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ABSTRACT

Cognitive decline and dementia represent major and growing global health challenges, driven largely by popula-
tion aging and increased longevity. Currently, more than 55 million people worldwide live with dementia, a figure
projected to rise to approximately 153 million by 2050. Alzheimer’s disease accounts for the majority of cases,
and despite extensive research, effective disease-modifying therapies remain limited. Consequently, increasing
attention has shifted toward prevention strategies targeting modifiable risk factors. Accumulating evidence indi-
cates that dementia is not an inevitable consequence of aging and that up to 45 % of cases may be attributable to
potentially modifiable lifestyle and environmental factors operating across the life course. Lifestyle behaviors—
including diet, physical activity, smoking, alcohol consumption, sleep, and social and cognitive engagement—
have emerged as key targets for intervention. In particular, adherence to healthy dietary patterns such as the Med-
iterranean, DASH, and MIND diets has been associated with better cognitive outcomes, while unhealthy dietary
patterns may increase risk. However, findings across studies remain heterogeneous, and uncertainties persist re-
garding causality, optimal exposure timing, and specific lifestyle components. Recent large prospective cohorts,
meta-analyses, umbrella reviews, and multidomain intervention trials have advanced understanding of these asso-
ciations but have also highlighted important gaps, including limited randomized evidence and underrepresentation
of diverse populations. This narrative review critically synthesizes current evidence on lifestyle factors and dietary
patterns associated with cognitive decline and dementia risk, focusing on recent high-quality studies. By integrat-
ing findings across domains, it aims to clarify areas of consensus and uncertainty, inform prevention strategies,
and identify priorities for future research and public health action.
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1. INTRODUCTION

Cognitive decline and dementia constitute growing global health challenges, with profound
implications for individuals, families, healthcare systems, and societies (The Lancet, 2025).
Worldwide, the number of people living with dementia is projected to increase substantially
over the coming decades, largely driven by population aging and improved survival (GBD 2019
Dementia Forecasting Collaborators, 2022). The World Health Organization estimates that
more than 55 million people worldwide live with dementia, with around 10 million new cases
each year (World Health Organization, 2019). Alzheimer’s disease is the leading cause, respon-
sible for 60-80 % of cases, followed by vascular dementia and other subtypes (Reuben et al.,
2024). The global burden of dementia is projected to rise dramatically, reaching approximately
153 million people by 2050 (GBD 2019 Dementia Forecasting Collaborators, 2022). Dementia
is a leading cause of disability (Vargese et al., 2023), and no curative treatments currently exist
(Fox et al., 2025). Consequently, identifying modifiable risk factors is essential for delaying or
preventing disease onset, as growing evidence indicates that a substantial proportion of demen-
tia cases are linked to lifestyle and environmental factors that are modifiable across the life
course (Jones et al., 2024; Livingston et al., 2024).

Despite extensive research efforts, disease-modifying therapies remain limited, and current
treatments primarily offer symptomatic relief (Fox et al., 2025; Frisoni et al., 2025). There is
increasing emphasis on prevention strategies aimed at delaying onset, slowing progression, or
reducing overall risk at the population level that has been summarized in the Lancet Commis-
sion on Dementia Prevention, Intervention, and Care reports (Livingston et al., 2024; Living-
ston et al., 2020; Livingston et al., 2017).

A substantial body of epidemiological evidence indicates that dementia is not an inevitable
consequence of aging (Dominguez et al., 2021). Rather, it is influenced by a complex interplay
of genetic, biological, environmental, and lifestyle factors operating across the life course
(World Health Organization, 2019). Recent estimates suggest that up to 45 % of dementia cases
may be attributable to potentially modifiable risk factors, highlighting significant opportunities
for prevention (Livingston et al., 2024). Modifiable lifestyle behaviors such as social engage-
ment, sleep patterns, smoking, alcohol consumption, physical activity, and diet have emerged
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as central targets for intervention because of their broad impact on overall health. (Dominguez
etal., 2021).

Dietary patterns have received particular attention given their influence on cardiometabolic
health, inflammation, oxidative stress, and neurovascular integrity, all of which are implicated
in neurodegeneration (Wen et al., 2025). Adherence to healthy dietary patterns such as the
Mediterranean (MeDiet) (Fekete et al., 2025; Wang et al., 2025), Dietary Approaches to Stop
Hypertension (DASH) (Song et al., 2024), and Mediterranean—DASH Intervention for Neuro-
degenerative Delay (MIND) (Wang et al., 2025; Chen et al., 2023b) diets has been associated
with better cognitive outcomes and reduced dementia risk, whereas diets high in ultra-processed
foods, saturated fats, and added sugars may be detrimental (Wieckowska-Gacek et al., 2021).
Nonetheless, findings across studies are heterogeneous, and uncertainty remains regarding op-
timal dietary components, critical exposure windows, and the extent to which observed associ-
ations reflect causal relationships.

Similarly, evidence linking other lifestyle factors to cognitive outcomes has expanded rap-
idly. Regular physical activity and sustained cognitive and social engagement are generally
associated with reduced risk of cognitive decline, while smoking, excessive alcohol consump-
tion, physical inactivity, poor sleep, social isolation, and loneliness have been linked to in-
creased risk (Dominguez et al., 2021; Livingston et al., 2024; Jones et al., 2024). However,
interpretation of these associations is complicated by methodological challenges, including re-
verse causation, competing risks, residual confounding, and variability in exposure definitions
and outcome ascertainment. Moreover, evidence quality varies considerably across lifestyle
domains, with some factors supported by robust meta-analytic data and others by more limited
or inconsistent findings.

In recent years, the publication of large prospective cohort studies, updated meta-analyses,
umbrella reviews, and multidomain intervention trials has substantially advanced the field.
These studies have refined estimates of association, explored dose—response relationships, and
provided insights into potential biological mechanisms and interactions among lifestyle factors.
At the same time, they have highlighted important gaps, including limited evidence from ran-
domized controlled trials (RCTs), underrepresentation of diverse populations, and insufficient
consideration of life-course timing and cumulative exposure.

Given the rapid evolution of the evidence base, an updated synthesis is warranted. This
narrative review aims to critically summarize current evidence on lifestyle factors and dietary
patterns associated with cognitive decline and dementia risk, with a focus on recent high-quality
observational studies and evidence syntheses. By integrating recent findings across domains,
this review seeks to clarify areas of consensus and uncertainty, inform prevention strategies,
and identify priorities for future research and public health action.

2. LIFESTYLE-RELATED DETERMINANTS

Lifestyle factors are central to dementia prevention (Figure 2). Evidence suggests that phys-
ical activity, healthy diet, smoking cessation, avoiding heavy alcohol consumption, adequate
sleep, and social and cognitive engagement are associated with better cognitive outcomes and
lower dementia risk, likely through effects on vascular, inflammatory, metabolic, and neuro-
plastic pathways. Despite limited causal evidence from long-term trials, consistent observa-
tional findings support a multidomain lifestyle approach to reducing dementia risk at the pop-
ulation level.
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Figure 2: On the left are lifestyle and dietary factors currently considered protective against cognitive
decline and dementia, while on the right are the corresponding adverse factors that contribute to disease
development.

2.1 Social engagement/isolation

Social isolation or infrequent social contact has been identified as a risk factor for dementia.
Two previous systematic reviews from 2015 and 2018 found that less frequent social contact
was associated with increased dementia risk, with reported relative risks ranging from 1.18 to
1.57 (Penninkilampi et al., 2018; Kuiper et al., 2015). Differences in follow-up duration may
explain variability, as several studies included in these meta-analyses had short follow-up peri-
ods, increasing the likelihood of reverse causation. However, two later UK Biobank studies
with longer follow-up (8.8 and 12 years) showed higher dementia risk among individuals who
were more socially isolated at baseline, defined by living alone, infrequent contact with family
or friends, and lack of weekly group activities (Elovainio et al., 2022; Shen et al., 2022). Former
intervention trials using facilitator-led group activities to increase social contact have shown
mixed effects on cognition. A Finnish RCT in lonely adults aged 75 years or older found a small
cognitive improvement (Pitkala et al., 2011), whereas studies from the USA (Park et al., 2014)
and China (Mortimer et al., 2012) found no cognitive benefit.

As shown in Table 1, more recent meta-analytic evidence indicates a consistent association
between social factors and cognitive outcomes across diverse populations and study designs
(Luchetti et al., 2024; Cunha et al., 2024; Joshi et al., 2024; Jones et al., 2024; Wang et al.,
2023; Lazzari and Rabottini, 2022). Overall, higher levels of social engagement—including
formal participation, frequent social contact, and broader social networks—were associated
with a reduced risk of cognitive decline and dementia, whereas loneliness and social isolation
are linked to an increased risk. Effect sizes are generally modest to moderate but consistent in
direction, with stronger associations observed for loneliness and social isolation in relation to
all-cause dementia and dementia subtypes, including Alzheimer’s disease and vascular demen-
tia.
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Table 1: Summary of the main findings of recent meta-analyses that evaluated associations of social engagement, social isolation/loneliness, and the risk of
cognitive decline or dementia risk

Type of review; Exposure(s)
Author, Year N of studies Xposu Outcome(s) Effect Size (Cl 95 %) Key Findings
. Analyzed
included
All-cause dementia HR for all-cause dementia: 1.306 | Large pooled analysis (N ~600 k),
Lucchetti et al., SR & MA; 22 Loneliness AD & vascular de- (1.197-1.426) associations remained after con-
2024 ’ mentia subtvpes HR for AD: 1.393 (1.290-1.504) trolling for depression and social
yp HR for VD: 1.735 (1.483—-2.029) isolation measures.
Formal social participation may
Cunha et al., : Formal social partic- ” , OR for cognitive decline = 0.78 enhance cognition in middle-aged
2024 AR 19 ipation Cognitiveidesiine (0.75-0.82) and older adults; however, evi-
dence quality is very low.
Meta-analytic evidence consist-

: Social connections, " . Social engagement protective (RR | ently supports protective associa-
oSl Gl SR & MA; 11 engagement, net- Cognltlv_e decline/ ~0.81-0.62), network size promis- | tion of active social engagement
2024 . ADRD risk . : L ! :

work size ing but variable and activities with reduced cogni-
tive decline and dementia risk.
Umprella on RR for major NCD: 1.22 (1.15, Social isolation is a modifiable fac-
Jones et al., MA; 12 studies . . . 1.29 o ; ;
2024 on social isola- Social isolation Major NCD, AD .29) tgr, whlch_|s associated with the
T RR for AD: 1.47 (0.80, 2.70) risk of major NCD.
i RR f ial t: 0.81
Social engagfament o_r Social engagemen Strong engagement & contact as-
(overall), social con- (0.74-0.89) ’ ) =3t
Wang et al., . ; . . sociated with lower dementia risk,
SR & MA; 32 tact frequency, so- All-cause dementia | RR for frequent social contact: . L e
2023 : . loneliness with higher risk; high
cial support, loneli- 0.86 (0.76-0.97) heteroaeneity noted
ness, network size Loneliness: RR 1.42 (1.26-1.60) 9 y ’
] Loneliness & social . Suggests 49-60 % higher risk for
II_RZZbZ:[’:iIn?ngOZZ SR & MA; 10 isolation during pan- | All-cause dementia :R3f7o_r1ag-1c)a(usoe(;g zr)nentla. 1.49 dementia with prolonged loneli-
’ demic : : P ness/isolation in older adults.

Abbreviations: AD: Alzheimer’s disease; ADRD: Alzheimer’s disease and related dementias; Cl: confidence interval; HR: hazard ratio; MA: meta-analysis; N: number; NCD: neurocognitive disorders;
OR: odds ratio; RR: relative risk; SR: systematic review; VD: vascular dementia
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Notably, large pooled analyses (e.g., Luchetti et al., 2024; Wang et al., 2023) demonstrated
that associations persist after adjustment for key confounders such as depression, suggesting an
independent contribution of social factors to cognitive health. However, substantial heteroge-
neity, variability in exposure definitions, and predominantly observational designs limit causal
inference. Evidence quality also varies by exposure, with formal social participation showing
potential cognitive benefits but supported by low-certainty evidence. Collectively, these find-
ings support social engagement and isolation as potentially modifiable factors in dementia risk,
while underscoring the need for more rigorous longitudinal and interventional studies to clarify
mechanisms and causality.

2.2 Sleep-related disturbances

Sleep disturbance is another potentially modifiable risk factor for dementia. Growing evi-
dence links sleep disorders to cognitive decline (Bubu et al., 2017; Shi et al., 2018; Wu et al.,
2019), highlighting sleep’s role in brain waste clearance and neuroplasticity, and circadian reg-
ulation (Parhizkar et al., 2023; Brown et al., 2016). Sleep deprivation and circadian disruption
impair clearance of f-amyloid and tau, increase oxidative stress, and reduce melatonin, pro-
moting neurodegeneration and increasing dementia risk (Mian et al., 2025). Identifying sleep-
related risk factors may therefore support targeted dementia prevention.

Longitudinal studies link sleep disturbances to higher risk of all-cause dementia, Alz-
heimer’s disease, and vascular dementia (Shi et al., 2018), with specific disorders showing dis-
tinct associations (e.g., insomnia with Alzheimer’s disease and sleep-disordered breathing with
multiple dementia types). Observational data suggest that treating obstructive sleep apnea may
reduce dementia risk (Dunietz et al., 2021), but clinical trials have not shown that continuous
positive airway pressure reverses Alzheimer’s disease-related biomarkers (Mullins et al., 2020).

Two previous meta-analyses, using varied definitions of short (< 7 h) and long (> 8 h) sleep
and follow-up periods under 10 years, reported an inverted U-shaped association between sleep
duration and dementia risk, though these findings may be influenced by reverse causation
(Liang et al., 2019; Fan et al., 2019).

Beyond sleep duration, sleep quality—particularly sleep apnea—has been linked to demen-
tia risk. A meta-analysis of 11 studies (over 1.3 million participants) found a higher dementia
risk in people with sleep apnea, though few studies adjusted for obesity (Guay-Gagnon et al.,
2022). These findings suggest potential value in screening for dementia among individuals with
sleep apnea.

Across recent meta-analyses (Table 2), sleep alterations emerge as consistent and clinically
relevant correlates of cognitive decline and dementia, with converging evidence indicating that
both qualitative sleep disorders (e.g., insomnia, obstructive sleep apnea) and quantitative sleep
disturbances (e.g., short or long sleep duration, excessive daytime sleepiness) are associated
with increased risk of adverse cognitive outcomes. The largest meta-analysis to date by Ungvari
et al. (2025) demonstrates that sleep disorders as a broad category confer a substantially ele-
vated risk of all-cause dementia and its major subtypes, with pooled hazard ratios exceeding
1.5. Notably, both obstructive sleep apnea and insomnia show robust associations with Alz-
heimer’s disease and vascular dementia, supporting the hypothesis that disrupted sleep physi-
ology may contribute to both neurodegenerative and cerebrovascular pathways of cognitive
impairment.
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Table 2: Summary of the main findings of recent meta-analyses that evaluated associations of sleep disorders and the risk of cognitive decline or dementia risk

Type of review; Exposure(s)
Author, Year N of studies Analvzed Outcome(s) Effect Size (Cl 95 %) Key Findings
included nalyze
Overall sleep disorders: HR = 1.51
(1.37-1.67)
OSA for all-cause dementia:
_ . All-cause dementia HR = 1.33 (1.09-1.61) Sleep disorders broadly are asso-
Ungvari et al. Sleep_dlsorders (in- AD. vasoular de- ' | OSA fo.r AD: HR 1.45 (1.24—1.§9) ciated V\_/|th.S|gn|f.|cantIy increased
2025 ’ MA; 39 somnia, OSA, other me’ntia cognitive Insomnia for all-cause dementia: _dement_la risk, YVIth both OSA and
sleep disturbances) decline, HR = 1.36 (1.19-1.55) insomnia showing elevated HR for
Insomnia for AD: HR 1.49, 95 % | dementia endpoints.
Cl 1.27-1.74
Insomnia for vascular dementia:
HR = 1.59 (1.01-2.51)
Insomnia: RR = 1.13
Short sleep (< 7 h): RR = 1.27;
Insomnia, sleep du- Long sleep (> 8 h): RR= 1.23— c hensive lonaitudinal
ration (short/long), | Cognitive decline, 1.66 (varies by outcome) orr|1p(e ehnsw_e ongllty |ma| metal-
Zhang et al., SR & MA: 76 excessive daytime | all-cause dementia, | Daytime sleepiness: RR = 1.37— ?er::t)ilgfss—ggmgs?slljég)pedi rC::P al-
20252 , sleepiness, sleep AD, v_ascular e [ tion—are signifJicant risk factors for
g;JS;;I;tgérr;ovement mentia ?(I/(E)\/)ement disorders: RR = 2.53 cognitive decline and dementia.
Poor sleep quality: RR = 1.17—
1.24
. . Egsz 1?203 rz;tl\q%ie zl;r;e. EDS apd Iong slegp duration were
Khaing et al., SR & MA: 15 El)é(::)?r?gsesd(aE)glsn;e All-cause dementia, | EDS — all-cause dementia RR 3:?::16’:::?ixtrlhhc;%girtﬁi-if?:;:-
2025 ’ ! cognitive decline 1.68 (1.07-2.66) L ; .
long sleep duration e SEem & demanite Fak 128 % pendence and interaction remain
(HR Cl 0.94-1.77) unclear.
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Type of review;

sleep disorders

RR for AD: 1.55 (1.25, 1.93)

Author, Year | N of studies SR Outcome(s) Effect Size (Cl 95 %) Key Findings
. Analyzed
included
Short sleep: RR = 1.12 (1.03—
1.22) Dose—response meta-analysis
. Long sleep: RR = 1.35 (1.23-1.48) | demonstrating a non-linear associ-
Yang et al Sleep duration Hypersomnia: RR = 1.26 (1.15— ation: both short and long sleep
v SR & MA; 55 (short, long, change | Cognitive decline : : : g
2024 atterns) 1.39) durations and changes toward
P Insomnia: RR = 1.16 (1.002—1.34) p!'olong(_ad sleep are linked yvith
Long sleep change trajectories: up higher risk of cognitive decline.
to RR=1.94
Brief sleep duration (dementia) in | Short sleep may be a prodromal
. short follow-up studies (< 10 marker rather than a risk factor for
~ o Gl SR & MA; 31 cleep alrE o All-cause dementia | years): RR = 1:46 (1.15-1.77) dementia, whereas long sleep
2024 (short, long) ; O
Increased sleep latency (demen- may increase risk; high heteroge-
tia): RR = 1.39 (1-:24-1.55) neity limits generalizability.
Jones et al Umbrella on MA; ?F;zf;)r s (NOID: 216 (145= Sleep disorders are modifiable
2024 27 studies on Sleep disturbances | Major NCD, AD RR for mild NCD: 1.27 (1.12, 1.43) factors, which are associated with

the risk of major NCD.

Abbreviations: AD: Alzheimer's disease; Cl: confidence interval; EDS: excessive daytime sleepiness; HR: hazard ratio; MA: meta-analysis; NCD: neurocognitive disorders; OSA: obstructive sleep
apnea; N: number; RR: relative risk; SR: systematic review; VD: vascular dementia

697




EXCLI Journal 2026,25:690-724 — ISSN 1611-2156
Received: January 25, 2026, accepted: March 14, 2026, published: May 27, 2026

Complementing these findings, Zhang et al. (2025a) extend the evidence base by demon-
strating that multiple dimensions of sleep disturbance—including abnormal sleep duration,
poor sleep quality, excessive daytime sleepiness, and sleep-related movement disorders—are
independently associated with cognitive decline and dementia outcomes. The particularly
strong association observed for sleep-related movement disorders and vascular dementia sug-
gests a potential role for shared vascular or neuroinflammatory mechanisms. Importantly, this
work underscores that dementia risk is not confined to sleep duration alone, but reflects a
broader spectrum of sleep dysfunction.

Meta-analyses focusing on excessive daytime sleepiness and long sleep duration, such as
Khaing et al. (2025), further highlight that excessive sleep propensity is associated with in-
creased risks of both cognitive decline and all-cause dementia. However, the attenuation of
associations after adjustment and the wide confidence intervals for long sleep duration suggest
potential reverse causality or prodromal effects, rather than a purely causal role. This interpre-
tation is reinforced by Howard et al. (2024), who report stronger associations between short
sleep and dementia in studies with shorter follow-up periods, implying that sleep changes may
reflect early neurodegenerative processes rather than antecedent risk factors.

Finally, dose-response analyses by Yang et al. (2024) provide compelling evidence of a
non-linear (U-shaped) relationship between sleep duration and cognitive decline, with both
short and long sleep durations, as well as trajectories toward prolonged sleep, conferring ele-
vated risk. These findings align with emerging models in which sleep alterations may act both
as modifiable risk factors and as early markers of neurodegeneration, depending on their timing,
persistence, and underlying etiology.

Collectively, these recent meta-analyses support the inclusion of sleep disturbances among
key factors linked to dementia risk while highlighting substantial heterogeneity, potential re-
verse causation, and the need for long-term prospective studies and intervention trials to clarify
causality. Differentiating between sleep disturbances as prodromal symptoms versus modifia-
ble targets for prevention remains a critical priority for future research.

2.3 Smoking habits

Smoking is a well-established modifiable risk factor for a wide range of chronic diseases
and has increasingly been implicated in cognitive decline and dementia. In the three Lancet
Commission reports (Livingston et al., 2024; Livingston et al., 2020; Livingston et al., 2017),
smoking is considered a significant risk factor for cognitive decline and dementia. Tobacco
smoke contains numerous neurotoxic and pro-inflammatory compounds that contribute to oxi-
dative stress, vascular damage, and neuroinflammation—pathways strongly linked to neuro-
degeneration (Ewees et al., 2025; Mazzone et al., 2010; Toda and Okamura, 2016). Epidemio-
logical studies consistently show that current smoking is associated with an increased risk of
all-cause dementia, Alzheimer’s disease, and vascular dementia, with evidence of a dose—re-
sponse relationship, as discussed below. Smoking may also accelerate cognitive aging by pro-
moting cerebrovascular disease, atherosclerosis, and impaired cerebral perfusion (Ewees et al.,
2025). Importantly, smoking cessation appears to attenuate dementia risk over time, with for-
mer smokers demonstrating lower risk compared with current smokers (Bloomberg et al., 2025;
Jeong et al., 2023; Lee et al., 2022; Cheon et al., 2022), underscoring the potential benefits of
smoking prevention and cessation for brain health across the life course.

Recent quantitative summary evidence examining smoking and dementia risk remains lim-
ited. No quality meta-analyses published in recent years have examined smoking as a
standalone exposure. Instead, most recent quantitative syntheses tend to combine smoking with
other substance-use exposures or broader categories of risk factors for cognitive disorders
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(Jones et al., 2024), or they appear within narrative or systematic reviews rather than as stand-
alone meta-analyses.

Earlier meta-analyses, most notably the 2015 study by Zhong et al. (2015), therefore remain
relevant in contemporary literature but do not include recent studies that we will review below.
Nevertheless, these former studies provide a robust quantitative estimate of the association be-
tween smoking and risk of all-cause dementia as well as dementia subtypes, including Alz-
heimer’s disease and vascular dementia. Importantly, findings from more recent narrative re-
views and large original studies (Table 3), including the study published in 2025 by Meysami
et al. (2025), consistently reaffirm that smoking is associated with an increased risk of demen-
tia. Reported effect sizes in these newer studies are generally comparable to those observed in
earlier meta-analytic work, with some evidence suggesting modification of risk by genetic fac-
tors such as APOE (apolipoprotein E) &4 status.

Table 3 comprehensively summarizes recent cohort studies linking smoking with cognitive
decline and dementia risk (Zhang et al., 2021; Cheon et al., 2022; Lee et al., 2022; Raggi et al.,
2022; Chen et al., 2023a; Jeong et al., 2023; Bloomberg et al., 2025; Li et al., 2025; Lin et al.,
2025; Meysami et al., 2025; Myrstad et al., 2025). Across diverse populations, study designs,
and follow-up durations, current smoking consistently emerges as a significant risk factor for
cognitive impairment, accelerated cognitive decline, and incident dementia, with effect sizes
typically ranging from ~30-80 % increased risk (HRs/RRs 1.31-1.78). Early-life and midlife
smoking (Lin et al., 2025), higher cumulative exposure (pack-years) (Raggi et al., 2022), and
persistent smoking are particularly associated with greater risk, while smoking cessation—es-
pecially sustained quitting—(Cheon et al., 2022; Lee et al., 2022; Jeong et al., 2023; Bloomberg
et al., 2025) is linked to reduced cognitive decline and lower dementia risk, though former
smokers may still retain some residual risk. Structural brain studies support a mechanistic basis,
showing lower gray and white matter volumes in smokers, partly mediated by body mass index
(BMI) (Meysami et al., 2025). Genetic factors, such as APOE-g4 status and polygenic risk,
modulate the smoking—dementia relationship, with smoking effects more pronounced in non-
€4 carriers (Zhang et al., 2021). Furthermore, smoking partially mediates the socioeconomic
gradient in dementia risk (Raggi et al., 2022), highlighting its role as a modifiable risk factor
with both public health and clinical implications. Collectively, these findings underscore the
importance of early prevention, targeted interventions, and smoking cessation programs to re-
duce cognitive decline and dementia burden across the lifespan.

2.4 Excessive alcohol consumption

The evidence on alcohol use and subsequent dementia risk is mixed and remains subject to
ongoing debate. Many observational studies suggest that light to moderate alcohol consumption
is associated with a lower risk of dementia compared with abstinence (Ilomaki et al., 2015;
Mewton et al., 2023), although this apparent protective effect may partly reflect residual con-
founding, selection bias, or misclassification of former drinkers as abstainers. In contrast, sev-
eral studies indicate that heavy alcohol consumption and alcohol use disorders are associated
with an increased risk of dementia, including both Alzheimer’s disease and vascular dementia,
likely through mechanisms involving neurotoxicity, nutritional deficiencies, liver dysfunction,
and cerebrovascular damage (Schwarzinger et al., 2018; Rehm et al., 2019). However, not all
studies have observed this association (Ilomaki et al., 2015), and inconsistencies across findings
may be attributable to differences in study design, exposure assessment, drinking patterns, fol-
low-up duration, and population characteristics. As a result, the relationship between alcohol
consumption and dementia remains complex, with uncertainty regarding thresholds of harm,
potential dose—response effects, and the extent to which observed associations reflect causal
relationships.
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Table 3: Summary of the main findings of recent cohort studies that evaluated associations of smoking and the risk of cognitive decline or dementia risk

Lin et al., 2025

n = 291,113; me-
dian 13.3 yrs FU

exposure and age
at smoking initia-
tion)

cline & dementia

HR = 1.35 (1.16—1.56); (AD):
HR = 1.12 (1.00-1.25);
Starting > 18 y (dementia):
HR = 1.18 (1.10-1.27); (VD):
HR = 1.23 (1.06—1.43); (AD):
HR = 1.13 (1.02-1.26)

Design & Exposure(s) . o .
Author, Year Population Analyzed Outcome(s) Effect Size (95 % Cl) Key Findings
Starting < 15 y (dementia):
HR = 1.33 (1.19-1.48); (VD):
HR = 1.56 (1.27-1.93) Early smoking initiation in child-
Prospective cohort | Early-life tobacco Starting 15-18 y (dementia): hood/adolescence was associated
_ UK Biobank, exposure (prenatal | oo e e HR = 1.15 (1.07-1.23); (VD): with significant cognitive decline

and increased dementia risk in
adulthood; in utero exposure was
linked to cognitive decline but not
significantly to dementia risk.

Prospective cohort
Trgndelag Health

Current smokers (dementia):
RR = ~1.31 (1.12-1.52)

Current smoking was associated
with increased dementia risk; no

from 2011 to 2018

smokers

accounting for demographics, so-
cial activities, and health factors

Mysad el | DU UD€ | Smoking & tobaco | CONE T | Women < 85 (ssmentay R | S5ellrs verecherved o
AV study, n= 8,532, | Sxposurepatterns | via 154 (1.20-1.98) aged = 85 years, likely due to
FU two decades af- Men < 85 y (dementia): RR =1.36 | competing mortality, supporting
ter baseline (1.01-1.82) benefits of smoking cessation.
Current vs non-smokers (rapid Smoking remained an independ-
CHARLS, n = 5084, | Non-, second-hand, MMSE decline): OR = 1.429 ent risk factor for cognitive de-
Li et al., 2025 covering surveys former, and current | MMSE (1.086—1.881); similar results after | cline, highlighting the need for

smoking interventions to reduce
its societal impact.

Meysami et al.,
2025

Clinical study,
n = 10,134 partici-
pants from 4 sites

Smokers versus
non-smokers

Gray and white
matter volumes
in MRI structural
neuroimaging

Smokers had lower normalized
gray (t = -7.806e+00) and white
matter volumes (t = —7.374e + 00)
vs non-smokers; BMI influenced
the model

Smokers had reduced gray and
white matter volumes, with greater
pack-years predicting widespread
brain volume loss with potential
mediating role of BMI.
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Design & Exposure(s) . o A
Author, Year Population Analyzed Outcome(s) Effect Size (95 % Cl) Key Findings
E\:gsgﬁgtw:tsggn" Quitters during FU Smokers who quit had memory Smoking linked with accelerated
from ngA y matched with %on- and fluency scores that declined cognitive decline; quitting was as-
’ — more slowly than continuing smok- | sociated with short-term improve-
Slloozrgggrg et Elipéig;;degsns gggérllr? Strgzl(()eczcsneac%- ers (difference in memory decline | ment in cognitive performance and
" FU 8 vrs 7for Litters nomicgand coani- 0-05 SDs [0-00-0-10]; difference reduced dementia progression
and 6yyrs forqcontin— tive criteria 9 in fluency decline 0-05 SDs [0-01— | risk. comparable to never smokers
uing smokers 0:10]); no age effect at cessation over ~10 yrs after quitting.
Prospective cohort Smoking increased overall de-
Chen et al., — UK Biobank, Current smokin Newly diag- Current smoking (dementia): mentia risk by ~30 %, consistent
2023a n = 372,867, FU 9.5 9 nosed dementia | HR = 1.31 (1.17, 1.46) with prior meta-analysis by Zhong
yrs et al. in 2015.
National Health In Quitters (stopped Quitters (dementia): aHR 0.92 Smoking cessation was associ-
: .| smoking), reducers . . ated with a decreased dementia
surance Service da- (0.87-0.97); reducer I: aHR 1.25 X X 4
I (=50 %), reducers . - ) risk compared with sustained
Jeong et al., tabase of Korea, o Newly diag- (1.18-1.33); increasers: aHR 1.12 - ) :
2023 retrospective co- y .(20_49 %), sus- nosed dementia | (1.06—1.18) s:moklpg intensity. Smoklng reduc-
hort. n = 789.532 tainers (<20 % : ' o tion without quitting did not reduce
FU 6.3 © -6 6) Lrs | Change), or increas- AD and VD showed similar pat- risk and sometimes showed
-2 (0-1700) YIS | g terns higher dementia risk.
. Current smokers vs never-smok- Midiif - ised later d
: ers (dementia): HR = 1.36 (1.10— Idlite smoking raised ater de-
. Sl e, CUTED &5, 1 68( - e )-f- tf ( K mentia risk; it partially mediated
Raggi et al., Wtutehall I cohort, never-smc_)ker,'pack Newly diag- - )’. not signiticant Tor eX-SMo- | 4,0 social gradient in dementia (7—
2022 n = 9951, median yrs, smoking history nosed dementia | € similar results for pack-yrs 16 %) and accounted more for

FU 31.6 yrs

score (status +
pack-years)

and smoking history score
Low SEP (dementia): HRs be-
tween 1.97 and 2.02

SEP effects on mortality than de-
mentia.

Lee et al., 2022

National Health In-
surance Service da-
tabase of Korea,
clinical cohort,

n = 126,252, me-
dian FU 3 yrs

Smoking cessation
after newly diag-
nosed AF

Dementia, in-
cluding AD and
VD

Multivariable adjusted risk of quit
smokers vs current smokers:
HR = 0.83 (0.72-0.95)

Smoking status was linked with
higher dementia risk; smoking
cessation was associated with
lower dementia risk compared to
continued smoking among pa-
tients with AF.
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APOE-¢4 carriers

Author, Year P?)‘;ﬂg‘:ig‘n E’;‘:“;T;‘z’:gs) Outcome(s) Effect Size (95 % Cl) Key Findings
New (all-cause dementia):
HR = 1.395 (1.254-1.552); (AD):
) . ) HR = 1.453 (1.287, 1.641) New and sustained smokers had
N= 19505 cases | ter, persistont and | Al-cause de- | Sustained (al-cause dementia): | higher risk of all-cause dementia
Cheon et al., ] : ’ ’ . HR = 1.324 (1.236, 1.418); (VD): than never smokers; quitters still
2022 with |schem|_c new smokers (2- mentia, AD, VD, HR = 1.375 (1.164. 1.625 showed elevated risk vs never
stroke, median FU year status change | and other types : (1. , 1.629) .
of 4.04 yrs pre/post-stroke) Quitter (dementia): HR = 1.170 §mokers, but lower than continu-
(1.074, 1.275); (VD): HR = 1.389 ing smokers.
(1.140, 1.693); (AD): HR = 1.125
(1.017, 1.246)
Smoking increased dementia risk Curr;a_nt _Snkmklr?glln_creaseilgg-E
Prospective cohort Smoking status only in non-APOE-¢4 carriers: er:‘:legalr?rigrss ?12'2%;2,:;;8' less
Zhang et al., — UK Biobank, APOE genot e’ Newly diag- HR = 1.78 (1.39-2.29) and those ronounce’d amona e4 carriers
2021 n= 193,198, FU9.0 | genc Kp ’ nosed dementia | with high polygenic risk: P ; o 9 delator of
(8.3-9.7) yrs polygenic ris HR = 1.63 (1.16-2.28), but notin | Su99esting genetic modulation o

the smoking—dementia associa-
tion.

Abbreviations: AD: Alzheimer's disease; APOE: apolipoprotein E; aHR: adjusted hazard ratio, CHARLS: China Health and Retirement Longitudinal Study; CI: confidence interval; ELSA: English
Longitudinal Study of Ageing; FU: follow-up; HR: hazard ratio; n: number; HRS: Health and Retirement Study; MMSE: mini mental state examination; OR: odds ratio; RR: relative risk; SD: standard

deviation; SEP: Socioeconomic position; SHARE: Survey of Health, Ageing and Retirement in Europe; VD: vascular dementia
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In the 2020 report from the Lancet Commission on Dementia Prevention, Intervention, and
Care, midlife alcohol consumption exceeding 21 UK units per week was associated with a sig-
nificant 18 % increased risk of dementia compared with lighter drinking (Livingston et al.,
2020), similar to that found by the same Commission in 2024 (RR 1.2, 95 % CI 1.0-1.5) (Liv-
ingston et al., 2024). This finding was supported by a meta-analysis of over 131,000 participants
from four European countries, which reported a significant 22 % higher dementia risk among
heavier drinkers (> 21 units/week) compared with lighter drinkers (Kivimaki et al., 2020). Con-
sistently, evaluation of 28 systematic reviews concluded that heavy alcohol use was associated
with increased all-cause dementia risk and reduced gray matter volume (Rehm et al., 2019).

Some studies report similar dementia risk in heavy drinkers and non-drinkers, though many
non-drinkers are former heavy drinkers (John et al., 2021). A large Japanese cohort found that
both abstinence and heavy midlife drinking were associated with higher dementia risk com-
pared with light drinking (Shimizu et al., 2023). Meta-analytic evidence indicates lower de-
mentia risk among occasional to moderate drinkers, but not among heavy drinkers, relative to
non-drinkers (Mewton et al., 2023). Mendelian randomization suggests that alcohol consump-
tion may causally influence earlier Alzheimer’s disease onset and that associations with absti-
nence likely reflect survivor or reverse-causation bias (Andrews et al., 2020), helping to explain
the commonly observed J-shaped relationship.

A large South Korean cohort found that sustained heavy drinking increased dementia risk,
while reducing intake lowered risk; mild or moderate drinking was associated with lower risk
than sustained non-drinking (Jeon et al., 2023), again, possibly reflecting former heavy drinkers
among abstainers. Overall, reducing excessive alcohol consumption or maintaining light drink-
ing was associated with lower dementia risk than continued heavy drinking, and there is no
clear evidence that abstinence itself increases dementia risk; observed excess risk among non-
drinkers likely reflects misclassification or reverse causation.

In recent years, new evidence has emerged from large-scale meta-analyses, cohort studies,
and genetic investigations examining alcohol consumption and cognitive outcomes, as synthe-
sized in Table 4. Confirming previous evidence, observational meta-analyses consistently sug-
gest a J-shaped association, with light-to-moderate alcohol intake associated with a lower risk
of all-cause dementia and Alzheimer’s disease, and heavy or excessive consumption associated
with increased risk across dementia subtypes. However, findings from genetically informed
analyses, particularly Mendelian randomization (Topiwala et al., 2026), challenge the apparent
protective effect of low-level drinking by demonstrating a dose-dependent, likely causal in-
crease in dementia risk with higher alcohol intake. Stratified analyses further indicate effect
modification by APOE &4 status (Huang et al., 2025), with stronger harmful associations of
heavy drinking among carriers and protective observational associations of light-to-moderate
intake confined to noncarriers. Taken together, these results highlight substantial heterogeneity
by drinking level and genetic susceptibility, and underscore the likelihood that observational
protective effects may reflect residual confounding or reverse causation rather than true neuro-
protection. Nonetheless, there is broad consensus that excessive alcohol consumption is clearly
associated with an increased risk of dementia.
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Table 4: Summary of the main findings of recent meta-analyses and large-scale cohorts that evaluated associations of excessive alcohol consumption and the
risk of cognitive decline or dementia risk

Author U2 OF TR Exposure(s)
Year ’ N of studies Analyzed Outcome(s) Effect Size (95 % ClI) Key Findings
included
Light/moderate: for ACD, RR = 0.88
Alcohol con- 'db‘ghﬁaeﬂf.(; (0.81-0.96); for AD, RR = 0.88 (0.79— | Light-to-moderate alcohol intake may confer a
Zhang et SR & MA- 21 sumption AD & v;s,cu- 0.97) protective effect against dementia, while heavy
al., 2025b ’ (light/moderate, lar dementia | Heavy: for ACD, RR = 1.18 (1.02— consumption or alcohol use disorders are as-
heavy) subtypes 1.36); for AD, RR = 1.29 (1.21-1.36); sociated with elevated dementia risk.
for VD, RR =1.25, (1.11-1.40)
Incident de- | Non-drinkers, heavy drinkers (> 40 Alcohol use increases dementia risk; despite
Topiwala | o Programme | Alcoholi i, | COCEREE MR= LI | G S S
ggglé’ & UK Biobank; drinks/week ords and MS?Sn_df ISS ir:;izrg:i?‘tllzn -?fann?;gr;n:g dose—dependent harm, with no protective ef-
GWAS genetic y o : g fect. Reducing alcohol use disorder could cut
proxies) drinks/week: OR = 1.15 (1.03-1.27) dementia incidence by up to 16 %.
Alcohol con- . . . By APOE ¢4 status, frequent/heavy drinking
Huang et SR & MA: 171 sumption (fre- Incident de- APOIE o non_carnerslI|ght/moderate. was more strongly associated with dementia in
; : meta-regression RR = 0.54 (0.41— . . e
al., 2025 quent/heavy, mentia 0.71) carriers, whereas light-to-moderate drinking
light/moderate) ) showed protective associations in noncarriers.
Dementia risk: RR~1.23 (1.09-1.35)

SR & dose—re- . for > 17.5 g/day A J-shaped association was observed be-
£8rezadeh | sponse MA; 17 | Alcohol intake e & | Cognitive dysfunction: RR ~1.07 tween alcohol intake and cognitive dysfunction
2024’ longitudinal stud- | (g/day) dvsf . (1.01-1.15) for > 30.5 g/day and dementia, with reduced risk linked to light-

. ysfunction o ..

ies Reduced dementia risk: RR = 0.92 to-moderate consumption in adults.

(0.88-0.96) for 1-17.5 g/day
, Major NCD: light/moderate RR = 0.74 | Heavy alcohol consumption was a significant
J Umbrellla o 5 AICOhO.I con- . (0.61, 0.90); heavy RR = 1.41 (1.14, risk factor when compared to light/moderate
ones et 43 studies on al- | sumption (none, | Major NCD, 173 Icohol tion. A liaht/moderate al-
al., 2024 cohol consump- light/moderate, | AD : ), ajcohol consumption. Any or light/moaderate a
fion e AD: light/moderate RR = 0.65 (0.56, cohol consumption was protective vs no alco-
0.77); heavy RR = 1.89 (1.12, 3.18) hol intake.

Abbreviations: ACD: all-cause dementia; AD: Alzheimer’s disease; APOE: apolipoprotein E; Cl: confidence interval; HR: hazard ratio; MA: meta-analysis; NCD: neurocognitive disorders; N: number;

OR: odds ratio; RR: relative risk; SR: systematic review; VD: vascular dementia
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2.5 Physical activity/inactivity

Exercise across the life course appears to support cognitive health, potentially through im-
proved cerebral blood flow, reduced hypertension, increased nitric oxide availability, enhanced
brain plasticity, and lower neuroinflammation (Huuha et al., 2022). Beyond possible cognitive
benefits, physical exercise in older adults is linked to better balance, fewer falls (Sherrington et
al., 2020), improved mood (Singh et al., 2023), reduced mortality (Fukushima et al., 2024), and
enhanced functional capacity (Niyazi et al., 2024). There is evidence that greater engagement
in moderate-to-vigorous activity has also been associated with larger brain volumes compared
with lower or no activity (Raji et al., 2024). Nevertheless, assessing the protective role of phys-
ical activity against cognitive decline and dementia is methodologically challenging. Reverse
causation may inflate observed associations, as early cognitive decline can lead to reduced ac-
tivity. Measurement error is common because physical activity is often self-reported and varies
in type, intensity, and duration. Residual confounding is also substantial, as physically active
individuals differ from inactive individuals in socioeconomic, lifestyle, and health factors that
influence dementia risk, and competing risks such as premature mortality further complicate
interpretation. Evidence is additionally limited by heterogeneity across studies in exposure as-
sessment, follow-up, and outcome definitions, as well as uncertainty about the most relevant
life-course timing of activity. Available RCTs are few, typically short, and focus on cognitive
outcomes rather than incident dementia. Finally, biological heterogeneity across dementia sub-
types may lead to differential effects of physical activity, contributing to ongoing uncertainty
about causality. For example, physical activity in midlife has not consistently been linked to
cognitive performance, whereas associations are more often observed in later life (Sabia et al.,
2017; Greendale et al., 2021); however, these findings may partly reflect reverse causation. A
longitudinal study of 1,718 women followed for a median of 11.9 years found that higher phys-
ical activity was associated with less cognitive decline, although this association was attenuated
after adjustment for diabetes and hypertension (Greendale et al., 2021).

Former meta-analyses of observational studies of exercise indicated benefit of exercise on
prevention of Alzheimer’s disease and dementia (Hersi et al., 2017; Zotcheva et al., 2018; Sofi
et al., 2011; Hamer and Chida, 2009), and several more recent studies confirm this benefit. For
example, a large meta-analysis of 58 studies involving over 250,000 participants found that
physical activity was associated with lower risks of all-cause dementia and Alzheimer’s dis-
ease, with evidence extending to long follow-up periods and across ages. Risk reductions were
greatest when moving from sedentary behavior to some activity, with some evidence for vas-
cular dementia mainly in shorter follow-up periods (Iso-Markku et al., 2022). Cohort studies
further suggest that sustained or increased physical activity across adulthood is associated with
better late-life cognition and lower dementia risk (James et al., 2023; Tari et al., 2022), although
some associations attenuate after adjustment for cardiometabolic conditions (Greendale et al.,
2021). A 5-year RCT of 945 older adults found no overall differences in cognition or mild
cognitive impairment (MCI) risk between control, moderate-intensity, and high-intensity exer-
cise groups, although men in the exercise groups had a lower risk of MCI and slightly better
cognitive scores than controls (Zotcheva et al., 2018). Declines in cardiorespiratory fitness were
associated with higher odds of MCI (Zotcheva et al., 2018). Overall, evidence from RCTs sug-
gests only small cognitive benefits of exercise, with effects potentially dependent on activity
type and intensity, supporting population-level strategies to reduce physical inactivity (Ciria et
al., 2023).
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Table 5: Summary of the main findings of recent meta-analyses that evaluated physical exercise and the risk of cognitive decline or dementia risk

Author, Year

Type of review;
N of studies
included

Exposure(s)
Analyzed

Outcome(s)

Effect Size (95 % ClI)

Key Findings

Physical activity/exercise

Dose-response

High-intensity PA: HR = 0.74
(0.67-0.83)

This study supports PA as a low-
cost strategy to reduce AD risk,

I L MA,; 29 prospec- i v, frequency AD risk Linear dose—response: 15 % re- particularly among non-obese indi-
2025 . and duration o= : .
tive duction in AD risk for every 10 viduals, older adults, and APOE
MET-h/wk increase in PA €4 noncarriers.
Exercise: SMD = 0.05 (-0.04—
0.13) Exercise alone showed modest
Multidomain: SMD = 0.09 (0.04— cognitive benefit and did not sig-
Reparaz- : Long-term exercise | Cognitive function, nificantly reduce MCI or dementia
SR & MA; 16 ; ; L 0.15) . . S
Escudero et al., RCTs interventions vs MCl/dementia inci- Exerci MCl: RR = risk, whereas multidomain inter-
2024 control dence xercise on MCI: =0.98 ventions incorporating exercise
(0.73-1.31) produced small cognitive improve-
Exercise on dementia: RR = 0.61 ments.
(0.25-1.52)
Physical activity reduced Alz-
heimer’s disease incidence only at
PA for AD: HR = 0.72 (0.65-0.80). | moderate-to-vigorous intensity
Zhang et al., SR & MA; 29 . Mod PA: HR = 0.85 (0.80-0.93) and with follow-up under 15 years,
2023 cohort studies PA levels Incident AD High PA: HR = 0.56 (0.45-0.68) supporting a conditional recom-
Low PA: NS mendation for promoting physical
activity as a modifiable preventive
factor.
PA was associated with reduced
PA for ACD: RR = 0.80 ACD, AD, and VD incidence, even
- 0 0.77-0.84 i . ing i
Iso-Markku et SR & MA; 58 Habitual PA ACD, AD. VD ( ) with long follow-up, supporting its

al., 2022

cohort studies

AD: RR = 0.86 (0.80-0.93)
VD: RR = 0.79 (0.66-0.95)

role as a modifiable protective fac-
tor independent of reverse causa-
tion.
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Type of review;

Luo et al., 2025

cohort studies

Sedentary behavior

Incident dementia

High computer usage: NS
Other methods: HR = 1.33 (1.25—
1.42)

Author, Year | N of studies SR Outcome(s) Effect Size (95 % Cl) Key Findings
. Analyzed
included
Physical inactivity/sedentary behavior
SB pooled: HR = 1.17 (1.06—1.29)
SR & MA: 10 :I?2h51-v1_;”7(§wmg: HR = 1.31 SB increases the risk of dementia,

but SB defined by computer usage
time did not show this association.

unweighted)

Umprella or. RR for major NCD: 1.37 (1.17, Physical inactivity is a modifiable
Jones et al., MA; 16 studies .. . . o : .
2024 on ohvsical in- | Fhysical inactivity | Major NCD, AD 1.60) factor, which is associated with
e RR for AD: 1.56 (1.28, 1.90) the risk of major NCD and AD.
activity '
E=icr ol PAF: ranged from 6.6 % (3.6-9.6; | Physical inactivity may account for
2023 i SR & MA; 22 Physical inactivity | Dementia weighted) to 16.6 % (14.4-18.9; | approximately one in 15 dementia

cases, defined by any criteria.

Abbreviations: ACD: all-cause dementia; AD: Alzheimer’s disease; APOE: apolipoprotein E; Cl: confidence interval; HR: hazard ratio; MA: meta-analysis; MET: metabolic equivalent of task; NCD:
neurocognitive disorders; N: number; NS: non-significant; PA: physical activity; PAF: population attributable fraction; RCTs: randomized, controlled trials; RR: relative risk; SB: sedentary behavior;
SMD: standardized mean differences; SR: systematic review; VD: vascular dementia
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Table 5 provides a comprehensive overview of recent meta-analyses examining the role of
physical activity and sedentary behavior in cognitive decline and dementia risk. Across multiple
large-scale cohort studies and systematic reviews, higher levels of physical activity—particu-
larly moderate-to-vigorous or high-intensity activity—consistently reduced the risk of Alz-
heimer’s disease, all-cause dementia, and vascular dementia, with risk reductions ranging from
14 % to 44 % depending on intensity (Jiang et al., 2025; Reparaz-Escudero et al., 2024; Iso-
Markku et al., 2022; Zhang et al., 2023). Dose-response analyses further support a linear bene-
fit, with each 10 MET-h/week increment associated with roughly 15 % lower Alzheimer’s dis-
ease risk (Jiang et al., 2025). Evidence from long-term follow-up studies suggests that physical
activity remains protective even after accounting for reverse causation, highlighting its potential
as a low-cost, modifiable preventive strategy.

Conversely, physical inactivity and sedentary behavior were consistently associated with
increased dementia risk. Population attributable fraction estimates suggest that 6—17 % (Feter
et al., 2023) of dementia cases could be linked to inactivity, emphasizing its public health rele-
vance. While exercise-only interventions produced minimal cognitive benefits in RCTs, mul-
tidomain interventions combining exercise with other lifestyle components yielded small but
positive effects, suggesting that physical activity may be most effective as part of comprehen-
sive preventive strategies.

Overall, these findings reinforce physical activity as a key modifiable factor for dementia
prevention, with both observational and interventional evidence supporting its protective role,
while sedentary behavior emerges as an independent risk factor.

3. DIETARY PATTERNS

Observational evidence suggests that the MeDiet, the DASH diet, and their hybrid, the
MIND diet (components are illustrated in Figure 3), may confer neuroprotective benefits (Chen
et al., 2023b; Seabrook et al., 2025; Seago et al., 2025; Dominguez et al., 2021), though findings
are inconsistent across populations with varying baseline cognitive status. For example, one
study reported that overall adherence to the DASH diet was not associated with cognitive per-
formance or cognitive change (Daniel et al., 2021), and a more recent trial observed no differ-
ences in cognitive trajectories between participants following the MIND diet and those on a
control diet, possibly due to the relatively short follow-up period of three years (Barnes et al.,
2023). This variability highlights the complex relationship between diet and brain health. As
with exercise, assessing diet’s protective effects on cognitive decline and dementia is challeng-
ing due to methodological and biological factors. Dietary intake is often self-reported and var-
iable over time, leading to measurement error. People consume complex food combinations,
making it difficult to isolate the effects of individual nutrients or their blends, while residual
confounding from lifestyle, socioeconomic, and health factors may bias results. Long dementia
latency and short-term dietary assessments, along with reverse causation from preclinical cog-
nitive changes affecting diet, further complicate interpretation.

In fact, the World Health Organization’s 2019 conditional recommendation for the MeDiet
for dementia prevention reflects ongoing uncertainty in the evidence (World Health Organiza-
tion, 2019), which also likely explains why diet was classified as a potential but insufficiently
supported risk factor and excluded from the life-course population attributable fraction esti-
mates in the 2024 Lancet Commission on dementia prevention report (Livingston et al., 2024).
Nevertheless, literature on this topic continues to grow in recent years. A systematic review and
meta-analysis of 16 cohort studies (follow-up 2.2—41 years) found that higher overall diet qual-
ity was associated with an 18 % reduced dementia risk (Liu et al., 2020), with similar findings
in studies with longer follow-up and for Alzheimer’s disease. However, continuous MeDiet
scores showed no significant association (Liu et al., 2020). A larger meta-analysis of three
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cohorts with over 200,000 participants reported that greater adherence to the MIND diet was
linked to a 17 % lower dementia risk (Chen et al., 2023b). Another review found protective
effects of the MeDiet on global cognitive decline in nearly half of studies, with more limited
evidence for incident dementia and Alzheimer’s disease (Townsend et al., 2023).

a.
Mediterranean diet > MIND diet DASH diet
b.
Component MeDiet DASH MIND
Vegetables

Leafy-green vegetables

Fruits

Berries

Whole grains

Nuts

Legumes

Poultry

Eggs

Fish and seafood

Olive oil

Vegetable oil

Low-fat dairy

Sofrito

Red and processed meats

Sweets and desserts

Cheese

Whole-fat dairy

Fast and fried foods

Butter and margarine

Sugar-sweetened beverages

Wine

Sodium

——

Figure 3: (a) Components of the Mediterranean (left), MIND (center), and DASH (right) diets are shown.
Several elements overlap, reflecting the fact that the MIND diet is derived from both the Mediterranean
and DASH dietary patterns. DASH indicates Dietary Approaches to Stop Hypertension; MIND, Mediter-
ranean-DASH Intervention for Neurodegenerative Delay. (b) Overlap of some components of the three
dietary patterns. Green indicates foods to be eaten frequently, red indicates foods to be eaten infre-
quently, and pink indicates foods that should be limited.
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Table 6: Summary of the main findings of recent meta-analyses that evaluated adherence to Mediterranean, MIND, and DASH diets and the risk of cognitive
decline or dementia risk

Type of review; Exposure/
Author, Year N of studies Xposu Outcome(s) Effect Size (95 % Cl) Key Findings
. Score Change
included
Mediterranean diet
Higher adherence to the MeDiet was
Zuliani et al., SR & MA: 45 Highest vs lowest ACD, AD, VD, AD: OR = 0.92 (0.87-0.98) associated with lower AD and MCI
2026 ’ adherence other, MCI MCI: RR = 0.93, (0.88-0.98) risk, supporting its public health
value.
G : R GE Adherence to the MeDiet was asso-
ognitivé impairment. = ciated with an 11-30 % lower risk of
Fekete et al., MA: 23 Highest vs lowest ACD (0.75-0.89) cognitive impairment, dementia, and
2025 ’ adherence Dementia: HR = 0.89 (0.83—0.95) AD, supporting its role in neuropro-
AD: HR = 0.70 (0.60-0.82) tective public health strategies for
healthy cognitive aging.
el i Hiohest | X ACD: OR = 0.89 (084—094) Adhere?fcett_o the MeEIet mayl se_rvel
o004 SR & MA; 21 Ignest vs IoWest | acp, AD, MCI | AD: OR = 0.73 (0.62-0.85) as an efiective non-pnarmacologica
adherence strategy to reduce dementia burden,
MCI even in older adults.
Cohort studies: MCI, RR = 0.75
. _ Adherence to the MeDiet may lower
(0.66-0.86); AD, RR = 0.71 (0.56— .
. ACD, AD, MCI, MCI and AD risk, though effects on
Fu et al., 2022 SR & MA; 28 :('jghr;?:tn\éz lowest cognitive func- 0.89) : - N other cognitive domains remain un-
tion RCTs: better episodic [SMD = 0.20 | gjear: long-term RCTs are needed to
Egﬁ%‘g-gg)]??gdo‘?’oékénzg;]memor'es confirm its preventive role.
ACD: RR = 0.69 (0.57-0.84); 5 ) o » )
studies IG|ven rising c;pgnl(t;]ve N?ls[())lrdter preva-
Antonelli and . . _ B . _ | lence, promoting the MeDiet may
Dgr?er:ﬁ '2322 Umbrella; 6 MA :é%l"eerztn\éz [tz ACD, AD, MCI AD' RIR = 0.8 (er=0.s8)5 © sitie support healthy aging and disease
’ es _ prevention (GRADE 1B), though fur-
ies
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Type of review; Exposure/
Author, Year N of studies P Outcome(s) Effect Size (95 % ClI) Key Findings
. Score Change
included
MIND diet
WIL HRS. EHS Adherence to the MIND diet was as-
Chen et al., Foé, and' MA of | Highest vs lowest ACI?:(:ol_r';v_erg g:;pc;lgt (l)ng;ement, so_gldalted W'Ejh Io:rjverlc;iemznna risk in
2023b 11 cohort stud- | adherence ROD poote e Cae IEISERE G BN Eue iy G, Tl
s ACD in MA: HR = 0.83 (0.76-0.90) | ranting further population-specific
studies.
Mediterranean & MIND & DASH
MeDiet ACD: pooled HR = 0.85
(0.71-1.03) No significant association between
DASH ACD pooled HR = 0.80 MeDiet or DASH adherence and de-
(0.60-1.06) mentia risk in older adults overall, ex-
MIND: ACD pooled HR = 0.78 cept with shorter follow-up or specific
: (0.68-0.89) diagnostic criteria for MeDiet. In con-
;\éazgg etal, SR & MA; 12 géghr;;‘éz lowest | AcD, AD MeDiet: FU < 10 yrs HR = 0.72 trast, high adherence to the MIND
(0.55-0.93) diet was associated with a 22 %
MeDiet: NINCDS-ADRDA criteria lower dementia risk, supporting its
HR = 0.63 (0.48-0.82) recommendation as a nonpharmaco-
MIND: Unspecified dementia logical preventive strategy in older
HR = 0.82 (0.72-0.93) adults.
MIND: AD HR = 0.60 (0.42—0.87)

Abbreviations: ACD: all-cause dementia; AD: Alzheimer’s disease; Cl: confidence interval; FOS: Framingham Heart Study Offspring cohort; FU: follow-up; HR: hazard ratio; HRS: Health and Retire-
ment Study; MA: meta-analysis; MeDiet: Mediterranean diet; MIC: mild cognitive impairment; MIND: Mediterranean-Dietary Approaches to Stop Hypertension (DASH) Intervention for Neurodegener-
ative Delay; N: number; NINCDS-ADRD: National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease and Related Disorders Association; OR: odds ratio;
RCTs: randomized, controlled trials; RR: relative risk; SMD: standardized mean differences; SR: systematic review; VD: vascular dementia; WIl: Whitehall Il study
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With the aim of summarizing the findings of the vast literature on this topic, we have re-
viewed evidence from recent systematic reviews and meta-analyses (Table 6). As shown, the
recent meta-analytic evidence indicates that adherence to healthy dietary patterns is associated
with a reduced risk of cognitive decline and dementia, with notable differences across diet
types. The MeDiet, for which there is a greater body of literature, shows robust and reproducible
associations with lower risks of Alzheimer’s disease, MCI, and all-cause dementia, with rela-
tive risk reductions generally ranging from 7 % to 31 % (Zuliani et al., 2026; Fekete et al.,
2025; Nucci et al., 2024; Fu et al., 2022; Antonelli and Donelli, 2022). These associations are
supported by both observational cohorts and umbrella reviews, although evidence from RCTs
remains limited and primarily confined to modest improvements in specific cognitive domains.

By contrast, evidence for the DASH diet—currently lacking a meta-analysis—is more in-
consistent, with no clear overall association with dementia risk among older adults. The MIND
diet, which integrates elements of the Mediterranean and DASH diets, demonstrates the most
consistent protective associations in the few meta-analyses available, including a 20—40 % re-
duction in dementia and Alzheimer’s disease risk. Notably, the protective effect of the MeDiet
appears stronger in studies with shorter follow-up durations or specific diagnostic criteria, sug-
gesting potential influences of study design, reverse causation, and outcome ascertainment.

Overall, these findings support adherence to Mediterranean-based dietary patterns—partic-
ularly the MIND diet—as promising non-pharmacological strategies for dementia prevention.
However, heterogeneity across studies and the relative scarcity of long-term RCTs highlight
the need for further high-quality, longitudinal and interventional research to strengthen causal
inference and inform dietary recommendations.

Other dietary patterns with some evidence of neuroprotection include plant-based diets, the
Nordic diet, and anti-inflammatory diets (Bigras et al., 2025; de Crom et al., 2023; Townsend
et al., 2024; Chen et al., 2019). Predominantly plant-based diets have been linked to favorable
cognitive outcomes. A recent systematic review and meta-analysis reported that greater adher-
ence to healthful plant-based diets was associated with lower odds of cognitive impairment and
a modest reduction in dementia risk, although results varied across studies. Higher-quality
plant-based diet scores, reflecting greater intake of healthy plant foods, showed stronger pro-
tective associations than overall plant-based indices (Bigras et al., 2025). However, evidence is
not uniform, as some population-based studies found no clear association between general
plant-based eating patterns and dementia risk, suggesting that the quality of plant foods may be
more influential than plant-based adherence alone (de Crom et al., 2023).

The traditional Nordic diet, characterized by root vegetables, whole grains (rye, barley,
oats), berries, fish, and rapeseed oil, has been linked to slower cognitive decline and longer
dementia free survival in older adults in some Scandinavian cohorts. This pattern shares key
features with other healthy diets (e.g., high in plant foods and unsaturated fats), suggesting that
beneficial effects on cognition may generalize beyond Mediterranean style eating (Townsend
et al., 2024).

Other healthy dietary patterns, such as anti-inflammatory or prudent diets rich in fruits,
vegetables, lean proteins, and whole foods, have been linked to better cognitive outcomes in
some studies, though they largely overlap with MeDiet and plant-based diets (Chen et al.,
2019).

4. LIFESTYLE-RELATED DISEASES AND RISK FACTORS

A growing body of epidemiological and mechanistic evidence indicates that lifestyle- and
nutrition-related modifiable cardiometabolic and psychosocial conditions (Figure 4) signifi-
cantly contribute to the development and progression of cognitive decline and dementia
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(Livingston et al., 2024). These associations are robust across populations and represent key
targets for primary prevention.

Diabetes

High

cholesterol Hypertension

Lifestyle-related
diseases and risk
factors associated

with cognitive
decline and

dementia
D 4

Depression Obesity

Figure 4: Some of the most common lifestyle-related diseases and risk factors linked to cognitive de-
cline and dementia are shown, highlighting conditions and behaviors that influence brain health across
the life course and contribute to the development and progression of neurodegenerative disease.

Large-scale RCTs have shown that lifestyle modification programs significantly lower di-
abetes risk in individuals at high-risk (Lee et al., 2025). Type 2 diabetes is consistently associ-
ated with an elevated risk of dementia, particularly vascular dementia and all-cause dementia,
likely due to chronic hyperglycemia, insulin resistance, and vascular injury (de la Monte et al.,
2018; Cao et al., 2024; Michailidis et al., 2022). Diabetes promotes cerebrovascular disease,
oxidative stress, and inflammation, which accelerate neurodegeneration and cognitive impair-
ment (Michailidis et al., 2022; de 1la Monte et al., 2018). Epidemiological studies show that
individuals with diabetes have a notably higher risk of progressing from MCI to dementia com-
pared with non-diabetics (Ding et al., 2024). Diabetes may contribute to dementia through sev-
eral mechanisms: insulin resistance, where disrupted brain insulin signaling affects amyloid 3
metabolism; vascular damage, increasing stroke risk and microvascular injury that lowers cer-
ebral perfusion; and chronic inflammation, which can accelerate neuronal loss (de la Monte et
al., 2018; Michailidis et al., 2022). However, Mendelian randomization data suggest that dia-
betes per se may not directly increase Alzheimer’s disease risk independent of metabolic inter-
mediates like insulin and cholesterol, highlighting complexity in causal pathways (Wang et al.,
2024). A recent meta-analysis of 15 studies (10.1 million participants; 8.8 million with diabetes)
showed that diabetes was associated with a 59 % significantly increased risk of dementia. Dia-
betes duration < 5 years (RR 1.29, 95 % CI 1.20-1.39) and hypoglycemia (RR 1.56, 95 % CI
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1.13-2.16) were associated with higher dementia risk, while glycemic control measures showed
no significant effect (Wang et al., 2024).

High blood pressure, especially during midlife, is one of the most consistent vascular risk
factors linked to later cognitive decline and dementia (Huang and Aronow, 2024; Levine et al.,
2020). Elevated systolic blood pressure contributes to small vessel disease, white matter hyper-
intensities, and microinfarcts, which are neuropathological substrates of both vascular dementia
and Alzheimer’s disease (Ungvari et al., 2021). Furthermore, blood pressure lowering with an-
tihypertensive therapy, compared to control, was significantly linked to a reduced risk of de-
mentia or cognitive impairment in a meta-analysis of 14 RCTs (Hughes et al., 2020).

Obesity, particularly in midlife, is associated with higher dementia risk (Qu et al., 2020;
Emmerzaal et al., 2015). Adiposity contributes to systemic inflammation, dysregulated adi-
pokine profiles, insulin resistance, and cerebrovascular disease, all of which can adversely af-
fect brain structure and function (Patel and Edison, 2024).

High total cholesterol and dyslipidemia in midlife have been linked to increased dementia
risk, particularly Alzheimer’s disease (Wee et al., 2023; Iwagami et al., 2021). Proposed mech-
anisms include cholesterol-mediated effects on cell membrane composition and amyloid pro-
cessing (Gamba et al., 2015), as well as dyslipidemia-related cerebrovascular atherosclerosis,
which may reduce cerebral blood flow (Siegler et al., 2025). Although observational data sup-
port an association, clinical evidence on the cognitive benefits of lipid-lowering therapies re-
mains mixed and requires further investigation. Meta-analyses reported inconsistent evidence
suggesting that elevated LDL cholesterol in midlife—but not in late life—may be associated
with an increased risk of cognitive decline, all-cause dementia, and Alzheimer’s disease (An-
stey et al., 2017; Wood et al., 2014).

Depression is increasingly recognized as both a risk factor and early symptom of cognitive
decline. Longitudinal cohort studies have found that depressive symptoms are associated with
an elevated risk of subsequent dementia, independent of other health conditions (Stafford et al.,
2022). Potential mechanisms include chronic stress and dysregulation of hypothalamic-pitui-
tary-adrenal axis leading to hippocampal damage, inflammatory pathways that overlap with
neurodegenerative processes, and reduced cognitive reserve due to behavioral and lifestyle
changes associated with depression (Borges de Souza et al., 2025). Depression may interact
synergistically with metabolic risk factors to further elevate dementia risk, underscoring the
importance of integrated care. Depression is closely intertwined with lifestyle factors. Un-
healthy behaviors—such as poor diet quality, physical inactivity, inadequate sleep, smoking,
excessive alcohol consumption, and chronic stress—are associated with an increased risk of
developing depressive symptoms, whereas healthier patterns, including regular physical activ-
ity, balanced nutrition, and good sleep hygiene, appear to be protective. Although depression
has important biological and genetic underpinnings, lifestyle plays a substantial modulatory
role in its onset, severity, and persistence. Moreover, lifestyle and depression often interact
bidirectionally, creating a self-reinforcing cycle in which depressive symptoms lead to deterio-
rating health behaviors, which in turn further exacerbate depression and impede recovery (Sato
et al., 2025). In essence, while not the only cause, lifestyle factors are powerful contributors
and modulators of depression, acting as significant risk or protective elements.

5. PERSPECTIVE

Lifestyle factors are central to the prevention of cognitive decline and dementia. Because
complex diseases develop through the cumulative interaction of multiple influences over time,
effective prevention is likely to require integrated lifestyle strategies, such as those reviewed in
this article (Figure 5), many of which show evidence of potential neuroprotective effects.
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Figure 5: Lifestyle factors discussed in this article that contribute to the prevention of cognitive decline
and dementia are summarized, emphasizing their combined and potentially synergistic roles and un-
derscoring the importance of considering them within multimodal prevention and intervention strategies.

Successive updates of the Lancet Commission on Dementia Prevention, Intervention, and
Care have progressively broadened understanding of modifiable, largely lifestyle-related de-
mentia risk factors across the life course. Emerging evidence has expanded the framework be-
yond individual medical conditions to include biological, sensory, environmental, and lifestyle
factors. The number of identified modifiable risks has increased from 9 in the first report (Liv-
ingston et al., 2017) to 14 in the most recent update (Livingston et al., 2024), reflecting growing
recognition of multiple, interacting pathways to dementia, including vascular disease, sensory
impairment, environmental exposures, and health-related behaviors. Correspondingly, the esti-
mated proportion of preventable dementia cases has risen from ~35 % to 40 %, and most re-
cently to 45 % (Livingston et al., 2024; Livingston et al., 2020; Livingston et al., 2017), under-
scoring the potential impact of comprehensive, lifespan-wide risk reduction strategies.

Evidence supporting multidomain interventions as a non-pharmacological strategy for de-
mentia prevention is rapidly growing (Sakurai et al., 2025). However, a definitive answer to
whether dementia can be prevented remains elusive. To date, most studies have relied on
changes in cognitive function as surrogate outcomes rather than dementia incidence, which
would require longer follow-up periods. As multidomain interventions are implemented more
broadly at the population level, it will become possible to assess their impact on community-
wide dementia incidence and prevalence. Looking ahead, early detection and timely interven-
tion are expected to become as central to dementia care as they are in cardiovascular disease
prevention, where there is greater awareness among both healthcare providers and the public.
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The Finnish Geriatric Intervention Study to Prevent Cognitive Impairment and Disability
(FINGER) was the first large, long-term RCT to show that a two-year multidomain lifestyle
intervention improves cognition and reduces cognitive decline in older adults at increased de-
mentia risk. The intervention included diet, exercise, cognitive training, social activities, and
vascular risk management, and led to significant benefits in global cognition, executive func-
tion, processing speed, and memory, as well as improvements in BMI, diet adherence, and
physical activity (Ngandu et al., 2015; Lehtisalo et al., 2017).

Following the encouraging results of FINGER, 15 other multi-component intervention stud-
ies have been conducted, and additional 11 studies are ongoing or planned spanning high-,
middle-, and low-income countries across all global regions (Sakurai et al., 2025). While early
multidomain dementia prevention trials (2015-2019) showed mixed results, most studies con-
ducted in the 2020s have reported beneficial cognitive effects, with negative findings largely
attributable to COVID-19 disruptions. Even when primary cognitive endpoints were not met,
secondary and subgroup analyses consistently showed improvements in key dementia risk fac-
tors, supporting the potential of multidomain interventions to slow cognitive decline in at-risk
older adults.

In 2017 the World-Wide (WW)-FINGERS network was launched seeking to harmonize
multidomain dementia prevention trials, to promote international collaboration, data and
knowledge sharing, and culturally adapted multidomain lifestyle intervention trials across di-
verse at-risk populations worldwide (Kivipelto et al., 2020; Sindi et al., 2025). Parallel brain
health initiatives are also being implemented in primary care, community, and memory clinic
settings. Digital, e-health—based interventions (e-FINGERS) are also under investigation
(Loukas et al., 2023; Rosenberg et al., 2024).

The first results of the Protect Brain Health Through Lifestyle Intervention to Reduce Risk
(POINTER) study have recently been published. In a single-blind, multicenter RCT of 2,111
US adults aged 60-79 years at risk of cognitive decline, a 2-year structured multidomain life-
style intervention produced a significantly greater improvement in global cognition than a self-
guided intervention (Baker et al., 2025), supporting the effectiveness of higher-intensity non-
pharmacological approaches for dementia prevention.

Recently, anti-amyloid monoclonal antibodies such as lecanemab and donanemab have be-
come available for individuals with early Alzheimer’s disease. However, these disease-modi-
fying therapies are not indicated for all types of dementia, and many patients may not meet
eligibility criteria. Their use also entails intensive safety monitoring, substantial costs, and other
treatment burdens (Fox et al., 2025; Frisoni et al., 2025). Consequently, the need for effective
dementia prevention strategies is increasingly urgent, given their low cost, favorable safety
profile, and broad benefits for overall health and quality of life.

6. CONCLUSIONS

The growing evidence presented indicates that behaviors such as sustained social and cog-
nitive engagement, adequate sleep, smoking cessation, moderation of alcohol intake, regular
physical activity, and healthy dietary patterns are generally associated with better cognitive
outcomes and lower dementia risk. These lifestyle factors appear to influence multiple biolog-
ical pathways implicated in neurodegeneration, including vascular health, systemic and neu-
roinflammation, metabolic regulation, and neuroplasticity, and they often exert cumulative ef-
fects across the life course. For example, regular physical activity can enhance cerebral blood
flow and promote synaptic plasticity, while healthy dietary patterns such as the Mediterranean
or MIND diets may reduce oxidative stress and support neuronal function. Similarly, maintain-
ing social and cognitive engagement has been linked to increased cognitive reserve, potentially
delaying the onset of clinical symptoms even in the presence of neuropathology.
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Although causal inference is constrained by methodological challenges—such as confound-
ing, reverse causation, and the limited availability of long-term RCTs—the overall consistency
of observational evidence underscores the potential benefits of a multidomain approach. Inte-
grating several lifestyle factors simultaneously may yield additive or synergistic effects, en-
hancing resilience against dementia-related pathophysiology. Importantly, these interventions
are not only feasible and low-risk but also adaptable, offering a population-level strategy for
dementia prevention. Future research should focus on long-term, pragmatic trials that examine
the timing, intensity, and combination of lifestyle interventions, further explore interactions
with genetic risk factors such as APOE €4, and evaluate effects on cognitive trajectories, func-
tional outcomes, and underlying biomarkers. By advancing such knowledge, it may become
possible to design personalized, culturally adapted prevention strategies that maximize cogni-

tive health across diverse populations and stages of life.
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