
Academic Editor: Ying Chen

Received: 30 June 2026

Revised: 23 July 2026

Accepted: 24 July 2026

Published: 5 August 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Review

Midlife Vascular and Lifestyle Determinants of Late-Life
Cognitive Decline and Dementia: A Life-Course Prevention
Framework with a Gulf (GCC) Perspective
Najeeb Qadi 1,2,* , Amaal Aldakheel 1,2 and Eslam Shosha 1,3

1 Neuroscience Centre of Excellence, King Faisal Specialist Hospital and Research Centre,
P.O. Box 3354, Riyadh 11211, Saudi Arabia; adakheel@kfshrc.edu.sa (A.A.); eshosha@kfshrc.edu.sa (E.S.)

2 College of Medicine, Alfaisal University, P.O. Box 50927, Riyadh 11533, Saudi Arabia
3 Division of Neurology, Department of Medicine, McMaster University, Hamilton, ON L8N 3Z5, Canada
* Correspondence: nqadi@kfshrc.edu.sa

Abstract

Dementia is a growing global health challenge, yet many determinants of late-life cognitive
decline emerge decades before symptoms appear. Midlife is a practical window for preven-
tion because hypertension, diabetes, obesity, dyslipidemia, smoking, physical inactivity,
unhealthy diet, sleep disturbance, and social isolation can be identified and modified before
substantial brain injury becomes apparent. This narrative review synthesizes evidence
linking midlife vascular and lifestyle exposures to late-life cognitive impairment and de-
mentia. The most consistent data support a life-course model in which cumulative vascular,
metabolic, inflammatory, and behavioral risks interact with neurodegenerative pathology
and cognitive reserve. Vascular and metabolic factors act largely through small-vessel
disease, endothelial dysfunction, and inflammation, whereas physical activity, healthy
diet, sleep, and social engagement may strengthen resilience. Although observational
evidence is vulnerable to confounding and single-risk trials may underestimate cumulative
benefit, multidomain prevention remains biologically plausible and clinically actionable,
as recent trials reaffirm. These priorities are especially salient in the rapidly transitioning
Gulf Cooperation Council (GCC) countries, where midlife cardiometabolic risk is high and
local evidence is limited. Dementia prevention should be embedded in routine midlife care,
with vascular risk management and sustained lifestyle support treated as core elements of
lifelong brain health.

Keywords: dementia; cognitive decline; midlife; vascular risk; lifestyle; prevention;
Alzheimer’s disease; cognitive reserve; brain health; Gulf Cooperation Council

1. Introduction
Dementia is a major cause of disability, dependency, and death among older adults.

The World Health Organization estimated that 57 million people were living with dementia
in 2021, with nearly 10 million new cases each year and a disproportionate burden in low-
and middle-income countries [1]. Because disease-modifying treatments remain limited
in availability, indications, and population-level impact, prevention has become a central
priority for clinical medicine and public health.

The 2024 Lancet Commission on dementia prevention, intervention, and care strength-
ened this preventive perspective by estimating that approximately 45% of dementia cases
worldwide might be preventable or delayable by addressing 14 modifiable risk factors
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across the life course [2]. Several of these risks become established in midlife, including
hypertension, obesity, high low-density lipoprotein cholesterol, excessive alcohol use, trau-
matic brain injury, and other cardiometabolic and behavioral exposures [2]. This timing
matters because midlife is early enough to permit sustained risk reduction yet late enough
for vascular and metabolic abnormalities to be measurable in routine practice.

Dementia should therefore not be viewed solely as a disorder of old age. Alzheimer’s
disease and related dementias may have long preclinical phases during which amyloid, tau,
synaptic dysfunction, vascular injury, inflammation, and network-level changes accumulate
before symptoms become clinically apparent [3]. Midlife vascular and lifestyle determinants
may modify this trajectory by accelerating brain injury, lowering cognitive reserve, or
increasing resilience. This review examines clinically actionable midlife determinants of
late-life cognitive decline and dementia, with an emphasis on vascular and lifestyle risks
that can be addressed in routine adult care.

The case for prevention is especially pressing in regions undergoing rapid epidemio-
logical transition. While several high-income countries have reported stable or declining
age-specific dementia rates, the steepest future increases are projected for North Africa
and the Middle East, where the number of people living with dementia is expected to rise
by roughly 367% between 2019 and 2050, the largest increase in any world region, driven
by population aging and rising obesity, diabetes, and smoking [4]. Because the exposures
driving that projection are precisely the ones that are measurable and modifiable in midlife,
the life-course prevention argument may carry particular weight in the Gulf Cooperation
Council (GCC) countries (Saudi Arabia, the United Arab Emirates, Qatar, Kuwait, Bahrain,
and Oman) and in comparable settings. The regional epidemiology, genetic background,
and delivery implications are examined in Section 7; the intervening sections set out the
general life-course framework on which that discussion builds.

2. Scope and Approach
This article is a narrative review, not a systematic review or meta-analysis. It synthe-

sizes landmark cohort studies, randomized trials, systematic reviews, and major public
health reports relevant to midlife vascular and lifestyle determinants of later cognitive
outcomes. No new human or animal data were generated or analyzed. The review pri-
oritizes exposures common in clinical practice and potentially modifiable: hypertension,
diabetes and insulin resistance, obesity, dyslipidemia, smoking, physical inactivity, diet,
sleep, cognitive engagement, and social connection.

The term midlife is used pragmatically to refer to the period of adulthood before older
age, often between 40 and 65 years, acknowledging that definitions vary across cohorts. The
term dementia is used clinically and etiologically to include Alzheimer’s disease, vascular
dementia, mixed dementia, and other late-life cognitive disorders in which vascular and
lifestyle determinants may influence risk or expression. Because many exposures cluster,
the review emphasizes cumulative and multidomain risk rather than deterministic claims
about any single factor.

Consistent with a narrative review, the literature was selected purposively rather than
through a predefined systematic search. To make that process transparent, we proceeded
in three steps. First, for each exposure we anchored the evidence on the major consensus
reports and landmark population-based cohorts that define the field, together with any
randomized trials reporting cognitive or dementia endpoints. Second, we searched PubMed
and Google Scholar for records published through June 2026, combining terms for each
exposure (hypertension, diabetes, obesity, dyslipidemia, smoking, physical activity, diet, sleep,
cognitive engagement, and social connection) with terms for cognitive decline, dementia,
and Alzheimer’s disease, and screened titles and abstracts for relevance; regionally relevant
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GCC studies were identified by the same strategy. Third, we hand-searched the reference
lists of retrieved reviews and trials. Where several studies addressed the same question, we
prioritized the most recent systematic review or meta-analysis, the largest or longest-followed
cohort, and studies reporting clinically interpretable endpoints. Studies were not formally
scored, no protocol was registered, and no quantitative synthesis was undertaken; the intent
was an integrative, clinically oriented synthesis rather than a pooled estimate.

Because the evidence base is uneven across exposures, we distinguish throughout be-
tween findings supported by intervention studies and those resting mainly on observational
data. Among the vascular exposures, blood-pressure lowering has the strongest interventional
evidence, and multidomain lifestyle programs have been tested as packages rather than as
separable components; most remaining associations, including those for adiposity, diet, sleep,
smoking, and social engagement, derive predominantly from cohort studies and are therefore
vulnerable to residual confounding and reverse causation. Mendelian randomization con-
tributes an intermediate class of evidence for selected exposures by approximating lifelong
differences in a risk factor. This hierarchy is stated explicitly for each domain in Table 1 and
is carried through to the conclusions, where recommendations resting on trial evidence are
separated from those that remain biologically plausible but unproven.

Table 1. Major modifiable midlife determinants relevant to late-life cognitive decline and dementia.

Risk Domain Representative Evidence Evidence Class Plausible Pathways Clinical Implication

Hypertension

Associated with higher
dementia risk; recent data

show domain-specific
effects [5–8].

Cohort evidence plus a
randomized trial reporting

cognitive endpoints
(SPRINT MIND) [9].

Cerebral small-vessel
disease and white-matter

injury.

Treat blood pressure early
and consistently; frame

control as both
cardiovascular and brain

protection.

Diabetes/insulin
resistance

Diabetes, glycemic
variability, and insulin
resistance each add risk

[5,10–13].

Cohort and mechanistic
evidence; no

dementia-endpoint trial of
glucose lowering.

Microvascular injury and
brain insulin resistance.

Use integrated
cardiometabolic care

rather than glucose-only
counseling.

Obesity/adiposity

Higher risk, driven
especially by central
adiposity and weight
variability [6,14–16].

Cohort and neuroimaging
evidence; observational

only.

Systemic inflammation
and insulin resistance.

Address weight, waist
circumference, diet,

activity, and sleep as a
combined risk cluster.

Dyslipidemia/high
LDL-C

Listed as a modifiable risk
[2]; trial evidence for

lipid-lowering on
cognition is equivocal [17].

Cohort evidence plus
Mendelian randomization

[18]; late-life
lipid-lowering trials

neutral [17].

Atherosclerosis and
impaired cerebral

perfusion.

Manage lipids according
to cardiovascular-risk

standards with
brain-health framing.

Smoking

Associated with dementia;
cessation lowers risk
toward never-smoker

levels [5,19–21].

Cohort evidence only; no
dementia-endpoint trial.

Endothelial injury,
hypoxia, and oxidative

stress.

Make cessation a repeated,
supported, system-level

intervention.

Physical inactivity

Associated with higher
dementia risk; inverse
associations between
physical activity and

dementia are stronger in
studies with longer
follow-up [22–24].

Cohort evidence plus
multidomain intervention

trials [25,26].

Reduced vascular fitness,
impaired metabolic health,

and diminished
neurotrophic signaling.

Prescribe sustainable
activity as a core

component of brain-health
prevention.

Sleep disturbance

Short sleep and sleep
disorders are associated
with higher dementia

incidence [27–30].

Cohort and meta-analytic
evidence; no

dementia-endpoint trial.

Impaired clearance,
vascular stress, and

intermittent hypoxia.

Screen for insomnia and
sleep-disordered

breathing when clinically
indicated.

Low cognitive or social
engagement

Low engagement and
loneliness are

independently associated
with dementia risk

[31–33].

Cohort evidence plus
multidomain trial

components [25,26].

Lower cognitive reserve
and chronic stress biology.

Promote cognitive activity
and social participation as

realistic preventive
supports.
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3. Dementia as a Life-Course Disorder
A life-course model is useful because dementia risk reflects both accumulated injury

and accumulated reserve. Early-life education, midlife vascular and metabolic health, and
late-life sensory, social, and functional factors may interact over decades [2,34,35]. From this
perspective, late-life cognitive decline may represent the clinical endpoint of long-standing
biological vulnerability rather than the sudden onset of disease in old age.

Midlife is a particularly strategic period. Blood pressure, glycemic status, body weight,
lipid levels, smoking exposure, sleep quality, and exercise habits are routinely measurable
and often modifiable. Importantly, vascular and metabolic injury can begin before overt
cognitive symptoms appear, and imaging studies suggest that midlife vascular risk fac-
tors may be linked to later brain changes, including amyloid deposition and structural
injury [36,37]. Therefore, prevention efforts that wait until dementia symptoms appear
may miss the window when vascular and lifestyle modifications can meaningfully alter
long-term trajectories.

This framework also explains why interventions in older adults can yield heteroge-
neous results. Once neuropathology is established, risk-factor control remains important
for general health and may slow vascular injury, but it may be less effective at reversing
existing neurodegeneration.

4. Midlife Vascular Determinants
4.1. Hypertension and Cerebral Small-Vessel Disease

Hypertension is among the most consistent midlife vascular predictors of later cogni-
tive impairment and dementia. Large observational cohorts have linked elevated midlife
blood pressure to an increased risk of subsequent dementia, and risk appears to rise when
hypertension co-occurs with other cardiometabolic exposures [5,6]. Mechanistically, chronic
hypertension promotes arteriolar sclerosis, endothelial dysfunction, impaired autoregu-
lation, disruption of the blood–brain barrier, white matter injury, lacunes, microbleeds,
and reduced cerebrovascular reactivity. These processes can directly impair attention,
processing speed, executive function, and gait and may also lower the threshold for the
clinical expression of Alzheimer’s pathology.

The randomized SPRINT MIND trial did not show a statistically significant reduction
in probable dementia, its primary cognitive outcome, but intensive systolic blood pressure
control reduced mild cognitive impairment and the combined outcome of mild cognitive
impairment or probable dementia [9]. This pattern is clinically important: it supports the
concept that vascular risk management can influence cognitive trajectories and reminds
clinicians that dementia is multifactorial and may require longer follow-up or multidomain
interventions. In midlife practice, blood pressure control should be framed not only as
cardiovascular protection but also as preservation of brain health.

Recent large-scale evidence continues to refine this picture. A 2025 analysis of 1.3 mil-
lion UK women found that midlife hypertension was associated with increased dementia
risk, though the strength of this association varied appreciably across cohorts and dementia
subtypes, underscoring that the association is consistent but heterogeneous rather than
uniform [7]. A 2024 systematic review and meta-analysis similarly concluded that midlife
hypertension affects some cognitive domains, particularly memory, executive function, and
global cognition, more consistently than others, suggesting that blood-pressure-related
injury may not impair all aspects of cognition equally [8]. These nuances do not weaken
the case for blood pressure control; rather, they argue for more precise risk communication
that distinguishes domain-specific effects from a uniform reduction in dementia risk.
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4.2. Diabetes Mellitus and Insulin Resistance

Diabetes mellitus and insulin resistance are linked to an increased risk of cognitive
decline and dementia through overlapping metabolic and vascular pathways [5,10]. Hy-
perglycemia contributes to oxidative stress, advanced glycation end-products, endothelial
dysfunction, inflammation, and microvascular injury. Insulin resistance may also affect
neuronal metabolism, synaptic signaling, and amyloid- or tau-related pathways, although
the extent to which Alzheimer’s disease should be conceptualized as a metabolic disorder
remains debated.

Diabetes rarely occurs in isolation. It commonly coexists with obesity, hypertension,
dyslipidemia, chronic kidney disease, sleep-disordered breathing, and physical inactivity.
These clustered risks may exacerbate cerebral small-vessel disease and systemic inflamma-
tion. Therefore, brain-health counseling for patients with diabetes should extend beyond
glucose control and include integrated management of blood pressure, lipids, weight,
exercise, sleep, and smoking status.

Recent evidence has refined this picture. Glycemic variability and longer diabetes
duration are associated with higher dementia risk independent of mean glucose control,
implicating fluctuations themselves, not only chronic hyperglycemia [11]. Current reviews
confirm that diabetes-related cognitive impairment operates through overlapping path-
ways of oxidative stress, neuroinflammation, and brain insulin resistance, with lifestyle
interventions the most consistently supported mitigation [12,38]. Insulin resistance assessed
independently of overt diabetes has been linked to accelerated brain atrophy and cognitive
decline, suggesting the relevant exposure may begin before diabetes is diagnosed [13,39].

4.3. Obesity, Adiposity, and Metabolic Syndrome

Midlife obesity, particularly central adiposity, has been linked to an increased risk
of late-life dementia in several epidemiological studies [6,14]. Adipose tissue is metaboli-
cally active and can promote insulin resistance, chronic low-grade inflammation, altered
adipokine signaling, oxidative stress, and endothelial dysfunction. These processes may
contribute to both vascular brain injury and neurodegenerative vulnerability.

The timing of body weight measurement is important. Midlife obesity appears more
consistently harmful than late-life body mass index, partly because unintentional weight
loss can occur during the preclinical phase of dementia and may obscure causal direction.
Clinically, weight management should be positioned as part of cardiometabolic and cogni-
tive prevention rather than as a purely cosmetic or metabolic goal. The strongest message is
not that weight alone determines dementia risk, but that adiposity contributes to a broader
network of modifiable exposures.

Updated reviews support this relationship while clarifying its boundaries. A 2025
meta-analysis of nearly three million older adults found the association strongest for central
rather than general adiposity [15]. Neuroimaging studies show that midlife visceral and
subcutaneous abdominal fat predict later brain volume loss, and adverse body composition
patterns track with neurodegenerative risk in UK Biobank data [40,41]. Body weight
variability, not absolute weight alone, may also carry independent prognostic value beyond
a single BMI measurement, a pattern confirmed in a 2025 meta-analysis of more than four
million participants [16,42].

4.4. Dyslipidemia and Low-Density Lipoprotein Cholesterol

The relationship between lipids and dementia is complex and varies by lipid fraction,
age at measurement, vascular comorbidity, and outcome definition. Nevertheless, high
low-density lipoprotein cholesterol in midlife was added as a modifiable dementia risk
factor in the 2024 Lancet Commission, reinforcing the importance of lipid control as part
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of a life-course prevention strategy [2]. Dyslipidemia may contribute to atherosclerosis,
impaired cerebral perfusion, endothelial dysfunction, and vascular inflammation. It may
also interact with obesity, diabetes, and hypertension to increase cumulative brain injury.

Current evidence does not justify presenting lipid-lowering as a guaranteed dementia
prevention treatment. Rather, dyslipidemia should be managed according to cardiovascular-
risk standards, with the additional message that vascular protection is relevant to future
cognition. This balanced framing avoids overstatement and strengthens patients’ motiva-
tion to sustain risk-factor control.

The apparent discrepancy between a risk factor endorsed by the Lancet Commis-
sion [2] and trial evidence that does not support lipid lowering for cognition [17] deserves
explanation rather than simple acknowledgment, because the two bodies of evidence
address different exposures. The observational and commission-level evidence concerns
cumulative LDL-C exposure beginning in midlife and extending across decades, whereas
the randomized trials enrolled participants at a mean age of roughly 65 years and fol-
lowed them for a median of about three years. A neutral trial result therefore tests late,
short-duration lipid lowering rather than the sustained midlife exposure to which the
risk-factor designation refers. Genetic evidence supports this reading: a 2025 Mendelian
randomization analysis of more than one million individuals found that genetically proxied
lifelong lowering of non-HDL cholesterol, acting through the targets of statins, ezetimibe,
and CETP inhibitors, was associated with a reduced risk of dementia [18]. Because genetic
variants approximate lifelong exposure whereas trials capture only a few years of treatment
late in life, the discordance is more plausibly explained by the timing and duration of the
intervention window than by an absence of biological relevance for midlife LDL-C. The
practical implication for patients is unchanged: lipid lowering should not be offered as a
proven dementia prevention therapy. The rationale for treating midlife dyslipidemia early
is nonetheless strengthened, rather than weakened, by the neutral late-life trials.

4.5. Smoking and Cumulative Vascular Injury

Smoking is a major modifiable contributor to vascular disease, oxidative stress, en-
dothelial injury, thrombosis, chronic hypoxia, and systemic inflammation. These mecha-
nisms provide a plausible pathway from tobacco exposure to later cognitive impairment,
and epidemiological syntheses support an association between smoking and dementia
risk [5,19]. Smoking also clusters with other health behaviors, leading to cumulative expo-
sure to poor diet, inactivity, sleep disturbance, and lower engagement in preventive care in
some populations.

Smoking cessation is therefore one of the highest-yield midlife interventions. Its proven
benefits for cardiovascular, respiratory, cancer, and mortality outcomes are sufficient jus-
tification, and potential cognitive benefits further strengthen the case. In clinical practice,
smoking status should be treated as a brain-health vital sign and addressed through repeated
counseling, pharmacotherapy when appropriate, and system-level cessation support.

Recent large-cohort data have clarified the benefits of smoking cessation for cognitive
outcomes. A 2026 analysis of more than 32,000 adults followed for up to 25 years found that
smoking cessation was associated with a steadily declining dementia risk that approached
that of never-smokers within five to seven years, although this benefit was attenuated
among individuals who gained substantial weight after quitting [20]. A complementary
multinational analysis across 12 countries similarly found that more favorable cognitive tra-
jectories were observed after cessation, even when quitting occurred in mid- to late life [21].
Population-level modeling underscores the magnitude of this opportunity: smoking re-
mains among the dementia risk factors with the largest estimated population-attributable
fraction globally, alongside hypertension, obesity, and physical inactivity [43].
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5. Midlife Lifestyle Determinants
5.1. Physical Activity and Fitness

Regular physical activity is among the most actionable lifestyle factors for long-term
brain health. Observational evidence from midlife cohorts and meta-analyses links leisure-
time physical activity to a lower risk of later cognitive decline, dementia, and Alzheimer’s
disease [22,23]. Exercise may reduce dementia risk indirectly by lowering blood pressure,
improving insulin sensitivity, promoting weight control, improving lipid profiles, reducing
systemic inflammation, and improving sleep and mood. It may also exert more direct neu-
robiological effects through increased cerebral perfusion, neurotrophic signaling, synaptic
plasticity, and hippocampal function.

The clinical challenge is implementation, not conceptual acceptance. Brief advice alone
is often insufficient. Patients are more likely to sustain activity when recommendations
are specific, realistic, and integrated with comorbidity management. Walking programs,
resistance training, balance exercises, and supervised rehabilitation can be tailored to age,
frailty, orthopedic limitations, and cultural context. For midlife patients, the goal should
be decades of sustainable activity rather than short-term, intensive programs that cannot
be maintained.

A comprehensive meta-analysis incorporating quality assessment of cohort and case–
control evidence confirmed that physical activity is associated with a lower incidence
of dementia and Alzheimer’s disease. The strength of these associations increased with
longer follow-up, addressing earlier concerns that shorter studies might reflect reverse
causation, in which preclinical decline reduces activity levels rather than activity protecting
against decline [24].

5.2. Dietary Patterns and Cardiometabolic Health

Diet affects cognitive risk primarily through cardiometabolic and inflammatory path-
ways. Dietary patterns rich in vegetables, fruits, legumes, whole grains, nuts, fish, and
unsaturated fats are associated with better vascular and metabolic profiles and have been
linked to cognitive outcomes in observational studies [44,45]. The Mediterranean and
Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diets are often
discussed because they align cardiovascular and cognitive prevention goals.

Diet should not be presented as a stand-alone dementia cure. Evidence is stronger
for overall dietary patterns and cardiometabolic health than for isolated supplements
or single nutrients. Clinically, dietary counseling is most credible when integrated into
broader management of hypertension, diabetes, obesity, dyslipidemia, and physical inac-
tivity. This approach also reduces the risk of overclaiming causality from observational
nutrition studies.

More recent cohort and meta-analytic evidence has refined understanding of dietary
patterns and cognitive outcomes. A 2023 meta-analysis of prospective cohorts found that
MIND diet adherence was associated with better-preserved global cognition and slower
decline, with effects evident across multiple study populations [46]. Subsequent work in
the REGARDS cohort linked higher adherence to a MIND-style diet with a reduced risk
of incident cognitive impairment. Analyses in racially diverse populations found that
associations between the MIND diet and cognitive decline held in both Black and White
older adults, though effect sizes varied by population, highlighting the importance of
validating dietary recommendations across diverse groups rather than assuming uniform
benefit [47,48]. A 2024 review in Nature Reviews Neurology further emphasized that
dietary pattern, rather than any single nutrient or supplement, remains the most defensible
target for brain-healthy nutritional counseling [49].
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5.3. Sleep and Sleep-Disordered Breathing

Sleep has become an increasingly important component of brain health and prevention.
Longitudinal evidence links short sleep duration in midlife to later dementia incidence [27].
Mechanistically, sleep disturbance may contribute to impaired glymphatic clearance, in-
flammation, vascular stress, insulin resistance, mood symptoms, and daytime cognitive
inefficiency. One proposed mechanism is glymphatic clearance: experimental work, con-
ducted largely in rodents, has shown that sleep can facilitate the removal of metabolites
from the brain [28]. We treat this as a hypothesis rather than an established mechanism,
because its extension to the human brain remains unsettled; the supporting evidence and
its limitations are examined in Section 9. Importantly, the epidemiological association
between disturbed sleep and dementia does not depend on the glymphatic account being
correct, and the clinical case for identifying and treating sleep disorders rests on established
benefits rather than on this mechanism.

Sleep-disordered breathing warrants particular attention because it is common, under-
diagnosed, and linked to intermittent hypoxia, sympathetic activation, hypertension, atrial
fibrillation, metabolic dysfunction, and daytime cognitive symptoms. Although definitive
dementia prevention trials of sleep interventions remain limited, identifying and treating
clinically significant sleep disorders is justified by established benefits in quality of life,
safety, cardiometabolic health, and daytime function.

Recent meta-analytic syntheses have strengthened confidence in the sleep-dementia
relationship and clarified its structure. A 2025 meta-analysis of sleep disorders found that
obstructive sleep apnea, insomnia, and other sleep disturbances were each independently
associated with increased risk of all-cause dementia and Alzheimer’s disease [29]. Large
prospective cohort data from Japan have similarly linked both short sleep duration and
adverse changes in sleep duration over time to elevated dementia incidence. An updated
systematic review through 2025 confirmed that multiple distinct sleep parameters, includ-
ing fragmentation and prolonged sleep latency, carry independent risk signals rather than
reflecting a single underlying construct [30,50]. These findings support sleep assessment
as a multidimensional component of brain-health screening rather than a single yes/no
inquiry about sleep duration.

5.4. Cognitive Engagement, Social Connection, and Reserve

Cognitive reserve helps explain why individuals with similar neuropathological bur-
dens may differ in clinical expression. Education, occupational complexity, lifelong learning,
multilingualism, cognitively stimulating activities, and social participation may increase re-
silience or compensate for brain injury [31]. Social relationships may also protect cognition
by reducing loneliness and depression, sustaining complex communication, supporting
adherence to medical care, and promoting meaningful activity [32].

These factors are not purely individual choices. Educational opportunity, retirement
patterns, family structure, urban design, disability access, and socioeconomic context
all shape cognitive and social engagement. Therefore, prevention strategies should inte-
grate individual counseling with community and policy approaches that promote social
participation, lifelong learning, and access to meaningful activities throughout adulthood.

The evidence for the importance of social connection has grown considerably. The
largest meta-analysis to date (>600,000 individuals, 21 cohorts) found that loneliness was
associated with increased risk of all-cause dementia, Alzheimer’s disease, and vascular
dementia. This association persisted after adjusting for depression and isolation, indicating
that loneliness carries risk distinct from having few contacts [33]. Cohort data from thirteen
international studies linked broader social connectedness to reduced dementia risk, and
social isolation independently predicted nine-year risk among US community-dwelling

https://doi.org/10.3390/life16081289

https://doi.org/10.3390/life16081289


Life 2026, 16, 1289 9 of 18

adults [51,52]. These findings support routine screening for both loneliness and objective
isolation as distinct, modifiable targets.

The major modifiable vascular and lifestyle determinants discussed in Sections 4 and 5
are summarized in Table 1, together with an explicit indication of the class of evidence
supporting each domain.

Table 2 highlights selected landmark studies that inform this prevention framework.

Table 2. Selected evidence informing a midlife brain-health prevention framework.

Study/Source Design or Source Type Exposure/Intervention Main Relevance to This Review

Lancet Commission 2024 [2] Expert commission and
evidence synthesis

Fourteen modifiable dementia
risk factors across the life

course

Supports prevention across early,
mid-, and late life; estimates
around 45% of cases may be

preventable or delayable.

Whitmer et al. [5] Large retrospective cohort
Midlife hypertension,

diabetes, smoking, and high
cholesterol

Demonstrates cumulative
cardiovascular risk-factor burden

in midlife and subsequent
dementia risk.

Kivipelto et al. [6] Population-based cohort Midlife obesity and vascular
risk factors

Supports the importance of
clustered midlife

cardiometabolic exposures.

Gottesman et al. [36] Community cohort with
neuroimaging

Midlife vascular risk factors
and late-life amyloid

deposition

Links vascular risk with later
brain biomarker and imaging

outcomes.

SPRINT MIND [9] Randomized clinical trial
Intensive versus standard

systolic blood-pressure
treatment

Shows cognitive signals for
blood-pressure intervention,

especially mild cognitive
impairment outcomes.

FINGER trial [25] Randomized multidomain
intervention

Diet, exercise, cognitive
training, social activity,

vascular monitoring

Supports feasibility and
cognitive benefit of multidomain
prevention in at-risk older adults.

6. Integrated Mechanisms Linking Midlife Exposures
to Late-Life Outcomes

Midlife vascular and lifestyle determinants converge through several interacting
mechanisms. Cerebral small-vessel disease is central: hypertension, diabetes, smoking,
dyslipidemia, and obesity can impair endothelial function, autoregulation, and perfusion,
leading to white-matter hyperintensities, lacunes, microinfarcts, microbleeds, and network
disconnection. These injuries may independently cause cognitive impairment and may
also reduce the amount of Alzheimer pathology needed to produce clinical symptoms.

Metabolic and inflammatory pathways provide a second mechanism. Insulin resistance,
adiposity, smoking, poor diet, sleep disruption, and inactivity can increase oxidative stress
and chronic, low-grade inflammation. These processes may exacerbate vascular injury, impair
mitochondrial function, disrupt synaptic signaling, and influence amyloid- or tau-related path-
ways. The result is not a single disease mechanism but a cumulative biological environment
that renders the brain more vulnerable to aging and neurodegeneration.

Reserve and resilience constitute the third mechanism. Physical activity, cognitive
stimulation, education, social connection, and healthy sleep may not eliminate pathology,
but they can increase the capacity to tolerate or compensate for injury. Prevention is
therefore best understood as a dual strategy: reduce cumulative injury while strengthening
reserve. Figure 1 summarizes these interacting pathways.
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Figure 1. Conceptual framework linking midlife vascular and lifestyle exposures to late-life cognitive
decline and dementia. The diagram summarizes plausible pathways rather than causal proof for
each individual exposure. Midlife risks may act through vascular, inflammatory, metabolic, and
reserve-related mechanisms, with cumulative and interacting effects over time.

7. Regional Relevance: Midlife Prevention in the Gulf (GCC) Countries
7.1. The Regional Burden of Risk and Disease

The life-course framework has particular implications for regions undergoing rapid
epidemiological transition. Much of the cohort and trial evidence summarized above
comes from North American and European populations, yet the demographic and car-
diometabolic context of the Gulf Cooperation Council countries differs in ways that directly
affect dementia risk. The region combines a young but rapidly aging population with
an unusually high prevalence of midlife obesity, type 2 diabetes, physical inactivity, and
tobacco use, so the very exposures linked to later cognitive decline are widespread decades
before old age [4,53].

Local epidemiological data reinforce this picture. A retrospective analysis of dementia
prevalence in Saudi Arabia’s National Guard Health System from 2015 to 2023 documented
the rising burden of diagnosed dementia consistent with regional demographic aging, while
highlighting the fragmentation and limited scope of routine surveillance data across Gulf
health systems [54]. A synthesis of dementia prevalence and economic burden across Arab
countries similarly concluded that the region faces a substantial and likely underestimated
burden, compounded by a scarcity of large, methodologically rigorous, population-based
studies compared with North American and European settings [55]. Health-economic mod-
eling projects that Saudi Arabia’s non-communicable disease burden, including dementia,
will grow substantially between 2020 and 2030 as the population over 65 nearly doubles
relative to the working-age population, with dementia among the costliest conditions to
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manage at the national level [56]. A broader synthesis covering the wider Middle East
reports the same pattern of rising burden, significant caregiving and economic costs, and
persistent gaps in standardized data [57]. The case for midlife prevention in the Gulf
therefore rests not only on extrapolation from global trends but also on emerging local
evidence pointing in the same direction.

The distribution of the specific midlife exposures reviewed above is equally striking.
Diabetes prevalence is among the highest worldwide, with national surveys reporting
adult diabetes at roughly 18% in Qatar and comparably high levels across the other GCC
states [56,58]. Adult obesity affects roughly one-third of the population in Qatar, and
cardiometabolic risk clustering (central obesity together with dyslipidemia and dysg-
lycemia) is already evident among young adults in the United Arab Emirates, well before
midlife [58,59]. Regional data indicate that a large share of adults are insufficiently active,
driven in part by climate and the built environment [60]. Tobacco use, including regionally
specific forms such as waterpipe (shisha) smoking, remains common, and secondhand
smoke exposure is widespread among adolescents across the GCC states [61]. Taken to-
gether, these exposures place a large share of the midlife population on a trajectory of
cumulative cerebro-metabolic risk decades before old age, which is precisely the pattern
the life-course model predicts will surface as dementia a generation later.

Saudi Arabia illustrates both the challenge and the opportunity. As longevity rises
and the share of older adults grows, the prevalence of cognitive impairment is already
substantial: the Riyadh community study noted above reported impairment in a large
proportion of older primary-care patients, clustering with hypertension and cardiovascular
disease [62]. At the same time, dementia research from the region remains limited, with
few large population-based studies and little longitudinal or biomarker data [53]. This
combination of a high modifiable-risk burden, a compressed demographic transition, and
sparse local evidence means that midlife prevention could avert a disproportionate share of
future cases, while also implying that prevention models cannot be imported unchanged.

7.2. Genetic Background and Consanguinity

The regional argument is usually framed in environmental terms, but the population
genetics of the Gulf may also shape how midlife vascular risk translates into cognitive
outcomes, and this dimension has received less attention than it deserves. Two features
are relevant. First, APOE ε4, the principal common susceptibility allele for late-onset
Alzheimer’s disease, varies substantially in frequency between populations, and its ex-
planatory power in Arab populations appears more limited than in northern European
cohorts. In Wadi Ara, a highly consanguineous Israeli-Arab community with an unusu-
ally high prevalence of Alzheimer-type dementia, ε4 allele frequencies were low in both
cases and controls, leading the investigators to conclude explicitly that the excess disease
burden could not be attributed to ε4 [63]. Second, consanguineous marriage is common
across the Gulf, with rates in Saudi Arabia frequently reported above 50% and first-cousin
unions predominating [64]. Consanguinity increases genome-wide homozygosity, which
can unmask recessive or additive susceptibility alleles that remain effectively invisible in
outbred populations; autozygosity mapping in the same consanguineous Arab community
identified candidate loci on chromosomes 9 and 12, with evidence that the chromosome 9
signal arose from excess homozygosity among cases [65].

The implication is not that the life-course framework fails in this setting, but that its
genetic architecture may differ. Available evidence suggests that the relative contributions
of common alleles, recessive variants, and modifiable vascular exposures may differ across
populations. However, this remains untested in representative GCC cohorts and should be
addressed through adequately powered regional genomic and gene–environment studies.
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Two caveats bound the discussion above and should be stated plainly. The Wadi Ara
findings derive from a single, highly consanguineous Israeli-Arab community and cannot
be generalized to Arab or GCC populations as a whole; and no adequately powered study
has examined gene–environment interaction between regional genetic background and
midlife cardiometabolic burden in any Gulf cohort. Establishing APOE allele frequencies in
representative GCC samples, quantifying the contribution of autozygosity to dementia risk,
and testing whether high metabolic burden interacts with these backgrounds are concrete
and achievable priorities. National population genome programs now under way across the
region, including the Saudi Human Genome Program, the Qatar Genome Programme, and
the Emirati Genome Program, are assembling the population-scale reference data that such
work requires [66]. Until these large-scale regional biobank studies complete their analyses,
findings from localized consanguineous community studies cannot be extrapolated to GCC
populations as a whole, and no regionally specific genetic contribution to dementia risk
should be assumed in clinical or public-health planning. The genetic dimension is therefore
best treated as hypothesis-generating, a reason to build regional cohorts, rather than as an
established modifier of prevention strategy.

7.3. Adapting Prevention to the Regional Context

Several adaptations are likely to matter. Dietary counseling should reflect regional
eating patterns rather than assume a Mediterranean baseline; physical activity advice must
account for climate, gender-specific barriers to outdoor exercise, and the built environment;
and tobacco and waterpipe use call for culturally specific cessation support. Health-system
design is equally important, including integrating brain-health messaging into primary care
and diabetes services, where most midlife patients are already seen. The central message
for clinicians in these settings is that global evidence supports acting now, while the details
of delivery should be tailored to local risk profiles, resources, and culture.

8. From Risk-Factor Lists to Clinical Prevention
The practical implication is that brain-health prevention should be integrated into

routine midlife care. Neurologists, primary-care physicians, cardiologists, endocrinologists,
psychiatrists, sleep physicians, dietitians, nurses, and public-health teams encounter modifi-
able risks long before dementia is diagnosed. A patient with midlife hypertension, diabetes,
obesity, smoking, poor sleep, and inactivity should not receive fragmented messages. In-
stead, the patient should receive a coherent prevention plan that explains how vascular
and lifestyle risks affect the heart, brain, kidneys, mobility, and future independence.

Risk communication must be accurate. It is inappropriate to promise that modifying
risk factors will prevent dementia in a specific individual. Age, genetics, education, socioe-
conomic factors, traumatic brain injury, sensory impairment, depression, air pollution, and
other exposures all contribute to risk [2]. However, it is equally inappropriate to ignore
modifiable risk factors merely because causality is complex. The most ethical message is
that midlife risk-factor control cannot guarantee protection, but it can reduce cumulative
biological injury and improve multiple health outcomes.

Prevention should also be multidomain. Single-risk interventions are important, but
dementia arises from interacting systems. The FINGER trial demonstrated that a multido-
main intervention combining diet, exercise, cognitive training, social activity, and vascular
monitoring can improve cognitive performance in at-risk older adults [25]. Although FIN-
GER enrolled older adults rather than a purely midlife population, it supports the principle
that combined behavioral and vascular strategies are feasible and clinically meaningful.
More recently, the US POINTER trial extended this evidence to a large and diverse cohort,
showing that a structured multidomain lifestyle intervention improved global cognition
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over two years, with broadly consistent findings across prespecified subgroups, including
APOE ε4 status [26]. The next step is to adapt these models earlier in the life course and
across diverse healthcare systems.

9. Controversies and Evolving Evidence
Several active debates qualify the prevention narrative and warrant explicit acknowledg-

ment (Table 3). The first concerns lipids. Although high midlife LDL cholesterol is now listed
among modifiable dementia risk factors [2], the therapeutic evidence is more equivocal: a 2025
meta-analysis of 20 randomized trials found that lipid-lowering therapy did not significantly
reduce the incidence of dementia or cognitive impairment, even though it confirmed the
cognitive safety of statins [17]. The most defensible reading is that lipid management is firmly
justified for vascular protection and remains biologically relevant to brain health, but should
not be presented to patients as a proven dementia prevention treatment.

Table 3. Active debates and evolving evidence in midlife dementia prevention.

Debate/Open Question Current Evidence Practical Implication

Lipid-lowering and cognition

Midlife LDL-C is a listed risk factor [2],
but a 2025 meta-analysis of 20 trials

found lipid-lowering therapy did not
significantly reduce dementia or

cognitive impairment, while confirming
statin cognitive safety [17].

Manage lipids for vascular protection; do
not present lipid-lowering as a proven

dementia prevention therapy.

Anti-amyloid disease-modifying therapy

Lecanemab and donanemab modestly
slow decline in early Alzheimer’s disease
[67,68], but effect sizes are small, ARIA

risk and cost are substantial, and access is
limited worldwide.

Late, partial treatment strengthens rather
than replaces the case for earlier midlife

risk reduction.

Glymphatic clearance and sleep

The glymphatic hypothesis links sleep to
clearance of neurotoxic proteins, but

foundational work was largely in rodents
[28]; human relevance remains to be

established.

Treat sleep disorders for established
benefits; avoid overstating a single

unproven mechanism.

Generalizability of the Lancet risk model

The Commission’s own authors
acknowledge their

population-attributable-fraction estimates
are assumption-dependent and

provisional [69]; preliminary
conference-abstract findings from a

single-cohort replication, not yet
confirmed in a full report, further suggest

that only a subset of factors remained
significant when modeled jointly [70].

Interpret population risk estimates as
probabilistic; replicate prevention

frameworks in diverse and regional
cohorts.

A second debate concerns the advent of disease-modifying therapy. Anti-amyloid
monoclonal antibodies lecanemab and donanemab have shown that removing amyloid can
modestly slow clinical decline in early symptomatic Alzheimer’s disease [67,68]. These find-
ings are important proofs of concept, but the effect sizes are modest. Treatment carries the risk
of amyloid-related imaging abnormalities, and the requirements for biomarker confirmation,
repeated infusions, specialist monitoring, and high cost place these therapies out of reach
for most patients worldwide, particularly in low- and middle-income settings. Rather than
diminishing the case for prevention, the disease-modifying era strengthens it: treatments that
act late and only partially make earlier risk reduction more valuable, not less.

A third area of genuine uncertainty concerns mechanisms. The glymphatic hypothesis
offers an appealing link between sleep and the clearance of neurotoxic proteins, but the
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foundational work was conducted largely in rodents [28], and the extent to which sleep-
dependent clearance operates and matters in the human brain remains to be established.
The same caution applies to the precise causal weight of any single exposure. These uncer-
tainties do not undermine the life-course model, which rests on convergent epidemiological
and mechanistic evidence, but they argue for humility about individual pathways and for
continued investment in human, longitudinal, and biomarker-based research.

10. Limitations and Future Directions
Several limitations of the evidence base should temper interpretation. Much of the

evidence linking midlife risk factors to late-life dementia comes from observational studies.
These studies are vulnerable to residual confounding, measurement variability, survival bias,
competing mortality, and reverse causation. For example, late-life weight loss or blood-
pressure decline may reflect preclinical disease rather than protection. Definitions of midlife,
dementia subtype, cognitive decline, and exposure intensity also vary across studies.

Intervention evidence remains challenging because dementia develops over decades.
Trials may be too short, start too late, test single factors in isolation, or include participants
with already advanced pathology. A negative or modest trial result should not be taken
as proof that midlife risk modification is irrelevant. Instead, it underscores the need for
longer, earlier, and more integrated prevention studies that combine vascular, metabolic,
behavioral, cognitive, and social interventions.

Future research should prioritize diverse populations, including those in regions
undergoing rapid demographic, nutritional, and lifestyle transitions. Many influential
cohorts are based in high-income settings and may not fully capture variation in education,
vascular-risk prevalence, healthcare access, air pollution, diet, sleep patterns, and family
structure. Studies that integrate longitudinal clinical data, imaging, biomarkers, genomics,
and implementation science will be especially useful for identifying who benefits most,
when interventions should begin, and how prevention can be delivered at scale.

11. Conclusions
Late-life cognitive decline and dementia are shaped by exposures that often emerge

or become entrenched in midlife. Hypertension, diabetes, obesity, dyslipidemia, smok-
ing, physical inactivity, unhealthy dietary patterns, sleep disturbance, low cognitive en-
gagement, and social disconnection interact through vascular, metabolic, inflammatory,
neurodegenerative, and reserve-related pathways.

A midlife prevention framework is clinically practical and biologically plausible,
but its components are not all supported to the same degree, and conclusions should
be graded accordingly. Blood-pressure control carries the strongest evidence, resting on
consistent cohorts together with randomized data showing benefit for mild cognitive
impairment; multidomain lifestyle programs combining diet, exercise, cognitive training,
social activity, and vascular monitoring have demonstrated cognitive benefit in randomized
trials, although as packages rather than as separable ingredients. Recommendations
concerning adiposity, diet, sleep, smoking, and social engagement rest principally on
observational evidence and, for lipids, on observational and genetic evidence rather than on
trials with cognitive endpoints; these remain biologically plausible and clinically reasonable,
and each is independently justified by its established non-cognitive benefits, but they should
be communicated as prudent rather than proven for dementia prevention. This framework
does not imply that dementia is fully preventable or that responsibility rests solely with
individuals. Rather, it recognizes that cumulative risk can be reduced through earlier
vascular control, healthier behaviors, social and cognitive engagement, and supportive
health systems. Dementia prevention should be treated as a core component of adult
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medicine and public health, beginning decades before the typical age of diagnosis. Nowhere
is this more consequential than in the Gulf, where a high midlife burden of vascular and
metabolic risk coincides with one of the steepest projected increases in dementia among
world regions. Acting on these modifiable exposures now, decades before the coming wave
of cases, may be among the most effective investments the Gulf states can make in their
future brain health [4,57].
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