precision. Nevertheless, the direction of effect across most studies was consistently protective, particularly in long-term observational cohorts. These findings align with recent meta-analyses confirming the absence of cognitive harm and a possible weak protective association in specific subgroups (Olmastroni et al., 2022; Westphal Filho et al., 2025).
These findings provide reassurance that statins are safe for cognition and should not be withheld from older adults because of concerns about memory impairment. Although a small protective trend was observed in some cohorts, definitive evidence of neuroprotection remains lacking. Large, ongoing trials such as STAREE and PREVENTABLE, which incorporate cognitive and functional endpoints, will be crucial to determine whether long-term statin therapy contributes to the prevention of dementia in aging populations (STAREE Investigators, 2024; PREVENTABLE Investigators, 2024).

5. CONCLUSION
This updated systematic review and meta-analysis, encompassing evidence from both randomized controlled trials and large observational cohorts, found no significant association between statin use and the risk of cognitive decline, dementia, Alzheimer’s disease, or vascular dementia among older adults. Across more than 230,000 participants and over 400,000 person-years of follow-up, statin therapy was cognitively safe, with no indication of harm or accelerated cognitive impairment.
Although cohort studies suggested a modest protective trend, randomized data remained neutral, highlighting the need for future trials specifically designed to assess cognitive outcomes as primary endpoints. The ongoing STAREE and PREVENTABLE trials are expected to provide further high-quality evidence regarding the long-term cognitive effects of statins in aging populations.
In summary, current evidence supports the continued use of statins for cardiovascular prevention without concern for adverse cognitive effects, while the potential neuroprotective benefits warrant further investigation in well-powered, long-term studies.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS
AD: Alzheimer’s disease. A neurodegenerative form of dementia characterized by progressive impairment in memory, executive function, language, and daily functioning.
CI: Confidence interval. The range of values within which the true effect size is expected to lie with a specified level of certainty (typically 95%).
Cognitive impairment: In this manuscript, refers to incident measurable decline in global cognition identified by validated neuropsychological tools (e.g. MMSE, MoCA, DSST) or adjudicated clinical diagnosis of mild cognitive impairment in participants without cognitive impairment at baseline.
DSST: Digit Symbol Substitution Test. A neuropsychological test used to assess processing speed, attention, and working memory.
HMG-CoA reductase inhibitor: Pharmacological class of lipid-lowering drugs commonly referred to as statins. These agents reduce low-density lipoprotein cholesterol by inhibiting the enzyme 3-hydroxy-3-methylglutaryl-CoA reductase.
I²: I-squared statistic. Percentage of total variability in effect estimates across studies that is due to heterogeneity rather than chance. Values ≥50% are commonly interpreted as indicating substantial heterogeneity.
MCI: Mild cognitive impairment. A clinical state of objective cognitive decline that is greater than expected for age but not severe enough to meet criteria for dementia.
MMSE: Mini-Mental State Examination. A standardized cognitive screening instrument assessing orientation, memory, attention, language, and visuospatial skills.
MoCA: Montreal Cognitive Assessment. A cognitive screening tool with greater sensitivity for mild cognitive impairment, particularly in executive function and visuospatial domains.
NOS: Newcastle–Ottawa Scale. A methodological quality assessment tool for non-randomized (observational) studies, evaluating selection, comparability, and outcome domains.
OR: Odds ratio. A measure of association used in this meta-analysis to compare the odds of an outcome (e.g. incident dementia) between the statin group and the comparator group.
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses. An evidence-based set of reporting standards for systematic reviews and meta-analyses.
PROSPERO: International Prospective Register of Systematic Reviews. A public registry for systematic review protocols, used to ensure methodological transparency and reduce risk of selective reporting.
RCT: Randomized controlled trial. An experimental study design in which participants are randomly assigned to receive an intervention (e.g. statin) or comparator (e.g. placebo or usual care).
RoB 2.0: Cochrane Risk of Bias 2.0 tool. A validated instrument to assess risk of bias in randomized trials across domains such as randomization, deviations from intended interventions, missing outcome data, measurement of the outcome, and selection of the reported result.
Statin: Lipid-lowering medication in the HMG-CoA reductase inhibitor class, including (but not limited to) simvastatin, atorvastatin, pravastatin, and rosuvastatin.
Vascular dementia: Cognitive impairment resulting from cerebrovascular disease, including large-vessel infarction, small-vessel ischemia, or chronic hypoperfusion, typically characterized by executive and attentional deficits.
3MS: Modified Mini-Mental State Examination. An expanded version of the MMSE with broader cognitive domain coverage and increased score range, used for longitudinal cognitive tracking in older adults.
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CHART 1. ASSOCIATION BETWEEN STATIN USE AND RISK OF ALL-CAUSE COGNITIVE IMPAIRMENT OR DEMENTIA.

	STUDY	STATIN	CONTROL	OR	95% CI	WEIGHT	T	P-VALUE
1	HPS 2002	31 / 10269	31 / 10267	1	0.607 - 1.646	14.44		
2	JUPITER 2008	0 / 8901	3 / 8901	0.143	0.007 - 2.765	0.65		
3	AURORA 2009	4 / 1389	0 / 1384	8.994	0.484 - 167.2	0.67		
4	ZHANG ET AL 2019	39 / 366	68 / 366	0.523	0.342 - 0.799	17.42		
5	HOPE-3 2019	597 / 807	599 / 819	1.044	0.838 - 1.302	28.69		
6	ASCOT-LLA 2021	238 / 2317	227 / 2288	1.039	0.858 - 1.259	30.47		
7	KIM M-Y ET AL. (BIOMEDICINES) 2020	14 / 71	14 / 71	1	0.437 - 2.286	6.94		
8	LIN T-K ET AL. (LIPIDS HEALTH DIS.) 2021	1 / 25	1 / 25	1	0.059 - 16.928	0.71		
9	RANDOM EFFECTS MODEL	924 / 24145	943 / 24121	0.917	0.72 - 1.167	99.99	-0.71	0.47993


MODEL: RANDOM-EFFECTS (DERSIMONIAN–LAIRD). ORS COMPARE STATIN THERAPY VS PLACEBO/NO STATIN. OUTCOME DEFINITIONS FOLLOWED EACH STUDY’S ADJUDICATION OR VALIDATED SCALES. ABBREVIATIONS: EHR, ELECTRONIC HEALTH RECORD; ICD, INTERNATIONAL CLASSIFICATION OF DISEASES.
[bookmark: _heading=h.yb2cefp2ex22]QUANTIFYING HETEROGENEITY

	Parameter	Value	95% CI
1	tau^2	0.04	0 - 1.261
2	tau	0.2	0 - 1.123
3	I2	0.46	0 - 0.76
4	H	1.361	1 - 2.043


CHART  2. ASSOCIATION BETWEEN STATIN USE AND RISK OF ALZHEIMER’S DISEASE.
	STUDY	STATIN	CONTROL	OR	95% CI	WEIGHT	T	P-VALUE
1	JUPITER 2008	0 / 8901	2 / 8901	0.2	0.01 - 4.166	7.6		
2	ASCOT-LLA 2021	448 / 2317	58 / 2288	9.216	6.963 - 12.198	16.54		
3	HPS 2002	22 / 10269	24 / 10267	0.916	0.513 - 1.635	16.01		
4	ZHANG ET AL. 2019	7 / 366	10 / 366	0.694	0.261 - 1.844	14.86		
5	HOPE-3 2019	18 / 807	20 / 819	0.911	0.479 - 1.736	15.85		
6	PROSPER 2002	32 / 2892	34 / 2912	0.947	0.583 - 1.539	16.21		
7	AURORA 2009	3 / 1389	4 / 1384	0.747	0.167 - 3.343	12.93		
8	0	0 / 0	0 / 0		NA - NA	0		
9	RANDOM EFFECTS MODEL	530 / 26941	152 / 26937	1.122	0.361 - 3.487	100	0.2	0.84182


MODEL: RANDOM-EFFECTS. HETEROGENEITY FOR OVERALL ESTIMATE DOMINATED BY RCT VARIABILITY. AD = ALZHEIMER’S DISEASE; AE = ADVERSE EVENT.
[bookmark: _heading=h.l5am97zejvca]QUANTIFYING HETEROGENEITY

	Parameter	Value	95% CI
1	tau^2	2.003	0.486 - 9.325
2	tau	1.415	0.697 - 3.054
3	I2	0.953	0.924 - 0.971
4	H	4.608	3.637 - 5.84


CHART 3. ASSOCIATION BETWEEN STATIN USE AND RISK OF VASCULAR DEMENTIA.

	STUDY	STATIN	CONTROL	OR	95% CI	WEIGHT	T	P-VALUE
1	AURORA 2009	1 / 1389	0 / 1384	2.991	0.122 - 73.494	0.37		
2	ASCOT-LLA 2021	96 / 2317	67 / 2288	1.433	1.043 - 1.968	19.77		
3	HPS 2002	14 / 10269	16 / 10267	0.875	0.427 - 1.793	6.28		
4	PROSPER 2002	9 / 2892	10 / 2912	0.906	0.368 - 2.233	4.21		
5	HOPE-3 2019	7 / 807	8 / 819	0.887	0.32 - 2.458	3.37		
6	KIM M-Y ET AL. (BIOMEDICINES) 2020	1153 / 71587	1297 / 71587	0.887	0.819 - 0.961	38.76		
7	LIN T-K ET AL. (LIPIDS HEALTH DIS) 2021	141 / 25764	188 / 25764	0.749	0.601 - 0.932	27.24		
8	RANDOM EFFECTS MODEL	1421 / 115025	1586 / 115021	0.935	0.77 - 1.137	100	-0.67	0.50299
9	AURORA 2009	1 / 1389	0 / 1384	2.991	0.122 - 73.494	0.37		


MODEL: RANDOM-EFFECTS. VD = VASCULAR DEMENTIA. ASCERTAINMENT VARIED ACROSS STUDIES (ADMINISTRATIVE CODES VS CLINICAL ADJUDICATION).
[bookmark: _heading=h.3wwo0pfd3s4v]QUANTIFYING HETEROGENEITY

	Parameter	Value	95% CI
1	tau^2	0.024	0 - 0.335
2	tau	0.155	0 - 0.579
3	I2	0.482	0 - 0.781
4	H	1.39	1 - 2.138
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